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MEDICAL PRACTICE

Contemporary Themes

The Brighton resuscitation ambulances: review of
40 consecutive survivors of out-of-hospital cardiac arrest
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Summary and conclusions

In three years 40 patients were resuscitated by
ambulancemen after out-of-hospital cardiac arrest and
survived to be discharged. Twenty-six of these had had
circulatory arrest before an ambulance arrived and a
further three had developed ventricular fibrillation
before they were moved. Thirty-two patients were alive
at the time of review six months to three and a half years
later.

Resuscitation by ambulancemen can be effective for
patients with unheralded sudden cardiac arrest as well as
for patients with recent myocardial infarction. Survivors
of out-of-hospital ventricular fibrillation may have a
favourable long-term prognosis.

Introduction

Long-term survival after successful treatment of cardiac arrest
in hospital is nowadays common and unremarkable. But most
cardiac arrests are unexpected and occur away from resuscitation
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facilities1 2: prospects for recovery are therefore small. Mobile
coronary care units were introduced to provide intensive care
before admission to hospital and they quickly achieved limited
but worthwhile success, particularly for patients with recent
myocardial infarction.3 In the Brighton health district three
otherwise conventional ambulances, forming part of the normal
service, are fitted with resuscitation equipment and manned by
ambulance staff fully trained in its use.4 This emergency
service started in 1971. In 1974-6 40 patients were resuscitated
out of hospital and survived to be discharged. This paper
reviews their management and subsequent progress. It also
illustrates some of the problems inherent in all schemes for
providing resuscitation facilities out of hospital.

Brighton resuscitation service

This has been described in detail.4 Briefly, selected ambulancemen
(numbering 17 to 25 over the period under review) from two local
stations have been trained to recognise complications of coronary
disease and to diagnose all common arrhythmias. They can use
portable defibrillators for circulatory arrest caused by ventricular
fibrillation or rapid ventricular tachycardia and give a few intravenous
or intramuscular drugs to combat other arrhythmias in defined
circumstances. Some are trained in endotracheal intubation.
Three equipped ambulances are usually available during the day,

but at night and weekends only two are manned by skilled staff. They
cover a population of about 300 000 in a compact urban area. If
available, a special ambulance is sent in response to all calls suggesting
cardiac emergencies or other life-threatening conditions.

Emergency calls and resuscitation attempts 1974-6

During 1974-6 the resuscitation ambulances were sent in response
to 3109 calls. In retrospect not all calls were for true emergencies,
but 2207 (71 %) patients were admitted to hospital or were found to be
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dead. Moreover, stretcher-bearing ambulances would have been
needed for these calls even if there had been no resuscitation scheme:
they did not represent an additional workload for the emergency

services, though some patients and their relatives now summon help
more promptly for chest pain. Resuscitation was attempted in 356
cases, though in many the sole indication was residual electrical
activity on the electrocardiograms (ECGs) of patients who seemed to
have irreversible circulatory arrest. Our experience encourages us to

maintain this policy despite the inevitability of failure in many

instances.
One-hundred-and-one patients were admitted after out-of-hospital

resuscitation and some others were treated briefly in the accident and
emergency department until medical staff felt that further efforts were

inappropriate. Only one of the patients who died after admission
regained consciousness in hospital. The remainder of this report
concerns the 40 patients who did survive to be discharged.

The resuscitated patients

Thirty-four men and six women aged 40 to 82 years (mean age

(+ SD) was 61 ± 10 years) survived to be discharged. Thirty-nine
patients had ventricular fibrillation and one had ventricular flutter
with no effective cardiac output. No survivor was found in asystole.

Twenty-six patients already had circulatory arrest before the
ambulance arrived and circumstances suggested that the arrest
preceded the emergency call in all but two of them. So far as we can

tell, collapse was totally unexpected in 20 of these 26 patients. They
had not complained of, nor did they recall, any prodromal symptoms.

Ten had never had any recognisable symptoms of heart disease; one

of this group developed ventricular fibrillation while undergoing
minor surgery at a small peripheral hospital which did not then have
a defibrillator.
Three of the remaining 14 patients were conscious when the

ambulance arrived but collapsed with ventricular fibrillation before
they were moved; these events all followed calls within 30 minutes
of the onset of symptoms of ischaemic heart disease. Ten patients,
who had also had recent symptoms of ischaemic heart disease,
developed ventricular fibrillation while being moved to hospital. We
are uncertain of the time of onset of the arrhythmias in one patient
whose records were incomplete.

Twenty-five of the emergency calls were made by the members of
the public (five by patients' wives), 11 by doctors or nurses, and four
by policemen. Ambulances reached the patients within five minutes
of receiving the call in all but one of the 24 cases in which circulatory
arrest was believed to have initiated the emergency.

Treatment before hospital admission

Of the 26 patients who were in circulatory arrest when the resusci-
tation ambulance arrived, 15 were receiving some external massage:

in six cases by a doctor, nurse, or other ambulancemen; in four cases

by a policeman; and in five by a member of the public. This relatively
high proportion having massage was a feature of cases in which
resuscitation was successful. We do not have complete information on

patients in whom resuscitation was unsuccessful, but we know that
massage was rarely attempted in this group.

Nine patients received intravenous lignocaine from the ambulance-
men, one received atropine, and three received both. One of these 13
patients and five others had drug treatment from a doctor. The relevant
record was lost for one patient. Twenty-one received no drugs, often
because the ambulancemen had not completed the relevant part of
their training. Most injections were given in accordance with routine
instructions for prophylaxis against further arrhythmias, but we

believe that atropine or lignocaine contributed to the successful
resuscitation of six patients. Four patients received endotracheal
intubation by ambulancemen to achieve adequate oxygenation. More
might have benefited from intubation, but only a few ambulancemen
had been trained in this technique over the period covered by this
report.

Findings in hospital

Twenty-six patients were in sinus rhythm when admitted to the
emergency department. Eight had atrial fibrillation, three had
ventricular tachycardia, and one had junctional rhythm. Two patients
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who had been resuscitated were in asystole after further defibrillation
en route and were receiving external cardiac massage. Of the 26
patients who developed circulatory arrest before the ambulance
arrived, only three were conscious when they came to hospital. This
contrasts with the 13 patients who developed fibrillation after the
ambulance arrived, 12 of whom had already regained consciousness
when admitted. (Information was not available for one patient.)
Patients who did not recover consciousness promptly were electively
hyperventilated in an attempt to reduce cerebral oedema (Pco2 to
33 kPa (25 mm Hg) in all but the oldest patients). They also received
dexamethasone, diuretics, and mannitol.

Eighteen patients had ECG evidence of transmural infarction and
21 did not. One had left bundle-branch block. On the basis of the
available history, the ECG pattern, and the results of enzyme estima-
tions (usually over the first three days) we believe that at least 16
patients had no fresh major ischaemic event before the onset of
circulatory arrest, and 10 patients had no definite evidence of infarction
at any time. Two patients had normal serial ECGs. Fourteen patients
had or developed pulmonary oedema. All 40 patients were started on
antiarrhythmic treatment but 10 (six of them in the recent infarct
group) developed further ventricular fibrillation in hospital, and one
had ventricular tachycardia. Twelve were discharged within two
weeks and 31 within three weeks of admission.

Subsequent progress

Of the 40 patients who were resuscitated, 32 were alive at the end
of June 1977, after being followed up for six months to three and a half
years. Six died within 12 months of discharge, and two others died
after 13 and 31 months.
Although many patients who had had prolonged episodes of uncon-

sciousness initially recovered slowly, inquiries of the relatives of
surviving patients, and our own observations, suggested that only
two had suffered permanent functional cerebral impairment. One man
of 70 (case 4 below) had a poor memory and symptoms of verte-
brobasilar insufficiency after his incomplete recovery. The other man
had previously had a brain abscess that had left him with severe
intellectual damage; this was worsened by the anoxic episode and
prevented his return to work. Seventeen other patients were under
65 years old and working before their episodes of cardiac arrest; 14
of these returned to work afterwards. Two of the three who did not
return to work died within a few months of discharge; the other man
was aged 61 and decided to retire prematurely.

Case reports

Brief reports have been prepared for all 40 successful resuscitations
and can be provided on request. The following illustrate the varying
circumstances of successful resuscitation.

Case 1-An emergency (999) call reported that a man had collapsed at work.
The resuscitation ambulance arrived three minutes later. The 57-year-old
man was not breathing and had no pulse. No cardiac massage was being
performed. He was in ventricular fibrillation, but an immediate 400-joule DC
shock converted this to co-ordinated rhythm without a palpable pulse. The
patient still did not breathe spontaneously, so he was intubated and ventilated
artificially. Four more shocks were needed for recurrent ventricular fibrilla-
tion; other treatment included cardiac massage, intravenous lignocaine, and
intravenous atropine for a slow idioventricular rhythm. A spontaneous pulse
was detected about 20 minutes after attempts at resuscitation started;
spontaneous respiration started soon afterwards. The patient was then
moved to hospital. He was ventilated for three days and remained confused
for a further week. Although a subsequent left ventricular angiogram showed
very poor left ventricular function, he made a good recovery with the help
of diuretic treatment and returned to work. He remained well over two years
later.

Case 2-A 64-year-old man, who lived eight miles from Brighton, developed
chest pain in the early morning as a result of inferior myocardial infarction.
When the resuscitation ambulance arrived the patient had no spontaneous
pulse and was not breathing. His general practitioner was present when the
patient collapsed and had been giving external cardiac massage for about
four minutes. Ventricular fibrillation was converted to asystole by a DC
shock. He was given intravenous adrenaline by his general practitioner and
co-ordinated rhythm supervened. The patient regained consciousness within
five minutes. He made an excellent recovery and remained well one year later.

Case 3-A 51-year-old man slowed his walk during a round of golf, and
told his companions that he had pulled a muscle in his left shoulder. When
the pain became more troublesome he set out alone for the clubhouse. Other
golfers later noticed an unattended golf trolley and found the patient lying
beside it; he was grey, not breathing, pulseless, and had dilated pupils. (This
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astute description was provided spontaneously by one of the untrained
observers.) One of the golfers began cardiac massage, although he had never
received any instruction; a companion made a 999 call. rhe resuscitation
ambulance arrived about seven minutes later, having driven across the golf
course. The ambulanccmen confirmed that the golfer was massaging
effectivcly, though no ventilation had been attempted. Ventricular fibrillation
was converted to asystole by DC shock. Cardiac massage and oropharyngeal
ventilation were continued. Two minutes later rapid ventricular tachycardia
developcd. This slowed progressively to become an idioventricular rhythm,
which was convcrted to sinus rhythm by atropine before the patient was
moved to hospital. After elective ventilation he regained consciousness, and
within two days mcntal acuity scemed normal. He returned to a responsible
administrative post. He remained well 15 months later.

Case 4-A 999 call was received after a man had collapsed at Brighton
races. The resuscitation ambulance could not get close to the patient and the
ambulancemen had to run with their equipment. On arrival the 70-year-old
patient was lying with his face covered, and was thought by bystanders to be
dead. He was indeed ashen, pulseless, and not breathing. Ventricular
fibrillation was immediately converted to sinus rhythm with a DC shock and
a pulse soon became palpable. He subsequently made a reasonable recovery,
though 18 months later he had a poor memory and suffered from drop attacks.
It was estimated that before resuscitation he had had no cardiac output for
at least four minutes and he had not been receiving cardiac massage.

Case .5-Shortly after having an argument while working in his garden this
63-year-old man collapsed. His companion attempted external cardiac
massage, which consisted only of repeated blows to the chest. The resuscita-
tion ambulance arrived two minutes after a 999 call had been made. The
patient was not breathing but his pupils had not dilated. He was successfully
defibrillated with the first DC shock. Ventricular fibrillation recurred and
was converted to ventricular tachycardiac with a second shock. He was given
lignocaine intravenously, intubated, and ventilated. In hospital the patient
regained consciousness rapidly as soon as sedation was discontinued. After
discharge 24-hour ambulatory monitoring showed periods of second and
third degree atrioventricular block and also sinus arrest. Coronary arterio-
graphy confirmed three-vessel coronary artery disease, which had caused no
previous symptoms. Three months after the initial event he received four
aortocoronary bypass grafts (Mr D J Parker). This procedure successfully
stabilised the heart rhythm. The patient remained well at review 12 months
later. His ventricular fibrillation may have been secondary to sinoatrial or
atrioventricular block.

Discussion

Cororary ambulances were conceived as a means of reducing
delay between the onset of major symptoms of acute coronary
disease and provision of effective intensive care.3 Though there
is much controversy about their value, they have developed as a
natural extension of coronary care units, in an attempt to reduce
the high mortality from ventricular fibrillation within the first
hour or two after myocardial infarction. Unfortunately most
delay during the critical period of an acute illness results from
patients' reluctance to summon help.6 Even one or two hours
after the onset of pain, ventricular fibrillation only rarely occurs
during a short ambulance journey, and the numbers of
successful resuscitations in these circumstances may not justify
the expense of a special ambulance system.

TREATMENT OF SUDDEN COLLAPSE

Our results indicate that a resuscitation service has another
more important role: to treat those who collapse suddenly and
unpredictably. Twenty-six patients recovered from circulatory
arrest that had already occurred before an ambulance arrived.
Most of this group had no evidence of recent infarction and had
not complained of prodromal symptoms. They would probably
not have survived in more conventional circumstances. More-
over, the value of our resuscitation ambulances is not measured
solely by the number of successful defibrillations. We cannot
measure the benefits accruing from earlier hospital admission, or
from the general improvement in morale and expertise among
the ambulance staff, which benefits a much wider range of
patients.
The ambulance must respond to an emergency call quickly if

potential victims of sudden coronary death are to be resuscitated
outside hospital.7-9 In all but one of the 19 cases of this type for
which we have accurate data on delays, resuscitation started
within five minutes of receipt of an emergency call. Only the use

1117

of external cardiac massage could make time less critical and
improve the prospects for success. Rapid response times are
never easy to achieve, but the Brighton system, which does not
depend on the immediate co-operation of medical or nursing
staff, seems well suited for resuscitating patients with unheralded
cardiac arrest.
We expect a high degree of expertise from our ambulancemen,

because they carry the responsibility of making unsupervised
decisions not only on defibrillation but also on possible intubation
and on indications for some intravenous drugs. Our monitoring
schemes' testify to their competence both in making correct
decisions and in their execution. Intubation definitely
contributed to the successful resuscitation of several patients, and
we think that drug treatment may also have been useful in some
cases. Nevertheless, ambulancemen face obvious limitations
compared with medical practitioners, for some procedures and
some drugs (notably opiates) have to remain outside their
repertoire. The possibility of prompt defibrillation, however,
offsets the absence of sophisticated treatment for patients with
recent myocardial infarction suffering from severe complications.

CEREBRAL DAMAGE

We have encouraged the ambulancemen to attempt resuscita-
tion in any patient with residual electrical activity on the ECG
or any patient who may have collapsed within five or 10 minutes,
whether or not electrical activity is present. This policy has
inevitably led to the treatment of patients who have suffered
relatively long periods of circulatory arrest. Only two patients
suffered any recognisable degree of permanent brain damage; in
one case this was not gross and in the other it was an exacerbation
of previous cerebral injury. We do not know whether our
treatment with dexamethasone and hyperventilation hastens or
modifies return of cerebral function. Recovery was sometimes
slow, extending over several months. Analysis of other reports
confirms that only a few survivors of ventricular fibrillation due
to ischaemic heart disease are left with permanent brain damage,
though temporary cerebral impairment may persist for several
months.'0 11

Six of the 40 patients died within six months of discharge, but
the prognosis for the others was better than we had expected.
Overall, we found a 790O one-year survival rate with few late
deaths over the period of our study. Age had no great effect on
prognosis in this small series.
Our experience offers an interesting comparison with that of

the highly successful scheme in Seattle,7 where the emphasis has
long been on resuscitating potential victims of sudden coronary
death. Over four years 234 patients were discharged alive after
out-of-hospital cardiac arrest. One important reason for the
success in Seattle is the training in cardiopulmonary first aid
which is offered to the general public. No fewer than 130 000
people out of about half a million in the area have now received
instruction.'2 The importance of even relatively inexpert cardiac
massage is also highlighted by our series, where it was given to 15
of the 26 resuscitated patients who arrested before arrival of the
ambulance. We have only rarely been aware of attempted
massage in patients who did not survive, but we feel strongly
that the dangers of inexpert massage have been greatly over-
emphasised'3 and the possible benefits overlooked.
The potential value of resuscitation ambulances cannot be

fully assessed unless they are supported by widespread training
in the recognition of myocardial infarction and in the general
principles of cardiopulmonary resuscitation.

The Brighton Resuscitation Ambulance Scheme has been made
possible by the dedication, skill, and enthusiasm of the ambulancemen.
We are grateful to all who have helped in their training. We have been
supported over the period under review by grants from the South-east
Thames Regional Health Authority and the British Heart Foundation.
We have received generous donations from local organisations includ-
ing the Rotary Club of Brighton, Brighton Lions, Hove Lions, The
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Pilots Club, Sussex Sportsmens Association, and the Inner Wheel
Clubs of Brighton and East Brighton.
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Randomised trial of a mobile coronary care unit
for emergency calls

J R HAMPTON, CHRISTINE NICHOLAS

British MedicalyJournal, 1978, 1, 1118-1121

Summary and conclusions

A randomised trial was conducted to assess the value of
sending a mobile coronary care unit (MCCU) to all
emergency calls other than those for children or for
patients injured in road-traffic accidents or brawls. Over
15 months 6223 calls for emergency ambulances were
considered for the study, but a routine ambulance had to
be dispatched on 2583 occasions because the MCCU was
not available. A group of 1664 patients was randomly
allocated to transport by the MCCU and 1676 patients to
routine transport. In these groups the prehospital
mortality among, patients with heart attacks was 45%
and 47%, and no patient survived resuscitation attempts
long enough to leave hospital. During the same period
general practitioners sent 190 patients with heart attacks
to hospital in routine ambulances and none of them died
during the interval between the call for the ambulance
and arrival at hospital.
Although it may be worth equipping all emergency

ambulances with a defibrillator, MCCUs as at present
envisaged will not appreciably affect mortality from
heart attacks.

Introduction

Two studies of a mobile coronary care unit (MCCU) in
Nottingham have shown that reduced mortality from heart
attacks associated with its use almost certainly resulted from the
inadvertent transport of low-risk patients' and that adding a
doctor to the specially trained ambulance crews did not improve
patient survival.2 Patients with heart attacks who call for help
from a general practitioner seem to have a low mortality rate,
while a higher mortality rate is associated with emergency (999)
calls3; it is, however, extremely difficult for an ambulance
controller to identify patients with heart attacks among the
many emergency calls he receives.4 To assess the value of using
an MCCU-type ambulance for all emergency calls we decided

Department of Medicine, General Hospital, Nottingham NGI 6HA

J R HAMPTON, DM, FRCP, consultant physician and reader in medicine
CHRISTINE NICHOLAS, BSC, research assistant

to conduct a randomised trial of sending the MCCU or routine
ambulance to emergencies for which an ambulance was
summoned by a member of the public.

Patients and methods

The study was limited to the Nottingham conurbation. All local
general practitioners were told that until further notice the use of the
MCCU would be restricted to emergency (999) calls. Any emergency
call reaching the Nottingham Ambulance Control Centre was
considered by the ambulance controller for inclusion in the study. A
routine ambulance was dispatched electively if the call concerned either
a road-traffic accident, a brawl or other obvious trauma, or if the
patient was a child; or if the MCCU was already busy or was too far
away from the emergency to reach the patient within 10 minutes.
The MCCU was dispatched electively if no routine ambulance could
reach the patient within 10 minutes; if an emergency call was made
by a general practitioner who specially requested that the MCCU
should be sent; or if the ambulance controller was given information
that made him believe it was unjustifiable to choose the type of
ambulance at random.

For all other emergencies the controller opened the next in a
sequence of envelopes that contained cards in random order indicating
that either the MCCU or a routine ambulance should be dispatched.
The ambulance controller indicated on his record sheet which sort of
ambulance had been sent, and how it had been selected. The
controllers' records were examined daily; all patients other than those
known to be children or to have been concerned in road-traffic
accidents or brawls were identified, and the accident and emergency
department records of these patients were reviewed. Any patient
who had not been admitted to hospital was considered to have had a
"trivial illness" and was not followedupfurther. Clinical and laboratory
data were collected for any patients admitted to hospital until their
diagnosis was established, and for patients who were suspected of
having had a heart attack until their discharge or death. In addition,
admissions to the coronary care units and medical wards of both
Nottingham General and City Hospitals were reviewed daily so that
patients with heart attacks who had been sent in by routine ambulance
by their general practitioner could be identified. Data from all such
patients were collected until discharge or death.

Basic information about the patient's age and sex and the place
where the illness occurred were collected for all patients; details of the
history, physical signs, and laboratory data were collected for all
patients who were suspected of having had heart attacks. After
discharge these patients' records were reviewed, and the patients
were assigned to one of the following subdivisions of "heart attack"
(categories (a) and (b) approximately correspond to the WHO
definition of definite myocardial infarction): (a) definite myocardial
infarction-a convincing history with classical electrocardiogram
(ECG) and sequential enzyme changes; (b) probable infarction-a
convincing history and either classical ECG or enzyme changes; (c)
possible infarction-convincing history with ECG abnormalities not
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