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Cardiac arrests treated by ambulance paramedics and fire fighters
The Emergency Medical Response program
Karen L Smith, John J McNeil, on behalf of the Emergency Medical Response Steering Committee
CARDIOVASCULAR DISEASE is the leading cause of death in
Australia.1 Most of these deaths are unexpected and occur
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tion (VF).4
Defibrillation is the definitive treatment for VF, but is
rarely successful if the duration of VF extends beyond 10
minutes.5,6 An audit of ambulance case records in Melbourne in 1995 showed that the mean ambulance response
time (from processing of 000 call to ambulance arrival at
scene) to cardiac arrest patients was 9.4 minutes (Box 1).3
When additional delays were factored into the response,
such as delays in dialling 000, more than half the patients
were defibrillated more than 10 minutes after the onset of
VF.
To reduce emergency service response times and time to
defibrillation for cardiac arrest patients, the Emergency
Medical Response (EMR) pilot program was established in
Melbourne in 1998. The simultaneous dispatch of fire
fighters (trained in cardiopulmonary resuscitation [CPR]
and equipped with automatic external defibrillators) and
ambulance paramedics to suspected cases of cardiac arrest
significantly reduced response times (Box 1).7 Based on
results from the pilot program, in February 2000 the
Victorian Government expanded the program across all of
metropolitan Melbourne serviced by the Fire Brigade. This
article describes the first year of the expanded program.
Ethics approval for data collection and analysis was
obtained from the Monash University Standing Committee
on Ethics in Research Involving Humans.
Implementation of the expanded program

The Metropolitan Fire and Emergency Services Board
(MFESB) is an urban fire service staffed by professional
fire fighters. All 47 fire stations (with 58 fire trucks staffed
by personnel trained for the EMR program) were involved
in the expanded program, and 1337 (91%) fire fighters
were trained to be first-responders, with training continu-
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ABSTRACT
■

The Emergency Medical Response (EMR) program is a
Victorian Government initiative in which fire fighters
trained in cardiopulmonary resuscitation and equipped
with automatic external defibrillators are dispatched to
suspected cardiac arrests simultaneously with ambulance
paramedics across metropolitan Melbourne.

■

During the first 12 months (February 2000 to February
2001) of the expanded EMR program, 2942 events
involved simultaneous dispatch of ambulance paramedics
and fire fighters.

■

In 430 events, patients had suffered a cardiac arrest
of presumed cardiac cause, and resuscitation was
attempted by the emergency medical services.

■

Fire fighters provided the initial defibrillation to 41 (26.5%)
patients presenting in ventricular fibrillation.

■

Survival to hospital discharge for bystander-witnessed
ventricular fibrillation cardiac arrests was 21.8%.

■

The mean emergency services (fire and ambulance)
response time to cardiac arrest patients was 6.03 (SD,
1.65) minutes.

■

The mean time to defibrillation for ventricular fibrillation
patients was 8.75 (SD, 2.07) minutes.
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ing throughout 2001. The MFESB services an area of
about 1096 km2 with a population of about 2 million
people (Box 2).
Fire fighters were trained and equipped to respond to
ambulance events and provide basic life support, including
the use of a shock advisory defibrillator (which recommends
when a shock is required), until the ambulance service
arrived (Box 3). Training comprised an eight-day course,
which provided three-year certification. In addition, ambulance paramedics provided continuing education in critical
skill areas through regular (programmed) visits to fire
stations.
Between 7:00 and 22:30, the Metropolitan Ambulance
Service has 68 ambulances responding each day, each
staffed by two paramedics trained to perform CPR and
defibrillation for VF or pulseless ventricular tachycardia. At
other times there are 49 ambulances responding. Additionally, there are 17 mobile intensive care ambulances, each
staffed by two paramedics trained to perform defibrillation
and advanced life support, including intravenous administration of vasoactive and antiarrhythmic drugs and tracheal
intubation. Ambulance treatment protocols for cardiac
305
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1: The Emergency Medical Response (EMR) program: history and early results
In 1995, an observational study of out-of-hospital cardiac arrest in
western Melbourne indicated that ambulance response times required
improvement and that survival was poor. During a six-month audit,
ambulance paramedics attended 361 patients assumed to have a
primary cardiac event, of which 113 (31%) were initially in ventricular
fibrillation (VF). Only 3% of all patients and 9% of VF patients
survived to discharge from hospital. The average time from receipt
of call to arrival of ambulance at the scene was 9.4 (SD, 3.6) minutes.3
In July 1998, a prospective controlled trial began in Melbourne. Fire
fighters trained in cardiopulmonary resuscitation and equipped with
automatic external defibrillators were added as an extra tier to the
existing two-tiered ambulance response. The trial consisted of a control
area (277 km 2 ambulance dispatch only) and a pilot area (171 km2
simultaneous ambulance and fire dispatch).

At 12 months, the mean EMR response time to cardiac arrests was
reduced by 1.6 (95% CI, 1.2–2.0) minutes, from 7.5 minutes in the
control area to 5.9 minutes in the pilot area. Mean time to
defibrillation for patients whose initial recorded rhythm was VF was
reduced by 1.5 (95% CI, 0.1–3.0) minutes, from 10.1 minutes in the
control area to 8.6 minutes in the pilot area. Survival for patients who
were in VF on arrival of the EMR was 29% in the pilot area and 18%
in the control area (P = 0.368). Survival for patients whose cardiac
arrest was witnessed by a bystander and who were in VF on arrival of
the EMR was 36% in the pilot area and 23% in the control area
(P = 0.363).7
In February 2000, the simultaneous dispatch of fire vehicles with
ambulances was expanded across all of Melbourne serviced by the
Metropolitan Fire Brigade (about 2 million population; see Box 2).

2: Map of the Melbourne metropolitan area included in the expanded Emergency Medical Response program, and
the number of high priority events, by postcode per year
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3: Fire fighters in the Emergency Medical Response
program

Fire fighters trained in cardiopulmonary resuscitation and equipped
with automatic external defibrillators are dispatched to suspected
cardiac arrests simultaneously with ambulances.

arrest patients are based on published national recommendations and involve the administration of CPR and
advanced life support drugs, plus defibrillation when the
rhythm is VF or ventricular tachycardia.8 Ambulance paramedics do not initiate resuscitation when patients are in
asystole or pulseless electrical activity and there is clear
evidence of prolonged cardiac arrest, or if a local medical
officer instructs them not to resuscitate.

4: Results of the first 12 months of the Emergency
Medical Response (EMR) program
Patient survival
■ 2942 high priority events (see Box 5 for diagnoses)
■ Fire fighters provided initial care at 770 (26%) of these events,
and assisted ambulance paramedics at a further 10% of the
events.
■ The most common form of care provided by fire fighters was
administering oxygen (34%).
■ Resuscitation was initiated in 430 patients with cardiac arrest of
presumed cardiac aetiology, of whom 155 were in ventricular
fibrillation (VF).
■ Fire fighters provided initial defibrillation to 41 (26.5%) of these
patients, and to one patient who presented with a non-shockable
rhythm but reverted to VF during treatment.
■ 31 (7.3%) cardiac arrest patients for whom the EMR initiated
resuscitation survived to hospital discharge.
■ Fire fighters provided initial care to 13 (42%) of the survivors, and
assisted paramedics in treatment of 8 (26%) other survivors.
■ For most patients who survived (71%), response time was 6 min
or less. Response time was not more than 10 min for any
survivors.
■ Of 74 VF patients initially treated by fire fighters, 10 (14%)
survived to hospital discharge, compared with 16 (21%) of 77 VF
patients initially treated by paramedics (P = 0.237).
■ Survival to hospital discharge for witnessed VF arrests was
21.8%.
Response times
■ The mean EMR response time to cardiac arrest patients (from

processing of 000 call to arrival of EMR) was 6 min (see Table),
similar to that achieved in the pilot program.
■ 45% of patients were in ventricular fibrillation (VF) when response
time was ⭐2 min, compared with 8% in VF when response time
was ⭓10 min. No patients were in VF when response time was
>14 min.
■ The mean time to defibrillation for patients in VF was 8.75 minutes
(SD, 2.07 minutes).
Response time (minutes)

Simultaneous dispatch

Both ambulances and fire trucks are dispatched from a
central communications centre, which responds to an emergency phone number of 000 for metropolitan Melbourne via
a computerised protocol-based dispatch system. The highest medical emergencies are those where the subject is
suspected to be unconscious or non-breathing. When the
dispatcher identifies a high priority event, the closest available ambulance, mobile intensive care ambulances and fire
engine are dispatched simultaneously.
The overriding responsibility of patient care lies with the
mobile intensive care ambulance paramedics. If fire fighters
arrive first, patient care is handed over to ambulance
paramedics as soon as the first ambulance arrives. In
addition, if an ambulance arrives at the patient first, they
can “call-off ” the dispatched fire fighters.
Results of the first 12 months of the EMR program are
summarised in Box 4 and Box 5.
Potential for further improvement

In the controlled EMR study,7 mean time to defibrillation
was reduced from 10.1 to 8.6 minutes, and this was
maintained in the expanded EMR program (8.75 minutes).
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Mean
(95% CI)

Median
(95% CI)

Combined ambulance 6.0 (5.9–6.1) 6.0 (5.9–6.1)
and fire fighters
First ambulance on
scene

90th percentile
(95% CI)
8.0 (7.8–8.2)

7.1 (7.0–7.3) 7.0 (6.8–7.2) 10.0 (9.8–10.2)

Mobile intensive care 8.7 (8.5–9.0) 8.0 (7.7–8.3) 13.0 (12.6–13.4)
ambulance
Fire fighters

6.8 (6.6–7.0) 6.0 (5.8–6.2)

9.0 (8.8–9.2)

Although this is an improvement, defibrillation should
ideally be achieved within six minutes of receipt of call,
because after this the probability of survival decreases
sharply.9
To significantly increase survival rates a community
approach is needed. Since 1991, the American Heart Association has promoted the concept of the “chain of survival”
to explain the systematic changes necessary for successful
resuscitation of victims of cardiac arrest.10 The elements of
this are early access to emergency care, early cardiopulmonary resuscitation, early defibrillation, and early advanced
cardiac life support.
307
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5: Outcomes for the high priority events in the first 12 months of
the Emergency Medical Response (EMR) program
High priority events with simultaneous dispatch of ambulance and fire fighters (2942)

Overdose
Fainting/LOC/altered
consciousness
Breathing problems
Convulsions/seizures
Alcohol abuse
Hanging/suffocation
Febrile/infection
Trauma
Other (including
psychiatric cases)
Infrequent events*
Unknown†

Presumed
aetiology
cardiac (6)

470 (16.0%)
255
142
116
63
41
37
35

Cardiac arrest 1331 (45.2%)

(8.7%)
(4.8%)
(3.9%)
(2.1%)
(1.4%)
(1.3%)
(1.2%)

Arrest witnessed
by EMS (7)

Pulseless on arrival
of EMS (1324)

85 (2.9%)
60 (2.0%)
307 (10.4%)

Presumed
aetiology
non-cardiac (1)

Pronounced
dead on
arrival of
EMS (778)

Discharged from hospital (4 [57%])

Presumed noncardiac aetiology
Resuscitation
initiated by
EMS (116)

Presumed
cardiac
aetiology
Resuscitation
initiated by
EMS (430)

Survived to
hospital
(20 [17%])

Discharged
from hospital¶
(5 [4%])

All

Bystander-witnessed

Cardiac arrests

430

211

Mean age (SD)

70.3 (14.0%)

70.8 (12.7%)

Bystander provided CPR

162 (37.7%)

104 (49.3%)

Initial rhythm ventricular fibrillation (VF) at EMS arrival

155 (36.0%)

119 (56.4%)

Provided initial care

226 (52.6%)

104 (49.3%)

Assisted ambulance paramedics

133 (30.9%)

62 (29.4%)

Investigate/observe only

34 (7.9%)

19 (9.0%)

Called off en route

37 (8.6%)

26 (12.3%)

VF patients initially defibrillated by fire fighters

41 (26.5%)

34 (28.6%)

Survival to hospital for all patients

78 (18.1%)

68 (32.2%)

Survival to hospital discharge for all patients‡

31 (7.2%)

30 (14.2%)

Survival to hospital discharge for VF patients§

26 (16.8%)

26 (21.8%)

Fire fighter action:

* Infrequent events were cerebrovascular (15), choking (13), chest pain (13), electrocution (11),
drowning (4), and respiratory arrest (4).
† For events with unknown cause (missing patient care record), ambulance results were coded as
"cancelled by requestor" (19%), "no emergency care required" (16%), "unable to locate" (8%),
"refused service" (8%), "hoax" (7%), and "patient absconded" (6%).
‡ Five patients (4 witnessed) could not be traced for survival information, so survival could range
from 7.2% to 8.4% for all arrests, and from 14.2% to 16.1% for witnessed arrests.
§ Four patients (3 witnessed) could not be traced for survival information, so survival could range
from 16.8% to 19.4% for all VF patients, and from 21.8% to 24.4% for witnessed VF arrests.
¶ One patient could not be traced for survival information.
EMS = Emergency Medical Services.
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Early access: Witnesses to a cardiac arrest
are often agitated and do not immediately call
for the emergency medical service. One study
of cardiac arrests in western Melbourne found
that 20% of bystanders called a local medical
officer or relative first.3 Consideration of ways
to increase public awareness of the need to call
000 immediately for cardiac arrest patients
would be valuable.
Early cardiopulmonary resuscitation:
Forty-seven per cent of witnessed arrests
received CPR from a bystander during this
program. However, the quality of CPR and
how quickly it was initiated are unknown and
will require further research. Earlier effective
CPR might improve the low survival rate in
Melbourne.5,11 The Victorian Government is
currently offering free CPR lessons to the
public through the “Key to Survival” program.
In time we will be able to see if this initiative
increases bystander CPR participation rates.
Early defibrillation: In addition to the
MFESB, other professional groups may warrant consideration as first responders to cardiac arrests.12 The concept of public-access
defibrillation, where defibrillators are placed in
public buildings/sites, also needs to be
explored through studies which map the location of arrest from VF.13
Early advanced cardiac life support: Even
with the introduction of rapid defibrillation, a
significant group of patients will rely on the
ambulance to provide advanced cardiac life
support.14 The Metropolitan Ambulance Service has implemented a program in which all
ambulance paramedics will eventually be
trained in the use of the laryngeal mask airway
device and the administration of intravenous
adrenalin. This initiative should improve the
efficiency of defibrillation in borderline cases.
Resuscitation was not initiated by the EMR
in more than 50% of cardiac arrest patients
because of evidence of prolonged cardiac
arrest, raising the issue of the specificity of
current dispatch criteria. This will be assessed
in the future through the Victorian Ambulance
Cardiac Arrest Registry, which captures data
on all cardiac arrest patients attended by
ambulance in Victoria.
An important future analysis will involve the
cost-effectiveness of the EMR program. Currently, the number of VF patients is too small
to assess this. However, most of the cost was
in the start-up of the program, the training
and in a wage increase for fire fighters, which
was implemented as part of an industrial
agreement.
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Acceptance of a medical first-responder role by
fire fighters

As the number of VF patients is small, maintaining confidence among fire fighters is one of the challenges. In
addition, the EMR program has expanded the role and
activities required of them. However, results from a study
using focus groups and a questionnaire suggest that the fire
fighters have adapted well to their new role and view their
skills as an important addition to their current expertise.15
Fire fighter motivation and skills have been maintained
through regular in-station training sessions and the dissemination of information through newsletters and an in-house
television channel.

11. Gallagher EJ, Lombardi G, Gennis P. Effectiveness of bystander cardiopulmonary resuscitation and survival following out-of-hospital cardiac arrest. JAMA
1995; 274: 1922-1925.
12. White RD, Asplin BR, Bugliosi TF, et al. High discharge survival rate after out-ofhospital ventricular fibrillation with rapid defibrillation by police and paramedics.
Ann Emerg Med 1996; 28: 480-485.
13. Becker L, Eisenberg M, Fahrenbruch C, et al. Public locations of cardiac arrest.
Implications for public access defibrillation. Circulation 1998; 97: 2106-2109.
14. Mann CJ, Guly H. Paramedic interventions increase the rate of return of
spontaneous circulation in out of hospital cardiac arrests. Accid Emerg Med
1997; 14: 149-150.
15. Smith KL, Rich D, Pastoriza Pinol J, et al. Acceptance of a medical firstresponder role by fire fighters. Resuscitation 2001; 51: 33-38.
❏
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time capsule
Further research

The current program has been successful in maintaining
reduced response times to cardiac arrest patients in Melbourne. Further research is needed to better establish the
effect of the program on long-term survival and quality of
life. Investigations of other strategies to deploy automatic
external defibrillators are also an important priority.
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Medicare: “the FJ Holden metamorphosis”
. . . By contrast, the development of a system of health
care in Australia has lacked, in major respects, any
significant input by those familiar with the noneconomic problems. The Deeble/Scotton report, which
has had a major influence on developments, lacked
medical members among its originators. Likewise,
conservative governments have made decisions largely
on the basis of political expediency and economic/
administrative ease without any examination of the
central issues of health maintenance and therapy.
Examples are the 1970 scheme of the Gorton
Government, and the numerous modifications of
Medibank by the Fraser Government. Labor
administrators have taken as given that a universal
health scheme based upon some form of fee-for-service
for medical bills is appropriate, and devoted energy to
devising ways to pay for it by sidestepping Section 51
of the Constitution. There is then a need, before health
costs increase beyond the current 7.5% of gross
national product, for an exhaustive review of the
problems of illness prevention and health care delivery
based upon an objective analysis of these problems and
potential solutions. In the present morass, there is no
cause for pride that successive governments of left and
right, commonwealth health administrators, and the
organized medical profession have all failed to examine
objectively the fundamental issues in health and its
delivery in the last four decades.
...The present system, Medicare, is patently
dishonestly presented. The statement is repeatedly
made, and reiterated in the Commonwealth Health
Department submission to the Penington Inquiry, that
the 1% levy pays for Medicare. In fact, the 1% levy
should raise $390 million against a $1790 million
estimate of the annual cost of Medicare and a $4259
million total outlay on health.
...The present system provides no scope for
innovation and experiment in, for example, health
maintenance organisations.
John M Duggan
MJA 1985; 142: 360-362
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