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Abstract

Objective: The Medical Priority Dispatch System (MPDS) is an emergency
medical dispatch system widely used to prioritize 9-1-1 calls and optimize
resource allocation. This study evaluates whether the assigned priority pre-
dicts a Delphi process-derived level of prehospital intervention in each emer-
gency medical dispatch category.

Methods: All patients given a MPDS priority in a suburban California coun-
ty from 2004-2006 were included. A Delphi process of emergency medical
services (EMS) professionals in another system developed the following cat-
egories of prehospital treatment representing increasing acuity, which were
adapted for this study: advanced life support (ALS) intervention, ALS—Stat,
and ALS-Critical. The sensitivities and specificities of MPDS priority for
level of prehospital intervention were determined for each MPDS category.
Likelihood ratios of low and high priority dispatch codes for the level of pre-
hospital intervention also were calculated for each MPDS category.

Results: A total of 65,268 patients met inclusion criteria, representing 61% of
EMS calls during the study period. The overall sensitivities of high-priority
dispatch codes for ALS, ALS-Stat, and ALS-Critical interventions were 83%
(95% confidence interval 83-84%), 83% (82-84%), and 94% (92-96%).
Overall specificities were: ALS, 32% (31-32%); ALS-Stat, 31% (30-31%);
and ALS-Critical 28% (28-29%). Compared to calls assigned to a low prior-
ity, calls with high-priority dispatch codes were more likely to receive ALS
interventions by 22%, ALS-Stat by 20%, and ALS-Critical by 32%. A low
priority dispatch code decreased the likelihood of ALS interventions by 48%,
ALS-Stat by 45%, and ALS-Critical by 80%. Among high-priority dispatch
codes, the rates of interventions were: ALS 26%, ALS-Stat 22%, and ALS-Critical
1.5%, all of which were significantly greater than low-priority calls (p <0.05) [ALS
13%, ALS-Stat 11%, and ALS-Critical 0.2%]. Major MPDS were categories
with high sensitivities (>95%) for ALS interventions included breathing
problems, cardiac or respiratory arrest/death, chest pain, stroke, and uncon-
scious/fainting; these categories had an average specificity of 3%. Medical
Priority Dispatch System categories such as back pain, unknown problem, and
traumatic injury had sensitivities for ALS interventions <15%.

Conclusions: The MPDS is moderately sensitive for the Delphi process
derived ALS, ALS-Stat, and ALS-Critical intervention levels, but non-spe-
cific. A low MPDS priority is predictive of no prehospital intervention. A
high priority, however, is of little predictive value for ALS, ALS-Stat, or ALS-

Critical interventions.
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Emergency Medical Dispatch Priority

Introduction

The Medical Prioity Dispatch System (MPDS) is a propri-
etary, internationally utilized system of categorizing and
prioritizing emergency calls in order to send an appropriate
ambulance response. Although MPDS is used widely to
allocate ambulances and personnel, few comprehensive
studies have validated its ability to predict prehospital
interventions for all medical complaints. Studies in differ-
ing emergency medical services (EMS) configurations have
used a variety of emergency medical dispatch programs
with both health and non-health trained dispatchers as well
as different clinical measures to gauge success."11

Cardiac arrest has been studied most, both as a dispatch
code and an outcome. Sensitivity of MPDS to detect
whether a patient was in cardiac arrest has ranged from
53%—-88%.212-15 A geries by Clawson ez a/ examined the
efficacy of a number of dispatch codes to detect cardiac
arrest as an endpoint.l(”zo Recent studies also have exam-
ined other dispatch codes including stroke, seizure, chest
pain, and unknown problem (man down).16-1%:21

Several studies have examined predictive accuracy of the
MPDS for a variety of outcomes, including paramedic-
assigned acuity score, physician diagnosis of an acute ill-
ness, cardiac arrest, “Code 3” or “lights and sirens” return,
and the need for advanced life support (ALS) interven-
tion.?~1116-21 This study evaluated the sensitivy and speci-
ficity of MPDS for a unique endpoint: a Delphi process
derived level of prehospital intervention. In doing so, this
study addressed a limitation of a number of previous stud-
ies on MPDS—whether interventions actually represent
acuity—by asking a panel of EMS professionals to catego-
rize interventions in terms of represented acuity.

The majority of prior studies have evaluated a specific
MPDS code or small subset. Most research has demon-
strated that MPDS identifies most, but not all, urgent calls
with a considerable degree of overtriage.’~10:16,18,22,23
Studies have concluded that MPDS modestly predicts the
need for ALS interventions for selected, common determi-
nants.'1?4 Unlike previous studies, this study evaluated
both transported and non-transported patients in all
MPDS categories.

Methods
This retrospective study reports the ability of MPDS to pre-
dict the level of prehospital intervention. San Mateo County
is an urban/suburban county with a population of 700,000,
a size of 552 square miles that receives approximately 40,000
calls for emergency medical assistance annually. All calls
receive an ALS response under a tiered system, consisting of
a fire department first response team with one paramedic
and a private ambulance staffed with at least one paramedic.
An electronic, prehospital care record is established for each
patient that includes patient demographics, medical history,
symptoms and signs, and clinical interventions. The
National Academy of Emergency Medical Dispatch
(NAEMD) recognizes the county-operated emergency
communications center as a Center of Excellence.

Each 9-1-1 caller is asked a series of scripted questions
that include the patient’s level of consciousness, age, chief
complaint, and other complaint-specific questions. A com-

puter-aided dispatch system records general information
regarding each call, including date, time, and location of
call, dispatch time, dispatch code, and disposition. The
Medical Priority Dispatch System (Versions 11.2 and 11.3
(May 2006), NAEMD, Salt Lake City, UT) uses callers’
responses to categorize cases into standardized, complaint-
based categories, which are prioritized as Alpha or Bravo
(denoted as “low priority” in this study), which receive a no
“lights and sirens” response, and Charlie, Delta, or Echo
(“high priority” in this study), which receive a “lights and
sirens” response. Non-MPDS dispatch codes, which are
calls that do not go through the MPDS process, typically
are calls for medical assistance by police units, fire appara-
tus, or other ambulances.

All EMS patients from 01 January 2004 to 01
December 2006 were identified from the Computer Aided
Dispatch system and linked to an electronic prehospital
care record. All patients assigned a priority by MPDS were
included in this study. Two non-EMD codes, MED 2/3
(“medical aid requested by police-details to follow”) and
252ALS/BLS (“aid requested by police for a psychiatric
patient”) are assigned a priority by MPDS and were includ-
ed. Patients catgorized “MED 2” are considered low priori-
ty, and those who are MED 3 are high priority. Similarly,
252BLS is low priority, and 252ALS is high priority.

Craig et al developed a hierarchy for prehospital inter-
ventions that was adapted for this study.!’ During a three-
round modified Delphi process, an expert panel of 15 local
EMS physicians, EMS supervisors (such as paramedic
instructors), and currently practicing ALS paramedics
ranked each of Toronto EMS systems 136 prehospital
interventions on a five-point Likert scale representing
increasing acuity. The three-round process provided succes-
sive opportunities for the panel members to anonymously
and independently express their opinions using spread-
sheets circulated electronically, and to revise their rankings
by viewing the group’s results from prior rounds. In addi-
tion, panelists were asked to decide whether an ALS
response was warranted for a patient who required a partic-
ular intervention. Each intervention was assigned a mini-
mum response package (a minimum number of certain
types of personnel and equipment) based on the panel’s rat-
ing on the five-point acuity scale. Ultimately, every prehos-
pital intervention was assigned a level of acuity, ALS
response (yes/no), and a minimum response package.

The following categories were adapted from Craig ¢f a/
to fit the San Mateo County EMS’s scope of practice: ALS,
ALS-Stat, and ALS-Critical.l9 Advanced life support
interventions were defined a procedure, a medication,
and/or an intravenous (IV) fluid infusion (Table 1).
Medications available in the San Mateo County EMS sys-
tem included adenosine, albuterol, aspirin, atropine,
diphenhydramine, dextrose 50%, dopamine, epinephrine,
glucagon lidocaine, naloxone, midazolam, morphine, nitro-
glycerin, sodium bicarbonate, activated charcoal, oral glu-
cose, glucose cola, and intravenous fluid. Oxygen was not
included as a medication. Intravenous fluid was defined
either as an infusion of a volume greater than 100 ml or as
a chart in which the phrases “wide open” or “infusion” were
noted. Procedures included endotracheal intubation,
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Prehospital Intervention Level

Interventions Included

ALS

Medications: adenosine, albuterol, aspirin, atropine,
diphenhydramine, dextrose 50%, dopamine, epinephrine,
glucagon lidocaine, naloxone, midazolam, morphine,
nitroglycerin, sodium bicarbonate, activated charcoal, oral
glucose, glucose cola, and intravenous fluid

Intravenous fluid infusion

ALS-Stat

Medications: albuterol aspirin, midazolam, morphine, naloxone,
and/or nitroglycerin
Intravenous fluid infusion

ALS-Critical

Procedures: endotracheal intubation, Combitube placement,
defibrillation, transcutaneous pacing, cardioversion, needle
cricothyrotomy, and/or needle thoracostomy

Medications: adenosine, atropine, dopamine, epinephrine,
lidocaine, and/or sodium bicarbonate

Table 1—Delphi process derived levels of prehospital interventions. (Adapted from the categories derived by Craig ez a

ALS = Advanced Life Support)

T -
Charlie
Delta True Positives False Positives
Echo
Alpha

False Negatives True Negatives
Bravo

Sporer © 2010 Prehospital and Disaster Medicine
Figure 1—Schematic of EMD priority versus
prehospital intervention level. Sensitivity was calculated
as true positives/(true positives + false negatives);
specificity, as true negatives/(false positives + true
negatives). Positive predictive value was calculated as
true positives/(true positives + false positives); negative
predictive value, as true negatives/(true negatives + false
negatives) (ALS= Advanced Life Support; EMD =
emergency medical dispatch)

Combitube® placement, defibrillation, transcutaneous pac-
ing, cardioversion, needle cricothyrotomy, and/or needle
thoracostomy. Blood glucose measurement, wound care,
splinting, 12-lead electrocardiography, and pulse oximetry
were not included as procedures. Non-transported patients,
those who received an IV catheter without infusion, and
patients who received basic life support level of care were con-
sidered to have not received a prehospital intervention.
ALS-Stat interventions were defined as aspirin, nitro-
glycerin, midazolam, morphine, IV infusion, naloxone,
and/or albuterol. ALS-Critical interventions were defined
as all procedures and/or the administration of: adenosine,
atropine, epinephrine, lidocaine, dopamine, and/or bicarbonate.
In the EMS system in this study, high-priority calls are
designated Charlie, Delta, or Echo; these calls receive a
“lights and sirens” or “Code 3” responses. Low-priority calls
are designated Alpha or Bravo; these calls receive a “no
lights and sirens” or “Code 2” response. Since every EMS

Sporer © 2010 Prehospital and Disaster Medicine
1.10
el

call receives an ALS ambulance in this EMS system, every
patient in this study was eligible to receive every interven-
tions regardless of dispatch priority.

Based on these intervention group classifications, the
sensitivities and specificities for each intervention group in
every MPDS complaint-based category were determined.
A true positive was defined as a high priority call that
received an ALS, ALS-Stat, or ALS-Critical intervention
(Figure 1). A true negative was defined as a low-priority call
that did not receive a prehospital intervention. A false pos-
itive was defined as a high-priority call that did not receive
a prehospital intervention, and a false negative was defined
as a low-priority call that received a prehospital interven-
tion. Sensitivities, specificities, and likelihood ratios were
calculated. Also, 95% confidence intervals (CI) were deter-
mined using the Newcombe-Wilson method without con-
tinuity correction using Confidence Interval Calculator v4
(Rob Herbert). Percentages of prehospital interventions in
each category also were compared directly, and statistical
significance was assessed via a two-tailed, paired /-test using
Statistics Calculator (StatPac Inc., Bloomington, MN).

This study will measure the sensitivity and specificity of
each MPDS category to predict several Delphi derived
severity classes (ALS, ALS Stat, and ALS Cardiac Arrest).
The University of California, San Francisco Committee on
Human Research approved this study.

Results

There were a total of 106,635 EMS patients during the
study period. Of these patients, 77,394 were assigned a pri-
ority by MPDS. There were 12,126 that were mismatched
(most commonly due to discrepancies between the dis-
patch-generated run number and the number entered by
the paramedic into the electronic prehospital care record)
leaving 65,268 for final analysis. A total of 14,863 (23%) of
patients received ALS interventions, 12,322 (18%) received
ALS-Stat interventions, and 762 (1%) patients received
ALS-Ceritical interventions.
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ALS Intervention
MPDS Description Sens (95% Cl) Spec (95% Cl) LR+ (95% Cl) LR- (95% Cl)
1 Abdominal pain 0.59 (0.52-0.66) 0.44 (0.41-0.46) 1.06 (0.94-1.20) 0.92 (0.78-1.10)
2 Allergies/envenomations 0.93 (0.88-0.95) 0.23 (0.18-0.28) 1.20 (1.11-1.29) 0.32 (0.19-0.57)
3 Animal bites/attacks 0.00 (0.00-0.79) 0.85 (0.71-0.98) 0.00 (0.00-0.00) 1.18 (1.03-1.35)
4 Assault/sexual assault 0.25 (0.07-0.59) 0.59 (0.52-0.66) 0.62 (0.18-2.07) 1.26 (0.82-1.92)
5 Back pain 0.04 (0.02-0.09) 0.89 (0.86-0.91) 0.33 (0.14-0.82) 1.08 (1.04-1.13)
6 Breathing problems 1.00 (0.99-1.00) 0.00 (0.00-0.00) 1.00 (1.00-1.00) - -
7 Burns/explosion 0.48 (0.29-0.67) 0.67 (0.53-0.79) 1.46 (0.82-2.63) 0.77 (0.50-1.20)
Carbon monoxide/
1. 21-1. . .01-0.24; 1. . 1.1 . .00-0.
8 inhalation/HAZMAT 0 (0.21-1.00) 0.05 (0.01-0.24) 05 (0.95-1.16) 0.00 (0.00-0.00)
Cardiac or respiratory
9 1.00 (0.78-1.00) 0.00 (0.00-0.01) 1.00 (1.00-1.00) - -
arrest/death
10 Chest pain 0.99 (0.99-0.99) 0.02 (0.01-0.02) 1.01 (1.00-1.01) 0.35 (0.19-0.63)
1 Choking 0.85 (0.68-0.94) 0.32 (0.27-0.38) 1.25 (1.05-1.50) 0.46 (0.19-1.16)
12 Convulsions/seizures 0.82 (0.78-0.85) 0.29 (0.27-0.31) 1.15 (1.09-1.21) 0.63 (0.51-0.79)
13 Diabetic problems 0.92 (0.89-0.94) 0.18 (0.16-0.21) 1.12 (1.10-1.17) 0.45 (0.33-0.61
Drowning/diving/SCUBA
14 ) 1.00 (0.34-1.00) 0.23 (0.08-0.50) 1.30 (0.97-1.75) 0.00 (0.00-0.00)
accident
15 Electrocution/lightning 1.00 (0.21-1.00) 0.00 (0.00-0.19) 1.00 (1.00-1.00) - --
16 Eye problems/injuries - -- 0.96 (0.87-0.99) - - - --
17 Falls 0.23 (0.21-0.26) 0.77 (0.76-0.78) 1.02 (0.90-1.14) 1.00 (0.96-1.03)
18 Headache 0.91 (0.76-0.97) 0.19 (0.16-0.23) 1.12 (1.00-1.27) 0.47 (0.16-1.42)
19 Heart problems/AICD 0.96 (0.93-0.98) 0.07 (0.05-0.09) 1.03 (1.00-1.06) 0.57 (0.30—-1.09)
20 Heat/cold exposure 0.50 (0.22-0.78) 0.67 (0.50-0.80) 1.50 (0.65-3.45) 0.75 (0.36-1.56)
21 Hemorrhage/lacerations 0.68 (0.61-0.73) 0.54 (0.52-0.57) 1.48 (1.33-1.65) 0.60 (0.49-0.73)
Inaccessible
22 accident/other 0.00 (0.00-0.56) 0.44 (0.19-0.73) 0.00 (0.00-0.00) 2.25 (1.08-4.67)
entrapments
23 Overdose/poisoning 0.75 (0.69-0.80) 0.21 (0.18-0.25) 0.95 (0.87-1.03) 1.19 (0.92-1.54)
Pregnancy/childbirth/
24 X X 0.86 (0.65-0.95) 0.15 (0.11-0.21) 1.01 (0.84-1.21) 0.94 (0.32-2.82)
miscarriage
Psychiatric/suicide
25 0.24 (0.13-0.41) 0.85 (0.82-0.88) 1.61 (0.85-3.02) 0.89 (0.73-1.09)
attempt
26 Sick person 0.56 (0.52-0.59) 0.54 (0.52-0.56) 1.21 (1.12-1.31) 0.82 (0.75-0.90)
Stab/gunshot/penetrating
27 0.85 (0.69-0.93) 0.37 (0.26-0.50) 1.35 (1.06-1.73) 0.41 (0.17-0.97)
trauma
28 Stroke 0.99 (0.97-1.00) 0.01 (0.00-0.01) 1.00 (0.99-1.01) 0.86 (0.11-6.73)
Traffic/transportation
29 ’ 0.48 (0.41-0.56) 0.71 (0.69-0.73) 1.66 (1.39-1.97) 0.73 (0.63-0.85)
accident
30 Traumatic injuries 0.14 (0.11-0.18) 0.75 (0.73-0.78) 0.56 (0.42-0.75) 1.14 (1.08-1.21)
31 Unconscious/fainting 0.98 (0.97-0.99) 0.03 (0.03-0.04) 1.01 (1.00-1.02) 0.57 (0.39-0.83)
Unknown problem (man
32 down) 0.14 (0.10-0.19) 0.85 (0.82-0.87) 0.90 (0.62-1.30) 1.02 (0.96-1.08)
Wi
Medical aid requested—
MED2/3 cal aid req 0.90 (0.88-0.91) 0.21 (0.20-0.21) 1.13 (1.11-1.15) 0.49 (0.43-0.57)
details to follow
252ALS/ Aid sted by polic:
0 requested by police 0.90 (0.60-0.98) 0.00 (0.00-0.01) 0.90 (0.73-1.11) 25.30 (2.87-222.80)
BLS for psych. patient
Total: 0.83 (0.83-0.84) 0.32 (0.31-0.32) 1.22 (1.21-1.23) 0.52 (0.50-0.54)

Sporer © 2010 Prehospital and Disaster Medicine

Table 2a—Sensitivities, specificities, and likelihood ratios in each EMD category for (a) ALS, (b) ALS-Stat, and (c)
ALS-Critical interventions. Sens = sensitivity, Spec = specificity, 95% CI = 95% Confidence Interval, LR+ = likelihood
ratio for a positive test (high-priority dispatch code), LR- = likelihood ratio for a negative test (low-priority dispatch code)
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ALS-Stat
MPDS Description Sens (95% Cl) Spec (95% Cl) LR+ (95% Cl) LR- (95% Cl)
1 Abdominal pain 0.57 (0.50-0.64) 0.44 (0.41-0.46) 1.02 (0.89-1.16) 0.97 (0.82-1.16)
2 Allergies/envenomations 0.97 (0.91-0.99) 0.19 (0.16-0.23) 1.20 (1.13-1.28) 0.14 (0.04-0.56)
3 Animal bites/attacks 0.00 (0.00-0.79) 0.85 (0.71-0.93) 0.00 (0.00-0.00) 1.18 (1.03-1.34)
4 Assault/sexual assault 0.33 (0.10-0.70) 0.60 (0.52-0.67) 0.83 (0.26-2.60) 1.1 (0.62—1.99)
5 Back pain 0.04 (0.02-0.09) 0.89 (0.86-0.91) 0.34 (0.14-0.84) 1.08 (1.04-1.13)
6 Breathing problems 1.00 (1.00-1.00) 0.00 (0.00-0.00) 1.00 (1.00-1.00) - -
7 Burns/explosion 0.48 (0.29-0.67) 0.67 (0.53-0.79) 1.46 (0.82-2.63) 0.77 (0.50-1.20)
8 Carbon monoxidefinhalation/ 1.00 (0.21-1.00) 0.05 (0.01-0.24) 1.05 (0.95-1.16) 0.00 (0.00-0.00)
HAZMAT
9 Cardiac or respiratory arrest/death 1.00 (0.72—1.00) 0.00 (0.00-0.01) 1.00 (1.00-1.00) -- -
10 Chest pain 0.99 (0.99-1.00) 0.02 (0.01-0.02) 1.01 (1.00-1.02) 0.37 (0.20-0.66)
11 Choking 0.83 (0.64-0.93) 0.32 (0.26-0.38) 1.22 (1.00-1.48) 0.53 (0.21-1.31)
12 Convulsions/seizures 0.81 (0.76-0.85) 0.28 (0.26-0.30) 1.13 (1.06-1.20) 0.67 (0.53-0.86)
13 Diabetic problems 0.85 (0.78-0.90) 0.14 (0.12-0.16) 0.99 (0.92-1.06) 1.07 (0.70-1.62)
14 Drowning/diving/SCUBA accident 1.00 (0.34-1.00) 0.23 (0.08-0.50) 1.30 (0.97-1.80) 0.00 (0.00-0.00)
15 Electrocution/lightning 1.00 (0.21-1.00) 0.00 (0.00-0.19) 1.00 (1.00-1.00) - -
16 Eye problems/injuries -- -- 0.96 (0.87-0.99) -- - - -
17 Falls 0.22 (0.20-0.25) 0.77 (0.76-0.78) 0.95 (0.83-1.07) 1.02 (0.98-1.05)
18 Headache 0.89 (0.72-0.96) 0.19 (0.15-0.23) 1.10 (0.95-1.26) 0.59 (0.20-1.74)
19 Heart problems/AICD 0.97 (0.94-0.99) 0.07 (0.06-0.09) 1.05 (1.02-1.08) 0.39 (0.17-0.89)
20 Heat/cold exposure 0.50 (0.22-0.78) 0.67 (0.50-0.80) 1.50 (0.65-3.45) 0.75 (0.36-1.56)
21 Hemorrhage/lacerations 0.67 (0.60-0.73) 0.54 (0.51-0.57) 1.46 (1.30-1.63) 0.61 (0.50-0.75)
22 Inaccessible accident/other 0.00 (0.00-0.56) 0.44 (0.19-0.73) 0.00 (0.00-0.00) 2.25 (1.09-4.67)
entrapments
23 Overdose/poisoning 0.92 (0.84-0.96) 0.24 (0.21-0.28) 1.21 (1.13-1.31) 0.33 (0.16-0.68)
24 Pregnancy/childbirth/miscarriage 0.94 (0.72-0.99) 0.16 (0.12-0.21) 1.1 (0.97-1.28) 0.40 (0.06-2.72)
25 Psychiatric/suicide attempt 0.26 (0.12-0.49) 0.85 (0.82-0.87) 1.73 (0.80-3.75) 0.87 (0.66—-1.14)
26 Sick person 0.52 (0.48-0.57) 0.53 (0.52-0.55) 1.12 (1.02-1.22) 0.90 (0.81-0.99)
27 Stab/gunshot/penetrating trauma 0.84 (0.68-0.93) 0.37 (0.26-0.49) 1.33 (1.04-1.70) 0.43 (0.18-1.02)
28 Stroke 1.00 (0.96-1.00) 0.01 (0.00-0.01) 1.01 (1.00-1.01) 0.00 (0.00-0.00)
29 Traffic/transportation accident 0.49 (0.40-0.57) 0.71 (0.69-0.72) 1.65 (1.38-1.98) 0.73 (0.62-0.86)
30 Traumatic injuries 0.13 (0.10-0.18) 0.75 (0.73-0.78) 0.54 (0.40-0.73) 1.15 (1.09-1.22)
31 Unconscious/fainting 0.98 (0.97-0.99) 0.03 (0.03-0.04) 1.01 (1.00-1.02) 0.55 (0.36-0.86)
32 Unknown problem (man down) 0.13 (0.09-0.19) 0.84 (0.82-0.87) 0.83 (0.56-1.26) 1.03 (0.97-1.10)
MED2/3 MT;ET« aid requested —details to 092 (0.90-0.93) 0.20 (0.20-0.21) 1.15 (1.13-1.17) 0.41 (0.34-0.48)
252ALS/ Aid requested by police for psych.
BLS patient 0.80 (0.38-0.96) 0.00 (0.00-0.01) 0.80 (0.52-1.24) 50.93 (6.33-409.88)
Total: 0.83 (0.82-0.84) 0.31 (0.30-0.31) 1.20 (1.19-1.21) 0.55 (0.53-0.57)

Sporer © 2010 Prehospital and Disaster Medicine

Table 2b—Sensitivities, specificities, and likelihood ratios in each EMD category for (a) ALS, (b) ALS-Stat, and (c)
ALS-Critical interventions. Sens = sensitivity, Spec = specificity, 95% CI = 95% Confidence Interval, LR+ = likelihood
ratio for a positive test (high-priority dispatch code), LR- = likelihood ratio for a negative test (low-priority dispatch code)

July — August 2010

http://pdm.medicine.wisc.edu

Prehospital and Disaster Medicine



314 Emergency Medical Dispatch Priority
ALS-Critical
MPDS Description Sens (95%Cl) Spec (95%Cl) LR+ (95%Cl) LR- (95%Cl)
1 Abdominal pain 0.40 (0.12-0.77) 0.43 (0.41-0.46) 0.71 (0.24-2.07) 1.38 (0.67-2.83)
2 Allergies/envenomations 0.88 (0.70-0.96) 0.17 (0.13-0.21) 1.06 (0.24-2.11) 0.72 (0.43-5.06)
3 Animal bites/attacks - -- 0.85 (0.72-0.93) - -- - -
4 Assault/sexual assault 0.50 (0.09-0.91) 0.60 (0.53-0.67) 1.26 (0.31-5.08) 0.83 (0.21-3.33)
5 Back pain 0.00 (0.00-0.79) 0.90 (0.88-0.92) 0.00 (0.00-0.00) 1.1 (1.08-1.14)
6 Breathing problems 1.00 (0.98-1.00) 0.00 (0.00-0.00) 1.00 (1.00-1.00) . -
7 Burns/explosion - - 0.63 (0.51-0.73) - - - -
8 Carbon monoxide/ 0.05 (0.01-0.23)
inhalation/HAZMAT ’ ' ’
Cardi tpirat
9 ardlac or resiplratory 1.00 (0.72-1.00) 0.00 (0.00-0.01) 1.00 (1.00-1.00) - -
arrest/death
10 Chest pain 1.00 (0.95-1.00) 0.01 (0.01-0.02) 1.01 (1.01-1.02) - -
1 Choking 1.00 (0.57—1.00) 0.31 (0.26-0.36) 1.45 (1.34-1.56) - -
12 Convulsions/seizures 0.88 (0.66-0.97) 0.27 (0.26-0.29) 1.21 (1.02—1.45) 0.43 (0.12-1.59)
13 Diabetic problems 0.70 (0.40-0.89) 0.14 (0.12-0.15) 0.81 (0.54-1.12) 2.20 (0.85-5.72)
D ing/diving/SCUBA
14 rowningiciving 1.00 (0.21-1.00) 0.21 (0.08-0.48) 1.27 (0.97-1.67) - -
accident
15 Electrocution/lightning - - 0.00 (0.00-0.18) - - - -
16 Eye problems/injuries -- - 0.96 (0.87-0.99) -- - -- --
17 Falls 0.65 (0.41-0.83) 0.77 (0.76-0.78) 2.81 (1.97-4.01) 0.46 (0.24-0.87)
18 Headache 1.00 (0.21-1.00) 0.18 (0.15-0.22) 1.23 (1.17-1.23) - -
19 Heart problems/AICD 0.95 (0.87-0.98) 0.06 (0.05-0.08) 1.02 (0.96-1.08) 0.74 (0.24-2.29)
20 Heat/cold exposure - -- 0.64 (0.49-0.76) - -- - -
21 Hemorrhage/lacerations 1.00 (0.51-1.00) 0.52 (0.49-0.54) 2.06 (1.96-2.17) - -
Inaccessible accident/
22 -- - 0.58 (0.32-0.81) -- - - --
other entrapments
23 Overdose/poisoning 0.91 (0.62-0.98) 0.23 (0.20-0.26) 1.18 (0.97-1.42) 0.40 (0.06-2.60)
Pregnancy/childbirth/
24 T - - 0.15 (0.11-0.20) - - - -
miscarriage
Psychiatric/suicide
25 0.00 (0.00-0.79) 0.84 (0.81-0.87) - - 1.18 (1.15-1.22)
attempt
26 Sick person 0.89 (0.73-0.96) 0.53 (0.51-0.54) 1.89 (1.66-2.16) 0.20 (0.07-0.59)
Stab/gunshot/penetratin
27 gunshotip M 100 (0.44-1.00) 0.30 (0.22-0.41) 1.44 (1.25-1.65) - -
trauma
28 Stroke 1.00 (0.76-1.00) 0.01 (0.00-0.01) 1.01 (1.00-1.01) - -
Traffic/transportation
29 ’ 0.40 (0.17-0.69) 0.70 (0.68-0.71) 1.31 (0.61-2.81) 0.86 (0.52—1.43)
accident
30 Traumatic injuries 1.00 (0.34-1.00) 0.78 (0.76-0.80) 452 (4.10-4.98) - -
31 Unconscious/fainting 1.00 (0.98-1.00) 0.03 (0.03-0.03) 1.03 (1.08-1.04) -- --
Unknown problem (man
32 down) 0.36 (0.16-0.61) 0.85 (0.83-0.87) 2.41 (1.18-4.95) 0.75 (0.51-1.16)
Medical aid requested —
MED2/3 . q 0.99 (0.95-1.00) 0.19 (0.18-0.20) 1.22 (1.20-1.25) 0.05 (0.01-0.36)
details to follow
252ALS/ Aid requested by police
q v P - - 0.01 (0.00-0.01) - - - -
BLS for psych. patient
Total: 0.94 (0.92-0.96) 0.28 (0.28-0.29) 1.32 (1.30-1.34) 0.20 (0.15-0.27)

Sporer © 2010 Prehospital and

Disaster Medicine

Table 2c—Sensitivities, specificities, and likelihood ratios in each EMD category for (a) ALS, (b) ALS-Stat, and (c) ALS-
Critical interventions. Sens = sensitivity, Spec = specificity, 95%CI = 95% Confidence Interval, LR+ = likelihood ratio for a
positive test (a high priority dispatch code), LR- = likelihood ratio for a negative test (a low priority dispatch code)
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MPDS Description # Calls # ALS-Critical % ALS-Critical
9D Cardiac or respiratory arrest/death 61 10 16.4
6E Breathing problems 26 4 15.4
2B Allergies/envenomations 14 2 14.3
14D Drowning/diving/SCUBA accident 9 1 11.1
19B Heart problems/AICD 27 2 7.4
19D Heart problems/AICD 550 38 6.9
19C Heart problems/AICD 367 23 6.3
2D Allergies/envenomations 324 19 5.9
23D Overdose/poisoning 89 5 5.6
2C Allergies/envenomations 61 3 4.9
27D Stab/gunshot/penetrating trauma 65 3 4.6
31D Unconscious/fainting 4,048 130 3.2
32D Unknown problem (man down) 165 5 3.0
19A Heart problems/AICD 34 1 2.9
11D Choking 202 5 2.5
10D Chest pain (non-traumatic) 2,478 61 2.5
6D Breathing problems 8,148 167 2.0
2A Allergies/envenomations 62 1 1.6
13D Diabetic problems 188 3 1.6
13A Diabetic problems 197 3 1.5

Sporer © 2010 Prehospital and Disaster Medicine

Table 3—Top 20 MPDS determinants by percentage of patients receiving ALS-critical interventions (AICD =
Automated Implantable Cardiac Defibrillator; MPDS = Medical Priority Dispatch System Code)

Owerall Emergency Medical Dispatch Priority

The MPDS had an overall sensitivity of 83% (95% CI =
83-84%) and overall specificity of 31% (31-32%) for ALS
interventions (Table 2a). Similar results were seen for ALS-
Stat interventions (overall sensitivity 83%, 95% CI = 82-84%,
specificity 31%, 95% CI = 30-31%; Table 2b). The overall
sensitivity of MPDS for ALS-Critical interventions was
94% (92-96%) and the overall specificity was 28%, 95% CI
= 28-29%; Table 2c. Among calls with high-priority dis-
patch codes, 26% of patients received ALS, 22% received
ALS-Stat, and 1.5% received ALS-Critical interventions,
all of which were significantly greater (p <0.05) than the
rates of ALS (13%), ALS-Stat (11%), and ALS-Critical
interventions (0.2%) for calls with low-priority dispatch
codes. Compared to low-priority calls, calls with high pri-
ority dispatch codes were more likely to receive an ALS
intervention by 22%, 95% CI = 21-23%, ALS-Stat inter-
ventions by 20%, 95% CI = 19-21%, and ALS-Critical
interventions by 32%, 95% CI = 30-34%. A low priority
dispatch code decreased the likelihood of ALS interven-
tions by 48%, 95% CI = 46-50%, ALS-Stat interventions
by 45%, 95% CI = 43—47%, and ALS-Critical interventions
by 80%, 95% CI = 73-85%.

Performance of Individual EMD Categories for ALS and
ALS-Stat Interventions

The MPDS complaint-based categories with high sensitiv-
ities (>90%) for ALS interventions included breathing
problems (100%, 95% CI = 99-100%), chest pain (99%,
95% CI = 99-99%), heart problems/automated internal
cardiac defibrillator (AICD) (96%, 95% CI = 93-98%),
stroke (99%, 95% CI = 97-100%), and unconscious/faint-
ing (98%, 95% CI = 97-99%); these categories had an aver-
age specificity of 5%. The MPDS categories such as back

pain, unknown problem, and traumatic injury had sensitiv-

ities for ALS interventions <20% (Table 2a). Similar pat-
terns were seen with ALS-Stat interventions (Table 2b).

Sensitivities of other major MPDS categories for ALS
interventions varied widely (Table 2a). These include
abdominal pain (59% [95% CI = 52-66%]), seizures (82%, 95%
CI = 78-85%), diabetic problems (92%, 95% CI = 89-94%),
falls (23%, 95% CI = 21-26%), hemorrhage/laceration (68%,
95% CI = 61-73%), sick person (56%, 95% CI = 52-59%),
and traffic/transportation accident (48%, 95% CI = 41-56).

A high-priority dispatch code increased likelihood that
one or more ALS interventions in only nine of 34 EMD
categories, while a low priority dispatch code decreased
likelihood of ALS interventions in seven categories. Of
note, a low priority dispatch code actually increased the
likelihood of ALS interventions in the following five
MPDS categories: animal bites/attacks, back pain, inacces-
sible accidents/other entrapments, traffic/transportation
accident, traumatic injuries, and aid requested by police for
a psychiatric patient.

Performance of Individual MPDS Categories for ALS-Critical
Interventions

The breathing problems category had the highest absolute
number (180) of ALS-Critical interventions. Many cate-
gories, including unconscious/fainting, breathing problems,
and chest pain were nearly perfectly sensitive for ALS-
Critical interventions, but their specificities approached zero.
Categories with low sensitivities (<80%) for ALS-Critical
interventions included abdominal pain (40% [12-77%]),
back pain (0% [0-79%]) assault/sexual assault (50%
[9-91%]), falls (65% [41-83%]), psychiatric/suicide attempt
(0% [0-79%]), and traffic/transportation accident (40%
[17-69]; Table 2¢). Of note, there was only one ALS-Critical
intervention in the back pain category and one in the psy-
chiatric/suicide attempt category; both were coded as low
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Emergency Medical Dispatch Priority

priority. Categories with the highest rates of ALS-Critical

interventions include cardiac/respiratory arrest/death, breath-

ing problems, and heart problems/AICD; Table 2c).

Discussion

An ideal Emergency Medical Dispatch system would triage
calls with high sensitivity (all patients requiring an inter-
vention would receive a high priority code) and high speci-
ficity (all patients not requiring an intervention would
receive a low priority codes). In this study, MPDS priority
correctly identified most calls that received ALS, ALS-
Stat, or ALS-Critical interventions as high priority, but had
poor specificity. This finding supports past research that has
shown that this process will identify most but not all urgent
calls with considerable over-triage.”~1%:16:18,22.23 A5 noted
in prior studies, a low priority was predictive of no ALS
intervention3 (Table 2a—c). A high priority, however, has
low predictive value for ALS, ALS-Stat, or ALS-Critical
interventions. This study used a process measure, a Delphi-
derived hierarchy of interventions, to evaluate the sensitiv-
ity and specificity of MPDS. This process measurement has
been used in a major urban EMS system to develop an evi-
dence-based set point for ALS dispatch.1”

A previous study in this system showed high rates of IV
insertions in low-acuity patients, which indicates that some
prehospital interventions may not serve as a proxy for acu-
ity.?> In the current study, the collective opinions of an
expert panel of EMS professionals with experience in
assessing the need for prehospital interventions were
sought to determine which of them represent true acuity.
Interventions thought to represent a “standard procedure”
such as pulse oximetry, blood glucometry, and IV insertions
were ranked as “low acuity” by this Delphi process and
exluded from the definitions of ALS, ALS-Stat, and ALS-
Critical interventions.

In an ideal MPDS system, calls that will receive time-
sensitive interventions should more often receive a high-pri-
ority dispatch code than should those receiving interventions
that are not time-sensitive. The risks of a “Code 3” or
“lights and sirens” ambulance response highlight the
importance of improving detection by MPDS of calls that
might require time-sensitive interventions.?® Future studies
are necessary to evaluate which prehospital interventions
truly are time sensitive and consequently, warrant a high-
priority response.

The MPDS process detected calls requiring ALS-
Critical procedures and medications with excellent sensitivi-
ty. This category included medications and some procedures
indicated, at least in the prehospital setting, for cardiac arrest.
Other studies have shown a wide range in the sensitivity of
MPDS for detecting cardiac arrest, but many of these stud-
ies evaluated the ability of a dispatcher to properly diagnose
cardiac arrest rather than simply to code it as high priori-
ty>121416,18 Ty EMS systems in which cardiac arrest vic-
tims receive distinct response packages, accurate dispatcher
diagnosis may be essential. In other systems, dispatcher
diagnosis may be less important as all high-priority calls
receive the same response package. In this study, patients
who received ALS-Critical interventions and were

“missed” by MPDS (coded as low priority) typically were

placed into MPDS categories for complaints not often
associated with cardiac arrest events such as back pain or
assault/sexual assault.

The unknown problem (man down) category had a
markedly low sensitivity for ALS, ALS-Stat, and ALS-
Critical interventions; nearly 20% of calls eventually requir-
ing ALS interventions were coded as low priority. In a
recent study of another EMS system, a high dispatch pri-
ority in the unknown problem (man down) category was
associated with an increased odds of cardiac arrest and
“Code 3” or “lights and sirens” return.!” In the current
study, only 14 patients in the unknown problem (“man
down”) dispatch category received ALS-Critical interven-
tions, but nine of them were coded as low priority. This
highlights the difficulty of detecting acuity when little
information can be gathered about the status of the patient.

In the EMS system in this study, the stroke dispatch cat-
egory had an extremely high sensitivity and a low specifici-
ty for ALS interventions. Another recent study showed
that dispatchers had a sensitivity of 83% in diagnosing a
patient with physician-verified stroke.?! Endpoints other
than prehospital interventions, such as physician diagnosis
or stroke scale score, might be more useful for evaluating
dispatch priority of a patient with suspected stroke as the
preferred prehospital treatment is stabilization and rapid
transport to an appropriate receiving hospital rather than
an intervention.

Categories relating to injury or trauma such as back
pain, traffic/transportation accident, and traumatic injury
had markedly low sensitivities for all levels of intervention
(Tables 2a—c). Although few studies have evaluated these
dispatch categories, one demonstrated that they had low
sensitivities for a paramedic-assigned acuity score [back
pain (5%), traffic/transportation accident (42%), traumatic
injury (17%)].? This may indicate that the MPDS system
does not adequately differentiate level of acuity in traumat-
ic injury-related categories. The low specificities in these
categories may be explained by the fact that some interven-
tions for minor traumatic injuries such as wound care,
splinting, and IV access were not included as ALS, ALS-
Stat, or ALS-Critcal interventions.

Limitations

A number of limitations must be noted. By protocol, all
calls receive an ALS response; this may lead to higher
delivery of ALS measures. The findings in this single-tiered
EMS system may differ from those derived in multi-tiered
EMS systems. The local EMS system has a more aggressive
rate of treating patients in the prehospital setting with
intravenous morphine as compared to other communi-
ties.>11 This study was unable to measure protocol compli-
ance with the use of ALS interventions or outcomes, and
this may not necessarily imply the need for these interven-
tions. Approximately 11% of MPDS calls were unmatched
by the system and excluded, potentially introducing a selec-
tion bias. This occurred commonly because of a mismatch
between the dispatch-generated run number and the num-
ber entered by the paramedic. A large percentage of calls
(28%) were not given a dispatch priority, and also, may have
had an effect on data analysis. Two versions of MPDS (11.2
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and 11.3) were used during the study period, which may
have affected the analysis.

Conclusions

Overall, this MPDS system shows moderate sensitivity for
Delphi-derived levels of prehospital intervention, but has
low specificity. A considerable amount of over- and under-
triage occurs. As demonstrated in previous studies, a low

MPDS priority is highly predictive of receiving no prehospi-

tal interventions. A high priority, however, is of low predic-
tive value for ALS, ALS-Stat, or ALS-Critical interventions.
Significantly, the current study demonstrated considerable
variability in the performance of MPDS across complaint
categories. Modifying dispatcher protocols to increase the
specificity of common medical complaints such as breath-
ing problems, chest pain, and unconscious/fainting and the
sensitivity of complaints related to trauma or injury may result
in improved resource allocation and detection of true acuity.
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