
74 JUNG AND OTHERS: CARDIAC ARREST TEAM Canad. Med. Ass. J.J ~~~~~~~~~~~~~~~~~~~~~~~~~~J'an.13,1968, voL. 98

Pour demontrer que le liquide cephalo-Re'sume rachidien (LCR) peut passer le long
des nerfs rachidiens, on a inject6 une poudre
bleue en suspension dans du LCR, dans l'espace
lombaire sous-arachnoidien de porcs et de moutons.
Les nerfs rachidiens et d'autres tissus ont et6 exa-
mines 21 jours plus tard. Des particules de la
substance injectee ont ete trouvees dans les plexus
brachial et lombo-sacre et dans leurs diverses
branches, dans les nerfs thoraciques et dans les
muscles innerves par ces nerfs ainsi que dans les
teguments. Ces resultats et ceux d'experiences simi-
laires et l'observation que l'introduction de particules
dans la veine jugulaire n'a permis de les retrouver
que dans le poumon permet de conclure qu'il existe
une circulation p6eripherique de LCR le long des
nerfs rachidiens.

REFERENCES

1. STEER, J.: Observation of swelling above ligature of
sciatic nerves of cat and frogs, unpublished work,
1966.

2. SHANTHAVEERAPPA, T. R. AND BOURNE, G. H.: Science,
154: 1464, 1966.

3. CIBA Foundation for the Promotion of International
Cooperation in Medical and Chemical Research,
London: Symposium on the cerebrospinal fluid;
production, circulation and absorption, edited by
G. E. W. Wolstenholme and C. M. O'Connor, J.
& A. Churchill Ltd., London, 1958.

4. MILLEN, J. W. AND WOOLLAM, D. H. M.: The anatomy
4 of the cerebrospinal fluid, the Oxford University

Press, London, 1962.
5. WEiss, P. et al.: Amer. J. Physiol., 143: 521, 1945.
6. WEIss, P.: The concept of perpetual neuronal growth

and proximo-distal substance convection. In:
Regional neurochemistry; the regional chemistry,
physiology and pharmacology of the nervous
system; proceedings, edited by S. S. Kety and J.
Elkes, Symposium Publications Division, Pergamon
Press Inc., New York, 1961, p. 220.

7. SULLIVAN, W. E. AND MORTENSEN, 0. A.: Anat. Rec.,
59: 493, 1934.

8. OCHS, S. AND BURGER, E.: Amer. J. Physiol., 194: 499,
1958.

9. FRENCH, J. D., STRAIN, W. H. AND. JONES, G. E.:
J. Neuropath. Exp. Neurol 7: 47, 1946.

10. BoWSHER, D.: Cerebrospinal fluid dynamics in health
and disease, Charles C Thomas, Publisher, Spring-
fleld, Ill., 1960.

11. BRIERLEY, J. B.: J. Neurol. Neurosurg. P8ychiat., 13:
203, 1950.

12. COURTICE, F. C. AND SIMMONDS, W. J.: Au8t. J. Exp.
Biol. Med. Sci., 29: 255, 1951.

13. GRAFSTEIN, B.: Science, 157: 196, 1967.
14. KORR, I. M., WILKINSON, P. N. AND CHORNOCK, F. W.:

Ibid., 155: 342, 1967.

Value of a Cardiac Arrest Team in a University Hospital:
Results in a Series of 100 Patients

MAREK A. JUNG, M.D., ALAN SELBY, M.D.,
J. RANDOLPH JOHNSON, M.D.,

DONALD S. BEANLANDS, M.D., F.R.C.P.[C] and
SUSAN C. M. LENKEI, M.D., F.R.C.P.[C],

Toronto

THE subject of cardiac arrest and its manage-
ment is not new. The first successful resusci-

tation of a patient by external cardiac compres-
sion was performed by Konig of Gottingen in
1892.1
That remarkable achievement, however, did

not gain wide recognition until 1960, when
Kouwenhoven, Jude and Knickerbocker2 de-
scribed the method of external cardiac massage
as it is now generally performed. Since then the
procedure has been widely accepted and, in
conjunction with electrical defibrillation and arti-
ficial ventilation, has become the modern man-
agement of sudden cardiac arrest.3 Although
exact hemodynamic data are not available, evi-
dence based on survival studies indicates the
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superiority of the closed chest resuscitation pro-
cedure over the open chest cardiac massage
previously employed.4'5
During the past few years in many hospitals

emergency teams have been organized, trained
and equipped to perform resuscitation for sud-
den cardiac arrest.6-9
The purpose of this paper is to describe the

organization of the cardiac arrest team in the
Toronto Western Hospital and to present the
results obtained during a period of 24 months.

ORGANIZATION OF THE TEAM
During working hours the team consisted of:

staff cardiologist, cardiovascular fellow, senior
medical intern on duty, resident in cardiovascu-
lar surgery, assistant resident in anesthesia, and
nursing supervisor.

After hours (5 p.m. to 8 a.m.), the staff cardi-
ologist and the cardiovascular fellow as a rule
did not participate.
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Any responsible member of the medical or

nursing staff who suspected that a cardiac arrest
had occurred arranged immediately to inform
switchboard as to the exact location of the pa¬
tient with the arrest, and commenced external
cardiac massage and mouth-to-mouth ventilation.
The operator activated a transistor short-wave
radio receiver carried by all members of the
team. On the average, members of the team
arrived in the area where the arrest had occurred
within 3 to 4 minutes. Fracture boards and
emergency drug assembly were available on

every ward. Monitoring, defibrillating and venti¬
lation equipment was delivered by the team
from any of four strategically placed depots in
the hospital.

Methods
The techniques of external cardiac massage

and artificial ventilation are well known from
previous descriptions and will not be detailed
here.2' 8

Patients with terminal illness or irreversible
brain damage were not resuscitated if these facts
were known to the team; however, in a few
instances, such patients were treated because the
underlying condition could not be appreciated
immediately. Debilitated and senile persons were
also excluded.
Upon arrival of the team, adequate ventila¬

tion was established and the arrest was verified
by electrocardiography. Appropriate therapeutic
measures were taken to correct the underlying
arrhythmia. After successful resuscitation, pa¬
tients were monitored and attended by a special
nurse for varying lengths of time depending
upon their clinical condition. On the average,
resuscitation attempts, if not successful, were

abandoned after half an hour.

Material
From March 1964 to April 1966, 100 patients

developed cardiac arrest and were attended by
the resuscitation team. There were 68 males and
32 females. The average age for the entire group
was 60.1 years, without significant difference
in relation to sex.

For the purpose of this analysis, patients will
be subdivided as follows:

Survival: Patients were successfully resusci¬
tated and discharged from hospital.

Initial success: Successful initial resuscitation
and restoration of consciousness were obtained
for a period longer than one hour, but the pa¬
tient subsequently died.

Brain damage: In this group, effective hemo-
dynamic function was restored, but the patients

acquired severe hypoxic brain damage, remained
unconscious and eventually died.

Primary failure: No useful hemodynamic and/
or electrical activity of the heart could be
established.

Results
The survival and age distribution are given in

Table I. It can be seen that there were survivors
in all groups. The overall survival rate was 20%,
but adequate restoration of cardiac function for
at least one hour was achieved in 46% of the
patients. One patient survived but was dis¬
charged to a nursing home because of perma-
nent brain damage. The rate of initial success

in restoring useful hemodynamic function would
be even higher (65%) if the repeated episodes
of arrest and resuscitation that occurred in some

patients were included. (Fourteen patients had
two such episodes and one had six.) Although
the percentage survival differed among various
age groups, the differences were not statistically
significant.
TABLE I..Age Distribution and Results of Resuscitation in

100 Patients with Cardiac Arrest

18 54 20Total. 100
*One patient was discharged from the hospital with permanent brain

damage.

The relationship between the underlying dis¬
ease process and the outcome of resuscitation
is shown in Table II. The majority of patients
(71) had arteriosclerotic heart disease, the diag¬
nosis of which was established by clinical and
electrocardiographic examination and was con¬

firmed by autopsy in some cases.

Poor results were obtained in eight patients
who had chronic rheumatic heart disease. This
was probably due to the fact that most of them
suffered from severe complications following
heart operations, and cardiac arrest occurred in
extremis.

In the miscellaneous group, four patients had
neoplastic disease, two had complications after
major abdominal surgery, one had septicemia,
one had a subarachnoid hemorrhage due to a

ruptured aneurysm, and one was obese and
hypertensive.
Both patients with chronic chest disease had

severe cor pulmonale with hypoxia.
The relationship between the precipitating

factor and survival is shown in Table III. It can
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TABLE II..Relationship Between the Underlying Disease Process and the Outcome of Resuscitation

No. of Initial Brain Primary Total No. of Survival
Disease patients success damage failure dead survivors%
Arteriosclerotic heart disease. 71 15 5355514+1* 20.0
Rheumatic heart disease. 8 1 67112.5
Congenital heart disease. 2 220.0
Chronic chest disease. 2 1 120.0
Poison and trauma. 4 2 -2250.0
Miscellaneous. 9 1 3590
Unknown. 3 2 21 33.3
No history of illness. 1 110

Total. 100 18 8 548019

*One patient was discharged from hospital with permanent brain damage.

be seen that the highest survival rate was found
in patients with complete heart block and
Adams-Stokes type cardiac arrest. Of seven pa¬
tients, four survived (57.1%) and only one

patient could not be resuscitated at all (he had
an acute myocardial infarction as well). On the
other hand, cardiac arrest associated with mas-
sive pulmonary embolism caused 70% immedi¬
ate and 100% overall mortality in this series.
Equally poor results were obtained in patients
who had congestive heart failure.
By far the most common precipitating factor

was acute myocardial infarction; the survival
rate in this group was 25%.

TABLE III..Relationship Between the Precipitating Factor
and Survival

112f
*One patient was discharged from the hospital with permanent brain

damage.
tln some patients more than one precipitating factor existed; there¬

fore, the total number of patients is 112 instead of 100. The overlap was
mainly between myocardial infarction and heart failure and myocardial
infarction and complete heart block.

These data were further analyzed in an at-
tempt to determine whether the location of the
myocardial infarction as indicated by the elec¬
trocardiogram affected the prognosis (Table IV).
Twenty patients had anterior myocardial in¬

farction, 11 diaphragmatic and posterior infarc¬
tion and three subendocardial infarction. Two
patients showed no electrocardiographic evi¬

dence of recent infarction. It is possible that
they had pulmonary embolism, although proof
of it is lacking. In eight patients, accurate local¬
ization by electrocardiographic criteria could
not be determined. The survival rate of 25% in
patients with anterior infarction was not statis-
tically different from the 54% observed with
diaphragmatic location of the lesion (p 0.05).
The correlation of the electrocardiographically

observed rhythm with the survival rate is shown
in Table V. The term "asystole" is distinguished
from "ventricular standstiir. The former denotes
complete lack of electrical activity of the heart,
the latter lack of ventricular activity only. A
"dying heart" pattern is a slow idioventricular
rhythm with prolonged intraventricular conduc-
tion time and bizarre appearance of the QRST
complexes.

TABLE IV..Relationship Between Electrocardiographic
Localization of Myocardial Infarction in 44 Patients with

Cardiac Arrest and Outcome of Resuscitation

ion of
ion

Anterior and
anterolateral. 20 784+1*

Diaphragmatic and
posterior. 11146

Subendocardial. 3 120
No infarction pattern.202 0
Undetermined. 8 350

Total... 44 12 2111

*One patient was discharged from the hospital with permanent brain
damage.

Inclusion of the patient in a particular group
was arbitrary, since the arrhythmia first observed
might have been different had the monitoring
been started a moment sooner or later.

Forty-nine patients were observed to have
ventricular fibrillation in the initial electrocardio¬
gram; 13 of these patients also developed asys-
tole and in a further 6 a dying heart pattern
was subsequently recorded. None of these 19
patients survived and 18 were primary failures.
Of the remaining 30 patients who had ventricu¬
lar fibrillation, 16 survived (53%).
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TABLE V..Relationship Between Electrocardiographically Observed Rhythm in 100 Patients with Cardiac
Arrest and Outcome of Resuscitation

Number of Numberof-
Type of arrhythmia patients arrests

'

CAS

Ventricular fibrillation.49
Asystole. 20
Complete heart block.

ventricular standstill.7
Dying heart pattern..9
Ventricular tachycardia.1
Unknown. 20

Subsequent arrhythmia*
DH VS VF VT

No.of
survivors

Survival
%

56
22

10
9
1

13
3

2

15 + 1*
0

4
0
0
3

31.0
0

57.1
0
0
1.5

106f
fFive patients had two arrests and one of these had three, each time qualifying for a different group; therefore total

count of patients is 106 instead of 100.
*CAS = cardiac asystole; DH = dying heart pattern; VS ventricular standstill; VF = ventricular fibrillation;

VT = ventricular tachycardia.
**One patient was discharged from the hospital with permanent brain damage.

In 20 patients in whom electrical asystole was

initially recorded, the outcome was invariably
fatal.
A dying heart pattern was initially recorded in

nine patients; they were all primary failures.
Ventricular standstill was observed in seven

patients, of whom four survived (57%). The
three patients who died also had ventricular
fibrillation; two of them were over 80 years of
age.

Complications of Resuscitation Procedure
Rib fractures were common and almost the

rule in older patients, but they were considered
routine minor complications. One patient had a

ruptured liver. In two patients, hematomas of
the anterior wall of the left ventricle were de¬
monstrated at autopsy. One of these two patients
also had hemopericardium. This likely resulted
from laceration of coronary vessels during intra-
cardiac injections: It is possible that the inci¬
dence of hematomas, related to intracardiac
drug administration or to too vigorous cardiac
compression, was in fact higher, but went un-
discovered because of the low autopsy rate
(20%).

DlSCUSSION
The overall survival rate in the present series

compares favourably with the rates published by
others (see Table VI). With the exception of
the outstanding 70% survival rate reported by
Kouwenhoven, Jude and Knickerbocker, the per-
centage of patients discharged from hospital
varied between 6% and 16%.
We believe that the only criterion of success¬

ful resuscitation from cardiac arrest should be a
live and neurologically competent patient
capable of leaving the hospital. It is difficult to
agree with the opinion that resuscitation has

been successful if adequate hemodynamic func¬
tion has only temporarily been restored by ex¬

ternal cardiac compression.14 If this criterion
had been accepted in the present series, the
success rate would have been 65%. Only one

patient left the hospital with permanent brain
damage and with little hope of significant im-
provement.

TABLE VI..Comparison of the Results of Closed Chest
Resuscitation for Cardiac Arrest

No.of
patients No. of Survival

Source treated survivors* %
Present series. 100 2020
Kouwenhoven and Jude2. 20 1470
Johnson6. 51 510
Portal etal.". 18 311
Klassen et al.". 126 1713
Kaplan and Knott1*. 10066
Minogue, Smessart and Grace18.... 29** 3 10
Himmelhoch et al.u. 65 46
Lillehei et aZ.». 200 3316

?Survival: patients who were successfully resuscitated and dis¬
charged from hospital.

**Myocardial infarction cases only.

In our experience, survivors were found in all
age groups. It seems, therefore, that one should
not exclude patients from the potential benefit
of resuscitation on the basis of age alone. The
sex of the patients did not have any bearing on

the outcome. These observations are in agree-
ment with data reported by Mower, Miller and
Nachlas16 in relation to patients with myocardial
infarction.
No conclusion could be reached about the

relationship between the underlying disease pro¬
cess and the survival rate after the data had
been submitted to statistical analysis (Fisher's
exact test).17 A review of the factors precipitat¬
ing cardiac arrest and their relation to survival
indicated that the chance of successful resuscita¬
tion of patients with myocardial infarction was

not different from that of any other group.
In their analysis of 138 cases of death due

to myocardial infarction, Mower, Miller and
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Nachlasl' estimated that 56%o of the deaths were
due to sudden arrhythmia. Of all the deaths,
79%o occurred within five days of admission,
while 79%o of "rhythm" deaths had premonitory
electrocardiographic evidence of increased ven-
tricular irritability. Yater and his associates'8
in a large series of cases of myocardial infarc-
tion demonstrated that of those who died, 83.3%o
did so during the first day after admission and
52.9%o within the first hour after the onset of
their symptoms. It seems clear that such patients
run a high risk of developing sudden cardiac
arrest. It is our opinion that continuous electro-
cardiographic monitoring in an intensive care
area, with readily available resuscitation equip-
ment, would markedly speed up emergency
treatment and additionally increase the survival
rate.
An analysis of the electrocardiograms in our

patients indicated that the most frequent loca-
tion of the infarct was anterior and anteroseptal;
however, no significant difference in the survival
rate could be demonstrated in relation to the
location of the infarction.

Patients with complete heart block did have a
significantly better prognosis (p 0.004) than
all the others except the myocardial infarction
group, which exhibited the same chances of
survival. A relatively good prognosis in cardiac
arrest due to complete heart block was reported
by Portal et al.10
Poor results were obtained in patients with

congestive heart failure. It is possible that the
depletion of myocardial catecholamines and im-
pairment of catecholamine uptake by the myo-
cardium, which occurs in congestive heart fail-
ure,19 may account for the lack of responsiveness
to drugs and the inadequacy of myocardial con-
tractility.
From the analysis of the arrhythmias which

had occurred in this series of patients, one could
conclude that asystole and the dying heart pattern
carried an extremely poor prognosis. Inability to
restore effective cardiac function in patients dis-
playing the dying heart pattern suggests that
this form of arrhythmia probably denotes an
irreversibly damaged myocardium, incapable
of contraction. Moreover, the occurrence of
asystole or dying heart pattern may be con-
sidered as a guide to the termination of resusci-
tative efforts.

Summary The organization and work of the
cardiac arrest team in the Toronto

Western Hospital is described. Over a period of two
years, 100 patients were treated by the cardiac
resuscitation team. Of these 100 patients, 20 were
discharged well from the hospital. The longest
period of follow-up was 3Y2 years and that patient

was found to be well and back at work. The most
common factor precipitating the arrest was myo-
cardial infarction and the most favourable electro-
cardiographic pattern for resuscitation was complete
heart block. No patient with asystole was success-
fully resuscitated. Cardiac arrest secondary to Stokes-
Adams seizure had a relatively better prognosis than
other types of arrest. There was no correlation be-
tween the survival rate and the age or sex of the
patient, the underlying disease, the precipitating
factor or the location of the myocardial infarction.
The establishment of an electrocardiographic diag-
nosis and the speed of resuscitation are stated to be
of paramount importance. The 20% survival rate is a
good indication of the great value of such a team
in any hospital.

R m Les auteurs rendent compte de l'organi-
Resulme sation et du travail effectue par l'equipe

de reanimation cardiaque au Toronto Western Hos-
pital. Cette equipe a traite 100 patients sur une
periode de deux ans. De ces 100 malades, 20 ont
quitte l'h6pital en bonne sante. La periode de post-
observation la plus longue a ete de 3% ans. Le
malade ainsi observe etait bien et avait repris son
occupation. Le facteur qui a declench6 le plus
couramment l'arret cardiaque a ete l'infarctus du
myocarde et le trace' electrographique le plus fa-
vorable pour la reanimation 6tait la fibrillation ven-
triculaire. Aucun des malades presentant de
l'asystolie n'a pu etre reanime. L'arret cardiaque
secondaire a une crise d'Adams-Stokes avait un
pronostic relativement plus favorable que les autres
types d'arret cardiaque. On n'a pu mettre en evi-
dence de correlation entre le taux de survie et l'age
ou le sexe du malade, ni avec la pathologie pro-
fonde, ni avec le facteur declenchant ou la localisa-
tion de l'infarctus. On considere comme des
elements extremement importants le fait de disposer
d'un diagnostic electrocardiographique et la rapidite
de la reanimation. Le taux de survie de 20% indique
bien la grande valeur qu'a pareille equipe dans
tout hopital.
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