Open Access Emergency Medicine Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Accuracy of Medically Experienced Emergency
Dispatchers — A Unique Nationwide Model

Daniel Trotzky"z, Inon Dimand3, Gal Pachys4’5, Eli Jaffe6’7, Daniel Edward Fordhams,

Tzachi Slutsky” ', Refael Strugo®’, Ella Khairish Ben Zeev>®'', Joseph Leonard'*'?, Aya Cohen'?,

Roman Sonkin®?'?

'Medical Management, Tel Aviv Sourasky University Medical Center (Ichilov), Affiliated to the Gray Faculty of Medical and Health Sciences, Tel Aviv
University, Tel Aviv, Israel; 2Department of Epidemiology and Preventive Medicine, School of Public Health, Gray Faculty of Medical & Health Sciences,
Tel Aviv University, Tel Aviv, Israel; 3Israel Defense Forces, Medical Corps, Tel-Hashomer, Ramat-Gan, Israel; *Division of Emergency Medicine, Shaare
Zedek Medical Center, Jerusalem, Israel; 5Facu|ty of Medicine, The Hebrew University, Jerusalem, Israel; 6Magen David Adom (MDA), Or-Yehuda,
Israel; “The Department of Emergency Medicine, Recanati School for Community Health Professions, Faculty of Health Sciences, Ben-Gurion
University of the Negev, Beer Sheva, Israel; ®8Department of Emergency Medicine, Shamir Medical Center (Assaf Harofeh Medical Center), Zerifin,
Israel; °Faculty of Health Sciences, Ben-Gurion University of the Negev, Beer-Sheva, Israel; '°Department of Emergency Medicine, Soroka University
Medical Center, Beer-Sheva, Israel; IIGynecology and Maternity Division, Kaplan Medical Center, Rehovot, Israel; 2The Department of Emergency
Medicine, Jacobi Medical Center, New York, New York, US; 13The Department of Emergency Medicine, Montefiore Medical Center, New York,
New York, US; '“Division of Emergency Medicine & Emergency Preparedness, Tel Aviv Sourasky University Medical Center (Ichilov), Affiliated to the
Gray Faculty of Medical and Health Sciences, Tel Aviv University, Tel Aviv, Israel; |5Department of Internal Medicine E, Soroka Medical Center, Beer-
Sheva, Israel

Correspondence: Aya Cohen, Division of Emergency Medicine & Emergency Preparedness, Tel Aviv Sourasky University Medical Center (Ichilov),
Affiliated to the Gray Faculty of Medical and Health Sciences, Tel Aviv University, Tel Aviv, 6423906, Israel, Email ayaco@tlvmc.gov.il

Background: This research examined the accuracy of the Israeli model of emergency medical dispatch by comparing dispatchers’
preliminary diagnosis with the working diagnosis of paramedics in the field.

Methods: Data from emergency medical calls received by Magen David Adom between January 1st 2019 and December 31st 2019
were included. Primary analysis was done by directly comparing preliminary diagnoses made by dispatchers to the diagnoses made by
paramedics. Secondary analysis was done by comparing the system identified by the dispatchers’ preliminary diagnoses to the system
identified by the paramedics’ diagnoses. Tertiary analysis was done by subgrouping symptoms and syndromes by an expert panel to
create a new preliminary diagnosis which was then compared with paramedic diagnosis.

Results: Primary analysis showed a sensitivity of 48.8%, specificity of 97.3%, PPV of 53.0%, and NPV of 98.0%. Secondary analysis
showed a sensitivity of 78.6%, specificity of 88.4%, PPV of 26.5%, and NPV of 99.2%. Tertiary analysis showed a sensitivity of
49.8%, specificity of 97.3%, PPV of 54.4%, and NPV of 97.9%.

Conclusion: Medically experienced emergency dispatchers were able to obtain a high level of sensitivity determining preliminary
diagnoses compared to ambulance crews in the field. Further research should focus on widening the variety of diagnoses investigated.
Keywords: prehospital emergency care, emergency medical service, emergency medical dispatch, stroke, cardiopulmonary arrest,

acute coronary syndrome

Introduction

Background

In the event of a pre-hospital medical emergency, a patient or bystander initiates the emergency response by contacting
local or national emergency services. These calls are handled by specially trained dispatchers who determine the nature
of the emergency.'

The professional identity of dispatchers varies significantly worldwide. Typically, dispatchers are specifically trained
for their position and do not possess a medical background. In Israel, Magen David Adom (MDA) functions as the
national Emergency Medical Services (EMS) organization.>” The MDA dispatch team consists of emergency medical
technicians (EMTs) and paramedics, most of whom have field experience. Israel has nine regional dispatch centers, along
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with a centralized national emergency medical dispatch center (NEMDC).* Calls are directed to the nearest available
center or the NEMDC, where a dispatcher assesses the urgency of the call and determines the appropriate response level.”
MDA dispatch center staff do not follow strict protocols for dispatch triage. Instead, they classify cases based on general
guidelines taught during their training, combined with their personal judgment and clinical acumen. Continuous
performance feedback is a crucial component of their ongoing training, reinforcing sound decision-making skills*
(Figure 1).

First responders are typically motorbike-based MDA civilian volunteers or ad-hoc medical professionals who have
subscribed to the MDA emergency phone application, “Life Guardians,” and are not part of MDA.’ The ambulance
response is organized into a two-tier medical system: basic and advanced. The basic team consists of an EMT ambulance
driver, who serves as the team leader, and an additional team member, usually another EMT. They operate an ambulance
equipped to provide simple medical treatment and Basic Life Support (BLS) before transporting the patient to the
hospital. EMTs in Israel are skilled in BLS, can operate Automated External Defibrillators, prepare medications for use
by paramedics, and assist in endotracheal intubation.?

The more advanced response unit consists of a paramedic paired with an EMT ambulance driver, operating an
Advanced Life Support (ALS) ambulance. These units are reserved for more severe cases. Paramedics undergo extensive
training, including courses in ALS, pre-hospital trauma life support, and pediatric advanced life support. Many
paramedics elect to undertake a bachelor’s degree.’

Globally, dispatching systems can be broadly classified into two types: the Medical Priority Dispatch System
(MPDS), predominantly used in America, and the criteria-based dispatch (CBD) system, used in Nordic and European
countries.”® Both systems employ a list of chief complaints and dispatchers code each case based on the most appropriate
complaint. While MPDS uses codes and scripted questions for callers, the CBD system relies on the call taker’s
experience to conduct the interview.”* In the United States, most 911 center “public safety answering point” (PSAP)
call takers are not medically trained but handle all emergency calls, including police, fire, and medical. In some high-
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Call taker performs a medical interrogation and determines a preliminary
diagnosis.

An ambulance crew receives initial instruction and assessment on the way to
the scene.
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Triage and medical evaluation.
Diagnosis and initiation of prehospital medical care.
Decision on the means and urgency for evacuation to hospital.

* MDA — Magen David Adom

Figure | Magen David Adom dispatch and ambulance crew method of operation.
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performance EMS systems, a primary PSAP operator forwards medical calls to a medically trained “secondary PSAP”.”*
However, in both MPDS and CBD systems, dispatchers typically do not have field medical experience.”

In Africa, there is no consistent dispatch method across countries. While in some countries, such as South Africa, the
system may be homegrown and generally based on the CBD system,'® others may use methods such as the computer-
aided dispatch (CAD) system, which may provide a series of prompts based on specific conditions protocols (such as
FAST [Face, Arm, Speech, Time] in cases of suspected stroke) for prioritizing patients and making the assessment. At the
same time, the dispatcher himself obtains minimal medical literacy training."”

Accurately diagnosing and triaging patients at the dispatcher center is of utmost importance in low-income countries,
such as in Africa, where medical systems operate with limited resources. These systems should focus on recognizing
time-critical conditions, and reduce over-triage, which may cause strain on hospitals and the already-constrained EMS.
Therefore, in those countries, it is essential to invest productively in efficient and concise methods to maximize the
dispatching capabilities.'®'’

Literature on the accuracy of medical diagnoses by emergency dispatchers generally focuses on a few critical conditions
that are either life-threatening or significantly impact quality of life, such as stroke, acute coronary syndrome (ACS), cardiac
arrest, and trauma.’” "> This research is essential for EMS systems to evaluate their performance and function effectively as
a liaison for secondary, and tertiary care. For instance, early diagnosis of stroke or complex trauma is crucial for directing
patients to specialized centers designed to improve prognostic outcomes, such as hyperacute stroke units and specialist
trauma centers.”'>"'*'®!? However, the sensitivity of dispatchers in making accurate diagnoses varies widely in the literature,
depending on the condition being diagnosed and the protocols used in the specific area of study. For example, in the case of
acute strokes, sensitivity ranged from 48.9% in the study by Mould-Millman et al to 86.4% in the study by Clawson
et al”?%*! For cardiac arrest, sensitivity was found to be 46% by Lee et al and 93% by Fukushima et al.”****

Additionally, there is a paucity of literature addressing many other acute diagnoses, including anaphylaxis, medication
or drug overdose, poisoning, hypoglycemia, and meningitis. In these cases, the level of ambulance response can
significantly influence outcomes, as ALS units are equipped with the knowledge and medications such as adrenaline,
naloxone, antidotes for cyanide poisoning, and IV dextrose, among others. There may also be prehospital interventions
that could be performed before the ambulance crew’s arrival, potentially improving prognostic outcomes.

There is an inherent conflict between achieving high sensitivity and maintaining specificity in dispatch triage. Missed
or delayed emergent events result in poorer outcomes, such as early mortality, making a highly sensitive system ideal.**
However, poor specificity can lead to the misuse of precious resources. Overestimation of the significance of trauma or
head injury is a common reason for over-triage, which may result in the unnecessary deployment of multiple teams,
including helicopter EMS.”** Studies have shown that there is a high cancellation rate for helicopter launches, with up to
half of the calls being canceled, typically by ground EMS crews.”?® Having a clinician on dispatch has proven to
increase the accuracy of detecting major trauma events, as evidenced by tests conducted in Scotland’s Scottish
Ambulance Service.''

Published literature in this field generally focuses on the predictive power of dispatch diagnoses, evaluating various

tools and protocols designed to help EMTs make quick and accurate diagnoses.”*'*-’

Objectives

This study explores the unique model used by Israel’s national medical emergency dispatch system, which relies on both
higher levels of medical training for dispatchers and general guidelines rather than strict protocols or scripted questions.
To the best of the authors’ knowledge, this is the first research to compare a wide range of EMS preliminary diagnoses
made by medically experienced emergency dispatchers with those made by ambulance crew paramedics.

Material and Methods

Study Design

In this retrospective comparative study, de-identified, pre-processed data representing all medical calls received by MDA
between January 1% 2019 and December 31% 2019 were requested and provided from their central database. The study
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was approved by the MDA Research Committee, and the committee waived MDA Staff and patient approval as the data
were unidentified. The study included 317,667 Medical preliminary diagnoses made by MDA personnel and led to the
dispatch of an ambulance crew. Due to data sharing restrictions, data provided was limited to dispatch team preliminary
diagnosis and ambulance crew paramedic working diagnosis. Calls resulting in the dispatch of a medical team were
sorted for further analysis. Duplicated calls were excluded from the results. These were then sorted into 53 preliminary
diagnoses that were then matched against MDA ambulance crew diagnoses. We compared the dispatcher’s preliminary

diagnosis with the ambulance crew paramedic working diagnosis.

Study Outcomes

Primary analysis was conducted on raw data to determine the degree to which dispatch and ambulance crew diagnoses
matched. A secondary analysis was then conducted on the dataset comparing the system affected in the dispatcher
preliminary diagnosis to the system identified in the ambulance crew diagnosis. Finally, a tertiary analysis was conducted
by subgrouping symptoms and syndromes by an expert panel to create a new preliminary diagnosis which was then
compared with paramedic diagnosis. For example, in a case where the ambulance crew diagnosis was a myocardial
infarction, complaints of shortness of breath may be considered reasonably similar and coded as a match, while
complaints of a headache would be considered a misdiagnosis. By doing three separate analyses we were able to
come to four potential outcomes for each preliminary diagnosis made by dispatch: there was an exact match, the
preliminary diagnosis matched the same system, the preliminary diagnosis did not match but an expert panel deemed it
compatible with the given descriptions, and the diagnoses were incompatible with each other. To conduct tertiary analysis
on the dataset, dispatch preliminary diagnoses were modified with similar descriptors and subsequently indirectly
compared. The data was reviewed by an expert panel consisting of MDA personnel and ED doctors, including the
medical management of the ED department of Shamir Medical Center. After reviewing relevant literature, the panel
reached an agreement on a range of descriptors for the 43 preliminary diagnoses that could reasonably reflect ambulance
crew diagnosis (Table 1). Members of the panel were blinded to the diagnostic codes of each case.

Table | Statistical Analysis of Comparison Between Medically Experienced Dispatcher Preliminary Diagnoses and
Paramedic Diagnoses by Symptoms

Diagnosis Number of Cases | Sensitivity | Specificity | *PPV | **NPV | P-value***
Abdominal Emergency 4619 57.0% 98.8% 31.2% | 99.6% < 0.05
Acute Coronary Syndrome 20410 76.7% 93.5% 33.9% | 98.9% < 0.05
Finger Amputation 430 57.9% 100.0% 64.2% | 100.0% < 0.05
Anaphylaxis 1587 86.4% 99.2% 26.5% | 100.0% < 0.05
Apnea 178 2.8% 100.0% 2.1% 100.0% < 0.05
Asphyxiation or Aspiration 3647 51.2% 99.8% 63.3% | 99.6% < 0.05
Asthma Attack 2335 51.4% 99.8% 55.1% | 99.8% < 0.05
Bowel Obstruction 592 50.5% 100.0% 64.3% | 99.9% < 0.05
Bradycardia 1904 34.8% 99.9% 48.1% | 99.7% < 0.05
Burns 1046 84.6% 100.0% 89.4% | 100.0% < 0.05
Burns Chem 45 57.8% 99.8% 2.6% 100.0% < 0.05
Cardiopulmonary Arrest 9452 54.8% 99.4% 653% | 99.1% < 0.05
Chest Pain Non-Cardiac 22729 18.3% 99.5% 65.6% | 96.1% < 0.05
COPD Exacerbation 5229 25.3% 99.8% 63.9% | 99.2% < 0.05
Dehydration 1952 37.9% 99.7% 35.0% | 99.8% < 0.05
Dyspnea 34718 72.6% 94.2% 49.1% | 97.8% < 0.05
Lower limb Fracture 3034 27.5% 99.8% 44.9% | 99.5% < 0.05
Upper Limb Fracture 2688 24.9% 99.9% 49.7% | 99.6% < 0.05
Gastroenteritis 110 0.9% 100.0% 16.7% | 100.0% < 0.05
(Continued)
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Table | (Continued).

Diagnosis Number of Cases | Sensitivity | Specificity | *PPV | **NPV | P-value***
Hypersensitivity 3796 49.4% 99.8% 71.7% | 99.6% < 0.05
Hypoglycemia 3585 45.6% 99.8% 58.8% | 99.6% < 0.05
Meningitis 152 55.9% 100.0% 61.6% | 100.0% > 0.05
Myocardial Infarction 2955 9.9% 99.8% 24.1% | 99.5% < 0.05
Birth 1080 44.8% 99.9% 54.4% | 99.9% < 0.05
Contractions 10037 81.5% 99.8% 91.1% | 99.6% < 0.05
Obstetrics 2626 63.6% 99.9% 74.6% | 99.8% < 0.05
Drug Overdose 2037 29.7% 99.9% 54.8% | 99.7% < 0.05
Medication Overdose 3277 60.1% 99.8% 70.2% | 99.7% < 0.05
Pulmonary Embolism 229 34.1% 100.0% 30.5% | 100.0% > 0.05
Pneumonia 7653 25.8% 99.8% 67.1% | 98.8% < 0.05
Poisoning 386 52.8% 100.0% 65.4% | 100.0% < 0.05
Psychiatric Disturbance 3627 39.0% 99.8% 62.3% | 99.5% < 0.05
Psychosis 1457 20.6% 99.9% 45.9% | 99.8% < 0.05
Reduced Consciousness 2614 27.4% 98.8% 10.7% 99.6% < 0.05
Renal Colic 1710 45.2% 99.9% 67.2% | 99.8% < 0.05
Seizure 2502 72.1% 99.1% 30.0% | 99.9% < 0.05
Sepsis 1750 19.3% 99.9% 46.4% | 99.7% < 0.05
Stridor 1142 60.4% 99.9% 71.3% | 99.9% < 0.05
Stroke or Transient Ischemic Attack 13284 61.9% 98.4% 51.6% | 98.9% < 0.05
Syncope 634 39.6% 99.0% 4.7% 99.9% < 0.05
Trauma Abdominal 1652 8.4% 100.0% 52.7% | 99.7% < 0.05
Trauma Face 6577 26.0% 99.7% 50.9% | 99.0% < 0.05
Trauma Head 21575 45.4% 98.9% 65.5% | 97.5% < 0.05
Trauma Limb 27750 24.5% 98.8% 56.1% | 95.6% < 0.05
Trauma Major 748 62.8% 98.8% 7.5% 99.9% < 0.05
Trauma Mild 54762 68.4% 92.8% 54.7% | 95.9% < 0.05
Trauma Multi 1026 9.2% 99.9% 187% | 99.8% < 0.05
Trauma Neck 2369 2.8% 100.0% 43.8% | 99.5% < 0.05
Trauma Pelvic 3023 14.8% 99.9% 52.2% | 99.5% < 0.05
Trauma Spinal 2844 14.8% 99.8% 34.0% | 99.5% < 0.05
Trauma Thoracic 3036 10.1% 99.9% 51.9% | 99.4% < 0.05
Unconsciousness 1988 39.4% 98.0% 7.5% 99.7% < 0.05
Urinary Tract Infection 1534 27.3% 99.9% 58.6% | 99.8% < 0.05
Weighted Totals 312122 49.8% 97.3% 54.4% | 97.9%

Abbreviation: * PPV, Positive Predictive Value; **NPV, Negative Predictive Value; ***P-value, Probability Value.

Analysis

Dispatch preliminary diagnoses were compared to ambulance crew diagnoses using McNemar’s test. The sensitivity,
specificity, negative predictive value (NPV), positive predictive value (PPV) and accuracy were compared for statistical
significance. P-values <0.05 were interpreted as statistically significant. The data was analyzed using R and the
“DTComPair” Package.”>*® To compare results, ambulance crew diagnoses were considered the reference point for
a positive result. For example, in the setting of hypoglycemia: a true positive (TP) was recorded when both dispatch and
the ambulance crew diagnosed hypoglycemia; a false positive (FP) was recorded when dispatch recorded hypoglycemia
but the ambulance crew recorded any other diagnosis; a false negative (FN) was recorded when dispatch did not record
hypoglycemia where the ambulance crew did; and true negative (TN) was recorded when neither dispatch nor ambulance
crews recorded a diagnosis of hypoglycemia.
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Results

During 2019, MDA made 317,667 Medical preliminary diagnoses from all their cases that led to the dispatch of an
ambulance crew. Each of these diagnoses were one of 53 different preliminary diagnoses and were identified and
compared to ambulance crew diagnoses. No other patient defining characteristics such as age or sex were included in the
data provided by MDA.

Primary analysis was conducted on all of the 155,124 preliminary diagnoses made by medically experienced
dispatchers. Those were comprised of 53 unique preliminary diagnoses that were directly matched to ambulance crew
paramedic diagnoses. (Table 2). Overall sensitivity across all diagnoses was 48.8% (0.9%—-84.2%), specificity was 97.3%
(93.9%-100%), PPV was 53.0% (1.9%-90.9%) and NPV was 98.0% (96.4%—100%).

Table 2 Statistical Analysis of the Direct Comparison Between Medically Experienced Dispatch Preliminary
Diagnoses and Paramedic Diagnoses

Diagnosis Number of Cases | Sensitivity | Specificity | *PPV | **NPV | P-value***
Abdominal Emergency 4693 56.1% 98.9% 31.1% | 99.6% < 0.05
Acute Coronary Syndrome 20579 76.1% 93.9% 33.5% | 99.0% < 0.05
Anaphylaxis 1601 66.0% 99.7% 41.0% | 99.9% < 0.05
Apnea 182 2.7% 100.0% 1.9% 100.0% < 0.05
Asphyxiation or Aspiration 3713 50.3% 99.8% 60.8% | 99.7% < 0.05
Asthma Attack 2360 50.8% 99.8% 54.3% | 99.8% < 0.05
Birth 1080 44.8% 99.9% 54.4% | 99.9% < 0.05
Bowel Obstruction 597 50.1% 100.0% 64.2% | 99.9% < 0.05
Bradycardia 1976 33.5% 99.9% 47.0% | 99.8% < 0.05
Burns 1051 84.2% 100.0% 89.1% | 100.0% < 0.05
Burns Chem 45 24.4% 100.0% 68.8% | 100.0% < 0.05
Cardiopulmonary Arrest 9528 54.3% 99.4% 63.7% | 99.2% < 0.05
Chest Pain Non-Cardiac 22928 18.2% 99.6% 65.3% | 96.4% < 0.05
Contractions 10060 81.3% 99.8% 90.9% | 99.6% < 0.05
COPD Exacerbation 5290 25.0% 99.8% 62.6% | 99.3% < 0.05
Dehydration 2115 35.0% 99.7% 34.6% | 99.7% > 0.05
Drug Overdose 2140 28.2% 99.9% 54.1% | 99.7% < 0.05
Dyspnea 35505 71.0% 94.1% 46.3% | 97.8% < 0.05
Finger Amputation 440 56.6% 100.0% 64.0% | 100.0% < 0.05
Gastroenteritis 115 0.9% 100.0% 16.7% | 100.0% < 0.05
Hypersensitivity 3833 48.9% 99.9% 71.4% | 99.6% < 0.05
Hypoglycemia 3699 44.3% 99.8% 57.1% | 99.6% < 0.05
Lower limb Fracture 3115 26.7% 99.8% 41.9% | 99.6% < 0.05
Medication Overdose 3376 58.3% 99.8% 69.4% | 99.7% < 0.05
Meningitis 152 55.9% 100.0% 61.2% | 100.0% > 0.05
Myocardial Infarction 2986 9.8% 99.8% 23.7% | 99.5% < 0.05
Obstetrics 2628 63.5% 99.9% 745% | 99.8% < 0.05
Pneumonia 7822 25.2% 99.8% 66.4% | 98.9% < 0.05
Poisoning 392 52.0% 100.0% 65.4% | 100.0% < 0.05
Psychiatric Disturbance 3860 36.7% 99.8% 60.2% | 99.5% < 0.05
Psychosis 1526 19.7% 99.9% 449% | 99.8% < 0.05
Pulmonary Embolism 229 34.1% 100.0% 30.1% | 100.0% > 0.05
Reduced Consciousness 2708 24.7% 99.9% 493% | 99.6% < 0.05
Renal Colic 1735 44.6% 99.9% 67.0% | 99.8% < 0.05
Seizure 2670 67.9% 98.0% 147% | 99.8% < 0.05
Sepsis 1776 19.0% 99.9% 46.2% | 99.7% < 0.05
Stridor 1146 60.2% 99.9% 71.1% | 99.9% < 0.05
(Continued)
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Table 2 (Continued).

Diagnosis Number of Cases | Sensitivity | Specificity | *PPV | **NPV | P-value***
Stroke or Transient Ischemic Attack 13580 60.6% 98.4% 50.5% | 99.0% < 0.05
Syncope 894 28.1% 98.6% 3.2% 99.9% < 0.05
Trauma Abdominal 1657 8.4% 100.0% 52.5% 99.7% < 0.05
Trauma Face 6688 25.5% 99.7% 50.3% | 99.1% < 0.05
Trauma Head 22082 44.3% 98.9% 64.3% | 97.6% < 0.05
Trauma Limb 28143 24.1% 98.8% 53.9% | 95.9% < 0.05
Trauma Major 749 62.8% 98.9% 7.4% 99.9% < 0.05
Trauma Mild 55445 67.6% 93.1% 53.3% | 96.1% < 0.05
Trauma Multi 1027 9.2% 99.9% 18.6% | 99.8% < 0.05
Trauma Neck 2383 2.8% 100.0% 43.8% | 99.6% < 0.05
Trauma Pelvic 3137 14.2% 99.9% 42.9% 99.5% < 0.05
Trauma Spinal 2869 14.7% 99.8% 33.5% | 99.5% < 0.05
Trauma Thoracic 3054 10.1% 99.9% 51.7% 99.5% < 0.05
Unconsciousness 2044 38.4% 97.8% 6.3% 99.8% < 0.05
Upper Limb Fracture 2708 26.5% 98.7% 9.6% 99.6% < 0.05
Urinary Tract Infection 1556 26.9% 99.9% 585% | 99.8% < 0.05
Weighted Totals 317667 48.8% 97.3% 53.0% | 98.0%

Abbreviations: * PPV, Positive Predictive Value; **NPV, Negative Predictive Value; ***P-value, Probability Value.

Secondary analysis was conducted for all the 155,124 medically experienced dispatcher preliminary diagnoses. Those
were comprised of 53 unique preliminary diagnoses that were matched to the system found in the ambulance crew

paramedic diagnoses. (Table 3).

Table 3 Statistical Analysis of Comparison Between Medically Experienced Dispatch Preliminary Diagnoses and
Paramedic Diagnoses by Organ System

Diagnosis Number of Cases | Sensitivity | Specificity | *PPV | **NPV | P-value***
Abdominal Emergency 4693 76.1% 94.6% 11.1% | 99.8% < 0.05
Acute Coronary Syndrome 20579 87.2% 87.5% 21.9% | 99.4% < 0.05
Anaphylaxis 1601 85.6% 99.3% 26.4% | 100.0% < 0.05
Apnea 182 36.8% 87.4% 0.1% 100.0% < 0.05
Asphyxiation or Aspiration 3713 81.1% 87.9% 4.5% 99.8% < 0.05
Asthma Attack 2360 90.7% 87.8% 3.2% 100.0% < 0.05
Birth 1080 97.5% 97.8% 8.3% 100.0% < 0.05
Bowel Obstruction 597 84.1% 94.1% 1.6% 100.0% < 0.05
Bradycardia 1976 60.6% 84.8% 1.5% 99.8% < 0.05
Burns 1051 84.5% 100.0% 88.0% | 100.0% < 0.05
Burns Chem 45 57.8% 99.8% 2.6% 100.0% < 0.05
Cardiopulmonary Arrest 9528 54.8% 99.4% 63.4% | 99.2% < 0.05
Chest Pain Non-Cardiac 22928 18.6% 95.6% 16.1% | 96.3% < 0.05
Contractions 10060 95.8% 99.4% 76.1% | 99.9% < 0.05
COPD Exacerbation 5290 88.8% 88.2% 7.0% 99.9% < 0.05
Dehydration 2115 35.7% 99.3% 16.4% | 99.7% < 0.05
Drug Overdose 2140 41.2% 98.4% 9.3% 99.8% < 0.05
Dyspnea 35505 77.7% 92.1% 41.2% | 98.3% < 0.05
Finger Amputation 440 95.9% 78.4% 0.4% 100.0% < 0.05
Gastroenteritis 115 28.7% 94.0% 0.1% 100.0% < 0.05
Hypersensitivity 3833 81.8% 99.6% 60.3% | 99.9% < 0.05
(Continued)
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Table 3 (Continued).

Diagnosis Number of Cases | Sensitivity | Specificity | *PPV | **NPV | P-value***
Hypoglycemia 3699 45.5% 99.5% 38.0% | 99.6% < 0.05
Lower limb Fracture 3115 93.1% 78.8% 2.5% 99.9% < 0.05
Medication Overdose 3376 61.6% 98.6% 22.0% | 99.8% < 0.05
Meningitis 152 68.4% 98.2% 1.1% 100.0% < 0.05
Myocardial Infarction 2986 81.3% 85.0% 3.0% 99.9% < 0.05
Obstetrics 2628 96.9% 98.1% 20.1% | 100.0% < 0.05
Pneumonia 7822 76.1% 88.4% 8.9% 99.6% < 0.05
Poisoning 392 62.5% 99.2% 5.3% 100.0% < 0.05
Psychiatric Disturbance 3860 58.9% 98.6% 23.6% | 99.7% < 0.05
Psychosis 1526 65.9% 98.4% 10.5% | 99.9% < 0.05
Pulmonary Embolism 229 64.6% 87.5% 0.2% 100.0% < 0.05
Reduced Consciousness 2708 66.2% 80.1% 1.7% 99.8% < 0.05
Renal Colic 1735 46.6% 99.0% 13.2% | 99.8% < 0.05
Seizure 2670 84.0% 80.2% 2.1% 99.9% < 0.05
Sepsis 1776 24.0% 98.3% 4.4% 99.7% < 0.05
Stridor 1146 97.6% 87.6% 1.7% 100.0% < 0.05
Stroke or Transient Ischemic Attack 13580 83.4% 81.5% 10.6% | 99.5% < 0.05
Syncope 894 49.8% 79.9% 0.4% 99.9% < 0.05
Trauma Abdominal 1657 94.2% 78.6% 1.4% 100.0% < 0.05
Trauma Face 6688 92.2% 79.3% 5.4% 99.9% < 0.05
Trauma Head 22082 90.2% 81.3% 17.3% | 99.5% < 0.05
Trauma Limb 28143 92.7% 82.3% 22.7% | 99.5% < 0.05
Trauma Major 749 95.3% 78.5% 0.6% 100.0% < 0.05
Trauma Mild 55445 92.7% 86.6% 44.6% | 99.0% < 0.05
Trauma Multi 1027 97.5% 78.5% 0.9% 100.0% < 0.05
Trauma Neck 2383 96.0% 78.7% 2.0% 100.0% < 0.05
Trauma Pelvic 3137 88.5% 78.8% 2.4% 99.9% < 0.05
Trauma Spinal 2869 94.4% 78.8% 2.4% 100.0% < 0.05
Trauma Thoracic 3054 90.5% 78.8% 2.4% 99.9% < 0.05
Unconsciousness 2044 54.3% 80.0% 1.0% 99.8% < 0.05
Upper Limb Fracture 2708 95.1% 78.8% 2.2% 100.0% < 0.05
Urinary Tract Infection 1556 35.3% 98.3% 5.7% 99.8% < 0.05
Weighted Totals 317667 78.6% 88.4% 26.5% | 99.2%

Abbreviations: * PPV, Positive Predictive Value; **NPV, Negative Predictive Value; ***P-value, Probability Value.

Dispatcher preliminary diagnosis matched the system identified by the ambulance crew in 138,235 cases. Sensitivity
was 78.6% (18.6%-97.6%), specificity 88.36% (78.4%—-100%), PPV 26.5% (0.1%-88%) and NPV 99.2%
(96.3%—100%).

Tertiary analysis was then conducted on all the 312,122 diagnoses made by the panel of MDA experts and ED
physicians. Those were comprised of 53 unique preliminary diagnoses that were matched to the ambulance crew
diagnoses. (Table 1).

Panel preliminary diagnoses matched ambulance crew diagnosis in 155,433 cases. Sensitivity was 49.8% (range
0.9%—-86.4%), specificity 97.3% (range 93.5%—100%), PPV 54.4% (range 2.1%—88.0%) and NPV 95.6% (96.1%—-100%)
(Figure 2).
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Figure 2 Weighted Totals for the Three types of analyses conducted: Primary analysis which compared diagnoses directly, secondary analysis which compared diagnoses by
systems and tertiary analysis which compared dispatcher diagnoses by expert panel match for syndromes.

Discussion

Through analysis of the results of directly comparable dispatches, specificity and NPV were both encouragingly high
with weighted averages of 97.3% and 98.0%, respectively. This implies that medically experienced dispatchers were
ruling out incorrect preliminary diagnoses most of the time. Sensitivity and PPV, however, were comparatively lower for
all dispatch outcomes with a weighted average 48.8% and 53.0%, respectively, implying that medically experienced
dispatchers were not correct as often when determining the preliminary diagnosis.

When looking at the secondary analysis (by systems) interestingly the sensitivity goes up from 48.8% to 78.6% while
the PPV drops from 53.0% to 26.5%. This implies that when a system was affected by a preliminary diagnosis the
dispatchers were more likely to correctly identify the system, but for any given preliminary diagnosis made by
dispatchers, they were less likely to be correct in what system was affected. Specificity slightly decreased from 97.3%
to 88.4 and NPV slightly increased from 98.0% to 99.2%, but relatively they stayed much steadier indicating that the
incorrect systems were still ruled out most of the time.

The indirect analysis surprisingly showed very similar results to the direct comparison of medically experienced
dispatchers’ preliminary diagnosis to paramedic working diagnosis. Sensitivity and PPV increased very slightly to 48.8%
and 54.4% where specificity and NPV decreased very slightly to 97.3% and 97.9%, respectively. This shows that when
the expert panel was given the same set of descriptors that the medically experienced dispatchers had, they were
frequently choosing the same preliminary diagnosis.

When comparing the accuracy of medically experienced dispatcher’s preliminary diagnosis of strokes to other
published literature, sensitivity falls in the middle of the range at 60.6%. However, in the studies with sensitivity on
the high end of the range such as the one done by Clawson et al, specificity was allowed to drop significantly, where the
specificity for the medically experienced dispatchers’ diagnosis of stroke remained very high at 98.4%.?! Other studies
where specificity was maintained often showed a lower sensitivity.”*® Medically experienced dispatchers’ preliminary
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diagnosis of cardiopulmonary arrest tells a very similar story with a sensitivity of 54.3% lying in the lower end of the
range, but a maintained sensitivity of 99.4%. Fukushima et al found a sensitivity of 93%, but their specificity did drop
down to 50%.%* Very few papers were found discussing dispatcher accuracy for acute coronary syndrome, but among
those found it was seen that a sensitivity over 80% was achieved, while specificity remained below 40%.%° On the other
hand, medically experienced dispatchers were able to reach a sensitivity of 76.1% with a specificity kept at 93.9%.

Taken together, these indicate that compared to the published literature, the MDA medically experienced dispatchers
tend to be more accurate than their less-medically trained international colleagues who set a similarly high threshold for
suggesting a significant diagnosis.

Interestingly, we found that the sensitivity of a few medically trained dispatcher preliminary diagnosis of a few life-
threatening diagnoses was very low. Among these were drug overdose at 28.2%, myocardial infarction at 9.8%, and
apnea at 2.7%. Myocardial infarction and apnea are diagnoses only made when physician or someone on behalf of
a physician calls emergency dispatch from a tertiary facility stating that diagnosis specifically. As a result, these are not
true representations of the dispatches accuracy when making a preliminary diagnosis. These misdiagnoses are likely done
either due to miscommunication between the physician and the person calling dispatch, or cases of acute coronary
syndrome prematurely being declared a myocardial infarction. Acute coronary syndrome however had a significantly
higher sensitivity of 76.1%. For drug overdoses, it was likely assumed the person reporting might have been withholding
information and an assessment would be difficult to do without a person at the scene. When considering these diagnoses,
it should also be noted that the sensitivity in the secondary analysis was higher indicating that the dispatchers were
making preliminary diagnoses close to the paramedic working diagnosis. Unfortunately, we were unable to find studies
published discussing the accuracy of dispatcher preliminary diagnosis of myocardial infarction, apnea, of drug overdose
from other dispatch systems.

Additionally, we found a very large variation in the sensitivity seen for different trauma cases depending on location.
During primary analysis, this ranged from head trauma having a sensitivity of 44.3% to neck trauma sensitivity dropping
to 2.8%. Secondary analysis sensitivity for trauma to different locations ranged from 88.5% to 96% showing that
information given during the emergent call was highly consistent with trauma, however the specific location was
frequently misdiagnosed. This is particularly problematic in the case of neck trauma when dispatchers would otherwise
be able to give instructions to help those calling better immobilize the cervical spine and prevent additional injury and
provide the proper ambulance response type. This too was unfortunately not found in our review of the literature, so we
were unable to compare our data to other national health care systems.

The study done here was compared to available published data, which to date has focus primarily on a few life-
threatening diagnoses. The findings are consistent with the results of our system, which showed that dispatcher and
paramedics generally arrive at similar diagnoses; however, the degree of agreement varies by diagnosis type, as some
diagnoses are easier to identify whereas others are more difficult to determine. Tables 2 and 3 show that sensitivity
improves after review by the expert panel. This indicates that even when the dispatcher did not assign the correct
preliminary diagnosis, the affected organ system was correctly identified, and an appropriate urgency and level of
response (ALS vs BLS) were dispatched.

However, we were unable to compare out results for most diagnoses done against any other study due to the paucity
of literature. We suggest that future studies looking at the accuracy of emergency medical dispatch include and compare
data from all medical calls to try and improve diagnoses for all cases.

As there is an inherent difference in the way that dispatchers and field crews record diagnoses, comparison was made
somewhat challenging. This was addressed by performing both direct and indirect comparisons; however, this does
introduce a level of subjectivity into the analysis. As this is not an issue encountered in international EMS systems, it is
hard to evaluate the true impact it had on our results.

Final medical diagnosis was not available for review on request of data, meaning field team diagnosis was taken as
the ground truth for comparison. Further research is needed to assess the accuracies of these ground truths for
comparison. However, to assess the appropriateness of an EMS response, paramedic diagnosis is a valuable tool as
any suspected case of; for example, ACS or stroke should be treated with the same amount of urgency regardless of final
diagnosis.
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Conclusion

In the results of the comparative study we conducted, medically experienced call takers established preliminary
diagnoses with a good level of resemblance to ambulance crews in the field. Further research is required in this area
to determine whether MDA’s modus operandi, which requires that medical staff in the field work shifts both as
dispatchers and ambulance crew, results in more accurate and specific service when compared to their international
colleagues. However, we believe that increasing the experience and field training of EMS dispatchers could benefit the
international community.
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