OBSERVATIONS ON THE EFFECT OF HYDROCORT ISONE

AND PREDNISOLONE ON CASES OF ACUTE MYOCARDIAL
INFARCTION, WITH PARTICULAR REFERENCE TO THE

EFFECT ON CONDUCTION DISTURBANCE.
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PREFACE

OBJECT AND SCOPE,

During 1959-60 a number of cases of heart block were treated with
oral cortico-steroids, and it was observed that, as reported by others
(Prinzmetal aﬁd Kennamer (1954); Litchfield et al (1958) and Phelps and
Lindsey (1957)) under certain circumstances, the existing block might
give way to normal rhythm, Early in 1961 2 man (Case E.1l) was admitted,
gravely ill, with complete heart block as a complication of an acute
myocardial infarction, To obtain a more rapid effect and also as treatment
for the severe shock, hydrocortisone was given intravenously. Within an
hour, the rhythm was normal and the patient comparatively well, Over
the next 24 hours, the rhythm lapsed into some degree of block with
Stokes-Adams seizures on three occasions. Each time it was possible to
restore normal rhythm rapidly by the intravenous administration of more
hydrocortisone, This finding indicated a direct relationship between the
administration of the sterocid and the disappearasnce of the heart block,

A similar regime was used on the next case of heart block admitted following
acute myocardial infarction, In this patient, (Case E.Z) not only was the
heart block resolved in a similar manner, but the acute posterior infarct
pattern on the electrocardiogram was no longer detectable after twelve
hours = steroid therapy., During the withdrawal of steroid therapy the
infarct pattern recurred and remained, It was known that in dogs,

Johnson et al (1953) had been able, by the exhibition of cortisone to

reduce the size of an experimentally induced infarct, and it was felt that



these initial observations would Jjustify a trial of steroid therapy in

cases of acute myocardial infarction. During the preliminary period,

and in the course of a controlled trial, 25 cases of heart block have been
observed, These have been divided into several groups since the therapy

was based on different dosage schedules, Apart from this group , 50 cases

of acute myocardial infarction which satisfied predetermined criteria,

have been divided into a control group and a group treated with hydrocortisone
and the results compared, A review of 100 similar cases admitted to the

same hospital prior to start of the trial has also been undertaken,

From these results, and the material gained from autopsies, it is possible
to comment upon the experimental work performed on animals; on the effect‘on
the cardiogram; on the theories advanced for the mode of action of sterbids
in heart block, and to assess the value of the therapy in acute myocardial

infarction.

ACKNOWLEDGEMENTS,

This work has been undertaken in the Cardiology Department of the
Victoria Infirmary and could not have been done but for the interest and
encouragement of Dr, A,A.F, Peel who arranged for the trial of therapy to
take place on patients admitted to his wards and who has been a constant source
of help and advice, I am grateful also to other members of the Consultant
Staff who made their patients available for study, and to my colleagues,
house officers and registrars who have assisted in carrying out the trial as
prescribed, Several members of the Department of Pathology have advised
on the autopsy material and the preparation of microphotographs. Mr, Hugh Gray

of Department of Medical Illustration has prepared slides and illustrations,



Dr. R. A, Robb of the Department of Mathematics, University of Glasgow has
advised on the analysis, presentation and statistical significance of
the results, Miss Margaret Gibson of the Secretarial Staff has typed

and retyped each draft with patience, diligence and commendable fortitude,




CHAPTER 2,

1,

2,

Historical review of the subject from medical literature,
(1) Experimental work in animals,
(i1)  Observations in man - clinical reports,

(iii) Observations in man on untreated heart block,

(iv)  Theories of the mode of action of cortico-steroids
in heart block:
(a) Prinzmetal (1954).
(b) Lown (1955, -
(c) Freidberg (1960).

Preliminary studies on which trial was based,
(1) Oral steroids.

(ii)  Parenteral therapy.




HISTORY.

In 1942 the use of adrenocortical steroids for the treatment of shock
was introduced (Shleser & Asher), Although initially used in acﬁte
surgical collapse and shock (Cole et al 1953) their use in cardiogenic
shock was under consideretion, Theoretically the twin side effects
of salt retention and interference with normal scar formation, appeared
to be obstacles to the use of cortisone in coronary artery disease,
particularly in the presence of acutely injured myocardium following myocardial
infarction, In an attempt to find out whether cortisone could be given
in the presence of an acute infarction, Chapman et al (1952)-conducted a
series of experiments on dogs; they were able to show that cortisone
in a dose of 7 mgm/kgm. did not delay healing after a surgically induced
infarct,

Following this, Johnson et al (1953) in a carefully contrived series
of animal experiments showed not only that the cortisone caused no undue
delay in infarct healing in doses of 12,5 - 20 mgm,, b.d., but also that the
cortisone treated animal had a significantly smaller infarct than a "paired"
control, Two groups of experiments were performed., In group I an infarct
was induced by ligation of the anterior descending branch of the left coronary
artery 1.5 cm, below the origin of the circumflex branch, Seven pairs of
enimals were used. The average weight of the control animals was 30 kgm and
of the treated animals 33 kgm, The corresponding mean heart weights
were 104 gms and 109 gms, The size of the infarct averaged 7.88 c.cm, in

the control animals as opposed to 0,96 c.c., in the cortisone treated animals,



TABLE 1,

Johnson et al (1953),

Low Ligation High Ligation
Control { Treated Control Treated
Average Weight 30 Kgm, | 33 Kgm. | 35.8 Kgm. |36.2 Kgn,
(dogs).
Average heart 104 gm, (109 gm, 117.1 gm, [119,2 gnm,
weight, -

Average Size of

infarct. 7.8 cc. J0.96 cc., }|18.8 ce. |0.14 cc,




In a second group of 9 pairs of dogs, in which the left coronary artery
was ligated 0.5 c.m. below the origin of circumflex branch, the comparative
figures were equally striking. The control animals (35.8 kgm) showed
on average an infarct of 18.83 c.c. in a heart of 117.1 gms. While the
treated animals (36,2 kgm.) had on averzge an infarct of 0,141 c.c, in
e heart weighing 119.2 gms (Teble 1). X-ray studies after injection
of the coronary vessels with barium chloride demonstrated an increase in
intercoronary capillary anastomoses in the treated animals as compared with
the control, In a third group of 12 animals, 4 were pretreated with
Adrenocorticotrophic Hormone (A.C.T.H.) and 4 with cortisone for one month
prior to the infliction of an identical myocardial injury. In this series,
radio-opaque dye injected into left coronary artery demonstrated increased
capillary anastomoses in the treated animals, In some of them the dye
appeared in the right coronary tree also, but this never occurred in any
of the control group., Finally, 57 animals had a major infarct produced
surgically and the survival of cortiéone treated and control animals was
compared over the succeeding 72 hours, In the control group 18 animals died
out of 34 ~ a mortality rate of 53% as opposed to 22% (5 animals of 23) in
the treated group.

It was natursl that this work should stimulate others, and in 1953
e further series of similar experiments on dogs was published by Opdyke et al,
They were unable to confirm the findings of Johnson et al but it is only
fair to state that their experiments were not so carefully controlled as

those of the former authors. In their two groups of animals, high dosage




(10 mgm/kilo, cortisone) and low dosage (3 mgm/kilo, cortisone) schedules
were compared with control animals. The animals were not paired for weight
or for heart size., The site of ligation of left coronary artery varied
from 9 mm, to 34 mm, from mouth of the vessel, and in one case no infarct
was found at autopsy.

Hepper et al (1955) tried a smaller number of experiments on dogs using
high and low dosage regimes similar to those of Opdyke., They were
principally concerned with rate and progress of healing, and showed that while
there was narrowing of the band of "tissue reaction" round the infarcted area,
which might be taken as an advantage, there was appreciable delay in
phagocytosis of the necrotic muscle, This was also observed by Johnson et al
(1953) up to the fourteenth day after infarction but their work suggested
that by the 30th day there was sound healing, and they noted no appreciable
difference between the healing in control and treated animals, This is
in agreement with the earlier report of Chapman et al (1952),

At this juncture, attention was transferred from animal experiments
to human use, when Prinzmetal and Kennamer (195&) used corticotrophin
intramuscularly in a patient who had complete heart block as a complication
of myocardial infarction, Normal rhythm was restored; and when the block
recurred later, a further injection was again effective, thus largely ruling
out coincidence, They postulated an anti-inflammatory effect as the mode
of action of the corticotrophin. The following year (1955) Lown et al
pursuing another aspect of this subject first mooted by Somerville, Thorn and
Levine (1951), contrasted cardiograms of 50 cases of Addison's dease, 39 cases

of Cushing's syndrome and 539 control subjects to illustrate the effect of



TABLE 2,

PROGNOSIS IN COMPLETE HEART BLOCK,

REPORTED CASES,

Fulton 1925,

Bell & Pardee 1930,
Sanders 1931,
Hausen 1932,

Ball 1933.

Boas 1933,
Rothschild 1933,
Schwarts 1933,
Addey 1934,
Schwartz 193,
Kerr 1937.

Master et al 1938,
Penton et gl 195.
Condry & Thompson 1957,
Gilehrist 1958,

Rowe & White 1958,

MORTALITY

Total g;;i S“! "i:lz ved
2 2 0
1 0 1
1 1 0
1 1 0
1 0 1
1 1 0
1 0 1
L 2 2
1 0 1
15 L 1
5 2 3
6 " 2
49 21 28
L 9 5
25 11 7S
38 _16 22
166 75 91

45%,




tooe little and too much steroid., They observed a mean P-R of 0,176
(range 0.1l4 - latent block) in Addison's disease; a mean P-R of 0,136
(range 0.12 - 0,18) in Cushings syndrome as opposed to a mean of 0,158
(range 0.13 - 0.20) in normal subjects, They postulated a "facilitating"
effect of steroids on the conducting mechanism in the heart. No relationship
could be established between electrolyte levels and the rate of conduction
in this series of experiments,

The need for further examination of Prinzmetal's treatment of heart
block was emphasised by reports on series of cases of complete heart block
by Penton et al (1956), Condry and Thomson (1957) and Gilchrist (1958).
Gilchrist emphasised that while the prognosis for those surviving the acute
stage was relatively good, and return of the original rhythm might be
anticipated in 7-10 days, the immediate mortality was high, A survey of
published cases shows in fact an immediate mortality of L5% (Table 2).
A report of a case of acute infarct in which complete heart block was restored
to sinus rhythm nine hours after injection of corticotrophin (Phelps & Lindsay,
1957) lent emphasis to Prinzmetal's claim; and the rapidity of action
might be considered especially valuable in view of the high immediate
mortality, The ability of steroids to banish the Stokes-Adams seizures
which frequently accompanied heart block was also observed, and in subsequent
publications this useful effect was confirmed (Litchfield et al, 1958;
Caramelli & Tellini, 1960; Aber and Wynn Jones, 1960; Friedberg et al, 1960;
Pay & Earl Waverley, 1961), During this period the interest hys been
focussed mainly on the cessation of Stokes-Adems attacks, since this occurs

even when in heart block of long standing which persists during steroid



EFFECT OF_DURAT ION

OF BLOCK ON RESPONSE T0 TEEATMENT,

Author No. No. Recent Effect on Block | Time Taken.| Preparation
Cases, Infarct, Used,

Prinzmetal & 1l 1 Sinus rhythmwith hours INM,

Kennamer, recurrence treated Corticotrophin

successfully,

Phelps & 1 1 Sinus rhythm 9 hours. |I.M. Cortisone

Lindsay, 100 mgms,

Rosenfeld & 3 1 1 only given

Segall, Steroids - - I.M, Cortisone

Sinus rhythm.
Friedberg et 6 3 h'achieved Prednisolons
31. sSinmus rhythm. 01'&1 uo m ’
Recurrence 3, 6-36 hrs. daila’r ex.
Not restored °
again,

Aber & Wynn 5 2 3 achieved 6 hrs - A.C.T.H,

Jores, Sinus rhythm, 7 days, I.M,

Pay & Waverley.{ 8 2 2 - Cral Predniso-
:lone, 80 mgm.
per day.

Caramelli & 19 7 Sinus rhythm L -5 1M,

Tellini, in 5, days.

Dall & 11 7 Sinus rhythm 36 hrs -~ |Oral Predniso-

Buchanan, in 6, 8 days. :lone, 30 mgms
per day.

Dall & 7 6 Sinug rhythm 24 hrs, I.V, steroids,

Buchanan. in 6,

61 30 29

NOTE: Of 30 cases of recent onset of Block - 27 were restored to sinus rhythm 90%.
' Of those cases not of recent onset only 2 reverted to sinus rhythm, 6.6%.




therapy. As there is less urgency in chronic block, oral therapy has
tended to replace the intramuscular injection (Aber & Wynn Jones, 1960;
Pay & Waverley, 1961). Maintenance steroid therapy has been suggested
because recurrence on stopping treatment was observed (Friedberg, 1960;
Pay & Waverley, 1961). Since many of the cases were of long standing,
little anti-inflammatory action could be anticipated and the "facilitation
of conduction" theory of Lown et al gained support although it was
suggested by Friedberg (1960) that increased sensitivity of the A-V mode
might be the primary effect, and he is supported by others (Caramelli

& Tellini, 1960; Pay & Waverley, 1961). In some cases, however, normal
conduction was achieved and maintained. This effect can be observed almost
exclusively where there has been a recent infarct, and the conduction
disturbance is of recent origin (Table 3), In a preliminary report

(Dall and Buchanan, 1961) it was shown that in 7 cases of complete heart
block following myocardial infarction treated with oral therapy, return
of sinus rhythm occurred in periods varying from 36 hours to 8 days,
Although there appeared a direct response to therapy, the difference
between these results and the rate of spontaneous recovery (6 to 16 days)
(Gilchrist) was not sufficiently distinct to draw a firm conclusion on

the value of steroid therapy. On the other hand, a group of similar

cases associated with recent cardiac infarct and treated with intravenous
steroid therapy recovered normal rhythm within hours, and had an improved
survival rate (Dall & Buchanan, 1962)., It was observed during this work
that not only could normal atrio-ventricular conduction be restored where
heart block existed, but that co-existing bundle-branch block (right or left)

dating from the infarction, was also banished. Improvement in the



cardiographic pattern was so striking in one case in particular that it

was argued that there must be an effect on the infarct site, in addition

to improvement in conducting mechanism, In the light of known work,

an anti-inflemmatory effect as described in the animal experiments and
postulated in man, by Prinzmetal seemed a reasonable explanation, If this
could be achieved in patients with heart block resulting from acute
myocardial infarction, it might be possible in cases of acute myocardial
infarction without conduction defect to produce similar improvement, This
might be expected to result in reduced mortality rates, smaller areas of
infarction, improved capillary anastomoses in the myocardium, and presumably

a reduction in post-infarct morbidity.



CHAPTER 3,

STRUCTURE OF WORK,

1, Conduction disturbances following myocardial infarction, -
A, Heart Block,
Diagnosis,
Standard regime of observation,
Treatment schedule,

Use of other drugs,
B, Bundle-branch block,

2, Trial of Therapy in acute myocardial infarction,

A, Method of Selection,

B, Criteria for admission to trial,
E.C.G, diagnosis,
Supplementary evidence,
Treatment regime - Steroid Group.

Control Group.



STRUCTURE OF TRIAL.

1, Conduction disturbances following myocardial infarction ~ heart block,

When any organic lesion or functionel disturbance impedes conduction

through the bundle of His or through its main branches, the resultant
disturbances of rhythm can be termed heart block., This may vary from &
prolongation of the P-R interval iﬁ the cardiogram (latent block);

a fixed atrio-ventricular ratio with dropped beats (partial block); to a
complete dissociation of auricular and ventricular activity (complete
heart block).

Disturbance of conduction in the branches of the bundle of His does
not affect A~V conduction, but rather the intra-verntricular component of
conduction causing distortion of the QRS complex in the cardiogram
(bundle-branch block), The resultant pattern depends on whether the right
or left branch is affected, and the cardiographic appearances of each are
characteristic,

The conducting tissue may be disturbed gs a result of an acute
lesion (e.g, myocardial infarct) or of a longstanding process (e.g. previous
coronary thrombosis or arteriosclerotic change). The effect of steroid

therapy has been observed on cases of heart block of recent onset and

of longstanding.

Chronic (longstanding) Heart Block,

Six cases have been treated with steroids and the resultsof therapy

observed where complete block or a degree of block did not arise from &
recent myocardial incident, although it was associated with coronary artery

disease in four,



Acute (recent onset) Heart Block.

1. Seven cases of acute infarct with block have been observed on omal
steroid therapy, and the response to treatment described in a preliminary
report (Dall & Buchanan, 196i).

2 Nine cases of block following a cute infarct have been treated.ﬁith
intravenous steroid therapy.

3. Two cases, one admitted before this work was started, and one case
of acute block, not recognised, and therefore "untreated™ have been
observed to provide examples of natural outcome,

Lo One case of latent heart block occurred in a steroid treated case
and reversion to normal conduction occurred without altering the regime,

Bundle-~Branch Block.

During this study bundle-branch block has occurred in seven cases.
Left bundle-branch block in one treated case (E.l) and in one control
(B.13). Right bundle-branch block in five treated cases (E.4, E.5, F.6.
A.6 and A.8), Three of these were known to be of long standing (B.13, F6 and
A.8), three of recent onset (E.1l, E.4 and E.9) and one in which the time
of onset could not be determined,

All except the control case (B.13) had steroids, four in the heart
block series, with high doses, and two in the treated group of thé trial.
Diagnosis.

Sinus bradycaréia may accompany cardiogenic shock and a
pulse rate of under 50 per minute cannot be considered a reliable diagnostic
feature of complete heart block. In all cases the diagnosis was established

by cardiogram. This was particularly important since in heart block



following myocardial infarction, pulse rates of 50 - 60 per minute may

be observed (Ball, 1933; Gilchrist 1958), and indeed in two of the present
series the diagnosis of heart block was not obvious until the cardiogram
was inspected., As it is our practice to record the cardiogram on admission
in all cases of suspected myocardial infarction, the diagnosis was not

delayed unduly in any of these cases despite the atypical pulse rate,

Standard regime., After clinical examinetion of the patient, a twelve lead
cardiogram was recorded on a portable Cambridge direct writing machine, A1l
records were taken on portable machines so that they might be more easily
compared, and there would be uniformity of size for mounting. This had
additional advantages in that the machine could be retained at the bedside
and serial records could be obtained during the course of treatment,

The machine is simple in construction, and once the leads were connected
to the patient and the desired standardisation set, it was possible tm
record serial lengths of lead II at intervals over long periods by
instructing nursing staff to switch on the machine for sufficient time to
inscribe 12 complexes, Despite the simplicity of this arrangement, as
patients were monitored by E.C.G. during the first 24 hours under treatment
until a stable sinus rhythm was present, there was much wastage of
recording paper; and considerable time was expended in extracting the
small sections required to illustrate the phases of recovery from the long
:ecorﬂs. To reduce this to a minimum, a two chennel Oscilloscope was
coupled into a portable E.C.G. circuit and by this means monitoring of

the degree of block present and of response to therapy could be continuous,

‘whib permanent records could be taken when desired, This technique entailed
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supervision by medical staff, or cardiographic technicians since it
could not be left to nursing staff to decide when an alteration in

the pattern worth recording had occurred. Nevertheless, it was found
preferable to the tedious task of reviewing several complete rolls to
select representative pieces for mounting in case reports, since records
were taken only of important features, or to illustrate points of

specific interest,

The apparatus was light and easily transported to the patient's
bedside on a small trolley designed to take the portable cardiograph machine
(Plate I), Technically there was one difficulty in the use of the combined
machine, When standardised for cardiograph recording, the amplitude was too
great for the Oscilloscope channel, and a modification of the standardisation
setting was required when switching from oscilloscope to cardiograph and
vice versa, This resulted in some slight variation in complex size due
to differing standardisations, until we became familiar with the apparatus
and more adept at setting and resetting to identical standards; ‘but as
the rhythm and the duration of the P-R interval was the chief interest,
size of complexes did not affect the value of the records,

In the cases of heart block, the therapeutic regime was initiasted as
soon as the diagnosis was confirmed by the cardiogram, In this group
of cases, therapy was designed to achieve normal conduction as soon as
possible. In the absence of any reference to intravenous therapy in this
context in published work, the dose of steroids used has been empirical,
Working on the assumption that in the presence of an acute injury to

the heart, a conduction disturbance which is related to the injury may be



expected to resolve with the exhibition of steroids, the dose of

intravenous hydrocortisone was built up steadily in each case until the
desired effect was achieved., Thereafter, such hydrocortisone as was

required to maintain normal conduction and avoid recurrence was given for the
remainder of the first 24 hours, and oral therapy was instituted the following
day. The total dosage used ranged from 450 mgm to 700 mgm hydrocortisone
given intravenously within 24 hours. In view of the large doses of steroids
in use, it was felt that a graduated course of oral prednisolone starting
from 30 mgm daily, should be given during the next fourteen days, to

wean the patient off steroids, A.C.T.H, was given by intramuscular
injection on days 15 and 16, It has been said by Caramelli & Tellini (1960)
that this "weaning" process is unnecessary, and that steroids can be

stopped when stable rhythm is restored; on the other hand Friedberg (1960)
observed steroid-resistant recurrence of block after discontinuing therapy

in 3 of 4 cases who had been successfully restored to sinus rhythm and
therefore favoured a maintenance dose, In the present work recurrence

has not been a feature, but a middle course has been steered and a short,
fixed, "weaning" regime has been given irrespective of amount of steroid

used in the acute stage,

Technique:- The therapy was initiated by a single injection of 100 mgm of
hydrocortisone intravenously and the effect of this was observed for 1 hour,
An intravenous infusion of 5% dextrose in water containing 100 mgm of
hydrocortisone in 540 ml, was then started. By this means, it was felt

that an even background level of steroid might be achieved, with augmentation
as required by additional hydrocortisone injected into the tubing of the

infusion, at intervals determined by the clinical response. Although



the primary object is the restoration of sinus rhythm within the first

24 hours of therapy, the weaning regime has been designed to extend beyond
the fourteenth day, since it is suggested by the animal experiments

that there is an appreciable histological difference between "treated"

and control animals up to this point, and any anti-inflammatory effect
that may be achieved will be obtained during the early stages of healing

and repair after myocardiasl injury,

Other Therapy.

The cases were being treated not only as cases of heart block,
but also as cases of acute myocardial infarction, In all cases anticoagulant
therapy was given from the onset., Where indicated by the clinical findings

aminophylline and diuretics were given., No pressor agents were used.

2, Trial of Therapy in Acute Myocardial Infarction,

As the prospect of conducting a trial in paired cases, treated and
control, is almost impossible because of the vast permutation of features
that may occur in coronary artery disease, it was decided to collect 50 cases
of acute infarction, and allocate them as they presented, to either a
"Control" series (Group B) or "Treated" series (Group A) according to a
sequence of random numbers, Accordingly, a series of envelopes numbered
from 1 - 50 was prepared and a card bearing "control" or "hydrocortisone"
was sealed in the appropriate numbered envelope, as dictated by the random
number series, This work was undertaken by a secretary so that the trial
could remain "blind" to the medical staff until such time as a case was
committed to the trial, and an envelope opened., The envelopes were used

in strict rotation according to the order of admission of the patients to

the trial,



Criteria:- 1, Since the effect sought, was the influénce of
steroids on freshly damaged myocardium, the trial was confined to cases
of myocardial infarction in whom the infarct could be presumed to be not
more than 48 hours old, This excluded cases with a history of pain
for several days prior to admission, unless there was clear evidence
that the early pain was anginal in nature and a striking episode, clearly
indicative of infarct had occurred within the 48 hours prior to admission,

2, In 211 cases a cardiogram was recorded as soon
after admission as possible, Patients were not admitted to the trial
unless there was positive evidence of infarction, or injury in the
cardiogram, or feiling this, a typical description of infarct pain associated
with clinical findings in keeping with cardiac injury. In this context,
the character of the pain, pericardial friction, sudden heart failure,
shock and arrhythmia of sudden onset in absence of other causes for these
features were considered important, It was decided that to accept only
cases with incontrovertible cardiogrephic changes might exclude two groups
of cases, viz, those with the slowly evolving E.C.G. pattern (e.g. Case A2)
and those with previous inferct, in whose cardiogram the presence of old
injury pattern could meke interpretation difficult, As it transpired
no fewer than 10 cases (20%) had previous infarcts and 12 had a convincing
history of angina varying in duration from 3 months to 3 years; in all of
these some pre-existing change in the cardiogram might be anticipated to.
obscure the changes due to fresh infarction,

For similar reasons, it ﬁas decided that the absence of "Q" wave

changes in the cardiogram should not invalidate the diagnosis, since changes



in the RT segment and T wave frequently preceded the appearance of abnormal
Q waves by some days (Myers and Talmers, 1955; Papp and Smith, 1955;
Schlant et al, 1954). Serial cardiograms were recorded every second day
during stay in hospital for all cases, Provided the E,C.G. pattern evolved
to a "QS" pattern of significance, this was considered as a major infarct,
Where a gR or RT pattern was the maximum ebnormality, a minor infarct
was considered to have occurred although one patient with a "minor"
infarct died five days after admission with no further alteration on the
cardiogram,

In one case no cardiogram was obtained, as at the time of admission
it was not possible to undertake the record, and despite therapy the patient
died less than 2 hours after admission, In this case the clinical findings
were convincing and the patient was entered in the trial and the regime
commenced although the cardiogram was not yet taken,

During the period of the trial three patients were admitted with
severe shock and collapse associated with atypical pain, or absence of
pain as a symptom, All three died soon after admission to hospital and
before a diagnosis was established., Apart from these, there were no
deliberate or accidental exclusions from the trial,

Supplementary Evidence. Serum transaminase investigation was not

undertsken routinely, but where the cardiographic evidence of fresh infarction
was in doubt, for example where a former infaret obscured the changes,
confirmation of the clinical impression was sought by biochemical examination,
The presence of cardiographic change, or of fluctuation in the cardiographic

appearances was taken as evidence of myocardial injury even in the absence



of a significant transaminase level when a discrepancy existed. The

Serum Glutamic Oxalacetic Transaminase and Serum Glutemic Pyruvic Transaminase -
activity were measured on at least two occasions when "Transaminase" estimation
was undertaken,

Regime for Trial Cases., Provided the criteria were satisfied, the

case of myocardial infarction was allocated to the control group (B) or
to hydrocortisone group (A) according to the card contained in the envelope
corresponding to the patient's number in the trial., The method of
administering the hydrocortisone dictated the form of the regime, Therapy
was started by an initial injection of 100 mgms intrsvenously in 2 ml,
followed by a further 100 mgms which was added to a bottle of 5% dextrose
in water (540 ml,) and infused intravenously over the next 8 - 12 hours.
It was intended by this method to provide in the early stages a constant
steroid effect, This was followed on the second day by oral prednisolone,
30 mgms, daily and thereafter a graduated reduction in dose was effected
over 14 days, similar to the regime employed in the cases of heart

block.

In the cases allocated to the "Control" group, no initial injection
was given, but a 5% dextrose infusion identical to the other group was given
as slowly as the apparatus would allow, This usually took rather more than
eight hours, which meant an infusion of 1 ml. per minute, or less, a rate
which wes unlikely to cause cardiac embarrassment, There were some misgivings
as to the risk of ceausing left ventricular distress with this infusion,
but where there was evidence of left ventricular failure or embarrassment,
such as basal rales or triple rhythm, a diuretic of the thiazide group was

given intravenously and the infusion was delayed for 1 hour. In those



cases in which acute left ventricular failure did occur, the difficulty
did not develop during the infusion but several days later, and did not seem
to be directly attributable to the fluid load.

Digoxin, quinidine, procaine amide and aminophylline have been used
as required by the clinical findings, in addition to diuretic therapy
with thiazide or mersalyl. The only exclusion from the therapeutic regime
was the pressor groups of drugs, of whose value in cardiogenic shock,

we are not convinced,

Object of Trial.

To see whether the anti-inflammatory properties of steroid hormones,
by acting on the area of reaction o the periphery of an infaret would:
1) Reduce the size of infarct,
2) Hasten the evolution of the infarct pattern.
3) Improve the mortality rate,
and to see whether the effects of steroids on conduction described by other

Authors, could be verified,




CHAFTER L,

RETROSFECTIVE SURVEY OF CASES OF SIMILAR NATURE,

Modification of criteria for this work,

Use of parallel data to check validity of "Control®™ group,



1. "Survey of Similar Case Reports",

In addition to the 50 trial cases, records of 100 other patients who
would have saetisfied the trial criteria have been studied (Group C). These
are patients admitted to the same hospital in the six months preceding the
start of the trial, This survey had a double purpose. It was intended to
extract from it a "standard" mortality rate for acute myocardial infarctions
treated at this hospital, so that the mortality rate of the "control" group (B)
in the trial might be compared with this figure, to determine whether
intravenous therapy had any harmful effect. The second purpose was to
assess the prognostic value of specified features to permit grading of
cases into mild, average and severe; it would then be possible to ascertain
whether the groups were comparable in respect of severity.

Case records of more than 400 patients admitted with some form of
coronary artery disease were reviewed to obtain 100 cases of myocardial
infarct which satisfied the trial criteria, One modification was made.
Four caeses with adequate historical, clinical, biochemical or autopsy
evidence of fresh infarction were admitted and died before a cardiogram
was taken, Since this would have been recorded on admission for the trial
cases, it was felt that these cases should not be excluded from the survey

on this count, ‘



CHAPTER

CARDIOGRAPHIC STUDIES,

1.
24

3.

2,
3
k.
5.

Machine °
Technical points arising from type of machine used,
Difficulties arising from electrode positioning and

influence on interpretation of cardiogram,

Rhythm,

A=V conduction time,

QRS abnormalities of intraventricular conduction,
QRS abnormalities due to infarction,

Assessment of rate of evolution,




Cardiographic Studies,
The efficiency of the portable cardiograph is well established in

clinical practice, These machines may inscribe the record directly onmto
moving paper by means of a stylus and ink, or by means of sensitised paper
and a heated stylus. The latter type of apparatus is favoured in this
hospital, although it has certain disadvantages for routine use, the
principal of which is difficulty in mounting the records satisfactorily
without smudging or marking the sensitised paper surface, Technically
there may be some inertia due to the friction between the stylus and

paper which interfers with the sensitivity of the record, but as all
records were taken on the same type of machine, this factor will cancel out
when comparison of features of the tracings is undertaken,

Reproduction of the records obtained is also more difficult than would
be with galvanometer machine records, but the advantages of a light portable
and therefore readily available instrument were considered to outweigh
this disadvantage in circumstances where many of the cases would be
admitted after normal "working hours" and the initial E,C.G., taken by
the medical staff on duty. To be comparable, all records were therefore
taken on portable apparatus,

A standard 12 lead cardiogram was recorded on admission and e;ery
second day thereafter until discharge from hospital, or prior death, Since
these records were being compared minutely for changes, it rapidly became
apparent that minor differences in the positioning of the chest piece
electrode when taking records of leads V1-V6, could alter the appearance

of one of these leads quite readily. For example, if an infarct pattern
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extended from lead V1-V3 and on the initial records lead V4 was normal,
then an abnormality in lead V4 in the subsequent records could be caused
by:

1) Extension of the area of infarct, or

2) By placing the chest piece 3" nearer V3 than on the

previous occasion (Plate II).

Naturally the converse applies and an apparent improvement of lead V3
might be suggested if the electrode when positioned to record V3 were
placed 3" beyond its former site towards V4. In an effort to avoid this
fallacy in interpretation, the positioning of leads V1-V6 was routinely
marked on the patient's chest with daubs of carmine., While this was
comparatively successful in male patients, it was less so in females because
the overlap of breast onto the chest wall and the habits of normal hygiene
of this area resulted in rapid obliteration of the marks. Since frequent
records were being taken, it was decided that where possible the patient
should have his or her cardiogram performed by the same technician on
each occasion, thus reducing the likelihood of minor difference resulting
from d iffering techniques, In interpretation, a single lead was not
considered to be altering unless the change was present on two consecutive
records, While this might mean delay in recognising a minor change in
a single lead during the course of the trial the date of such & change

could be accurately determined at the completion of the trial by reference

to the preceding and following records. By these measures reasonable

accuracy in recording and interpretation of the records was achieved,

The cardiogram was examined for each of several features,



Rhythm,

The interest lay in arrhythmias, and in the fate of any abnormal
rhythm in the control group as compared with the treated cases., Interest
had been sharpened by the observation that in one of the cases of heart
block which showed the rare combination of auricular fibrillation and
heart block (Case E.4) following acute infarct, fibrillation disappeared
soon after the initial hydrocortisone injection,

The effect of treatment was observed in one other case of auricular
fibrillation of recent onset, and in one case of long standing fibrillation,

These are discussed in detail in Chapter 8,

Conduction,

One case of latent block and one of complete heart block occurred
in the treated group. A modification of the prescribed regime was made
to give further hydrocortisone to the complete block, No case of
atrio-ventricular conduction disturbance occurred in the control group,

In view of Lown's work (1955) and the supporting evidence of
Caramelli and Tellini (1960) it was decided to observe the effect of the
steroid course on the P-R interval, This segment was measured in
Lead 2 of the initial cardiogram and at the end of the first week of therapy
(i.e. in the middle of the steroid regime), and again in the last cardiogram

prior to discharge, by which time the petient had been off steroids

for at least two weeks,

Bundle—branch block was observed in three cases in the trial, and
in three others of the heart block series, Of the trial cases, one case

in the control group with left bundle-branch block and one in the treated
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group with right bundle-branch block were known to be of long standing,
The remaining case also in the treated group died on the sixth day with
no change in the right bundle~branch block,
If it were possible to reverse bundle-branch block with steroid
therapy, this would be a valuable diagnostic aid, since the appearances
of infarct‘may be obscured, particularly by left bundle-branch block,
or the appearance of bundle-branch block as a new entity may be
the only indication of infarct, This is neatly illustrated by two
cases from this study. Case E.1l admitted with complete heart block
had in addition a left bundle-branch block, After éight dsys of steroid
therapy, this resolved to leave an acute, transmural antero-septal infarct,
(Plate 3 2 and b),
Case B.13 admitted with a second myocardial infarction was known to
have a2 left bundle-branch block for eight months, On admission the cardiogram
was unaltered from past records and the diagnosis of fresh infarction
was substantiated by serum transaminase levels, This was a control case

and had no steroids (Plate 4, a, b),

Abnormalities in the QRS, RT and T Components of the E.C.G, representing

the infarct pattern, have been followed through serial records every second
day to determine whether any difference could be demonstrated between the
groﬁps in rate of return towards normality, Two aspects have been examined:=
1) The return of leads to a normal state, e.g. an inverted T
becoming upright, as an indication of reduction in size
of the area of ingjury, and
2) The rate of disappearance of the so-called "current of

injury" pattern, that is the time taken for the RT segment



to return to the isoelectric time,
If it can be assumed that the area of peri-infaret inflammatory oedema
contributes to the %,C.G. changes, the dispersal of this by therapy might
produce a stable pattern, indicative of the final infarct size at an earlier
date in the recovery period. Since the steroid therapy is continued for
only half the period of observation any subsequent deterioration in the
cardiogram after withdrawal of therapy would be further evidence of the
value of treatment, That the cardiogram would vary from time to time during
the healing phase of an infarct was appreciated; that the fluctuation
between improvement and deterioration would be so frequent, so variable and
so prolonged after the injury, had not been fully appreciated until
this study. In reaching a decision on the point at which a stable pattern
could be claimed to have been established, the final cardiogram was
inspected and then the series of records traced backwards to the earliest
point at which that pattern had presented, In calculating an average rate
of evolution, those cases who died have been discarded, In one case
among the control series, no established pattern had been reached at the
end of the 28 day survey; in all others who survived, it was possible

to make a decision on a point of stable evolution,



CHAPTER 6,

FEATURES COMPLICATING PROPOSED THERAPY,

1. Releting to Steroids. a) Gluco-corticoid effect, - Normel,
Diabetic,
Predigbetic,

b) Mineralo-corticoid effeect - Electrolyte
balance,

¢) Anti-inflammatory action - Beneficial effect,
Possible effect
on healing,

d) Hypertension,

e) Epilepsy.

f) Peptic ulcer,

g) Tuberculosis,

h) Blood coagulation,

2. Relating to Dextrose = rationale for choice,

3« Relating to Fluid Volume - Rate of infusion,

- Effect on mortality in early stages.



Features Complicating Proposed Therspy,

1. Steroids,

a) The gluco-corticoid activity of the administered steroid might be

expected to have some effect on carbohydrate metabolism, In the lower
dosage used in the trial series, this was thought less likely to be a
problem than with the large doses given to the cases of heart block,

When subjected to a course of steroid therapy, an apparently normal
“individual may respond by showing no evidence of carbohydrate upset,

by manifesting glycosuria with normal blood suger levels, or by exhibiting
a diabetic type Glucose Tolerance Test, Use has been made of this latter
feature in detecting "prediabetic" states (Conn, 1958). In the diabetic
individual, often already upset from careful balance by the illness

causing admission, the use of gluco-corticoid is likely to disturb the
balance still further in favour of hyperglycaemia, The only diabetic

to present in this Trial was a mild, elderly diabetic on oral therapy with
"Phenformin", While she exhibited some glycosuria and a trace of ketosis
on admission, this was not noticeably aggravated during the three days she
survived following a severe infarction, The dose of steroid was not
modified but 1/6th molar lactate was infused in place of dextrose.

This did not aggravate the hyperglycaemia, and compensated for the mild
ketosis,

b) Hydrocortisone has more gluco-corticoid activity then mineralo-

corticoid, buf is not devoid of salt retaining properties, and the possibility
of inducing salt and consequently fluid retention in a patient in whom the

balance between excretion and inteke may be extremely sensitive, caused




considerable concern, But for this, larger doses would have been used
in the Trial series, The dose decided upon was based on a compromise
between what might be expected to be an effective level, and what might ber
a harmful dose of mineralo-corticoid with particular reference to the subject
in whom heart failure complicated the myocardial infarction, As it transpired,
of the 50 cases observed, 18 exhibited sufficient evidence of cardiac
embarrassment to be classed as showing signs of "failure" of these 11 died
(61%). Among the 100 cases surveyed as a yardstick, "failure" was present
in 29 (29%) of whom 20 died (69%). Billings et al (1949) reported that a
morfality rate of 52% accompanied either basal rales, or hepatomegely as
complications of acute infarction and Rathe (1942) placed "failure" high
among the list of complications contributing to a poor prognosis,

In the present trial, the incidence of "failure" as a feature in the
hydrocortisone treated group was 11 cases of 25, an incidence of W,
of whom 6 died, a mortality rate of 54 5% which is very close to the
expected figure, Among the control cases, a rather higher mortality
presented in association with failure (71%). This would suggest that
the steroid, per se, did not cause any increase in the frequency of failure,
or in the mortality expected from this complication, In all cases in
which any degree of cardiac embarrassment was detected on the initial
examination, diuretic therapy with an intravenous preparation of
Chlorothiazide, said to be effective within one hour, was given one hour
prior to the institution of the intravenous infusion, Thereafter oral
diuretic therapy was used as a routine in such cases, with occasional

recourse to an injection of a mercurial diuretic if satisfactory response

was not forthcoming,




The use of steroids in the treatment of resistent cardiac oedema
is one of the therapeutic paradoxes met with in modern medical practice.
One of the cases of heart block had severe cardiac failure with gross
hepatomegaly and merked increase in venous pressure, to the extent that
the possibility of a haemopericardium, or pericardial effusion was
considered (Case E,7). During a second course of steroid therapy initiated
because of a sudden collapse, he showed a marked increase in diuresis,
and a progressive reduction in the signs of failure.

While the likelihood of aggravating cardiac failure by giving steroids
has not been illustrated in this investigation, the beneficial effect
of steroids on urinary output in cardiac failure has been observed in one
case and this helpful action must be borne in mind in considering the noxious
side effects of these potent drugs,

¢) The anti-inflammatory action of steroids is the effect sought in

the therapeutic use of these drugs in its present context, and is discussed
in detail later. Among the other effects of reduction in fibrous tissue
formation which must be borne in mind when embarking on treatment, is the
prospect of causing acute peptic ulcer, perforation or haematemesis

from existing peptic ulcers, or the breakdown of "healed" tuberculous disease,
Compared with the long term steroid therapy used in kheumatoid Arthritis

or Bronchial Asthma, the drug is used in a brief course in the present regime,
which is unlikely to do harm in the presence of sound healing. One case

among a group of patients previously reported (Dall & Buchanan, 1961)

had a fatal haematemesis while having both steroids (oral) and anticoagulant
therapy., He had no history of dyspepsia and his bleeding could have arisen

from an acute steroid ulcer on the gastric mucosa, Suppression of




connective tissue response, and interference with fibrosis has been i
reported in connection with wound healing (Ragan et al, 1950;
Baker & Whitaker, 1950; Creditor et al, 1950), but the possibility - f
of sound healing during steroid therapy has been well established in
animal experiments with reference to myocardial infarction (Chepman et al,
1952; Johnson et al, 1953; Opdyke et al, 1953)., From this present study
there is additional evidence that even after large doses, given in

the presence of an extensive infarct, sound healing can occur and no
evidence of ventricular aneurysm formation has been detected up to one
year after the acute incident,

d) Since hypertension is noted in the previous history of four of the

hydrocortisone trial cases, the effect of steroids on blood pressure

reported by Perera et al (1950) is of considerable interest. They observed
that when given to Normotensive individuals, little or no effect was

observed on the blood pressure, whereas when given to those with hypertension,
a pressor effect was produced, This was more obvious with D,0.C.A, than
other steroids, This report helps to explain a curious effect observed

in one of our early cases, The patient (Case A,9) had a blood pressure

of 100/85 mm.Hg, on admission, During the course of the hydrocortisone
infusion, her blood pressure was recorded at 180/100 mm,Hg. The following
day a pressure of225/80 mm,Hg, was recorded, and subsequently 11Q/70 mnHg.
Until the work of Perera (1950)was known no explanation for this isolated
reading was forthcoming, Since hypotension, cerebral insufficiency and renal
insufficiericy are possible serious consequences of myocardial infarction

in the formerly hypertensive patient, this side effect of steroids may be

of value, rather than a handicap,



e) The same case (Case A.9) illustrated a further complication of

steroid therapy, Hydrocortisone has been shown to cause hyper-excitability

as observed in Electroencephalogram studies (Woodbury et al, 1950)

and to have an effect antagonistic to Phenobarbitone and diphenyl hydantoin
in this respect. The patient was an epileptic, subject to petit mal fits
for which she took phenobarbitone, grains one, twice daily., On the

ninth day of the steroid regime she had a minor Seizure. She continued

to have several fits per day until the dose of anticonvulsant therapy

was built up to thenobarbitone, grains one, three times daily and Mysoline
(Primidone, 0.25 gm,) twice daily. No other case exhibited fits as

a result of therapy,.

f) The possibility of causing activity in peptic ulceration was

gonsidered, but it was felt that if buffered prednisolone was used in
cases with ulcer history and an antacid regime observed, a sixteen day
course of therapy such as was envisaged could be undertaken with only a
slight added risk of haematemesis or perforation, No cases at risk
occurred in the trial series.

g) A similar problem would have arisen if a known case of recently
healed pulmonary tuberculosis had presented with myocardial infarction.
In this case, the risk of causing breakdown of scarring in the lung and
reactivatiﬁg the disease would have been considered sufficient to exclude
such a patient from the trial, since the value of the proposed steroid
regime was not established,

h) Crossgriff et al in two articles (1950 and 1951) has suggested a

state of hypercoagulability of the blood during steroid therapy, end observed

cases of thrombophlebitis occurring during therapy. In this trial, all




patients had anticoagulant therapy from the outset and it was felt that

this would virtually exclude the possibility of thié particular complication
arising.

2. Dextrose 5% infusion was chosen as the medium in which the hydrocortisone
should be given to avoid administration of sodium, again with the risk of
inducing cardiac failure by the fluid load, very much a prime consideration.
The possibility of a diabetic admission to the trial was appreciated and it
was decided to allow the use of 1/6th molar lactate instead of dextrose if
hyperglycaemia or ketosis was a complicating factor of the acute myocardial
incident, since this would help to compensate the acidosis, but to continue
with dextrose infusion of the diabetes were mild, well controlled, and
ketosis not a feature, In the one case that did present, described previously
in relation to steroids in this context, dextrose could have been given
without harm, but as 1/6th molar lactate was instituted on the strength

of a trace of acetone in the urine, it was allowed to continue., This

case apart there was no complication arising out of the infusion of dextrose
as opposed to other fluids,

3, Fluid Volume,

As with all other features of the trial, especially the dose of steroids
given and the type of fluid given, it was assumed for purposes of preparing
the trial regime that acute left ventricular failure following myocardial
infarction must be expected, and any regime should be so planned that it
could be applied even in this circumstance, To give 540 ml, fluid over a
minimum period of 8 hours and in many cases 12 hours, meant adding to the

circulating volume at the rate of from 1 to 0.75 ml, per minute, ZEven



allowing for a period of hypotension and resultant reduction in renal

blood flow, it was felt that in the absence of frank renal disease it would
be possible to cope with this volume. As a further assistance to the
excretion rete, when signs of left ventricular embarrassment, in particular
pulmonary oedema were present, the infusion was delayed for one hour

and during this period diuretic therapy was started., Given intravenously
chlorothiazide is effective within 30 minutes and promotes maximum

diuretic effect in the first hour, thus reducing to a minimum the load

on the left ventricle prior to the start of infusion therapy.

If the infusion were to augment the mortality by increasing the degree
of left ventricular failure, this would be detected by‘comparing the early
and late mortality of the trial cases with that of the 100 cases surveyed
to establish the expected mortality. In the hydrocortisone group (A),
of 8 deaths, 6 occurred in the first week (75%); in the control group (B)
5 of the 7 deaths occurred in the first week (71%) and in the survey
(Group C) of 32 deaths, 27 (75%) wocurred in the first week. The similarity
of these figures suggest that the infusion of fluid to a volume of
540 ml, over a period of more than eight hours, did not influence the
mortality rate in the trial cases,

Only in one hydrocortisone treated case did any evidence of fluid
retention and overloading occur, This was in case (E.5) ~ among the
cases of heart block. Here the circumstances considered in the qualifying
remarks on the fluid load applied, in that there was existing renal damage
from hypertension, The patient was admitted to hospital some 48 hours
after the occurrence of myocardial infarction, and he was hypotensive at

that time. There followed a period of severe oliguria, lasting three days



during which time intravenous fluids were used to maintain a more normal
electrolyte state, The combined effect of oliguria, continuous intravenous
fluids end hydrocortisone (700 mgms on first day) resulted in the
appearances of faciel oedema, tachycardia, bgsal crepitations and elevated
jugular venous pressure, a state which improved gradually over the next five
days as urinary output increased., Except in this case, fluid retention

or inability to tolerate the 540 ml, infusion has not been observed,

The results of therapy in the trial cases have justified in one aspect
the careful conception of the dose of steroid and the method of
administration, in that, apart from a single record of a hypertensive
effect, and the promotion of seizures in an epileptic subject, there
were no symptoms that could be attributed to the regime, nor has any

serious side effect occurred to interrupt therapy.
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CHAPTER 7,

METHOD OF GRADING THE SEVERITY OF INFARCTION,

BASED ON FEATURES EXHIBITED IN 100 CASES OF ACUTE INFARCT,

1, Clinical Features,

A) Shock,
B) Failure - Left heart failure,
- Right heart failure,
0) Previous history of cardiovascular disease -'ﬁypartension.

- Rheumatic heart
disease,

- Coronary Artery
.disease,

24 Electrocardiographic Features,

Major infarction,

Minor infarction,

3« Application of grading to show mortality rate corresponding to

severity of grading,



Method of Grading the Severiti of Infarction,

It was assumed that in a small trial, even with r#ndom sampling of
cases, it was unlikely that there would be an even distribution of severe
and mild cases between the groups. For this reason, a method of grading
the cases into severe, moderately severe, average and mild infarcts was
drawn up so that the distribution of the cases could be compared as well as
the mortality rates. To do this a combination of élinical and electrocardio-
:graphic features has been used,

In the consideration of overall prognosis, and the features of significance,
the work of Woods and Barnes (1942), Master et al (1942), Wooten and Kyser
(1953) and jacobs (1957) has been of assistance, The ingenious but
complex Pathological indeX of Schour (1953(a) and (b)) illustrated the
value of a common assessment scheme, but also the error of a detailed
and complicated system., Current work being undertaken (Peel et al, 1962)
has shown the possibility of applying a points scoring system (Coronary
Prognostic Index) to myocardial infarct cases by which the patient may be
placed into one of several categories according to the clinicel and E.C.G.
features on admission, This has been of the utmost value and stresses
the importance of a simple regime., As this work is not yet available for
reference, the scoring system has not been used but the findings have
influenced the clinical features on which the grading of cases as severe,
average and mild is based,

As severity of the injury was being assessed, it is logical that the

features seen in severe cases should be utilised in this grading so that

presence of these features will weight a case towards the severe categories



-3

TABLE 4,

THE EFFECT OF SHOCK ALONE (MILD) AND SHOCK AND FAILURE

(SEVERE) ON SURVIVAL (GROUP C).

GROUP C.

Shoeck |Shock with Failure

alone failure alone
Total 18 23 29
Alive 12 L 8

Mortality 33% 82,7% 72,%



and absence of these features will occur in the mild cases of infarct.
These features were assessed as recorded at the time of admission to
hospital,

1. Clinical Features.

A) The occurrence of shock is well recognised as an indication of a
myocardial injury of some gravity (Billings et al, 1949; Bean & Read, 1942;
Epstein & Relman, 1949). That the clinical picture of shock may range
from a patient who is cold, clammy and apprehensive to another who is
prostrate, with absent peripheral pulses, inaudible heart sounds and
peripheral circulatory failure was appreciated, and in teking this range
together as one feature without any extra-weighting for degrees of shock,
allowance was made for the fact that those exhibiting severe degrees of shock
would menifest some indication of cardiac failure whereas those with mild
shock were less likely to do so, and a separation of these cases would
ocecur in this way. This was borne out by the analysis of the 100 cases
surveyed (Group C). Where shock occurred alone a mortality of 33% resulted
but where shock and failure occurred together, as in the cases with
severe shock, a mortality of 82,7% is seen (Table 4), Peripheral circulatory
failure, tachycardia with , pulse pressure of less than 30 mm,Hg. & cold
sweat, and pallor were taxen as features indicating shock,

B) Failure was considered to be present when there was evidence of
cardiac embarrassment, either as crepitations at the bases of the lungs,
orthopnoea or pulmonary oedema; or raised venous pressure, hepatomegaly
or oedema. The features of left ventricular decompensation can readily
be appreciated as arising from acute infarction. Those of congestive

cardiac failure may seem not so closely linked with a recent injury as to



THE EFFECT OF INDIVIDUAL FEATURES ON SURVIVAL,

GROUP C,
A1 |[Prev, Failure
Shock j[History
Total 4l 47 29
Alive 16 27 8
Mortality 618 | y2,.9% | 72,5%




be included in the same category, but it was considered that the presence
of oedema, or congestive cardiac failure either coincident with or prior
to the myocardial infarction would indicate a heart already incapacitated
by other factors, In some reported series congestive cardiac failure
oceurs in as many as 48% of infarcts (Chambers, 1946) and combined right
and left heart failure may result from an infarct affecting mainly the
left ventricular wall (White & McGinn, 1933; Master et 21, 1937). It’
has been suggested that where a large area of the interventricular septum
is damaged, rapid engorgement of liver and distension of the neck veins
results (Fishberg et al, 193L4; Master et al, 1937) presumably as a result
of & Bernheim type of effect, with bulging of the damaged septum

into the cavity of the right ventricle, during the powerful systolic
contraction of the other ventricle, No attempt was made to assess
degrees of "failure" since the mortality in those with "failure" of any
description was 72,5% and of all the individual features "failure" had
the highest mortality rate (Table 5),

C) Previous History. In considering this point it was reasoned that

a history of hypertension, or rheumatic heart disease, while not so directly

involved with infarction as a history of coronary artery disease, did mean

a heart that was less able than normal to cope with an acute injury,

It might be argued that such a heart would more reedily fail, and a weighting
would be achieved in this manner, but although this was so in the one case

of rheumatic heart disease in the group (Case 20, Group C) in the four

cases with a history of hypertension, only one showed "failure" as a feature,

In the absence of evidence that failure was a likely feature of these



TABIE 6,

EFFECT OF PREVIOUS HISTORY ON SURVIVAL.

GROUP C,
No. Angina Infarct |Coronary Others
Only Only Artery
Disease
Total 25 17 42
Survivors 14 9 23 4
Mortality | bA% K7% 45.2% 20%




TABLE 7,

INFLUENCE OF TYPE OF INFARCT ON SURVIVAL,

GROUP C,
Major Minor
Infarct Infarct
Total 1 Ik 22
Survivors 45 20

Mortality 39% 9%




cases, it was necessary to award a weighting factor for a previous history
of these forms of cardiovascular disease, Reference.was made to the
collected statistics of Doscher and Poindexter (1950).

No distinction was drawn between a previous history of infarction
and a history of angina for the following reason, The mortglity rate
for the whole group with a significant past histo:y was 42,5% (Table
for coronary artery disease as a whole, a mortality of 45.2% occurred and
as both angina and infarcts considered separately did not differ by more
than 2% from this figure (see Table 6), there was no useful point to
be gained in subdividing two so closely similar categories,

2. Cardiographic Features (Group C).

While no case of infarct is without risk, it is generally accepted
that those with minor changes in the cardiogram are less dangerous and
have a better prognosis (Papp and Smith, 1955; Plotz, 1957) and for this
reason a differential weighting was preferred for this factor,
Where a "major" infarct had oeccurred, with consequent changes in the QRS
component of the tracing, a mortality rate of 39.2% was observed in a total
of 74 cases, In 22 cases showing a qR or RT alteration (a "minor infarct"),
a mortality of 9% occurred (Table 7). Four cases died without cardiographic
records. Since the mortality of the major infarcts was in excess of the -
overall mortality (34%) for all cases and all factors, it was decided to
allow a weighting for major infarcts, but to neglect minor infarct changes
since these did not appear to influence the mortality.

3. Age and Sex,

The influence of age and sex on the prognosis has been considered by



TABIE 8,

RELATION BETWEEN FEATURES EXHIBITED AND MORTALITY

FEATURES .
GROUP C,
No. A1l L | Any 3 |Any 2 'ioniyor
less,
Total 12 15 32 37
Deaths . 11 11 5 3
Mortality % 91.5% 73% | 15.6% 8%
GRADE SEVERE | MOD, | AVERAGE MILD
SEVERE
DISTRIBUTION 29.1% 31.3% | 39.5% of

total,




Mintz and Katz (1942), Baer and Frankel (1944), Sigler (1951), Barr (1955)
and Peel (1955) and it was recognised that there is a considerable difference
in outlook for a 40 year old and a 70 year old with a similar infarct,

but it was intended to keep the system of grading as simple as possible,

and confined to the features more closely linked with the severity of
myocardial injury. It was felt that shock, failure and a previous history
would be more\common with advancing years and in this way would add
sufficiently to the weighting without further consideration,

Use of Features in Grading.

As described, it has been determined that shock, failure, a previous
history of cardiovascular disease and evidence of a major infarct should be
considered as significant in assessing the severity of any infarct,

Using these features the cases could be divided into severe, moderately
severe, average or mild according to whether they exhibited 4, 3, 2, 1 or
none of the features considered. Applied to the 100 cases of Group C,
this method of grading showed a differential mortality expectancy in keeping
with the degrees of severity (Table 8) ranging from 91,.5% when all four
features were present to 8% when only one or less (e.g., gR infarct) could
be scored. Those whose E.C.G. features were not known because of early
death had a score of 2 or more without E.C.G. features. Although it is likely
that & major infarct occurred, it is not sufficiently certain to allow
a weighting of all four deaths as a major infarct, so in assessing mortality
of the groups these four cases have been discarded as information is
incomplete. Tt will be observed that of the 100 cases examined, a very even
scatter of cases has been obtained, thus making it an excellent base line

against which to observe the trial results and the distribution of cases.



CHAPTER 8,

———————

MATERTAL ANALYSIS AND RESULTS,

‘1. Cases of Heart Blook:
(1) Chronic Heart Block,
(i1) Group on oral therapy,
rhythm change,
(1ii) Group on I.V, therapy.
rhythm change.
(iv) Cases with long standing block,
- possible differing mode of.action,

(v) Fate of the Untreated Case,

2, Bundle-Branch Block,

3. Arrhythmias,

4, Trial Cases,

(1) Effect of Severity on mortality.
Sex,
Age,
Shock,
Failure,
History.

(i1) Distribution of cases,

(1ii)  Expected mortality.



INCIDENCE OF COMPLETE HEART BLOCK,

Complete | Cases E%rcentage
Heart Reviewed
Block
Kerr 1937 (collected 17 1,124 1.5
cases).
Master et al 1938, 6 375 1.6
Rosenbaum & Levine 1941, 5 208 2.4
Condry & Thompson, 1957, 1 425 3.3
42 2,132 2%
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VATERIAL,

1. Cases of Heart Block,

Complete heart block is reported to occur in about 2% of all cases
of myocardial infarction (Table 9). In just over three years, 18 cases
of heart block associated with myocardial infarct have been seen at this
hospital; of these, five were gravely ill and but for electrocardiogram
taken on admission, had any of these died, the arrhythmia would have
been undiagnosed, As there is a mortality rate of 455 (Table 2)
where the diagnosis is established, and most of the deaths occur soon after
the onset of the arrhythmia, it is possible that this complication

exists in some of the "fatal"™ infarcts who do not reach hospital,

1, Heart Block,

Twenty five patients with some degree of heart block have been
studied. This consists of 4 cases of latent block (3 in group F and 1 in
group A), 18 cases of complete block (Group D, 7 cases; Group E, 9 cases;
Group G, 2 cases) of acute onset, and 3 cases of long established complete
block (Group F),

(A) Chronic (longstanding) block,

Six cases fall into this category and are detailed in Group F.

Three were in latent heart block, arising from coronary artery disease,

and all were treated with prednisolone in a dose of up to 30 mgms per day,
In two, no effect was apparent., In the third, the only female, the

P-R interval was shortened from 0,28 to 0.24 secs. during therapy and
increased again on stopping (Case F,3),

Three were in complete heart block; one due to coronary artery

disease, one elderly erteriosclerotic female; and one due to congenital



aortic stenosis,

Stokes-iAdams attacks were frequent in two cases (F.3; F.6)., Treatment
resulted in ability to resume employment confidently as Stokes-Adams attacks
were very infrequent. Case F.3 had been regarded as an "epileptic"
on account of her "fits", If this were true, prednisolone would have
increased the number and frequency of fits (Woodbury, 1550); in fact,
the fits stopped after steroid was started., In the light of subsequent work
published by Pay & Barl Waverley (1961) the daily dose for these patients
was low (30 mgm, compared with 80 mgm, per day) and the trial of therapy
very short in two of the cases (F.l and F.2). In case F.6 auricular
Pibrillation and heart block resulted in frequent Stokes-Adams attacks with
a ventricular rate of 40 per minute, No further Stokes-Adams attacks
occurred after 24 hours of prednisolone therapy. The ventricular rate rose
slowly to 100 per minute, auricular fibrillation when on 30 mgm. prednisolone
daily, Gradual reduction of the dose had no effect on rate until 10 mgm,
per day was reached, At this level, ventricular rate dropped to 56 per minute.
No Stokes-Adams attacks occurred and this has been kept as a maintenance
dose,

(B). Acute Heart Block - Oral Therapy.

Seven cases were treated with oral prednisolone or dexamethasone,
These were all cases of complete heart block related to acute myocardial
infarction. In five, the therapy was with steroids from the outset, and four
of these showed reversion to sinus rhythm in h% to 7 days. One case died
within 12 hours without altering rhythm, It may be considered that therapy
had no chance to take effect in this case, In the remaining two cases

4 (D.1) and 3 (D,2) days elapsed between onset of block and start of steroids,



during which time ephedrine was given in full doses. After the start

of prednisolone, sinus rhythm was restored in 36 hours and 5 days respectively,
In all cases, Stokes-Adams attacks where present, ceased within 24 hours

of starting treatment., Case D.,5 showed a recurrence of block (Wenckebach

Type A) on the day steroids were withdrawn and died the same day.

One case (D.6) died of a massive gastro-intestinal haemorrhage. There
was no history of dyspepsia, and although on anticoagulant therapy, the
prothrombin time was well within the therapeutic range. It may be
postulated that this was an acute steroid ulcer which bled. Post-mortem
permission was not granted,

The cases in this group recovered sinus rhythm within one week of
therapy, ranging from the 5th to the 8th day after infarction. The mortality
of 43% (3 of 7 cases) is almost identical with the expected mortality from
acute heart block (Table 2). Penton et al (1956), Condry and Thomson (1957)
and Gilchrist (1958) have shown that for those cases who survived the acute
stage, the prognosis is good, and recovery of sinus rhythm may be expected
during the second week (6th - lith day)., It was felt that the time taken
to respond to treatment in this group of cases, and the mortality rate,
was too similar to the "untreated" results to draw any conclusion as to
the value of oral steroid therapy.

(C). Acute Heart Block - Intravenous Therapy (Group E).

During the progress of the study with oral therapy, a case was admitted,
gravely ill, and having noted the death of one case before oral therapy
could be of value (Case D.6) this patient was given intravenous hydrocortisone,
100 mgm. The effect was dramatic, A moribund patient with a pulse rate of

1 per minute, frequent 3tokes-Adams attacks, and Cheyne-Stokes respiration,
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was seen to improve steadily within a matter of minutes. The cardiogram
showed complete block, 5 to 1 block, 3 to 1, 2 to 1, a period of latent block,
and then sinus rhythm 211 within 53 minutes of the initial injection

( Plate 5). No other therapy was given, The blood pressure was restored,
and respiration became normal, To maintain the steroid effect, 100 mgms,

of hydrocortisone was put into 5% dextrose solution (540 ml,) and a slow
intravenous infusion started. L hours later the infusion of dextrose
and hydrocortisone was discontinued as the patient was very well and in
sinus rhythm, Three hours after this the block recurred. On this

occasion sinus rhythm was restored inside 44 minutes by injection of further
hydrocortisone injected intravenously, The infusion was slowed for fear

of fluid overloading, on two occasions during the following eight hours.

On each occasion, this step was followed by recurrence of block which
yielded quickly to a further booster dose of hydrocortisone (Plate 5C.).

In all, 650 mgms of hydrocortisone were given intravenously in 24 hours,
There was no evidence of cardiac failure; a mild euphoria was noted at
this stage. The routine course of prednisolone was given thereafter,

Of the other eight cases in this group (Group E) seven returned to
sinus rhythm within the first 24 hours of therapy. One remained in block
and died. In this case, death was due to an extensive anterior infarct
(fresh) while the heart block was related to a former posterior infarct
and not of recent origin (Case E.3 ~ Plate 6). In four cases, the sequence
of decreasing block noted in case E.1 was recorded at some point during
recovery of normal conduction,

Case E,2 besides illustrating the stages of recovery, showed an
additional feature of interest. The initial cardiogram showed an acute

injury pettern in the posterior leads, with marked R.T. elevation. During
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the hydrocortieone drip, there was a progressive decrease in the R,T.
elevation until after twelve hours therapy the cardiogrém would have passed
for normal. Evidence of posterior ischaemia reappeared subsequently
(Plate 7).

One of these cases occurred in special circumstances, This man
(Case E,6) while being treated for pernicious anaemia in hospital collapsed
in the ward, apparently dead., An immediate cardiogram showed the presence
of ventricular fibrillation, and resuscitation was effected by external
cardiac massage, thoracotomy, internal cardiac massage and electrical
defibrillation, Following the shock, the cardiogram showed a posterior
infarction with complete heart block (Plate 8), Hydrocortisone therapy
was instituted and within forty minutes, sinus rhythm was restored.
During the forty minutes, there was a progressive reduction in the degree
of block similar to that noticed in the other heart block cases
(Plate 8 a, b) and although a spontaneous recovery of this nature, following
electrical defibrillation, cannot be excluded, an immediate return.to
the former rhythm is more usual (Semple & Dall, 1962) and for this reason,
the effect is credited to the therapy given,

Of these nine cases, eight represent ecute onset of heart block,
In all of them, sinus rhythm was restored within 24 hours., One died
(Case E.5) on the tenth day as a result of a mesenteric embolism, which
occurred despite anticoagulant therapy. The mortality in this group
wesreduced to 12,58, There was no doubt that in this group the rate
of return to sinus rhythm and the mortality rate were significantly different
from the "untreated" cases, and the results indicated a direct relationship

between the improved conduction and the administered hydrocortisone,



(D). Acute Heart Block - Untreated,

One case, observed before the steroid trial was stafted (Case G.2)
illustrates the natural history of good prognosis with spontaneous,
gradual recovery., 10 days after infarction, latent block replaced
complete block, and on 16th day, sinus rhythm returned,

Case G.2 on the other hand was admitted as an acute myocardial
inferction and treated as such; the fact that he had complete heart block
was not noted until after his death on the second day,

Twenty five cases of heart block have been studied. Where the onset
was acute, sinus rhythm has been restored by the use of steroid therapy,
except in one case who died before the treatment could be effective,
Where the block was of longstanding, the conduction could not be returned
to normal, although two cases illustrated shortening of the P-R interval
and increase in heart rate, Stokes-Adams attacks ceased after the start

of steroid therepy.

2. Bundle-Branch Block,

This form of conduction defect was seen in 7 cases, 3 of these were
in the acute heart block series (E.1; E.4; E.9); one was associated with
a chronic heart block (F.6) and 3 occurred in the Trial cases, one control
(B.13) and two of the steroid group (A.6 and 4,8), In all three associated
with complete block, the QRS pattern returned to normal during treatment
of the heart block; the recovery taking up to 9 days., These consisted
of one left bundle-branch block and two cases of right bundle-branch block,

The other L cases consisted of two who had previous records showing

that the bundle-branch block pattern was not new; another in whom it was
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associated with a longstanding heart block, and presumably old; and one
(A.6) in whom the duration was not known., One of those with a previous
record was a control case (B.13) in the Trial series, all the others had
steroids, either for Trial, or for heart block., No change occurred

in the pattern of these 4 cases, and bundle-~branch block persisted.

3. Arrhythuia,

In the trial csses, auricular fibrillation appeared twice, Case A,5
(E.4) in which the fibrillation complicated complete heart block, and resolved
quickly after the initial injection of hydrocortisone, before the heart
block (Plate 9).

Case A,11, died on the twelfth day. On the tenth day he collapsed
suddenly and had apparently died, External cardiac massage was carried
out for ten minutes during which time respiration returned and the
heart restarted. On recovery there was auricular fibrillation which had not
been present previously., Following an injection of 100 mgms hydrocortisone
intravenously, the rhythm returned to sinus complexes (Plate 10).

Case F,6, with heart block and auricular fibrillation of longstanding showed

an improved heart rate with steroids, but the arrhythmia was unaltered.

Auricular fibrillation of recent onset was abolished during steroid

therapy, whereas chronic fibrillation was not influenced,

4L, Trial Cases,
Twentyfive cases were treated with a hydrocortisone and prednisolone
regime (Group A), and an equal number for a control series (Group B).

Allocation to groups was by random numbers.
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A further series of 100 comparable cases were studied to see whether
the control group represemted a fair sampling, and to ensure that the Trial

regime had not caused an excess mortality among control cases (Group Co)e

Sex Distribution,

In this Trial there were 13 femsle cases, There was a male/female
ratio of 1%/1 in Group A and 7/1 in Group B,

Age,

In Group A there was a mean age of 60,5 years; in males, 58,7 years
(range 41 - 78) and in females 63.3 years (range 50 - 76).

In Group B, the mean age was 54.3 years; males 54.3 years (range 4O = 71)
and females 54,6 years (range 41 - 65), The difference in age between
the groups is almost entirely due to the larger number of females'in
Group A, as coronary artery disease tends to occur in females et a later
age (Peel, 1955) (Table 10 A, B).

Clinical Features,

1. Shock,

In the treated group, 13 cases showed evidence of shock, including
5 of the 8 in this group who died, a mortality of 38.4%; in the control
group, of 8 cases showing evidence of shock, 6 died, a mortality rate of
75%. 1In the ebsence of shock, a much lower death rate occurred, irrespective
of other features, In Group A, three deaths occurred in twelve cases
(25%) and in Group B one death in seventeen (6%) (Table 114).

2. Failure,

In Group A, 11 cases showed some degree of failure and 6 died (55.5%);

of the 14 other cases in this group only two deaths occurred (14.3%). In



TABLE 10, (4)

TABLE 10, ‘B}
GROUP 4, GROUP B,
Male 5438 (40-71)years

GROUP A, GROUP B,
Sex No. Died Mortality No. Died | Mortality
Male 15 5 33% 22 6 27.2%
Female | 10 3 30% 3 1 33%
Totals | 25 8 32% 25 7 28%

%

58.7% (41-78) years

~ Female

63.3% (50-76) anfs

54,68 (4L1-65 )yqafs.

(a11)

Average

60.5 years

54.3 years




TABLE 11 (4).

EFFECT OF SHOCK ON SURVIVAL,

GROUP A, GROUP B,
Shock Died |Mortality | Shock Died |Mortality
Present 13 5 38,.4% Present 8 6 75%
Absent 12 3 25% Absent 17 1 6%

TABLE 11 (B),

EFFECT_OF FATLURE ON SURVIVAL,
GROUP A, GROUP B,
Failure Died |Mortality | Pailure Died | Mortality
Present 11 6 55.5%6 Present 7 | 5 71.4%

Absent 1, 2 1..3% Absent 18 2 11%




TABIE 12,

EFFECT OF PREVIOQUS HISTORY ON SURVIVAL,

GROUP A, GROUP B,

No. Died Mortalitﬁ No. Died Mortality
Present 15 |8 [53.3% 17 6 35.2%
Absent 10 0 0.0% 8 1 12.5%

TABLE 12 (A),
EFFECT OF PREVIOUS HISTORY (TYFE).

GROUP A. GROUP B.
Group No, |Died Mortality No., |Died Mortality
Prevs
History.
C.A.D. 11 5 45 4% 17 6 36%
Others. 4 3 75% 0 0 0.0%
A1l 15 8 53% 17 6 36%




TABIE 13,

EFFECT OF TYPE OF INFARCT ON SURVIVAL,

_GROUP A, GROUP B,
Major 22 31.8% 13 5 38.4%
Minor 3 23% 1 1 9%




2, Failure,

In Group A, 11 cases showed some degree of failure and 6 died (55.5%);
of the 14 other cases in this group only 2 deaths occurred (1#.5%). In
the Control Group, of 7 cases with failure, 5 died (71.4%); of those with

no failure (18) only 2 died (11%). (Table 11 B,),

3, Previous History.

15 Cases in Group A had a previous history of cardio-vascular disease,
and all 8 deaths occurred in this Group (53.3%).

In the Control Group 17 cases had a previous history‘and of these 6 died
(36%) leaving 1 death in 8 cases with no previous history (12,5%).
(Table 12, 124),

L., Type of Infarct,

22 cases in Group A had a major infarct 8&%, and among these there were
47 deaths, a mortality of 31.8%. In the Control Group there were 13 major
infarcts (52%) of whom 5 died (38,4%).

In a group of 3 with minor infarcts, 1 death occurred in the Treated
Group (33%) and there was 1 death in 11 minor infarcts in the Control Group

(9%). (Table 13).

Severity and Distribution of Cases.

Although cases of minor infarct occurred with shock, failure and a
previous history of cardio-vascular disease separately, it was unusual
for a combination of two or more features to occur unless there was a major
infarct., The higher incidence of major infafcts in Group A has resulted in
& higher proportion of severe cases in this group, despite the random

selection techniques, This is seen in Table 14 where 10 cases (40%) oceur



SEVERITY AND MORTALITY ACCORDING TQ CLINICAL FEATURES,

DISTRIBUTION ACCORDING TO SEVERITY,

GROUP A, GROUP B.
Score L 3 2 1 4 3 2 1
No. 7 13 |9 6 L |3 7 11
Died 5 1 1 1 L 1 1 1
Mortality|71% |33% |11% | 16% 100% |33% | W% 9%

Distri- 10 9 6 7 7 11
:bution, '
LO%  36%  2u% 28% 28% L%




TABLE 1

RELATION OF TYPE OF INFARCT AND PAST HISTORY,

GROUP A, GROUP B,
No. |Died| Mortelity] No. | Died Mortality
Yejor | 13 |7 | 53.8% 8 b 50%
Minor 2 1 50% 9 1 11%




in the severe grades 3 and 4 in Group A and 7 (28%) in Group B,

The overall distribution of cases in the Control Group is'very similar to
that of the cases in Group C, showing that according to the distribution

in Group A, this group contains an excess of severe cases, in which a higher
mortality rate is expected (Table 14 ). If an expected mortality is
calculated for groups £ and B from the mortality rates of Group C, according
to the distribution of severe cases, then 10,1 deaths should have occurred
in Group A where there were 8, and 7.69 deaths in Group B where there were
in fact 7 deaths, So that although there is an.impression that the treated
cases had some benefit among the severe cases, the overall death rate is
almost identical in the trial groups. In analysis of each of the clinical
features separately, the same impression of slight benefit is gained in the
treated groups although statistical tests show no significant difference
between the results, Only in respect of past history did the Control Group
-have a lower mortality, and this is entirely due to the distribution of

minor infarcts associated with this feature (Table 15).




CHAPTER 9,

EFFECT OF THERAPY ON RATE OF EVOLUTION OF INFARCT,

Action on myocardium,

Interpreted effect on car&iogram.


















































































































































































































































































