
Brit. Heart J., 1969, 31, 386.

Proceedings of The British Cardiac Society
THE AUTUMN MEETING of the British Cardiac Society
was held at the Royal College of Physicians, London,
on Thursday and Friday, 5 and 6 December 1968. The
President, Sir JOHN MCMICHAEL, took the Chair at
9.00 a.m. during Private Business. At the Scientific
Session which followed, the Chair was taken by SAMUEL
ORAM.

PRIVATE BusINEss

1. The President reported with deep regret the deaths
of Sir Henry Dale and P. T. J. O'Farrell.

2. The Minutes of the Annual General Meeting having
been published in the Journal (1968, 30, 869) were
taken as read and confirmed.

3. The Treasurer presented a brief interim report
indicating that the investments of the General Fund
remained at £529.2.0, the Deposit Account holding
£1100. A donation of £50 had been made to the
Society of Cardiological Technicians.

There had been some reduction in expenses as com-
pared with 1967 and some increase. Printing of
the booklet was £4.8.2. less than last year, being
£81.17.6. Printing showed an increase of C36.6.0.
mainly due to bulk re-ordering of printed cards.
Secretarial assistance was slightly increased at
£377.1.0 compared with £359.16.9 in 1967.

The Congress Fund investments remained at
£732.18.4, and as agreed at the last Council Meet-
ing £400 had been transferred from the General
Current Account to the Congress Deposit Account.
The cash at Bank representing dividends and
interest was £52.16.5.

The Thomas Lewis Lecture Fund investments re-
mained at £1173.10.3, and the cash at Bank
amounted to £52.2.3.

4. The Secretary reported that the Annual General
Meeting in 1969 would be held on 10 April in
Aberdeen.

5. The Secretary reported that the Autumn Meeting in
1969 would be held on the 13 and 14 November
at the Royal College of Physicians.

6. The Chairman of the Organizing Committee of the
VI World Congress of Cardiology, which is to be
held at the Royal Festival Hall in London from
6 to 12 September 1970, reported that arrange-
ments were far advanced for this meeting.

7. Goodwin presented the results of the questionnaire
sent to members of the Society in August regard-
ing their present grading by the Ministry and the
type of work-specialized cardiology, or general

medicine with a main interest in cardiology. 187
members had been circularized and 141 replies
received. The results indicated that 25 to 50 per
cent of those at present categorized by the Ministry
of Health as general physicians were in fact doing
specialized cardiological work. Goodwin thanked
the members warmly for their help and asked that
the figures should remain confidential to the
Society for the present. The analysis would be
discussed shortly with the Ministry of Health and
the Cardiological Committee of the Royal College
of Physicians, and members would be kept in-
formed.

After the Scientific Meeting on the Thursday the
St. Cyres Lecture, " Genetics and Congenital Heart
Disease", was given by Richard Emanuel.

The Society dined together at the Royal College of
Physicians, with Sir John McMichael in the Chair.
The guests included Dr. Max Schaldach and Dr. F. L.
Meijler. Sir John proposed the health of the guests;
and indicated a policy of keeping formal speeches to a
miinimum.

SOME EFFECTS OF MOTOR CAR DRIVING ON THE
NoRMAL AND ABNORMAL HEART

By P. I. Taggart, David Gibbons (both introduced), and
Walter Somerville

Preliminary observations showed that certain normal
persons driving motor cars in busy city traffic developed
heart rates of 120-130 a minute. Heart rates of 180-
200 a minute were recorded regularly in healthy racing
drivers immediately before and during competitive
high-speed racing, including the recent Le Mans race.
Plasma adrenaline and noradrenaline levels immediately
after a race were considerably higher than at rest. Cer-
tain persons with coronary heart disease who drive
through city traffic as part of the normal daily routine
showed no untoward effects, but others registered high-
grade sinus tachycardia when driving their own cars
along familiar routes. Some of them developed angina
pectoris, with the electrocardiographic signs of acute
ischaemia which subsided shortly after stopping the
car; one of them, a daily driver, developed pulmonary
oedema. Frequent multifocal ventricular ectopic beats
were recorded in two persons without palpitation or
other symptoms. The ventricular rate increased to
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170 a minute in two persons with digitalized atrial
fibrillation.
Some of the observations in the coronary subjects

have been supplemented by plasma catecholamine
estimations at rest and immediately after driving.

Possible implications of these findings were discussed
in relation to the long-term management of coronary
heart disease.

RHEUMATOID HEART DISEASE

By Julian Kirk (introduced), and John Cosh

Heart disease in a patient with rheumatoid arthritis
is usually due to coincidental and unrelated pathology.
However, true rheumatoid heart disease exists, in two
main forms, though its identification may be uncertain
without knowledge of the morbid anatomy.
The main specific form is a granuloma, having som-e

similarities to the classical subcutaneous nodule, which
may develop in valves, myocardium, or epicardium.
Aortic or mitral valve damage may result, or impairment
of conduction. Examples were described. Such lesions
are found in patients with chronic sero-positive rheu-
matoid disease of some years' duration.
The other main form, pericarditis, is commoner, but

of non-specific histology. Though described in 40 per
cent of rheumatoid patients coming to necropsy, peri-
carditis is not often noted clinically as its manifestations
are slight. In a review of 100 in-patients with rheuma-
toid arthritis at the Royal National Hospital for Rheu-
matic Diseases, evidence of active pericarditis was found
in 10. It may be found at any stage of rheumatoid
disease, is often symptomless, and may accompany
rheumatoid pleurisy. If an effusion forms, it is usually
not big, and tamponade is rare. It results in partial
or even total obliteration of the pericardial sac by light
fibrous adhesions, and occasionally leads to frank con-
strictive pericarditis requiring surgical relief.

CHANGING PATTERN OF DEATH IN
HYPERTENSION

By A. Breckenridge (introduced), and C. T. Dollery

The causes of death in treated hypertensive patients
have changed considerably over the past 16 years.
From 1952-1967, 1303 patients have been treated at
Hammersmith Hospital Hypertension Clinic, and 290
of these have died. From 1952-1959, an era when
ganglion-blocking drugs formed the mainstay of treat-
ment, renal failure was the commonest cause of death,
followed by stroke. From 1960-1967, myocardial in-
farction has become increasingly important as a cause
of death. In part this change is due to more patients
with severe hypertension being started on treatment in
the first period; but even in patients with treated malig-
nant hypertension, myocardial infarction now occurs
with increasing frequency. Most deaths from renal
failure and stroke occur in the early years after the start

of treatment, whereas myocardial infarction is com-
moner from the fourth year of follow-up onwards.
The over-all prognosis for patients with malignant

hypertension has improved in these two 8-year periods,
with 5-year survivals of 23 per cent in 1952-1959 and
35 per cent in 1960-1967. The outlook for patients
with grade 3 hypertension is, surprisingly, much better
than their grade 4 counterparts, and there is little differ-
ence in the two 8-year periods.

This study has shown a marked change in the mor-
tality from hypertension over these 16 years, and the
implications must influence our approach to antihyper-
tensive treatment.

SIGNIFICANCE OF ELECTROCARDIOGRAPHIC CHANGES
IN HYPERTENSION

By John Hamer, Elliot Shinebourne (introduced), and
James Fleming

In systemic hypertension inversion of the T waves in
electrocardiogram leads from the region of the left
ventricle is generally regarded as evidence of severe left
ventricular hypertrophy. The term "left ventricular
strain" that is sometimes given to this electrocardio-
graphic pattern implies that it may be associated with
a disturbance of left ventricular performance.
We have studied the blood pressure and cardiac out-

put response to exercise in 17 patients with hypertension.
Patients with ischaemic heart disease were excluded. In
8 patients the T waves in left-sided leads were inverted,
but the changes in blood pressure and cardiac output in
this group were similar to those found in patients with
upright T waves. Though inverted T waves were as-
sociated with higher systolic pressures, there is no
evidence that left ventricular function is impaired in
these patients.
The inverted T waves are probably an indication of

larger recovery phase voltages, secondary to the increase
in QRS voltage in left ventricular hypertrophy, rather
than evidence of ischaemic or metabolic disturbances in
the myocardium. The term "left ventricular strain"
should not be used to describe these alterations in the
electrocardiogram.

DIRECT ARTERIAL PRESSURE RECORDING
IN UNRESTRICTED MAN

By A. T. Bevan, A. J. Honour, and F. H. Stott
(all introduced by G. W. Pickering)

A small, portable apparatus is described capable of
recording systolic and diastolic arterial pressure directly
and continuously throughout the day and night. The
movements of the subject are unrestricted.

Continuous arterial pressure traces were obtained
from 22 subjects who included 8 normal subjects, 8
patients with essential hypertension in the benign, and
5 in the malignant phase. One subject had a phaeo-
chromocytoma. No subject was receiving drugs.
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A fall of arterial pressure during sleep was observed
in 20 of the subjects. No clear pattem of diurnal
rhythm was found.
The range of variation from the lowest to the highest

pressures in the course of an ordinary day is much
larger than has hitherto been expected. In all sub-
jects systolic pressure exceeded 150 mm. Hg at some
time during the 24 hours. In many subjects the highest
pressures were at least double the lowest.
The changes of arterial pressure during various activi-

ties are discussed.
The diastolic pressure showed less conspicuous varia-

tions than the systolic. Both systolic and diastolic
pressures varied less during sleep than in waking hours.

Five subjects, including three with malignant hyper-
tension, showed rhythmic slow waves of arterial pressure,
similar to the arterial waves described by Sigmund
Mayer.

SURGICAL TREATMENT OF EBSTEIN ANOMALY

By Ary Blesovsky

Six patients with Ebstein's anomaly were treated
surgically, one with a repositioning operation and five
by tricuspid valve replacement.
The clinical features were presented, and the surgical

anatomy described, with particular reference to the
operation of repositioning of the tricuspid valve.
The results in the six patients treated were discussed,

and the follow-up, varying from 18 to 6 months, was
reported.

LONG-TERM RESULTS OF
AORTIC VALVE REPLACEMENT

By James Fleming, J. Hamer, G. Hayward,
I. Hill, and 0. S. Tubbs

The results of aortic valve replacement with a Starr-
Edwards prosthesis in 74 patients were reviewed. The
operations were carried out over a period of five years.
The majority of the patients had severe calcific aortic
stenosis with left ventricular failure. The operative
mortality was 22 per cent, with a further 12 per cent
late deaths, and the causes of death were considered in
detail. Mechanical failure of the valve was responsible
for the death of only one patient.
Long-term follow-up has shown striking improvement

in symptoms and in the evidence of left ventricular
failure. Anticoagulant therapy has been given in al-
most all cases, and there have been very few embolic
or haemorrhagic accidents. The majority of the sur-
viving patients are leading normal lives, and some have
returned to active sports in spite of previous left ventri-
cular failure.
We regard the results of this operation as satisfactory.

The recent trend is to a lower operative mortality. The
low incidence of serious complications after the im-
mediate post-operative period suggests that the long-
term outlook for the survivors is satisfactory.

ASSESSMENT OF LEFT VENTRICULAR FUNCTION
IN PATIENTS wiTH AORTIC STARR-EDWARDS

PROSTHESES

By D. G. Gibson, G. Broder (both introduced),
and E. Sowton

A phonocardiographic method is described for
measurement of the force acting on the ball of a Starr-
Edwards prosthesis in the aortic position; this was found
to vary between 0-5 and 5 g. The effects of exercise,
drugs, dysrhythmias, and changes in heart rate induced
by ventricular pacing have been investigated, and altera-
tions in the response to mild exercise in the first few
weeks of the post-operative period have been followed.
Comparison with conventional haemodynamic measure-
ments shows that changes in the force acting on the ball
in early systole are a sensitive method of assessing ino-
tropic stimuli, and when induced by drugs, exercise, or
dysrhythmias are closely related to changes in heart
rate. It was possible to dissociate the two, however,
by ventricular pacing. The method appears to be of
value in assessing changes in left ventricular function,
particularly in the early post-operative period.

BLOOD VOLUME CHANGEs AFTER
CARDIAC SURGERY

By D. C. Fluck, L. Lopez Bescos, J. H. Esbenshade,
J. P. Miller, and R. Gilkes

(all introduced by D. C. Deuchar)

The blood volume has been measured in 16 patients
before and after aortic valve replacement. The
plasma volume was measured in all by 125I-labelled
human albumin. In 10 the red cell mass was also
measured using 51Cr-labelled red cells. Measurements
were made on the day before operation and serially
after operation up to the sixth post-operative day.
Simultaneous estimation of right atrial pressure, pul-
monary artery pressure, systemic pressure, and cardiac
output were also carried out with each measurement.

In the cases where both the red cell mass and plasma
volume were measured, it was found that there was a
good correlation between the direct estimation of whole
body haematocrit and its indirect derivation from the
mixed venous haematocrit using a standard correction
factor. This was so both before and after operation,
and confirmed the validity of the blood volume estima-
tion when only the plasma volume was measured.
The blood volume was usually decreased immediately

on return from theatre, but tended to rise to the pre-
operative level or above by the 2nd post-operative day.
This was probably related to the policy of maintaining
a high venous pressure by blood transfusion in the first
24 to 48 hours after the operation. After this the blood
volume tended to remain constant. There was usually,
however, a progressive fall in haematocrit caused by a
fall in red cell mass and a relative increase in plasma
volume, this being most marked on the 6th post-opera-
tive day. The serial measurements of red cell mass
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showed no evidence that there had been any sequestra-
tion of blood during the immediate post-operative
phase.
No close correlation was found between changes in

blood volume and right atrial pressures. However, the
policy of determining the blood requirements by the
maintenance of a high right atrial pressure appeared to
produce an adequate circulatory volume in the post-
operative period.

EVALUATION OF THE VINEBERG PROCEDURE

By E. B. Raftery and S. Oram

Clinical response as a means of assessing the value
of implantation of the intemal mammary artery is of
limited value because of the variable nature of angina.
A small series of patients has been carefully studied pre-
operatively by means of standardized exercise tests and
coronary arteriography. Serial observations of the
electrocardiogram and serum enzymes were made in
the immediate post-operative period. The exercise
tests were repeated at six-monthly intervals in the post-
operative period, and in addition blood flow in the
transplanted arteries was measured using an isotope
technique. At one year the arteriograms were repeated
and they included visualization of the implanted arteries.
The results of these studies were presented.

DEATHS FROM ISCHAEMIC HEART DISEASE OUTSIDE
HOSPITAL AND EXPERIENCE WITH A MOBILE

RESUSCITATION UNIT

By H. A. Dewar and M. Floyd (introduced)

To put experience with both a mobile and an in-
patient coronary care unit in perspective a three-month
survey was conducted in Newcastle upon Tyne on all
patients whose deaths were certified as being due to
ischaemic heart disease. The total number traced, 213,
correlated closely with the expected death rate for a
300,000 population city, and of these 62 per cent died
outside and 38 per cent inside hospital. Of the former,
no less than 68 per cent died within a few minutes or
were found dead, only 14 per cent had a classical story
of pain for 30 minutes or more, and 18 per cent were
patients, mostly aged, who died of heart failure. Only
primary prevention or fundamental treatment of ischae-
mic heart disease can now therefore make any major
impact upon mortality.

In the meantime a mobile emergency coronary re-
suscitation unit modelled on that pioneered by Pantridge
and Geddes in Belfast has been operating for nearly a
year. It is not expensive to run but presents some prob-
lems in staffing. Calls number about three per week
and the 100 cases seen in the first eight months have
been categorized into lives definitely saved (2), patients
substantially improved (13), appreciably improved (12),
deaths before arrival (7), deaths in the home despite
treatment (7), and patients not materially benefited (59).

The first 100 cases admitted to the in-patient intensive
care unit from the mobile emergency coronary re-
suscitation unit and other sources have provided a
higher proportion of lives definitely saved, but the two
units are complementary to each other.

PACING IN THE MANAGEMENT OF BUNDLE-BRANCH
BLOCK COMPLICATING ACUTE MYOCARDIAL

INFARCTION

By M. J. Godman, B. W. Lassers (both introduced),
and D. G. Julian

Complete bundle-branch block complicated acute myo-
cardial infarction in 68 patients managed in a Coronary
Care Unit. Of these, 21 patients subsequently de-
veloped complete heart block or ventricular asystole.
Of the first 37 of these patients, 12 developed complete
heart block or irentricular asystole, and in 8 patients the
onset of these complications was sudden and unexpec-
ted. Of the 8 patients, 6 died despite attempts at re-
suscitation.
To assess the value of pacing in the prevention of

such deaths, pacing electrodes were introduced prophy-
lactically as soon as complete bundle-branch block was
detected in the next 31 patients. Of these 31 patients,
9 developed complete heart block or ventricular asystole
and were paced. Despite effective electrical stimula-
tion only 1 of these 9 survived to be discharged from
hospital. Mechanically induced ventricular tachycardia,
ventricular fibrillation, or asystole complicated elec-
trode insertion in 9 of the 31 patients, though in no case
was the arrhythmia fatal.

Electrocardiographic features of bilateral bundle-
branch block were present in 12 of the 31 patients, and
8 of these subsequently developed complete heart block
while only 1 of the remaining 19 patients without evi-
dence of bilateral bundle-branch block did so.

It is concluded that there is no indication for the
prophylactic introduction of pacing electrodes in patients
with bundle-branch block unless there is evidence of
bilateral bundle-branch block, and even in these cases
the potential benefits are small and the risks at the time
of the introduction of the pacing electrodes high.

Two YEARS' EXPERIENCE WITH
IMPLANTED DEMAND PACEMAKERS

By Edgar Sowton, Tom Preston, Jose Barcelo,
and Raphael Balcon (the last three introduced)

Sixty fully implanted non-competitive pacemakers
have been used during the past 2 years. Approximately
equal numbers of ventricular-inhibited (demand) and
ventricular-triggered units were used. Reliability has
been excellent, with no failures due to electronic com-
ponents apart from battery faults in 3 pacemakers.
Battery lifetimes cannot be established since most pace-
makers continue in use, but are in excess of 18 months.
Functioning as a fixed rate unit has been confined to
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one type of pacemaker and is usually a temporary
post-operative problem.

Patients with implanted pacemakers were exposed to
small domestic electric motors in electric razors, hair
dryers, food mixers, and vacuum cleaners as well as to
physiotherapy diathermy. All appliances resulted in a
tachycardia in patients with ventricular triggered units,
but the rate was limited by the construction of the pace-
maker and no ill-effects occurred. Demand type pace-
makers could be inhibited by diathermy, with total loss
of pacing as a result: they were not affected by other
forms of interference.

INTEGRATED RESPONSE TO EXERCISE IN PATIENTS
WITH HYPERTROPHIC OBSTRUCTIVE CARDIOMYOPATHY

AND EFFECT OF fl-ADRENERGIC BLOCKADE ON
OXYGEN TRANSPORT

By R. H. T. Edwards, A. Kristinsson, and
D. A. Warrell

(all introduced by J. F. Goodwin)

Four women and two men with hypertrophic ob-
structive cardiomyopathy were exercised at one or more
submaximal levels seated on a cycle ergometer. " Steady
state" ventilation and gas exchange were measured
using an open circuit system. Percutaneous brachial
artery catheterization allowed continuous recording of
intravascular pressures and sampling blood for gas
tension and lactate. Cardiac output was measured
using an indirect Fick technique for C02. Subjects
were studied untreated, after intravenous propranolol
0.1 mg./kg., and subsequently after at least three months'
oral therapy (dose in all but one 240 mg./day). Before
treatment, working capacity was found to be low, with a
high heart rate, low cardiac output, and low stroke
volume. Excessive rise in blood lactate contributed to
increased ventilation. The rise in brachial artery mean
pressure was subnormal. ,B-adrenergic blockade pro-
duced by parenteral and oral propranolol resulted in
reduced heart rate, with a tendency to further reduction
in cardiac output despite an increased, though still sub-
normal, stroke volume in most subjects. Blood lac-
tates and intravascular pressures were as observed in
the pretreatment study. Though angina was abolished,
exercise tolerance was not improved and breathlessness
persisted.
The performance of the three subjects with large

outflow tract gradients did not differ from others with
little or no gradient.

MITRAL VALVE MOVEMENT IN
HYPERTROPHIC OBSTRUCTIVE CARDIOMYOPATHY

By R. B. Pridie (introduced), and Celia Oakley

The mechanism of the mitral regurgitation in hyper-
trophic obstructive cardiomyopathy and its haemody-

namic significance are still debated. It is known that
the left ventricular outflow tract gradient varies with
the degree of mitral regurgitation in an individual with
this disorder, and it has been suggested that the mitral
reflux may be important in the genesis of the left ventri-
cular obstruction; lessening of the regurgitation being
associated with relief of outflow obstruction.

Ultrasonic records of the movement of the anterior
mitral cusp have clarified the mechanism of this mitral
regurgitation. In 12 cases of proven hypertrophic
obstructive cardiomyopathy the cusp returned to the
open position during systole after normal systolic
closure. In only one patient with this diagnosis was
the abnormal movement absent, and this was a post-
operative patient maintained on propranolol.

It is postulated that excessive or premature contrac-
tion of the anterior papillary muscle is responsible for
the reopening of the valve by pulling the cusp into the
diastolic position during systole. At the same time
obstruction to outflow occurs when the deformed papil-
lary muscle apposes the interventricular septum.

Systolic reopening of the mitral valve has not been
seen in mitral regurgitation of other aetiology nor in any
condition except hypertrophic obstructive cardiomyo-
pathy, and it may therefore have diagnostic as well as
theoretical importance.

ANGIOGRAPHIC ASSESSMENT OF
CONGESTIVE CARDIOMYOPATHY

By R. S. Croxson and M. J. Raphael
(both introduced by J. F. Goodwin)

The term "congestive cardiomyopathy" has been
used to classify patients with a primary myocardial dis-
order presenting with cardiomegaly and heart failure of
unknown origin without associated systemic disease.
Adequate information was available from angiocardio-

graphy in 20 out of 70 patients evaluated clinically as
congestive cardiomyopathy.

Left ventricular volumes, left ventricular free wall
thickness, left ventricular muscle mass, and derived
measurements were determined by Grant's modifica-
tion of Arvidsson's (Grant, et al., 1968) technique from
biplane antero-posterior and lateral films exposed at a
rate of 6 sec. after the injection of contrast material in
the pulmonary artery, left atrium, or left ventricle.

Left ventricular end-diastolic volume varied from
124-338 ml./m.', average 191 ml./m.2 (normals 64-96,
average 86 ml./m.2); left ventricular end-systolic volume
74-307 ml./m.2, average 151 ml./m.2 (normals 21-34,
average 29 ml./m.2); ejection fraction 0-45-0-09, average
0-21 (normal 0-63-0-72, average 0-68); left ventricular
mass 161-340 g./m.2, average 238 g./m.2 (normals
74-117, average 88 g./m.2); and left ventricular free wall
thickness 8-0-15-0 mm., average 11-5 mm. (normals
7 0-11-0, average 8-7 mm.).
Out of the 20, 7 have died, and analysis of the figures

suggests a poorer prognosis in those with larger left
ventricular end-diastolic volume (greater than 200
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ml./m.2), reduced ejection fraction (less than 0-16),
and normal or only slightly increased left ventricular
wall thickness (less than 10-5 mm.).
The interpretation of these results, with particular

reference to the presence and/or development of myo-
cardial hypertrophy as a compensatory mechanism in
heart failure, was also considered.

REFERENCE

Grant, C., Raphael, M. J., Steiner, R. E., and Goodwin,
J. F. (1968). Cardiovasc. Res., 2, 346.

PRESSURE FLOW STUDIES IN MAN
DURING VENTRICULAR PACING

By Alexander Harley and Joseph L. Greenfield
(introduced by D. W. Barritt)

Phasic pressure and flow were measured by the pres-
sure gradient technique at a variety of controlled heart
rates in 5 patients having complete heart block and 4
patients with atrioventricular dissociation induced by
ventricular pacing. Using these methods the inde-
pendent effects ofheart rate and stroke volume on various
haemodynamic parameters were examined. There was
a close direct linear correlation between stroke volume
and duration of ejection at fixed ventricular rates, and
an inverse relation between heart rate and duration of
ejection at given stroke volumes in each patient. Dura-
tion of systole was inversely related to heart rate at
given stroke volumes and directly related to stroke
volume at fixed heart rates. Multiple regression analy-
sis indicated that stroke volume was the major determin-
ant of duration of ejection, and heart rate the major
determinant of duration of systole in these patients.
Pulse pressure and stroke volume were closely correlated
in each patient. Multiple correlation of stroke volume,
with duration of ejection, heart rate, and pulse pressure
for pooled data from all 9 patients gave a correlation
coefficient of r=0-95. This study provides a closer
definition of the phases of systole in man than was
formerly possible.

FLUID MECHANICS OF THE AORTIC VALVE

By B. J. Bellhouse and K. G. Reid
(both introduced by G. deJ. Lee)

With the use of a rigid-walled model of the aortic
valve, and a pulse simulator, vortices are shown to form
in the sinuses of Valsalva, and at the end of systole the
valve is almost closed. By contrast, a model valve
without sinuses is shown to close unevenly and permit
considerable regurgitation.
A theory of valve closure, based on dynamic pressure

recovery in the sinuses, is advanced. The theory
suffices to explain the high efficiency of the aortic valve
over a wide range of operating conditions, and its com-
mon design in mammals.

The coronary ostia are always located within the
sinuses of Valsalva, in order to enhance systolic coronary
flow. When the aortic root is dilated, or the aortic
valve is stenosed, it is shown that reduction in coronary
flow could result.

INSTANTANEOUS VELOCITY MEASUREMENT IN MAJOR
BLOOD VESSELS: ITS VALUE IN THE STUDY OF NORMAL

AND ABNORMAL CIRCULATION

By B. J. Bellhouse (introduced), A. J. Gunning, and
G. de J. Lee, and D. L. Schultz and D. S. Tunstall

Pedoe (both introduced)

A method of measuring the local instantaneous velo-
city of blood flow, using a thin film resistance anemo-
meter mounted on a catheter or needle, is described.
The importance of mapping the velocity distribution

across blood vessels is discussed in relation to the
theoretical basis for methods of bulk flow measurement.
The value of the method in demonstrating turbulence
and local velocity disturbances is also mentioned.

Experimental results from dogs and the results from
preliminary studies at cardiac catheterization and at
open heart surgery are presented.
The effects of valve stenosis and incompetence on

the blood velocity and its distribution across the major
vessels are shown, as are the effects of surgical treat-
ment by valvotomy and insertion of prosthetic valves.
Possible other uses of the method are suggested.

MEASUREMENT OF INSTANTANEOUS BLOOD FLOW
VELOCITY AND INTRAVASCULAR PRESSURE WITH A
CATHETER INCORPORATING AN ELECTROMAGNETIC

VELOCITY PROBE

By C. J. Mills, D. T. Mason, J. Gault, J. Ross, Jr.,
(all introduced), I. T. Gabe, E. Braunwald, and

J. P. Shillingford

A new catheter, having an electromagnetic velocity
probe at its tip and capable also of measuring intra-
vascular pressure, was used during diagnostic right and
left heart catheterization. The No. 8 cardiac catheter
contained an axially wound coil at its tip, and pressure
was measured through a central core. Twenty-three
patients were studied, 9 having valvular lesions and 14
having myocardial or ischaemic heart disease. Blood
flow velocity was measured in the aorta in 12, in the
pulmonary artery in 12, and in the venae cavae in 16
patients; in 9 patients angiographic visualization of the
pulmonary artery and aorta also was obtained. Using
an in vitro calibration, average peak and mean velocities
were recorded in the venae cavae, pulmonary artery,
and the ascending aorta. Cardiac output was measured
by the indicator dilution method and also from the
product of mean velocity and the aortic or pulmonary
artery diameters. No complications occurred and the
output of the probe was stable and reproducible. This
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instrument provides a new and practical approach to
the study of instantaneous blood flow velocity, intra-
vascular pressure, and blood flow in the central circula-
tion of intact human subjects.

QUANTITATIVE INDEX OF BAROREFLEX ACTIVITY IN
NORMAL AND HYPERTENSIVE SUBJECTS USING

VALSALVA'S MANOEUVRE

By T. G. Pickering (introduced) and P. Sleight

The rise in arterial pressure after the release of
Valsalva's manoeuvre or injecting phenylephrine pro-
duces a reflex bradycardia. During such pressure
transients there is a linear relation between systolic
pressure of successive beats and the pulse interval
which begins the next beat, and the slope of this line
represents an index of baroreflex sensitivity. On the
overshoot phase of Valsalva's manoeuvre bradycardia
only occurs when the pressure exceeds a threshold equal
to the resting systolic pressure.

In 15 subjects the slopes for both phenylephrine and
Valsalva's manoeuvre were negatively correlated with
their resting mean arterial pressures (p < 0 01), the slopes
obtained by Valsalva's manoeuvre being 2-7 times
steeper than those with phenylephrine (p < 0-001) due to
a greater and more rapid change of pulse pressure over
a similar range of systolic pressure.

In 2 subjects with atrial septal defect and 1 with
pulmonary stenosis, the Valsalva slopes were not
steeper than those with phenylephrine, with slower and
smaller changes of pulse pressure when compared with
the normal subjects.

It is concluded that (a) hypertensive subjects show
diminished baroreflex sensitivity and (b) the barorecep-
tor mechanism responds to changes in pulse pressure
and rate of rise of pressure, as well as systolic pressure.

CHANGES IN MYOCARDIAL BLOOD FLOW AND OXYGEN
CONSUMPTION DURING ExPOSURE TO HYPERBARIC

OXYGEN

By T. I. McBride, J. P. Vance, and
I. McA. Ledingham

(all introduced by J. B. McGuinness)

Myocardial blood flow was measured in intact anaes-
thetized dogs using a '33Xenon clearance technique.
Oxygen consumption of the myocardium was calculated
from blood flow and from the coronary arteriovenous
oxygen content difference.

In the first group of 11 animals a rapid change in the
inspired oxygen pressure from that of air (PAO2 90-100
mm. Hg) to 100 per cent oxygen at 2 atmospheres
absolute (mean PAO2 1000 mm. Hg) was associated with
a reduction in myocardial blood flow of 25 per cent:
oxygen consumption was reduced by 29 per cent.

In a second group of 11 animals, oxygen at 2 atmos-
pheres was administered for a mean period of 3 hours.
Myocardial blood flow, after the initial 25 per cent
reduction, continued to fall, and oxygen consumption
behaved in a similar manner. Three dogs showed
evidence of AV association during exposure to hyper-
baric oxygen. Cardiac output studies (indocyanine
green) on the final 3 dogs of the group showed a fall in
output ranging from 20-50 per cent.

This study confirms that a high partial pressure of
oxygen influences myocardial blood flow and oxygen
consumption. The possibility of a toxic action on the
myocardium cannot be excluded. Daniell and Bagwell
have recently shown a fall in coronary blood flow and
isometric systolic tension in dogs breathing 100 per
cent oxygen at normal pressure.

In view of the present interest in oxygen therapy in
heart disease, the possibility of harmful effects from
prolonged administration of this gas merits further
investigation.
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EXPERIMENTAL MYOCARDIAL INFARCTION:
A COMPARISON OF MYOCARDIAL FLOW RATES
IN THE VICINITY OF THE INFARCT WITH THAT

IN MoRE DISTANT MUSCLE

By V. J. Redding and J. Russell Rees

Using '33Xenon clearance in dogs, tissue flow rates
and vascular resistances in the circumflex and anterior
descending branches of the left coronary artery were
found to be the same, with an identical capacity for
maximum vasodilatation in each. In contrast, right
coronary flow rates were less.

In another group of animals acute myocardial infarc-
tion was caused by tying the anterior descending artery.
A small catheter was inserted distally beyond the ob-
structed artery into the infarct, and another proximally
towards the anterior ventricular artery supplying ad-
jacent left ventricular muscle. The ends of both were
brought out as the chest was closed. Another catheter,
positioned radiographically, was left in the mouth of
the circumflex artery supplying left ventricular muscle
elsewhere. '33Xenon was then injected to measure the
rates of myocardial blood flow in muscle adjacent to.
the infarct, in more distant muscle in the circumflex
distribution, and within the infarct itself. These were
determined serially for 4 hours. A constant finding
was that adjacent exceeded circumflex flow rates through-
out by 6-43 per cent (average 20%), regardless of
changes in blood pressure, either spontaneous or in-
duced. The difference was abolished by coronary
vasodilators and was not related to the collateral flow
rate.
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FUNCTIONAL DISTRIBUrION OF SYMPATHETIC AND
PARASYMPATHETIC NERVES TO noi HEART

By H. M. Snow, C. M. Furnival (both introduced),
and R. J. Linden

Activity in the sympathetic nerves to the heart is
known to produce positive chronotropic and inotropic
effects. Stimulation of the parasympathetic nerves re-
sults in a negative chronotropic response; the existence
of a negative inotropic effect on the ventricular myo-
cardium has been denied (e.g. Bayliss and Starling,
1892; Sarnoff et al., 1960), but more recent observations
have suggested that there is a direct negative
inotropic effect on the ventricular myocardium (De-
Geest et al., 1965). In the anaesthetized dog, using
a preparation in which heart rate and mean aortic
pressure could be controlled, the chronotropic and ino-
tropic effects resulting from the stimulation of the ansae
subclavae and the vagus nerves have been examined.
The maximum rate of rise of pressure in the left

ventricle has been used as an index of inotropic changes
in the left ventricle (Furnival, Linden, and Snow, 1968).
We were unable to demonstrate any direct inotropic
effect on the ventricular myocardium as a result of
vagal stimulation. Stimulation of the right cardiac
sympathetic nerves resulted in a large increase in heart
rate and a small positive inotropic effect, but stimulation
of the left cardiac sympathetic nerves resulted in a rela-
tively greater inotropic response.
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EFFECT OF GLUCOSE AND INSULIN ON THE FAILING
MYOCARDIUM IN AN ISOLATED HEART PREPARATION

By M. G. Sheldon (introduced), M. V. Braimbridge,
and A. J. Clement (introduced)

After reports of the efficacy of 50 per cent glucose
and insulin on arrhythmias after myocardial infarction
and on myocardial function after cardiopulmonary by-
pass, it was decided to test their effect on myocardial
contractility in an isolated heart preparation. The
canine heart was isolated by perfusing the aortic root
at a constant pressure from a small disk oxygenator.
A lax balloon was inserted into the left ventricle through
the mitral valve and the pressure of the isovolumic beats
monitored, the signal being split to measure systolic
pressure, end-diastolic pressure on an expanded range,
and dp/dt. The sino-atrial node was crushed and the
9

atrium paced at 140 beats a minute. Other parameters
measured were coronary blood flow, temperature,
electrocardiogram, electrolytes, blood glucose, and
plasma haemoglobin.

Ventricular function curves were calculated by in-
serting 2 ml. increments of water into the balloon, and
plotting developed pressure against end-diastolic pres-
sure. The part of the curve between 0 and 12 mm. Hg
end-diastolic pressure was found to be a straight line,
as was shown by Sarnoff and Berglund (1954), and its
slope deteriorated with time as in all isolated heart
experiments. Calculation of the regression equation
for the straight line allowed the figure which represented
the slope to be used as a quantitative measure of
ventricular function.

After establishing the rate of deterioration of the
preparation, 50 per cent glucose and insulin or glucose
or insulin alone were added to the oxygenator. An
immediate improvement in ventricular function occurred
with each but much the greatest improvement occurred
when glucose and insulin were given together. The
improvement was not related to increased coronary
flow.
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SOME EFFECTS OF BYPASS SURGERY ON MYOCARDIAL
AND SKELETAL MUSCLE ELECTROLYTES AND THEIR

CLINICAL IMPORTANCE

By Peter Taggart and J. D. H. Slater
(both introduced by Walter Somerville)

Reluctance of the myocardium to take over the
circulation at the end of bypass, and important post-
operative arrhythmias, occur not infrequently, and often
in a manner disproportionate to the degree of surgical
intervention. Though a relation between potassium
and post-operative arrhythmias has been suspected for
a number of years, its nature remains obscure. We
have undertaken a study to investigate further the
relation between electrolyte distribution and myocardial
behaviour, with particular reference to a comparison of
myocardial and skeletal muscle electrolyte composition
before and after bypass.
We report our findings on a group of 21 patients that

we have studied in respect of the following investiga-
tions: total exchangeable sodium and potassium; serum
sodium and potassium; myocardial and skeletal muscle
sodium and potassium both before and after bypass;
the behaviour of the myocardium after bypass; and the
clinical picture.
The myocardial potassium fell during bypass from a

mean value of 6-4 (± 0 45 (SEM) n= 9) to a mean value
of 3-06 (± 0*33 (SEM) n= 9) expressed as milli-equiva-
lents per 100 g. fat free wet weight. The implications
of this together with the other findings are discussed
from both the clinical point of view and in terms of the
physiological behaviour at the cell membrane.
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POTASSIUM Loss, VENTRICULAR ARRHYTHMIAS, AND
METABOLIC EFFECTS OF LIGNOCAINE IN EXPERIMENTAL

MYOCARDIAL ISCHAEMIA

By M. Thomas, V. Young, P. Owen, and L. Opie
(all introduced)

The subject of potassium loss from infarcted heart
muscle, its relation to the onset of ventricular arrhyth-
mias and to interference by various therapeutic measures,
is controversial.

Studies have been made in dogs with an experimental
preparation which allows the measurement of arterio-
venous differences of potassium and other substances
across a small area of heart muscle, before and after
ligature of the local artery. Less than 10-15 per cent
of the heart muscle is rendered ischaemic and minimal
interference with whole heart function follows.

In an open chest dog, a PE60 polyethylene catheter
is inserted by Seldinger method into the vein accom-
panying the anterior ventricular branch of the left
descending coronary artery. Systemic arterial and
coronary sinus catheters are inserted beforehand.
Serial blood samples are taken before and after ligature
of the local artery. The electrocardiograph is con-
tinuously monitored from an epicardial electrode in the
ischaemic area.

In association with potassium estimations, measure-
ments of glucose, lactate, pyruvate, inorganic phosphate,
and free fatty acids were made.

Experiments involving one to three arterial ligatures
were performed and the relations between potassium
loss and the occurrence of ventricular ectopic beats,
ventricular tachycardia, and ventricular fibrillation
were examined. The metabolic effects of lignocaine
were studied in relation to its antiarrhythmic action.

Results from local coronary venous blood samples
were systematically compared with those from coronary
sinus blood. Previously reported data have been mis-
leading owing to the venous admixture which occurs
in the great coronary vein and coronary sinus.

EFFECT OF SPIRONOLACTONE ON BODY POTASSIUM
IN HEART FAILURE AND HYPERTENSION

By Roger White, Joan McAlister (both introduced),
and John Hamer

Spironolactone, an aldosterone antagonist, is believed
to differ from other diuretics in that it does not produce
potassium loss. The effect of this drug on body potas-
sium has been studied in patients with heart failure and
hypertension.

Seven patients with severe rheumatic heart disease
were treated for one month with spironolactone, 150 mg.
daily. A rise in the plasma potassium was seen in all
cases, but the exchangeable potassium was not signifi-
cantly altered.
Twelve patients with essential hypertension were

given the same dose of spironolactone for 10 weeks.
The plasma potassium again increased, but in 8 of the

patients there was a significant fall in exchangeable
potassium while in the remaining 4 the levels were un-
changed. Preliminary studies indicate that, though
there is an initial fall in the daily urinary excretion of
potassium, there is an increase to above the pre-treat-
ment level after 10 days.
These findings indicate that spironolactone acts on

the cell membrane to alter the distribution of potassium
between the intracellular and extracellular compart-
ments. Though exchangeable potassium is not in-
creased by the drug, the consistent rise in plasma level
is useful in the management of patients receiving
diuretics which may produce hypokalaemia.

NATURAL HISTORY OF
CONGENITAL PULMONARY STENOSIS

By Maurice Campbell

Congenital pulmonary stenosis seems less benign and
more often progressive in its effects than I thought
before reviewing this evidence. Several papers sug-
gest a good outlook and that mild cases (with right
ventricular systolic pressure less than 70 mm.) get on
well. No doubt this is often true for 20 years and per-
haps sometimes for 30, but not often up to 50 years
when only 12 per cent of the total are still living.
Moderate and severe cases do much less well.
The mortality rates for all subjects together rise from

2 per cent per annum in the first decade to 3-4 per cent
in the third, 6 per cent in the fourth, and 7 per cent
per annum in the fifth and later decades. Up to the
age of 40, the deaths are 20 times as many as would be
expected in the general population. Comparing these
figures with the age of reported deaths it seems almost
certain that the mean age of death is 24-5±4-5 years,
and that only 19 ± 7 per cent live to the age of 40 years.
The incidence of bacterial endocarditis in patients with
pulmonary stenosis is about 0 9 per cent per annum,
the same as for congenital aortic stenosis.

In the 24 patients who were recatheterized after an
interval of from 3 to 10 years the average rise of right
ventricular systolic pressure was at the rate of 80 mm.
a decade. If this rise were divided among the whole 84,
including the 60 who showed no change, it would still
be at the rate of 23 mm. a decade.

In my view, gradients of 40 mm. or more call for
pulmonary valvotomy, because sooner or later the
patient will become worse. When possible, operation
should be done before the patient is 17 because after
this there is often improvement rather than cure. This
is probably because fibrotic changes have developed in
the right ventricular muscle by that time.

COXSACKIE VIRUS AND HEART DISEASE

By R. W. B. White (introduced by H. A. Dewar)

I have collected a series of cases of heart disease of
unknown aetiology seen from August 1968 onwards.
This series includes cases of acute pericarditis, myo-

394

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.31.3.386 on 1 M
ay 1969. D

ow
nloaded from

 

http://heart.bmj.com/


Proceedings of the British Cardiac Society

carditis, and chronic cardiomyopathy, of both the con-
gestive and hypertrophic-obstructive varieties. The
cases have been collected from all over the North-East
region, through the generous co-operation of regional
physicians, but mainly from the two cardiological
centres in Newcastle. A control series has been col-
lected of patients suffering from diseases of a known
non-virus aetiology, mainly myocardial infarction, and
valvular heart disease. Attempts have been made to
recover viruses from three specimens of faeces collected
as early as possible in the illness. Acute stage blood
and a convalescent specimen some three weeks later
have been collected for the measurement of neutralizing
antibody levels to Coxsackie virus, Group B, types 1
to 6. Difficulties in achieving a virological diagnosis
are discussed. Description of cases and results so far
available are given.

In the controversy about the pathogenesis of acute
benign pericarditis, with protagonists suggesting an
auto-immune mechanism and antagonists favouring a
direct virus invasion of the heart, it is suggested that
both mechanisms can occur. Analogy is drawn to the
situation in virus encephalitis. Some estimate of rela-
tive incidence is attempted.

USE OF LONG-ACTING QUINIDINE IN MAINTAINING
SINUs RHYTHM AFTER ELECTROCONVERSION OF

ARIUAL DYSRHYTHMIAS

By Leon Resnekov, Salvador Waich and Derek Gibson
(both introduced), and Lawson McDonald

The use of sustained-release quinidine (Kinidin
durules) controlled by quinidine blood levels in main-
taining sinus rhythm was studied in 24 patients, ofwhom
11 had rheumatic heart disease, 4 coronary heart dis-
ease, 2 cardiomyopathy, and 1 congenital heart disease.
The dysrhythmia was "lone" in 6.

Atrial fibrillation (18 patients), atrial flutter (5), and
paroxysmal atrial tachycardia (1) were initially converted
to sinus rhythm by synchronized direct-current shock.
All 24 patients subsequently relapsed to their dys-
rhythmia; the mean duration of sinus rhythm was 3'8
months (SD 5-313, SE 1-085). A second electro-
conversion was then undertaken and was preceded and
followed in all 24 patients by the administration of
long-acting quinidine. The dose was gauged by the
level of quinidine in the blood. These patients have
been followed for periods up to 24 months. The mean
duration of sinus rhythm was 7-1 months (SD 7 39,
SE 1X51). Twelve patients have remained in sinus
rhythm for a significantly longer period on long-acting
quinidine, 8 reverted to their dysrhythmia in a shorter
time, despite adequate blood levels of quinidine, and
in 4 patients the length of time in sinus rhythm was
unchanged.

It is concluded that Kinidin durules have no marked
benefit in maintaining sinus rhythm even when an
optimal dose, controlled by frequent blood levels, is
administered.

SHUNT TIMING IN VENTRICULAR SEPTAL DEFECTS
USING THE FIBEROPTIC CATHETER

By Katherine A. Hallidie-Smith, and B. S. L. Kidd
(introduced)

The fiberoptic technique developed by Enson et al.
(1962) makes possible the continuous measurement of
oxygen saturations. This method was used at the
time of routine cardiac catheterization and angiocardio-
graphy to study shunt timing in 27 children with ven-
tricular septal defect occurring either as an isolated
lesion or in combination with pulmonary stenosis,
aortic regurgitation, or tetralogy of Fallot. Additional
information was obtained by recording the analogue
differential of the right and left ventricular pressures
and, during cine-angiography, a triggered marker timed
events in the cardiac cycle simultaneously with the
continuous oxygen saturation estimations.

Definite patterns of systolic and diastolic left-to-
right shunting emerged, related to the size of the defect,
ventricular pressure relation, and the presence of any
obstruction to right ventricular ejection at the outflow
tract or in the pulmonary vascular bed. Limited in-
formation was obtained on right-to-left shunting.
The findings in this study outline the contribution of

this method towards the understanding of intracardiac
haemodynamics in congenital heart disease. It may
also prove useful in exercise studies and in the investiga-
tion of factors influencing the pulmonary vascular
resistance.
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PATHOLOGICAL SIGNIFICANCE OF
ELECTROCARDIOGRAPHIC CHANGES IN

AORTIC VALVE ENDOCARDITIS

By N. K. Roberts (introduced), and Jane Somerville

Changes in serial electrocardiograms from 24 patients
with infective endocarditis on the aortic valve have
been correlated with the pathology found at necropsy
and open heart surgery.

Prolongation of the P-R interval, unrelated to digi-
talis therapy, developed during the illness in 18 and
complete atrioventricular dissociation subsequently oc-
curred in 4. Deep infection in the non-coronary sinus
with aneurysm formation was present in 16 of these.
Four of 6 patients with long P-R intervals who developed
left bundle-branch block died suddenly and all had
burrowing aneurysms into the interventricular septum
with a perforation in one. Three out of 4 patients with
a normal P-R interval who developed left bundle-branch
block also had an aneurysm invading the interventri-
cular septum.
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Four patients showed multifocal ventricular ectopic
beats, with concomitant electrographic evidence of
infarction, and died within 2 to 18 days after their
appearance. Necropsy confirmed the presence of
coronary embolism in two and ischaemic myocardium
in one.
The development of long P-R interval, complete

heart block, left bundle-branch block, or multifocal
ventricular ectopics during the course of infective
endocarditis on the aortic valve are the result of serious
pathological changes and are associated with a grave
prognosis.

SYSTEMIC EMBOLISM IN
RHEUMATIC HEART DISEASE

By William Gray (introduced), Arthur Kitchin,
Andrew Logan, and Richard Turner

A study of systolic embolism has been made in more
than 1000 patients with rheumatic heart disease. The
principal series comprises 800 consecutive patients
undergoing valvotomy for severe mitral stenosis, of
whom 154 required a second valvotomy and 30 valve
replacement for restenosis. In addition, 27 patients

were found, at operation for stenosis, to have also signifi-
cant mitral incompetence, and 85 were treated by repair
for incompetence. Brief mention is made of patients
with embolism not treated surgically.
The incidence of operative, pre-operative, and post-

operative embolism is analysed, exclusive of embolism
after open-heart surgery. The conditions favouring
thrombosis in the auricle and atrium have been analysed.
Pre-operative embolism occurred in 115 of the 800
patients, operative embolism in 40, and subsequent
embolism in 81. The falling incidence of operative
embolism is attributed mainly to technical modifica-
tions including use of the transventricular dilator.
Pre-operative anticoagulants were given only to 40
patients, all of whom had experienced recent embolism.
Their value is unproven.
A past history of embolism and the presence of clot

at operation bore no close relation to the size of the
auricle as judged radiographically and at operation.
Subsequent embolism is related to persistence of pre-
operative factors, to the post-operative development of
fibrillation, and to restenosis.
As a pilot study of the long-term anticoagulant treat-

ment of patients with rheumatic heart disease, multi-
centre trials should be carried out on patients especially
predisposed to embolism.
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