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ABSTRACT

There are few evidence-based measures of emergency medi-
cal services (EMS) system performance. In many jurisdictions,
response-time intervals for advanced life support units and
resuscitation rates for victims of cardiac arrest are the pri-
mary measures of EMS system performance. The association
of the former with patient outcomes is not supported explic-
itly by the medical literature, while the latter focuses on a very
small proportion of the EMS patient population and thus does
not represent a sufficiently broad selection of patients. While
these metrics have their place in performance measurement,
a more robust method to measure and benchmark EMS per-
formance is needed. The 2007 U.S. Metropolitan Municipalties’
EMS Medical Directors’ Consortium has developed the follow-
ing model that encompasses a broader range of clinical sit-
uations, including myocardial infarction, pulmonary edema,
bronchospasm, status epilepticus, and trauma. Where possi-
ble, the benefit conferred by EMS interventions is presented
in the number needed to treat format. It is hoped that uti-
lization of this model will serve to improve EMS system de-
sign and deployment strategies while enhancing the bench-
marking and sharing of best practices among EMS systems.
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INTRODUCTION

Evidence-based clinical measures of emergency med-
ical services (EMS) system performance have been
few in number, largely due to the limited quantity
and quality of research committed to the prehospital
arena.1−4 Although there is a 9-1-1 call for EMS
response every other second in the United States,
and despite the fact that survival from various acute
illnesses and injuries are determined in that prehos-
pital setting, evidence for out-of-hospital emergency
care procedures are clearly lacking.1−3 This paucity
of prehospital research is due to a number of factors,
including the relatively young age of EMS as a distinct
field of medical care, difficulties in terms of obtaining
informed consent and accurate data collection in the
prehospital environment, lack of targeted funding, the
small number of dedicated EMS-focused researchers,
inconsistencies in investigational protocol compliance,
and actual or perceived resistance to participation in
research by EMS personnel and receiving facilities.2−4

In the absence of a distinct body of literature eval-
uating the full spectrum of medical interventions
provided in the prehospital setting, EMS performance
measures have been limited to the relatively few
benchmarks that have been established scientifically,
such as survival from out-of-hospital cardiac arrest.5,6

Although treatment of cardiac arrest represents a major
function of most EMS systems, it only constitutes a
small fraction (1–2%) of all EMS responses. Lacking
data, other performance standards generally have
been based on measures of nonclinical endpoints
and inconclusive, surrogate clinical markers, such as
response intervals and training standards. In most
cases, crude measures of stakeholder satisfaction
(surveys) and other anecdotal measures are utilized to
judge the performance of EMS systems.3
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Even when implemented, utilization of such perfor-
mance measures for the purposes of establishing sys-
tem benchmarks is also limited by a lack of common
definitions and other standardized nomenclature for
data elements and clinical outcome endpoints.6−9 In
many EMS systems, response-time intervals and rates
of cardiac arrest survival to the point of hospital ad-
mission are the primary measures reported in analyses
of system performance.5,6 However, despite many pub-
lished attempts to standardize those data, the definition
of response interval and survival still remain nonuni-
form when reported.5−10

In an attempt to begin a process that will expand
the list of evidenced-based EMS performance measures
and to do so with uniform definitions and reporting
standards, the 2007 Consortium of U.S. Metropolitan Mu-
nicipalities’ EMS Medical Directors’ reviewed the avail-
able scientific literature and, accordingly, developed
an applicable consensus statement. The following dis-
cussion is the written product of that consensus pro-
cess, which was formally developed during the Consor-
tium’s symposium in February 2007, similar to previous
consensus documents.11 Specifically, the discussion will
address some of the common performance measures
currently in use, and it will also describe a new model
for more appropriate evidence-based benchmarking
and performance measurements in large urban and
suburban EMS systems.

Traditional Performance Measures

Response Time Intervals

EMS system response-time intervals are attractive qual-
ity measures, as they are easily quantifiable, objective,
and readily understood by both the public and pol-
icy makers. Much of the public’s day-to-day expecta-
tions in 9-1-1 emergency situations, regardless of true
time-dependency of the clinical scenario, is based on
how soon responders arrive and attend to their fam-
ily members.12 Overemphasis upon response-time in-
terval metrics may lead to unintended, but harmful,
consequences (e.g., emergency vehicle crashes) and an
undeserved confidence in quality and performance.
First, much of the clinical research utilized to establish
an acceptable “advanced life support (ALS) response
time interval” was conducted in a period when only
paramedics could operate a defibrillator, and the com-
pression component of basic cardiopulmonary resusci-
tation (CPR) received much less emphasis.13 Now that
basic life support (BLS) providers and lay rescuers can
provide rapid automated defibrillation as well as basic
CPR, the relative importance of the ALS response-time
interval has been challenged, both for cardiac arrest as
well as for other clinical conditions.14−23

Nevertheless, in many EMS systems, the ALS
response-time interval, rather than that of the near-
est CPR and automated external defibrillator (AED)-

equipped unit, remains the focus of system perfor-
mance and enhancements. Many communities are still
not measuring the intervals for the most important
predictive elements for optimal outcome: time elapsed
until initiation of basic chest compressions and time
elapsed until defibrillation attempts.15,24

For the purposes of benchmarking response times
must also be measured using the same standard in all
EMS systems.25−29 Current National Fire Protection Asso-
ciation (NFPA) standards measure response intervals as
beginning when the responding EMS unit reports that it
is enroute and ending when the unit reports to be “on-
scene” (at the address of record and not necessary at
the patient’s side). Accordingly, as a national standard,
many EMS systems use this definition.30 However, from
a physiological (and bystander) point of view, a bet-
ter measure of an appropriate response interval would
be the time elapsed from the moment that the tele-
phone rings at the 9-1-1 call center until the responding
personnel with a defibrillator make actual patient con-
tact or deliver the shock. This is particularly important
when access to the patient is delayed from arrival at the
street-address location, as in urban high-rise structures
or in mass gathering events with logistical barriers.31

Accordingly, we are placing more of an emphasis on
time elapsed to the actual medical care interventions
rather than surrogate variables of EMS response-time
intervals.

Traditionally, managers of EMS systems that focus
on response-time interval goals often determine that
they must either add paramedics to the system or in-
crease the efficiency of EMS units currently being de-
ployed. As more paramedics are added to a particular
system, however, the frequency with which each in-
dividual paramedic has the opportunity to assess and
manage critically ill or injured patients in the primary
or “lead” paramedic role may decrease. Pragmatically,
considering that ALS cases constitute a small minority
of all EMS 9-1-1 responses, adding more paramedics
into the system may actually reduce an individual
paramedic’s exposure to critical decision-making and
clinical skill competencies.32−36 Additionally, in order
to enhance system efficiency, scarce financial resources
must be expended on technologic or operational so-
lutions, such as automated vehicle location (AVL) tech-
nologies, adoption of sophisticated computer aided dis-
patch (CAD) systems, and/or system status manage-
ment (SSM) plans. Such high-level technology solutions
have their place, but their relative importance in terms
of improving outcome and EMS system quality should
be kept in context. Specifically, these technologies are
often deployed only for the ALS response element,
rather than for the evidenced-based, time-dependent
response interval of the basic CPR and AED-equipped
BLS element.

Ultimately, each community must evaluate response-
time interval goals not only in the broader context
of satisfying public policy and public expectations,

Pr
eh

os
p 

E
m

er
g 

C
ar

e 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
76

.2
1.

15
2.

17
 o

n 
11

/2
9/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Myers et al. EVIDENCE-BASED EMS 143

but also in terms of protecting both the driving and
pedestrian public as well as what is best for the pa-
tient, their family, and the ultimate outcome of the sick
and injured. Ideally, the response-time interval goals
to which an EMS system should be held accountable
should have as much clinical significance as political
relevance. With the exception of basic CPR and AED
response (in the case of cardiac arrest), there is in-
sufficient evidence to strongly recommend a specific
ALS (paramedic) response-interval target as part of an
evidence-based model for performance evaluation of
an EMS System.15,18,19

In terms of ALS transport-time intervals, there have
been some inferential survival data that may demon-
strate the importance of ALS and transport times
following post-traumatic circulatory arrest.37,38 When
paramedics provided definitive prehospital airway
management, they extended the time interval that such
patients will tolerate pulselessness and CPR conditions
until emergency thoracotomy.37,38 However, there is no
hard and fast scientific evidence (e.g., controlled stud-
ies) that explicitly proves this particular measure of per-
formance.

Out-of-Hospital Cardiac Arrest Survival Rates

The probability of survival to emergency department
arrival for out-of-hospital cardiopulmonary arrest pa-
tients is directly related to a multifactorial performance
of the EMS system. Such factors include response
intervals for BLS and AEDs, immediate performance
of basic CPR by bystanders, and the many dynamic
variables that drive those factors, such as efficiencies in
dispatch operations, quality assurance of protocols for
first responders, community AEDs, and CPR training
programs.6,16,17 Therefore, while such cases represent
only 1–2% of 9-1-1 calls for medical emergencies, it
is appropriate to devote sufficient resources for these
responses. Also, this particular measure involves
dramatic, highly visible life-saving outcomes for many
persons in their prime of life and middle age, thus
carrying significant weighting in the spectrum of EMS
system duties.

Nevertheless, measuring EMS system performance
solely on this aspect of EMS activities does not pro-
vide a complete picture of clinical performance for the
other 98% of EMS 9-1-1 responses. Also, depending on
the definition used for a performance measure of sur-
vival (e.g., “survival to hospital admission,” “survival
to discharge,” or “neurologically intact survival”), final
outcomes may not be fully attributable to prehospital
care alone.39

In addition to these difficulties, one must account
for the differences between rural, suburban, and ur-
ban EMS systems. An AED response time interval
goal of five minutes from first 9-1-1 center call re-
ceipt to arrival at the patient’s side may be reason-
able for a relatively low-volume suburban commu-

nity EMS agency with well-positioned first responders.
This same goal, however, may be fiscally or logisti-
cally impossible for a rural community with very low
population density or physically impossible for an ur-
ban community with significant vertical response-time
delays.40,41

In essence, while the traditional performance mea-
sures of response intervals and cardiac arrest survival
have clear value, they also have their limitations. They
also do not fully reflect clinical performance (or are
inapplicable) in the great majority of EMS responses.
There are many other opportunities for performance
measurements, ranging from evaluation and documen-
tation of treatments for myocardial infarction and sta-
tus epilepticus to respiratory distress and traumatic in-
juries, just to name a few of the other critical clinical
scenarios. Therefore, it is recommended that a more ex-
panded model of performance be considered to evalu-
ate EMS systems in addition to cardiac arrest survival.

Proposed Model for Clinical Performance
Benchmarking

The purpose of the following discussion is to provide
a framework for improved benchmarking of perfor-
mance in large suburban and urban EMS Systems based
on currently available evidence. While the role of the
emergency medical dispatcher is critically integral to
the overall performance of an EMS system, this discus-
sion is focused primarily upon the hands-on medical
care provided to patients and thus does not include
performance elements related to dispatch. Accordingly,
essential elements of patient care interventions and
management for several key clinical presentations are
central to the proposed model.

In many cases, there may be only evidence for a com-
plete spectrum of care, rather than validation for each
isolated clinical intervention. For example, evidence
suggests that nebulized beta agonists and sublingual ni-
troglycerin each significantly reduce mortality for cer-
tain patients in respiratory distress.42 In contrast, in the
case of flash pulmonary edema/congestive heart fail-
ure (CHF), the evidence regarding improved patient
outcomes with the provision of ALS (paramedic level
support) versus limited BLS care is quite compelling.
Still, it is not yet possible to describe the relative ben-
efit of any single ALS treatment modality in isolation
that those paramedics provide.42 The same is true for
cardiopulmonary arrest scenarios not requiring coun-
tershocks (e.g., cases presenting with asystole, pulseless
electrical activity).43 It is clear that ALS support over-
all can be life-saving, but it is not clear which individ-
ual interventions contribute to (or even detract from)
the positive survival rates. Accordingly, for some clini-
cal entities, the magnitude of benefit is associated with
a “treatment bundle.” In these cases, it is likely that
patients receive some benefit from at least one or more
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of each individual suggested intervention, but, based
on available science, the reported benefit may only be
conferred if all elements of the bundle or management
strategy are provided.

Additionally, in some clinical situations for which
improved outcomes have been demonstrated in large-
scale trials, the key issue is to provide the proven
therapy, bundled or not, and to document its timely
implementation. The treatment of ST-Elevation My-
ocardial Infarction (STEMI) is an exemplary consider-
ation of bundling treatment interventions with appli-
cable management strategies (e.g., destination hospital
protocols) along with documentation of timely inter-
ventions.

ST-Segment Elevation Myocardial
Infarction (STEMI) Performance Measures

Based on the best available evidence, the most recent
American College of Cardiology/American Heart Associ-
ation guidelines for the prehospital management of
STEMI patients support the implementation of specific
destination protocols for select patients.44,45 In particu-
lar, patients at high risk of death, those in cardiogenic
shock, and those with contraindications to fibrinolysis
should be transported primarily (or secondarily trans-
ferred) to facilities capable of cardiac catheterization
and rapid revascularization. Evidence also suggests
that when STEMI patients can be transported promptly
to facilities with a moderate-to-high volume of inter-
ventional cases, percutaneous coronary intervention
(PCI) is preferred over fibrinolysis for all STEMI pa-
tients, thus strengthening the case for direct transport
to applicable facilities that meet these criteria.46,47

As this part of the proposed model is intended for
implementation in large suburban and urban EMS sys-
tems, the following assumptions are made: First, at
least one moderate-to-high-volume interventional car-
diac facility (at least 225 acute interventions/year) is
available to the community.24,48−51 Second, patients can
be transported to such a facility in a reasonable period
of time (less than 60 minutes from initial dispatch to
arrival at the hospital).

Given these assumptions, the proposed expanded
model (Table 1) for performance for urban and large
suburban EMS systems includes implementation and
individual case documentation of the following key
treatment elements for patients with signs and symptoms
consistent with ischemia with either ST elevation of at least
1 mm in 2 contiguous leads or left bundle branch block not
known to have been present previously:

1. Administration of aspirin (not enteric-coated), un-
less a contraindication or a recent previous inges-
tion is documented

2. Acquisition of a 12-lead electrograph (ECG) with
appropriate, training-based interpretation by a

TABLE 1. Key Treatment Elements for Various Clinical
Entities Encountered by EMS Systems

Clinical Area Elements in Model

ST-Elevation Myocardial
Infarction (STEMI).

Aspirin (ASA), if not allergic

12-Lead electrocardiograph
(ECG) with prearrival activation
of interventional cardiology
team as indicated

Direct transport to percutaneous
coronary intervention (PCI)
capable facility for ECG to PCI
time < 90 minutes

Pulmonary edema Nitroglycerin (NTG) in absence of
contraindications

Noninvasive Positive Pressure
Ventilation (NIPPV) preferred
as first-line therapy over
endotracheal intubation

Asthma Administration of beta-agonist
Seizure Blood glucose measurement

Benzodiazepine for status
epilepticus

Trauma Limit non-entrapment time to <

10 minutes
Direct transport to trauma center

for those meeting criteria,
particularly those over 65 (with
time consistent caveats for air
medical transport situations)

Cardiac arrest Response interval < 5 minutes for
basic CPR and automated
external defibrillators (AEDs)

paramedic and/or transmission to a designated
emergency physician for interpretation

3. Direct transport to an identified appropriate inter-
ventional (PCI) facility for STEMI patients with a
written plan to activate the cardiac catheterization
team prior to EMS arrival

4. Elapsed time from acquisition of the diagnostic
ECG (STEMI identified) to balloon inflation of less
than 90 minutes

In an effort to quantify the magnitude of benefit
for STEMI patients who receive all elements of this
treatment bundle, results from the DANAMI-II and
PRAGUE-II trials were utilized to determine a number-
needed-to-treat (NNT).46,47 While these trials include
intravenous (IV) heparin and IV aspirin (Aspegic) and
thus do not identically reflect the prehospital situation
for many EMS systems in the United States, the sim-
ilarities have been judged to be sufficient to make an
estimate of benefit. In both of these studies, there was
an absolute reduction of 6% in the composite endpoint
of diminishing stroke, second nonfatal myocardial in-
farction (MI), or death. This calculation would result in
a NNT of 15 to avoid stroke, a second MI, or death for
just one patient (Table 2).

Again, data demonstrating the benefit for individ-
ual interventions are lacking. A recent meta-analysis
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TABLE 2. Numbers-Needed-to-Treat (NNT) by Clinical Scenario

Clinical Area Elements NNT Harm Avoided

ST-Segment Elevation
Myocardial Infaraction
(STEMI)

Aspirin 12-lead electrocardiograph
(ECG), direct transport to
percutaneous cardiac intervention
(PCI) interval from ECG to balloon <

90 minutes46,47

15 Either a stroke, 2nd
myocardial infarction, or
a death

Seizure Administration of benzodiazepine for
status epilepticus66

4 Persistent seizure activity

Pulmonary edema Noninvasive positive pressure
ventilation (NIPPV)59

6 Need for an endotracheal
intubation

Trauma Patients with an Injury Severity Score
(ISS) > 15 to trauma center72

11 1 death

Trauma Patients over 65 years of age with ISS >

21 to trauma center69
3 1 death

Cardiac arrest Defibrillator to the scene < 5 minutes
rather than < 8 minutes15

8 1 death

failed to demonstrate definitive evidence of a mor-
tality benefit for the prehospital 12-lead, although it
was acknowledged that the five studies included in
the analysis were not sufficiently powered to evalu-
ate for such a benefit.52 Given the magnitude of ben-
efit demonstrated in DANAMI-II and PRAGUE-II, as
well as recent publications documenting the impor-
tance of rapid reperfusion and the role of EMS in a
reperfusion strategy, use of the EMS ECG to assist with
hospital destination decisions and to activate the in-
terventional cardiology team prior to arrival is still
strongly endorsed.46,47,53−56 Accordingly, it is essential
that the prehospital 12-lead ECG analysis not only be
performed, but that the results be utilized to activate
the interventional cardiac treatment team prior to EMS
arrival as well as to direct patients to capable PCI cen-
ters rather than the nearest hospital.57,58 At the same
time, in those areas that do not yet have the ability to
direct patients to a PCI Center in a timely manner, the
prehospital ECG still can be utilized to provide throm-
bolytic therapy sooner in appropriate cases.52 Finally, it
is recognized that the actual door-to-balloon time is not
entirely in the control of EMS; the actions of EMS, how-
ever, have direct impact upon this time-critical clinical
intervention. The performance measure includes the in-
terval from ECG acquisition to balloon inflation, rather
than a surrogate measure, because this is the interval
that has been demonstrated to have the greatest impact
on patient outcome. Also, in part, it is the EMS sys-
tem’s obligation to establish and monitor compliance
with transport policies.

Respiratory Distress Performance Measures

Flash Pulmonary Edema/Congestive Heart Failure
(CHF)

The Ontario Prehospital Advanced Life Support
(OPALS) investigators noted that addition of
paramedic level intervention in the treatment of
severe respiratory distress reduced mortality by 2%,

and that the majority of this benefit was conferred
upon patients with pulmonary edema/CHF.42 As
with many prehospital studies, the incremental
benefit of the individual ALS interventions was
not established, but rather the complete bundle of
treatment was evaluated and found to be life-saving.
More recently, studies have suggested that there is
a reduction in the proportion of pulmonary edema
patients requiring endotracheal intubation (ETI) with
the use of noninvasive positive pressure ventilation
(NIPPV).59−61 Importantly, although nearly 25% of
patients in one study were ultimately found to have
a cause of their respiratory distress other than pul-
monary edema, the outcomes of this subset of patients
still were not adversely affected by the provision of
NIPPV.59

Given these assumptions, the proposed model for
performance for urban and large suburban EMS sys-
tems includes implementation and individual case doc-
umentation of the following key treatment elements for
patients with respiratory distress assessed and presumed to
be due to pulmonary edema/left-sided congestive heart failure
(CHF):

1. Administration of nitroglycerin (NTG) to patients
without contraindications (e.g., a given lower limit
of systolic blood pressure, recent sildenafil citrate
use)

2. Prehospital provision of NIPPV to avoid ETI (both
prehospital and in-hospital)

In prehospital- as well as hospital-based studies, the
absolute reduction in the need for ETI by the utiliza-
tion of NIPPV has been measured at 16–20%, yielding
an NNT of 6.59−61 However, based on the available evi-
dence, the consensus opinion during the applicable dis-
cussion was that, in EMS systems with very short trans-
port times (e.g., 10–15 minutes), the absolute value of
the prehospital role of NIPPV remained unproven and
should be considered, but not mandated, under such
circumstances.
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Bronchospasm

The provision of beta-agonists to patients with bron-
chospasm remains the mainstay of therapy, and this
treatment may even be performed by EMT-basics.62,63

Preliminary evidence now suggests a decreased odds of
admission for the moderate-to-severe asthmatic patient
who receives very early prehospital (vs. in-hospital)
corticosteroid administration.64 After extensive discus-
sion, however, the group concluded the evidence for
prehospital steroids to be of insufficient strength to in-
clude this treatment in the model. Therefore, the critical
therapy of choice, by either EMT-basics or paramedics,
remains the beta-agonist intervention.

Given these assumptions, the proposed model for
performance for urban and large suburban EMS sys-
tems includes implementation and individual case doc-
umentation of the following key treatment element for
patients with respiratory distress found to have prolonged
expiratory phase breathing/indicative of wheezing or known
history of asthma/reactive airways disease:

1. Provision of beta-agonist by the earliest-arriving,
trained, and qualified personnel

The evidence for beta-agonist treatment of bron-
chospasm is not sufficiently robust to estimate a NNT,
but it clearly is an intervention that can provide imme-
diate relief of discomfort to the patient and also provide
objective, measurable improvement in pulmonary sta-
tus with early use.65

Status Epilepticus Performance Measures

In addition to general supportive interventions, the
primary goal in the treatment of ongoing or recur-
ring seizures is the cessation of convulsive activity.
While most seizures stop spontaneously prior to EMS
arrival on-scene, up to one-third of seizure patients
will either have convulsive activity that continues until
EMS arrival or have recurrent seizures in the presence
of EMS.66 A recent controlled, clinical trial demon-
strated that IV benzodiazepines administration (com-
pared with placebo) will not only diminish convulsive
recurrences and ongoing seizures, but that they do so
without incurring significant complications.66 This el-
egant study deserves much credit, not only because it
provides evidence-based confirmation of the efficacy
for these specific anticonvulsives, but because it also
examined the risk: benefit of such intervention. While
benzodiazepine-induced respiratory failure is a known
complication, the study itself showed that those risks
are generally negligible with basic airway and venti-
latory procedures, which should be considered part of
this intervention.

Accordingly, given these assumptions, the proposed
model for a performance measurement for urban and

large suburban EMS systems includes implementation
and individual case documentation of the following key
treatment elements for patients with seizure activity that
persists for more than 15 consecutive minutes or has two or
more seizures without an intervening period of clear mental
status:

1. Obtain and measure a blood glucose level
2. Administer a benzodiazepine (lorazepam or di-

azepam) by the best available route (IV, intramus-
cular [IM], rectal, or intranasal)

Intervention with appropriate benzodiazepines by
EMS personnel will terminate 42–59% of these
episodes, compared with only 21% resolution with
placebo.66 The former success rate is associated with di-
azepam and the latter with lorazepam, yielding NNTs
of 5 and 3, respectively. Given this range, an estimated
NNT of 4 to terminate a seizure that would not have
otherwise terminated is utilized in the model.

Trauma

Rapid evacuation of severely injured patients to a
trauma center has been associated with improved
outcomes.67−72 There is conflicting evidence, however,
regarding the risk-benefit ratio of prehospital ALS in-
terventions in trauma patients, particularly in the area
of airway management.73−76 Based on evidence avail-
able to date, it appears that rapid evacuation of trauma
victims should have greater priority than advanced
prehospital interventions.77,78 While rapid evacuation,
for example, may not be precluded by performance of
ETI enroute, placement of the tube should not delay
transport. In addition, before it is advocated, the other
caveats about appropriateness of prehospital ETI need
to be considered, including the ETI skills experience
of the providers and their control of delivered positive
pressure ventilations.79,80

Accordingly, the proposed model for a performance
measurement for urban and large suburban EMS sys-
tems includes implementation and individual case doc-
umentation of the following key treatment elements for
patients meeting American College of Surgeons trauma cen-
ter triage criteria:

1. In general, transporting paramedics (or transport-
ing basic EMTs) should limit on-scene time to less
than 10 minutes or document reasons for the ex-
ception (e.g., entrapment, scene safety, etc.).

2. Transport should be provided immediately and
directly to designated trauma center.

3. If on-scene time is extended while awaiting air
medical rescue crews to arrive, the total presumed
ground and transport time intervals for the air
crews should not exceed that of the time that
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would have been required by ground crews to get
the patient to the trauma center.

It is recognized that the Injury Severity Score (ISS) is a
retrospective measurement and thus is not determined
in the prehospital setting. The available evidence that
allows an estimate of the NNT incorporates age and
ISS, however, and thus ISS is included in the model,
requiring cooperative data exchange with the trauma
center. For patients with an ISS of 15 or greater, the
number needed to treat (i.e., direct transport to a trauma
center) is 11 for all age groups and 3 for patients over
the age of 65.69,72

Other Performance Measures

Clearly, there are other performance measures that
could be used by EMS systems, including compliance
with nontransport criteria, qualitative or quantitative
measurement of end-tidal carbon dioxide after airway
placement, application of cervical collars and spinal im-
mobilization, administration of supplemental oxygen
to patients with presumed strokes, respiratory distress
or coronary artery syndromes, provision of pain relief,
IV or intraosseous access for patients with unstable vi-
tal signs or cardiac rhythms, rapid termination of atrial
tachycardias with adenosine, treatment of anaphylaxis
with epinephrine, or myriad of other emergency ther-
apies and management protocols. While these actions
are all well-accepted treatments and procedures and,
while they are excellent targets for internal quality as-
surance audits and performance measurements, they
are not all fully substantiated by scientific literature,
are controversial in some situations, or are infrequent
in occurrence, and thus not necessarily appropriate to
use for benchmarking EMS systems. Nonetheless, it is
hoped that such additional measures can be studied fur-
ther and subsequently utilized as performance criteria
for intersystem comparisons.

CONCLUSIONS

This document proposes a multifactorial model of
EMS system performance measurement for large ur-
ban and suburban EMS Systems, based on the cur-
rently available scientific evidence. Beyond the tradi-
tional benchmarking focus on cardiac arrest survival
rates and response-time interval performance, an ex-
panded evidence-based model, including documenta-
tion of care for ST-segment elevation MI, pulmonary
edema, bronchospasm, seizure, and trauma patients,
is presented. This approach not only allows local EMS
leaders to more accurately report a broader picture of
the performance of their system in a method that can be
understood by all stakeholders, but it also may be uti-
lized in a benchmarking fashion so that best practices
in urban and suburban EMS systems may be quanti-

fied and reproduced. Based on sound, large-scale sci-
entific studies, the number of lives saved by a partic-
ular EMS system can be extrapolated for these par-
ticular measures with some relative confidence. For
example, based on existing literature, if an EMS system
has encountered 90 patients with STEMI and appro-
priately completed the appropriate treatment bundle
in 60 cases, then one could presume and report that a
second heart attack, stroke, or death had been likely
avoided for four patients. In the same way, it also could
be presumed and reported that if the EMS system had
been functioning optimally, six patients would have re-
alized this same benefit. Once the element (or those el-
ements) of the treatment bundle are identified that are
preventing 100% compliance, focused efforts for perfor-
mance improvement can be justified by a quantifiable
metric.

There are limitations to this type of model, including
a lack of a sufficient number of high-quality trials for
many other infrequently occurring conditions. It is an-
ticipated that the Consortium that developed these new
benchmarks and other professional organizations will
still attempt to update this model as more evidence does
become available. For the time being, it is hoped these
guidelines will serve as a new prototype and a start-
ing point for future performance measurements and
benchmarking in appropriately-sized EMS systems.
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APPENDIX

Participants from the U.S. Metropolitan Munici-
palities’ EMS Medical Directors’ Consensus Panel
on Evidence-Based Performance Measures, February
15–18, 2007, Dallas, Texas

2007 Consortium Members:
Gail Bennett—Administrative Coordinator, U.S.

Metropolitan Municipalities’ EMS Medical Directors’
Consortium

City of Honolulu:
Elizabeth A. (Libby) Char, MD—Director of Emergency

Services Department, City and County of Honolulu; As-
sistant Clinical Professor of Surgery, University of Hawaii
School of Medicine, Honolulu, HI

City of Seattle:
Michael K. Copass, MD—Medical Director, Seattle

Medic I Program (City of Seattle EMS), Seattle Fire De-
partment; Professor of Medicine and Neurology, University
of Washington, and Director of Emergency Services, Har-
borview Medical Center, Seattle, WA

City of San Diego:
James V. Dunford, MD—Medical Director, City of San

Diego EMS and Professor of Clinical Medicine and Surgery,
Department of Emergency Medicine, University of Califor-
nia, San Diego, CA

City of Los Angeles:
Marc Eckstein, MD—Medical Director, Los Angeles Fire

Department; Associate Professor of Emergency Medicine,
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Keck School of Medicine of the University of Southern
California, Los Angeles, CA

City of New York:
John P. Freese, MD—Assistant Medical Director for

Training for the Fire Department of New York (FDNY) and
Medical Director for Research and On-Line Medical Con-
trol; Assistant Professor of Emergency Medicine at New York
University, College of Medicine, New York, NY

City of Phoenix:
John V. Gallager, MD—EMS Medical Director, City of

Phoenix Fire Department; Base Hospital Medical Director,
St. Luke’s Medical Center, Phoenix, AZ

City of San Antonio:
Donald J. Gordon, PhD, MD—EMS Medical Director

for San Antonio and Leon Valley Fire Departments; Profes-
sor, Emergency Health Sciences Department, University of
Texas Health Sciences Center, San Antonio, TX

City of Fort Worth: TX
John K. Griswell, MD—Medical Director, MedStar (City

of Forth Worth EMS), Fort Worth, TX
City of Memphis:
Joe E. Holley, MD—EMS Medical Director for City of

Memphis Fire Department, Shelby County Emergency Med-
ical Service, and State of Tennessee EMS Medical Director,
Memphis, TN

City of Dallas:
S. Marshal Isaacs, MD—Medical Director, City of Dallas

Fire-Rescue Department; Professor of Surgery/Emergency
Medicine, University of Texas Southwestern Medical Center
and the Parkland Health and Hospital System, Dallas, TX

City of Portland:
John Jui, MD, MPH—Medical Director, City of Port-

land and Multnomah County, Oregon; Medical Director,
Oregon State Police and Deputy Team Commander, Ore-
gon DMAT; Professor, Department of Emergency Medicine,
Oregon Health and Science University, Portland, OR

City of Columbus:
David Keseg, MD—Medical Director, Columbus Di-

vision of Fire; Clinical Instructor, Ohio State University,
Columbus, OH

City of Cincinnati:
Donald A. Locasto, MD—EMS Medical Director, City

of Cincinnati Fire Department; Assistant Professor of Emer-
gency Medicine, University of Cincinnati, Cincinnati, OH

City of El Paso:
James R. (Randy) Loflin, MD—Medical Director, City

of El Paso EMS; Associate Professor, Emergency Medicine,
Texas Tech University Health Science Center, El Paso, TX

City of Philadelphia:
C. Crawford Mechem, MD—Medical Director, City of

Philadelphia EMS, Philadelphia Fire Department; Associate
Professor, Department of Emergency Medicine, University
of Pennsylvania, Philadelphia, PA

City of Boston:
Peter H. Moyer, MD MPH—Medical Director, City of

Boston Fire, Police and EMS, Past-Chair and Professor of
Emergency Medicine, Boston University School of Medicine,
Boston, MA

City of Raleigh:
J. Brent Myers, MD MPH—Medical Director, Wake

County EMS System and WakeMed Health and Hospitals
Emergency Services Institute, Raleigh, NC

City of Indianapolis:
Michael L. Olinger, MD—Professor of Clinical Emer-

gency Medicine and Director Division of Out-of-Hospital
Care, Department of Emergency Medicine, Indiana Uni-
versity School of Medicine and Medical Director, Indi-
anapolis Fire Department and Indianapolis EMS, Indiana,
IN

City of Richmond:
Joseph P. Ornato, MD—Medical Director, Richmond

Ambulance Authority, City of Richmond EMS; Professor of
Internal Medicine (Cardiology) and Professor and Chair of
Emergency Medicine, Virginia Commonwealth University,
Richmond, VA

City of Atlanta:
Eric W. Ossmann, MD—Medical Director, City of

Atlanta–Grady Memorial Hospital EMS; Associate Pro-
fessor and Section Director for Prehospital and Disaster
Medicine, Department of Emergency Medicine, Emory Uni-
versity, Atlanta, GA

City and County of Dallas:
Paul E. Pepe, MD MPH—Director, City of Dallas

Medical Emergency Services and Medical Director, the
Dallas Metropolitan BioTel (EMS) System and the Dal-
las Metropolitan Medical Response System; Professor of
Medicine, Surgery, Pediatrics, Public Health and Chair,
Emergency Medicine, University of Texas Southwestern
Medical Center and the Parkland Health and Hospital Sys-
tem, Dallas, TX

City of Houston:
David E. Persse, MD—Physician Director, City of Hous-

ton EMS and Public Heath Authority, City of Houston De-
partment of Health and Human Services; Associate Profes-
sor, Department of Surgery, Baylor College of Medicine; and
Associate Professor, Department of Emergency Medicine,
University of Texas Health Sciences Center at Houston,
TX

City of New York:
David J. Prezant, MD—Chief Medical Officer, Fire De-

partment of New York, Office of Medical Affairs and Co-
Director, World Trade Center Monitoring and Treatment
Programs; Professor of Medicine, Pulmonary Division, Al-
bert Einstein College of Medicine, Montefiore Medical Cen-
ter, New York, NY

City of Austin:
Edward M. Racht, MD—Clinical Associate Professor,

University of Texas Southwestern Medical Center at Dal-
las; Medical Director for the City of Austin/Travis County
Emergency Medical Services Clinical Practice, Austin,
TX

City of Louisville:
Neal J. Richmond, MD—Chief Executive Officer,

Louisville Metro EMS; Assistant Professor of Emer-
gency Medicine, University of Louisville Medical Center,
Louisville, KY
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City of Miami:
Kathleen S. Schrank, MD—Medical Director, City of

Miami Fire Rescue and Professor of Internal Medicine, Emer-
gency Services, University of Miami—Jackson Memorial
Hospital, Miami, FL

City of Nashville:
Corey M. Slovis, MD—Medical Director, Nashville

EMS, Nashville Fire Department, Nashville International
Airport; Professor and Chair of Emergency Medicine, Van-
derbilt University, Nashville, TN

City of Tucson:
Terence Valenzuela, MD, MPH—Medical Director,

Tucson Fire Department, Professor of Emergency Medicine,
University of Arizona, Tucson, AZ

City of Chicago:
Paula J. Willoughby-DeJesus, DO, MHPE—Medical

Director and Assistant Commissioner, Chicago Fire De-
partment; Assistant Professor of Medicine, University of
Chicago; Immediate-Past National President, American Col-
lege of Osteopathic Emergency Physicians, Chicago, IL

Also:
Raymond L. Fowler, MD—Medical Director for

Operations, the Metropolitan Dallas EMS (BioTel) System;
Associate Professor and Chief, Section of EMS, Homeland
Security and Disaster Medicine, the University of Texas
Southwestern Medical Center and the Parkland Health and
Hospital System, Dallas, TX

J. William Jermyn, DO—Chair, EMS Committee, Amer-
ican College of Emergency Physicians and EMS Medical Di-
rector, Missouri Department of Health and Senior Services,
Jefferson City, MO

Robert E. O’Connor, MD, MPH—Immediate Past
Professor and Chair, Emergency Medicine, University of
Virginia Health System, Charlottesville, VA; President,
National Association of EMS Physicians; Chair, Emer-
gency Cardiovascular Care Committee, American Heart
Association

Keith K. Wesley, MD—Chair, National Council of State
EMS Medical Directors, National Association of EMS Offi-
cials; State of Wisconsin EMS Medical Director and Medical
Director for the Chippewa Fire District, Chippewa Falls, WI

William P. Fabbri, MD—Medical Office for the Federal
Bureau of Investigation (FBI), Washington, DC

Nelson Tang, MD—Medical Director, United States Se-
cret Service, the U.S. Department of Homeland Security Im-
migration & Customs Enforcement (ICE) and The Bureau of
Alcohol, Tobacco and Fire Arms; Assistant Professor, Depart-
ment of Emergency Medicine, the Johns Hopkins University,
Baltimore, MD

Jon R. Krohmer, MD—Deputy Chief Medical Officer,
U.S. Department of Homeland Security, Washington, DC

Jeffrey M. Goodloe, MD—Oklahoma Institute for Disas-
ter & Emergency Medicine, University of Oklahoma College
of Medicine, Tulsa, OK
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