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Proceedings of the British Cardiac Society
THE AUTUMN MEETING of the British Cardiac Society
was held at the Wembley Conference Centre on
Monday and Tuesday, 20 and 21 November 1978.
The President, w. SOMERVILLE, took the Chair
during private business. At the scientific sessions
the Chair was taken by J. F. PANTRIDGE.

Abstracts of Papers

Young Research Workers Award 1978

Functional significance of coronary collateral
circulation during dynamic exercise
evaluated by thallium-201 myocardial
scintigraphy

Ray Wainwright
Departments of Cardiology and Nuclear
Medicine, Guy's Hospital, London SEl 9RT

Sixty-five patients with documented coronary
artery disease were investigated by thallium-201
(20'Tl) scintigraphy to determine the role of the
collateral circulation during exercise. Fifty-three
patients had complete proximal occlusion of at least
1 major coronary artery. One patient had total
occlusion of all 3 coronary arteries. Sixty-four
collateral channels were identified, graded, and
compared with corresponding regions of the myo-
cardial scintigram. Tracer uptake was also graded
and classified as various degrees of protection from
ischaemia.
A significant correlation between good collaterals

with complete protection and poor or absent
with no protection was noted (P < 0'0005, coeffi-
cient of contingency = 0.50).

Seventeen patients (20 occluded vessels) had
total coronary occlusion without myocardial in-
farction. Collaterals conferred protection in 9/15
occlusions whereas no protection was seen in 5
occlusions without collaterals (P = 0 03).
There was no difference in the protective role of

homocoronary and heterocoronary collateral vessels.
Hypertrophy of the first septal left anterior descend-
ing (LAD) perforator conferred significant protec-
tion in contrast to bridging collaterals and ghosting.

Evidence is presented to show that during exer-
cise the right coronary bed in comparison to the

LAD coronary bed is always preferentially protect-
ed from ischaemia, probably reflecting the trans-
mural driving gradient between left and right
ventricles.
Man and the pig are similar in this respect (Ramo

et al., 1970).

Reference

Ramo, B. W., Peter, R. H., Ratliff, N., Kong, Y., McIntosh,
H. D., and Morris, J. J. (1970). The natural history of right
coronary arterial occlusion in the pig. Comparison with
left anterior descending arterial occlusion. American
Journal of Cardiology, 26, 156.

Quantitative approach to analysis of
exercise thallium-201 scintigraphy: clinical
evaluation

R. G. Murray
Department of Medical Cardiology, Royal
Infirmary, Glasgow G4 OSF

Thallium-201 exercise scintigraphy provides a non-
invasive technique in the investigation of patients
with suspected coronary heart disease (CHD). To
improve objectivity in analysis, a quantitative
approach to the interpretation of image data was
developed using a regions of interest technique. In
healthy volunteers, under conditions of maximal
exercise, a normal variation in inter-regional
count densities (15%) was identified. Regional
variation exceeding 20 per cent was accepted as
abnormal and this criterion applied to the inter-
pretation of exercise scintiscans from 50 patients
with chest pain. Image data proved sensitive (91%)
and specific (82%) for the detection of patients
with significant CHD. However, a discrepancy
between extent of disease determined by scinti-
graphy (50 areas of hypoperfusion) and arterio-
graphy (> 71 diseased vessels) was noted in
patients with > 2 vessel disease. In 30 patients with
multiple vessel disease, the influence of collateral
circulation and severity of occlusion was explored.
Functional capacity of collateral circulation appeared
variable offering protection from ischaemia in 9 of
16 non-infarcted zones. The severity of occlusion
modified tracer distribution such that areas supplied
by diseased vessels may appear normal if adjacent

360

 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.41.3.360 on 1 M
arch 1979. D

ow
nloaded from

 

http://heart.bmj.com/


Proceedings of the British Cardiac Society

areas were supplied by vessels with higher grade
occlusion.
Thus, computer reading of exercise thallium-201

scintiscans could be applied in the diagnosis of
CHD. A range of normal tracer concentration could
be identified and abnormality defined. The tech-
nique was accurate in detecting patients with CHD
but was limited in determining the extent of disease.

Relation between praecordial projection of
ST segment changes after exercise and
coronary angiography

K. M. Fox
Cardiovascular Research Unit, Hammersmith
Hospital, Du Cane Road, London W12 OHS

Stress testing has now become a standard diag-
nostic tool in the non-invasive evaluation of
patients presenting with chest pain. The sensitivity
depends largely on the lead system used and rarely
exceeds 80 per cent. In addition, attempts to
evaluate the site and severity of arteriographic
lesions have proved to be disappointing. In this
study a technique for recording praecordial areas
of ST segment changes before and after exercise is
described and the results compared with the
findings at coronary arteriography in 109 patients.
This technique showed a sensitivity of 95 per cent
and specificity of 91 per cent for the detection of
significant coronary artery disease. Typical prae-
cordial projections of ST segment changes were
found when the left anterior descending or right
coronary artery was involved alone. In 25 per cent
with single vessel disease there was an overlap in
the areas of the praecordium involved. In those
patients with extensive coronary artery disease
widespread praecordial electrocardiographic changes
were present in 64 per cent, a finding not seen when
the left and right coronary arteries were involved
alone.

Praecordial exercise mapping has been shown to
be valuable in the diagnosis of coronary artery
disease and in the identification of patients with
three vessel disease.

Ventricular defibrillation

J. N. Patton
Department of Cardiology, Royal Victoria
Hospital, Belfast BT12 6BA; and Department of
Physiology, The Queen's University, Belfast
BT7 1NN
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It is stated that one-third of adult patients cannot
be defibrillated by conventional defibrillators which
store 400 Joules and an energy-dose body weight
related concept for defibrillation with a peak current
of 1 Amp/kg has been suggested. This suggestion
is contested. The mean peak current/kg required
for defibrillation in the clinical situation has
been measured for the first time and found to
be 0 35 ± 0-05 Amp/kg. No correlation was found
between body weight and mean peak current
(r = 0-121 ± 0.314).

In dogs shocks of high energy caused more
myocardial damage than those of identical total
energy delivered by repeated low energy shocks
(30-1 ± 10-6 g for 10 shocks of 400 Joules com-
pared with 0 5 ± 0 3 g for 40 shocks of 100 Joules).
Stimulation of the autonomic nervous system did
not appear to be a factor since depletion of cate-
cholamines by reserpine (0-25 mg/kg) and blockade
with propranolol (0 4 mg/kg) and atropine (0-2
mg/kg) did not reduce damage. Damage of thermal
origin was unlikely since the mean temperature
rise was 0 002°C ± 0-056°C after repeated shocks.
It is likely that the damage from DC shock results
from a direct effect on the myocardial cells.

Coarctation, tubular hypoplasia, and ductus
arteriosus: a histological study

S. Y. Ho and R. H. Anderson
Cardiothoracic Institute, Brompton Hospital,
London SW3 6HP

The ductus arteriosus, coarctation, and tubularhypo-
plasia ofthe aortic arch have been studied histologi-
cally so as to determine any relation between them.
Thirty-five specimens of the aortic arch including
the ductus arteriosus were serially sectioned. Seven
specimens were from anatomically normal hearts
and 28 were from congenitally malformed hearts
of which 12 were associated with coarctation and/or
tubular hypoplasia. Ductal tissue was distinguished
from aortic tissue as being essentially muscular and
lacking the regularly spaced elastic lamellae.
Specimens with coarctation and/or tubular hypo-
plasia showed an abnormal sling of ductal tissue
around the orifice of the aortic isthmus. These
cases were affected by some form of obstruction or
restriction to aortic blood flow. In 6 of these a
diaphragm of ductal tissue was observed to form the
coarctation lesion. Since the coarctation lesion can
coexist with tubular hypoplasia of the aortic arch, it
is necessary to distinguish between these different
forms of obstruction to blood flow through the
aortic arch. The finding of a ductal 'sling' in all 12
cases with arch obstruction in the presence of
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reduced aortic flow is of major significance with
regard to theories concerning the formation of
obstructive lesions.

Development of inlet zone of right ventricle
in man

K. R. Anderson, P. R. Vassall Adams, and
R. H. Anderson
Department of Paediatrics, Cardiothoracic
Institute, Brompton Hospital, London SW3 6HP;
and Department of Anatomy, Charing Cross
Hospital Medical School, London W6 8RF

The mode of development of the inlet portion of
the right ventricle is one of the most contentious
topics in human embryology, with far-reaching
consequences concerning the understanding and
nomenclature of malformed hearts. Much disagree-
ment is purely semantic in origin. Observations in
12 human embryos confirm that after ventricular
looping the entire atrioventricular canal is com-
mitted to the proximal segment of the primary heart
tube while the truncus is supported by the distal
segment. The primary tube at this stage is lined
with endocardial jelly and devoid of trabeculations.
Trabecular pouches derive from both segments to
either side of the ventricular constriction, the pouch
derived from the inlet segment becoming the left
ventricular trabecular zone while the pouch derived
from the outlet segment forming the right ventri-
cular trabecular zone. A trabecular septum is
formed between them. The atrioventricular canal is
septated by the endocardial cushions, but the
inferior cushion itself fuses with the trabecular
septum from its inception, committing a sleeve of
inlet component of the primary tube to the right
ventricle. This sleeve, together with a sleeve of
outlet component form the inlet portion of the
definitive right ventricle. These findings show that
double inlet univentricular heart of left ventricular
type cannot be considered as arrested normal
development, and that most disagreements con-
cerning its morphogenesis are spurious, being
alleviated by usage of descriptive terms for embryo-
logical events.

Lung biopsy in congenital heart disease:
improved clinicopathological correlations

Sheila G. Haworth, Rosemary Radley-Smith, and
M. Yacoub
Department of Paediatric Cardiology, Institute of
Child Health, Guilford Street, London WC1N 1EH
and Cardiac Surgical Unit, Harefield Hospital,
Middlesex

A morphometric study of regional variation in lung
structure in infants with ventricular septal defect
(VSD) and pulmonary hypertension showed that
one section of lung tissue, 1 cm2, was representative
of the entire pulmonary vascular bed and also gave
a satisfactory assessment of lung growth. Subse-
quently, the lung was biopsied in 15 patients with
an isolated VSD, a univentricular heart, or trans-
posed great arteries and VSD. Lung structure was
quantified using 3 age-related criteria: (i) abnormal
extension of muscle into intra-acinar arteries,
(ii) percentage arterial thickness, and (iii) number
of intra-acinar arteries per unit area of lung, as
related to alveolar number. These measured
changes were related to the Heath and Edwards
classification.

All showed abnormal extension of muscle. In
arteries 50 to 100 ,um in diameter, mean percentage
medial thickness correlated significantly with mean
pulmonary arterial pressure (r = 0-76; P < 001),
as did the alveolar/arterial ratio (r = 0'71;
P < 002). Excluding cases of univentricular heart,
muscularity also correlated with pulmonary vascular
resistance (r = 0 70; P < 0 05). Not only did the
structural development correlate with the haemo-
dynamic findings, but, in retrospect, within each
diagnostic group, the combination of structural
features could be related to the outcome of cor-
rective surgery.

Lung scan abnormalities in hypertensive
pulmonary vascular disease

C. G. C. MacArthur, T. A. Pratt, J. P. Lavender,
K. A. Hallidie-Smith, and C. M. Oakley
Royal Postgraduate Medical School,
Hammersmith Hospital, Du Cane Road,
London W12 OHS

Perfusion and ventilation lung scans have been
performed on a large field gamma camera in 7
patients with post-tricuspid shunts and the Eisen-
menger syndrome and in 3 with residual pulmonary
hypertension after repair of ventricular septal
defect. The distribution of regional pulmonary
perfusion was imaged using technetium-99m
labelled albumin microspheres or macroaggre-
gates; and of regional ventilation during constant
inhalation of the short-lived isotope krypton-81m.
Anterior, posterior, and 2 lateral views were
obtained.

In all cases ventilation scans were normal but
perfusion scans showed patchy non-segmental
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defects. The distribution of these defects was
variable, though often more pronounced in the upper
lung fields. In 2 patients with persistent ductus
arteriosus defects were more prominent in the left
lung. The proportion of the injected dose entering
the lung was calculated in 7 patients by estimating
the count rate from microspheres in the lungs and
head. In all these patients there were sufficient
particles in the lungs for statistical reliability. In no
patients were there any side effects from systemic
circulation of the albumin particles.
The pathological basis for the perfusion defects

is uncertain. It is well recognised that dilatation
lesions are not uniformly distributed within the
lungs. Alternatively, it is possible that they result
from thrombosis in situ in the pulmonary arterial
bed.

Quantification of coronary heart disease

W. C. Roberts
National Heart, Lung, and Blood Institute
Bethesda, Maryland, U.S.A.

Each of the 4 major epicardial coronary arteries in
106 patients with coronary heart disease was
divided into 5 mm long segments and a Movat-
stained histological section was prepared and
examined from each segment. An average of 56
5 mm long segments was examined from each
patient. Of 5387 5 mm long segments examined,
1924 (36%) were 75 to 100 per cent narrowed in
cross-sectional area by atherosclerotic plaque
(controls = 3%), another 36 per cent were 51 to
75 per cent narrowed (controls = 22%), 20 per
cent were 26 to 50 per cent narrowed (controls =
44%), and only 9 per cent were less than 26 per
cent narrowed (controls = 32%). The 22 patients
with clinically isolated, unstable angina pectoris
had the highest percentage of 5 mm long segments
76 to 100 per cent narrowed in cross-sectional area
by atherosclerotic plaque, namely 48 per cent; the
26 patients with healed myocardial infarcts had the
smallest percentage of segments 76 to 100 per cent
narrowed, namely 28 per cent; the 27 patients with
acute myocardial infarction and the 31 patients with
sudden coronary death were intermediate (35%).
Thus, the patients with the least amount of myo-
cardial damage, that is angina pectoris, had the
severest degree of coronary narrowing, and those
with the severest degree of myocardial damage,
that is healed myocardial infarction, had the least
degree of coronary narrowing.

Multicentre prospective randomised study of
coronary bypass surgery in angina pectoris.
Survival at 2 years

E. Varnauskas
European Coronary Surgery Study Group

The patients included are men below 65 with angina
pectoris, > 50 per cent obstruction in at least 2
major vessels and left ventricular ejection fraction
> O *5. Seven hundred and sixty-eight patients were
randomised: 373 into a medical treatment (M)
group and 395 into a surgical treatment (S) group.
All medical and 394 surgical patients were available
to follow up. There were no significant differences
between the 2 groups regarding the distribution of
baseline variables. Twenty-six patients of S-group
did not receive surgery: 6 died before operation and
20 refused surgery. Fifty patients of M-group were
operated on because of symptoms not responding
to medical management. All these 76 patients were
retained in their original treatment groups for the
analysis. Operative (hospital) mortality was 3-6 per
cent in all operated patients while it was 3 5 per
cent in S-group patients. The only significant
2-year survival difference was found in the subset
of patients with 3-vessel disease: the survival was
better in the surgical group.

No. of Survival % Difference
patients S-M + CI %

Total M 373 92-5 2-2 + 3-5
S 394 94 7

Left main M 31 87-1 5-8 + 15-2
disease S 28 92-9
2-vessel M 154 96-7 -3-5 + 4.9
disease S 147 93-2
3-vessel M 188 89-9 6-0 + 5.0*
disease S 219 95.9

*P < 0 05; CI = 95% confidence interval.

Co-operative trial in primary prevention of
ischaemic heart disease using clofibrate

M. F. Oliver (Edinburgh), H. Geizerova (Prague),
I. Gyarfas (Budapest), J. A. Heady (London),
J. N. Morris (London), and T. Strasser (Geneva)

A double-blind intervention trial was conducted
between 1965 and 1975 to test the hypothesis that
the incidence of ischaemic heart disease (IHD) in
middle-aged men can be reduced by lowering
raised serum cholesterol levels. It was carried out in
Edinburgh, Budapest, and Prague on 15 745 men,
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aged 30 to 59. The trials continued for an average
of 5-3 years and comprised a high cholesterol group
treated with 1 6 g clofibrate daily, a high cholesterol
control group, and a low cholesterol control group.
Subjects with manifest heart disease were excluded
from the trial. No attempt was made to correct other
risk factors for IHD.
A mean reduction of 9 per cent of the initial

serum cholesterol levels was achieved in the
clofibrate treated group; this was less than the 15 per
cent fall expected. During treatment, serum tri-
glyceride concentrations resembled those naturally
occurring in the low cholesterol control group.
The incidence of IHD was lower by 20 per cent

in the clofibrate group compared with the high
cholesterol control group (P < 0 05); this fall was

confined to non-fatal myocardial infarcts which
were reduced by 25 per cent. The incidence of
fatal heart attacks was similar in the 2 high chol-
esterol groups and there was no significant differ-
ence in the incidence of angina. The reduction of
non-fatal myocardial infarction in the clofibrate-
treated group was greatest in men with the highest
level and the greatest reduction in serum cholesterol.
The number of deaths, and crude mortality rates

from all quarters in the clofibrate-treated group
significantly exceeded those in the high cholesterol
control group (P < 0.05). Excluding deaths from
IHD, other vascular causes, and accidents, the
excess of deaths in the clofibrate-treated group

compared with the high cholesterol control group
was 77 compared with 47 (P < 0-01). The sub-
group with the greatest proportion of excess of
deaths was that of conditions related to the liver,
the biliary, and intestinal system. The cholecys-
tectomy rate for gall-stones was higher in the
clofibrate-treated group than in either of the control
groups (P < 0-001).
The results of the trial confirm the basic hypo-

thesis that reduction of high serum cholesterol
levels, even in middle-aged, can reduce the inci-
dence of IHD. However, the excess of non-IHD
and non-vascular death in the treated group and the
increased incidence of gall-stones indicate that
clofibrate cannot be recommended as a lipid-
lowering drug for community-wide prevention of
IHD.

12-lead maximal exercise testing as a

predictor of severe coronary artery disease

D. W. Baron, P. A. Poole-Wilson, and
A. F. Rickards
National Heart Hospital, London WIM 8BA
and Cardiothoracic Institute, London WlN 2DX

Seventy-two patients, average age 51 ± 9 years,
underwent both maximal 12-lead treadmill testing
(Bruce protocol) and coronary arteriography. Only
patients with rest pain and ST segment shifts were
excluded. Twenty-eight patients had normal
coronary arteries, 12 had single-vessel disease
(>70% luminal diameter), 14 had double-, and
14 had triple-vessel disease. Four had left main
coronary disease (LMCD).

All 32 patients with 2-, 3-vessel, or LMCD had
positive exercise tests while 8/12 with single-vessel
disease had positive tests. Sensitivity of the 12-lead
electrocardiograms during maximal stress testing
was 91 per cent (cf. 75% using V5 only), with
9 per cent false negatives (25% using V5 only).
Specificity and false positives were identical with
both methods (86% and 14%, respectively).
The sum of ST segment shifts in all 12 leads

(2ST) was 2X1 ± 1-9 (single-vessel disease),
6-0 ± 2-3 (double-vessel disease), 9 3 ± 6-5 (triple-
vessel disease), and 1141 ± 2-9 mm (LMCD).
EST was a significant predictor of triple-vessel
and LMCD. Other significant predictors of triple-
vessel and LMCD (cf. < 2-vessel disease) were
the number of electrocardiographic leads showing
ischaemic changes (6-1 + 1-8 vs 341 ± 2-1,
P < 0.001) and the exercise stage achieved
(2-2 ± 0-8 vs 3-3 + 0 9, P < 0001). There was a
significant correlation between location of coronary
artery stenoses and ischaemic areas on the exercise
electrocardiogram.

It is concluded that maximal 12-lead electro-
cardiographic stress testing results in a higher yield
of true positive tests, and can be used to predict
the severity of coronary artery disease and localise
areas of ischaemia.

Normalisation of electrocardiogram in
survivors of myocardial infarction on
beta-blockers

S. Yusuf, R. Lopez, and P. Sleight
Department of Cardiovascular Medicine,
The Radcliffe Infirmary, Oxford

The fewer the abnormalities detected on the electro-
cardiogram 1 to 2 years after acute myocardial
infarction (AMI) the less the risk of sudden death
(Leren et al., 1970: coronary drug research project,
1972; Blackbum et al., 1970). The effect of a beta-
blocker (atenolol) on the evolution of the electro-
cardiogram in the chronic phase after AMI was
studied in 22 patients with anterior MI. Serial
35-lead praecordial maps were performed using a
reproducible technique just before discharge, 1
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month after discharge, and then at 3-monthly
intervals for a year.
The increase in R waves was significantly greater

in the treated group as compared with the placebo
group (P < 0 001; Wilcoxon's rank test). The £R
waves over 35 leads changed from an initial mean
value of 62 mm (beta-blocked group) and 51 mm
(placebo) (not significant) to 87-5 mm and 59 mm
at 3 months (P < 0 1 Student's t test); to 130 and
47 mm at 6 months (P < 0 001) and to 192 and
54 mm at 1 year after MI (P < 0{001). The Z
(QS) waves also showed a significant decrease in the
treated group (P < 0 05).

Compensatory hypertrophy and intraventricular
conduction defects were excluded as possible
mechanisms of increase in R waves as the improve-
ment was confined to the leads reflecting infarction
and the QRS duration was less than 100 ms.

In conclusion, chronic beta-blockade results in
improvement of the electrocardiogram in survivors
of AMI. These changes may signify improved
prognosis.

Influence of cigarette smoking on morbidity,
mortality, and mode of death in coronary
patients

R. Mulcahy, I. Graham, and N. Hickey
St Vincent's Hospital, Dublin 4

Five hundred and eighty-nine consecutive male
subjects aged less than 60 years who survived a first
myocardial infarction for at least 28 days have been
followed for 1 to 15 years. Treatment was based on
early mobilisation and return to work, an active
exercise programme, and long-term risk factor
intervention.
The 5-year survival was 80 per cent and the 10-

year survival was 61 per cent. Age, the severity of
the initial attack, and hypertension all affected
prognosis.

Smoking habits before the initial illness did not
affect subsequent survival. Ofthe 446 initial smokers,
however, those who stopped smoking had a signifi-
cantly lower death rate than those who continued.
This association was independent of other deter-
minants of prognosis. Those who reduced to less
than halftheir earlier cigarette consumption initially
fared better than those who continued to smoke
heavily but ultimately shared the same poor survival.
The mode of death did not differ between decedents
who continued to smoke and those who stopped
after the initial event.
The effect of continued cigarette smoking on total

(fatal and non-fatal) ischaemic events during the
follow-up period was presented.
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Multicentre propranolol post-infarction trial

N. S. Baber ICI, Alderley Edge, Cheshire; and 60
contributing UK physicians

In a double-blind, multicentre study, 783 patients
(mean age 55 years), who had sustained an anterior
myocardial infarction were randomly allocated to
treatment with propranolol (40 mg t.d.s.) or match-
ing placebo. Entry time to the trial ranged from 2 to
14 days (mean 8'4 days) after infarction, with follow-
up visits at 1, 3, 6, and 9 months.
The trial was designed to detect differences

between the two groups at the 5 per cent significance
level, with an 80 per cent chance of success. A
sequential analysis was performed.
Data up to 3 months' follow-up are presented.

Risk factors, independent of treatment, which reach
statistical significance were age, high heart rate, and
ventricular arrhythmias at trial entry, history of
hypertension, and the female sex. Other risk factors
were, at hospital admission, systolic blood pressure
above the mean, a history of smoking, of angina,
and of congestive heart failure in the pretrial entry
phase.
By 1 month, 18 out of 328 patients suitable for

analysis had died in the propranolol groups,
compared with 14 out of 343 patients on placebo.
Equivalent figures at 3 months were 22 out of 301,
and 21 out of 312 respectively. There were no
significant treatment effects on mode of death,
reinfarction rate, or heart failure withdrawal rate.

Tricuspid atresia. Early and late problems
after pulmonary artery to right atrial
connection

H. Osnaya and Jane Somerville
Paediatric and Adolescent Unit, National Heart
Hospital, Westmoreland Street,
London WlM 8BA

Between 1972 and 1977, 18 patients with tricuspid
atresia aged 1 to 26 years, 12 over age 10, had various
forms of right atrial to pulmonary artery connection
with closure of atrial communication; six had
associated transposition (TGA). Vena caval valves
were used in 7. The causes of early and late mortality
have been studied together with the haemodynamic
findings and state of the long-term survivors. There
were 8 perioperative deaths related mainly to errors
in technique (5) or assessment (3). Technical
problems related to reopening of atrial septum (3)
with severe hypoxia, torrential haemorrhage from
loosened atrial purse string suture (1), spreading
thrombosis around inferior vena caval valve (1)
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and subaortic obstruction from restrictive ventri-
cular septal defect in transposition of the great
arteries. Assessment errors were underestimating
left ventricular dysfunction (1) and not recognising
and treating subaortic obstruction in 2 with normally
related great arteries. Two late deaths occurred
in the first year; 1 from chronic sepsis and the
other was sudden and unexplained. Of the 8
survivors, 7 remain well leading normal lives and
1 has high right atrial pressure related to pulmonary
artery stenoses from previous shunts. Six had the
'caval' syndrome early and in 2 it recurred with
intercurrent infections. Four had reoperation: for
reclosure of atrial septal defect (3) and open
anastomosis (1). One has recurrent symptomatic
tachycardia and 2 without caval valves have develop-
ed abnormal liver function tests. Recatheterisation
in 7 showed gradients of 4 to 14 mmHg between
right atrium and distal pulmonary arteries with low
normal resting cardiac outputs. We conclude that
this operation with careful selection and technique
improves quality of life in hypoxic patients but late
postoperative problems are common.

Indications and results of Fontan operation
and its modifications

J. O'Riordan, J. Stark, and M. de Leval
The Hospital for Sick Children, Great Ormond
Street, London WC1N 3JH

Between 1975 and 1978, 6 children ranging in age
from 3 to 12 years underwent a Fontan operation.
Five had previous systemic-to-pulmonary artery
shunts, and 1 of these had a cavopulmonary shunt.
The tricuspid valve was atretic in 4 and hypo-

plastic in 2 patients. An outlet chamber or hypo-
plastic right ventricle was found in 5 patients. The
pulmonary valve was normal in 1, stenotic in 2,
and atretic in 3 patients. Increasing cyanosis was

the main indication for surgery. A valved atrio-
pulmonary conduit was used in 3 cases. A valved
conduit arising from the right atrium and inserted
into an incision extending from the outlet chamber
into the pulmonary artery was used in 2 patients.
An unvalved conduit from the right atrium to the
outlet chamber was constructed in 1 case. There was
1 hospital death and no late deaths. Atl 5 survivors
followed up for 7 to 30 months have improved in
symptoms and signs.
These cases indicate the feasibility of using an

outlet chamber or a hypoplastic right ventricle
even in the presence of pulmonary valve atresia
with the intention that the power of right atrial
contraction could be augmented, and they show that

Proceedings of the British Cardiac Society

the indications for the Fontan operation could be
extended to the surgical repair of severe forms of
pulmonary atresia, intact ventricular septum, and
hypoplastic right ventricle.

Complete transposition of great arteries
with intact ventricular septum and left
ventricular outflow tract obstruction:
surgical management and anatomical
considerations

G. Crupi, R. H. Anderson, and C. Lincoln
Department of Surgery, Cardiothoracic Institute,
Brompton Hospital, London SW3 6HP

The surgical management of patients with trans-
position of the great arteries with intact ventricular
septum (IVS) and subpulmonary stenosis remains
controversial. Though direct resection of the
obstruction is usually attempted, an alternative
approach has been to place a conduit from the left
ventricle to the pulmonary artery.
Among 130 consecutive patients undergoing

Mustard's operation for repair of complete trans-
position at the Brompton Hospital were 5 patients
in whom subpulmonary stenosis required surgical
treatment. Their ages at operation ranged from 13
months to 5-3 years. Each had a combined Mus-
tard's procedure and placement of an external
conduit from the left ventricle to the pulmonary
artery. There was 1 hospital death. Postoperative
cardiac catheterisation performed in the survivors
showed good relief ofthe stenosis and no significant
gradient across the conduit.
Our study ofthe morphology ofthe left ventricular

outflow tract in complete transposition with IVS
and subpulmonary stenosis shows that the position
of both the mitral valve and the conduction tissue
is such that satisfactory resection of the stenosis is
difficult without major risk of damaging these
structures. Consequently, insertion of a conduit
from the left ventricle to pulmonary artery in total
correction of patients with complete transposition
with IVS and subpulmonary stenosis represents a
good altemative.

Fixed (discrete) subaortic stenosis-late
results of resection. A congenital or acquired
lesion?

Jane Somerville
Paediatric and Adolescent Unit, National Heart
Hospital, Westmoreland Street,
London WIM 8BA
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Thirty-nine patients, aged 5 to 57 years when a
fixed fibrous subaortic ring was resected, were
evaluated completely for 3 to 14 years.
Two late deaths occurred; one during sport and

the other in congestive failure. Nineteen have
maintained well-being with improved electro-
cardiograms. Complications were related to increas-
ing aortic regurgitation (2) or mitral regurgitation
(4), pacemaker for perioperative (3) and late block
(1), worsening electrocardiogram after initial im-
provement (4), and reoperation for redeveloped
fixed subaortic stenosis (4).

Thirty patients had postoperative catheterisation,
11 repeated. In 17, resting gradients of 5 to 45
mmHg increased to 60 to 185 numHg with iso-
prenaline and the left ventricle appeared angio-
graphically and behaved physiologically likeHOCM.
Thirteen showed only a slight or no increase in
gradient with isoprenaline.

It is suggested that fixed subaortic obstruction
might be acquired and that the important primary
congenital abnormality is in the myocardium. This,
when severely hypertrophied from secondary
obstruction, can continue to function abnormally
after complete removal of the fixed obstruction. In
view of this and the secondary effects on aortic
and mitral valves, fixed subaortic obstruction should
be removed early as its presence may aggravate
the abnormal myocardial behaviour. Survivors
require careful supervision as the basic abnormality
probably remains in many and causes late problems.

Critical aortic stenosis in early infancy

E. D. Silove, M. L. Rigby, D. B. Clarke,
L. D. Abrams, K. D. Roberts, S. P. Singh, and
R. Astley
The Children's Hospital, Birmingham B16 8ET

Congestive heart failure caused by aortic stenosis in
early infancy is invariably fatal unless surgical
relief of the obstruction is achieved. Recently we
have seen 6 infants aged 4 to 9 weeks with critical
aortic stenosis, in all of whom the diagnosis was
suspected clinically and was confirmed by echo-
cardiography before cardiac catheterisation. One
aged 8 weeks had discrete subvalve stenosis, not
previously described in an infant. His M-mode
echocardiogram showed characteristic, diagnostic,
abnormal aortic valve leaflet motion. Five infants
with valvar stenosis had diminished aortic valve
cusp opening (2 to 4 mm), the echo measurement
correlating accurately with angiographic and opera-
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tive findings. Two-dimensional real-time echo-
cardiography identified valve doming in the infants
with valvar stenosis. Echo estimates of left ventri-
cular pressure correlated closely with measured
pressures.

All 5 infants with valvar aortic stenosis underwent
successful valvotomy, 3 under hypothermia and
inflow occlusion, and 2 on cardiopulmonary bypass.
All are well between 6 and 15 months post-
operatively. The infant with discrete subvalvar
stenosis had incomplete surgical reliefofthe pressure
gradient and died 17 days postoperatively.
Thus, echocardiography was diagnostic of aortic

stenosis in 6 infants and differentiated valvar from
discrete subvalvar stenosis. Aortic valvotomy
provided dramatic relief of cardiac failure.

Arrhythmias and Mustard's operation

E. A. Shinebourne, D. P. Southall, B. R. Keeton
R. Leanage, L. Lam, and C. Lincoln
Brompton Hospital and Cardiothoracic Institute,
Fulham Road, London SW3 6HP

One hundred and twenty patients with transposition
of the great arteries have undergone a modified
Mustard's operation to avoid damage to the sinus
node and atrioventricular conducting tissue. Eighty-
eight had atrial baffle alone (4 palliative) of whom
13 (14.7%) died; 32 had additional closure of
ventricular septal defect and/or relief of left
ventricular outflow tract obstruction with 9 deaths
(28%). Of 105 discharged from hospital 101 were
in sinus rhythm on standard electrocardiogram.
Six had conduction disorders or arrhythmias; 2
after simple Mustard's operation were present pre-
operatively. The remaining 4 had complex pro-
cedures. On 24-hour electrocardiogram performed
between 2 weeks and 4 years, 3 (5 8%) of 51 patients
having atrial baffle alone, but 6 (35%) of 17 having
complex procedures showed arrhythmias. There
were 7 late deaths including 5 which were sudden
and unexpected. Four of these had conduction
disorders or arrhythmias on standard or 24-hour
electrocardiograms. Each had complex procedures
except a single patient undergoing Mustard's
operation alone in whom atrioventricular block was
present preoperatively.
Our data suggest that using the modified

Mustard's operation postoperative arrhythmias
may largely be avoided, but when additional pro-
cedures are performed arrhythmias are more
frequent and may be associated with sudden death.
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Exercise testing and ambulatory
electrocardiographic monitoring after
surgical repair of Fallot's tetralogy and
ventricular septal defect

J. B. Irving and M. J. Godman
Royal Hospital for Sick Children, Edinburgh
EH9 1LF

Sudden death is a recognised complication after
surgical repair of Fallot's tetralogy and ventricular
septal defects, and has been associated with
arrhythmias and surgically produced conduction
abnormalities. To evaluate the significance of post-
operative conduction disturbances and arrhythmias
more fully, 50 patients who had been operated on
between 1 and 11 years previously undertook
maximal treadmill testing and 24-hour electro-
cardiograph monitoring by tape-recorder. The
ages ranged from 5 to 28 years.
The standard 'Bruce' procedure was used with a

short preliminary warm-up period. Taking predicted
values for normal subjects for the same procedure,
only 20 per cent of patients achieved average
performance for same age and sex.

Six-lead electrocardiographic monitoring was
carried out during and for 5 minutes after the test.
Arrhytbmias, other than isolated atrial and ventri-
cular ectopic beats, were rare and included 20 AV
block (1), 10 AV block (2), ventricular tachycardia
(1), atrial fibrillation (1), and frequent ventricular
ectopics (1). All arrhythmias were transient and
required no treatment.

Twenty-four-hour electrocardiographic monitor-
ing was carried out after the exercise test. Signifi-
cant arrhythmias occurred in 2 patients, both having
episodes of AV junctional tachycardia.
With these methods, arrhythmias were detected

in only a small percentage of postoperative patients.
Treadmill testing appears to identify arrhythmias
and conduction disturbances more frequently and
gives additional information on exercise per-
formance.

Computer processed thallium-201
scintigrams during and 4 hours after
maximal exercise. Significance of stenosed
and occluded vessels

C. A. Layton and A. V. Stockley
Departments of Cardiology and Medical Physics,
Southend General Hospital, Essex and the
London Chest Hospital, London E2 9JX

Thallium-201 myocardial scintigrams were obtained
during maimal exercise and data were collected

Proceedings of the British Cardiac Society

continuously from the time of injection for 3
minutes. Static scintigrams were then obtained and
repeated 4 hours later. Time-dependent analysis of
regional distribution of thallium-201 indicated that
extracardiac activity was significantly superimposed
on counts obtained from the heart. Scans were,
therefore, processed by a combination of subtraction
and smoothing. Areas of underperfusion were
defined as those with less than 50 per cent myocardial
activity.
No normal scans were obtained in patients with

coronary disease. All segments supplied by occluded
vessels showed reduced activity during exercise;
18 per cent were normal after 4 hours and 9 per cent
improved. Occlusion of the left anterior descending
artery caused persistent defects. Ninety-four per
cent of segments supplied by stenosed vessels
showed reduced activity on exercise, but 44 per
cent of these were normal after 4 hours and 17 per
cent improved. Persistent defects were all associated
with corresponding regional ventriculographic ab-
normalities. Defects with normal activity after 4
hours were always associated with a normal ventri-
culogram.
Computer processing significantly improved the

sensitivity of thallium-201 scintigraphy and en-
hanced its clinical value. The method has advantages
in cost and convenience when compared with
conventional resting and exercise scintigraphy.

Objective non-invasive assessment of
coronary artery bypass graft surgery

K. M. Fox, A. Selwyn, and J. P. Shillingford
Cardiovascular Research Unit, Hammersmith
Hospital, London W12 OHS

Praecordial exercise mapping was used before and
after coronary artery bypass graft surgery in 50
patients; 3 other patients who died within 1 month
of operation were excluded.
Group 1 (35 patients) were all pain free at follow-

up and none showed new praecordial Q waves.
In 31 there was no praecordial ST segment depres-
sion after exercise and coronary arteriography
(20 patients) showed patent functioning grafts.
Four patients developed significantly smaller areas
of ST segment depression postoperatively; 3 had
blocked grafts and 1 had a patent though poorly
functioning graft.

Group 2 (10 patients) continued to suffer from
chest pain after the operation; in 8 an area of ST
segment depression persisted after exercise and
coronary arteriography showed that at least 1 graft
in each patient was blocked. Both patients without
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praecordial ST depression after exercise had
patent grafts.

Group 3 (5 patients) were worse after operation;
3 developed significantly greater areas of ST
segment depression after exercise and the remaining
2 developed new areas ofQ waves. All had at least 1
occluded graft.
While there is thus a variable relation between

relief of chest pain and the development of exercise-
induced myocardial ischaemia after operation,
praecordial exercise mapping outlines areas of Q
waves and ST segment depression that correlate
well with the state of the grafts.

Value of thallium-201 exercise scintigraphy
in predicting coronary artery graft status

R. G. Murray, J. H. McKillop, A. Tweddel,
J. G. Turner, R. G. Bessent, I. Hutton, and
A. R. Lorimer
University Departments of Medical Cardiology
and Medicine and Department of Nuclear
Medicine, Royal Infirmary, Glasgow G4 OSF

The value of thallium-201 exercise scintigraphy in
predicting coronary artery bypass graft (CABG)
status was studied in 30 patients in whom operation
had been performed 2 to 5 years previously. Com-
puter interpretation of scintiscan data allowed
quantification of regional nuclide concentration.
Reduction in regional count density of more than
20 per cent was considered abnormal. CABG
integrity was determined by arteriography. Forty-
five CABG's were placed; 24 to left anterior
descending coronary artery and 21 to right coronary
artery.
From scintiscan interpretation, graft patency was

accepted where tracer concentration in the regions
supplied by the graft appeared normal, while
reduced tracer concentration in those regions
implied graft occlusions.

Tracer concentrations were normal in 27 of 29
(93%) vascular areas supplied by patent grafts,
while in 11 of 16 (69%) vascular areas supplied by
occluded grafts, tracer concentrations were reduced.
Thus, the accuracy of the scintiscan in predicting
graft patency was 84 per cent and in predicting
graft occlusion was 85 per cent. In addition, in
12 patients, the scintiscan identified disease in 15
native vessels where CABG had not been performed.
These results suggest that thallium-201 exercise

scintigraphy can provide useful non-invasive
information regarding CABG status and may serve
to identify those symptomatic patients who may
require further investigation.

Changes in regional myocardial lactate
metabolism after coronary bypass surgery

G. W. Bergman, L. Atkinson, G. Jackson, and
D. E. Jewitt
Cardiac Department, Kings College Hospital,
London SE5 9RS

Obstructive coronary artery disease results in
localised myocardial ischaemia and a change in
metabolism from aerobic to anaerobic glycosysis
with lactate production and the clinical phenomenon
ofangina pectoris. Estimation ofthe transmyocardial
lactate gradient during atrial pacing stress is a
sensitive method of detecting such change and
regional sampling along the coronary sinus has
enabled ischaemic areas to be localised.

Fifteen patients were investigated before and after
saphenous vein bypass grafting by estimation of
regional lactate metabolism together with selective
coronary angiography. Patent grafts were associated
with a distinct improvement in regional lactate
metabolism, duration of atrial pacing, and subjective
effort tolerance. Continuing angina with occluded
grafts was associated with unchanged regional
lactate metabolism. Residual abnormalities of
regional lactate metabolism were observed when
angina persisted despite patent grafts.

Successful coronary bypass surgery has been
shown to improve regional lactate metabolism, and
assessment postoperatively can localise residual
ischaemic areas and guide the approach to further
treatment of continuing angina.

Reoperation for recurrent angina

N. Brooks, M. Cattell, R. Balcon, M. Honey,
M. Sturridge, and J. Wright
The London Chest Hospital, London E2 9JX

Thirty-three patients with persistent or recurrent
angina after coronary bypass surgery have been
reoperated. Recurrent symptoms were attributed
to: (a) progression of disease in ungrafted vessels or
incomplete revascularisation at the first operation
(6); (b) graft occlusion or stenosis (14); (c) disease
distal to grafts (1); and (d) combinations of these
factors (12).

Fifty-seven vein grafts were implanted and 15
vessels were endarterectomised. There was no
operative mortality. Perioperative myocardial in-
farction occurred in 2 patients.

Patients have been followed for 3 to 61 (median
21) months. There have been no deaths. Nine are
symptom free, 15 improved, but 9 unchanged.
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Recurrent angina always occurred within 3 months.
Of 10 patients who had grafts implanted into
previously ungrafted coronary arteries, 9 are im-
proved; ofthe 17 who had grafts placed to previously
grafted vessels, 8 are improved, and of the 6 patients
who had combined procedures, 4 benefited from the
second operation.
These results indicate that a second coronary

artery vein graft operation can be carried out
safely, and, in selected patients, those with disease
in previously ungrafted vessels, it has a good chance
of a favourable result.

Risks and results of reoperation for coronary
artery disease

G. Bennett, R. Canepa-Anson, P. D. V. Bourdillon,
M. H. Yacoub, and D. N. Ross
The National Heart Hospital, London WiM 8BA
and Cardiothoracic Institute, London WlN 2DX

Since October 1971, 36 patients (34 men, 2 women)
underwent reoperation for coronary artery disease
(CAD); mean age at reoperation was 48 years
(31 to 67). Four patients underwent a third
operation. Mean time from first operation to
recurrence of symptoms was 19 months (0 to 72)
and from recurrence of symptoms to reoperation
was 10 months (1 5 to 60). Mean number of grafts
inserted at reoperation was 1 8. Operative mortality
for reoperation was 9 per cent (3/36) and was
unrelated to left ventricular function. No Q wave
infarcts occurred at reoperation. In 33 survivors
of reoperation there were 3 late infarcts, 1 fatal, and
4 underwent third operation after a mean time of
28 months (10 to 56). The remaining 28 have been
followed through a mean time of 16 months (1 to
48). Thirty-three per cent (10/28) are pain free,
30 per cent (9/28) are improved, and 37 per cent
(11/28) are unchanged or worse.
Review of investigations before reoperation in

26 patients showed the cause of recurrent angina

to be the result of graft malfunction alone in 3/26,
graft malfunction plus progression of CAD in
17/26, and progression of CAD alone in 5/26.
Initial revascularisation was incomplete in 11
patients, a major vessel being unoperated in 7.
In these 26 patients 6 had grafts to unoperated
vessels alone, 11 had revision of grafts, and 9
patients had both.

Reoperation for coronary disease carries a higher
mortality than initial operation and the results are

less satisfactory, but it is justified for severe

symptoms.
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Serum myoglobin determination in patients
with acute myocardial infarction
A. Maddison, S. Yusuf, R. Lopez, P. Sleight,
and A. Craig
Clinical Pathology Services, High Wycombe; and
Department of Cardiovascular Medicine,
The Radcliffe Infirmary, University of Oxford

The use of serum myoglobin determinations in the
diagnosis and quantitation of acute myocardial
infarction was studied in 49 patients. Serial blood
samples, collected for the first 72 hours after pain,
were analysed for serum myoglobin using a radio-
immunoassay procedure. Samples were also
evaluated for serum creatine kinase (CK) and its
myocardial isoenzyme MB CK, aspartate amino-
transferase (SGOT; AST) and a-hydroxybutyrate
dehydrogenase (a-HBDH). Analysis of first and
second samples obtained at 7-6 ± 5-7 and 10-7 +
(mean ± SD) hours, respectively, after pain
produced the following detection rate: serum
myoglobin 85 per cent and 98 per cent; serum CK
71 per cent and 85 per cent; serum AST 58 per cent
and 81 per cent; serum MB CK 29 per cent and 60
per cent; serum a-HBDH 23 per cent and 33 per
cent, respectively. Total MB CK and myoglobin
release from damaged myocardium were calculated
using the method of Norris et al. (1975, Circulation
51 (4) 614-620).
A significant correlation was obtained between

infarct size calculated from MB CK and myoglobin
in the whole group (n = 29, r = 0-69, P < 0-001).
The correlation was even more significant for smaller
infarcts with MB CK release <200 U/1 (n = 13
r = 0-92, P < 0-001).

In conclusion serum myoglobin determinations
are more sensitive than conventional enzyme assays
in the early detection of acute myocardial infarction.
Total myoglobin release correlates significantly with
MB CK estimates of infarct size.

Value and limitation of ergometrine in
predicting vasospastic angina

M. Rothman, G. Bergman, L. Atkinson,
G. Jackson, and D. E. Jewitt
Cardiac Department, Kings College Hospital,
London SE5 9RS

Transient vasospasm has been suggested as a cause
of anginal pain in patients with angiographically
normal coronary arteries. Ergometrine-induced
narrowing ofthe coronary arteries has been advanced
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as a method of unmasking vasospastic angina. The
response of 20 patients with normal coronary arteries
to intravenous ergometrine (0-25-05 ,ug) has been
assessed by quantifying the change in coronary
artery dimension, regional myocardial lactate meta-
bolism, and regional myocardial perfusion using
thallium scintigraphy.
Of 10 patients with classical anginal pain, 8 had

localised narrowing > 70 per cent (post-ergometrine)
in 1 or more coronary arteries as well as generalised
lumen reduction. All 10 had a localised abnormality
on post-ergometrine thallium scintiscans and 8 out
of 10 had abnormal regional myocardial lactate
metabolism. In contrast in the 10 patients with atypic-
al chest pain there was only generalised lumen re-
duction after ergometrine with no regional perfusion
abnormality in the post-ergometrine thallium
scintiscan, and lactate metabolism was normal.

In the chest pain syndrome associated with
normal coronary arteries, vasospasm induced by
ergometrine may be a useful predictive test for
vasospastic angina if localised lumen narrowing
> 70 per cent is associated with a similarly localised
abnormality in regional myocardial lactate meta-
bolism and comparable myocardial perfusion defect.
Generalised lumen reduction and perfusion ab-
normality appears to be a normal pharmacological
response to ergometrine.

Method for control of tachycardia by
long-term programmed stimulation

L. Kappenberger and E. Sowton
Guy's Hospital, London SE1 9RT

Two main problems have prevented therapeutic
use of programmed stimulation in outpatients:
(1) The stimulus generator is too large and compli-
cated to be implanted, and an external wire from the
heart is clinically unacceptable in most cases.
(2) External sensing of the electrocardiogram to
detect an arrhythmia is very difficult.
Our method uses a modified ventricular triggered

implanted pacemaker providing a large ineffective
stimulus during the refractory period in the usual
way. This stimulus is easily sensed by a small
external programmer which can be either automatic
or held in the patient's hand.
When the programmer detects a tachycardia

above a preset limit it delivers one or two appropri-
ately timed stimuli to the skin. These are not felt
by the patient but are sensed by the implanted
pacemaker which at once produces one or two

premature contractions to terminate the tachy-
cardia.
Our first unit was implanted on 17 July 1978 in a

patient with intractable tachycardia due to WPW
syndrome, and continues to function correctly. To
our knowledge this is the first report of tachycardia
control by programmed stimulation on a long-term
basis without the need for exteriorised electrodes.
The method also enables repeated non-invasive
electrophysiological studies to be performed.

Endocardial mapping and cryosurgery for
arrhythmias

H. H. Bentall, E. Rowland, and D. M. Krikler
Royal Postgraduate Medical School,
Hammersmith Hospital, London W12 OHS

Surgical treatment ofarrhythmias has been extended
by the introduction of cryosurgical ablation either of
the accessory pathway in the Wolff-Parkinson-
White (WPW) syndrome, or of the bundle of His
when atrioventricular block is required. We have
successfully ablated the accessory pathway in 7 cases
ofWPW syndrome, after epicardial mapping of the
conduction patterns had indicated the location of
the accessory pathways. These were left-sided
(WPW type A) in 4 and right-sided (type B) in 3.
Endocardial mapping, as used to locate the bundle
of His, has been extended to record from both AV
valve rings so as to define the accessory pathway
precisely when it is subendocardial or septal. This
has enabled us to identify 3 septal and 5 free-wall
bypasses; one patient had 2 right-sided free-wall
accessory pathways, both implicated in the arrhyth-
mias.

Transient freezing during the arrhythmia, suffi-
cient to cool the tissues and temporarily block the
accessory pathways, made the technique more
sensitive. This was then followed by permanent
cryoablation. On follow-up (4 to 18 months) there
was neither mortality nor significant morbidity.
Arrhythmias have been completely abolished in 6
patients; in the other, the paroxysms are briefer and
soon terminate spontaneously: here the accessory
pathway was so near the bundle of His that tempor-
arily cooling it also caused transient AV block.
These techniques were used in 2 further patients

with atrial arrhythmias rapidly conducted via the
AV node in order to define and ablate the bundle of
His.
When surgery is required for refractory arrhyth-

mias we have found combined epicardial and endo-
cardial mapping and cryoablation to be effective.
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Differentiation of ventricular ectopy from

aberration

S. Talbot, D. Kilpatrick, and E. Rowland
Royal Postgraduate Medical School, London
W12 OHS

Ventricular arrhythmias may be confused with
supraventricular arrhythmias complicated by
aberrant intraventricular conduction. We have
compared digitised Frank vectorcardiograms in 84
patients having uniform ventricular extrasystoles
with those in 32 patients with aberrant conduction
produced during programmed electrical stimulation.
Of these 32, 16 developed complete right bundle-
branch block aberration (QRS duration > 125 ms)
and 10 developed left bundle-branch block aber-
ration.
The pattern of right bundle-branch aberration

was only seen in ventricular extrasystoles of 4
patients; likewise ventricular extrasystoles of only 4
patients showed the pattern of left bundle-branch
aberration. Ventricular extrasystoles in the remain-
ing 76 patients could be identified as such either by
an initial delay of at least 20 ms in QRS inscription
or a distinctive QRS morphology on the vector-
cardiogram. Furthermore, the majority of
ventricular extrasystoles (51) differed from aberrant
conduction either by having a predominant anterior
and leftwards orientation or because they showed
an initial delay of 40 ms or more. The initial slow
component of the QRS complex could sometimes be
identified on the conventional electrocardiogram,
but was not diagnostic in single lead recordings.
Vectorcardiographic studies of arrhythmias aid the
electrocardiographic differentiation of ventricular
arrhythmias from those of supraventricular origin
that are complicated by aberration.

Sinus node disease in young people

A. F. Mackintosh
University of Sussex, Brighton, and Cardiac
Department, King's College Hospital, London
SE5 9RS

All known cases of sinus node disease presenting at
King's College Hospital and the Royal Sussex
County Hospital were reviewed. There were 9
patients under the age of 25 years (mean 19, range
15 to 24) with sinus node dysfunction in the
absence of other forms of heart disease. All were
male. Of the 5 with permanent pacemakers, 4 were
over 1 86 m (6ft lin) tall and 3 of the 4 patients

Proceedings of the British Cardiac Society

without pacemakers were over 1 83 m (6ft Oin) in
height.
Ambulatory monitoring was performed on the

families of 6 of these 9 patients. Using strict criteria,
conducting system abnormalities were found, or had
been described previously, in at least 2 more mem-
bers of 3 of the families. The abnormalities included
first and second degree atrioventricular block, supra-
ventricular tachycardias, the bradycardia/tachy-
cardia syndrome, and sinus bradycardia requiring
permanent pacing. Some members of 2 of the
remaining 3 families showed possible evidence of
sinus node dysfunction.

It is concluded that young people affected by
sinus node disease tend to be tall men with relatives
showing conducting system dysfunction. This
suggests a possible hereditary factor in the aetiology
of sinus node disease in young people.

Amiodarone in prophylaxis of various
supraventricular arrhythmias

E. Rowland, R. Dawson, and D. M. Krikier
Royal Postgraduate Medical School,
Hammersmith Hospital, London W12 OHS

Amiodarone has been advocated as the agent of
choice for arrhythmias refractory to conventional
drugs in those patients where there is no immediate
indication for surgery. Though not commercially
available in the UK amiodarone has been evaluated
at various centres and we now present our experience
in 21 patients with refractory supraventricular
arrhythmias, all of whom had been studied electro-
physiologically. Thirteen were shown to have
accessory pathways, of whom 6 had overt Wolff-
Parkinson-White syndrome; 4 of these 6 had
recurrent atrial fibrillation with mean ventricular
rates exceeding 250 a minute and the remaining 9
patients with pre-excitation had paroxysmal re-
ciprocating atrioventricular tachycardia (PRAVT).
The other 8 patients had paroxysmal atrial fibrilla-
tion or flutter conducted via theAV node. The initial
dose of amiodarone (600 mg a day) was gradually
reduced to the lowest level at which the patient
remained symptom-free. Objective evaluation
during follow-up (4 to 48 months) included frequent
ambulatory electrocardiographic monitoring with or
without electrophysiological testing. All patients
with atrial fibrillation complicating the WPW
syndrome became asymptomatic; during atrial
fibrillation induced at electrophysiological test-
ing, the mean ventricular rate did not exceed
200 a minute. In 7 of the 8 cases with atrial fibril-
lation unassociated with pre-excitation the arrhyth-
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mia was completely abolished. However, of those
with PRAVT only 3 responded satisfactorily; 2
discontinued treatment because of early side-
effects while the remaining 5 did not improve or,
paradoxically, suffered more frequent episodes of
tachycardia.
While amiodarone has an important and some-

times life-saving role, some patients fail to improve.
Our adverse results in this group may partly reflect
the type of patient referred for investigation and
management.

Value of 24-hour ambulatory
electrocardiographic recordings in 405
patients with dizziness, syncope, or
palpitation

R. Wang, D. E. Ward, A. J. Camm, and
R. A. J. Spurrell
Department of Cardiology, St. Bartholomew's
Hospital, London ECIA 7BE

Of 1000 consecutive dynamic electrocardiograms
(DCG), 678 were performed for assessment of
dizziness, syncope, or palpitation in 405 patients.
Thirty-six of the patients had pacemakers. Sixty
DCG's were technically inadequate. The recordings
were classified according to the correspondence
between DCG findings and symptoms noted in the
patient diary. (1) Completely diagnostic: significant
arrhythmias corresponding to diary symptoms
(99 recordings). (2) Incompletely diagnostic: (a)
absence of significant arrhythmias in the presence
of diary symptoms (90 recordings); (b) presence
of significant arrhythmias but no diary symptoms
(197 recordings); (c) presence of significant arrhyth-
mias corresponding to symptoms other than that for
which the DCG was indicated (52 recordings).
(3) Non-diagnostic: absence of both significant
arrhythmias and diary symptoms (180 recordings).

Incomplete diagnostic categories were regarded
as clinically valuable in that they either excluded a
cardiac arrhythmia as a cause of symptoms (group
2a) or they revealed significant arrhythmias which
did not correspond to diary symptoms (group 2c).
The absence of symptoms corresponding to sig-
nificant arrhythmias was ascribed to poor diary
keeping in 54 of 197 recordings.
With careful consideration of DCG findings

together with diary symptoms, DCG monitoring is
very useful in detecting or excluding significant
arrhythmias as a cause of dizziness, syncope, or
palpitation.

Limitations of gated blood pool scintigraphy:
clinical and experimental aspects

S. Walton, D. J. Rowlands, R. A. Shields,
H. J. Testa, and C. Wrigley
Departments of Cardiology, Nuclear Medicine
and Medical Physics, Manchester Royal Infirmary,
Manchester M13 9WL

This study was designed to investigate those factors
that adversely affect radionuclide methods of
evaluating ventricular function.
The value assumed for background activity is

critical in the determination of ejection fraction by
count rate fluctuation techniques. In 21 LAO
equilibrium studies estimates of background from 2
separate periventricular regions differed by 1 to 19
(mean 9) per cent. In 12 RAO first pass studies
regional differences of background were again
apparent ranging from 0 to 38 (mean 16) per cent.
These variations lead to significant differences in
estimated ejection fraction.

Assessment of regional wall motion requires
accurate edge definition. Phantom studies have
disclosed that choice of isocount contour is critical
if quantitative measurements of wall motion are
required and that movement of such contours does
not always indicate wall movement. This is further
complicated by the variable background in clinical
studies. Second derivative techniques are unaffected
by background variation but difficulties arise
because existing algorithms do not appear to be able
to detect edges equally well in all directions.

Significant drawbacks still exist in the evaluation
of ventricular function with radionuclides. These
should be considered when using these potentially
very useful techniques as a guide to decision making
in individual patients.

Automated system to encourage more
widespread use of quantitative
ventriculography

J. N. H. Brunt, C. J. Taylor, and D. J. Rowlands
Medical Biophysics and Cardiology Departments,
Manchester University, Manchester M13 9PT

Extraction of information from ventriculograms
usually depends on time-consuming and sub-
jective visual impressions of ventricular size, shape,
and contraction.
The use of our developed computer programmes

with commercially available state-of-the-art hard-
ware (Vickers Joyce-Loebl 'Magiscan' image
analysis system) permits tackling of the whole
problem of quantification by boundary recognition
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and subsequent computation of relevant quantities.
The boundary-finding programmes involve (i)
computationally intensive operations on image
intensities in suspected boundary regions and (ii)
extrapolations from the positions of parts of the
boundary already found (in the current and in
previous frames).
The system incorporates comprehensive display

options for the data. The following may be shown:
(i) the boundaries themselves-separately, sequenti-
ally as an animation or superimposed, (ii) measured
and calculated time-varying quantities, for example
volume, (iii) inward or outward movements of the
segmental boundary as grey level contour maps or
isometric projection.
The compact, self-contained system facilitates

detailed automatic analysis of ventriculograms, will
accept standard 35 mm cine film, and has been
applied to similar studies with radionuclides.

Cross-sectional echocardiographic
assessment of aortic valvar stenosis

A. B. Davies, R. A. Foale, and A. F. Rickards
National Heart Hospital, London WlM 8BA and
Cardiothoracic Institute, London WlN 2DX

The ability of cross-sectional echocardiography
directly to measure aortic valve area was assessed in
patients with aortic valve stenosis. Forty-two
patients (age range 6-67) were studied by short and
long axis scans using a Smith Kline Echosector.
Patients with significant aortic regurgitation were
excluded. The appearance of the aortic root was
compared with a control group of 50 patients who
had normal aortic valves. Direct measurement of
aortic valve area was possible in 24 patients and 11
of this group had undergone cardiac catheterisation
within the preceding 3 months. Four patients within
this group demonstrated on short axis scans eccentric
cusp position with a single diastolic closure line
characteristic of a congenitally bicuspid valve.
None showed the presence of a third commissure.
The mean systolic aortic valve gradient and aortic
valve area (calculated at cardiac catheterisation)
were compared with aortic valve area as measured
directly by gross sectional echocardiography.

In the 11 patients selected there was a good
correlation (R = 0 83) between mean systolic
gradient and aortic valve area as measured by cross-
sectional echocardiography.
High resolution cross-sectional echocardio-

graphy represents a significant advance in the direct
assessment of the aortic valve.

Use of fresh unstented homograft valves for
replacement of aortic valve. Analysis of 8
yearss experience

R. Thompson, M. Ahmed, W. Somerville,
M. Towers, and M. Yacoub
Harefield Hospital, Middlesex

Between August 1969 and May 1978, 679 patients
underwent homograft replacement of the aortic
valve. Isolated elective valve replacement was
performed in 411 patients. Thirty-four patients
had total aortic root replacement with reimplanta-
tion of the coronary arteries. There were 16 early
deaths (3 9%) and 43 late deaths (105%) during a
follow-up between 3 and 102 months (mean 47
months). Actuarial analysis showed 87 per cent
survival at 5 years and 81 per cent at 8 years. Valve
failure occurred in 24 patients (5 9%) due to
prolapse of 1 cusp in 8 patients (2 0%), infective
endocarditis in 7 patients (1-7%), and degeneration
of the valve in 9 patients (2 2%). Degenerative
valve failure was encountered after the fourth year
with an incidence of 4-8 per cent of patients at risk
and occurred only in grafts from donors over the
age of 70 years. Diastolic murmurs were present
in 28 per cent of patients followed beyond 1 month
and increased very slightly with time. Systemic
embolism was not recorded in any patient in spite
of the fact that anticoagulants were not used. The
clinical result was judged to be good or excellent in
90 per cent of patients. It is concluded that homo-
graft replacement of the aortic valve gives satis-
factory results with a low incidence of late valve
failure.

Correlation of echocardiographic, surgical,
and pathological findings in mitral
regurgitation

P. Mills, A. Davis, G. Leech, M. Davies,
J. Parker, and A. Leatham
St. George's Hospital, London SWlX 7EZ

The ability of echocardiography (echo) to determine
the aetiology of mitral regurgitation was assessed
in 62 patients by comparing echocardiographic,
surgical, and pathological findings.
A floppy mitral valve was found at surgery in 22

patients, 17 showing echocardiographic evidence
of mitral valve prolapse. There was only a mild or
moderate degree of abnormality of the mitral cusps
in 3 patients without echo evidence of prolapse. In
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pathy it is important to detect these patients, be-
cause specific antiarrhythmia treatment may improve
prognosis. In this study, however, beta-blocker
therapy had no significant effect on the frequency
of the arrhythmias.

Assessment of myocardial ischaemia in
ambulatory patients with daily chest pain

A. P. Selwyn, K. M. Fox, D. Oakley, and
J. P. Shillingford
Cardiovascular Research Unit, Hammersmith
Hospital, London W12 OHS

Twenty-four hour recordings of the electrocardio-
gram have been used to study 100 ambulatory
patients with daily angina. These patients under-
went 16 point electrocardiographic mapping during
exercise and all showed praecordial areas of patho-
logical ST segment depression. Forty-five per cent
of the patients showed maximum ST depression at
the conventional position V5 but 35 per cent showed
no changes at this position. In the remaining 20 per
cent V5 was on the edge of the praecordial area and
showed less severe ST depression than the central
position.
The Oxford electrocardiograph recorder and

high speed analyser were used for 24-hour record-
ing of ST segment changes. The technical require-
ments were examined in detail. The exploring
electrode was placed on the praecordial position
showing the earliest and maximum changes in the
ST segment during the exercise test. A mean of
14 ± 3 0 episodes of ST depression was detected
in each patient. Only 16 ± 4 0 per cent of these
episodes were accompanied by reported chest pain.
More episodes occurred between 4 and 6 am than
during any other 2-hour period during the night
(P < 0-01). In those patients in whom V5 was on
the edge of the exercise-induced area of ischaemia
exploring electrodes were placed on V5 and the
central position showing maximum ST changes.
These simultaneous 24-hour recordings showed that
V5 detected only 14 ± 4-0 per cent of the episodes
of ST depression recorded at the central position.

This method provides objective information
about the frequency, timing, and severity of myo-
cardial ischaemia during the daily activities of
patients with ischaemic heart disease. More infor-
mation is obtained in each patient when the
exploring electrode is placed on the praecordial
position showing the earliest and maximum ST
segment depression during exercise.

Proceedings of the British Cardiac Society

Ischaemic-like electrocardiogram in
asymptomatic men with normal coronary
arteriogram: studies by atrial pacing,
adrenaline infusion, and autonomic
blockade

P. Taggart, M. Carruthers, R. Donaldson,
J. Green, S. P. Joseph, H. B. Kelly,
J. Marcomichelakis, D. Noble, J. White, and
W. Somerville
The Middlesex Hospital, London WlN 8AA

We have previously described a bimodal T wave
response to intravenous adrenaline infusion
(0.027-0i18 ,ug/min per kg) in 20 asymptomatic men
whose resting electrocardiogram showed changes
indistinguishable from those of myocardial
ischaemia but with normal coronary arteriogram.
It was suggested on the basis of in vitro experiments
that these T changes may result from action poten-
tial changes of opposing direction in different parts
of the heart. The facility by which these changes
were manipulated by low doses of adrenaline and the
beta-blocking agent oxprenolol (Trasicor) together
with plasma sampling suggested an altered response
to catecholamines rather than hypersecretion.

Adrenaline probably influences action potential
duration by modifying pump activity which in
vitro studies suggest is rate dependent. Therefore
the relation between such T changes, heart rate,
and autonomic activity was studied in a further 30
similar subjects by atrial pacing and low dose
adrenaline infusion (0-027-0'049 ug/min per kg)
alone and in combination with and without beta-
blockade (propranolol 0-2 mg/kg) and atropine
(004 mg/kg). ST-T changes, as a result of in-
creasing heart rate by atrial pacing during constant
infusion of adrenaline, were far in excess of the sum
of changes resulting from heart rate increase alone
and infusion alone. The combination frequently
reproduced the false positive exercise test which was
observed in 30 per cent, though in none after
oxprenolol. Beta-blockade abolished the effects
of adrenaline but not those of rate change.

Pattern of disturbed regional myocardial
perfusion in patients with coronary artery
disease

D. Oakley, A. P. Selwyn, G. Forse, and R.
Steiner
Departments of Radiology, Cardiovascular
Research and MR3 Cyclotron, Royal
Postgraduate Medical School, London W12 OHS

 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.41.3.360 on 1 M
arch 1979. D

ow
nloaded from

 

http://heart.bmj.com/


Proceedings of the British Cardiac Society

the remaining 2 patients the echo findings were
technically inadequate.

Chordal rupture was detected by echo in all 8
patients with rupture of chordae to the central
scallop of the anterior cusp but in only 4 of 8 cases
involving the central scallop of the posterior cusp.
Echocardiographic abnormalities were seen in 3
out of 4 patients with ruptured chordae to the
medial or lateral scallops.
Rheumatic mitral regurgitation was diagnosed

correctly in 30 out of 31 patients. The mitral valve
echo was normal in all 4 patients with mitral
regurgitation to left ventricular dysfunction. The
echo failed to detect perforation of the anterior
mitral cusp secondary to aortic endocarditis or
congenital cleft of the anterior mitral cusp.
Thus echocardiography correctly determined the

pathogenesis of mitral regurgitation in 54/62
patients and this may be helpful in planning the
treatment of these patients.

Fibrinolytic activity on Monday and on other
days of the week

T. W. Meade, R. Chakrabarti, J. D. Imeson,
Yvonne Stirling, Marguerite Vickers, and
G. M. Stewart
MRC-DHSS Epidemiology and Medical Care
Unit, and Department of Community Medicine,
Glasgow

A consistent finding of several studies is that
ischaemic heart disease mortality and incidence are
slightly but significantly higher on Mondays than
on other days. In a week-long study of 81 men aged
40 to 49 working at a factory on the outskirts of
Glasgow, and seen in a random order, whole blood
fibrinolytic activity (expressed as 100/lysis time in
hours) in the 17 seen on Monday was 10 0, com-
pared with 19-7 in the 64 seen on Tuesday-Friday
(P < 0 001). Corresponding figures for plasma
fibrinogen were 3-16 g/l and 2'78 g/l, though this
difference is not significant at a conventional level.
There were no differences in a wide range of other
haemostatic variables, or in blood cholesterol or
triglyceride levels, but the mean y-glutamyl
transpeptidase level in those seen on Monday was
32-4 IU/l compared with 23-3 IU/l in the others
(P < 0 05). In contrast to the Glasgow findings,
no differences by day of the week were found in
London men in the Northwick Park Heart Study.
Increased food, tobacco, and alcohol consumption

at the weekend could account for some of the
Monday excess in the occurrence of ischaemic
heart disease; in some situations, this excess may be
partly mediated through temporarily impaired
fibrinolytic activity and perhaps also through
increased levels of plasma fibrinogen.

Exercise electrocardiographic and 48-hour
ambulatory electrocardiographic monitor
assessment of arrhythmia on and off
beta-blocker therapy in hypertrophic
cardiomyopathy

W. J. McKenna, S. Chetty, C. M. Oakley,
and J. F. Goodwin
Royal Postgraduate Medical School, London
W12 OHS

Submaximal treadmill exercise electrocardio-
graphy and 48-hour continuous ambulatory electro-
cardiographic monitoring of 17 patients both on and
off beta-blocker therapy was performed.
During 48-hour ambulatory electrocardiographic

monitoring on treatment 12 patients had frequent
(3 10/1000 QRS) ventricular extrasystoles (VES),
5 of the 12 were multiform, and 3 patients had
occasional (< 10/1000 QRS) ventricular extra-
systoles; 7 patients had frequent atrial extra-
systoles and 4 patients had occasional atrial extra-
systoles; 4 patients had occasional supraventricular
tachycardia, 1 had frequent supraventricular tachy-
cardia, and 1 had ventricular tachycardia (VT > 3
VES in a row).
During 48-hour ambulatory echocardiographic

monitoring off treatment: 11 patients had frequent
ventricular extrasystoles, 5/12 were multiform, and
4 had occasional ventricular extrasystoles; 5
patients had frequent atrial extrasystoles and 6
patients occasional atrial extrasystoles; 3 patients
had occasional supraventricular tachycardia, 1
patient had frequent supraventricular tachycardia,
and 1 patient had ventricular tachycardia.
During treadmill exercise electrocardiography on

treatment 9 patients had occasional ventricular
extrasystoles and off treatment 11 patients had
occasional ventricular extrasystoles and 1 patient
frequent ventricular extrasystoles. On exercise
testing no patient had atrial extrasystoles, supra-
ventricular tachycardia, or ventricular tachycardia.

Ambulatory electrocardiographic monitoring
showed that 11 of 17 patients with hypertrophic
cardiomyopathy had frequent serious arrhythmias
which were not detecced during exercise electro-
cardiograph testing. As occult arrhythmia may be the
cause of sudden death in hypertrophic cardiomyo-
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Twenty patients with angina pectoris were studied
using coronary arteriography and imaging of
changes in regional myocardial perfusion using
81Krm. This was done to test the physiological
interpretations made using the arteriogram and to
describe the changes in regional perfusion in
relation to stress, the electrocardiogram, and chest
pain. Continuous quantification of regional count
rates was used to record changes in areas of the
heart thought to be supplied by normal, minimally
diseased (< 50%), and severely diseased (> 70%)
arteries. A standardised atrial pacing test was used.
Four patients thought to have normal coronary
arteries showed uniform distribution of perfusion.
A further 6 were thought to have minimally diseased
vessels but 4 of these showed significant regional
inequalities of myocardial perfusion on pacing
(P = < 0 01). Ten patients with > 70 per cent
stenosis of 1, 2, or 3 vessels all had inequalities of
regional perfusion with pacing. However, the
radiologist and cardiologist were unable to predict
which region would be affected except in 3 patients
with single vessel disease. Regional perfusion was
disturbed at the onset of pacing in all the patients
with coronary artery disease. Pathological ST seg-
ment depression was noted at 140 ± 30 seconds and
pain was noted at 4 minutes ± 45 seconds.

In conclusion, the coronary arteriograms did not
provide an accurate physiological assessment of
stenosed coronary arteries. Small increases in heart
rate (that is oxygen requirements) were always
accompanied by an immediate redistribution of
myocardial perfusion. Therefore, an early fall in
regional perfusion does not necessarily mean thatthe
ischaemic episode is caused by coronary spasm.

Glyceryl trinitrate vs post-ectopic
potentiation in assessment of ischaemic left
ventricle

A. F. Rickards, D. W. Baron, and
R. Canepa-Anson
National Heart Hospital, London WIM 8BA
and Cardiothoracic Institute, London WlN 2DX

Eight patients underwent a study designed to assess
the relative effects of post-ectopic potentiation (PE)
and glyceryl trinitrate on the ischaemic left ventricle.
The study consisted of two left ventricular

angiograms each performed at the same atrial
paced rate (100 bpm) and interrupted by a
controlled paced right ventricular ectopic. The
first angiogram was performed after pacing-induced
angina and the second after glyceryl trinitrate.
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Each patient thus provided an ischaemic sinus
beat, an ischaemic post-ectopic potentiation beat,
a glyceryl trinitrate beat, and a glyceryl trinitrate
post-ectopic potentiation beat for analysis.

For the ischaemic sinus beat average ejection
fraction was 0 33 (0 08) ischaemic post-ectopic
potentiation beat 0 49 (0-07), glyeryl trinitrate
beat 0 57 (0 08) and glyceryl trinitrate post-ectopic
potentiation beat 0-71 (0 02), the differences being
highly significant in all 4 groups. Segmental wall
motion analysis showed that post-ectopic potentia-
tion increased inward systolic movement in the
ventricle overall whereas the increase in ejection
fraction due to glyceryl trinitrate was as a result of
regional as distinct from overall improvement.
Two patients who did not develop angina showed
no significant change in wall motion after glyceryl
trinitrate whereas post-ectopic potentiation
increased overall inward movement.

It is concluded that: (1) glyceryl trinitrate
is more effective than post-ectopic potentiation in
increasing inward systolic movement in the acutely
ischaemic left ventricle; (2) post-ectopic potentiation
increases inward systolic movement in all areas
whereas the effect of glyceryl trinitrate is seen
regionally; (3) in the 2 patients who did not develop
angina the post-ectopic ejection fraction was higher
than the glyceryl trinitrate ejection fraction.

Relation of isovolumic relaxation to left
ventricular wail movement in man

W. Chen and D. Gibson
Department of Cardiology, Brompton Hospital,
London SW3 6HP

The duration of isovolumic relaxation and its
relation to left ventricular wall movement was
determined in 14 normal subjects, 44 patients with
coronary artery disease, 16 with hypertension, and
10 with mitral stenosis, by performing and digitising
simultaneous echo-, phono-, and apex cardiograms.
In normals, aortic valve closure (A2) occurred
40 ± 10 ms before minimum left ventricular
dimension, and the duration of isovolumic relaxa-
tion, from A2 to mitral cusp separation, was 65 +
15 ms. In hypertension the timing of A2 was
normal, but isovolumic relaxation prolonged to
105 ± 25 ms, causing significant delay in mitral
valve opening. In coronary artery disease, A2
was delayed by 5 ± 40 ms after minimum dimen-
sion with corresponding delay in mitral opening
(80 ± 35 ms), since the duration of isovolumic
relaxation was normal. Delayed A2 was closely
correlated with abnormal wall movement during
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isovolumic contraction, because of incoordinate
left ventricular function. In mitral stenosis, A2 was
delayed (30 ± 35 ms), but isovolumic relaxation
was short allowing reduced rate of dimension
increase due to left ventricular hypertrophy to be
distinguished from that due to mechanical obstruc-
tion to inflow. Though mitral valve opening is
delayed in both hypertension and coronary artery
disease, in the former it is because of abnormal
relaxation, and in the latter primarily because of
prolonged ejection caused by incoordinate systolic
finction.

Biplane first pass radionuclide
ventriculography in assessment of wall
motion abnormalities in patients with acute
myocardial infarction

D. S. Dymond, D. L. Stone, A. T. Elliott,
K. E. Britton, and R. A. J. Spurrell
Departments of Cardiology and Nuclear Medicine,
St. Bartholomew's Hospital, London EClA 7BE

Thirty-five patients were studied by first pass
radionuclide angiography in both right and left
anterior oblique projections (RAO and LAO),
between 5 and 8 days after acute myocardial infarc-
tion. Left ventricular ejection fraction (LVEF) was
measured in both obliques from the time activity
curve over the left ventricular region of interest, and
the values correlated closely (r = 0 85). There was
good correlation between mean LVEF thus
obtained, and LVEF calculated from the ventri-
cular perimeters using a biplane area-length
formula (r = 0 89).
The extent of akinesis, expressed as the mean

percentage of the end-diastolic circumference from
both obliques showed a significant negative cor-
relation with mean LVEF (r = 0-81), as did that
from a single RAO projection (r = 0-81). A single
plane LAO projection produced a less good cor-
relation (r = 0 58).
The LAO showed akinetic areas not identified

in the RAO in 1 of 10 patients with anterior
infarction, and in 2 of 9 with inferior infarction. Of
16 patients with combined areas of infarction, the
LAO showed areas of akinesis not seen in the RAO,
in 9. However, only 3 patients exhibited defects in
the LAO following a normal RAO study.

Biplane radionuclide angiography improves the
non-invasive detection of akinesis especially when
multiple areas of infarction are present and may
provide another approach to the scintigraphic
assessment of infarct size.

Ventricular function in response to cold
pressor test: assessment using multiple
gated acquisition on technetium-99m
labelled cardiac blood pool (MUGA-99Tcm)
in normal subjects and patients with
ischaemic heart disease

R. J. Wainwright, D. A. Raper, T. A. Cueni,
A. J. W. Hilson, M. N. Maisey, and E. Sowton
Guy's Hospital, London SEI 9RT

A preliminary study was performed in 10 normo-
tensive patients admitted for coronary arteriography
(5 normals, 1 patient with cardiomyopathy, 4
patients with ischaemic heart disease) to assess the
effect of the cold pressor test on ventricular wall
motion and ejection fraction measured by MUGA-
99Tcm.
Nine subjects had normal left ventricular function

at rest. A significant increase in mean heart rate
and blood pressure occurred in all subjects after
immersion of their hands in ice-cold water. No
patient had angina during the intervention. MUGA-
99Tcm was performed before and during the cold
pressor test and the studies compared: (a) Normal
subjects had no change or an increase in left
ventricular ejection fraction and preserved normal
myocardial wall motion; (b) The patient with
early congestive cardiomyopathy had a reduction in
left ventricular ejection fraction; (c) All patients
with ischaemic heart disease had a decrease in
left ventricular ejection fraction and 2 patients
developed localised ventricular akinesis in a region
supplied by a severely stenosed coronary artery.

It is concluded that the cold pressor test provides
a stimulus sufficient to unmask latent myocardial
ischaemia and produces ventricular contraction
abnormalities detectable by MUGA-99Tcm. This
non-invasive intervention may be a new tool in the
early detection of coronary disease.

Left ventricular function in postpartum
cardiac failure syndrome of northern
Nigeria

J. E. Sanderson, C. 0. Adesanya, F. I. Anjorin,
E. H. 0. Parry, and J. F. Goodwin
Ahmadu Bello University Hospital, Zaria,
Nigeria; and Hammersmith Hospital,
London W12 OHS
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Forty-three patients presenting with postpartum
cardiac failure were studied. All patients had an
echocardiogram on admission, and 10 patients had
had right heart catheterisation. Despite gross
peripheral oedema, left ventricular function, assess-
ed by echocardiography (mean VCF = 1 2 ± 0 4;
ejection fraction 50 ± 13%) and systolic time
intervals (PEP/LVET = 0-41 ± 0.08), was rela-
tively good. The estimated stroke volumes (100 ±
46 ml) and cardiac outputs (11-4 ± 44 1/min) were
high. At catheterisation the pressures were high
and the cardiac output, measured by the thermo-
dilution technique, in 6 patients was 6 3 ± 1 5 1/min.
No patient had a low cardiac output.
These findings are not compatible with a severe

heart muscle disorder or cardiomyopathy. It is
suggested, therefore, that in the majority of patients
the primary event is fluid retention (caused by the
postpartum practices of taking high sodium diets
and lying on heated beds), leading to circulatory
congestion which produces the gross oedema and
signs of 'heart failure'.

Sarcoid heart disease in United
Kingdom

H. A. Fleming
Papworth Hospital, Cambridge

The study of sarcoid heart disease reported in 1974
has continued. At the end of June 1978, 128
patients were included; 50 of these were from East
Anglia and it is suggested that cases from elsewhere
are not being fully reported.
The common presentations in these patients were

heart block, ventricular arrhythmia, myocardial
failure, sudden death, and simulating myocardial
infarction. Details of these patients were presented.
Though sarcoidosis was present in other organs, it
was often inconspicuous-even at necropsy.

Forty-five necropsies were carried out in the 57
patients who have died. Twenty-three of these were
not diagnosed in life and 36 died suddenly.
The 71 survivors vary from those with transient

rhythm disturbances to others with permanent
complete heart block or congestive cardiac failure.
Twelve are being paced. Treatment of this con-
dition was discussed.
The diagnosis of sarcoid heart disease will only

be made if there is a high index of suspicion and
histological confirmation is diligently sought in any
unusual form of heart disease, particularly with
rhythm problems.

Diagnosis of obstructive and non-obstructive
hypertrophic cardiomyopathy: is
echocardiography of value?

Y. Doi, W. McKenna, J. Gehrke, and
J. F. Goodwin
Royal Postgraduate Medical School,
Hammersmith Hospital, Du Cane Road,
London W12 OHS

The purpose of the study was to elucidate the echo
features in hypertrophic cardiomyopathy (HCM),
and to assess their reliability as diagnostic criteria
and as predictors of obstructive versus non-obstruc-
tive form. M-scan echocardiography was performed
on 70 patients with angiographically proven HCM.
The number of abnormal indices: intraventricular
septal (IVS) thickness and amplitudes; IVS/LV
posterior wall ratio (IVS/LVPW); LV end-systolic
dimension; anterior displacement of mitral valve
(IVS-C); systolic anterior motion of mitral valve
(SAM); mid-systolic closure of the aortic valve
(MSCAV) was scored for each patient. Each of
these 7 indices was abnormal in 50 to 80 per cent
of patients except IVS-C, which was abnormal in;
30 per cent. Sixty-five per cent of patients with.
obstruction had five or more abnormal indices..
Comparing the obstructive and non-obstructive'
groups, the proportion of patients with 5 or more'
abnormalities was different (P < 0 001). In these'
2 groups the proportion of patients with SAM,
MSCAV, and IVS-C was different (P < 0-005
for each index); however, the proportion of patients
with an abnormal IVS/LVPW was not different.
The results suggest no single M-scan echo index

is consistently abnormal in either obstructive or
non-obstructive HCM. The presence of SAM or
MSCAV in HCM appears to predict the obstruc-
tive form of disease versus the non-obstructive,
whereas an abnormal IVS/LVPW ratio does not.

Assessment of chest pain in hypertrophic
cardiomyopathy by thallium-201 myocardial
scintigraphy

D. W. Pitcher, R. J. Wainwright, M. N. Maisey,
P. V. L. Curry, and E. Sowton
Guy's Hospital, London SE1 9RT

Exercise thallium-201 myocardial scintigraphy was
performed in 23 patients with hypertrophic cardio-
myopathy, 18 of whom had chest pain. In selected
patients further myocardial scintigrams were
acquired after several hours. Coronary arterioQ-
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grams were performed in 16 patients and were
normal.
Abnormal scintigrams were found in 18 patients.

Three had an abnormal distribution of tracer
entirely attributable to septal hypertrophy (group
A), whereas 15 had discrete uptake defects difficult
to explain on the basis of muscle hypertrophy alone
(group B). In group B 3 scintigraphic patterns were
identified: (1) In 10 patients 14 defects were seen in
the exercise scintigrams but not in the delayed
images. Eight of these patients had chest pain.
(2) In 3 patients tracer defects were seen only in
delayed images and were not apparent in the initial
scintigrams. One patient had chest pain. (3) Fin-
ally, 4 patients had uptake defects seen in both in-
itial and delayed images. One patient had chest
pain.

Chest pain occurred in 8/10 patients with scinti-
graphic evidence of ischaemia but was present in
only 3/13 patients with non-ischaemic scintigrams
(P = 0-01).
These findings suggest that regional myocardial

ischaemia occurs in hypertrophic cardiomyopathy
during exercise and may account for the chest pain
in this condition.

Haemodynamic effects of angiotensin
blockade after cardiopulmonary bypass

K. M. Taylor, J. Casals, J. J. Morton, S. Mittra,
J. J. Brannan, and W. H. Bain
University Department of Cardiac Surgery,
Royal Infirmary, and MRC Blood Pressure Unit,
Western Infirmary, Glasgow

A possible relation between raised levels of angio-
tensin II (AII) and the vasoconstriction associated
with cardiopulmonary bypass has recently been
suggested. Previous studies have shown that AII
levels rise conspicuously during bypass and that a
significant correlation exists between the rise in AII
levels and the rise in peripheral vascular resistance
index (PVRI). The haemodynamic effects of SQ
14225, a specific blocker of the enzyme which
converts angiotensin I to angiotensin II, have been
studied.
Adult mongrel dogs (20 to 25 kg) were submitted

to 60 minutes of non-pulsatile bypass at a mean
perfusion pressure of 70 mnmHg. Two hours after
bypass, a 20-minute infusion of SQ 14225 at 2 ,ug/
hr/per kg was given. Arterial blood pressure, left
atrial pressure, cardiac index (by dye dilution), and

PVRI were measured before and after 10 minutes
and 20 minutes. Plasma AII was measured at
control and at 20 minutes.
Mean arterial pressure fell during infusion from

103 mmHg to 82 mmHg (P < 0 05). PVRI fell
from 38-27 units to 21-70 units (P < 0 05) and
cardiac index rose from 3-00 1/min per m2 to
3 98 1/min per m2 (P < 0 05). Mean plasma AII
fell from 56-75 to 11-5 pg/ml (normal values
35 pg/ml).
These results confirm that angiotensin II is a

major causative factor in the vasoconstriction
associated with cardiopulmonary bypass, and
indicate that reduction of raised AII levels in the
postoperative period results in a significant fall in
peripheral vascular resistance and a significant rise
in cardiac index.

Salbutamol in treatment of heart failure

P. A. Poole-Wilson, P. D. V. Bourdillon,
R. A. Foale, A. D. Timmis, and G. C. Sutton
National Heart Hospital, London WlM 8BA and
Cardiothoracic Institute, London WlN 2DX;
and Hillingdon Hospital, Hillingdon, Middlesex

The use of the beta2-agonist salbutamol has been
assessed in the treatment of patients with chronic
heart failure. Nine patients, 7 men, 2 women;
age range 31 to 67 years, were studied for up to 7
hours after the oral administration of 8 mg sal-
butamol. Cardiac output was measured by thermo-
dilution. Pulmonary artery end-diastolic pressure
(PAEDP) was recorded with a catheter and blood
pressure with a sphygmomanometer. The mean
cardiac output was 3-4 I/min (cardiac index = 19 1/
min per m2) under control conditions and rose in all
patients. The mean increment was 1-5 l/mn
(P < 0001). The mean PAEDP fell from
19 5 mmHg to 17 0 mnmHg (NS). The mean
systemic vascular resistance decreased from 26A4
units to 16-5 units (P < 0-001). Heart rate increased
by an average of 6 beats/min (NS). These effects
were similar to those in patients given intra-
venous salbutamol. The effects of oral salbutamol
(4 mg qds) after 4 weeks were assessed. In 5 patients
there was no significant change in resting cardiac
output, PAEDP, exercise tolerance, or echocardio-
graphic left ventricular dimensions.

Oral salbutamol may be of benefit in the treat-
ment of patients with chronic heart failure. The
haemodynamic effects are primarily attributable to
vasodilatation.
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Haemodynamic effects of sublingual
isosorbide dinitrate and oral salbutamol
alone and in combination in patients with
severe chronic congestive cardiac failure

J. D. Stephens, S. 0. Banim, and R. A. J. Spurrell
Department of Cardiology, St. Bartholomew's
Hospital, London EClA 7BE

Isosorbide dinitrate (ISDN) is effective in the
treatment of patients with congestive cardiac failure
(CCF). To determine possible augmentation of the
effects of ISDN by salbutamol, haemodynamic
measurements were made in 5 patients with severe
chronic CCF who received ISDN 5 to 10 mg
sublingually and salbutamol 4 mg orally alone and
in combination.
ISDN reduced mean left ventricular filling

pressure (LVFP) from 26 mmHg to 17 mmHg
(23%, P < 0.02) and increased mean cardiac
index (CI) from 1-7 to 2-1 1/min per m2 (23%,
P < 0 05), with no significant change in mean
heart rate (HR) or systemic arterial pressure (AP).

Salbutamol increased CI from 1-8 to 2-2 1/mn
per m2 (22%, P < 0 01) 30 to 40 minutes after
administration. There was no significant change in
LVFP, HR, or AP.
Compared with control, combined ISDN and

salbutamol reduced LVFP from 25 mnmHg to
18 mmHg (28%, P < 0 001) and increased CI
from 1-8 to 2-5 1/min per m2 (39%, P < 0 01) with
no significant change in HR or AP.
The reduction in LVFP by combined therapy

was similar to ISDN alone but the increase in CI
was significantly greater than either ISDN alone
(19%, P < 0 001) or salbutamol alone (14%,
P < 0 05).
Combined sublingual ISDN and oral salbutamol

act synergistically to improve left ventricular
performance in patients with severe chronic CCF.

Haemodynamic effects of hydralazine at
rest and during exercise in patients with
impaired left ventricular function

W. R. Ginks and D. R. Redwood
Cardiac Department, St. George's Hospital,
London SWlX 7EZ

The administration of vasodilator drugs has been
shown to have beneficial effects at rest in patients
with acute and chronic heart failure. To determine
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the efficacy of hydralazine during exercise, 6
severely symptomatic patients with chronic left
ventricular failure from diffuse coronary disease or
cardiomyopathy were studied at rest and during up-
right exercise on a bicycle ergometer. AU patients
were already receiving optimal treatment with digit-
alis and diuretics. At rest, mean arterial pressure
fell from 89 ± 1-5 (SEM) to 65 ± 9 mmHg 2 to 3
hours after 75 mg hydralazine (P < 0.01) and
wedge mean fell from 16 ± 4-7 to 10 ± 5 mmHg
(P < 0 01). Systemic vascular resistance fell from
25 ± 2.1 to 11 ± 0.8 units (P < 0 01). Stroke
volume index increased from 24 ± 2 5 to 38 ±
4-1 Ml/M2 (P < 0 01). During maximal exercise,
mean arterial pressure fell from 91 ± 11 to 78 +
6 mmHg 2 to 3 hours after 75 mg hydralazine
(P < 0 01) and wedge mean fell from 32 ± 4-1 to
22 + 4-2 (P < 0.01). Systemic vascular resistance
fell from 13 + 1-2 to 9 ± 0-6 units (P < 0 01).
Stroke volume index increased from 31 ± 3 6 to
43 ± 4.9ml/m2 (P < 001).
These findings show that hydralazine administra-

tion not only results in a beneficial effect on cardiac
function at rest but that this effect is sustained
during upright exercise in patients with impaired
left ventricular function, thus providing strong
support for its use in the long-term management of
such patients.

Echocardiographic features of anomalous
systemic and coronary venous return

R. A. Foale, P. D. V. Bourdillon,
J. Somerville, and A. F. Rickards
The National Heart Hospital, London WIM 8BA
and Cardiothoracic Institute, London WIN 2DX

Identification of abnormalities of the coronary
sinus and the investigation of anomalous systemic
venous return is described using echocardiography.

Five patients with angiographic documentation
of anomalous systemic venous return including
coronary sinus abnormalities are presented. A further
patient with congenital absence of the coronary
sinus and suspected anomalies of systemic venous
drainage was also studied.
M-mode cross-sectional and contrast echocardio-

grams (by injecting normal saline or indocyanine
green into peripheral veins) were recorded using a
Smith Kline Echosector. In 3 patients with per-
sistent left superior vena cavae (LSVC) an enlarged
coronary sinus was identified by injection of con-
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trast from a left arm vein, injection from the right
arm failing to opacify the coronary sinus. In 2
further patients with complex congenital heart
disease and a persistent LSVC, entry of contrast
into the left-sided atrial chamber was observed
after the left arm injection but not from a right arm
vein injection. In the patient with congenital
absence of the coronary sinus and suspected
anomalous venous return contrast cross-sectional
echocardiography suggested normal venous return
which was later confirmed angiographically.

This study shows the potential value of cross-
sectional echocardiography combined with peripher-
al vein contrast injections in the assessment of
patients with suspected anomalies of systemic and
coronary venous return.

Identification of atrial septal defects by
cross-sectional contrast echocardiography

P. D. V. Bourdillon, R. A. Foale, and
A. F. Rickards
The National Heart Hospital, London WIM 8BA
and Cardiothoracic Institute, London WlN 2DX

The interatrial septum (IAS) may be visualised
using cross-sectional echocardiography, and the
reliability of this technique in detecting defects in
the IAS was assessed.
Ten patients with ostium secundum or sinus

venosus atrial septal defects (ASD) were studied
using a Smith Kline Echosector and the images of
the IAS compared with those obtained in a control
group of 10 normal patients. In all patients contrast
echocardiography was performed using normal
saline or indocyanine green injected into a peripheral
vein, the passage of echos through the heart being
recorded.
Apparent defects of the IAS were observed in all

patients with ASDs and in six of the ten control
subjects. A characteristic appearance of the edge of
the septal defects distinguished the two groups.
With bolus injections, contrast echoes were seen
crossing the IAS from right to left in all patients
with IAS defects. In 4 patients who were clinically
cyanosed, free transfer of echoes was observed into
the left atrium and rapidly appeared within the
aortic root. In patients with intact IAS no contrast
was observed within the left atrium. Though cross-
sectional echocardiography may suggest the presence
of defects in the IAS, the use of contrast echo-
cardiography provides confirmation ofanASD and a
potential evaluation of the direction of shunting.

Study of cardiac rhythm in healthy newborn
infant

D. P. Southall, J. M. Richards, P. G. B. Johnston,
and E. A. Shinebourne
Brompton Hospital, London SW3 6HP; and
Dorset County Hospital, Dorchester

Twenty-four-hour electrocardiographic recordings
were performed on 134 randomly selected infants
who weighed over 2 5 kg at birth. The mean highest
heart rate, measured over 9 beats, was 175 ± 19
b.p.m. The mean lowest heart rates when measured
over 3, 5, and 9 beats were 82 ± 12, 87 ± 12, and
93 ± 12, respectively. At their lowest rates 109
infants had sinus bradycardias. Nineteen had atrial
and 6 had junctional escape rhythms. Changes in
P wave configuration occurred in 33 infants. All
24-hour electrocardiograms showed sudden slowing
of rate with sinus pauses or patterns resembling
sinuatrial Wenkebach block. Though 19 infants
had extrasystoles only one had more than 12 per
hour. Three infants had bradycardias of more
than 2 standard deviations below the mean lowest
rate. The first had a bradycardia of 42 b.p.m.
associated with extrasystoles and including an
asystolic pause of 1 8 s. The second whose only
previous sib had died of the 'sudden infant death
syndrome' had a bradycardia of 59 b.p.m. The third
infant, who had shown cyanotic episodes during the
recording, had simultaneous bradycardias of 61
b.p.m.
By providing adequate normal data this study

allows the accurate interpretation of heart rhythm
changes in both healthy and sick neonates.

Non-invasive diagnosis of infundibular right
ventricular outflow tract obstruction

P. Mills, C. Woolfe, D. Redwood, G. Leech,
E. Craige, and A. Leatham
St. George's Hospital, London SW1 7EZ ; and
University of North Carolina, USA

Clinical recognition of infundibular pulmonary
stenosis, often associated with other cardiac
abnormality, may be difficult. In this study echo and
phonocardiographic findings were analysed in 18
patients. The aetiology of the infundibular obstruc-
tion was congenital (13), hypertrophic cardio-
myopathy (3), and glycogen storage disease or
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tumour infiltration (2). The pulmonary valve was
visualised in 17 patients and with the exception of 1
patient with coexisting pulmonary valve stenosis
showed abnormal motion with early or mid-systolic
partial closure and fluttering of the posterior
cusp. Normal valve motion was found in 4 patients
after successful infundibular resection, and per-
sistent echocardiographic abnormalities were seen
in 1 patient with residual obstruction.

Late pulmonary valve closure (P2) was shown in
14 patients by phonocardiography (12) or echo-
cardiography (2), and the magnitude of the in-
fundibular gradient correlated with the degree of
delay of P2. An increase in intensity of the systolic
murmur during expiration was recorded in all 3
patients with hypertrophic cardiomyopathy. An
ejection sound was uniformly absent except in the
patient with coexisting pulmonary valve stenosis.
The results show that the presence of infundibu-

lar stenosis can be predicted echocardiographically
and its severity assessed from the degree of delay of
pulmonary valve closure.

Epidemiological study of blood pressure in
infancy

M. de Swiet, P. Fayers, and E. A. Shinebourne
Department of Paediatrics, Cardiothoracic
Institute, and Medical Research Council
Tuberculosis and Chest Diseases Unit,
Brompton Hospital, London SW3 6HP

Systolic blood pressure has been measured using
the Doppler ultrasound technique in a population
of 2000 infants at ages 4 days, 6 weeks, 6 months,
and 1 year. Systolic blood pressure (infants awake)
increased from 75 mmHg at 4 days to 95 mmHg at
age 6 weeks and then did not alter till age 1 year.
Systolic blood pressure was 7 mnmHg higher in
infants awake than those asleep. It was positively
correlated with weight and was not related to
sodium intake.
Repeated measurements showed that systolic

blood pressure was significantly correlated (r = 0 3)
between the ages of 6 months and 1 year even after
allowing for the effect of weight. At age 6 months
(though not before) it was possible to show a
familial correlation between the blood pressures of
the child and the child's mother, and at age 1 year
between the blood pressures of the child and the
child's father. Our evidence indicates that children
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show a tendency to develop a systolic blood pressure
related to their expected blood pressure in adult
life by the age of 6 months.

Effects of long-term beta-adrenoreceptor
blockade in rabbits

K. L. Evemy, P. Cummins, and W. A. Littler
Department of Cardiovascular Medicine,
University of Birmingham and East
Birmingham Hospital, Birmingham

The effect of prolonged administration of the beta-
adrenoreceptor blocking drugs timolol and pro-
pranolol on growing rabbits (starting weight 2-0 to
3-0 kg) has been studied. Drugs were administered
in equivalent doses for 8 weeks. Rabbits given dl
propranolol (2 mg/kg bd) intraperitoneally showed
a reduced growth rate, whereas rabbits given the
same drug subcutaneously, or timolol (0-2 mg/kg
bd) intraperitoneally grew at the same rate as
controls. Animals with a reduced growth rate ate
less than animals growing normally.

Subsequently, growing rabbits were given either
d- or 1-propranolol (1 mg/kg bd) intraperitoneally.
No reduction in growth rate was seen compared
with controls.
The water content of both skeletal and ventri-

cular muscle and heart weight to body weight ratio
showed no difference between treated and un-
treated animals, suggesting no evidence of gross
morphological change associated with chronic
beta-adrenoreceptor blockade.
We believe the effect of propranolol on growth

and food intake is unrelated to its beta-blocking
or membrane stabilising properties. The intra-
peritoneal route of injection alone does not account
for the effects, which may be related to levels of a
specific metabolite of propranolol present when
given at the higher dose.

Cardiovascular and sympathetic adaptation
with bicycle exercise

R. D. S. Watson, C. A. Hamilton, D. H. Jones,
T. J. Stallard, J. L. Reid, and W. A. Littler
Department of Cardiovascular Medicine,
University of Birmingham and East Birmingham
Hospital; and Department of Clinical
Pharmacology, Royal Postgraduate Medical
School, Hammersmith Hospital, London
W12 OHS
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We have investigated how plasma noradrenaline,
blood pressure, and heart rate change during and
after bicycle exercise (mean workload 110 watts)
in 11 patients (mean age 41 years; 5 normotensives,
6 mild hypertensives). Arterial pressure was
recorded directly from the brachial artery and
forearm venous plasma noradrenaline measured by a
sensitive radioenzymatic method (Henry et al.,
1975). During upright exercise, mean maximum
heart rate was 144 ± 7 bpm (mean ± SEM) and
plasma noradrenaline approximately doubled. On
stopping exercise, blood pressure and heart rate
decreased rapidly while plasma noradrenaline
increased in all subjects, the mean increase from
8'92 ± 1-71 to 11-87 + 2-24 nmol/l being statisti-
cally significant (P < 0 005). In comparison, in 5
of 6 patients who performed supine bicycle exercise,
plasma levels fell by 2 minutes after exercise, the
mean levels decreasing from 4.43 + 4-78 to
3-01 ± 1{06 nmol/l.
We suggest that the mechanisms causing an

increase in plasma noradrenaline during and after
exercise are different and that the increase after
upright exercise reflects increased sympathetic
activity mediated by sino-aortic baroreflexes. These
observations may explain why arrhythmias occur
more commonly after stopping exercise. Increased
alpha-adrenergic influences on bronchial smooth
muscle after exercise may explain the time of onset
of exercise-induced asthma.

Reference

Henry, D. P., Starman, B. J., Johnson, D. G., Williams, B. H.
(1975). A sensitive radioenzymatic assay for norepine-
phrine in plasma and tissues. Life Sciences, 16, 375.

Nocturnal blood pressure in hypertensives
and effects of alpha- and beta-adrenergic
blockade

S. Mann, M. Millar Craig, V. Balasubramanian,
and E. B. Raftery
Northwick Park Hospital and Clinical Research
Centre, Harrow, Middlesex

Continuous ambulatory intra-arterial records of 37
untreated hypertensive patients have confirmed the
presence of a circadian rhythm of blood pressure
with a nadir about 0300 hours and a slow subsequent
rise which becomes steeper at the time of waking.
Three groups (> 5 patients each) were restudied 8
weeks after treatment with beta-adrenergic blocking
drugs in conventional dosage regimens. Each
reduced daytime blood pressure but the changes
seen at night and in the early morning were not
significant. Changing the time of dosage still did not
affect the early morning rise, and it was suggested
that this phase was the result of sympathetic alpha-
adrenergic activity. This hypothesis was tested by
giving a long-acting alpha blocking agent (indoramin
100 mg) to 9 untreated patients at 2300 hours on the
second night of a 48-hour study. Comparison with
the first night showed a significant reduction in
blood pressure during the night and early morning,
but the slope ofthe early morning rise was unaffected.
By contrast, a study of 11 patients treated with
labetolol t.i.d. abolished the early morning rise.
These observations have important implications in
the understanding of essential hypertension and
formulation of treatment regimens.
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