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Abstract
Objective-To assess the impact of
extended ning in advanced life sup-
port on the outcome ofresuscitation.
Design-Analysis of the successfil resus-
citations from 1981 to 1989.
Setting-Brighton and East Sussex.
Result-248 patients were resuscitated
from cardiac or respiratory arrest in the
community and subsequently survived to
leave hospital. Their mean age was 64
years and one year survival was 77%. In
most cases the cause of collapse was car-
diac but 38 (15%1e) suffered a respiratory
arrest. In 140 of the successfil resuscita-
tions (56%) collapse occurred before the
arrival of the ambulance. Basic life sup-
port, with ventilation and chest compres-
sion where necessary, was sufficient to
revive 35 (14%) of the patients.
Defibrillation was also required in 107
patients (43%), and in a fiurther 106
patients (43%) who had prolonged car-
diorespiratory arrest requiring endo-
tracheal intubation and the use of several
drugs. Review of ambulance forms and
case notes showed that in 87 cases (35%)
the abilities of the paramedical ambu-
lance staff in advanced resuscitation
techniques contributed decisively to the
success of resuscitation. These skills are
illustrated by eight case reports.
Conclusions-Extended training for
ambulance staff increases the likelihood
of successful resuscitation from out-of-
hospital cardiopulmonary arrest. Though
instruction in defibrillation must have
the highest priority, full paramedical
training can bring appreciable additional
benefits.

(Br HeartJ 1993;70:568-573)

Long-term success in resuscitation from sud-
den cardiac death can be achieved if interven-
tion is both efficient and prompt.'-3 The
policy of using only basic life support to sus-
tain life during transport to hospital is rarely
successful. Definitive treatment at the site of
collapse is one of the major keys to success."
In East Sussex, members of ambulance crews
received hospital-based extended training in

advanced life support techniques from 1971

until 1989.79 We have reviewed the results of
intervention by the ambulance crews trained
in Brighton from 1981 to 1989. During this
period training was more comprehensive than
the programme introduced under the auspices
of the National Health Services Training
Authority (NHSTA) (now Training Direc-
torate).10 We have attempted to assess the
level of skills that influenced outcome in indi-
vidual resuscitations. This may have implica-
tions for future training policies. The data
collection and this review were undertaken
before the Utstein style" 12 was described and
for this reason the report is not fully com-
patible with the recommendations made for
standardised reporting for out-of-hospital
arrest.

East Sussex Ambulance Service
The East Sussex Ambulance Service is
divided into East and West Divisions. This
review is confined to the West Division which
had a total of 42 ambulances: 27 in Brighton,
eight in Hove, four in Lewes, and three in
Newhaven. Thirteen of these 42 ambulances
were fitted with defibrillation, suction, and
intubation equipment during most of the
period of our survey. They were known un-
officially as "cardiac" ambulances but they
had a wider remit in resuscitation. At the time
the West Division had 120 ambulance staff.
At any one time approximately a third of
them had paramedical training.
The national ambulance service was set up

with patient transport as its principal objec-
tive. It is not designated officially as an emer-
gency service. Control policies that are
designed for transport are not well suited for
community resuscitation which therefore
operates under important constraints. First,
there was no separate rostering for paramedic
ambulance staff who were therefore required
to assist with routine transport duties.
Though the general objective was always to
assign a paramedic to a cardiac ambulance,
this was often not achieved. Secondly, tele-
phone messages to ambulance control often
provide inadequate details13; if calls fail to
specify collapse, chest pain, or severe breath-
lessness they may not be recognised as relat-
ing to cardiorespiratory emergencies so that
fully equipped vehicles are not then dis-
patched. Thirdly, a resuscitation ambulance
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was not always available even if the signifi-
cance of a message was clear. Finally, delays
were also incurred because urgent calls out-
side the 999 system were dealt with by cleri-
cal officers and had to be relayed to trained
staff. Whereas 999 calls have "immediate"
priority, calls designated as "urgent" require a
response within an hour. This crucial distinc-
tion was not always appreciated by general
practitioners.

Table I Pre-hospital
intervention 1982 to 1989
(detailsfrom 1981 not
available)

Patents
Intervention (n)
Basic life support 714
Intubation and

ventilation 521
Attempted

defibrillatione 462
Attempted external

pacing 41
Drug administration:

Nitrous oxide and
oxygen mixture 787

Atropine 578
Lignocaine 351
Adrenaline 276
Glyceryl trinitrate

spray 1109*
Polygeline plasma

expander 184t
Naloxone 46t
Glucagon 225t
Nebulised

salbutamol 134*
Number ofpatients
who received at
least one
intervention 4818

*Available from 1983 to
1989.
tAvailable from 1984 to
1989.
*Available from 1985 to
1989.

PARAMEDIC TRAINING COURSE
Training in paramedical skills in the East
Sussex Ambulance Service started in January
1971. At that time there were no published
reports of similar schemes from anywhere in

the world. Instruction was designed to pro-
vide knowledge and skills that would enable
ambulance crews, without the immediate
advice of a doctor, to resuscitate patients
from cardiac arrest and provide aid in med-
ical emergencies.
The amount of medical instruction needed

for this purpose was too great to be assimi-
lated in a short course and accordingly a

modular training programme was designed.
The first module consisted of weekly lectures
over six months to provide knowledge of the
pathophysiology of heart disease and inter-
pretation of the electrocardiogram (ECG),
with instruction in resuscitation skills includ-
ing defibrillation. The average failure rate was
25%. The duration of the second module
depended upon individual performance: each
trainee was required to perform 25 successful,
endotracheal intubations under supervision in
the operating theatre and to insert 25 intra-
venous cannulae. There was a third module
for the intravenous administration of drugs.
After the extended training, the members of
the ambulance crew (now known informally
as a paramedics) were required to spend a.

week in the hospital each year as a refresher
course. In most cases the complete training

period lasted about two years.
At the outset of the scheme drug treatment

was restricted to the use of atropine and lig-
nocaine during cardiac arrest, nitrous oxide
and oxygen mixture for pain relief, and
polygeline plasma expander for hypovolaemic
shock. Subsequently other drugs were added
to the list. These included adrenaline and
glyceryl trinitrate spray, nebulised salbutamol
for patients with acute asthma, glucagon for
patients in hypoglycaemic coma, and nalox-
one for unconscious patients after drug over-

dose. All the drugs were chosen because of
their wide margin of safety and the low prob-
ability of adverse effects even if administered
incorrectly. Sodium bicarbonate was not
included.
The structure of the course, as outlined

above, did not change until the scheme for
extended training was introduced by the
National Health Services Training Authority
(now Training Directorate). From 1989
onwards most extended training has been
given independently from the hospital service
and the results from this latter period -are not
included in our report.

METHODS
As part of a programme of continuing audit,
detailed ambulance report forms were
reviewed by our Research Sister (EQ) for all
patients brought to the Royal Sussex County
Hospital during the period of the study by a
"cardiac" ambulance. Most were reviewed
also by a consultant-cardiologist.
Any ambulance forms that raised the pos-

sibility of a successful resuscitation were
reviewed further in the light of the clinical
case record, a supplementary report from the
paramedic and, wherever possible, direct
information from the patient and by-
stander(s).

Successful resuscitation was defined as dis-
charge of a patient from hospital after a pre-
admission event that was judged likely to be
fatal without treatment. Clinical events in this
category were not defined rigidly, but
included ventricular fibrillation, sustained
pulseless ventricular tachycardia, persistent
asystole, and prolonged apnoea. The hall-
mark of many cases was a new or "progres-
sive" deterioration before intervention-that
is, increasing exhaustion before collapse from
severe asthma, dwindling cardiac output after
trauma, worsening: unconsciousness and res-
piratory finction after drug overdose, increas-
ing distress with airway obstruction, or a
deteriorating malignant cardiac rhythm.

FOLLOW UP
A postal enquiry was sent to the general prac-
titioner of each patient resuscitated, unless
the patient had recently attended the hospital.

Results
PRE-HOSP1TAL INTERVENTION
In the period 1981 to 1989 East Sussex
ambulances (West Division) transported to
hospital 163 614 patients who had been clas-
sified as emergencies. Pre-hospital treatment
was given by paramedics in 4818 cases during
the period 1982 to 1989 (table 1). (Data for
1981 were incomplete and have been omitted
from the table.)

SUCCESSFUL RESUSCITATIONS
From January 1981 to December 1989, 248
patients were successfully resuscitated from
cardiac or respiratory arrest in the community
and subsequently survived to leave hospitals
Survivors were aged 21-92 years (mean 64
years); 182 were male and 66 female. In most
cases the cause was cardiac, but 38 (15%)
suffered- a primary respiratory arrest (table 2).
An automated external defibrillator-pace-
maker was used in five of the successful
resuscitations.

Over half the patients (140 (56%)) had
collapsed before the ambulance arrived and
collapse was either the reason for the 999 call
or occurred while the ambulance was travel-
ling to the site. Bystanders, attending doctors,
or relatives provided basic life support for 67
of these patients while the paramedics were
awaited. In 108 cases (44%) the collapse
occurred after the arrival of the ambulance or
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Table 2 Successful
resuscitations: cause of
cardiorespiratory arrest
Cause No
Cardiac cause for

collapse 209
Respiratory arrest: 38
Asthma 8
Chronic lung disease 4
Respiratory obstruction:

Choking 3
Angioneurotic

oedema 1
Hanging 1

Pneumothorax 1
Pulmonary oedema 2
Drug overdose 15
Epilepsy 1
Head injury I
Drowning 1

Hypovolaemia after
stabbing

Total 248

in the vehicle on the way to hospital and thus
was witnessed by the paramedics. In this
group 19 patients with acute myocardial
infarction were rapidly resuscitated from ven-

tricular fibrillation without prolonged external
chest compression, allowing them to receive
intravenous thrombolytic therapy on arrival in
hospital.
The first cardiac rhythm recorded by the

paramedics after the collapse of the patients
who were later successfully resuscitated was

ventricular fibrillation in 169 cases (68%),
rapid ventricular tachycardia in 13 cases,
asystole in 14 cases, sinus tachycardia or

sinus rhythm in 18 cases (all respiratory
arrests), sinus bradycardia in four cases, and
a slow idioventricular rhythm in one case. In
the remaining 29 cases (12%) the cardiac
rhythm was not recorded. In 14 of the 29 the
cause of arrest was respiratory: provision of
adequate ventilation resulted in revival of the
patient with return of cardiac output. In
another 14 patients there was good evidence
of cardiac arrest: respirations and pulse were

both absent but returned after external chest
compression and artificial ventilation. In all of
these, resuscitation had continued for suffi-
cient time to make it extremely unlikely that
the collapse was due to simple syncope. In
one patient the rhythm could not be identi-
fied because of bright sunlight shining on the
cardiac monitor. Ventricular fibrillation was

suspected and the patient's pulse returned
after a 200 J direct current shock.
A wide variation was seen in the extent of

skills needed in resuscitation of the 248
patients. Basic life support was sufficient to
resuscitate only 35 (14%) of the 248 patients.
Defibrillation with or without adjunctive drug
therapy was sufficient in another 107 patients
(43%). The remaining 106 patients (43%)
had prolonged cardiorespiratory arrest with
endotracheal intubation and the administra-
tion of several drugs. After careful review of
the case reports we judged that in at least 87
cases (35%) resuscitation would have been
unlikely without advanced skills of the para-

medics in addition to those of defibrillation.

FOLLOW-UP
Of 248 patients resuscitated over the nine
year period 17 could no longer be traced; 179
of the remainder (77%) were known to be
alive at one year.

Case reports
The range of skills required by the paramedics is illus-
trated in a selection of case reports of successful resus-

citations. (Details of other cases are available on

request.)

A PRIMARY RESPIRATORY ARREST WiTH ASYSTOLE
Mr A, aged 33, was attended by paramedics after an

overdose of dextropropoxyphene, paracetamol, and
vodka. When they arrived he was unconscious and
unresponsive. Because of rapidly fading respiration
400 jig of naloxone was given intravenously. At the
same time cardiac output was lost and the monitor
showed asystole. Chest compression was started and
an endotracheal tube was passed. Adrenaline and
atropine were given via the endotracheal tube; after

several minutes a pulse became palpalable and the
ECG showed sinus bradycardia. The patient started
to breathe spontaneously soon after arrival in hospital.
He was admitted to the intensive therapy unit and
required artificial ventilation despite treatment with
more naloxone and dexamethasone and an infusion
of acetylcysteine. At first he had a spastic quadri-
paresis but he was eventually discharged physically
well.

VENTEICULAR FIBRIATION AND ASYSTOLE ON BOARD
THE NUMBER ONE BUS
On 19 August 1982 an ambulance was called to Mr B,
aged 48, who had collapsed on the Number One bus
outsidc Hove Town Hall. He was deeply cyanosed,
pulseles, and making no respiratory efforts. The other
passengm and bus crew had not attempted any resus-
ci The paramedics started external chest com-
pression. A DC shock (200 J) was given after
electrcardiographic confirmation of ventricular fibril-
lation. 'Ihis resulted in asystole with P waves. The
patient was intubated with an endotracheal tube and
ventilated. Ventricular fibrillation recurred and a sec-
ond shock produced asystole, this time without any
evidence of atrial activity. Asystole persisted and was
unresponsive to external pacing. As a last resort, 10
ml of 1 in 10 000 adrenaline was injected directly into
the heart via the sub-xiphoid approach. A slow
idioventricular rhythm appeared on the monitor but
no pulse was palpable. After intravenous atropine the
heart rate quickened with the return of a palpable
pulse. On arrival in the accident and emergency
department the patient had a good colour but the
ECG showed evidence of recent inferior myocardial
infarction. He was ventilated electively for 24 hours
and thereafter made an excellent recovery.

RESUSCITATION AFTER HANGING
In June 1982 an ambulance crew were summoned to a
flat in Hove. They were met by a woman who urged
them to hurry because she thought that a 28 year old
man was dead: he had been found hanging from a
belt around his neck. They found him, already cut
down, lying slumped in a lavatory.-He was cyanosed
but making only obstructed and ineffective respiratory
efforts. A faint carotid pulse was palpable. There was
no resistance when he was intubated with an endotra-
cheal tube and ventilated with oxygen. His colour
improved rapidly. During the joumey to hospital he
began to breathe spontaneously and made a full recov-
ery over the next few days.

A MARRIED COUPLE RESUSCITATED WITH THE
AUTOMATED EXTERNAL DEFIBRIATOR-PACEMAKER
In 1981 an automated external defibrillator-pace-
maker was used to resuscitate both Mr and Mrs C
who suffered cardiopulmonary arrest on separate
occasions. Mr C, aged 72, who had a history of
ischaemic heart disease, collapsed at home. His wife
noticed that he was "shaking all over" and then he
became blue and lifeless. She summoned an ambu-
lance. The paramedics confirmed that the patient was
apnoeic and pulseless. The oscilloscope showed coarse
ventricular fibrillation and a shock of 320 J was given
without further intervention from the paramedics.
This resulted in an idioventricular rhythm which soon
slowed to asystole. The patient was intubated with an
endotracheal tube for a minute or two. Atrial fibrilla-
tion supervened. Intravenous lignocaine was adminis-
tered. In hospital he was electively ventilated but later
made an uncomplicated recovery with no evidence of
myocardial infarction.
Two months later, Mrs C, aged 68, developed chest

pain. After about half an hour she became very unwell
and the general practitioner was called; she collapsed
shortly after his arrival. He gave chest compression
and mouth-to-mouth ventilation. The ambulance
arrived and the patient was successfully defibrillated
(two shocks) and then intubated. In hospital she suf-
fered arrhythmias and a left hemiparesis, but eventual
recovery was good.
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NEAR DEATH BY CHOKING
A resuscitation ambulance answered a call to go to a

restaurant in Brighton. They found Mrs D (who was

72) unconscious and apnoeic after choking, but still
with a faint pulse. They attempted to perform the
Heimlich manoeuvre but this was ineffective because
the patient was overweight, unconscious, and sitting
in a chair. Laryngoscopy showed bread and meat
lodged in the larynx, and they were able to remove

much of this using artery forceps. Once the airway had
been cleared some spontaneous respiratory efforts
returned. She was intubated to assist ventilation. After
about 30 minutes the gag reflex returned and the tube
was removed. She was discharged well on the follow-
ing day.

CARDIAC ARREST ON BOARD SHIP
Ambulance control received a call to attend a patient
with a "heart attack" on board a collier docked along-
side Shoreham power station. The ambulance arrived
five minutes later. The captain had had some chest
pain then collapsed at the dinner table. When the
paramedics entered the mess, the captain was still sit-
ting in a chair, but he was unconscious and apparently
dead, with dilated pupils. The electrocardiogram con-

firmed residual ventricular fibrillation. A DC shock
(180 J) resulted in an idioventricular rhythm, and then
sinus bradycardia. After endotracheal intubation the
cardiac rhythm very quickly became sinus tachycardia,
the pupil size reduced, and spontaneous respirations
returned. lignocaine was given intravenously. His
condition stabilised after some brief convulsions.
Elective ventilation was continued for 24 hours and
progress thereafter was quite uncomplicated. The

patient suffered some initial loss of memory, but
within a day or two he was fully orientated and soon

returned home.

COLLAPSE OF A POP STAR
Mr E aged 21, was travelling with his friends in a van.

He started to look unwell and complained of chest
pain. His friends stopped outside a doctor's surgery.

They carried him in and requested an urgent consul-
tation. Within a short time Mr E vomited and
stopped breathing. The general practitioner started
cardiopulmonary resuscitation and called for a resusci-
tation ambulance. The paramedics noted asystole on

the cardiac monitor. They intubated the patient and
inserted an intravenous cannula while the general
practitioner continued external chest compression.
Intravenous adrenaline (10 ml of 1 in 10 000) resulted
in ventricular fibrillation. After a DC shock (180 J)
asystole recurred. After further external chest com-

pression a broad complex bradycardia was seen on the
monitor but no pulse was palpable. A cycle of further
ventricular fibrillation, cardioversion, and asystole
recurred until sinus bradycardia supervened, inter-
spersed with a brief salvo of ventricular tachycardia.
Stability was eventually achieved after doses of
atropine and lignocaine and further defibrillation. The
cardiac resuscitation in the surgery lasted 26 minutes
in all. Mr E was then transported to hospital. He was

electively ventilated for 48 hours. A few days after he
had been weaned from the ventilator, he was trans-

ferred to a cardiac centre for investigation.

CARDIAC ARREST AT GLYNDEBOURNE
In October 1987, Mrs F, aged 49 years, attended the
opera at Glyndebourne with her husband. She had
suffered from palpitation since childhood. At the end
of the evening's entertainment Mrs F noticed her
usual palpitation and felt short of breath. Within a few
seconds she had collapsed and was unconscious with a

poor colour. Mr F was alarmed and laid her on a flat
surface but did not attempt resuscitation. An

announcement was made to call for a doctor. An oral
surgeon and a registrar in anaesthetics arrived and
found the patient to be cyanosed and pulseless with
dilated pupils. Chest compression and mouth to
mouth ventilation were started. The ambulance from
Lewes was delayed by the traffic leaving through the

narrow lanes around Glyndebourne, but after consid-
erable delay an ECG monitor showed ventricular fib-
rillation. A DC shock (200 J) was ineffective, but the
second shock resulted in "rapid ventricular tachycar-
dia" with no cardiac output. The patient was intu-
bated and ventilated. After lignocaine, given down
the endotracheal tube, and two further shocks a
supraventricular tachycardia supervened and the pulse
became palpable. The patient was moved to the
ambulance. One further DC shock was required in the
ambulance, but thereafter the journey to the hospital
was uneventful. Mrs F made a good recovery and was
transferred to a cardiac centre.

Discussion
Sudden cardiac death can be reversed only by
prompt institution of a series of interventions.
These form the links of the "chain of sur-
vival".14 The American Heart Association has
recently emphasised the essential components
of this chain.15 These are early access to
emergency medical services, early cardio-
pulmonary resuscitation, early defibrillation,
and early advanced cardiac care.

Early access to emergency medical ser-
vices, the first component, requires imme-
diate recognition of a life-threatening
emergency followed by rapid contact with the
appropriate emergency service. The quality
of information given is unfortunately often
inadequate.'2
The second component in the chain of sur-

vival is cardiopulmonary resuscitation.
Several studies have shown that immediate
basic life support increases the likelihood of a
successful outcome.'6 17 Those present to wit-
ness the cardiac arrest are usually relatives of
the patient or bystanders who have had no
formal medical training. Their knowledge of
external cardiac compression and mouth-to-
mouth ventilation depends upon community
training schemes in resuscitation. Our series
is unusual in that over 50% of survivors of
sudden cardiac death (140 patients) collapsed
before the arrival of the ambulance. The
impressive number of successes after rela-
tively long delay may have been due in part to
the use of basic life support. But only 67 of
the 140 patients (48%) had the benefit of car-
diopulmonary resuscitation from bystanders.
We do not doubt that the advanced skills of
the paramedics saved many patients, though
some may have had ventricular tachycardia
with some cardiac output before progressing
to cardiac arrest. Greater nationwide avail-
ability of community training schemes would
facilitate the rapid recognition of sudden car-
diac death and the more widespread use of
cardiopulmonary resuscitation, and hence
increase survival rates from aborted sudden
cardiac death.'8 19

Early defibrillation, the third component, is
of paramount importance.'020 Ventricular
fibrillation is the most common arrhythmia
of cardiac arrest. A recent study of sudden
cardiac deaths recorded by ambulatory
monitoring showed this rhythm in 83% of
cases. The best method of bringing the
defibrillator and operator to the patient
depends on the situation and circumstances.
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One approach has been to issue defibrillators
to general practitioners22 or place them in
strategic sites such as railway stations and
football stadia.23 Though this is helpful, only
a small proportion of cardiac arrests occur in
the presence of a general practitioner or in
such densely crowded public areas: most
occur in the home.15

It is now widely accepted that defibrillation
can be safely performed by trained non-

medical personnel and that all "first respon-
ders" should be provided with defibrillators.
The defibrillators may be manual, as gener-

ally used by the highly trained Brighton para-

medics, or automated external defibrillators,
which are suitable for less experienced opera-

tors. The National Health Services Training
Directorate have recently recommended that
from 1995 every front line ambulance in
England and Wales should be staffed by
one paramedic and one technician and
should be fitted with a defibrillator. As an

interim measure until the training targets can

be achieved an external automated defibrilla-
tor is to be placed in every front line vehicle. 10

The fourth component in the chain of sur-

vival is early advanced cardiac care. Some
have advocated that the ambulance crew's
role should be limited to basic life support

and defibrillation.2326 When this is unsuccess-

ful the patient is brought to hospital for
advanced cardiac care. But patient-survival
rates with this approach have been dis-
appointing.27 Another option is to bring
advanced cardiac care to the-patient using the
"coronary ambulance" staffed by doctors and
nurses.28 Several studies have shown that this
can be highly successful in achieving on site
resuscitation including advanced life
support.1729 But the high cost in manpower

and the delay in despatch introduced by the
requirement for a doctor have made these

excellent schemes impractical in most parts of
the United Kingdom.303s

In Brighton efficient advanced cardiac care

has been provided by the paramedics since
1971. A review of the successful resuscita-
tions of the last nine years shows the advan-
tages of this approach. We accept that, on

occasion, it can be difficult to be sure that the

recovery. of a collapsed patient depended on

treatment rather than a spontaneous improve-

ment. But from a careful scrutiny of hospital
and pre-hospital records together with sup-

plementary information, we believe at least
35% of the 248 successful resuscitations
would have been unlikely if advanced life
support facilities and skills had not been
immediately available. Though short tuaining
courses in defibrillation and basic life support

will achieve much, extended training of
selected ambulance crew men and women

can bring added benefits. The availability in
recent years of extended training is a welcome
development.10

Summary
Members of ambulance crews in East Sussex
received local instruction in advanced life

support from 1971 until 1989 when extended
training was introduced through the National
Health Service Training Authority. The
resuscitations of 1981 to 1989 have been
reviewed: 248 of the patients survived to
leave hospital. In 140 (56%) of the successful
resuscitations, collapse had occurred before
the arrival of the ambulance. Basic life sup-
port alone was sufficient to revive 35 (14%)
of the 248 patients. Rapid defibrillation,
sometimes with adjunctive drug therapy, was
successful in 107 patients (43%). But 106
patients (43%) survived only after prolonged
resuscitation involving endotracheal intuba-
tion and the use of several drugs. Evaluation
of the case reports suggested that the
advanced skills of the East Sussex paramedic
ambulance crew members were decisive in
the survival of 87 (35%) of the resuscitated
patients. The recent inclusion of defibrillation
skills in the standard (Miller) training of
ambulance crews is a major advance but
comprehensive training to paramedic status
can bring appreciable additional benefits.
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