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THE AUTUMN MEETING of the British Cardiac
Society was held at Imperial College, London, on
Thursday and Friday 4 and 5 November 1976. The
President, W. SOMERVILLE, took the Chair during the
private business. At the scientific sessions the Chair was
taken by J. P. SHILLINGFORD. The three finalists in the
competition for the Young Research Workers' Prize were
Angela J. Drake, M. Afzal Mir, and Andrew P. Selwyn.
The Prize was won by M. Afzal Mir. Special symposia
were chaired by H. WATSON, M. F. OLIvER, and L.
ABRAMS.

Abstracts of Papers

Left ventricular wall thickness changes in
normal subjects and patients with ischaemic
heart disease

D. G. Gibson, T. A. Traill, and D. J. Brown
Cardiac Department, Brompton Hospital, London

In order to assess changes in left ventricular wall thick-
ness, angiograms were digitised frame by frame from 10
normal subjects and 20 patients with anterior wall
motion abnormalities caused by ischaemic heart disease.
The timing of changes in wall thickness was compared
with those of cavity area. In normal subjects, peak
systolic rate ofincrease ofwall thickness was 8 5 ±3 cm/s,
and of reduction during filling 10-5 ±4 cm/s. Changes
were synchronous with those in cavity area, in that the
onset of wall thickening coincided with that of ejection,
and peak wall thickness corresponded with minimum
cavity area (±20ms). During isovolumic relaxation,
wall thickness fell by 3±2 mm before mitral valve
opening, and rapidly thereafter until the end of the rapid
filling period. In patients with ischaemic heart disease,
anterior wall hypokinesis was associated with reduced
rate and amplitude of wall thickening, as well as delayed
onset. During isovolumic relaxation, major abnor-
malities of wall dynamics were observed, leading to
significant changes in left ventricular cavity configura-
tion. These latter were related to the pattern of coronary
arterial involvement. In summary, changes in wall
dynamics during systole and particularly during iso-
volumic relaxation can be used to detect localised
abnormalities of left ventricular function.

Abnormal wall movement in left ventricular
aneurysm

T. A. Traill, M. G. St. J. Sutton, D. J. Brown, and
D. G. Gibson
Cardiac Department, Brompton Hospital, Fulham
Road, London SW3 6HP

It is widely held that the primary abnormality in left

ventricular aneurysm is abnormal outward wall move-
ment during ejection. Using a comprehensive computer
display, analysis of left ventricular cineangiograms from
40 patients with surgically confirmed aneurysms showed
that any such systolic outward movement was unusual
and of low amplitude. The most conspicuous abnor-
malities occurred during the isovolumic periods in the
regions of 'good' myocardial function. Between end-
systole and angiographic mitral valve opening there
invariably occurred abnormal outward movement of
those regions of wall at the base exhibiting the greatest
overall excursion. This was confirmed by echocardio-
graphy in 15 patients who showed a mean increase of
dimension before the 0 point of the apex cardiogram of
71 per cent of the total, compared with 21 per cent in
normals (P < 0-001), and delay in mitral valve opening by
60 ms (P < 0-01). In isovolumic contraction, particularly
in patients with more diffuse disease, echocardiograms
showed abnormal inward movement (mean 38% of total
excursion, normal 6%, P<0-01), indicating asynchro-
nous onset of contraction, also confirmed by angiographic
plots. In summary the most characteristic wall movement
abnormalities in left ventricular aneurysm occur in the
isovolumic periods and their identification may prove
valuable in preoperative assessment. 'Typical aneurys-
mal behaviour' is rare.

Echophonocardiographic assessment of right
ventricular contraction in right bundle-branch
block

N. Brooks, G. Leech, and A. Leatham
Department of Cardiology, St. George's Hospital,
London SW1

The relation between electrical and mechanical events
of the cardiac cycle was studied in patients with right
bundle-branch block. Using simultaneous high resolu-
tion echo and phonocardiography, the time intervals
from mitral to tricuspid valve closure (Mc-Tc) and from
tricuspid closure to full opening of the pulmonary valve
(Tc-Po) were measured in 15 patients and in 20 normal
controls. Six patients with a normal Tc-Po interval had a
Mc-Tc of between 52 and 66 ms, all exceeding the
normal range of 12 to 50 ms. In 9 patients Tc-Po
exceeded the normal range of 30 to 57 ms and in 4 of
these Mc-Tc was also prolonged.

Thus, the electrocardiographic appearance of right
bundle-branch block may be associated with:
(a) Delayed onset of right ventricular contraction, shown

by long Mc-Tc and wide splitting of first heart
sound.

(b) Normal onset, but reduced velocity of right ventri-
cular contraction, shown by long Tc-Po but normal
Mc-Tc and normal first heart sound.
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(c) Both delayed onset and reduced contraction velocity.
It is suggested that the variable patterns of contraction

correspond to different sites of conducting system
disease; late onset indicating proximal damage and
reduced velocity indicating 'arborisation block' analog-
ous to that described for left bundle-branch block.

Cross-sectional echocardiography in mitral
prolapse

Christine Rodger, R. A. Lerski, and Patricia Morley
Medical Division, Stobhill General Hospital;
Department of Diagnostic Radiology, Western
Infirmary; Department of Clinical Physics and
Bioengineering, Glasgow

Multiple beam cross-sectional echocardiograms were
recorded in 13 patients with clinical and single beam
echocardiographic findings consistent with mitral
prolapse.

Cross-sectional scanning showed mitral prolapse in
all 13 patients and allowed 3 groups to be defined.
(1) In 7 patients the mitral anterior leaflet was elongated

and the chordae to it were slack; the anterior leaflet
impinged on the interventricular septum in diastole
and in systole formed an arc in the left atrium,
making contact with its posterior wall close to the
atrioventricular junction.

(2) In 3 patients the anterior leaflet appeared thickened
and possibly folded; it did not impinge on the septum
in diastole and systolic prolapse was into the upper
part of the left atrium.

(3) In 3 patients both leaflets appeared elongated; in
diastole both were abnormally mobile and in systole
both prolapsed and were widely separated. Some
features of the conventional echocardiogram in
mitral prolapse were explained by the cross-sectional
scans and by single element selection from them.

It is concluded that the extent and mechanism of
mitral prolapse can be seen by cross-sectional echo-
cardiography which thus has advantages over the single
beam method in the investigation of this disorder.

Diastolic function in hypertrophic
cardiomyopathy
J. E. Sanderson, D. G. Gibson, D. J. Brown,
M. St. J. Sutton, T. A. Traill, and J. F. Goodwin
Department of Clinical Cardiology, Hammersmith
Hospital, London, and Cardiac Department, Brompton
Hospital, London

Frame by frame analysis of left ventricular angiograms
of 20 patients with hypertrophic cardiomyopathy
(HCM) and 10 normal subjects has been performed.
In the patients with HCM the diastolic peak rate of
change of volume (772 ± 263 cm3 s-1), the peak rate of

increase of a transverse dimension placed above the
level of the papillary muscles (18-7±553 cms-1) and
the mean filling rate during the rapid filling period
(542 ± 204 cm3 s -1) were not significantly different from
normal. The isovolumic relaxation period (IRP)
(140 ±38 ms) was significantly longer than normal
(93 ±14 ms) and was inversely correlated with the peak
rate of diastolic filling (r=- 07, P < 0 01). Wall movement
during this period was symmetrical in contrast to
patients with ischaemic heart disease.
An echocardiographic study of 45 patients with HCM

has confirmed these findings. The peak rate of increase
of dimension during diastole was normal (13-4 6-1
cm s -') and the onset of anterior mitral valve movement,
normally synchronous with minimum dimension
(1 ±6ms), was significantly delayed (76 ±37 ms).

In order to reconcile the finding that diastolic filling
proceeds at a normal rate in HCM with the known
abnormalities of left ventricular stiffness, a concept was
discussed which proposes that early diastolic filling is
mediated predominantly by a shape change rather than
passive distension of fibres. This concept of filling was
further substantiated by simultaneous left ventricular
dimension-pressure studies.

Studies of systolic and diastolic function in
cardiac amyloidosis

R. H. Swanton, I. A. B. Brooksby, M. J. Davies,
D. J. Coltart, B. S. Jenkins, and M. M. Webb-Peploe
St. Thomas's Hospital, London SE1

Cardiac function has been studied in 5 patients with
cardiac amyloidosis diagnosed by endomyocardial
biopsy. Systolic function was normal in 3 cases as
assessed by cardiac index, ejection fraction from left
ventricular cineangiography, and force velocity analysis.
This diastolic dip and plateau wave form was a charac-
teristic but not invariable finding: it being absent in the
case where biopsy also showed extensive fibrosis.
The diastolic pressure-volume relation was studied in

2 cases of cardiac amyloidosis. High ventricular end-
diastolic pressure but normal end-diastolic volume
indices in all cases implied a disorder of diastolic com-
pliance. The diastolic pressure volume plots suggested a
sudden decrease in distensibility with normal early
filling of the ventricle.

Electron-microscopy was the most reliable way of
making the diagnosis on the endomyocardial biopsy
specimens, especially in the presence of fibrosis. It is
not valid to assume the diagnosis of cardiac amyloidosis
from the finding of amyloid in other organs. This was
illustrated by a sixth patient with familial amyloidosis
and coronary artery disease but a normal cardiac
biopsy, whose diastolic pressure volume plot was in
distinct contrast to the 2 cases of cardiac amyloidosis
studied in this way.

Hl
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Formes frustes of Marfan's syndrome presenting
with severe aortic regurgitation-a clinicogenetic
study of 18 families

R. A. L. Ng, R. W. Emanuel, K. E. Jefferson,
P. A. MacFaul, J. Marcomichelakis, R. Withers,
and E. Moores
Cardiothoracic Institute, National Heart Hospital,
and The Middlesex Hospital, London

Eighteen patients presenting with severe aortic regurgita-
tion and dilatation of the ascending aorta were found,
after histological examination, to be formes frustes of
Marfan's syndrome. All these cases had aortic valve re-
placement with graft reconstruction of the ascending
aorta, and formed the basis of this study.
Of 126 first degree relatives, 85 were living and 67

(78-8%) examined. None had the classical clinical
features of Marfan's syndrome but stigmata of the
disease were found in 25 (37 3%) of the 67 examined,
which involved 12 of the 18 families studied.

Using strict diagnostic criteria, cardiovascular abnor-
malities affecting the aortic valve or wall were present in
6 (9 0%). One or more skeletal index (height-span
difference, metacarpal index, phalangeal index) was
present in 18 (26 9%), and ocular abnormalities in
5 (7-5%). In 4 relatives, abnormalities involved more
than one system.
The practical importance of making the correct

aetiological diagnosis lies in the increased operative
hazards of cardiovascular surgery in Marfan's syndrome.
This work emphasises the value of family studies when
dealing with isolated aortic regurgitation of obscure
aetiology.

Cardiovascular abnormality in homozygous
familial hypercholesterolaemia

A. G. Mitchell, M. J. Raphael, G. R. Thompson,
and C. M. Oakley
Royal Postgraduate Medical School, Hammersmith
Hospital, London

Eight patients with homozygous familial hyperchol-
esterolaemia have been studied. There were 4 male and
4 female patients whose ages ranged from 10 to 40 years.
All showed hyper betalipoproteinaemia and their un-
treated cholesterol levels ranged from 14 to 28 mmol/l
(540 to 1080 mg/100 ml). Deforming xanthomata de-
veloped between the ages of 3 and 15 years and these
were the presenting features in every instance. Every
patient also showed a corneal arcus.
The cardiovascular features were similar in each

patient. All had signs of aortic stenosis with accentuated
aortic valve closure sounds but no ejection click.
Peripheral arterial bruits were common. Five patients
showed voltage changes of left ventricular hypertrophy
with ischaemic changes in the electrocardiogram in 4.
These 4 patients had angina and 2 patients without

angina showed evidence of ischaemia or past infarction
on the electrocardiogram.

Echocardiograms available in 4 showed multiple
dense echoes from the aortic valve together with thicken-
ing and narrowing of the aortic root. Left heart cathe-
terisation in 4 showed a characteristically deformed
aortic root. This was narrowed and irregular but the
abnormality terminated abruptly 5 to 7-5 cm above the
aortic valve. Narrowing of one or both coronary ostia
and an aortic valve gradient of between 30 and 40 mmHg
was shown in all 4 patients catheterised.
Three patients died suddenly and necropsy which was

available in 2 showed the oddly sited atheroma which in
this condition affects a part of the aorta which is usually
spared. Thick projecting cushions of atheroma were
confined to the proximal aortic root, narrowing the
coronary ostia and interfering with opening of the aortic
valve. It seems that coronary ostial stenosis may be re-
sponsible for the early unexpected deaths known to
occur in these subjects.

Non-selective timed pulse coronary xerography

M. Thomas, R. Davis, I. Gabe, C. Mills, J. Price,
and A. Stacey
Midhurst Medical Research Institute, and Department
of Medical Physics, Charing Cross Hospital

Selective coronary arteriography provides high
definition images of the major coronary arteries. The
technique has two major disadvantages. Intubation
of the coronary ostia is not without risk and selective
dye injection can lead to cardiac arrhythmias. There is a
great need for a new technique, with equal or better
definition, which does not require selective intubation,
and which carries less risk of arrhythmias.
Xerography is particularly suited to angiography on

account of specific edge enhancement with a low dose of
radio-opaque medium. An image is created on an electro-
statically charged metal plate coated with selenium.
Local charge differences depend on x-ray energy in
analogy to the chemical changes produced in silver
halide film emulsion. The charged plate is developed
by blowing powder over the surface in a special chamber
-and is then photographed. This procedure takes ap-
proximately 2 minutes.

Opacification of the coronary arteries can be achieved
adequately by powered pump injection into the aortic
root given certain provisions. A special spray catheter
is required. Coronary filling occurs maximally in early
diastole and opacification is optimum when the in-
jection is timed to coincide with coronary flow. Repeti-
tive pulses help to fill the arteries throughout the whole
length. The x-ray tube is timed to fire at the end of
diastole-so exposing the selenium sheet at the moment
of complete coronary filling.

Salient points in the development of coronary
xerography were discussed, together with illustrations.
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Assessment of myocardial perfusion in chronic
stable angina and CABG patients using
thallium-201

R. J. Wainwright, M. N. Maisey, and, E. Sowton
Guy's Hospital, London SE1

The radioactive monovalent cation thallium-201 (201TI)
is a suitable imaging agent for external detection with a

gamma camera and is an accepted analogue of potas-
sium (Strauss et al., 1975; Gehring et al., 1967). It is
currently being assessed as an indicator of myocardial
perfusion, 'cold' spots in the myocardial scintillogram
representing regions of ischaemia or necrosis.
The present study was undertaken to evaluate the

diagnostic potency of thallium scintillography in de-
tecting myocardial ischaemia or necrosis in a group of
patients with chronic stable angina and to assess the
efficacy of coronary bypass grafting operations in im-
proving ischaemic myocardial segments.
Each patient performed an exercise test and received

1-5 mCi of 20'Tl intravenously at the peak of angina,
exercise continuing for 30 seconds after injection.
Myocardial images were obtained in 4 projections im-
mediately after exercise and analysed on a regional basis
using a computer.
Twenty patients with normal coronary arteries shown

by angiography were studied in a similar fashion and
compared with 150 studies in 100 patients, 15 of whom
were analysed before and after CABG.
The technique is highly reproducible, more sensitive,

and more precise in lesion localisation than the exercise
electrocardiogram and is capable of showing changes in
perfusion that make it valuable in the follow-up of
CABG patients.

References
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Closed chest left main coronary artery perfusion
in study of heart function

I. Gabe, C. Mills, C. Morgan, and M. Thomas
Midhurst Medical Research Institute, Midhurst,
Sussex

Experimental analysis of heart function and performance
in a closed chest situation is often incomplete on account
of the difficulty in continuously measuring and con-
trolling coronary blood flow and oxygen consumption.
We have devised a new technique whereby the left main
coronary artery is intubated under x-ray control and
sealed off from aortic blood-so allowing perfusion from
a pressure controlled external source. By catheter
sampling of blood from the great coronary vein, the
oxygen consumption of the left ventricle can be derived
and the values compared when the left ventricle operates

under different mechanical conditions. With the aid of
an intraventricular micromanometer, a previously im-
planted aortic root flowmeter, and other instrumentation,
a comprehensive knowledge of heart action may be cor-
related with coronary vascular resistance and coronary
flow. Thus the effects of drugs on the economics of heart
function may be better assessed.

Regional pulmonary oedema: assessment by
chest radiograph, perfusion lung scan, and
isotope double Indicator-dilution

C. G. C. MacArthur, F. Fazio, and R. E. Steiner
Royal Postgraduate Medical School, Hammersmith
Hospital, London

The chest radiograph is routinely employed for the
assessment of pulmonary oedema. Ideally, therefore, it
should be sensitive to both the presence and severity of
oedema. In order to investigate this, we have used a new
double indicator-dilution technique for the estimation of
regional extravascular lung water (RELW) to study 15
patients (3 twice) with chronic left heart disease. By
monitoring with external counters the passage of two
gamma-emitting isotopes (113 mIn and H2 150) through the
upper and lower zones of the right lung, RELW has
been calculated from the difference in mean transit times.
An erect chest radiograph and "mTc lung scan were also
performed. These were graded for the degree of upper
zone blood flow diversion. The severity of interstitial or
intra-alveolar oedema was also assessed on the radio-
graph.

In 14 of the 18 isotopic studies, RELW was raised
indicating pulmonary oedema. Oedema was detected in
the radiograph on only 6 of these occasions. The
severity of oedema was not assessed accurately from the
radiographs. On 13 occasions when there was pulmonary
oedema, upper zone blood flow diversion was present on
both radiograph and lung scan. Blood flow diversion is,
therefore, a sensitive index of mild pulmonary oedema.

Evaluation of beta blockade, bendrofluazide,
and prazosin in severe hypertension

A. J. Marshall and D. W. Barritt
Bristol Royal Infirmary
Nineteen patients with severe hypertension were studied
in a clinic set aside for the purpose. All blood pressures
were taken by the same two observers using the London
School of Hygiene and Tropical Medicine sphygmo-
manometer. Heart rates were counted on every occasion.
Before treatment average supine blood pressures in the
19 were 211/123 mmHg.
These patients were selected for the study as beta

blockade alone failed to lower blood pressure ade-
quately.
The addition of bendrofluazide to beta blockade

produced an average further fall in mean blood pressure
of 11 per cent supine, 13 per cent erect. The full effect
was apparent at 2 weeks and there was no difference
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between 5 and 10 mg daily. Serum, urine, and dietary
potassium were monitored.
The addition of the reputedly vasodilator drug,

prazosin, either 2 or 5 mg three times daily to beta
blockade produced an average further fall in mean blood
pressure of 13 per cent supine and 16 per cent erect.
Adding prazosin to beta blockade produced an ad-

ditional fall in heart rate which reached statistical
significance in the supine position. From this we deduce
that the drug has other actions than peripheral vasodila-
tation.

In 10 of the 19 patients neither bendrofluazide nor
prazosin added to beta blockade lowered blood pressure
to normal and these 10 were given all three drugs
simultaneously. The final results in 18 patients (one
withdrawn) gave average blood pressures of 155/94
supine, 139/93 erect and 140/91 mmHg post exercise.
Side-effects were recorded by questionnaire at each visit.
This combination of treatments promises control of

blood pressure in the more severe hypertensives, with
few side-effects, using no more than six tablets daily.

Direct arterial blood pressure with
electrocardiogram in ambulant hypertensives
treated with post-ganglion sympathetic blocking
drugs

E. B. Raftery and A. D. Goldberg
Northwick Park Hospital, Harrow, Middx

The direct arterial blood pressure and electrocardiogram
of 6 patients taking bethanidine, 4 taking guanethidine,
and 1 taking debrisoquine, all as chronic therapy, were
recorded continuously for up to 24 hours. All were poorly
controlled on clinic blood pressure recordings and 2 had
symptoms of postural hypotension. All patients showed
severe postural changes in arterial pressure during
the day with resting pressures all greater than 185/95
mmHg falling to less than 130/70 mmHg. The mean
fall of systolic pressure was 125 (SD h31) mmHg,
and diastolic pressure 63 (SD ± 15-5) mmHg; in 3
patients the postural drop was associated with ST
changes on the electrocardiogram. The mean pressures
during the day and night were computed and showed
no significant difference in the postural hypotensive
effect of the drugs. All three act mainly by decreasing
venous return to the heart which explains this finding.
In view of this severe postural hypotensive action these
drugs should not now be considered in the treatment of
hypertensives, particularly those with evidence of myo-
cardial ischaemia or cerebrovascular insufficiency.

Relation between baroreceptor nerve activity
and carotid sinus dimension in the dog

P. Sleight, D. H. Bergel, C. D. Bertram, Drusilla
Brooks, A. J. MacDermott, and J. L. Robinson
University Department of Cardiovascular Medicine
and Laboratory of Physiology, Oxford

Plots of pressure-firing rate from carotid baroreceptors
show a linear relation followed, at higher pressures, by a

plateau with no further increase in nerve discharge.
Previously this has been attributed to properties of the
neural elements rather than to a mechanical limit to wall
deformation (Koushanpour and Kelso, 1972).
We have re-examined this by measuring carotid sinus

dimension with an ultrasound transit time technique
(Bertram, 1974) simultaneously with nerve activity.
When nerve firing is related to dimension we found,

contrary to Koushanpour and Kelso, a linear relation
over the whole range of intrasinus pressures studied
(40 -+240 mmHg).

Simultaneous comparisons of the mechanical pro-
perties of the sinus with the adjacent carotid artery have
shown that the sinus wall is composed of stiffer material
than the more muscular artery, but because it is thinner
it is more distensible. The sinus wall follows mechanical
events more rapidly than the artery and is very much less
influenced by circulating catecholamines. Thus we have
found that carotid baroreceptors behave as linear stretch
receptors over the whole range of pressures likely to be
found in vivo.

References

Bertram, C. D. (1974). Ultrasonic arterial diameter measure-
ment. J'ournal of Physiology, 241, 85P-87P.

Koushanpour, E., and Kelso, D. M. (1972). Partition of the
carotid sinus baroreceptor response in dogs between the
mechanical properties of the wall and the receptor elements.
Circulation Research, 31, 831-845.

Diagnosis and sizing of acute myocardial
infarction: comparison of radionuclide,
electrocardiograph, and enzyme measurements

S. Walton, M. Kafetzakis, D. J. Rowlands, R. A.
Shields, and H. J. Testa
Manchester Royal Infirmary

Fifty patients with suspected acute myocardial infarction
had serial electrocardiograms, enzyme measurements,
and scintigraphy using 99 mTc pyrophosphate. Forty-four
patients with various cardiac disorders had 129Caesium
scans and electrocardiograms.

Positive pyrophosphate scans were obtained in 9 of 18
patients without positive electrocardiograms and in 7 of
12 without an enzyme rise. Negative pyrophosphate
scans were obtained in 5 of 41 patients with positive
electrocardiogram or enzymes.

Using computer stored images, estimates of infarct
size were obtained from pyrophosphate and caesium
scans. Both were compared with infarct size from the
12 lead electrocardiogram. Infarct size from caseium
scans correlated better with the electrocardiogram than
did that from pyrophosphate scans. The pyrophosphate
scans were further compared with peak enzyme levels,
infarct size correlating better with the MB fraction of
CK (r=0 90) than with total CK (r=0 54), SGOT
(r=0-45), or SHBD (r=0-34).

Pyrophosphate scans are useful in the diagnosis of acute
myocardial infarction especially when the electrocardio-
gramn is negative or obscure and, since they correlate with
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peak enzyme levels, in estimating the size of recent
infarction. Caesium scans correlate better with the
electrocardiogram as they reflect the remaining viable
myocardium. The combined use of caesium and
pyrophosphate scans give more complete information
than either alone.

Measurement of peak instantaneous power
delivered by left ventricle to aorta: sensitive
index of myocardial responsiveness in coronary
artery disease

G. de J. Lee, B. G. Firth, B. Rajagopalan, T. Stallard,
L. B. Tan, and D. L. Schultz
Cardiac and Engineering Departments, Oxford
University

Descriptions of the contractile behaviour of the heart
as a muscle on the one hand or as a pump on the other
artificially separate conceptual dimensions, because the
aggregated behaviour of individual muscle fibres
together constitutes the whole organ, which can than be
described as a pump. It is, therefore, logical to study the
integrated behaviour of the heart by measuring its
power output. This is a composite description of the
pressure and flow it generates, incorporating all its
mechanical activities simultaneously, including those
dependent on external factors controlling its function.
Fifteen patients with coronary artery disease and re-
stricted exercise capability were studied using a special
catheter. Blood velocity in the aorta and pressures in the
left ventricle and aorta were measured simultaneously.
Instantaneous power delivered to the aorta was com-
puted from data obtained at rest and after graded
isoprenaline. The studies suggest that response to
coronary artery surgery depends as much on the heart's
ability to respond to increased load as upon increased
blood supply.

Myocardial response to inotropic stimulus was better
estimated from peak hydraulic power measurements than
by any other currently available estimate of ventricular
function.

Effect of light dynamic exercise on catecholamine
concentrations in coronary circulation of man

R. H. Robson and D. C. Fluck
Cardio-Thoracic Department, Central Middlesex
Hospital, London

Dynamic exercise is associated with increased sympa-
thetic activity which may be related to arrhythmias
occurring during exercise, particularly in patients
with ischaemic heart disease. Since sympathetic stimu-
lation in animals increases catecholamine efflux from
the heart, as measured in the coronary sinus, we
attempted to assess how autonomic activity affected

catecholamine concentrations in the coronary sinus in
man, by measuring arterial and coronary sinus catechol-
amine concentrations, in 7 patients during light,
supine dynamic exercise.

Arterial concentrations increased from 1 77 ±053
nmol/l ( + SEM) at rest to 2-95 ±0 65 nmollI on exercise
(0 05>P >0-01), and coronary sinus concentrations from
2-78 ±0 53 nmol/l at rest to 4-43 ±0-71 nmol/l on
exercise (0-05 >P>0-01,, consistent with increased sym-
pathetic activity. Since autonomic blockade may also
effect the release of catecholamines, the study was re-
peated following 1-8 mg atropine and 0-2 mg/kg ox-
prenolol in 6 patients, though only the coronary sinus
increase was statistically significant (one-tailed test;
0.05>P>0-01), the resting concentration of 2-54±0-59
nmol/l increasing to 4-44 ± 1-3 nmol/l on exercise.
Thus light dynamic exercise increases the efflux of

catecholamines from the heart which appears toremain
unaffected by autonomic blockade.

Systolic pressure changes during maximum
treadmill exercise

J. B. Irving, R. A. Bruce, and T. De Rouen
Division of Cardiology, Department of Medicine,
University of Washington, Seattle, Washington

Data from maximum exercise tests undertaken by 4714
men enrolled in a prospective epidemiological study has
been analysed to determine the significance of systolic
pressure changes. The average change in 2532 healthy
men was 61 ± 19 mmHg and in 1586 men with clinical
coronary artery disease was 37±27 mmHg (P <0-001).
Among the 1586 with coronary artery disease followed
for an average period of 22±9 months, there were 96
deaths caused by coronary artery disease. The risk of
coronary artery disease death was greatest in those men
with small increases in systolic pressure. Dividing the
total group into quartiles according to change in systolic
pressure (ASBP) a gradient of risk was shown. The
mortality rate for those with ASBP less than 19mmHg
was 86 per 1000 men per year and for those with ASBP
above 56 mmHg was 4 per 1000 men per year (P < 0 05).
Men with coronary artery disease whose systolic pressure
increased by more than 61 mmHg (i.e. average for
healthy men) had no subsequent mortality.

In contrast, ischaemic ST depression during or after
exercise was not a significant predictor of subsequent
coronary artery disease mortality. The mortality rate for
men with horizontal ST depression (1 mm or more)
was 44 per 1000 men per year and for those without such
changes, 33 per 1000 men per year.

Five episodes of post-exertional ventricular fibrillation
developed in 8640 tests. All were in individuals whose
systolic pressure failed to increase with exercise.

Systolic pressure changes during exercise testing are
helpful in assessing prognosis and have practical im-
portance for the safety of exercise tests in men with
coronary artery disease.
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Electrocardiographic changes resembling
myocardial ischaemia in asymptomatic men with
normal coronary arteriogram

P. Taggart, M. Carruthers, S. Joseph, B. Kelly,
J. Marcomichelakis, D. Noble, G. O'Neill, and
W. Somerville
Department of Cardiology, Middlesex Hospital,
London; Department of Chemical Pathology, St.
Mary's Hospital, London; Central Medical
Establishment, Royal Air Force; University Laboratory
of Physiology, Oxford

ST and T abnormalities in 20 asymptomatic men aged
18 to 55 were investigated because they were identical
with myocardial ischaemic changes. Characteristically
the changes were temporarily suppressed by either beta-
blockade, an overnight rest, or hyperventilation; they
were more abnormal in the standing position. Maximal
treadmill exercise tests were positive (greater than 1 mm
ST depression) in 6 and borderline or negative in 14.
When repeated after oxprenolol all were negative. After
normalisation by an overnight rest the T abnormalities
were reproduced by intravenous adrenaline infusion
(0-024 to 0-091 jig/kg per min) but not by noradrenaline,
atrial pacing, or after prior administration of oxprenolol.
When the T waves were spontaneously abnormally flat
or inverted, adrenaline infusion normalised them and
noradrenaline was without effect. Plasma catecholamine
concentrations monitored during exercise, beta-blockade,
pacing, and catecholamine infusion studies suggest that
catecholamine hypersecretion and hypersensitivity may
be relevant. The apparent bimodal repolarisation of the
ventricular myocardium to adrenaline infusion is not
surprising since in vitro experiments suggest that similar
T changes can result from action potential changes of
opposing direction in different parts of the heart.

Six-month to 5-year foliow-up of
343 aortocoronary bypass operations

R. M. Donaldson, R. Balcon, J. E. C. Wright, and
M. F. Sturridge
National Heart and Chest Hospitals, Cardiothoracic
Institute, The London Chest Hospital

From 1971 to 1976, 343 of 893 patients investigated for
coronary disease underwent bypass grafting: 304 were
men and 39 women. The median age was 50. Twenty
per cent had single, 44 per cent double, 30 5 per cent
triple and 5-5 per cent quadruple grafts. In addition
endarterectomy was performed in 68 patients, aneu-
rysmectomy in 18, closure of ventricular septal defect in 6
and mitral annuloplasty in 5. The hospital mortality
was 5 per cent (3 7% for vein graft procedures only).
Follow-up was 6 to 60 months (average 23-7). 10-6 per
cent of patients had a postoperative (Q wave) myocardial
infarction (5 9% perioperative, 4-7% late). There were
11 late deaths (overall mortality 8 2%). Seventy-five per
cent of deaths occurred within 6 months of surgery.
At 3 years 90 4 per cent were surviving. The survival of

the medically treated group (445 patients) was not
significantly different at that stage.

80 2 per cent of the patients are asympto-
matic, 5-5 per cent improved (>2 grades), 10-5 per cent
unchanged, 1 per cent worse, and 2-8 per cent lost to
follow-up. Angina grade preoperatively was 2-48 com-
pared with 0-32 at the latest follow-up (P=0-001), and
maximum exercise load was also significantly improved
(P=0-001) (n=277). The excellent clinical result of
aortocoronary bypass is maintained over a period of up
to 5 years; late morbidity and mortality appears to be
similar to that of medically treated patients.

Left main coronary artery obstruction:
experience of 41 patients

M. Tsicalis, M. Ahmed, R. Thompson, E. Fawzy,
G. Ibba, M. Towers, and M. Yacoub
Harefield Hospital, Harefield, Middx

Between June 1972 and August 1975, 1300 patients
underwent coronary arteriography at Harefield Hospital
for the investigation of suspected coronary artery
disease. Forty-one patients (322%) were found to have
70 per cent or more obstruction to the left main coronary
artery and form the subject of this communication.
There were 39 men and 2 women, with a mean age of 56
years. All patients were symptomatic and 33 (80%) were
in functional Class 3 or 4 using the New York Heart
Association classification. Sixteen patients (38%)
experienced unstable angina. In 35 patients (85%) the
resting electrocardiogram was abnormal and showed
previous myocardial infarction in 21 patients (51%).
Coronary arteriography was performed in all patients,
usingtheJudkins technique, and there were no major
arrhythmias or deaths associated with this procedure.
The striking finding at coronary arteriography was the
presence of significant disease in other major coronary
vessels. The left ventriculogram showed abnormalities
in the contraction pattern in 31 (78%) of 40 patients.
Twenty-nine patients underwent saphenous vein aorto-
coronary bypass grafting with additional aortic valve
replacement in 2 patients for severe aortic stenosis.
There were 2 early deaths (6 9%) and 1 late death
(3 4%). Of these 3 patients, 2 had poor preoperative left
ventricular function. Twelve patients did not undergo
surgery. Of these, 2 died while awaiting operation, 1
refused operation, and the remainder were unsuitable
for surgery as a result of extremely poor and diffuse left
ventricular dysfunction. Twenty-one patients have been
followed up from between 3 and 30 months (mean 16-4
months). All patients are improved, and 17 (81 %) are
completely symptom free. Twenty-one (7 %) of the 29
patients treated surgically underwent repeat coronary,
graft, and left ventriculography at a mean
period of 9 8 months after operation. The overall graft
patency rate was 91 per cent. Postoperative left
ventricular function as assessed by angiocardiography
and measurement of ejection fraction shows significant
improvement in the majority of patients.
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Contribution of resting electrocardiograph to
air transport safety

M. D. Joy
Civil Aviation Authority, Shell Mex House, Strand,
London WC2

Professional aircrew and Air Traffic Control Officers
(ATCO's) are required to undergo routine medical
examination and electrocardiography at intervals which
are related to their age. Scrutiny was made of 5217
resting electrocardiograms representing a population
sample of approximately 8840 between September 1974
and December 1975. The recordings were made by 80
different examiners on 20 different models of recording
apparatus.
A wide range of possible electrocardiographic ab-

normalities was recorded for 365 aircrew. The most
frequent were abnormalities of the ST segment, the J
point, or the T wave in the anterolateral leads (65) or the
inferior leads (85). Stable left axis deviation was also
frequent (90) as were non-diagnostic Q waves (20).
Conduction defects were uncommon and pre-excitation
syndromes rare. Eight-four aircrew or ATCO's were
recommended for referral for further cardiological
assessment and as a result, 13 were classified permanently
unfit. During the period under review, 6 pilots lost their
licences because of ischaemic heart disease first present-
ing as myocardial infarction (5) or angina (1). Four of
these were under surveillance for hypertension, diabetes,
or intermittent claudication.

These findings were discussed in relation to problems
of interpretation of the resting electrocardiogram and
the licensing of pilots. The usefulness of the exercise
electrocardiogram in this context was also discussed.

Role of ambulatory electrocardiographic
monitoring; accuracy of quantitative analysis
system

A. McLeod, D. Kitson, M. McComish, and D. Jewitt
Cardiac Department, King's College Hospital, London
SE5 9RS

Twenty-four hour ambulatory electrocardiograms have
been recorded in over 400 patients. Accurate diagnosis
has been obtained in cases of: (a) symptomatic tachyar-
rhythmia; (b) unexplained syncope or apparent epilepsy;
(c) episodic conduction disturbance. In addition,
quantitative assessment of antiarrhythmic drug efficacy
has recently become possible.
The Reynolds Pathfinder rapid analyser (Neilson) has

been assessed in 25 patients with disabling ventricular
arrhythmias. All subjects had frequent ventricular pre-

mature beats (VPBs) (Grade 2, Lown and Wolf, 1971).
VPBs in couplets or ventricular tachycardia (Grades 4a
and b) were presert in 19 of the 25.

Entire 24-hour tapes were transferred to paper at a

speed of 10 mm/s. Over 337 000 VPBs were hand
counted and assigned to their Lown grades. These tapes
were independently analysed on the Pathfinder at 60 x
real speed. Correlation for all arrhythmia grades was

extremely close (r=0-89 for VPBs, 0 95 for couplets,
and 0-98 for ventricular tachycardia). The controlled
oral efficacy of mexiletine was investigated using this
system. Grade 2 VPBs were reduced by over 75 per cent
in 13 of the 25 patients. Grade 4a and 4b arrhythmias
were reduced by over 95 per cent in 11 of 19 and 7 of 14
cases, respectively.

It is concluded that the Pathfinder represents a major
advance over other available commercial equipment in
qualitative and quantitative assessment of ventricular
arrhythmias.

Reference
Lown, D., and Wolf, M. (1971). Approaches to sudden death
from coronary heart disease. Circulation, 44, 130.

Surface recording of electrical activity in the PR
segment in man

R. Vincent, N. P. Stroud, R. Jenner, M. J. English,
D. J. Wollons, and D. A. Chamberlain
King's College Hospital, London, Royal Sussex
County Hospital and University of Sussex, Brighton,
Sussex

A method has been developed for the non-invasive
recording of electrical activity in the PR segment in man.
Signals from chest surface electrodes are amplified 0 5 to
2-0 x 106 times and filtered to select frequencies between
40 and 500 Hz. Noise in the resulting signal is reduced
using computerised digital averaging of between 150 and
500 cycles. A time reference point required for averaging
is derived from a change in slope of the QRS complex
of a separate surface electrocardiogram. Digital filtering
is used to eliminate high frequency residual noise after
averaging.
The system has been shown to recover the surface

deflection resulting from an implanted His pacing
stimulus of only 20 mV.

Highly repeatable electrical deflections were re-
corded in the PR segment in 2 healthy male subjects on
whom the method was initially developed. Nine of 11
similar subjects subsequently examined showed recog-
nisable patterns of activity within the PR segment.

External recordings have been made in 10 patients
undergoing simultaneous conventional His bundle
electrocardiography for conducting system disease. In
8, surface deflections have been obtained synchronous
with the internal His waveform. In 6 cases the con-
figuration of internal and external signals was identical.
We believe this technique to be worthy of further de-
velopment.

Assessment of drug effect in pre-excitation
syndrome

R. W. F. Campbell, T. D. Sellars, T. M. Bashore,
and J. J. Gallagher
Duke University, Durham, North Carolina, U.S.A.

The purpose of this study was to evaluate electrophysio-
logical measurements in assessing the effect of anti-
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arrhythmic therapy in the pre-excitation syndrome. The
most useful index was found to be the shortest RR
interval in milliseconds between consecutive pre-
excited QRS complexes during electively induced atrial
fibrillation (SRRIAF). This could be measured in 32 of33
untreated patients with pre-excitation syndrome. It was
found to correlate well with the patients' preadmission
history. Of the 22 patients whose SRRIAF was <205
ms, ventricular fibrillation had occurred in 10 and 8 had
had tachycardias of 300+ /min. These arrhythmias were
not documented in any patients whose SRRIAF
. 210 ms. Twenty-eight patients received 10mg/kg IV
procainamide and in 21 atrial fibrillation could be in-
duced. The SRRIAF increased by 20 to 70 ms in 15
and was unchanged in 6. Twenty-three patients received
oral quinidine (200 to 400 mg 6 hourly for 2 to 4 days) and
in 16 atrial fibrillation could be induced. The SRRIAF
increased in all by 20 to 170 ms.
We conclude that the measurement of SRRIAF is of

value in predicting the probable clinical usefulness of
specific antiarrhythmic drugs in individual patients with
pre-excitation syndrome.

Dual demand pacing for refractory re-entry
atrioventricular tachycardias

P. V. L. Curry, G. Kingaby, and D. M. Krikler
Royal Postgraduate Medical School, London

Refractory atrioventricular (AV) re-entry tachycardias
may be controlled by a pacemaker which interrupts
attacks with fixed-rate 'underdrive' pacing. This alter-
native means of treatment has been studied in 36
patients with such arrhythmias, during intracardiac
electrophysiological studies; 28 had theWPW syndrome,
8 had intra-AV nodal re-entry. Successful underdrive
pacing from one or more sites could be predicted if
tachycardias were stopped by single, suitably timed pre-
mature beats; such sites were found in all cases with
WPW syndrome, but in only 3 with intra-AV nodal
tachycardia.

Underdrive pacing was most rapidly effective (less
than 30 seconds) if the tachycardia was relatively slow;
if there was a pronounced discrepancy between the
effective refractory periods of the myocardium being
stimulated and of that part of the circuit where tachy-
cardia was most easily blocked; and if the conduction
time from the electrode to this site was short. In pre-
excitation the electrode should be positioned on the
same side as the accessory pathway. Use of appropriate
antiarrhythmic drugs in addition enhanced the effective-
ness of this form of treatment in both types of AV
re-entry tachycardia.
Dual demand self-activating pacemakers have been

implanted successfully in 4 such patients with otherwise
refractory AV tachycardias.

Paroxysmal re-entrant AV nodal tachycardia
with 2:1 block

J. Camm and R. A. J. Spurrell
Cardiac Department, St. Bartholomew's Hospital,
London

It is widely held that a supraventricular tachycardia
originating within the AV node could not be a re-
entrant tachycardia if anterograde AV block was present.
A group of patients with paroxysmal nodal tachycardia
and anterograde block are presented. In 2 patients the
level ofblock was infra-Hisian. In one patient anterograde
block was supra-Hisian and in this same patient retro-
grade block occurred.

Tachycardias with 2:1 block were initiated by atrial
premature beats. Ventricular premature beats (VPB)
only initiated tachycardias with 1:1 conduction. In all
instances 2:1 tachycardia was converted to 1:1 con-
duction by an appropriately timed VPB and in 2 cases
right bundle-branch block in 1:1 tachycardia was con-
verted to normal conduction by an appropriately timed
VPB.
The tachycardias were not terminated by a single

VPB and coupled VPBs produced in 2 patients transient
disorganised ventricular activity. Underdrive ventricular
pacing would not terminate these tachycardias but con-
verted 2:1 tachycardia to 1:1 conduction with sympto-
matic deterioration. Rapid atrial stimulation or coupled
atrial premature beats terminated both forms of tachy-
cardia. In 2 cases long-term treatment (6 months and 3
years) with patient controlled, high frequency, atrial
pacemaker systems has been uniformly successful.

Disopyramide in the sick sinus syndrome-
safe or not?

D. S. Reid, D. 0. Williams, and S. K. Parashar
Department of Cardiology, Newcastle General
Hospital, Westgate Road, Newcastle upon Tyne
NE4 6BE

Disopyramide is of value in the management of arrhyth-
mias and it is reported that it can be used safely in
arrhythmias associated with the sick sinus syndrome.
Nine patients, 6 with sick sinus syndrome, were

studied before and 15 minutes after the onset of in-
fusion with disopyramide 2 mg/kg over 15 minutes and
2 mg/kg over the next 45 minutes. In addition 1 of the 6
with sick sinus syndrome was studied on oral diso-
pyramide.

Sinoatrial node function was assessed by: 1 sponta-
neous cycle length (A,A,), (2) maximal sinus recovery
time obtained from repeated atrial pacing at various
cycle lengths and (3) sinoatrial conduction time esti-
mated using premature atrial stimulation.
At least one of the above was abnormal in the 6

patients with sick sinus syndrome before disopyramide.
Deterioration in sinoatrial node function occurred
during disopyramide in all 6.

Sinoatrial block developed or increased in 4/6,
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maximal sinus recovery time increased in 4/6, and
sinoatrial conduction time lengthened in 1/2 in which it
could be measured before and after disopyramide.
The three patients without sick sinus syndrome

showed no significant change in A,A1 (1030±232 to
936 ± 162), maximal sinus recovery time (1352 ± 154 to
1365 ±357) or sinoatrial conduction time (93 ±19 to
92±10).

In conclusion disopyramide may result in deteriora-
tion in sinoatrial node function in patients with sick sinus
syndrome and may dangerously prolong post-tachycardia
pauses.

Clinical cardiovascular pharmacology of unique
inotropic agent, UK 14275; a phosphodiesterase
inhibitor

K. Jennings, P. G. Jackson, G. Jackson, and D. Jewitt
Cardiac Department, King's College Hospital,
London SE5 9RS

An orally active inotropic agent which lacks significant
chronotropic effects would be of major value in the
management of impaired left ventricular function,
however caused. UK 14275, a phosphodiesterase in-
hibitor, is unique in possessing these properties in
experimental animals.
The inotropic effect of intravenous UK 14275 in

concentrations of 64 and 128 jig/kg bodyweight per min
on systolic time intervals was observed in 7 volunteers.
Pre-ejection period (PEP) and PEP/LV ejection time
were reduced by 22 ±4 per cent (19 ±6 ms) and 20 ± 5
per cent, respectively, at a concentration of 128 F.g/kg
per min. No chronotropic effects were observed. Beta
blockade with oral propranolol abolished these changes.
The haemodynamic effects of intravenous UK 14275

were measured directly in 7 patients undergoing diag-
nostic catheterisation because of suspected coronary
artery disease. In concentrations of 128 and 256 ,ug/kg
per min, UK 14275 produced no chronotropic changes.
Cardiac output increased from 3-3 to 4 I/min (P < 0 02),
LV dp/dt max. increased from 1332 to 2004 mmHg/s
(43%, P < 0-05). LV end-diastolic pressure fell from
12-5 to 10 mmHg (P < 0 05). There were no changes in
systolic or mean arterial pressure.
UK 14275, therefore, has significant inotropic activity.

It is chemically and pharmacologically unique and being
active both orally and parenterally is of great potential
therapeutic valve.

Endomyocardial biopsies: is pathological
examination of use?

E. G. J. Olsen
Department of Histopathology, National Heart
Hospital and Cardiothoracic Institute

Reports as to the value of morphological analysis of fresh
endomyocardial biopsies obtained by the bioptome
techniques are controversial.

In this paper, material obtained from over 350
patients (average number of biopsies 3-8 per patient)
received from various London centres, and from abroad,
was presented. The right ventricle was sampled in all but
10 patients (these 10 underwent left ventricular biopsies
alone). In 42 patients, right and left ventricular samples
were obtained simultaneously. Approximately two-
thirds of patients were suspected to suffer from cardio-
myopathy, the remainder from other entities, including
myocarditis and amyloid.

Histological and ultrastructural changes were briefly
illustrated, and reference to histochemical analysis was
made.
The results show that helpful information can be

obtained in 70 per cent of patients.
Evidence from subsequent necropsy of 9 hearts lends

support to the view that the small samples obtained
reflect the state of the rest of the myocardium fairly
accurately if the underlying disease process is wide-
spread, or where the lesion can be located.

It is concluded that pathological examination can be a
useful adjunct to diagnosis in carefully selected patients.
Furthermore, it forms an essential reference point for
other investigations, such as biochemistry.

Negative feedback process for regulation of
cardiac action potential duration

C. H. Fry, J. A. S. McGuigan, and J. Bassingthwaighte
Physiology Department, University of Berne,
Switzerland, and Cardiothoracic Institute, University
of London, 2 Beaumont Street, London, WlN 2DX

In calf and sheep ventricular fibres inactivation of inward
calcium current against a background outward current
causes repolarisation. Thus, the level of the outward
current will affect the action potential duration. In
several cell types a relation between intracellular
calcium concentration [Ca]i, and potassium permeability,
pK, manifested by an outward current, has been pro-
posed and such a possibility was investigated here with
the voltage-clamp technique.

[Ca]i was increased by raising the stimulation fre-
quency or reducing [Na+]o, with the addition of external
CN-, both procedures causing an increase in outward
current. The frequency-dependent increase was partially
blocked by the calcium current inhibitors D600 and
verapamil.
As expected, decrease in stimulation frequency led to

an increase in action potential duration, but at very low
stimulation frequencies the duration was again
shortened. Replacement of external Cl - by the imper-
meable anion isethionate prevented such a shortening.
We suggest that a feedback process exists between

[Ca]i and pK controlling the action potential duration.
Cl- ions produce an additional stabilising effect, only
becoming manifest at very low stimulation frequencies.
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Comparison of arrhythmogenic potential of
mianserin, amitriptyline, and maprotiline with
reference to noradrenaline uptake in isolated
perfused rabbit hearts

I. E. Hughes
Department of Pharmacology, The Medical School,
Thoresby Place, Leeds LS2 9NL

In isolated perfused rabbit hearts, (-)-noradrenaline
(0-0059 to 5-9 ,umol) increased frequency and force of
contractions and shortened the time between peak
atrial and ventricular tension development (AV con-
traction interval) but no arrhythmias were observed.
Inclusion of amitriptyline or maprotiline (4-8 ,umol) in
the perfusion fluid altered the response to noradrenaline
such that the AV contraction interval was lengthened
and arrhythmias developed. Mianserin (4-8 ,umol) did
not alter the response to noradrenaline but at 28-8 imol
some hearts became arrhythmic. The arrhythmias re-
sembled those produced by higher concentrations of
antidepressant drugs in the absence of noradrenaline
(i.e. predominance of AV block). The uptake of 3H-(-)
noradrenaline was completely blocked by all three drugs
at 4-8 ,umol. A relation between inhibition of noradrena-
line uptake and predisposition to noradrenaline-induced
arrhythmias in the presence of antidepressant drugs is
placed in doubt.

Actions of cardiac glycosides and diuretics on

Na-pump activity and Na-permeability in frog
ventricle fibres

C. T. G. Flear, S. S. Bhattacharya, T. D. Walsh,
and H. J. McCambridge
University Department of Clinical Biochemistry,
Royal Victoria Infirmary, Newcastle upon Tyne

Using frog ventricle, we investigated actions of cardiac
glycosides (cg), ouabain (o), and digoxin (d); and
diuretics ethacrynic acid (ea), bumetanide (b), amiloride
(a), and SC14266 (c) on

(1) Na-permeability appraised during net Na-accumula-
tion from cold (0°C) K-free Conway-Ringer (C-R:
120/0 mM l' Na/K)

(2) Na pump activity in Na-enriched fibres (by prior
immersion as in (1)) during net extrusion in oxy-

genated C-R (120/10).
In each experiment ventricles from 10 frogs

were halved and weighed, the left halves being
immersed with, the right without, additive. After
immersion, hemiventricles were analysed for H2O,
K, Na, Cl, and extracellular fluid volume and cell
composition determined. Methods are described else-
where (Flear et al., 1976a, b). Control experiments
established identity of compositions of left and
right pairs-unimmersed, Na-enriched, and after Na-
extrusion. Experiments with additives established

pump activity stimulated and permeability decreased by o
(<10-7M), ea (10-7 and 106M, respectively), a (10-5
and 10-3M, respectively), pump inhibited, permeability
increased by o (>10-5 and 10-7M respectively), ea
(10-3M); d: pump stimulated (< 10-7M), inhibited
(>10-6M), permeability not investigated; b: pump, no
effect; permeability decreased (10-7M); c: pump im-
paired (10-3M), permeability unaffected; 10-3M c
reduces pump-inhibition and permeability increase by
o, but does not oppose pump-stimulation, and increases
permeability reduction by o.

Results compel reappraisal of the view that cardiac
glycosides strengthen contraction by inhibiting Na-
pump activity; and consideration of effects of diuretics
on heart and action of cardiac glycosides.

References

Flear, C. T. G., and Bhattacharya, S. S. (1976a). ECF
swelling and cell gain of Na by frog muscle in cold K-free
ringer. IRCS. Medical Science: Cardiovascular System,
4, 219.

Flear, C. T. G., and Bhattacharya, S. S. (1976b). ECF
shrinkage and net active Na extrusion from Na-enriched
frog muscle. IRCS. Medical Science: Cardiovascular
System, 4, 220.

Action of caffeine upon calcium accumulation
by sarcoplasmic reticulum preparations isolated
from rabbit heart

L. M. Blayney, A. H. Henderson, H. Thomas, and
J. R. Muir
Department of Cardiology, Welsh National School of
Medicine, Cardiff

Caffeine partly influences mechanical performance of
heart muscle by affecting internal membrane function.
In skeletal and heart muscle caffeine alters calcium ac-
cumulation by isolated sarcoplasmic reticulum fractions
but the manner of its action is uncertain. Sarcoplasmic
reticulum fractions were isolated from rabbit heart by
differential centrifugation. Calcium accumulation, with
and without oxalate, was followed using dual-wavelength
spectrophotometry with murexide at 35°C. The calcium
accumulation data were analysed according to first order
kinetics. ATPase activity (basic and calcium activated)
was also measured. Calcium accumulation both with and
without oxalate was inhibited in a dose related manner by
caffeine. At low but not high concentrations calcium
activated ATPase activity was increased by caffeine but
in the presence of oxalate it was not altered by caffeine
at any calcium concentration. Caffeine did not alter the
basic ATPase activity. The findings support the con-
clusion that caffeine reduced calcium accumulation by
altering the passive permeability of the sarcoplasmic
recticulum vesicles to calcium.
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Pharmacological protection of hypoxic heart'

Winifred G. Nayler, Elizabeth Fassold, and Carmen
Yepez
The Cardiothoracic Institute, University of London,
2 Beaumont Street, London

When perfused under hypoxic conditions isolated heart
muscle fails; developed tension decreases and end-
diastolic resting tension increases. These changes in
mechanical function are accompanied by ultrastructural
damage that involves the plasmalemma, the mito-
chondria, and the myofilaments. The tissue gains Na+
and Ca2+, and loses K+. After relatively long periods of
hypoxia the Ca2+-accumulating activity of the sarco-
plasmic reticulum decreases. After relatively short
periods of hypoxia the Ca2+-accumulating activity of the
mitochondria increases and their P/O ratio declines.
dl verapamil and dl propranolol protect the mitochondria
against these effects of hypoxia. They also prevent the
hypoxic muscle from developing a raised end-diastolic
resting tension. These results have been interpreted to
mean that the increase in end-diastolic resting tension
that occurs when heart muscle is made hypoxic may
involve a reduction in the ability of the mitochondria to
synthesise APT consequent upon Ca2+-overload.

Hypothermic and metabolic protection of
myocardium in cardiac bypass and arrest

D. J. Hearse, D. A. Stewart, and M. V. Braimbridge
The Myocardial Metabolism Research Laboratories,
The Rayne Institute, St. Thomas's Hospital,
London SE1 7EH

The protection of the ischaemic myocardium during
heart surgery with cardiopulmonary bypass and cardiac
arrest can be resolved into two components. Firstly, the
use of cardioplegic agents for the rapid induction of
arrest, the prevention of ischaemic beating and the
consequent conservation of cellular energy, and,
secondly, the use of metabolic protective agents to
combat the deleterious cellular changes which occur as a
result of tissue ischaemia. Using an isolated working rat
heart model we have investigated, both individually and
in combination, the effect of a number of cardioplegic
and metabolic protective agents (potassium, magnesium,
procaine, glucose, insulin, mannitol, ATP, creatine
phosphate, acetyl choline, adenosine, aspartate, methyl
prednisolone, hydrocortisone, and topical hypothermia)
upon the recovery of heart from periods of bypass and
ischaemia. The effect of these agents on cellular energy
metabolism has also been investigated in studies in which
myocardial adenosine triphosphate and creatine phos-
phate have been measured during ischaemia. Multi-
component solutions have been formulated which, if
infused into the heart for 2 minutes before the onset of
ischaemia, permit hearts which would fail to recover
from 30 minutes normothermic ischaemia, to recover

almost 100 per cent of their cardiac output after 60
minutes of ischaemia. Dose response studies have been
carried out for selected components and the recoveries
of the hearts have been related to the duration of
ischaemia and to the degree of topical hypothermia
maintained during ischaemia.

Effect of glucose on ventricular vulnerability
in acute myocardial ischaemia

D. C. Russell and M. F. Oliver
Department of Cardiology, Royal Infirmary, Edinburgh

The vulnerability of the myocardium to the development
of ventricular premature beats (VPB) may be tested by
the method of sequential R/T pulsing. Three consecutive
suprathreshold stimuli are applied each on the 'vulner-
able period' of the preceding beat. By increasing the
strength of the third pulse, multiple VPB, and finally
ventricular fibrillation can be induced.
VPB thresholds (VPBT) have thus been determined

in dogs during and after repeated 10-minute occlusions
of the anterior descending coronary artery. Sharp re-
ductions in VPBT occurred between 3 and 6 minutes
after occlusion and in some dogs immediately after
release.
During glucose infusion (17T5 mg/kg per min), pro-

ducing a significant rise of blood glucose. the expected
fall in VPBT was delayed and reduced 5 minutes after
occlusion (P < 0-05). There was no significant difference
after 10 minutes. No such difference was seen after iso-
osmolar infusions of mannitol.

Sequential blood sampling was performed from the
femoral artery and the local coronary vein draining the
ischaemic area. Preliminary data reveal an increase
arterial local vein difference in glucose during glucose
infusions.

It is concluded that increased availability of glucose
to the ischaemic myocardium temporarily reduces its
vulnerability to the development of lethal arrhythmias.

Lysosomal enzyme releasc in acute myocardial
infarction2

Elizabeth Welman, T. J. Peters, J. F. Colbeck,
A. P. Selwyn, and K. M. Fox
Cardiovascular Research Unit and Department of
Medicine, Royal Postgraduate Medical School,
London W12 OHS

Lysosome disruption and release of N-acetyl-,-glucos-
aminidase has been shown to occur at the onset of cell
death in experimental myocardial anoxia (Welman and
Peters, 1976). Analytical subcellular fractionation of
human myocardium showed that this enzyme was
localised to the major population of lysosomes in this
tissue. Consequently, studies were carried out in patients
with acute myocardial infarction to determine whether

'These investigations were supported by grants from the 'This work was supported by the British Heart Foundation
British Heart Foundation and the Medical Research Council. and the Medical Research Council.
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plasma N-acetyl- -glucosaminidase activity was raised.
In 35 patients with clinical, electrocardiographic, and
enzyme evidence of infarction an increase in plasma
N-acetyl-3-glucosaminidase activity was found between
6 and 24 hours after the onset of chest pain. In uncom-
plicated cases the peak level occurred at 18 hours. There
was a close relation between the peak values of the
lysosomal enzyme and those of creatine phosphokinase
and its cardiac-specific isoenzyme. These findings sup-
port the suggestion that lysosome disruption is involved
in ischaemic myocardial necrosis and show that lysosomal
changes can be studied by serial measurements of the
activity of this marker enzyme in the plasma.
Reference
Welman, E., and Peters, T. J. (1976). J3ournal of Molecular
and Cellular Cardiology, 8. In the press.

Subcellular compartmentation of creatine
kinase isoenzymes in guinea pig heart

E. A. Ogunro, T. J. Peters, D. J. Hearse, and
J. P. Shillingford
Cardiovascular Research Unit and Department of
Medicine, Royal Postgraduate Medical School, Du
Cane Road, London W12 OHS; and the Myocardial
Metabolism Research Laboratories, The Rayne
Institute, St. Thomas's Hospital, London SE1 7EH

In an attempt to determine whether a subcellular com-
partmentation of creatine kinase (CK) exists and if so,
whether there is a differential distribution of the isoen-
zymes of CK in cardiac cells, studies were carried out
with the guinea pig heart which had been subfractionated
into myofibrils, mitochondria, microsomes, plasma
membrane, and cytosol by either isopycnic centrifuga-
tion or differential pelleting. Analysis of total CK in the
isolated subcellular fractions revealed mainly a cytosolic
localisation with smaller amounts of activity in the mito-
chondria, the myofibrils, and the microsomes. No CK
activity was associated with the plasma membrane.

Isoenzyme analysis of CK in these fractions revealed
that the MM isoenzyme occurred in the cytosol, the
myofibrils, and the microsomes while the cardiospecific
MB isoenzyme together with trace amounts of the BB
isoenzyme occurred only in the cytosol, CK activity in
the mitochondria did not represent either of the MM,
MB, or BB isoenzymes but was a distinct and additional
mitochondrial specific form of the enzyme. Studies were
carried out to compare thepH optima and kinetics of the
mitochondrial isoenzyme with the cytosolic isoenzymes.
The evidence for a differential compartmentation of
M, MB, BE, and mitochondrial CK was discussed in
relation to their possible cellular roles.

Local infusion of ATP, creatine phosphate, or
methylprednisolone, in acute myocardial
infarction

T. K. Kaul and W. H. Bain
University Department of Cardiac Surgery,
Royal Infirmary, Glasgow

The acutely ischaemic myocardium rapidly depletes its
endogenous reserves of adenosine triphosphate (ATP)
and creatine phosphate (CP). It releases inorganic phos-
phate and potassium with the activation of anaerobic
glycolysis, inhibition of oxidative phosphorylation, and
inactivation of sodium/potassium pump. At a later stage
of ischaemia, intracellular enzymes are released. These
biochemical changes are accompanied by structural
changes; and the initially reversible injury becomes
irreversible when the processes of energy production can
no longer maintain cellular integrity.
The effect of an artificial increase of local levels of

ATP, CP, and the infusion of methylprednisolone into
an area of acutely ischaemic myocardium has been
studied in 36 rabbits in vivo. Changes in the plasma
levels of cardiac enzymes, potassium, and inorganic
phosphate have been measured along with the rise in the
artificial pacing threshold in ,uJ during the first 6 hours
after coronary ligation. The ultrastructure has been
studied in biopsies from the ischaemic area.

Significantly improved levels were found in CK
(P<0-001); LDH (P<0 05); SGOT (P<0-001); K+
(P<0 05); inorganic phosphate (P<0-001) and the
pacing threshold (P < 0-001) at 6 hours after coronary oc-
clusion in those animals where ATP was infused locally.

Creatine phosphate infusion also offered significant
improvement 1 to 4 hours post-coronary ligation.

Release of CK (P<0-001), K+ (P<0-05) and inor-
ganic phosphate (P <0005) were also significantly
reduced with the infusion of methylprednisolone.
The study has shown that an increase in local levels

of ATP offers better protection of the ischaemic myo-
cardium than creatine phosphate and methylpredniso-
lone.

Demonstration of pulmonary arteries by contrast
injection into a pulmonary vein

M. L. Rigby, R. Astley, and S. P. Singh
The Children's Hospital, Birmingham

The anatomical characteristics of the pulmonary arteries
were investigated in 10 patients with pulmonary atresia
or underdeveloped pulmonary arteries, by selective
pulmonary venous angiography and by conventional
cardiac catheterisation and angiography. By injecting
radio-opaque contrast medium into a pulmonary vein it
was possible to show the size and extent ofthe pulmonary
arteries much more clearly than by standard methods.
The passage of contrast medium to the pulmonary
arteries appeared to take place through proximal com-
municating channels, and not via pulmonary capillaries.
Opacification was early and dense. There has been no
short-term patient morbidity from this investigation and
follow-up chest radiographs have shown no new changes.
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Intra-atrial activation mapping during Mustard
operation for transposition of great arteries

M. de Leval, J. Stark, and J. Wittig
Thoracic Unit, Hospital for Sick Children, Great
Ormond Street, London

Thirty-two patients with transposition of the great
arteries (TGA) underwent epicardial and endocardial
atrial mapping during different stages of the Mustard
operation. The zones of preferential conduction between
the sinus node and the atrioventricular node (AV node)
can be altered at all stages. The cannulation site of the
superior vena cava does not seem to alter the intra-atrial
conduction. A transverse atriotomy across the sulcus
terminalis interrupts the posterior input to the AV node,
whereas a longitudinal atriotomy, anterior to the sulcus
terminalis, does not create any delay of activation of the
AV node. The excision of the interatrial septum does
not change significantly the intra-atrial activation. If the
coronary sinus is cut back (11 patients), the terminal
portion of the posterior input to the AV node is inter-
rupted. The practical significance of these alterations of
the intra-atrial conduction was investigated with the 24-
hour electrocardiogram monitoring after Mustard
operations.

Late results of Mustard's operation for
transposition of great arteries

J. F. N. Taylor, J. P. Schmitz, G. R. Graham, and
J. Stark
Thoracic Unit, Hospital for Sick Children, Great
Ormond Street, London

This investigation was undertaken to demonstrate the
quality of life up to nine years after Mustard's operation
for transposition of the great arteries (TGA). In 1975,
assessment was made in 164 survivors of Mustard's
operation between 1965 and 1971. Attention was
focused on the life style and physical achievements of
the survivors. Fifty-six of the survivors attend normal
schools and participate in sporting activities. A further
46 lead uprestricted lives, but with some complication
(e.g. arrhythmia or tricuspid regurgitation). Twenty-one
patients were restricted by a severe arrhythmia. Severe
neurological deficits were present in 7 survivors. It was
not possible to assess the 9 patients living abroad,
though they are known to be alive. There were 36 deaths,
occurring 2 months to 6 years postoperatively. Main or
contributory causes of death were: patch obstruction in
10, arrhythmias in 12, and tricuspid regurgitation in 4
cases. Arrhythmias were the main cause of disability and
contributed significantly to the mortality. Right ven-
tricular and tricuspid valve function were not found to
be factors limiting a good functional result.

Clinical and haemodynamic results of primary
total correction of Fallot's tetralogy in first two
years of life

Rosemary Radley-Smith and Magdi Yacoub
Harefield Hospital, Middlesex

Twenty-five children who underwent successful primary
total correction of tetralogy of Fallot under the age of 2
years have been followed up for a minimum period of 1
year (mean 31 months). Homograft reconstruction of the
right ventricular outflow tract (RVOT) was performed
in 9. All children are asymptomatic and growing nor-
mally. Five children had no murmurs. The remaining
children have varying degrees of pulmonary ejection
murmurs. Radiologically the heart size was within
normal limits. The children with reconstruction of the
RVOT all have linear calcification in the wall of the
homograft. Twenty-one have been reinvestigated at
periods of up to 3 years postoperatively. The peak RV:
LV ratio was between 0-2 to 0-4 in all except 1 patient
who developed an aneurysm of the RVOT. There was
no evidence of re-opening or residual ventricular septal
defect. Angiography showed good development of the
RVOT in all except the patient with the aneurysm.
It is concluded that normal physical development,
growth of the RVOT with no evidence of restenosis or
reopening of the ventricular septal defect continues up
to 4j years after primary total correction below the age
of 2 years.

Left heart lesions presenting with Eisenmenger
complex

M. C. Petch and Jane Somerville
National Heart Hospital, London Wl

Seven patients aged 4 to 11 years with pulmonary hyper-
tension, a right-to-left shunt through a persistent ductus
arteriosus or ventricular septal defect (the Eisenmenger
complex) and serious left heart lesions have had surgical
treatment.

Mitral stenosis was present in 3; mitral regurgitation
in 2, a supravalvar membrane in 1, and aortic valve
stenosis with cardiomyopathy in 1; an associated
coarctation was present in 3. All patients presented with
the features of severe pulmonary hypertension, con-
firmed by cardiac catheterisation, and the important
left heart lesion was usually missed. However, there
were always clinical or radiological signs suggesting the
presence of aortic or mitral valve disease; echocardio-
graphy confirmed the left atrial obstructive lesion in 4.

Six patients had valve replacement or repair, in 1 the
supravalve membrane was resected, and in 3 the
coarctation was resected. After this, closure of the duct or
ventricular septal defect, with a fall in the pulmonary
artery pressure, was possible in 6 of the 7.

Diagnosis of the masked left heart lesion is vital in this
groupjof patients who are frequently and erroneously
deemed inoperable.
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Surgical correction of coarctation of aorta in
infancy (4 days to 61 months) using left
subclavian artery flap aortoplasty

D. I. Hamilton, Jean Shackleton, R. S. Jones,
R. Arnold, and W. L. Wilkinson
Royal Liverpool Children's Hospital

This technique has been developed since 1969 in an
attempt to lower the high natural mortality of this
condition and its frequently associated lesions (viz.
ventricular septal defect and persistent ductus arteriosus)
in infancy and to reduce the incidence of 'restenosis'.

Plastic enlargement of the narrowed aorta is per-
formed using the open out left subclavian artery as a
pedicled flap. This allows growth in girth at the site of
coarctation pari passu with the child's development.
Pulmonary artery banding is performed when indi-

cated and the persistent ductus arteriosus is ligated or
divided.

Thirty-nine infants aged 4 days to 6i months form the
basis of this report. Cine aortography and haemody-
namic pressure studies up to 6 years postoperatively
show that the reconstructed aorta has grown satis-
factorily.

Only 2 of 23 surviving children have 'unsatisfactory'
femoral pulsations.

Thirty infants were under 3 months of age at the time
of surgery (mortality 43%).
The overall hospital mortality is 33/o. A detailed

analysis of the results and follow-up studies was pre-
sented.

Echocardiographic assessment of left ventricular
filling after mitral valve surgery

M. G. St. J. Sutton, T. A. Traill, A. S. Ghafour,
D. J. Brown, and D. G. Gibson
Cardiac Department, Brompton Hospital, London

In order to investigate the functional effects of mitral
valve surgery, echocardiograms showing left ventricular
(LV) dimension were recorded and digitised in 10
normal subjects and 111 patients after mitral valve
surgery. Measurements were made of peak rate of in-
crease of dimension (dD/dt) and duration of rapid
filling, studies on left ventriculograms having shown
close correlation between these values and changes in
cavity volume. In 11 patients with mitral stenosis, peak
dD/dt was reduced to 7-3 + 1-5 cm/s, and filling period
prolonged to 330 i 65 ms, compared with normal
(15-6±6 cm/s, and 160 ±50 ms, respectively, P <0-01),
and after mitral valvotomy, these values improved
significantly (10-5 ±2-7 cm/s and 250 ±55 ms, P < 0-01).
Characteristic abnormalities were found in 70 patients
with mitral prostheses. Values for the Bjork-Shiley
(10-5 ±4-2 cm/s and 180 ±80 ms) and Hancock (10-3 ±
3-7 cm/s, 200 ± 85 ms) valves were similar, and both
superior to the Starr-Edwards (7-4 ± 3 cm/s, 300 ± 105
ms, P < 0-01). Results after mitral valve repair in 30 cases
were not significantly different form normal (14 ± 5 cm/s,

170 ± 50 ms). Values outside the 95 per cent confidence
limits for the valve in question allowed diagnosis of valve
malfunction in 20 cases. In summary, this method can be
used to compare surgical procedures and to follow up
patients after mitral valve surgery.

Combined homograft replacement of aortic
valve and aortic root with reimplantation of
coronary arteries

M. Ahmed, R. Thompson, G. Gula, R. Radley-Smith,
M. Towers, and M. Yacoub
Harefield Hospital, Harefield, Middlesex

Between December 1975 and May 1976, 16 patients
underwent homograft replacement of the aortic valve
combined with aortic root replacement and reimplanta-
tion of the coronary arteries into the homograft. Early
results show that this technique allows the use of a larger
homograft in children and in the adult patients with a
small aortic root. It permits complete anatomical re-
construction of the ascending aorta in patients with
aneurysms or other lesions involving the aortic root, and
prevents any distortion of the homograft valve. There
were 7 male and 9 female patients aged between 10 years
and 58 years (mean 32). The aetiology of the valve lesions
was Marfan's syndrome in 3 cases, dissecting aneurysm
resulting from medial necrosis in 2, infective endo-
carditis in 4, rheumatic or congenital valve disease in 5,
prolapsed aortic cusp with ventricular septal defect in 1,
and non-specific aortitis in 1. The haemodynamic lesion
was aortic regurgitation in 13 cases and aortic stenosis in
3. There have been no early or late deaths and all patients
are improved (follow-up 1 to 5 months). Cardiac
catheterisation and aortography in 6 patients has shown
the homograft valve to be competent in each case, with
normal coronary filling.

Angina in aortic stenosis and its relation to
coronary artery disease and results of homograft
replacement of aortic valve

R. Thompson, M. Ahmed, M. Towers, M. Yacoub
Harefield Hospital, Harefield, Middx

Between 1969 and 1975, 80 patients with aortic stenosis
and angina were investigated by coronary angiography
(CA) and cardiac catheterisation before aortic valve
replacement (AVR) in an attempt to define more
precisely the aetiology of their angina. There were 59
men and 21 women aged between 30 and 71 years (mean
58). CA was normal in 56 patients (70%), 8 (10%) had
single vessel disease, 9 (11 %) had double vessel disease,
and 7 (9%) had triple vessel disease. Age of onset,
severity and duration of symptoms, electrocardiogram,
and haemodynamic parameters were not related to
coronary artery disease (CAD) or its severity. Isolated
AVR was performed in 64 patients with additional
coronary artery bypass grafting (CABG) in 16. There
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were 2 early deaths (2 5%) and 2 late deaths (2-5%) with
a follow-up of 3 to 72 months (mean 20). Twenty-seven
patients underwent reinvestigation at a mean time of 23
months after AVR. Left ventricular function improved
in most patients irrespective of CAD or CABG, but
abnormalities of segmental wall motion, present only
in the CAD group, did not improve despite CABG.
It is concluded that the presence of CAD in aortic
stenosis cannot be predicted without CA. Left ven-
tricular function improves after AVR despite CAD but
in the short term CABG does not appear to produce
additional improvement.

YOUNG RESEARCH WORKERS' PRIZE

Dependence of myocardial blood flow and
metabolism on cardiac innervation

Angela J. Drake
Midhurst Medical Research Institute, Midhurst,
Sussex

Left ventricular blood flow was measured in dogs with
14Ce-labelled microspheres at a fixed heart rate for each
dog, achieved by right atrial pacing. Blood samples were
taken from an artery and from the coronary sinus, into
which a catheter had been introduced under fluoroscopic
control. These were analysed for oxygen content,
lactate, glucose, and free fatty acids (FFA). The coronary
AV differences for these variables were used together
with the flow to calculate left ventricular oxygen con-
sumption and left ventricular uptake of the three sub-
stances. Each dog was then subjected to cardiac de-
nervation and after three weeks, to allow for endogenous
catecholamines to be depleted, a second measurement of
the left ventricular blood flow was made using "5Sr
microspheres, together with second measurements of
coronary AV differences for oxygen content, lactate,
glucose and FFA. These measurements were made with
the same heart rate, arterial pressure and anaesthetic as
in the first study in each dog. In five dogs a third
measurement of these variables was made (using 9"Nb
microspheres) after beta-adrenergic blockade with
atenolol. Left ventricular oxygen consumptions in the in-
nervated control study were 109-6 +35-7tL 02 minm- g-',
and after denervation were 141-8 +35 7,1 02 min -l g -l,
respectively. This increase in left ventricular oxygen
consumption was accompanied by concomitant increases
in lactate consumption from 277-4 ±156-7 nmol mi
-'g-1 to 917 +213 3 nmol min-'g-', respectively, but no
consistent changes in glucose and FFA uptake. External
left ventricular work per ml of oxygen consumed fell
from 4-38 ±0-63 to 2.77 ±092J (P < 0O05) and for each
t±mol of lactate consumed fell from 2-004 ±0-949 to
0433 +O 15lJ (005>P >0-025).

This implies that tonic release of noradrenaline from
nerve terminals increases the conversion of substrate and
oxygen into mechanical energy.

This same effect was achieved by beta-adrenergic

blockade after denervation. This leaves the humoral
oc-adrenergic influence as the sole remaining factor and
suggests that the effect is mediated by the a-adrenergic
properties of noradrenaline.

Evidence for non-infiltrative neoplastic
cardiomyopathy and presence of negative
inotropic factor in acute myeloid leukaemia:
a clinico-experimental study
M. Afzal Mir
Department of Cardiology, Manchester Royal
Infirmary, Manchester M13 9WL

Congestive cardiomyopathy in acute leukaemia is
attributed to daunorubicin. In this study, I examined
the cardiac function in 12 normal subjects and in 15
patients with acute myeloid leukaemia before and after
daunorubicin. The left ventricular end-systolic dimen-
sion, ejection fraction, and the end-systolic shortening in
relation to the end-diastolic dimension were significantly
abnormal in leukaemic patients before cytotoxic therapy.
Two patients had left ventricular failure before treatment
and 3 others developed heart failure within 4 weeks of
diagnosis. Necropsy in 3 of these showed no leukaemic
deposits in the myocardium. These results suggest that
leukaemic cardiomyopathy is unrelated to drugs or
neoplastic infiltration of the myocardium.

In an effort to look for a cardiotoxic substance in
leukaemic blood, I fractionated leukaemic serum and
blast cell extract in a Sephadex G-15 column. Fractions
8 and 9 had a negative inotropic effect on increased
coronary vascular resistance, and decreased oxygen
consumption of the isolated rabbit heart. This factor
may be related to poor left ventricular function in acute
myeloid leukaemia.

Regional myocardial perfusion in dogs and man:
continuous measurement by Krypton-81 m.
Relation between acute regional ischaemia,
electrocardiographic signs, and effects of
nitroglycerin

Andrew P. Selwyn
The Royal Postgraduate Medical School,
Hammersmith Hospital, Ducane Road, London
W12 OHS

The physical properties of the inert freely diffusible gas
Krypton-81m (half-life 13 s) allow the development of a
technique for the continuous observation and assessment
of regional myocardial perfusion in dogs and man. The
theoretical considerations, an investigation, and a
practical validation for the use of 81 mKr were presented.

In 25 dogs the relation between changes in regional
coronary flow, using the electromagnetic flow probe and
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changes in regional counts per minute using "InmKr was

significant (P± <0001, R=0933).
The theory and experimental evidence relating the loss

of R waves and the development of Q waves to the loss
of electrically active myocardium is presented.

In 32 dogs epicardial electrocardiograms and the ab-
normalities of regional perfusion were recorded before,
during, and after 5, 20, 60, and 240 minutes of left
anterior descending coronary artery (LAD) occlusion.
The natural history and evaluation of the changes in
acute regional ischaemia, epicardial EST elevation, and
the loss of R waves (and development of Q waves) is
analysed and presented. The significant beneficial
effects of intravenous nitroglycerin and methylpredni-

solone sodium succinate on acute regional ischaemia
(81mKr), the evidence of acute cell injury (epicardial
IST elevation), and the progressive loss of electrically
acute myocardium (R loss and the appearance of Q
waves) is described. These beneficial effects upon the
progressive loss of electrically active myocardium could
only be shown in the first 2 hours after LAD occlusion.
High resolution images and continuous monitoring of

the distribution of regional myocardial perfusion were

obtained with 8lmKr in patients undergoing coronary
angiography. This technique is used to show the relation
between abnormalities of coronary artery anatomy and
abnormalities in the distribution of regional myocardial
perfusion at rest and on exercise.
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