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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, Lon-
don, on Tuesday to Thursday, 26 to 28 November
1985. The President, D G JULIAN, took the Chair
during private business. The scientific sessions were
under the chairmanship of I R GRAY.

Abstracts of papers

Comparison of prognostic significance of
delayed potentials and inducible ventricular
tachycardia in 306 survivors of acute
myocardial infarction

A R Denniss, D A Richards, D L Ross, J B Uther
Westmead Hospital, Sydney, Australia

The prognostic significance of delayed potentials
detected on the signal averaged electrocardiogram
and their correlation with inducible ventricular
tachycardia were examined in a prospective study of
306 clinically well survivors of transmural myo-
cardial infarction (anterior in 42%) who were aged
< 65 years. All patients had both a signal averaged
electrocardiogram and programmed stimulation per-
formed 1-4 weeks after infarction. Delayed poten-
tials were present in 26%. The two year probability
of remaining free from cardiac death and spontane-
ous ventricular tachycardia (VT) or fibrillation (VF)
was 0 73 for patients with delayed potentials, com-
pared with 0 95 for patients with no delayed poten-
tials (p <0-001) and 0 73 for patients with inducible
VT. For prediction of death and VT or VF, delayed
potentials had a sensitivity of 66%, a specificity of
78%, a predictive accuracy of24%, and an odds ratio
of 6-7. Inducible VT at programmed stimulation had
a sensitivity of 52%, a specificity of 83%, a predic-
tive accuracy of 24%, and an odds ratio of 5 2.

In conclusion (a) delayed potentials present after
recent infarction predict a significant risk of death
and spontaneous VT or VF; (b) the prognostic
significance of delayed potentials is comparable to
that of inducible VT at programmed stimulation.

Neurological complications ofcoronary artery
bypass surgery

Pamela J Shaw, D Bates, N E F Cartlidge,
D W Heaviside, D A Shaw, D G Julian
University Departments of Cardiology and

Neurology, and the Cardiothoracic Unit, Freeman
Hospital, Newcastle upon Tyne

A prospective study has been undertaken to deter-
mine the incidence, severity, and functional impact
of neurological complications occurring after elec-
tive coronary artery bypass graft (CABG) surgery.
Three hundred and twelve patients were evaluated
over a 12 month period from September 1983 to
August 1984 at the Regional Cardiothoracic Centre
in Newcastle upon Tyne. A comparison group of 50
patients undergoing major surgery for peripheral
vascular disease was also assessed. The patients
underwent detailed neurological assessment in the
two days before surgery, daily in the early post-
operative period, and at intervals in the first six
months after surgery. Early postoperative neu-
rological complications developed in 191 of the 312
CABG patients (61%) and included death from
cerebral hypoxic damage in one patient (0Q3%); pro-
longed depression of conscious level in 10 (3.2%)
patients; definite stroke in 15 (4 8%) patients; oph-
thalmological abnormalities including retinal
infarction, retinal embolisation, or other abnormal-
ity of vision in 78 (25%) patients; primitive reflexes
in 123 (3944%) patients; postoperative psychosis in
four (1.30%) patients; and peripheral nerve damage
(most commonly brachial plexeopathy) in 37
(11 8%) patients. Although such a high proportion
of the cohort developed detectable changes, serious
morbidity or death from neurological damage was
uncommon, occurring in only five (166%) patients.
Follow up of the group of six months after surgery
showed a favourable functional neurological out-
come in the majority of patients. Minor post-
operative abnormalities developed in only nine
(18%) of the 50 patients undergoing peripheral vas-
cular surgery and these largerly resulted from
trauma to lower limb sensory nerves.

Origins of breathlessness in chronic heart
failure

D P Lipkin, P A Poole-Wilson
The Cardiothoracic Institute, London

Breathlessness in heart failure is often attributed to
raised pulmonary venous pressure. Oxygen con-
sumption (V02), mean pulmonary capillary wedge
pressure (PCWP), arterial blood lactate concen-
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tration, and pH were measured during treadmill
exercise using a slow exercise protocol in 25 men (age
34-67 years) with chronic heart failure (New York
Heart Association class II-III). Ten of these
patients also performed a rapid exercise test with
similar increments of shorter duration. Exercise was

terminated due to fatigue in 23/25 patients after the
slow test and because ofdyspnoea in all patients after
the rapid test. Exercise capacity (maximum V02 and
exercise duration) was not related to resting or exer-

cise PCWP or to the change in PCWP during exer-

cise (r= -0 38, r= -0 19, r=0 12) nor was there
any difference in exercise PCWP within individuals
between the two types of tests. Maximum V02, peak
cardiac output, and minute ventilation were greater

in the rapid exercise test (p <0.05). Peak exercise
lactate concentration was higher (3 7 vs 2-2 mmol/1)
and the change in pH from the resting state was

greater (0 06) vs 0-02, p < 0 05) during the rapid test

than during the slow test.
The sensation of breathlessness in chronic heart

failure is not simply related to an elevated PCWP but
may be due to stimulation of the respiratory centre

in response to the metabolic acidosis. Exercise
capacity and the symptoms limiting exercise are

dependent on the type of exercise test performed.
These differences need to be considered when select-
ing an exercise protocol for studies ofdrug efficacy in
patients with heart failure.

Effects ofvasodilators on exercise capacity and
myocardial oxygen supply in patients with
angina pectoris and normal coronary arteries

R Bugiardini, D Ferrini, M Galvani, C Gridelli,
A Pozzati, P Puddu, S Lenzi
Clinica Medica II, University of Bologna, Bologna,
Italy

Patients with effort related angina, coronary arteries
of normal appearance, and no evidence either of epi-
cardial artery spasm or myocardial hypertrophy have
been suggested to have a reduced coronary flow
reverse due to inappropriate dilatation of small
resistive vessels. Nevertheless whether the ability to

dilate may be constrained by a functional or anat-
omical insufficiency of the microvasculature is
poorly understood. To address these questions we

selected 15 patients with the above set of findings
and a positive (> 0 lmV ST depression) exercise
test limited by chest pain. They performed supine
bicycle ergometer testing (25W increments every
two minutes) before and during drug induced vaso-

dilatation, which was obtained in five patients with
verapamil (10mg intravenous bolus), in five with
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isosorbide dinitrate (10mg sublingually), and in the
remaining with iloprost, a stable prostacyclin ana-
logue (6 ng/kg/min intravenous infusion). Arterial
blood pressure and coronary sinus blood flow were
simultaneously measured at rest and peak exercise.
Compared with control, verapamil significantly
(p <0-001) prolonged exercise duration (mean (SD)
510 (74) vs 364 (67) s) and time to onset of 0-1 mV ST
depression (393(50) vs 237(36) s). Drug adminis-
tration also resulted in increased coronary blood flow
(137(31) vs 95(28) ml/min) and in decreased coro-
nary resistance (0-86(0-15) vs 1-20(0 24)
mm Hg/ml/min) at peak exercise (p <0005). Con-
versely no significant changes in exercise capacity
and haemodynamics were found following iso-
sorbide and iloprost. Thus effort related angina in
patients with normal appearing coronary arteries
seems to be mediated by a reduction of coronary flow
reserve due to functional rather than anatomical fac-
tors. These can be partly counteracted by verapamil.
The lack of efficacy of other powerful vasodilators
favours an arteriolar disregulation of calcium uptake
as the most likely mechanism.

Natural history of post-myocardial infarction
angina pectoris

L Daly, R Conroy, N Hickey, R Mulcahy
St Vincent's Hospital, Dublin, Eire

The natural history of post-myocardial infarction
angina pectoris has been examined using a Markov
statistical model in 555 male survivors of a first coro-
nary attack at < 60 years followed annually for up to
20 years. Only 21 (4%) had coronary artery bypass
operation. Most anginal patients were treated by
nitrates alone. In the 130 patients with immediate
post-infarction angina, the angina prevalence in sur-
vivors reduced to 63%, 44%, 38%, and 36% at 5, 10,
15, and 20 years respectively. The mean survival of
these patients was 13-6 years. Angina was present for
a mean 5-4 years and absent for a mean of 4 2 years
in this group during the first 9-6 years of follow up.
After 9-6 years a wide variation in the presence or
absence of angina continued with 48% remaining
angina free. The 425 patients without initial angina
had a mean survival of 15 3 years. They remained
free of angina initially for a mean period of 8-1 years.
The presence ofangina varied during the subsequent
7-2 years of survival with angina being present for
3.8 of these remaining years.
This long term follow up study of post-infarction

patients confirms that the presence or absence of
angina can vary considerably over time in patients
treated medically. These findings have important
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implications when assessing the effects of various
treatments, including coronary artery bypass
surgery, on post-infarction angina.

Isolated coronary ostial stenosis-a previously
unrecognised clinical syndrome?

G A H Miller, M Honey, H El-Sayed
Cardiac Department, Brompton Hospital, London

Coronary ostial stenosis is a rare angiographic
finding which we have detected in only 28 (0 6%) of
4427 patients with coronary artery disease. In the
majority ostial stenosis was associated with other
coronary arterial lesions, but in five patients ostial
stenosis was the only lesion present and was not
associated with any of the conditions (syphilitic
aortitis, Takayasu's aortitis, familial hyper-
cholesterolaemia, aortic valve disease) known to
involve the coronary ostia. All five patients were
middle aged (38-53) females (two premenopausal); a
striking difference from the usual 7:1 male prepon-
derance in atherosclerotic coronary artery disease.
Review of the literature shows 11 previously
reported cases ofwhich 10 were middle aged women.
Angiographic diagnosis can be difficult, but a pres-
sure drop as the catheter tip engages the ostium was
a constant finding; lack of spillover of contrast into
the sinus of Valsalva may also suggest the diagnosis.
The aetiology is unknown and, though it may well be
atheroscolerotic, the female preponderance raises
the possibility of this being a distinct clinical syn-
drome. All patients had typical exercise related
angina and all are now symptom free following
saphenous vein internal mammary artery grafting.
In one patient the operation was performed at the
eleventh week of a successfully completed preg-
nancy.

Postmortem coronary arteriography
following sudden death

K D Dawkins, A G Wilson, A C Thomas,
M J Davies
St George's Hospital, London

Postmortem coronary arteriography (CA) was
undertaken in 75 patients dying suddenly. Seventeen
(23%) studies were normal, and in the remaining 58
patients 140 segments were classified according to
the angiographic appearance by three independent
observers who were in agreement on 122 (87 5%)
segments. The results were compared with histol-
ogy. Plaque fissure (with or without thrombosis) was
correctly identified by CA in 45 segments, with a
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predictive accuracy of 95% when compared to his-
tology. Old occlusions (with or without
recanalisation) were seen in 22 segments (predictive
accuracy 90%) and stable plaques or stenoses were
seen in 48 segments (predictive accuracy 90%). In 25
patients necropsy identified a clear cause of death
outside the heart, in 17 (68%) CA was normal, in 5
(20%) there were "stable" lesions, and in only 3
(12%) were plaque fissures identified. Forty three
(86%) of the 50 patients in whom death was pre-
sumed to be cardiac had plaque fisssures (X2 38-5,
p<0001) and a "stable" lesion was seen in the
remaining seven.
We conclude that (a) postmortem coronary arte-

riography compares favourably with histology as a
method of categorising coronary artery lesions; that
(b) in this study the frequent association of plaque
fissures with sudden cardiac death compared with
other "stable" coronary lesions supports a causative
relation; and (c) that the recognition of plaque
fissures identified by in vivo coronary arteriography
may influence patient management.

Efficacy of flecainide in the control of
ventricular response during exercise in
established atrial fibrillation in digitalised
patients: its comparison with beta blockade

A K Agarwal, R G Lochan, Deborah Beard,
V J Redding
Regional Cardiac Unit, Groby Road Hospital,
Leicester
The control ofventricular rate in chronic established
atrial fibrillation cannot always be effected by digi-
talis alone, particularly during exercise. Twenty
fully digitalised patients in atrial fibrillation with
uncontrolled ventricular rate were exercised on a
treadmill according to the Sheffield protocol and
were divided into two equally matched groups. Ven-
tricular rate control was attempted by the addition of
oral flecainide 100mg twice a day (10 patients) and
oral propranolol 80mg three times a day (10
patients). In the flecainide group improved ventricu-
lar rate control was achieved in seven out of eight
patients with significant increase in exercise toler-
ance in five. Two patients were withdrawn from the
trial because of drug intolerance. In the propranolol
group nine out of 10 patients showed improved ven-
tricular rate control. Only four out of 10 demon-
strated improved exercise tolerance.
Our study suggests that flecainide acetate has an

important role in the control of ventricular rate in
atrial fibrillation in digitalised patients both at rest
and during exercise. It parallels the effect achieved
by beta blockade, however, with a comparative
improvement in exercise potential.
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Effect of chronic amiodarone treatment on

pulmonary function

J D S Higginson, J P McCann, B McHugh, B Buick,
D McC Boyle
Cardiac Department, Ulster Hospital, Dundonald,
Belfast; and Pulmonary Function Laboratories,
Forster Green and Belfast City Hospitals, Belfast

Amiodarone has been reported to cause interstitial
pneumonitis or fibrosis, usually with maintenance
doses exceeding 400mg daily. A retrospective
investigation of 41 patients receiving amiodarone for
a mean of 12-9 months was carried out to determine
whether smaller doses commonly affected pul-
monary function. The mean maintenance dose was
221 mg daily. At initial pulmonary function testing
11 patients were identified as having an interstitial
lung disorder (reduction in transfer factor below
75% predicted value in the absence of significant
airflow obstruction and emphysema). Five had an

altemative identifiable cause of interstitial lung dis-
order. Two of the remaining six patients complained
of breathlessness since starting amiodarone. Five
had no radiological evidence of pulmonary fibrosis.
The mean duration oftreatment was 21-4 months for
patients with interstitial lung disorder, compared
with 13-6 months for the remainder. Pulmonary
function testing was repeated eight to 14 months
later in 37 patients. Four of the initial six patients
with interstitial lung disorder still had a reduction in
carbon monoxide transfer factor to less than 80% of
that predicted. One of the two with now normal
pulmonary function had discontinued amiodarone.
There were no new cases of interstital lung disorder.

It is concluded that an interstitial lung disorder
may be present in symptom free patients with nor-

mal radiological assessment receiving low dose ami-
odarone. Follow up longer than one year will be
necessary to assess fully the effect of amiodarone on

pulmonary function.

Temporary transvenous cardioversion for
recurrent ventricular tachyarrhythmias

Susan Lewis, C A Bucknell, S Ikram, R Vincent,
D A Chamberlain
Royal Sussex County Hospital, Brighton, Sussex

Recurrent ventricular tachyarrhythmias (VT/VF)
occurring within the first 12 hours after myocardial
infarction pose several problems: these include
repeated general anaesthetics, delays before cardio-
version, and superficial burns. Nevertheless, long
term prognosis can be good in those patients who
survive this acute phase. We have investigated the
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efficacy of DC shocks of varying energies (05J to
25 J) generated by a Cardioverter (Medtronic model
5350) and delivered to the right ventricular endo-
cardium for the treatment of ventricular tachy-
arrhythmias. Insertion of a specially constructed
temporary lead was attempted in 11 patients (six men
and five women, age range 55-72 years) because of
recurrent VT in five and VF in six. In all but two
patients these arrhythmias complicated acute myo-
cardial infarction. In nine the lead was inserted with-
out difficulty, but lack of stability (one case) and
provocation of ventricular fibrillation (one case) pre-
vented placement by skilled operators in two
patients. Successful cardioversion was achieved on
25 separate occasions. The energy required varied
from 0 05J to 15J (mean 6 8J). Low energy shocks
(0 05-5 J) failed on two occasions (one case of ven-
tricular tachycardia and one case of ventricular
fibrillation) but medium energy shocks (10-15 J)
were uniformly successful. Energies needed for con-
version of ventricular tachycardia (mean 4 6 J) ten-
ded to be lower than for ventricular fibrillation
(mean 10 3 J). No evidence of myocardial damage
was detected as a result of repeated shocks in two
patients who subsequently died of intractable heart
failure. Although the present lead can be difficult to
insert, our experience suggests that temporary trans-
venous cardioversion can be a safe and effective
method for treating recurrent ventricular tachy-
arrhythmias, offering some advantages over con-
ventional methods.

Ischaemia and sinus node disease

N J Linker, R Evans, C A Kekwick, D B Shaw
Cardiac Department, Royal Devon and Exeter
Hospital (Wonford)

Sinus node disease is one of the commonest condi-
tions requiring pacemaker treatment yet its aetiology
is still uncertain. Initially it was thought to be
ischaemic in origin but latterly this has been dis-
puted. We report a study of the sinus node and atrial
blood supply in patients with chronic sinus node
disease by necropsy angiography. The hearts were
injected with Chromopaque that fills vessels down to
arteriolar size. The right coronary artery was injec-
ted first and radiographs were taken in three planes.
The left coronary artery was then injected with a
different coloured dye and further radiographs were
taken. Subsequently the sinus node was examined
histologically by serial section. The findings in 23
cases of chronic sinus node disease were compared
with those in 59 cases with normal sinus node func-
tion. In 19 patients with sinus node disease the sino-
atrial node artery filled normally with no evidence of

 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.54.6.609 on 1 D
ecem

ber 1985. D
ow

nloaded from
 

http://heart.bmj.com/


Proceedings of the British Cardiac Society

narrowing either of the artery itself or of the parent
coronary vessel. The sinoatrial node artery filled
partly or not at all in four cases. In three other hearts
with normal sinus node arterial filling there were
gross networks of collateral vessels supplying the
territory of the contralateral coronary artery which
was obstructed at its origin, circumstances that are
compatible with a vascular steal.

Interferences from necropsy data about function
during life must be made with caution. It seems
likely, however, that our methods overestimate
rather than underestimate the importance of arterial
lesions. With these reservations it is suggested that in
our material ischaemic heart disease was unlikely to
have been the aetiological factor in the majority of
patients but probably was important in a significant
proportion.

The familial recurrence of congenital heart
disease

Lindsey D Allan, Diane C Crawford, Sunder
K Chita, R H Anderson, M J Tynan
Guy's Hospital and Department of Paediatric
Cardiology, the Cardiothoracic Institute, London

In a five year study 1021 patients have been referred
for fetal echocardiography because of a family his-
tory of congenital heart disease. The index case was
one previously affected child in 884 cases; two
affected children in 30 cases; three affected children
in two cases; an affected parent in 41 cases; an
affected second degree relative in 39 cases; the
relationship of the affected index case was unknown
in 25 cases. The index case was male in 56% of cases
and had died in 68%. The overall recurrence rate
was 20 cases-17 in cases where the index case was
one affected child and three in cases where the index
case was two affected children. This gives recurrence
rates of 1 in 52 and 1 in 10 respectively. There were
no recurrences in the other groups. There was an
increased tendency to refer mothers when the pre-
vious child had died, and mothers ofindex cases with
severe defects were disproportionately selected for
referral. Hypoplastic left heart syndrome was the
most frequent diagnosis in the index cases. Even
allowing for this, left sided lesions showed an
increased risk of recurrence. So also did complex
anomaly of the type commonly associated with atrial
isomerism. It appears that some forms of congenital
heart disease are more likely to recur within a family
group than others. Although the recurrent lesion was
concordant or similar in 13 of the 20 recurrences, in
the remaining seven cases the severity of the recur-
rent lesions differed from that in the index case.
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Prevalence of hypertension in habitually
salted-tea drinking population in Northern
Kashmir

M A Mir, F Mir, T Khosla
Department of Medicine and Medical Statistics,
University of Wales College of Medicine, Cardiff

Numerous epidemiological, clinical, and experi-
mental studies have suggested that a high salt intake
is causally related to the incidence of hypertension.
Many of these studies have been criticised, however,
mainly because environmental factors have received
less emphasis than salt. Western civilisation of an
area or migration into a "civilised" area must bring
into play a constellation of environmental, cultural,
dietary, and economical factors in addition to salt
that may influence blood pressure. In this study we
attempted to explore the relation between salt and
blood pressure in a salted-tea drinking population of
Northern Kashmir that has not been exposed to a
Western way of life. All the available family mem-
bers of randomly selected houses in 14 villages were
studied. Dietary intake was documented for the
whole month ofthe study period to estimate the daily
salt consumption in 313 subjects (210 males, 103
females). Their age ranged from 15 to 85 years
(median 35) and their mean daily salt intake was
150 (52) mmol (range 80-440). Both the systolic and
diastolic blood pressures showed a significant
increase with salt intake and age; multiple regression
analysis suggested an independent effect of salt
intake on blood pressure after adjusting for age. Fifty
nine (18 8%) subjects had hypertension (blood pres-
sure > 145/100 mmHg); their daily salt intake was
significantly higher than that of normotensive sub-
jects (186 (66) vs 141 (44) mmol; p<0001). These
studies suggest a relation between habitual high salt
intake and essential hypertension.

Factors influencing survival and mode of
death in chronic ischaemic cardiac failure

D R Glover, W A Littler
University of Birmingham Department of
Cardiovascular Medicine, Birmingham

A consecutive series of 50 patients (40 males, 10
female) aged 57(7) years (mean (1 SD)) with severe
chronic ischaemic cardiac failure for more than three
months was followed for 17-7 (10-8) months. The
mean left ventricular ejection fraction for the group
was 0-28 (0-14), and all patients were receiving
intensive medical treatment-daily dose of frus-
emide 121(139) mg; 44 were on digoxin and 28 were
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on vasodilator drugs. During follow up four patients
have successfully undergone cardiac surgery and
medical treatment was modified in the majority of
patients, with four patients receiving antiarrhythmic
drugs. Twenty six patients died, 17 suddenly within
one hour of onset of symptoms and nine of
progressive cardiac failure. Mortality was 28% at
one year and 69% at two years. Multivariate analysis
showed that death was most likely to occur in
patients with the poorest left ventricular ejection
fraction (survivors 0-35 (0 14) vs deaths 0 20 (008)
(p<0005)) and in patients with the most serious
ventricular arrhythmias on ambulatory electro-
cardiographic monitoring (survivors (Lown score)
19(12) vs deaths 3 4(1-6) (p< 0.05)). No
differences were detected in ejection fraction and
Lown score between sudden and non-sudden
deaths. Several variables did not statistically
influence survival or mode of death; these included
age, duration of cardiac failure, number of myo-
cardial infarctions or diseased coronary vessels, pul-
monary capillary wedge pressure, New York Heart
Association functional class, cardiothoracic ratio,
exercise capacity, and intensity or type of drug treat-
ment. Thus to determine the prognosis in severe
cardiac failure, reliance cannot be placed on the
above variables. Assessment of left ventricular ejec-
tion fraction and ambulatory electrocardiographic
monitoring are the best predictors of survival. None
of the above variables predicted the mode of death.

Infective endocarditis: current incidence and
mortality

J D Skehan, M Murray, P G Mills
The London Hospital, Whitechapel, London; and
Broomfield Hospital, Chelmsford, Essex

One hundred and eighty two cases of infective endo-
carditis in the North East Thames Region were stud-
ied over two and a half years. This gives a minimal
annual incidence of 21 cases per million and proba-
bly underestimates the true figure by only 15-20%.
Overall mortality was 21% (39 deaths). Subgroup
mortality was Streptococcus viridans infection 7%
(6/82), age under 60 years 9 5% (10/95), age 60 or
over 34% (28/82), Staphylococcus aureus infection
31% (8/26), prosthetic valve endocarditis 53%
(10/19), and Staph epidermidis infection 67% (8/12).
Strep viridans was the commonest infecting
organism (45%) and dental procedures (15%) or
dental sepsis (12%) were the commonest causative
events. Drug abuse (7%) and cystoscopy (3%) were
the most frequent amongst other specific causes. No
cause was found in 50% of cases. There were no
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cases of failure of antibiotic prophylaxis, but in nine
patients endocarditis followed inappropriate omis-
sion or maladministration of prophylaxis. Mitral
valve involvement was more frequent than aortic
(53% vs 37%) and had a lower mortality (21% vs
28%). Underlying pathology was rheumatic (20%),
mitral prolapse (19%), bicuspid aortic valve (10%),
congenital (6%), and unknown in 35%. Echo-
cardiographic detection of vegetations in 50% of
those investigated (139 patients) was not associated
with an increased mortality. Surgery carried a mor-
tality of7% (2/29) in native valve infection but 80%
(4/5) in prosthetic valve infection. It is likely that
surgical intervention lowers the mortality associated
with native valve infective endocarditis. Earlier diag-
nosis and operation might have improved the out-
come in six of the 37 patients who died. A reduction
in incidence might occur with correct use of anti-
biotic prophylaxis and improved dental health.

Exercise capacity and heart rhythm following
transvenous fulguration of atrioventricular
conduction

P M Schofield, R J Bowes, D H Bennett
Regional Cardiac Centre, Wythenshawe Hospital,
Manchester

Twenty four patients, aged 19-67 years, were stud-
ied 4-36 (mean 17) months after transvenous ful-
guration of the atrioventricular junction to assess
exercise capacity and spontaneous heart rhythm.
Fifteen patients had had atrioventricular re-entrant
tachycardia and nine patients, four with mitral valve
disease and five with the "brady-tachy" syndrome,
had had an uncontrollable ventricular response to
atrial fibrillation or flutter. 1 to 3 direct current
shocks of 200-400 J were delivered via a His bundle
electrode in each case. After fulguration, 17 patients
had complete and five partial atrioventricular block.
In two patients sinus rhythm was maintained via an
accessory atrioventricular pathway. Though all
patients were free of palpitation after the procedure,
10 developed exertional dyspnoea, and pre-existing
dyspnoea worsened in two patients. Twenty three
patients underwent exercise testing during ventricu-
lar demand pacing at 60 or 70 beats per minute using
the Bruce protocol. Exercise time was reduced to 45
(23%) (mean (SD)) of the predicted value for their
age and sex. In six patients with complete heart block
there was an increase in ventricular rate during exer-
cise. In three patients with partial heart block the
degree of atrioventricular block increased on exer-
cise. The 13 patients with rate responsive pace-
makers (DDD or TX) demonstrated a significantly
better but still impaired exercise capacity during
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physiological pacing (67 (24)%) as compared with
their performance during fixed rate pacing (41 (18)%
(p <0-001).
We conclude that though the procedure is success-

ful in controlling tachycardia it may cause a reduc-
tion in exercise capacity. Most patients remain in
complete atrioventricular block after the procedure
and, in contrast to the practice as described in early
reports, would benefit from "physiological" pacing;
though even with this mode exercise is likely to be
abnormal.

Eleven years' experience of pacemaker
insertion and therapy in a cardiothoracic
centre

R A Greenbaum, R Balcon
London Chest Hospital, London

Six hundred and five patients had a first pacemaker
implantation between 1970 and 1980. All but one
had single lead ventricular systems. All deaths were
known as patients were indexed with the census
authorities. Probability of survival was calculated
and the significance of differences between groups
was assessed by Wilcoxon's signed rank test. There
were 312 males and 293 females, 373 (62%) aged
over 70 years, 146 (24%) aged 60-70 years. Five-
hundred and nineteen (87%) were symptomatic. Of
these, 346 (67%) had syncope, 91 (17%) suffered
near syncope or dizzy spells, and 61 (12%) were
dyspnoeic. Three hundred and eight (51%) have
died. Women had significantly better survival than
men (p < 0 05). The probability of surviving one year
was 0-84 for males (0-92 for females), three years 0-68
for males (0 79 for females), five years 0-56 for males
(0-65 for females), and ten years 0-22 for males (0 37
for females). The probability of five year survival
was 0-6 in symptomatic patients. In 286 patients
with complete atrioventricular dissociation the
probability of five year survival was 0-63 while in 84
patients with electrocardiographic evidence of sick
sinus syndrome it was 0 55 (NS). In England and
Wales the probability ofsurviving five years at age 75
is 0-61 for males (0-76 for females).

It is concluded that patients having a pacemaker
implantation have a similar expectation of life as the
normal population. Patients with complete atrio-
ventricular dissociation surprisingly had a similar
probability of five year survival as those with sick
sinus syndrome.
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Low energy endocardial countershock for the
treatment of ventricular tachycardia and
fibrillation

A W Nathan, R A J Spurrell, A J Camm
St Bartholomew's Hospital, London
Low energy endocardial countershock (microshock)
was used in 15 patients, aged 33 to 67 (mean 53)
years, with ventricular tachycardia. Five of the
patients were receiving antiarrhythmic drugs. A
special large surface area lead, with its active tip in
the right ventricle and the indifferent electrode in the
right atrium or superior vena cava (10 patients) or in
the inferior vena cava (five patients), was used with
either an attenuated QRS synchronous defibrillator
or with a special unit triggered by endocardial sig-
nals. Sixty eight shocks (10 to 6700, mean 1138 mJ)
were used for ventricular tachycardia. Nine patients
were successfully treated (20 shocks) with no appar-
ent difference between the two sites used for the
indifferent electrode (right atrium or superior vena
cava (six); inferior vena cava (three)). Further micro-
shock in the remaining six patients was limited by
pain or by degeneration to ventricular fibrillation.
Proarrhythmic effects included atrial fibrillation in
one patient, acceleration of ventricular tachycardia
in two, and ventricular fibrillation in five. Pacing
with bursts and extrastimuli was effective in eight
patients (five of the nine in whom microshock was
successful and three of the other six). Pacing caused
ventricular fibrillation in one patient and accelerated
tachycardia in two. Microshock (5000 mJ) was
effective for ventricular fibrillation in one of three
patients.

In conclusion, pacing was safer but slightly less
effective than microshock for the treatment of ven-
tricular tachycardia, but their combined use allowed
successful treatment in more patients than with
either alone. Microshock may occasionally be
effective for ventricular fibrillation.

Conduction between donor and recipient atria
following orthotopic cardiac transplantation

A G Mitchell, M H Yacoub
Harefield Hospital, Middlesex

The relations between mechanical and electrical
activity of donor (D) and recipient (R) atria were
analysed in 61 unselected patients undergoing
annual reinvestigation after orthotopic cardiac trans-
plantation. Close correlation between the two atria
was observed in 10 (16%) patients who comprised
the subjects of this study. There were nine males and
one fe6male, with a mean age at transplantation of
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46-9 years. The mean age of the donors was 21-3
years. Immunosuppression was achieved with
steroids and azathioprine in eight patients two of
whom had cyclosporin added after two years; the
remaining two patients received only cyclosporin
and azathioprine. The frequency with which the cor-

relation was observed increased from 4% at one year

to 66% at five years after transplantation. Electro-
physiological studies showed a constant relation
between the donor atrial electrogram (DE) and the
recipient atrial electrogram (RE), with the DE pre-

ceding the RE at rest. The interval between DE and
RE varied from 80 ms to 240 ms (mean 145 ms). This
relation remained constant during incremental
donor atrial pacing, with two patients developing 2:1
block at rates of 170 and 130 beats per minute.
Recipient atrial pacing showed conduction fromR to
D in six of the eight tested. The functional refractory
periods of the D to R pathway, derived by atrial
premature stimuli in five patients, ranged from
280ms to 430ms (mean 328 ms) with two of these
patients having significantly shorter effective refrac-
tory periods.

It is concluded that electrical conduction can

occur across the suture line after transplantation.
This has important clinical implications.

Four dimensional cardiac imaging

L D R Smith, P Quarendon
Brompton Hospital and IBM (UK) Scientific Centre

A system for the production of a four dimensional
(moving three dimensional) epicardial left ventricu-
logram modelled and highlighted to show regional
wall motion is described and demonstrated. The
computer generated moving imaging is derived by
fitting a surface to the three dimensional coordinates
of coronary artery bifurcations. These are deter-
mined by analysis of digitised biplane coronary cine-
angiograms that have been calibrated within a

defined external coordinate system and corrected for
pincushion distortion. The derived three dimen-
sional data points are then interpolated and the
resulting surface, which is lit from a point source,
may be viewed from any angle. The coronary arteries
are then superimposed to aid orientation and inter-
pretation. Successive frames through the cardiac
cycle may be displayed in sequence at any speed,
thus producing cardiac wall motion.

This image system not only provides a unique
three dimensional view of left ventricular activity
but also, since the positions of all the data points at
any time are known, measures may be made of wall
velocity, acceleration, rotation, and torsion (either
with reference to the external coordinate system or to

Proceedings of the British Cardiac Society

a computed time dependent internal coordinate sys-
tem). The changes in these measures of wall motion
are displayed in the three dimensional image as
different colours.

Magnetic resonance quantification of atrial
shunting and valvar regurgitation

S R Underwood, R H Klipstein, D N Firmin,
K M Fox, P A Poole-Wilson, R S 0 Rees,
D B Longmore
Magnetic Resonance Unit, the National Heart and
Chest Hospitals, London

We have previously shown that both left and right
ventricular volumes can be measured accurately by
magnetic resonance. The purpose of this study is to
quantify valvar regurgitation and left to right shunt-
ing through an atrial septal defect by comparing left
and right ventricular stroke volumes, which should
be identical over the period of imaging in the absence
of regurgitation or shunting. Fifteen patients were
studied by magnetic resonance, first pass and equi-
librium radionuclide angiocardiography, and cardiac
catheterisation. Multiple transverse magnetic reso-
nance images were acquired at end diastole and end
systole using a Picker International machine oper-
ating at 0 24 tesla and using a spin echo sequence
with an echo time of 24ms. Ventricular volumes
were calculated by summing their areas in the con-
tiguous 1 cm sections. In 20 normal subjects the
mean left to right ventricular stroke volume ratio was
1 01 (SD 0 067), thus establishing a normal range of
0-88-1-14. In five patients with atrial septal defect
the stroke volume ratio was abnormal and the cor-
relation coefficient between magnetic resonance and
oximetric determination of the ratio of pulmonary
flow to systemic flow was 0 91. In five patients with
mitral regurgitation and five with aortic regur-
gitation the stroke volume ratio was also abnormal,
and the degree of abnormality was similar to semi-
quantitative assessment by x ray angiocardiography.
The correlation coefficients between magnetic reso-
nance and radionuclide values of left ventricular
ejection fraction, right ventricular ejection fraction,
and stroke volume ratio were 0-88, 0-88, and 0-82
respectively. The radionuclide measurements
underestimated right ventricular stroke volume,
however, especially in the patients with atrial septal
defect and a dilated right heart, because of overlap of
right atrium and ventricle in the left anterior oblique
projection.

Magnetic resonance provides a non-invasive
method to quantify valvar regurgitation and atrial
shunting, and may improve the assessment of such
patients.
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Detection of coronary disease: a comparison
between exercise technetium
ventriculography and exercise thallium
imaging

I McGhie, Ann Tweddel, W Martin, I Hutton
Department of Medical Cardiology and Cardiac
Surgery, Royal Infirmary, Glasgow

Radionuclides have become widely used for the
detection of coronary artery disease. In this study we
compared gated exercise technetium scans at rest
and during maximal supine exercise and post-
exercise gated thallium imaging in 50 male patients
undergoing routine coronary angiography. The
mean age of the patients was 48-8 years (range 33-67
years); eight had normal coronary arteries, nine had
single, 20 had double, and 13 had triple vessel dis-
ease. Both radionuclide investigations were per-
formed within 48 hours of coronary angiography.
Exercise testing was maximal symptom limited and
performed on a bicycle ergometer. Thallium was
injected intravenously 30s before termination of
exercise and images were obtained in three
projections gated to the electrocardiogram. Gated
technetium scans were obtained in a 30-45° left ante-
rior oblique projection with a 5-10° caudal tilt at rest
and at peak exercise. Technetium scans were anal-
ysed for regional wall motion abnormalities occur-
ring at rest or on exercise and also for the left ventric-
ular ejection fraction response to exercise. Left
ventricular ejection fraction response to exercise was
assessed with normal values form 14 healthy volun-
teers; a failure to increase the left ventricular ejection
fraction by >3% on exercise was considered to be
abnormal. The presence of a regional wall motion
abnormality or an abnormal left ventricular ejection
fraction response was considered indicative of coro-
nary artery disease. This provided a sensitivity of
78%, a specificity of 75%, and a predictive accuracy
of 78%. Thallium scans were analysed visually and
the presence of a defect was considered indicative of
underlying coronary disease. This provided a sensi-
tivity of 100%, a specificity of 75%, and a predictive
accuracy of 96%. These results show that exercise
gated thallium imaging is superior to exercise gated
technetium ventriculography and therefore is the
investigation of choice in the detection of coronary
artery disease.

Myocardial imaging with iodine-123
meta-iodobenzylguanidine

S Walton, D C Costa, P J Ell, R W Emanuel
Middlesex Hospital, London

617

Iodine-123 meta-iodobenzylguanidine, an analogue
ofguanethidine, is taken up by sympathetic nerves in
a similar manner to noradrenaline. It has been used
to detect and to treat phaeochromocytoma. In this
study we report our experience is using this tracer to
image catecholamine uptake into myocardial sym-
pathetic neurones. 125 MBq of the tracer was injec-
ted intravenously in 10 subjects and imaging was
performed 30 minutes later. Planar images were
obtained in five subjects and tomograms in five. For
planar imaging, 500 000 counts were collected in
anteroposterior and left anterior oblique projections.
Tomograms were reconstructed from 32 images,
each of 30 s collected over a 1800 arc. In two subjects
there was no myocardial uptake. Both had phae-
ochromocytoma with raised plasma noradrenaline
concentrations. Tracer uptake was apparent in eight
subjects. In seven this was uniform throughout the
myocardium, but in one there was a defect corre-
sponding to a previous myocardial infarction.
Myocardial imaging with iodine-123 meta-

iodobenzylguanidine is feasible. In our early experi-
ence uptake is reduced in conditions of cate-
cholamine excess or after myocardial infarction.
This approach should permit examination of myo-
cardial sympathetic nerve function in myocardial
disease.

Segmental wall motion analysis of cross
sectional echocardiograms; its reproducibility
and sources of variability

I Peart, A Austin, D Appleton, R J C Hall
Royal Victoria Infirmary, Newcastle upon Tyne

Subjective analysis of left ventricular segmental wall
motion is widely used to assess regional left ventric-
ular function and the effects of interventions in
patients with ischaemic heart disease. To determine
its reproducibility we studied 20 consecutive men
with proven ischaemic heart disease and 10 age
matched controls. Standard parasternal, apical, and
subxiphoid views were attempted in all subjects by
two echocardiographers, and echoes were reported
by two analysers, each on two occasions. The left
ventricle was subdivided into five segments, and wall
motion was scored as normal, hypokinetic, akinetic,
dyskinetic, or inadequately visualised. The different
sources of variability were evaluated. The echo-
cardiographers contributed little variability, the fre-
quency and reproducubility of reporting being the
same for echoes from each echocardiographer except
for subxiphoid echoes where more segments were
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reported to be abnormal by one of the echo-
cardiographers (45% vs 27%). Within and between
analyser variability was large. Replicate analysis of
the same segment showed within analyser agreement
of 92% for one analyser but only 80% for the other.
Between analyser agreement was 89% for some seg-
ments but only 63% for others and was best in those
segments where both analysers infrequently
reported abnormal wall motion. Reporting bias is
thus an important variable.
The subjective assessment of regional left ventric-

ular function thus has major limitations particularly
for use in longitudinal studies.

"Physiological" tricuspid and pulmonary
regurgitation: their varying incidence in a
representative adult cardiac population

J Upward, V Challenor, G R Sutherland
Wessex Cardiothoracic Centre, Southampton

Peak systolic right ventricular pulmonary artery
pressure and pulmonary artery end diastolic pres-
sure can be accurately evaluated by Doppler if both
complete forward and regurgitant flow wave forms
can be recorded across both the tricuspid and pul-
monary valves. In our experience both pulsed and
continuous wave Doppler echocardiography fre-
quently demonstrate tricuspid and pulmonary valve
regurgitation in normal individuals. To determine
the precise incidence of "physiological" right heart
valve incompetence in a representative adult cardiac
population (and thus the frequency with which right
heart pressures could be estimated), we analysed
consecutive complete Doppler echocardiographic
studies of 413 patients undergoing routine
investigation. No patient had auscultatory evidence
of tricuspid or pulmonary valve incompetence. Tri-
cuspid valve regurgitation was best recorded by a
through transducer continuous wave Doppler tech-
nique and was present in 46% normals, 57% of those
with ischaemia (with ejection fraction > 60%), 73%
patients with cardiomyopathy, 810% with mitral or
mixed left heart valve disease, 76% patients with
isolated aortic disease, and in 87% with mitral or
aortic prostheses. In contrast, pulmonary value
regurgitant wave forms were best recorded by a
pulsed wave Doppler technique and they were
present in 58% normals, 71% with ischaemia, 730%
with cardiomyopathy, 84% with mitral or mixed left
heart valve disease, 72% with aortic disease, and in
89% with aortic or mitral prostheses. The "phys-
iological" tricuspid and pulmonary regurgitation

Proceedings of the British Cardiac Society

present in these patients could be differentiated from
functional regurgitation studied in a further 52
patients by (a) absence of murmur, (b) Doppler sig-
nal strength, and (c) width and length of jet. In con-
clusion "physiological" tricuspid and pulmonary
regurgitation are normal findings in about half the
normal population but they occur more frequently in
patients with cardiac disease, in whom their inci-
dence is related to the cardiac lesion. Simultaneous
correlative catheter/Doppler studies confirmed that
these wave forms will allow accurate right heart pres-
sure evaluation in >71% of patients with cardiac
disease.

Two dimensional and pulsed Doppler
investigations of children with early systolic
murmurs

S C Jordan
Bristol Royal Hospital for Sick Children, Bristol

An early systolic murmur localised to the lower left
sternal border is generally regarded as a sign of a
persistent small ventricular septal defect. Twenty
children aged from 4 to 15 years were studied by
cross sectional and pulsed Doppler ultrasound. Nine
had been documented earlier as having a pansystolic
murmur and two had had evidence of a large shunt
(cardiomegaly or breathlessness). In eight of the 20
patients the early systolic murmur was confined to or
accentuated in inspiration. Cross sectional studies
showed a pseudoaneurysm of the membranous inter-
ventricular septum or adherence of tricuspid valve
tissue in 17. Pulsed Doppler examination did not
show evidence of persistent left to right ventricular
shunt in any patients. Seventeen patients showed a
Doppler signal consistent with early systolic reflux
through the tricuspid valve. Two of the three
patients who did not show this had murmurs heard
only in inspiration.

It is suggested that the early systolic murmur of a
"closing ventricular septal defect" is caused by tri-
cuspid reflux produced by incorporation of the septal
cusp of the tricuspid valve in the defect and that the
defect is at that stage completely closed.

Doppler estimation of pressure gradient in
infundibular pulmonary stenosis

A B Houston, I A Simpson, CD Sheldon,W B Doig,
E N Coleman
Royal Hospital For Sick Children, Glasgow
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The validity ofDoppler ultrasound in estimating the
gradient in patients with pulmonary valve stenosis is
now accepted, but there is little information-of its use
in infundibular stenosis where energy losses due to
friction might invalidate the modified Bernoulli
equation. The report reviews our experience in com-
paring Doppler estimation of pressure gradient with
that measured at cardiac catheterisation in 24 chil-
dren (aged 7 days to 16 years, mean 2 6 years) with
pulmonary infundibular stenosis, including 13 with
tetralogy of Fallot. Various parasternal and subcostal
positions were explored to obtain maximum velocity
of blood flow and the obstructive gradient was calcu-
lated from the modified Bernoulli formula. The gra-
dient across the obstruction could be measured
directly at the time of catheterisation in only 17.
Comparison ofthe Doppler results and the measured
gradient showed a good correlation with mea-
surements made on catheter entry (r=0-94) but a
poorer one with measurements made on withdrawal
(r=0 79). Doppler ultrasound, by measuring the
total gradient from the right ventricle to the pul-
monary artery, provides an accurate non-invasive
assessment of the severity ofpulmonary stenosis and
in those with infundibular obstruction allowance
need not be made for possible energy losses due to
the elongated nature of the obstruction or narrowing
at more than one level.

Effect of nitrates on coronary re-occlusion
during intracoronary thrombolysis

D Hackett, G Davies, S Chierchia, A Maseri
Royal Postgraduate Medical School, Hammersmith
Hospital, London

The relative roles of thrombosis and coronary vaso-
constriction in the pathogenesis of acute myocardial
infarction are poorly understood. We performed
coronary arteriography in eight patients (on nine
occasions) within two hours of the onset of sustained
ST elevation (group 1) and in 10 patients 2-4 hours
after the onset of continuous chest pain associated
with ST elevation (group 2). All patients had coro-
nary occlusion which failed to open with intra-
coronary isosorbide dinitrate 2mg and after this
thrombolysis was attempted with intracoronary
streptokinase at 5000 IU/min. The artery was patent
at the end of the procedure in six instances in group
1, with no subsequent development of pathological
Q waves in five of these, and in eight patients in
group 2 all of whom developed Q waves (X2 4 94;
p < 0 05). Spontaneous, intermittent reopening and
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re-occlusion of the vessel during continuous strep-
tokinase infusion were seen in five instances in group
1 and in two patients in group 2. In four patients
(two in group 1 and two in group 2) intracoronary
isosorbide dinitrate re-established transient patency
of the re-occluded artery. In six patients in group 2
partial reopening was achieved by streptokinase
alone but distal filling and runoffof contrast medium
were poor. In this group, however, further intra-
coronary isosorbide dinitrate resulted in patency of
the artery in eight patients with normal filling and
run off contrast medium in six.

Intermittent arterial reopening and re-occlusion
are seen both before myocardial infarction and dur-
ing its acute evolution. Interaction between intra-
luminal thrombosis and coronary vasoconstriction
appears to perpetuate the coronary occlusion. Com-
bined thrombolytic and nitrate therapy increases the
rate of coronary recanalisation and, when given very
early, may prevent myocardial infarction.

Follow up to two years in 108 patients with
severe early cardiac infarction treated with
intravenous streptokinase

D B O'Keeffe, Patricia Morton, J G Murtagh,
M E Scott
Cardiac Unit, Belfast City Hospital, Belfast

One hundred and eight patients with early (less than
six hours) severe (Peel index > 12) cardiac infarction
were treated with intravenous streptokinase (1 5 mil-
lion units). One hundred and three patients were
studied by coronary angiography (or at necropsy)
and 79% had a patent infarct-related artery (patent
group). Twenty one per cent showed persistent
coronary occlusion or initial patency followed by
reocclusion (occluded group). One hundred per cent
follow up was obtained up from 3 to 24 months
(mean 11 -6 months). There was one hospital death
(12%) in the patent group and four (19%) in the
occluded group (p <0 05). During follow up there
were four deaths in the patent group (4 9%) and
none in the occluded group (NS). No deaths
occurred in those treated with surgery (5 6%) or
percutaneous transluminal coronary angioplasty.
Those with an occluded infarct-related artery were
more likely to have disabling cardiac symptoms at
follow up (25% vs 40% in New York Heart Associ-
ation class III or IV, p<0-01), were significantly
more likely to be disabled by angina (37 5% vs
133%_, p<0Q05) but not by dyspnoea, and were
more likely to have required urgent hospital admis-
sion (412% vs 12 0%, p < 0 01). In the patent group
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48o% had been unable to resume their former
occupation compared with 43% (NS) in the
occluded group.

In conclusion successful coronary reperfusion
with intravenous streptokinase conferred a
significant advantage with respect to hospital mor-
tality that appeared to be maintained during follow
up. Failure of coronary reperfusion was associated
with a worse symptomatic status, more disabling
angina, and greater likelihood of hospital admission
during follow up.

Percutaneous transluminal coronary
angioplasty-results in patients with acute
myocardial infarction

C D J Ilsley, M B Ablett
Cardiology Department, Dunedin Hospital,
Dunedin, New Zealand

The place of percutaneous transluminal coronary
angioplasty (PTCA) in the treatment of acute myo-
cardial infarction remains controversial. In our first
24 patients (20 men and 4 women, mean age 51 years)
undergoing PTCA related to an acute myocardial
infarction, PTCA was performed only in the infarct
related vessel and was attempted in 18 lesions (seven
occlusions) in anterior descending arteries, one in a
circumflex artery, and 11 (five occlusions) in right
coronary arteries. Up to three sequential lesions in
any one individual were successfully dilated. Pri-
mary success (reduction in stenosis without associ-
ated emergency bypass grafting was achieved in 26
(87%) of these lesions (stenosis reduced from
90(14)0% (mean (SD)) to 30(29)%, n=30). Two
(8%) patients went on to emergency bypass grafting,
and one patient (who underwent PTCA during
active external cardiac massage) died five hours after
successful dilatation ofan anterior descending artery
occlusion. All six patients with dilatations within 1-5
hours of the onset of chest pain have normal residual
left ventricular function (peak creatine kinase
324 (130) U/1, ejection fraction 67 (5)%). No
improvement in left ventricular function was
demonstrable in patients reperfused three hours or
more after the onset of acute myocardial infarction
(peak creatine kinase 1755(690) U/1, ejection frac-
tion 47 (9)%). In follow up of 3-15 months one
patient had a further acute myocardial infarction at
two weeks post-PTCA and one has angina. A further
three patients have symptomatic left ventricular
impairment. Two thirds (16/24) of patients have had
an uneventful recovery with return to normal life.

Proceedings of the British Cardiac Society

PTCA in acute myocardial infarction can be per-
formed with acceptable risk. These preliminary
results suggest that preservation of left ventricular
function is only likely in the very early stages of
myocardial infarction and that after two to three
hours PTCA might only be indicated in the presence
of continuing ischaemic chest pain.

How many patients with myocardial
infarction are suitable for thrombolysis?

N Murray, J Lyons, R Balcon, C Layton
London Chest Hospital, London

Thrombolytic therapy is now widely advocated in
the management of acute myocardial infarction
(AMI). To be of benefit treatment should be ini-
tiated within six hours and preferably be applicable
to a majority of patients. 403 patients were consid-
ered for entry into a trial of intravenous strep-
tokinase in suspected AMI. 36(9%) were entered
into the trial. The reasons for the exclusion of the
remaining 367 (91%) are as follows. 260 (65%) were
excluded because they failed to meet the inclusion
criteria: 157(39%) presented later than six hours,
19(5%) had atypical symptoms, and 84(21%) did
not demonstrate ST elevation. 143(35%) patients
fulfilled the inclusion criteria. 45 had con-
traindications to thrombolysis. Thus 98 (24%)
patients were suitable for participation in the trial.
Of these, 42 (10%) were over 70 years, the upper age
limit. Thus, according to this trial protocol,
56 (14%) patients were suitable for thrombolysis and
therefore eligible for recruitment. Two died before
randomisation, six refused consent and twelve were
not randomised for administrative reasons. 36 (9%)
patients were therefore randomised. In view of the
current enthusiasm for thrombolysis, these data sug-
gest that such treatment may only be applicable to a
small number of patients with AMI.

Assessment ofregional myocardial shortening
using routine diagnostic coronary
arteriograms

R A Perry, M F Shiu
University Department of Cardiology, Queen
Elizabeth Hospital, Edgbaston, Birmingham

Regional myocardial shortening has been studied
using epicardial markers implanted at operation and
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this has been correlated with abnormalities of
regional wall motion on left ventricular cine-
angiogram. Coronary artery branch junctions have
also been used as epicardial markers but this has
involved biplane cineangiography and three dimen-
sional computer graphics. We have analysed coro-
nary artery shortening in one plane and correlated
this with normal and abnormal left ventricular cine-
angiograms in the same plane. Nineteen patients
with normal and 19 with abnormal left ventricular
cineangiograms were studied. Both left ventricular
and left anterior descending coronary artery short-
ening were assessed in the 30% right anterior
oblique view using septal branches and the end
bifurcation of the left anterior descending coronary
artery as epicardial markers. Frame by frame con-
tours of the left anterior descending coronary artery
were drawn and the left ventricle was drawn in end
diastole and end systole. The anterior wall and apex
were divided into three segments and left anterior
descending artery was divided into corresponding
proximal, middle, and distal portions. The mean
percentage total left anterior descending coronary
artery shortening of the normal group compared
with that of the abnormal group was 15 06 (7 3)% vs
9.3(5.2)%, (p<001). There were also significant
differences for the disgal (15-2(6-3)% vs 4 4(9)%,
p<0-01), and middle (24-1(8-1)% vs 16-7(7-9)%,
p < 0-01) portions but not the proximal portion. The
correlation with left ventricular cineangiographic
score was r=-0-72 (p<001) for the total per-
centage shortening and r=-0 76 (p<001) and
r= -0 67 (p<0 01) for the distal and middle por-
tions respectively.

This relatively simple technique of assessing myo-
cardial shortening may be of use when repeated left
ventricular cineangiograms are not desirable such as
during thrombolytic treatment or percutaneous
transluminal coronary angioplasty.

Functional effects of regional left ventricular
asynchrony during acute angina

J R Dawson, D G Gibson
Brompton Hospital, London

To study the effects of angina on regional energy
transfer from myocardium to circulation simulta-
neous left ventriculograms and high fidelity pressure
traces were recorded in 12 patients at rest and during
pacing induced angina. Pressure-volume loops were
constructed together with isometric plots of regional
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wall motion and corresponding pressure-
displacement plots in the form of loops. Global and
local work was derived from respective loop areas;
cycle efficiency was defined as the ratio of a loop area
to the product of total pressure change and wall dis-
placement. Angina did not cause significant change
in pressure-volume loop area or efficiency or in end
systolic pressure volume relations, though diastolic
pressure rose. Major regional effects were seen, how-
ever. In the ischaemic area in four cases loop area fell
due to a drop in the amplitude of displacement but
the loops remained synchronous and efficiency was
maintained. In eight cases there was a striking fall in
regional efficiency due to the development of asyn-
chrony; inward wall motion being delayed by up to
160 ms with respect to minimum left ventricular vol-
ume. In seven cases a similar reduction of efficiency
was seen in distant non-ischaemic areas due to pre-
mature cessation of inward wall motion by up to
120 ms with respect to minimum left ventricular vol-
ume and partial or complete outward wall motion
before mitral valve opening. Thus the overall
pressure-volume relation is insensitive in detecting
the effects of angina on left ventricular function. The
major disturbance is loss of synchronous wall motion
in both ischaemic and distant segments leading to
reduced efficiency of energy transfer from myo-
cardium to circulation.

Comparison of ejection dynamics in
hypertrophic cardiomyopathy and valvar
aortic stenosis

B Stockins, Shaughan Dickie, J P Lavender,
Celia M Oakley, W J McKenna
Hammersmith Hospital, London

Previous studies in hypertrophic cardiomyopathy
showed that the proportion of the stroke volume
ejected in early and late systole was similar in
patients with and without left ventricular gradients.
We have compared the ejection dynamics in 15
patients with valvar aortic stenosis (gradient
50-130mm Hg, mean 75) and 15 with hypertrophic
cardiomyopathy who were matched for age, sex,
and magnitude of resting systolic gradient
(50-130mmHg, mean 81); 30 normal subjects were
also studied. Technetium-99m equilibrium cine-
angiography was performed, time activity curves
were generated, and the proportion of stroke volume
ejected during the different thirds of systole was
computed. Peak ejection rate was faster in hyper-
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trophic cardiomyopathy (37 (0 6) ed v/s) than in
normal individuals (34 (04) ed v/s, p < 0-01) and
slowest in aortic stenosis (3-21 (0-4) ed v/s,
p < 0-001). Time to peak ejection rate was shorter in
hypertrophic cardiomyopathy (172 (32) ms) than in
normals (206(30) ms, p<0 01) and longest in
patients with aortic stenosis (218(28) ms, p <0-01).
Ejection time was prolonged in hypertrophic cardio-
myopathy (394 (58) ms) and aortic stenosis (386 (33)
ms) compared with normals (361(30) ms, p < 005).
The proportion of volume ejected in the first third of
systole was greater in hypertrophic cardiomyopathy
(39(5)%) than in normals (32(6)%, p<0-01) and
least in aortic stenosis (21 (4)%, p < 0 001). The vol-
ume ejected during the last third of systole was only
15% in hypertrophic cardiomyopathy compared
with 20% in normals (p<0-01) and 30% in aortic
stenosis (p < 0-001).
This supports the view that gradients in hyper-

trophic cardiomyopathy do not represent true
obstruction to left ventricular emptying and that the
haemodynamic significance of gradients of similar
magnitude is different in hypertrophic cardio-
myopathy and aortic stenosis.

Maximal force, fibre type, and enzymatic
activity in quadriceps of patients with severe
heart failure: a mechanism for reduced
exercise capacity

D P Lipkin, D A Jones, J M Round,
P A Poole-Wilson
Cardiothoracic Institute and University College,
London

The mechanisms limiting exercise capacity in
patients with chronic heart failure (CHF) are uncer-
tain but are in part related to underperfusion of
skeletal muscle on exercise. We have investigated
whether in addition there are changes in maximal
force of contraction, fibre type, and enzymatic activ-
ity in skeletal muscle. Ten patients (8 men, 2 women)
mean age 52 years (range 33-70) with CHF (NYHA
class III) were studied. Symptom limited maximal
oxygen consumption (V02 max) was measured dur-
ing treadmill exercise. Maximal force of isometric
contraction of quadriceps muscle was determined. A
needle biopsy of the quadriceps muscle was per-
formed under local anaesthesia when the patient was
at rest. V02 max was 11 7 (range 9-12) ml/kg/min.
Maximal force of isometric contraction was reduced
to 55 (16)% of the predicted value for weight. There
was atrophy predominantly of type II (fast twitch)
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muscle fibres in eight of the 10 patients. Muscle
capillary density was unaltered. Analysis of mito-
chondrial enzymatic activity (cytochrome oxidase
and succinate reductase) in the muscle sample
showed no major abnormality, and changes known to
occur in patients with poor skeletal muscle blood
flow due to peripheral vascular disease were absent.

Skeletal muscle function and composition is
altered in CHF. Loss of muscle bulk and force and
alteration of fibre type may make a significant con-
tribution to exercise intolerance in CHF.

Exercise testing six weeks and 18 months after
myocardial infarction in patients under 55
years

I Peart, C Albers, R J C Hall
Royal Victoria Infirmary, Newcastle upon Tyne

Exercise tests at six weeks and 18 months after myo-
cardial infarction were compared in 80 patients
under 55 years. Only one patient died during the 18
months. Of the 27 patients with angina at six weeks,
25 (93%) had angina or required coronary artery
surgery (CABG) for symptoms by 18 months, com-
pared with 16 (30%) of the 53 patients who did not
have angina at six weeks (p<0001). CABG for
severe symptoms was needed in 12 (44%) of the 27
patients with angina at six weeks compared with 5
(9%) of the 53 patients who did not have angina at
six weeks (p<0-001). At six weeks the 17 patients
who later had CABG had a significantly shorter
exercise time (ET) (10-6 (0 8) min vs 14-6 (0 4) min;
p < 0-001) and heart rate x blood pressure (HR x BP)
(17-9 (1 0)x 103 vs 22 8 (7 3)x 103; p<0-01) than
those who did not. Their ET and HR x BP at 18
months (following their CABG) were significantly
increased (14-8 (0-5) min; p <0Q001; 27-2 (1 2) x 103;
p<0 001) and were similar to results in those
who did not have operation (15-2(0-4)min;
264(10) x 103). The ET and HR xBP of those
patients not having CABG did not change
significantly between six weeks and 18 months.

Therefore, in patients under 55 years the progno-
sis after myocardial infarction is good; angina at six
weeks is likely to persist and CABG is commonly
needed for symptoms. In contrast CABG for symp-
toms is infrequently needed in patients without
angina at six weeks. In most patients the functional
outcome after myocardial infarction is predicted by
their exercise tolerance at six weeks.
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A comparison of exercise testing at ten days
and three months after myocardial infarction:
relation to the pattern of coronary disease

C W Pumphrey, D Skehan, M de Belder,
M T Rothman, P G Mills
Cardiac Department, The London Hospital,
Whitechapel, London

Exercise testing may indicate the prognosis and
severity of coronary disease in survivors of acute
infarction. Not all patients, however, with a positive
result on submaximal testing early after infarction
have continuing cardiac symptoms, which may be
because such patients have a different pattern of
coronary disease compared with those whose symp-
toms persist. Accordingly we studied the coronary
anatomy in patients with a positive submaximal
exercise test at 10 days after infarction and correlated
this with the results of a maximal exercise test at
three months. Eighty nine of 169 patients had a pos-
itive exercise test at 10 days. Seventy five patients
were re-exercised at three months; 39% were posi-
tive at the same workload, 32% were positive at
higher workloads, and 29% were negative. Five of
the remaining 14 patients had died and nine had
coronary artery surgery within three months. A
score of the severity of coronary disease was higher
in patients whose exercise test remained positive
(21-8(8-5), n=53) compared with those whose test
became negative (15-8(4-7), n=22, p<0Q01).
Significant stenoses in non-infarct related arteries
were equally common in patients from both groups,
but collaterals were more commonly found in
patients whose test remained positive (75% vs 45%,
p<0-02).
Thus 25% of patients with a positive exercise test

at 10 days will have a negative test at three months;
these patients have less coronary disease (although as
many major arteries will be affected) and fewer of
them have collaterals.

The Mason-Likar "modified" exercise
electrocardiograph: essentially identical to the
12 standard leads?

M Papouchado, P R Walker, M A James,
L M Clarke
Department of Cardiology, Bristol Royal Infirmary,
Bristol

623

The standard 12 lead electrocardiograph cannot be
recorded during exercise because of motion artefact
and baseline shift. The widely used Mason-Likar
torso electrode positions were claimed to produce
electrocardiographs "essentially identical" to stan-
dard 12 lead recordings, while the precise location of
the modified left leg electrode was said not to be
critical. We have compared the standard 12 lead elec-
trograph with the Mason-Likar electrocardiograph
at rest using four different left leg electrode positions
in 29 patients; nine had a normal resting electro-
cardiograph while 20 had previous infarction (7
anterior, 10 inferior, and 3 inferolateral). Placement
of the limb electrodes on to the Mason-Likar torso
positions in these patients caused great distortion of
the electrocardiograph with a rightward shift of the
mean QRS axis, a significant reduction in R wave
amplitude in leads I and aVL, and an increase of up
to 400% in R wave amplitude in leads II, III, and
aVF. R wave amplitude in the chest leads was also
altered. Modified electrocardiographs recorded
using the different left leg electrode positions were
different again from each other. The so-called "in-
ferior" leads on the exercise electrocardiograph
appear in fact to be modified inferior/anterior/lateral
leads, correlating significantly with R wave ampli-
tude in the anterolateral chest leads. The inferior
surface of the heart is therefore not represented in
isolation on the exercise electrocardiograph, expla-
ining (a) the inability of the exercise test to predict
the location of coronary artery disease, (b) the devel-
opment of ischaemic changes in the "inferior" as
well as the anterior leads in patients with disease
limited to the left anterior descending coronary
artery, and (c) the high incidence of false negative
tests in patients with isolated disease of the right or
left circumflex coronary arteries.

The significance of painless ST segment
depression assessed by ambulatory
pulmonary artery pressure monitoring

R D Levy, L M Shapiro, Lorna Mockus, Christine
Wright, K M Fox
National Heart Hospital, London

In order to study the significance of painless ST
segment depression in patients with coronary artery
disease (CAD), we have developed a system for
recording ambulatory pulmonary artery pressure
using a transducer tipped catheter with simultaneous
frequency modulated electrocardiograph (ECG) and
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a miniaturised tape recorder. In 17 patients with
CAD studied for 650 hours there were 40 episodes of
angina recorded during the day. In two episodes of
angina the ECG and pulmonary artery diastolic
pressure (PADP) did not change. In nine a
significant increase in PADP preceded the onset of
ST depression, in 10 the reverse occurred, and in the
remainder the changes were simultaneous. Peak ST
depression and peak PADP occurred simulta-
neously. ST depression was more prolonged
(2 3min) than the PADP elevation (1-4min). The
increase in PADP on exertion (86%, range 33-237)
was greater than that at rest (63%, range 23-128). In
these patients 40 episodes of daytime painless ST
depression were also recorded. The haemodynamic
and ST changes were similar to those seen during
painful episodes. The increase in PADP was lower in
the painless (67%) than in the painful episodes
(86%). Two episodes of PADP rise occurred in the
absence of ST changes. In 13 episodes of nocturnal
ST depression the changes were similar to daytime
episodes except that the rise (50%) in PADP was
smaller. Thus, ambulatory pulmonary artery pres-
sure monitoring has shown that painless ST depres-
sion differs from painful ST depression only in the
magnitude of the haemodynamic response.

Anomalous origin of left coronary artery
from pulmonary artery: ligation versus
establishment of a two coronary system

R W Burton, R A Jonas, P Lang, A R Castaneda
Children's Hospital, Boston, Massachusetts, USA

Between 1959 and 1985, 24 patients (mean age 38
months, range 15 days to 13 years) with anomalous
origin of the left coronary artery from the pulmonary
artery as an isolated lesion had surgical repair at the
Children's Hospital, Boston. In 11 cases a left coro-
nary aortic tunnel was created using a pulmonary
artery baffle (Takeuchi) with no early or late deaths
during a mean follow up of 19 months. Late compli-
cations of this procedure included moderate aortic
incompetence (one), pulmonary stenosis (two, one
required re-operation), obstructed baffle (one
asymptomatic). In 11 cases of coronary ligation or
osteal closure there was a 27-3% early mortality and
25% late mortality over a mean follow up of 101/2
years. Late complications included residual shunt
(three, two required re-operation), severe mitral
incompetence (one), and recurrence of angina (one).
Fifteen patients presented in congestive heart failure
(mean age 3-3 months), two had angina (mean age 14
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months), and four had asymptomatic murmurs
(mean age 8 '/2 years). All deaths both early and late
occurred in the group who presented in congestive
heart failure and were not revascularised. Five
infants who presented with profoundly depressed
ventricular function and moderate to severe mitral
regurgitation, together with widespread Q waves on
the electrocardiogram showed dramatic improve-
ment in ventricular function after the Takeuchi pro-
cedure. The Takeuchi procedure is a simple and
effective means of establishing a two coronary sys-
tem in the child with anomalous origin of the left
coronary artery. It is particularly recommended over
coronary ligation in those presenting with congestive
heart failure.

Atrial distension may be a stimulus for the
release ofatrial natriuretic peptide in children
with cardiac diseases

J Weil, R E Lang, R Brangenberg, W Sebening,
C Dohlemann, K Buhlmeyer
University Children's Hospital and German Heart
Centre, Munich, West Germany

Cardiocytes of human atria possess specific granules
which store a family of polypeptides. The bioactive
peptide, termed alpha human atrial natriuretic pep-
tide (ANP), has potent diuretic, natriuretic, and vas-
cular relaxing properties. In experimental animals
stretching of the atrial wall is thought to be a stimu-
lus for release of ANP into the circulation. We
measured plasma ANP concentrations in children
with cardiac diseases that are known to be associated
with raised atrial pressure. Thirty two children with
various types of congenital heart diseases (age 1
month-17 years) and four children with cor pul-
monale (age 17 months-27 months) were studied and
compared with a control group. The control group
consisted of 51 children (age 6 months-18 years)
recovering from diseases unrelated to the cardio-
pulmonary system and with intact salt and water
balance. In the control group there was a narrow and
well defined range of plasma ANP concentrations
(3-75 pg/mg, mean 45 6) which showed no age
dependency. In 21 out of 36 children with cardiac
disease, however, plasma ANP concentrations
(range 85-967 pg/ml) were greater than the highest
ANP concentration in the control group. In patients
with a markedly enlarged right atrium such as those
with tricuspid atresia (n= 3), Ebstein's anomaly
(n = 1) and cor pulmonale plasma ANP concen-
trations were up to 10-20 times higher than the mean
concentration in control children. In 18 children
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there was no significant difference between venous
and arterial plasma ANP concentrations. During
cardiac catheterisation a supraventricular tachy-
cardia occurred in a 4 year old child with atrial septal
defect. Plasma ANP concentrations rapidly
increased from 504 pg/ml to maximum of over
700 pg/ml during tachycardia and mean atrial pres-
sure increased from 5 to 10mmHg. The results of
our study accord with the results of experiments in
rats and support the hypothesis that ANP release is
stimulated by atrial distension.

The management of interrupted aortic arch

R W Bunton, D F Shore, B R Keeton,
G R Sutherland, J L Monro
Wessex Cardiothoracic Unit, Southampton General
Hospital, Southampton

From October 1975 to February 1985, 12 patients
with interrupted aortic arch (11 type B and 1 type A)
were treated by operation at the Wessex Cardiac
Surgical Centre, Southampton. Association lesions
included ventricular septal defects (11); uni-
ventricular heart (1); aortic valve abnormalities (5);
coarctations (2); aberrant right subclavian arteries
(2); and one each of right sided aortic arch, truncus
arteriosus, double outlet right ventricle, and sub-
aortic stenosis. Mean age and weight at operation
were 51 days (range 2 days-9 months) and 3-32 kg
(range 1 6-7-5 kg) respectively. A one stage primary
repair of all lesions was attempted in eight cases
(which has been our preference where possible) and
repair of the interrupted aortic arch plus pulmonary
artery banding in four cases. Early morality was 25%
with a late mortality of 22-2% for hospital survivors.
Mean follow up is 37 months. Early mortality was
due to low cardiac output with failure to wean from
cardiopulmonary bypass (1), subaortic stenosis (1),
and truncal valve insufficiency (1). Late mortality
was due to failure to wean from cardiopulmonary
bypass after repair of anastomotic narrowing (1) and
sudden unexplained death (1). Total complications
seen in long term follow up included subaortic steno-
sis (1), aortic stenosis (1), and anastomotic stenoses
(3). Two patients had debanding of the pulmonary
artery and successful repair of complex lesions 18
days and six months postoperatively. Associated ste-
notic lesions of the left ventricular outflow tract,
both congenital and acquired, are common and may
add to the technical problems of operative manage-
ment and affect long term results.
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Lung biopsies in different types of congenital
heart disease: computer-assisted structural
and functional correlations

Sheila G Haworth
Institute of Child Health, London

Pulmonary vascular structure was analysed using
morphometric techniques in lung biopsy specimens
from 90 cases of ventricular septal defect (VSD), 38
cases of complete atrioventricular septal defect
(AVSD) without important left atrioventricular
valve regurgitation (71% biopsy specimens), and 28
cases of transposition of the great arteries (TGA)
with VSD. Cases of VSD showed a significant sus-
tained increase in pulmonary arterial muscularity
from age 3 weeks until 10-15 years (p<0-0001),
when fibrotic intimal proliferation obstructed the
pre-acinar arteries and reduced intra-acinar arterial
muscularity. Intimal damage increased with age,
mean pulmonary arterial pressure, and resistance
(r= 0-4, 0-6, and 0-6 respectively; p < 0 0003). Intra-
acinar arteries were reduced in size in 18% and in
number in 23% of cases. Unlike VSD, in AVSD
severe intimal proliferation appeared by 6-12
months and was associated with an immediate but
gradual reduction in muscularity. Muscularity was
inversely related to age and resistance (r= - 0 4 and
-0 6 respectively; p<0-001), without grade IV
changes. A logistics regression model predicted the
severity of disease with a concordance rate of 82%.
In TGA with VSD, unlike VSD or AVSD, mus-
cularity was significantly increased only until 7-9
months when rapidly developing occlusive intimal
proliferation produced an abrupt reduction in mus-
cularity of 10-12 months. Thus, each ofthe common
types of congenital cardiac anomalies elicits a
different structural response from the pulmonary
circulation. The findings help to explain the clin-
icopathological grey zone preceding classic grade IV
changes.

Does epoprostenol (prostacyclin) enhance the
selective pulmonary vasodilator effect of
oxygen in children with congenital heart
disease?

A Bush, Carolyn Busst, E A Shinebourne
Brompton Hospital, London

To assess the reversibility of any elevation in pul-
monary vascular resistance we have obtained dose
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response curves for the effects of epoprostenol (pros-
tacyclin, PGI2) on the pulmonary and systemic cir-
culations in 20 children (median age 3 years) with
pulmonary hypertension complicating congenital
heart disease. Results were obtained with the chil-
dren breathing both air and 100% oxygen. Remote
respiratory mass spectrometry was used to measure
oxygen consumption and hence cardiac output by
the direct Fick principle, irrespective of the inspired
oxygen tension. The dose response curves were anal-
ysed using Williams's test. When the subjects
breathed air, PGI2 caused a dose dependent fall in
pulmonary vascular resistance (from 11-12 to 8-67
mmHg I -l min m2) (SED 0 5), p < 0-01). The level
of the pulmonary vascular resistance when the sub-
jects breathed air with 20ng/kg/min PGI2 being
infused was not significantly different from that
found when they breathed 100% oxygen (8-67 vs
8-93 mmHg 1` min m2, SED 0 55). Infusion of
PGI2 while the subjects breathed 100% oxygen
caused an additional dose dependent pulmonary
vasodilation (8-93 to 7-23 mmHg 1- l min m2, SED
0 3, p<0-01). An analysis of variance showed that
the effects of PGI2 on the pulmonary vascular
resistance were independent of the inspired oxygen
tension. Unlike 100% oxygen, PGI2 was not selec-
tive and caused tachycardia and systemic hypo-
tension. These results suggest that in children with
congenital heart disease it may be necessary to
administer a bloodborne as well as an airborne pul-
monary vasodilatory to measure the full extent of
reversible pulmonary vasoconstriction when assess-
ing the pulmonary circulation before possible car-
diac surgery.

The Doppler evaluation of discrete subvalvar
and multilevel outflow tract obstruction in
congenital heart disease

G R Sutherland, F Soul, B R Keeton, L Drummond
Wessex Cardiothoracic Centre, Southampton
General Hospital, Southampton

Both continuous wave (CW) and pulsed (PW)
Doppler can accurately assess isolated semilunar
valve stenosis in children. Little attention, however,
has been paid to sub-valve obstruction where type
(fixed ventricular septum dynamic), length, and the
multilevel nature of the obstruction create more
complex problems. To assess Doppler analysis of
complex subvalvar obstruction in children, 84
lesions were studied. These were subdivided into
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two groups: (a) isolated outflow tract obstruction-
subaortic membrane 13, left ventricular tunnel 5,
hypertrophic cardiomyopathy (HOCM) 7, right
ventricular infundibular stenosis 4, obstructed outlet
foramen 11; and (b) multilevel outflow tract
obstruction-tetralogy of Fallot 31, complex left
ventricular outflow obstruction 9, and subaortic
obstruction (univentricular heart) 4. Correlative
haemodynamic and angiographic information was
available in all. Both CW and PW Doppler identified
two discrete wave forms-one fast rising represent-
ing fixed subvalve obstruction and the other slow
rising and consistently representing dynamic mus-
cular obstruction. Where multilevel obstruction
included fixed and dynamic components, both wave
forms were superimposed on CW in proportions
appropriate to the anatomy. Isolated fixed obstruc-
tion occurred in subaortic membranes and in eight of
11 patients with obstructed outlet foramens. Isolated
dynamic obstruction was present in all patients with
HOCM, isolated right ventricular infundibular
obstruction, and in three of 11 with obstructed outlet
foramens. Combined fixed and dynamic obstruction
was recorded in the remainder. Where superimposed
wave forms were recorded the gradient was consis-
tently underestimated.
We conclude that combined CW and PW Doppler

determine the nature of subvalve obstruction, accu-
rately reflecting the relative proportions of both
dynamic and fixed components. Where only one
component is identified peak velocity reflects peak
gradient. Where both components are present gra-
dient assessment using the Hatle equation is inaccu-
rate.

How soon after PTCA should its results be
assessed by exercise testing?

A Polydorou, J C P Crick, E Sowton
Guy's Hospital, London

In 52 patients following successful percutaneous
transluminal coronary angioplasty (PTCA) maximal
exercise tests were performed at three days and were
compared with a similar test after one month.
Twenty three of the patients had a normal electro-
cardiogram (ECG) and no chest pain in both tests.
Fifteen patients had ECG signs of reversible
ischaemia but no chest pain at the first test; 10 of
these had completely normal ECG findings and no
chest pain during effort at the one month test. These
10 patients were the only group to achieve a
significantly higher exercise duration at the second
test. Twelve patients had ECGs positive for revers-
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ible ischaemia and developed angina on exercise in
the first test; all of these 12 patients showed the same
findings at the one morth test and this group had a
significantly lower exercise capacity than the remain-
ing patients. Previous myocardial infarction and
non-dilated disease in other vessels was significantly
more common in the group with positive findings at
both tests (p<0{001) and the findings probably
reflect disease elsewhere in the heart rather than
recurrence of the dilated stenosis. Follow up exercise
tests after six months showed closer agreement with
the results at four weeks than with those at three
days, and the three day test did not help to identify
patients who subsequently relapsed.
We conclude that during the first few days after

PTCA false positive exercise tests may occur in 20%
of patients. Assessment of exercise testing four
weeks after the procedure avoids this problem.

Coronary artery thrombus as a risk factor for
acute vessel occlusion during percutaneous
transluminal coronary angioplasty:
improving results

D D Sugrue, D R Holmes, H C Smith, G S Reeder,
G E Lane, R E Vlietstra, J F Bresnahan, J Piehler
Mayo Clinic, Rochester, Minnesota, USA

During an early percutaneous transluminal coronary
angioplasty experience, from October 1979 through
March 1983, we reported that pre-existent coronary
artery thrombus was associated with a significant
increase in the incidence of acute coronary occlusion
during angioplasty. Thus complete occlusion
occurred in 11 (73%) of 15 patients with thrombus
undergoing angioplasty compared with 18 (8%) of
233 without thrombus (p <0-001). To study the
effect ofimproved technology (steerable guiding sys-
tems) and dilatation strategy (full intravenous hepa-
rinisation for 24 hours following the procedure and
more intensive use of antiplatelet medications)
angiograms from 297 consecutive patients without
evidence of acute myocardial infarction who under-
went angioplasty from April 1983 through March
1985 were reviewed. Pre-existent coronary artery
thrombus was present in 34 (10%) patients ofwhom
eight (24%) developed complete occlusion during or
immediately after the procedure. In the 263 patients
without coronary thrombus, acute coronary
occlusion occurred in 34 (13%) (24% vs 13%,
p= 0-17). Thus in a more recent experience, patients
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with pre-existent coronary artery thrombus are at
somewhat greater risk ofcomplete occlusion than are
patients without thrombus, but the magnitude of
this risk has declined substantially.

The effects of early PTCA on the clinical
course of unstable angina

A D Timmis, B Griffin, J C P Crick, E Sowton
Guy's Hospital, London

The medical management of unstable angina is asso-
ciated with a high incidence of recurrent symptoms
and does not prevent myocardial infarction or death
in up to 30% of cases during early follow up. We
have undertaken early percutaneous transluminal
coronary angioplasty (PTCA) in 50 patients with
unstable angina in an attempt to improve the clinical
course. In each case diagnostic angiography demon-
strated a critical proximal stenosis in a major vessel
and in 33 patients this was the only lesion. The
stenosis was crossed by the PTCA catheter in 76%
of cases and successful dilatation was achieved in
95% of these. Angiographic success was reflected by
a non-ischaemic predischarge stress test and cor-
rection of symptoms in 75% and 89% of cases
respectively. The combined in hospital incidence of
myocardial infarction and death was 12%, but it was
only 3% in patients with single vessel disease. At six
months follow up 77% of patients who had under-
gone successful PTCA remained symptom free,
though repeat procedures had been necessary in
21%. The combined incidence of myocardial
infarction and death during follow up was low (8%).
These data indicate that PTCA may be undertaken
with relative safety in patients with unstable angina
and that it leads to a substantial improvement in
symptoms that is sustained during early follow up.
The benefits of this therapeutic approach may be
particularly pronounced in patients with only single
vessel disease.

Percutaneous transluminal coronary
angioplasty-results in patients with multiple
coronary stenoses

C D J Ilsley, M B Ablett
Cardiology Department, Dunedin Hospital,
Dunedin, New Zealand
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Percutaneous transluminal coronary angioplasty
(PTCA) is an acceptable treatment for proximal dis-
crete single vessel coronary disease. The place of
PTCA in the management of patients with multiple
coronary lesions is less certain. In our first 95 con-
secutive patients (81 men and 14 women, mean age
58 years) undergoing multi-lesion PTCA 22 patients
had multiple lesions in single vessel disease, 49
double, 23 triple, and one left main coronary artery.
PTCA was attempted on 213 lesions-I 1.5 in the
anterior descending or diagnonal arteries, 36 in
circumflex, and 62 in right coronary arteries. Up to
seven lesions in any one individual have been
dilatated. Primary success, reduction in stenosis
without associated acute myocardial infarction or
emergency coronary bypass grafting (ECBG), was
achieved in 191 (90%) of these lesions. Seventy nine
patients (83%) were rendered symptom free. Five
(5%) had an associated myocardial infarction. Six
(6%) required ECGB and one of these patients died
after surgery. Five of the six patients requiring
ECBG had PTCA related occlusion in a vessel with
compromised or absent collateral supply. In a follow
up of 3-24 months 13 patients (16% of primary suc-
cess group) developed recurrence of angina and 10
underwent repeat PTCA; in eight the second pro-
cedure was entirely successful, one required ECBG,
and in one a second recurrence lead to referral for
elective bypass surgery. PTCA risk relates to oper-
ator experience and the presence of established coro-
nary occlusion rather than to the number of lesions
or morphology in an individual stenosis.
PTCA is a successful alternative to coronary

bypass grafting in a large proportion of patients with
multiple lesion, multiple vessel coronary disease
Improvement in long term management or progno-
sis in such patients remains to be demonstrated con-
clusively.

Prevention of regional myocardial ischaemia
during PTCA-the effects of infusing
arterial blood

A D Timmis, J C P Crick, B Griffin, E Sowton
Guy's Hospital, London

Much of the potential risk of percutaneous trans-
luminal coronary angioplasty (PTCA) relates to
severe myocardial ischaemia during periods of bal-
loon inflation. We have investigated a new technique
for reducing ischaemia by infusing arterial blood
through the angioplasty catheter into the distal coro-
nary artery during 60 second dilatations. Symptoms

Proceedings of the British Cardiac Society

and electrocardiographic and echocardiographic
indices of regional ischaemia were monitored during
dilatations with and without blood infusion. The
effect of infusing Hartman's solution was also evalu-
ated to control for washout effects. Ten patients were
studied. Dilatations without blood produced chest
pain after 22 7 (10 2) s (mean (SD)) in seven patients
and signs of regional ischaemia in every case; echo-
cardiographic dyskinesia occurred within 16-0 (3 2) s
and ST segment elevation (1 9 (1 3) mm) within
18 4 (6 6) s. Blood infusion (45-6 (13 4) ml/min) dra-
matically reduced manifestations of ischaemia; only
one patient experienced pain and dyskinesia after
45 s and 49 s respectively, though ST segment
elevation was observed in three cases after
29 3 (5- 1) s. The peak ST change, however, was only
0-8 (0 3)mm. In two patients severe chest pain and
ST segment elevation were reversed by infusion of
blood. Importantly, infusion of Hartman's solution
was unhelpful, indicating that delivery of oxygen
and not washout of metabolites was responsible for
the beneficial effects of blood infusion. These data
suggest that the development ofPTCA catheter sys-
tems which permit blood infusion into the distal
coronary artery will improve the safety of the tech-
nique. Moreover, by allowing more prolonged peri-
ods of balloon inflation a higher success rate can be
expected.

Argon laser recanalisation of acutely
thrombosed coronary arteries in live dogs

A Fenech, F Crea, C R Conti, G S Abela
Royal Infirmary, Glasgow, and University of
Florida, Gainesville, USA

To assess the feasability of currently available tech-
niques, in vivo laser recanalisation of acutely throm-
bosed coronary arteries was attempted using an
argon laser delivered in a continuous wave form. Ten
anaesthetised mongrel dogs weighing 25-30 kg had
their left anterior descending artery thrombosed by
passing a low grade current through a guidewire
positioned in its proximal end. In six dogs a 140pm
core optical fibre was then positioned proximal to the
thrombus and laser delivery was performed during
fibre advancement. Recanalisation was seen in one
dog, perforation in four dogs, and neither
recanalisation nor perforation was evident in one
dog. In the remaining four dogs, a 0-014 inch steer-
able guidewire was advanced beyond the thrombus
and a 3F catheter was advanced over it and posi-
tioned distally. After mechanical recanalisation was
excluded a 200 pm core optical fibre was fed through
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the 3F catheter and laser delivery was performed
during fibre withdrawal across the thrombus. Using
this method mechanical recanalisation occurred in
one dog and performation was seen in three dogs.
Argon laser recanalisation of acutely thrombosed

coronary arteries in live dogs is feasable but at
present results in a high frequency of perforation.
This animal model can be used for the development
and evaluation of safer systems in in vivo laser coro-
nary revascularisation.

Epoprostenol (prostacyclin) therapy during
cardiac surgery-is it beneficial?

I Fessatidis, W K Man, Jenny Becket, J J Brannan,
K M Taylor
Cardiac Surgical Unit, Royal Postgraduate Medical
School, London

Platelet activation with subsequent formation of
microaggregates is now known to be a feature of
cardiac surgical procedures utilising cardio-
pulmonary (CPB). Controversy exists in relation to
the possible therapeutic role of epoprostenol (pros-
tacyclin, PGI2) in inhibiting platelet aggregation.
The potential benefits have been offset by fears
related to severe hypotension experienced in some
studies. In a series of experimental animal studies
using a prostacyclin dosage protocol of lOng/kg/
minute for 30 minutes before CPB and 20ng/kg/
minute during CPB the following effects have been
observed: (a) preservation of platelet numbers dur-
ing CPB (p < 0-01 vs controls, n= 16.); (b) significant
reduction in platelet aggregation during CPB
(p <001, n= 16); (c) significant reduction in plasma
histamine concentrations during CPB (p <005,
n=10); and (d) insignificant hypotensive effect at
normal levels of peripheral vascular resistance
(n= 16). These results suggest that prostacyclin
treatment may have beneficial effects in inhibiting
platelet aggregation during CPB and that further
clinical studies should now be carried out.

Surgical treatment ofabsent pulmonary valve
syndrome

M de Leval, J Stark, T Karl, J F N Taylor
Hospital for Sick Children, Great Ormond Street,
London

629

The absent pulmonary valve syndrome includes
agenesis of the pulmonary valve, annular stenosis,
and pulmonary insufficiency. The pulmonary arte-
ries are aneurysmal and usually compress the tra-
cheobronchial tree. These features are associated
with a ventricular septal defect and right ventricular
hypertrophy. Twenty three patients aged 5 days to
11 years were treated between 1976-1985. Eleven
were younger than 1 year. Intractable respiratory
syndromes and heart failure were the main feature in
the infant group, five required preoperative assisted
ventilation. All the children presented with
decreased exercise tolerance and repeated respira-
tory infections. Surgical repair included a closure of
the ventricular septal defect in all cases and various
techniques of reconstruction of the right ventricular
outflow tract. This included a patch enlargement
with or without insertion of a xenograft valve and a
Dacron xenograft conduit between the right ventri-
cle and pulmonary artery. In the recent years the
repair has consisted in an extensive resection of the
main pulmonary artery and of the anterior aspect of
both the right and left pulmonary arteries with the
interposition of an aortic homograft between the
right ventricle and pulmonary artery. All 12 patients
operated after the age of 1 year survived though some
of them are awaiting surgery for replacement of
calcified xenograft valves. The superiority of the
current technique is better demonstrated in the
infant group as all five infants operated in the early
years and all six infants operated with our current
technique survived. Closure of the ventricular septal
defect, reduction of the size of the pulmonary arte-
ries, and insertion of an aortic homograft therefore
appears to be the treatment of choice for this difficult
malformation.

Long term evaluation of isolated
Starr-Edwards aortic valve replacement

D Hackett, I Fessatides, R Sapsford, H Bentall,
Celia Oakley
Royal Postgraduate Medical School, London

We identified 352 patients discharged from hospital
during 1974-1983 who had isolated Starr-Edwards
aortic valve replacement with models 1260 and 2400.
We followed up 327 (92 8%) patients for up to 10
years, a total of 1616 patient-years, to determine the
long term performance characteristics of these pros-
theses. At operation the mean age of patients was
52-1 (range 14-78) years, 73% were male, and 89%
were in sinus rhythm. The aortic valve disease was
rheumatic in 75 (23%), congenital in 111 (34%),
degenerative in 101 (31%), and associated with
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endocarditis in 35 (11%) patients. Total 10 year

mortality was 47 deaths (14X4%; 2X9% per patient-
year), of which 27 (8 2%) were cardiac in origin with
three cases (0-9%) directly valve related due to

thromboembolism. Total ten year valve related mor-
bidity in 60 patients (18-3%; 3-7% per patient-year)
was due to thromboembolism in 22 (6 7%), pros-

thetic endocarditis in 14 (4-3%), anticoagulant
related haemorrhage in 12 (3 7%), paraprosthetic
regurgitation in nine (2 8%), and haemolysis in three
(0 9%). Re-operation was performed in 24 patients
(7 3%) because of thromboembolism (9 patients,
2 8%), prosthetic endocarditis (8 patients, 2 4%) or

paraprosthetic regurgitation (7 patients, 2 1%); all
but one re-operation was necessary within the first
year after operation. No cases of mechanical valve
failure were recorded. Total ten year actuarial esti-
mates of survival were 0-61(0-066) and freedom
from valve related morbidity 0-45 (0071)
(means (SE)).
The Starr-Edwards models 1260 and 2400 aortic

valve prostheses show excellent durability without
any mechanical failure over a 10 year period. The
long term outcome of isolated aortic valve replace-
ment with these models is associated with a low fre-
quency of valve related complications.

Heart-lung transplantation for Eisenmenger's
syndrome

C G A McGregor, S W Jamieson, E B Stinson,
P E Oyer, B A Reitz, J C Baldwin, N B Shumway
Stanford University Medical Center, Stanford,
California, USA

Between May 1981 and January 1985, 13 combined
heart-lung transplants were performed in 12 patients
for the treatment of end stage Eisenmenger's syn-
drome. Five patients had had previous intrathoracic
operations. There were four hospital deaths: one at
operation; and one each at 4, 10, and 33 days after
transplantation. Early symptomatic results and car-

diopulmonary function were excellent in all oper-
ative survivors. Two late deaths occurred at 14 and
15 months after transplantation from accelerated
graft arteriosclerosis and respiratory failure
respectively. Six patients are alive 12-49 months
after transplantation. Six of the eight operative sur-

vivors developed major pulmonary complications
associated with progressive obstructive airway phys-
iology and obliterative bronchiolitis that were dem-
onstrated on histological examination. Because of
this late pulmonary deterioration overall prognosis
remains uncertain, and may limit the value of heart-
lung transplantation for Eisenmenger's syndrome.

Proceedings of the British Cardiac Society

Cerebral consequences of coronary artery
surgery

P L C Smith, P L A Joseph, S P Newman, P J Ell,
M J G Harrison, T Treasure
The Middlesex Hospital and Medical School,
London

A prospective multidisciplinary controlled study of
the cerebral consequences of coronary artery bypass
surgery is being undertaken. Patients undergoing
coronary artery surgery by a standard protocol have
preoperative digital subtraction angiography (DSA)
of the head and neck vessels, regional cerebral blood
flow measurements, and neurological, neuropsycho-
logical, and psychiatric examinations. These are
repeated, excluding DSA, at eight days and eight
weeks postoperatively. A control group of major vas-
cular cases and thoracotomies is also being studied.
Besides accurately quantifying the incidence of cen-
tral nervous system complications, the results of the
assessments are compared with the state of the head
and neck vasculature, regional cerebral blood flow
changes, and details of the bypass and postoperative
management. To date, results have been analysed in
55 patients in the coronary surgery group. Focal
neurological changes were found in one patient at
eight days and no patient at eight weeks. Significant
neuropsychological deficit was found in 95% of
patients at eight days and 33% at eight weeks, most
markedly in verbal memory, visual perception, and
concentration. Mean cerebral blood flow was
significantly reduced at eight days (p < 0-02) and at
eight weeks (p <005). The greatest reduction in
neuropsychological performance and cerebral blood
flow was found in those patients with the longest
bypass times or with major postoperative compli-
cations. In the control group no neurological deficit
has been found, the mean cerebral blood flow was
increased at both eight days and eight weeks, and a
significant neuropsychological deficit was found in
87% of patients at eight days but in no patients at
eight weeks.

Comparison of bioprosthesis degeneration in
the aortic versus the mitral position

P Ribeiro, M Al Zaibag, M Abdullah, C Salem,
M J Shea, M Al Fagih
Cardiac Department, Riyadh Armed Forces
Hospital, Kingdom of Saudi Arabia

Cross section echocardiography was performed
40(17) months (mean (SD)) after operation in 45
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patients aged 22 (5) years with rheumatic heart dis-
ease in whom simultaneous aortic and mitral porcine
bioprosthetic valve replacement had been per-
formed. The echocardiographic and morphological
features of 23 bioprosthetic valve explants from 21
patients subjected to re-operation were compared.
The following associates were found-normal cusp
mobility on echocardiography with echoes <3mm
thick (stage I) indicated cusp fibrosis with or without
retraction; normal cusp mobility with echoes
) 3mm thick (stage II) indicated focal cusp cal-
cification; restricted cusp motion with bright echoes
> 3 mm thick (stage III) indicated extensive
calcification and reduced cusp mobility; and a pro-
lapsing cusp (stage IV) identified a torn calcified
cusp. Using these associations the following sub-
groups were identified. Forty one patients had aortic
stage I disease of whom 25 had mitral stage I, nine
stage II, five stage III, and two stage IV disease.
Two patients with aortic stage II disease had mitral
stage I disease, and only one patient had aortic stage
III disease with mitral stage I disease. One patient
had aortic and mitral disease both stage III. In
young patients with rheumatic heart disease porcine
bioprosthetic valves degenerate very early, particu-
larly when placed in the mitral position.

Doppler ultrasound assessment of 155 patients
with investigational bioprosthetic valve
replacement

I A Simpson, I J Reece, A B Houston, D J Wheatley,
I Hutton
University Departments of Medical Cardiology and
Cardiac Surgery, Royal Infirmary, Glasgow

Having previously established the validity of
Doppler ultrasound examination in assessing bio-
prosthetic valve function, we applied the technique
to 155 patients with the newer bioprostheses (62
Wessex porcine (W), 34 low profile Ionescu-Shiley
(IS), and 45 Hancock pericardial (HP)). Doppler
examination was performed using a Vingmed Alfred
Velocimeter with a 2 MHz transducer interfaced to a
spectrum analyser. Valve gradients were calculated
from the continuous wave mode using the modified
Bernoulli equation. Prosthetic regurgitation was
assessed by both continuous and pulsed wave
Doppler examinations. Cross sectional echo-
cardiography was performed in all patients and failed
to show any structural abnormalities. Mean mitral
gradients in the competent bioprostheses were
significantly lower in the IS type (3 03 (0 8) mmHg)
than in the W type (3 52 (0 9) mm Hg) (p < 0 02) and

631
HP type (3 65(1 2) mmHg) (p<0-05); and mitral
pressure half-times were longer in the HP type
(97(33) ms) than in the W type (80(21) ms)
(p < 0 02) and IS type (80 (24) ms) (p < 0-05). There
was no significant difference in the peak aortic gra-
dients (W, 17-9(8 3) mmHg; IS, 17-1(6-0) mmHg,
HP, 15-1 (5-7) mm Hg). Regurgitation was detected
in 11 mitral (2 of 41 W, 5 of 25 IS, 4 of 25 HP) and
11 aortic bioprostheses (5 of 20 W, 3 of 15 IS, 3 of
27 HP).

In conclusion, Doppler ultrasound examination is
of value in assessing valve gradients in bioprosthetic
valves and can detect valve regurgitation at an early
stage in these patients.

Severe left main stem stenosis: safety of
discharge home to await elective surgery

M G Cheesman, D Mehta, J Walker, V J Redding
Regional Cardiac Unit, Groby Road Hospital,
Leicester

Seventy one patients with a severe stenosis of the
main stem of the left coronary artery were identified
at first coronary arteriography in the period
1979-July 1984. Of these, 11 patients were kept in
for operation (mostly because of unstable angina)
five died in hospital, and twelve cases were deemed
to be inoperable because of either poor left ventricu-
lar function or diffuse disease of the distal coronary
vessels. Forty three patients with stable angina were
allowed home to await elective operation. No patient
died of a cardiac cause while waiting; one patient
died of a cerebral haemorrhage after three months'
wait. Two patients were re-admitted with unstable
angina without evidence of infarction after six weeks
and three months; both went on to have operation
during the same admission. When re-admitted for
operation, ten patients thought that their angina had
worsened, four that it had improved, and the remain-
der were unchanged.

Discharge home of patients with stable angina and
a severe stenosis of the main stem of the left coronary
artery to await elective surgery is broadly a safe
policy.

Clinical budgeting in cardiology and cardiac
surgery

J Parker, I Hamilton, G Shepherd
St George's Hospital, London

The introduction ofnew management structures and
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of clinical budgeting into a District suffering reduc-
tions of revenue was recognised as an important
development for regionally funded specialties such
as cardiology and cardiac surgery. Accurate
identification of true costs would allow direct dis-
cussions with the Regional Health Authority and
reduce potential conflicts with professional col-
leagues. In 1984/5 in a combined regional cardiology
and cardiothoracic surgery unit of 58 beds, a budget
of £3 8 million was identified. The unit undertook
approximately 800 cardiac catheterisations, 700 car-
diac surgical procedures, and 300 pacemaker
implantations. Direct costs such as staff costs (,1Cl5
million) and medical equipment costs (,1l08 mil-
lion) were easy to identify. Other costs, however,
such as those in other departments-for example
radiology, pharmacy, and pathology were not easy to
identify and arbitrary charges made may not reflect
true costs. Indirect costs such as estate management
and domestic and portering services were calculated
on the basis of bed-days occupied as a percentage of
total hospital bed-days. The advantages of such a
clinical budget include (a) separate identification of
a regional specialty costs within an overall hospital
budget, reducing the element of competition with
other specialities; (b) flexibility in use of resources
with an ability to implement changes more rapidly;
(c) savings implemented are of direct benefit to the
user; (d) awareness of costs of individual procedures
allows consideration of alternatives.
A moderate amount of professional time has been

required to set up and refine the clinical budget and
less is required to review it. The advantages out-
weigh the disadvantages.

Proceedings of the British Cardiac Society

patients with hypertrophic cardiomyopathy: three
were infants (< 1 year), 17 were 1-14, and 16 were
15-21 years of age. On the initial 48 hour electro-
cardiographic monitoring all were in sinus rhythm,
none had ventricular tachycardia, one had more than
250 ventricular extrasystoles per day, three had epi-
sodes of supraventricular tachycardia and another
had re-entry atrioventricular tachycardia associated
with overt pre-excitation. The patients were
followed 1-6 years (median 2) from the initial 48
hours electrocardiogram. In 12 patients, 23 addi-
tional 48 hour electrocardiograms were performed:
two had ventricular tachycardia, one developed atrial
fibrillation but no other new arrhythmias were
detected. Twenty eight received beta blockers, two
had verapamil, and the child with the
Wolff-Parkinson-White syndrome had amiodarone.
Four patients died suddenly, another was resusci-
tated from out of hospital ventricular fibrillation,
and the only child to undergo myectomy died post-
operatively. None of the patients who died had
arrhythmias during 1-7 days (mean 3) of electro-
cardiographic monitoring. In contrast to adults
arrhythmias are uncommon in children and adoles-
cents with hypertrophic cardiomyopathy and are not
a marker of those at particular risk of sudden death.
This suggests that in children with hypertrophic car-
diomyopathy the initiating event of sudden death is
more likely to be an acute haemodynamic alteration
than an arrhythmia.

Multi-programmable pacemakers
for pacing in children

Arrhythmia in children and adolescents with
hypertrophic cardiomyopathy: incidence and
relation to prognosis

W J McKenna, J Deanfield, R Franklin, Shirley
Krikler, Shaughan Dickie
Hammersmith Hospital and Hospital for Sick
Children, London

Annual mortality from sudden death is approxi-
mately 5% in children and adolescents with hyper-
trophic cardiomyopathy. Clinical, electro-
cardiographic, and haemodynamic characterisation
does not identify those who are at particular risk. To
determine the incidence and relation of arrhythmia
to prognosis we have performed prospective 48 hour
electrocardiographic monitoring in 36 consecutive

E J Ladusans, M Tynan, M Joseph, 0 Jones,
P V L Curry
Guy's Hospital, London

Twenty seven of 30 children (mean age 7-5 years)
who received a permanent pacemaker since 1979 had
multi-programmable pacemakers (Siemens 668 in
eight, Siemens 674 in two, Cordis 340A in seven,
Biotronic Neos in seven, Medtronic Activitrax in
one, and Teletronics Optima in one). Indications of
pacing were complete heart block (CHB) in 20, sinus
node dysfunction (SSS) in six, prophylaxis in one,
and control of refractory tachycardia in three. Pro-
grammable variables were used to reduce voltage
output or pulse duration in nine children with low
chronic stimulation thresholds (seven endocardial,
two epicardial) to increase battery longevity. To
identify pacemaker-dependent patients, underlying
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heart rhythm in 20 children with CHB was assessed
by programmed gradual reduction of the pacemaker
rate. A stable escape rhythm (range 35-70 beats per
minute) was found in 16, but in four children there
was no endogenous activity and symptoms of pre-
syncope occurred at 30 beats per minute. In four
children with a late threshold rise increase in voltage
(3) or current output (1) restored effective pacing
before lead replacement in three and obviated re-
operation in one. Re-operation was prevented in one
child with sensing failure 1 month after implant by
increasing the programmable sensitivity. Rate-
programmability permitted higher more phys-
iological heart rates of 90-100 beats per minute in
four infants (mean age 0-6 years) and in six children
less than 5 years old with CHB. In one child heart
failure responded solely to an increase in pacing rate
from 80-100 beats per minute. All six patients with
SSS had low standby rates programmed (mean 50
beats per minute) to allow as much sinus rhythm as
possible without symptoms. Multi-programmable
pacemakers are invaluable in the paediatric age
group.
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pulmonary vascular disease after a breakdown of the
repair, and the remainder have done well. In nine
patients undergoing postoperative restudy the high-
est PVRI at rest was 5-2 units.m2 and with iso-
prenaline 2 7 units.m2. Operation was undertaken in
3/16 group B patients, with two deaths (grade 4
Heath-Edwards changes); the third showed
progressive pulmonary vascular disease. All non-
operated group B patients showed progression of
pulmonary vascular disease with one death (grade 6
Heath-Edwards changes).

Reduction of PVRI to 7 units.m2 with iso-
prenaline predicts a good pulmonary vascular
response to operation irrespective of resting PVRI.
Operation is probably contraindicated unless this
level can be achieved.

Transposition of the great arteries-adults
and adolescents late after Mustard procedure

Jane Somerville, Carole Warnes
Paediatric and Adolesent Unit, National Heart
Hospital, London

Assessment of pulmonary vascular resistance
in patients with ventricular septal defect

J M Neutze, T Ishikawa, Patricia M Clarkson,
A Louise Calder
Cardiology Department, Green Lane Hospital,
Auckland, New Zealand

Pulmonary vascular resistance index (PVRI) was
measured at rest and with an infusion of isoprenaline
(usually 0 05 to 0-1 um/kg/min) in 31 patients with
ventricular septal defect and pulmonary vascular
disease. Patients were divided into group A or B
according to whether or not PVRI fell to 7 units.m2
with isoprenaline: group A (responsive), n= 15, age
0.3-14 years (median 2), PVRI resting 8-15 (median
9 0), PVRI isoprenaline 1-9-6-6 (median 4 2); group
B (non-responsive), n= 16, age 1-32 years (median
2), PVRI resting 8-43 (median 18), PVRI iso-
prenaline 9.3 35 (median 16). Other variables,
including resistance ratios, showed less clear dis-
crimination. For example, 4/13 patients in group A
had resting pulmonary: systemic resistance ratios
>0 5, and 4/16 patients in group B had resistance
ratios <0 5. Fifteen group A patients underwent
operation. One patient died at one month (grade 1
Heath-Edwards changes), one showed progressive

Fourteen patients with transposition of the great
arteries aged 15-26 years treated by Mustard pro-
cedures at the age of 14 months to 14 years were
evaluated with Holter monitoring, ventricular func-
tion assessment, and treadmill exercise studies as
well as clinical examination. Ten had had earlier
atrial septectomy (Blalock-Hanlon) when aged 9
days to 6 years. One died with chronic failure and
unstable atrial arrhythmias aged 15 years in a disco,
and one has been lost to follow up. Six of the remain-
ing 12 have basic sinus rhythm and the rest have
nodal rhythm or atrial flutter with paced block. Elec-
trocardiographic monitoring shows changing
arrhythmias such as flutter, supraventricular tachy-
cardia, sinus arrest, bigeminy, and nodal rhythm in
11; these are symptomatic in five. One patient with
left outflow obstruction was resuscitated from
"death" probably from rapid atrial tachycardia. One
other has severe left ventricular outflow obstruction.
Three require diuretics for impaired right ventricu-
lar function and three have tricuspid regurgitation.
Ten survivors lead normal lives and two have mild
disability. One uncomplicated pregnancy with a nor-
mal baby has occurred. After good surgery, provided
there is regular assessment and control of arrhyth-
mias and failure, this group of patients once doomed
to die in infancy live good lives in the third decade.
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Success and complication rates for coronary
angioplasty in patients with and without
previous myocardial infarction

R A Perry, A Singh, M F Shiu
University Department of Cardiology, Queen
Elizabeth Hospital, Birmingham

In 116 consecutive patients undergoing coronary
angioplasty for the first time 49 (group 1) had pre-
viously documented myocardial infarction. In group
1 the primary success rate was 57% compared with
85% in 67 patients (group 2) without previous
infarction. There was no difference in the age, sex,
site of lesion, or severity of stenosis between the two
groups. Failure in group 1 was due to failure to cross
in eight cases, failure to dilate in two, myocardial
infarction in four, and emergency coronary artery
bypass grafting in four with one death. Failure in
group 2 was due to inability to cross in eight and
myocardial infarction in two with no emergency
surgery or death. Acute coronary occlusion occurred
in six patients in each group and was managed by
immediate repeat angioplasty in all. In group 1 this
was associated with myocardial infarction in each
instance, while in group 2 repeat angioplasty was
successful in all six but two patients sustained non-
transmural infarction.

In this series of patients undergoing percutaneous
transluminal coronary angioplasty in one centre the
lower success rate in patients with previous myo-
cardial infarction was primarily due to the increased
incidence and severity of complications rather than
to failure to cross the lesion.

Emergency surgery following percutaneous
transluminal coronary angioplasty

J R L Hamilton, J Cleland, H 0 J O'Kane
Cardiac Surgical Unit, Royal Victoria Hospital,
Belfast

In the three year period from August 1982 to July
1985, 211 percutaneous transluminal coronary
angioplasties were carried out in two cardiological
units, with 10 patients (4 7%) being referred for
emergency surgery. There were seven men and three
women with an average age of 55 years (40-65). Nine
of the patients were originally admitted with acute
myocardial ischaemia, two with definite myocardial
infarctions. All ten patients underwent single vessel
angioplasty, six to the right coronary artery and four
to the left anterior descending coronary artery. In

Proceedings of the British Cardiac Society

one patient a broken guidewire impacted in the left
anterior descending coronary artery (without
ischaemic changes) was the cause of referral for
emergency surgery. The other nine had evidence of
prolonged acute ischaemia precipitated by total
obstruction of the vessel by dissection (5 patients),
thrombus (2 patients), or irreversible spasm (2
patients). Single coronary artery bypass grafts were
performed in seven patients, double grafts in two,
and one patient had a triple bypass. The average
revascularisation time (from onset of ischaemia to
completion of graft) was 290 minutes (range
210-380). One patient required intra-aortic balloon
pump support postoperatively. There were no oper-
ative deaths. Although six patients had a significant
rise of myocardial specific creatine kinase, in only
three was there accompanying electrocardiographic
evidence of transmural infarction. The patient with
the broken guidewire which was not completely
removed was re-admitted three months post-
operatively with an anterior myocardial infarction.

Acute and chronic angiographic effects of in
vivo coronary laser angioplasty

T J Bowker, K M Fox, P A Poole-Wilson,
S G Bown, A F Rickards
The National Heart Hospital and University College
Hospital, London

The fibreoptic transluminal delivery of laser energy
may provide the possibility of improving the pri-
mary success rate of, and perhaps of widening the
indications for, coronary angioplasty. Potential dan-
gers of laser angioplasty can be early (acute per-
foration) or late (stenosis or aneurysm). To find the
acute in vivo perforation threshold of arteries of sim-
ilar size to the proximal human coronary arteries, we
delivered 30 separate argon laser pulses of different
energies transluminally to separate sites in normal
rabbit iliac and canine coronary arteries via a 100 gm
core optical fibre, with fibre tip in contact with arte-
rial luminal surface. Laser perforation occurred in
0/1 atO 2J,0/2atO5J,0/8at 1 J,0/5at2J,0/6at3J,
4/5 at 4 J, 2/2 at 5 J, and 1/1 at 7 J. To find the coaxial
energy threshold for causing early or late angio-
graphic abnormalities, argon laser energy was deliv-
ered to the coronary circulation of 10 normal closed
chest dogs via a 100pm core fibre within a balloon
angioplasty catheter, sited by a guide catheter under
x ray screening. Three laser pulses (1, 2, and 3 J)
were delivered coaxially (balloon inflated) at the
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same site. Coronary angiograms were recorded pre-
laser, immediately post-laser, and again at 1 week. In
three dogs, 5 J coaxial pulses were in given in vivo to
the other coronary artery. There were seven one-
week survivors, all with normal repeat angiograms,
three of which had had x ray evidence of pre-laser
mechanical perforation. There were two anaesthetic
deaths, and two (immediately fatal) laser per-
forations, one at 3J (subsequently found to have
been non-coaxial), and one after 2 x 5 J.
Thus (a) coaxial energy of up to 3 J (single pulse

or 6J (cumulative dose) gives no immediate or 1
week angiographic abnormalities; (b) immediate
laser perforation is caused by coaxial energy of 10J
(cumulative dose) but not by 5 J; (c) acute mechani-
cal perforation with a 100 pm fibre lacks the mor-
tality of laser perforation; and (d) the acute in vivo
perforation threshold of 2-4mm diameter arteries
(fibre tip in contact with luminal surface) is between
3J and 4J.

Which ultraviolet laser wavelengths are
selective for atheromatous as opposed to
normal arterial wail?

T J Bowker, FW Cross, P T Rumsby, M C Gower,
P A Poole-Wilson, K M Fox, S G Bown,
A F Rickards
The National Heart Hospital and University College
Hospital, London

The immediate danger of laser angioplasty, vessel
perforation, is related to the extent of thermal dam-
age suffered by the residual non-vaporised arterial
wall immediately subjacent to the laser crater. Pulsed
ultraviolet excimer lasers which destroy tissue by
photo-ablation (a non-thermal mechanism of molec-
ular disruption) do not cause this region of sur-
rounding thermal damage and thus their use may
reduce the risk of vessel perforation. To find which
ultraviolet wavelength would be appropriate for the
photo-ablation of atheroma we quantified the effect
of different energy densities of an excimer laser run
at three different wavelengths (193nm (ArF),
249 nm (KrF), and 351 nm (XeF)) on samples of
normal and of atheromatous human postmortem
aortic wall in which craters were produced by deliv-
ering a train of 250, 20 ns pulses of the directly
focused beam at a repetition rate of 2-5Hz. The
range of energy densities used per crater were as
follows: 55-5 j/cm2 to 277 j/cm2 at both 193 nm and
249nm, and 101 j/cm2 to 555 j/cm2 at 351 nm. Five
different power densities were used at 193nm and at
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249 nm, and four power densities at 351 nm. For
each wavelength and at each power density at least
five craters were made. A careful record was kept of
the energy variables used to produce each crater and
their depths were then measured to the nearest
10 pm. With all three wavelengths crater depth was
proportional to both energy density and total energy
per crater. This dose response relation was least
steep at 351 nm (15 jm ofpenetration per J of energy
delivered), steeper at 193 nm (66 jm/J), and steepest
at 249 nm, which at each energy density consistently
gave greater penetration into atheromatous tissue
than it did into normal tissue (144 jm/J and 124 jm/J
respectively). Such an atheroma-selective effect was
not seen at 193 nm or 351 nm.
Thus of the three wavelengths, 249 nm (KrF)

appears appropriate for laser angioplasty, and is the
pulsed excimer laser wavelength for which a
fibreoptic intracoronary delivery system should be
developed.

Linoleic acid, leucocyte sodium transport, free
calcium, and blood pressure

A M Heagerty, J D Ollerenshaw, J Jackson,
R F Bing, H Thurston, J D Swales
Department of Medicine, Leicester Royal
Infirmary, Leicester

Abnormal plasma membrane handling of sodium has
been reported in patients with essential hyper-
tension. This has been attributed to genetic alter-
ations of membrane physicochemical structure. In
view of reports of a blood pressure lowering effee f
polyunsaturated fats, it was decided to investigate
whether changes in dietary fat would alter both
membrane sodium transport in leucocytes and blood
pressure. Twenty two normotensive subjects with no
family history of hypertension received either 4g
safflower seed oil (containing 72% linoleic acid) or
placebo capsules by random allocation for four
weeks. Leucocyte sodium transport studies and free
calcium estimations were performed at the end of
each dietary period. Membrane lipids were esti-
mated by gas liquid chromatography and blood pres-
sure was measured by a random zero sphyg-
momanometer. Membrane linoleic acid was
significantly increased by safflower seed oil com-
pared with placebo (17 (0 28) vs 16 3 (0 34)% of total
lipids, p <001). There was a significant increase in
sodium pump rate on safflower oil compared with
placebo (100(9-3) vs 72(5-1) mmol/kg/h, p<0 01).
Mean weight, plasma renin activity, and urinary
sodium excretion (134 (12-9) vs 139 (10-4) mmol
Na+ /24 h) were unchanged. Systolic blood pressure
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fell significantly on safflower oil (125 (3) vs 129 (3 3)
mmHg, p <0-01). In 13 subjects leucocyte free cal-
cium was estimated using the fluorescent dye Quin-
2. Intracellular free calcium fell on safflower seed oil
compared with placebo (110 (5-2) vs 133 (9 9) nmol/l,
p <005).
These results suggest that an increase in dietary

polyunsaturated fat can influence sodium pump
activity and intracellular free calcium and lower
blood pressure by altering the physicochemical
properties of the plasma membrane.

Prostacyclin production in saphenous vein
from patients receiving aspirin

G D Angelini, S P Passani, I M Breckenridge
Department of Cardiac Surgery, University
Hospital of Wales, Heath Park, Cardiff

Since work showing that daily administration of
300mg of aspirin approximately halved the risk of
subsequent myocardial infarction or coronary death
we have noted a large increase in the numbers of
patients presenting *for coronary artery bypass
surgery who have received chronic aspirin therapy.
Segments of long saphenous vein (1 cm long) taken
at operation from the lower portion of the leg were
rested three times for 10 minutes each at 23° in 1 ml
of a buffer (132 mmol/l sodium chloride, 5-3 mmol/l
potassium chloride, 1-3 mmol/l magnesium sulphate,
1-4 mmol/l calcium chloride, 135 mmol/l sodium
bicarbonate, 135mmol/I Hepes/sodium hydroxide,
pH 7-4 equilibrated with oxygen:carbon dioxide
(95:5 v/v). Vein was then sliced into three weighed
rings and prostaglandin production from endo-
genous substances was then stimulated by vortex
mixing each ring for 15 s at 23°C in 0-3 ml of buffer.
Prostaglandin production proceeded for a further 2
minutes 45 s where upon the vein was removed and
indomethacin (33-3 ug/ml) was added to the buffer.
After resting the buffer for 60 min at 230C the con-
centration of6-keto-prostaglandin F1l was measured
by radioimmunoassay. Mean venous prostacyclin
production was 1-0 (0-8) pg/min per mg wet weight
in 10 patients treated with aspirin compared with
13 (8) pg/min per mg in 49 other patients (p < 0 001).
Postoperative blood loss (measured by total chest
drainage) was 798 (65) ml in patients receiving aspi-
rin and 670 (26) ml in other patients (p < 0 05).
We conclude that popular current treatment regi-

mens have a very substantial inhibitory effect on
venous prostacyclin production and thereby disable
one of the main antithrombotic defences ofthe vessel
wall. This is likely to exacerbate platelet activation
resulting from damage to the vein graft endothelium
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during intra-operative surgical manipulation and
hence promote both early and late graft thrombotic
occlusion.

Intramyocardial platelet emboli in unstable
angina and sudden ischaemic death

M J Davies, A C Thomas
St George's Hospital Medical School, London

A specific search for platelet emboli in the myo-
cardium was made in 90 patients who had died sud-
denly (symptoms < 6 hours) of ischaemic heart dis-
ease and who had not sought medical treatment in
the last two weeks. Cases were divided into those
who had complained to their relatives of any new
episodic symptoms of chest pain in the week pre-
ceding the final event and those who had not. Com-
plaints of vague ill health, tiredness, or indigestion
without specifying chest pain were ignored. Platelet
emboli were found overall in 27 (30%) of the 90.
Emboli were found in 44% of the 36 cases with
preceding episodic pain and in only 20-4% of the 54
cases without. The difference is significant (p < 0 05)
using the x2 test corrected for continuity. With one
exception platelet emboli were in the myocardium
downstream of an atheromatous plaque undergoing
rupture or fissuring. The data confirms that platelet
embolisation into the myocardium occurs in a pro-
portion of patients who have plaque fissures with
exposed mural thrombus. Such pathological studies
probably underestimate the true clinical incidence.
The association of platelet emboli with what would
have been called unstable angina had the patients
sought medical help suggests that the episodes of
pain may have been mediated by transient ischaemic
episodes due to the emboli.
The analogy that has been made between unstable

angina and transient cerebral ischaemic attacks
known to be due to platelet embolism from ulcerated
atheroma in the carotid arteries is confirmed by our
study.

Is early recanalisation in acute myocardial
infarction recommendable?

P G Hugenholtz
Erasmus University, The Netherlands

Evidence is finally accruing that myocardial infarct
size can be limited, left ventricular function main-
tained, and early, as well as late, mortality rates
halved provided attempts at recanalisation are made
within the first few hours after onset of clinical signs
and symptoms of artery thombosis. Data from recent
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trials will be compared with those reported by the
Netherlands Interuniversity Cardiological Institute
of 533 consecutive patients clinically thought to have
myocardial infarction. In 269 patients assigned to
streptokinase (SK) either with intracoronary admin-
istration within four hours or to the same regimen
with 500 000 U SK given intravenously upon admis-
sion as well, death rate at a mean of eight months
follow up was 23 (8 5o%) vs 41 (15-5%) in 264 con-
ventionally treated patients. This reduction in mor-
tality, longer than that for any previously reported
treatment, if confirmed by further trials requires a
rethinking ofthe assignment, distribution, and avail-
ability of health resources. The fact that rTPA (a
human plasminogen activator) given intravenously
in the same time span yields similar patency rates
(±75% vs 85% in the ICI study) emphasises the
involvement of first line medical resources. Argu-
ments will be provided why this additional
expenditure may be cost saving in the long run.

Is localised intracoronary hyperkalaemia a
risk of laser angioplasty?

T J Bowker, FW Cross, P T Rumsby, M C Gower,
P A Poole-Wilson, K M Fox, S G Bown,
A F Rickards
The National Heart Hospital, and University
College Hospital, London

A potential danger of laser angioplasty may be toxic
byproducts of photo-vaporisation of atheroma, arte-
rial wall, or blood. To assess whether the laser
energy which will penetrate atheromatous plaque
can also haemolyse sufficient red blood cells to cause
dangerous localised intracoronary hyperkalaemia we
irradiated 20 samples of fresh heparinised human
blood with different types and wavelengths of laser,
that is pulsed and continuous wave Nd-YAGB
(1060rnm); argon (488 and 514nm); and pulsed
excimer laser at 351 nm (XeF), 249 nm (KrF), and
193nm (ArF). With pulsed and continuous Nd-
YAG lasers the total energies delivered per ml of
blood were those which in vitro will give either 1 mm
(100 J and 60 J respectively) or 3mm (300 J and 180 J
respectively) plaque penetration. With the argon
laser we used pulse energies per ml of blood which
in vitro will penetrate plaque by 0 1, 0-2, 1, 2, and
5 mm. The respective total energies delivered with
the excimer laser penetrate up to 0-16 mm. Potas-
sium concentrations ([K+]) were measured by flame
photometry. With the argon laser [K+] was con-
tinuously monitored during laser application by a
potassium sensitive electrode capable of detecting
[K+] changes down to 0 44 mmol/l. Post-laser [K+]s
with argon (4-5-5-1 mmol/1) and all three excimer
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(3-8-4 1 mmol/l) wavelengths lay within the control
range (3 7-5 4mmol/l, six samples), and the potas-
sium sensitive electrode detected no change during
argon laser application. With both types ofNd-YAG
laser, however, there was a pronounced increase in
[K+] to 7 5-7 7 and 174-205mmol/l, for the 1 and
3 mm plaque penetration energies respectively.

In conclusion intracoronary argon laser energy (of
twice that which will cause immediate coronary per-
foration) did not give a [K+] change of more than
0 5 mmol/l (that is lysis of 84 million red blood cells);
nor did lower doses ofpulsed XeF, KrF, or ArF laser
energy; both types ofNd-YAG laser are likely to give
localised intracoronary hyperkalaemia especially if
plaque penetration of 1 mm or more is attempted
with each energy delivery; and this is probably due
to deeper penetration of longer wavelengths into
blood and hence more extensive red blood cell
damage.

Attenuation by calcium blockade of the
abnormal response to cold pressor stimulation
in patients with ischaemia and normal
coronary arteries

D S Dymond, J L Caplin, J C O'Keefe,
W D Flatman, S 0 Banim
St Bartholomew's Hospital, London

This study was designed to investigate the effect of
nisoldipine, a calcium antagonist, on the left ventric-
ular and peripheral haemodynamic response to cold
pressor stimulation in 12 patients with angina and
normal coronary arteries. All patients had chest pain,
evidence of ischaemia on excercise electro-
cardiograms, and abnormal responses to exercise on
radionuclide angiography. Patients were imaged at
rest and after 1 minute and 2-5 minutes of cold pres-
sor stimulation before and after 10 mg of oral
nisoldipine. Radionuclide angiograms were per-
formed using gold-195m (half life of 30 5 s). Before
nisoldipine mean (SD) left ventricular ejection frac-
tion fell from 61 (9)% at rest to 55 (9)% at 1 minute
of cold pressor stimulation, and 56 (8)% at 2-5
minutes cold pressor stimulation (both p<0 01 vs
rest). Ten patients showed an abnormal ejection
fraction response to cold pressor (fall in ejection frac-
tion of > 5%). Nisoldipine caused a rise in mean
(SD) resting heart rate from 83 (12) to 92 (21) beats
per minute and a fall in resting systolic pressure from
145(30) mmHg to 136(25) mmHg. Both heart rate
and systolic pressure rose significantly, however,
from rest to both stages of cold pressor before and
after nisoldipine. Moreover the cold induced
increases in heart rate and systolic pressure from
resting levels were not attenuated by nisoldipine at
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either stage. After nisoldipine, left ventricular ejec-
tion fraction was 63 (10)% at rest, 64 (9)% at 1
minute cold pressor, and 65 (6)% at 2-5 minutes cold
pressor (not significantly different) and only three
patients had an abnormal response. Left ventricular
ejection fraction was significantly higher at each cold
pressor stage compared to pre-nisoldipine values
(p <0-001).

In conclusion (a) abnormal response to cold pres-

sor is common in patients with ischaemic syndromes
and normal coronary arteries, (b) this response is
largely blocked by a calcium antagonist, and (c) this
effect is not mediated by blocking the heart rate and
systolic pressure responses to cold stimulation and is
possibly related to inhibition of cold induced coro-

nary vasoconstriction.

Double blind comparison of the effect of
increasing diuretics or adding captopril in the
treatment of moderate cardiac failure

A J Cowley, K Stainer, J M Rowley, J R Hampton
Department of Medicine, University Hospital,
Nottingham

Ten patients with heart failure who remained symp-
tomatic despite treatment with 40mg of frusemide
daily were included in a randomised double blind
crossover study to compare the effect of increased
doses of diuretics with the addition of captopril. The
patients were considered to have moderate heart
failure clinically and as measured by their exercise
tolerance. All patients were maintained on 40 mg of
frusemide throughout the study. They were treated
in random order with an extra 40mg of frusemide
daily for two weeks followed by an extra 80mg of
frusemide for a further two weeks, and with the
addition of captopril 25 mg three times a day for two
weeks followed by 50mg three times a day for two
weeks. Between treatments there was a single blind
period in which placebo tablets were added to the
standard frusemide 40mg. Mean (SEM) symptom-
limited exercise tolerance measured on a treadmill
increased from 13 (1 2) minutes to 15-6 (0 9) minutes
at the end of the period of extra frusemide (p < 0-01)
and from 13-4 (1-2) minutes to 14-9 (0 9) minutes at
the end of captopril treatment (p <005). Venous
occlusion plethysmography showed that both treat-
ments caused arteriolar and venous vasodilatation in
the limbs. In these patients with moderate heart fail-
ure increased diuretics produced a more favourable
short term response than captopril.

Proceedings of the British Cardiac Society

Assessment of ventricular function in aortic
regurgitation by phase analysis ofequilibrium
radionuclide ventriculography

0 J M Ormerod, D L Stone, R W Barber,
E P Wraight, M C Petch
Cardiac Unit, Papworth Hospital, Cambridge and
Department of Nuclear Medicine, Addenbrooke's
Hospital, Cambridge

An objective non-invasive measure of early changes
in left ventricular (LV) function in chronic aortic
regurgitation (AR) would be helpful in deciding the
timing of valve replacement. In this study phase
analysis of equilibrium radionuclide ventricu-
lography was compared with LV ejection fraction
(EF), regurgitant index, and clinical assessment. In
15 control subjects LV phase spread (standard devi-
ation of LV phase values) was 8 0(2.6)0 (mean(2
SD)). A group of 27 patients with chronic AR were
divided independently into those with clinically mild
(group I, n= 8), moderate (group II, n =10), and
severe (group III, n =9) disease. Mean LV phase
spread was normal at rest in groups I (8 2 (2)0) and
II (8-9 (2.4)0) and increased in group III (12 9 (3.7)0)
(mean(SD): II vs III, p<0 05). Phase spread was
abnormal in 1/8 in group I, 2/10 in group II, and 8/9
in group III. EF was normal in all patients at rest and
fell by > 0 05 in six patients (three in group II, three
in group III). In six patients with symptoms phase
spread was abnormal in 6/6 but EF fell on exercise
in only 2/6. The regurgitant index correlated poorly
with measures of LV function.
Changes in regional wall motion defined by phase

analysis are more sensitive than global EF in
detecting abnormalities in LV function due to AR.

Ten year clinical evaluation of models 6400
and 6120 Starr-Edwards isolated mitral valve
replacement

I Th Fessatidis, D R Hackett, Celia Oakley,
R N Sapsford, H H Bentall
Department of Cardiothoracic Surgery and Cardiol-
ogy, Hammersmith Hospital, Royal Postgraduate
Medical School, London

Performance characteristics differ significantly
between various currently available heart valve pros-
theses. To determine the long term outcome of
Starr-Edwards (S-E) mitral valve replacement we
identified 286 patients discharged from hospital who
had isolated mitral valve replacement with S-E mod-
els 6400 or 6120 during 1974-1983. We followed up
279 (97 5%) patients to 1984-a total of 1573
patients-years. Mean age at implantation was 51-6

 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.54.6.609 on 1 D
ecem

ber 1985. D
ow

nloaded from
 

http://heart.bmj.com/


Proceedings of the British Cardiac Society

years, 39 4% were male, and eight (2 87%) had had
previous mitral valve replacements. Ten year mor-
tality was 40 deaths (2-54% patient-years) of which
26 (1-65% patient-years) were cardiac in origin and
eight of these (0 50% patient-years) were directly
valve related. Reoperation was necessary in 13
(4 65%); three (1-07%) because of throm-
boembolism, four (1 -43%) for infective endocarditis,
and six (2-15%) for paraprosthetic regurgitation, all
within the first two years. Total 10 year valve-related
morbidity was 32 (2 03% patient-years) due to
thromboembolism 16 (1-01% patient-years), anti-
coagulant related haemorrhage four (0-25% patient-
years), prosthetic endocarditis four (0 25% patient-
years), haemolysis two (0-12% patient-years), and
paraprosthetic regurgitation six (0-38% patient-
years).
This current prosthesis based assessment docu-

mented satisfactory long term performance charac-
teristics of the S-E mitral models 6400 and 6120
without any recorded episodes of mechanical valve
dysfunction and compares favourably with other
available mitral prostheses.

The assessment of surgical shunt patency by
Doppler

H C Mulholland, M D Shields
Royal Belfast Hospital for Sick Children, Belfast

Range gated pulsed Doppler echocardiography was
used to evaluate the patency of surgically created
systemic-pulmonary artery anastomosis in 41 chil-
dren with cyanotic congenital heart disease and right
ventricular outflow tract obstruction. There were 26
Blalock-Taussig and 15 Waterston shunts. In 24
cases the shunt was diagnosed as being patent by
placing the Doppler sample volume within the
lumen of the shunt as identified on cross sectional
imaging and obtaining the characteristic systolic and
diastolic flow pattern. A further 11 patients in whom
the shunt was not located on cross sectional image
had systolic and diastolic turbulent flow in the pul-
monary artery and its branches (systolic turbulence
alone was present preoperatively). Thirty two of the
33 patients with Doppler diagnosed patency had
clinical evidence of shunt patency (good colour, con-
tinuous murmur). In one case with Doppler patency
the patient was mildly cyanosed but colour improved
once ventilation perfusion imbalance was corrected.
Three shunts were shown to be completely blocked
by finding no flow within shunt lumen (1) or no
evidence of any diastolic flow in the pulmonary
artery or its branches (2). These were confirmed to
be non-patent at cardiac catheterisation (2) and nec-
ropsy (1). Of the remaining six clinically non-patent
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shunts low amplitude Doppler turbulent signals
were present either within the shunt or in the region
of shunt insertion to the pulmonary artery. These
were considered to be partly blocked and this was
confirmed at cardiac catheterisation (5) and oper-
ation (1).

This study confirms that pulsed Doppler echo-
cardiography is a useful tool for assessing shunt
patency after operation.

Anatomic correction for transposition and
DORV-early and intermediate structural
and functional considerations

C Lincoln, M Rigby, E Shinebourne, D Gibson
Brompton Hospital, London

Thirty five patients have undergone anatomic cor-
rection of transposition of the great arteries (TGA).
Ten had intact ventricular septum (TGA/IVS), 17
had ventricular septal defect (TGA/VSD), and eight
had double outlet right ventricle with subpulmonary
VSD (DORV). Their ages ranged from 18 hours to
6 years (mean 11 3 months) and their weights from
2 6-16-4kg (mean 6 1 kg). The TGA/IVS group on
average was younger (mean 1-2 months) and smaller
(mean 3 6kg) than the other two groups. Eleven
patients had pulmonary artery banding, four repair
of coarctation, four had atrial septectomy, and two
had systemic/pulmonary artery shunts performed.
Thirty day hospital mortality was two in TGA/IVS,
six in TGA/VSD, and one in DORV. There have
been no late deaths. Fifteen patients have undergone
cardiac catheterisation and angiography from one to
four years following operation. There has been satis-
factory growth of the great vessels at the site of the
anastomoses. In one patient there is narrowing of the
right coronary artery. Aortic regurgitation has not
been demonstrated. The mean left ventricular-aortic
pressure gradient was 6mm Hg and the right
ventricular-pulmonary artery gradient was
29mm Hg. More precise examination of left ventric-
ular function by frame by frame analysis of ventricu-
lograms indicated normal volumes, ejection fraction,
and shape index changes in all. In six patients
regional wall motion was normally synchronous and
symmetrical. In six there was minor hypokinesis of
the free wall, associated with delay in the onset of
inward motion. Significant asynchrony occurred in
three, affecting the inferior wall in two and the free
wall in one. These changes may reflect the effects of
cardiopulmonary bypass, the correction of volume
overload, or transient interference with coronary
flow.
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Pulmonary atresia in prenatal life

Lindsey D Allan, Diane C Crawford, M J Tynan
Department of Paediatric Cardiology, Guy's
Hospital, London

Of seven cases of pulmonary atresia with intact ven-

tricular septum recognised by echocardiography in
prenatal life, five have had gross dilatation of the
right heart. This is unusual compared with postnatal
series in which a dilated right ventricle is uncommon
unless there is associated Ebstein's anomaly. The
criteria for diagnosis of pulmonary atresia were fail-
ure to visualise the valve opening on systole, no for-
ward flow through the main pulmonary artery in the
three cases evaluated by Doppler, or failure to dem-
onstrate a connection between the main pulmonary
artery and the right ventricle. Cases where these
findings were present but the tricuspid valve attach-
ment was displaced were no included in this study.
In the cases with right ventricular dilatation, the
right ventricular:left ventricular ratio ranged from
1-4 to 3-5 compared with a normal ratio of 10 (0 2).
The main pulmonary artery was smaller than the
aorta in each case, ranging from 0 5 to 0 75, com-

pared with a normal ratio of 1-4(0-4). Tricuspid
incompetence was demonstrated in the two cases

evaluated by Doppler. The degree of lung com-

pression in the five cases with enlarged right ventri-
cles appeared to contribute significantly to the uni-
versal mortality in these cases in our series-one
intrauterine death, two stillbirths, two neonatal
deaths. Relief of the cardiac enlargement during
pregnancy to allow normal lung development during
the last weeks of pregnancy seems to be the logical
method of approach. Will catheter-mediated intra-
uterine surgery ever be able to achieve this?

Does elective hypothermic circulatory arrest
cause brain damage? Influence of its duration
and other perioperative variables in patients
with congenital heart disease

R Ekroth, R Thompson, A Jackson, C Lincoln
Brompton Hospital, London, and Department of
Clinical Biochemistry, Addenbrooke's Hospital,
Cambridge

Surgical repair can be enhanced by use of hypother-
mic circulatory arrest (15°C) when treating very
small patients with complex congenital heart disease.
Brain type isoenzyme creatine kinase (CK-BB) is
known to be released after brain injury. Blood con-

centrations of CK-BB were measured before and
after circulatory arrest and were related to the
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duration of circulatory arrest and other perioperative
variables with a known or assumed impact on the
magnitude of brain injury in 20 patients weighing
less than 8 kg with comnplex congenital heart disease
who were operated on while in profound hypother-
mic and circulatory arrest achieved by topical cool-
ing and core cooling to 15°C. Samples were obtained
from arterial and internal jugular venous blood for
analysis of CK-BB before and for 20 hours after
operation (28 specimens from each patient), and
were analysed by a two site monoclonal antibody
technique. CK-BB concentrations increased from
3-5 (0 5) (mean (SEM)) mg/ml to a peak average of
27(9) mg/ml (range 3 5-240). Venous concen-
trations increased significantly more than arterial
concentrations, indicating a release into the cerebral
venous effluent. The CK-BB concentration curves
were positively related to the arrest time (r=0-9),
post-arrest blood glucose concentration (r=0069),
preoperative haemoglobin concentration (r=0 42);
and were negatively related to age (r=-0- 67), post-
arrest pH (r= - 0 78), and post-arrest haemoglobin
concentration (r=0 76). The correlation coefficient
for preoperative oxygen saturation versus CK-BB
was -041 (p= < -0{02) for the group and -0-61
(p = < 0 05) for those with cyanosis.
These results suggest that plasma analysis of CK-

BB can quantify brain dysfunction and that oxygen
desaturation at levels found clinically may be detri-
mental, giving further support for early rather than
late corrective surgery in patient with cyanotic con-
genital heart disease.

The fate of adults with tricuspid atresia and
normally related great arteries

Carole A Warnes, Jane Somerville
Paediatric and Adolescent Unit, National Heart
Hospital, London

Nineteen patients aged 15-39 years (mean 24) with
tricuspid atresia and normally related great arteries
were reviewed to determine their quality of life and
exercise capacity using a symptom limited treadmill
exercise test (ET) (modified Bruce protocol). Four-
teen had > 1 shunts before 14 years and eight had a
shunt before one year. Ten patients had a Fontan
operation at 9-22 years (group A, mean age now 22)
and nine had either a shunt (8) or no surgery (1)
(group B, mean age now 27). The 10 in group A are
New York Heart Association grade I or II; one is
slightly cyanosed from a small atrial septal defect.
Nine lead a normal life and eight are working or
attend normal school. Nine performed the ET; four
reached stage II; three stage III, and two stage IV.
Seven of group B are New York Heart Association
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grade I or II and two are grade III; all are cyanosed.
Six lead a normal life, but only four are working. All
performed the ET and two only reached stage I;
three stage II; three stage III; and one stage IV. Left
ventricular ejection fraction measured by radio-
nuclide angiography was similar in group A (mean
47%) and eight of group B (mean 46%) and did not
correlate with exercise capacity.

Survival with tricuspid atresia into the fourth
decade is possible exceptionally, even without prior
surgery. Fontan survivors have slightly better exer-
cise tolerance than those with shunts, who are less
likely to work. Despite possible deleterious effects on
left ventricular function from longstanding shunts,
however, patients can have a good quality of life after
simple shunting procedures.

The clinical significance of ventricular
supernormal period in man

G S Butrous, D W Davies, N Debbas, J Erwin,
A J Camm
Cardiac Department, St Bartholomew's Hospital,
London

Clinical assessment of the supernormal period
(SNP) (the interval where a subthreshold stimulus
can excite the ventricle) was performed in 23 patients
during routine electrophysiological studies (7 for
syncope, 2 for conduction defects, 9 for supra-
ventricular arrhythmias, and 5 with ventricular
tachycardia (of whom two were on amiodarone)).
The SNP was assessed with a cathodal and anodal
single ventricular extrastimulus after 8 beats of con-
stant rate atrial pacing at 100 bpm. The cathodal
diastolic threshold was significantly lower than
anodal (0A48(0 2) vs 1 2(0-5) mA, p<0 01). A SNP
(defined as being equal to or > 5% less than diastolic
threshold) was demonstrated in all but three
patients. A cathodal SNP was seen in 20 patients but
only 12(61%) had an anodal SNP. Cathodal SNPs
were more sharply defined but significantly smaller
than the anodal SNPs (51(42) vs 103 (54) ms,
p < 0 05). In patients with no ventricular tachycardia
72% of the cathodal SNPs were within the QT inter-
val measured during atrial pacing at bpm (QT,
370 (28) ms), but only 510% of the anodal SNPs were
within the QT interval. In three patients who had
inducible ventricular tachycardia only 5% of the
cathodal SNPs were within the QT interval (QT,
330 (25) ms). In two patients with ventricular tachy-
cardia largely controlled with amiodarone, 92% and
54% of the cathodal SNP was within the QT inter-
val. Thus SNP can be determined clinically and may
be a useful electrophysiological assessment of the
potential for ventricular tachycardia.
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Automatic diagnosis of ventricular
tachycardia by new methods of electrogram
analysis

D W Davies, R J Wainwright,M Tooley, A J Camm
St Bartholomew's and the Brook Hospitals, London

Pulse generators are implanted specifically for the
management of ventricular tachyarrhythmias (VT).
The diagnosis of VT by such a device is based on
heart rate analysis and is therefore susceptible to
confusion with other tachycardias such as sinus
tachycardia. A diagnostic method which is indepen-
dent of heart rate criteria is essential. Since the shape
of endocardial electrograms is altered by changes of
rhythm, we have compared three methods of electro-
gram analysis for their ability to distinguish VT from
sinus rhythm: fast Fourier transformation (FFT),
gradient pattern detection (GPD), and intrinsic
deflection timing (IT). Simultaneous bipolar and
unipolar electrograms from the right ventricular
apex were recorded between 0-016 and 1 kHz during
sinus rhythm and 11 different VT from 10 patients.
Bipolar electrograms were then analysed by FFT
and by GPD, a program which memorises the
sequence of gradients within an electrogram (based
on a computerised first differential of the electro-
gram) and detects arrhythmias when the pattern of
gradients changes. The third method, IT, was
applied to unipolar electrograms and consists of
measurement of the time (t) between the initial and
intrinsic deflections of these electrograms. With
altered ventricular depolarisation sequence t also
changes allowing VT to be recognised.
Frequency analysis by FFT descriminated VT

from sinus rhythm on only seven occasions whereas
GPD and IT, which rely on analysis of electrogram
morphology, were successful in 10 of the 11 exam-
ples. The changes in t within unipolar electrograms
produced by VT ranged from 15 to 65 ms (mean
38-75 ms). Both GPD and IT failed to distinguish
the same VT which was right ventricular septal in
origin. Analysis of electrogram morphology by GPD
and IT will prove useful in the automatic diagnosis
of VT by implantable devices.

Haemodynamic and symptomatic improve-
ment using dual chamber pacing in
hypertrophic cardiomyopathy

J Erwin, E McWilliams, G Gearty, B Maurer
Royal City of Dublin Hospital and St Vincent's
Hospital, Dublin, Eire

Patients with hypertrophic cardiomyopathy in
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whom drugs have failed to control symptoms and in
whom surgery may not be feasible present a difficult
management problem. Four patients were studied,
three complained of dyspnoea, New York Heart
Association grade III, one grade IV, and all had
maximum drug therapy before assessment. Cardiac
catheterisation had been carried out previously and
echocardiography was repeated before study. Hae-
modynamics were assessed before and during tem-
porary dual chamber pacing using flow directed
thermodilution catheters. Results showed a fall in
pulmonary capillary wedge pressure from 12 (3)
mmHg pre-pacing to 9 (2) mmHg post-pacing with
no change in systemic pressure. Cardiac output was
maintained, being 4-45 (1 47) 1/min pre-pacing and
4-57(1[57) 1/mim post-pacing. The atrioventricular
(AV) delay showing the best haemodynamic
response at rest was 150 msec, close to the resting
P-R interval; short AV delays did not maintain car-

diac output or reduce pulmonary capillary wedge
pressure to the same extent. On the basis of these
results permanent (DDD) pacemakers were

implanted with an AV delay of 150 msec. Patients
noted an impressive clinical response, with two
becoming asymptomatic and two becoming grade I
without previous drug therapy. Echocardiographic
follow up (mean 12 months) showed a reduction in
mitral leaflet systolic anterior motion and less
outflow tract obstruction. We conclude that dual
chamber pacing improves haemodynamics in hyper-
trophic cardiomyopathy, and this is reflected in a
pronounced symptomatic improvement and left ven-
tricular outflow obstruction is lessened.

Adaptation of overdrive pacing rate for
termination of AV re-entry tachycardia with
change in posture-relevance for automatic
software pacemakers

E Rowland, A D Cunningham, A F Rickards
National Heart Hospital, London

The recent introduction of software-based pace-
makers for terminating re-entry atrioventricular
(AV) tachycardia has permitted the use of algorithms
that can adapt to the acceleration of tachycardia
under differing physiological conditions. Atrial sys-
tems are available which terminate tachycardia by
producing second degree block within the AV node.
We have assessed the relation between the rate of
tachycardia and the rate at which second degree
block develops in the AV node in seven patients with
AV re-entry tachycardia undergoing electro-
physiological study. All had presented with sus-

tained episodes of tachycardia and had been resistant

Proceedings of the British Cardiac Society

to treatment with 4-7 oral antiarrhythmic agents.
The patients, aged 18-45 years, were being
investigated for their suitability for antitachycardia
pacing. During sustained tachycardia, rapid atrial
pacing, consisting of a train of 10 beats, was deliv-
ered at a rate 10 beats a minute faster than the tachy-
cardia. The rate of the bursts of rapid atrial pacing
was increased by a further 10 beats a minute until AV
nodal block was produced and the arrhythmia was
terminated. The test was undertaken with the
patient lying and then repeated while the patient was
standing. In each case the rate of tachycardia
increased from the lying (135-210, mean 174 bpm) to
the standing (145-240 bpm, mean 205 bpm) position
and this was accompanied by an increase in each case
of the rate required to cause AV nodal block. The
cycle length of atrial pacing required was 93-80% of
the tachycardia cycle length when the patients were
lying down and 88-68% when the patients were
standing. There was not a uniform degree of per-
centage shortening with change in posture; four
patients required a greater difference on standing
with three demonstrating no change in the ratio. In
three patients implantation of permanent anti-
tachycardia pacemakers confirmed this relation.
Incorporation of these data into algorithms for ter-
mination of re-entry AV tachycardia will not only
allow more rapid adaptation of burst pacing for ter-
mination under differing physiological conditions
but will also permit use of the minimum effective
termination rate and so minimise the risk of produc-
ing atrial fibrillation.

Analysis of the signal averaged surface
electrocardiogram for late potentials after
myocardial infarction

J D Skehan, R Kitney, S Hussain, M Rothman,
A McDonald
The London Hospital and Imperial College,
London

Late potentials are low voltage oscillations
detectable within the terminal QRS of the signal
averaged surface electrocardiogram. Late potentials
alone or a wide QRS (110Ims) may be predictors for
re-entry ventricular tachycardia. We have studied
the importance of these electrocardiographic fea-
tures in patients after myocardial infarction. Major
processing problems include a poor signal to noise
ratio for late potentials and accurate QRS timing.
We have combined signal averaging with additional
processing methods including (a) subtraction of a
polynomial fit from the original averaged electro-
cardiogram and (b) high pass frequence domain
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filtering. These methods are simple and com-
plementary and have advantages over the bi-
directional time-domain filtering and vector mag-
nitude calculation that are usually employed. Of 40
patients after myocardial infarction 15 had a positive
result, five with late potentials, four with a wide
QRS, and six with both. Twenty healthy controls
were negative. Five of the 15 positives had a left
ventricular aneurysm compared with one of 25 nega-
tives. Positive results were found more often when a
submaximal exercise test (5 mets) was abnormal (12
of 28 patients) than when it was normal (3 of 12). No
difference was found between positive and negative
groups in the incidence of ventricular tachycardia
induced by programmed stimulation, and clinical
follow up (8 months) showed no difference in clinical
ventricular tachycardia, which occurred in one
patient from each group.

Ambulatory pulmonary artery pressure
monitoring in the evaluation of angina
pectoris

R D Levy, L M Shapiro, Christine Wright, Lorna
Mockus, K M Fox
National Heart Hospital, London

A method for the continuous measurement ofambu-
latory pulmonary artery (PA) pressure using a trans-
ducer tipped catheter and a simple recording system
has been developed. PA pressure is recorded on a
miniaturised tape recorder and played via an optical
writer and analysed beat-to-beat. The transducer
tipped catheter has been validated against a con-
ventional fluid-filled system, and changes in left ven-
tricular end diastolic pressure are faithfully reflected
in changes in PA diastolic pressure. We have
investigated haemodynamic changes during ST
depression. Continuous 24 hour ambulatory PA
monitoring was performed in 17 patients with coro-
nary artery disease. We have compared the changes
during 36 daytime anginal episodes with those dur-
ing a treadmill exercise test (modified Bruce). On
exercise the onset of PA preceded ST segment
depression in 15/17 patients whereas during sponta-
neous episodes this occurred in 9/34 cases. The mag-
nitude of PA increase and ST depression were not
significantly different. On cessation of exercise the
PA diastolic pressure returned to basal more rapidly
(0-5 min, range 0 2-102) than did the ST segment
(6-2min, range 0-1-25-9 [p<0 01]). During two
painful episodes and two exercise tests there was a
significant rise in PA diastolic pressure but no
change in the ST segment. In five patients with nor-
mal coronary arteries presenting with chest pain,
there was no significant change in the PA diastolic
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pressure on exercise. Thus, ambulatory pulmonary
artery pressure monitoring is a useful technique in
the evaluation of patients with angina.

Coronary vasodilatation by calcitonin gene
related peptide

J McEwan, S Chierchia, G Davies, J Stevenson,
M Brown, A Maseri, I MacIntyre
Hammersmith Hospital, London

The primary RNA transcript of the calcitonin gene
can be modified in a tissue specific manner to give
alternative mRNA's, one of which encodes the calci-
tonin gene related peptide (CGRP). This circulating
peptide, a potent systemic vasodilator, is widely dis-
tributed in the nervous and cardiovascular systems
and has been identified in the periadventitial nerves
of the coronary arteries. We studied the effect on
coronary artery diameter of infusion of saline as con-
trol followed by CGRP in incremental doses into the
left coronary artery. Six patients were examined dur-
ing routine angiography. Four patients had atypical
chest pain and normal coronary arteries and two had
variant angina with coronary spasm superimposed
on non-critical lesions. The maximum dose of
200ng/min for 5 minutes was 1/20th of the max-
imum systemic dose reported and caused no sys-
temic effect other than mild facial flushing. Coronary
arteriography was repeated after each infusion
period and epicardial vessel diameter was measured
manually and by use of a CASS computer system.
No effect of saline was found but a dose dependent
increase in arterial diameter occurred during CGRP
infusion. The maximum increase in proximal
circumflex, and in proximal, mid, and distal left
anterior descending artery diameter was 35%, 200%,
210%, and 83% respectively, with a 32% increase at
the site of the two atheromatous lesions. Intra-
coronary injection of 1-5 pg CGRP relieved
ergometrine induced pain, ST elevation, and coro-
nary spasm in two patients, though prior infusion
had not prevented the spasm.
The demonstration of dilatation of coronary arte-

ries as well as vascular location and systemic vaso-
dilation suggest that CGRP could have a role in the
control of vascular smooth muscle tone.

The effects of beta blocker, calcium
antagonist, and nitrate in patients with
exertional and rest angina

A A Quyyumi, T Crake, C Wright, L Mockus,
R Levy, K M Fox
National Heart Hospital, London
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There is controversy about the mechanisms and
treatment of rest angina. Some believe that vaso-

motor tone alteration is important, whereas others
have shown increases in myocardial oxygen demand
before onset ofischaemia. We investigated the effects
of atenolol 100mg a day, nifedipine 20mg three
times a day, and isosorbide mononitrate 40 mg twice
a day given for five days each in a double blind trial
in nine patients (eight with three vessel disease and
one with single vessel disease) with coronary artery
disease and frequent daytime and nocturnal pain and
ambulatory ST changes. During the last 48 hours of
each treatment period patients kept angina diaries
and had treadmill exercise testing and ambulatory
ST monitoring performed. There was significant
reduction in the number and duration of episodes of
ST change with atenolol when compared with nif-
edipine and isosorbide (atenolol vs nifedipine, 23%
(p<0-01) (atenolol vs isosorbide, 34% (p<0-01).
Nocturnal episodes were reduced with all three
drugs. Pain frequency was greater with isosorbide
than with atenolol (p <0-01). Only one patient had
improvement in exercise tolerance with nifedipine
compared with atenolol, whereas the others exer-

cised more or to an equal workload with atenolol.
This patient had single vessel disease and coronary
tone alteration which may have been an important
factor. Overall, beta receptor blockade was the most
effective means of reducing myocardial ischaemia
occurring at rest and exercise and should be consid-
ered as first line therapy.

Spontaneous variability of ventricular
arrhythmia and its effect on the optimal
duration of electrocardiographic monitoring
required

J P Mulrow, M J R Healy, W J McKenna
Hammersmith Hospital and London School of
Hygiene and Tropical Medicine, London

The biological variability of arrhythmia determines
the duration of electrocardiographic monitoring and
the percentage reduction of arrhythmia necessary to
demonstrate therapeutic efficacy. We have assessed
the variability of ventricular extrasystoles and the
duration of electrocardiographic monitoring neces-

sary to exclude ventricular tachycardia, using 16
patients with hypertrophic cardiomyopathy and
ventricular tachycardia as a model population. They
had 48-168 hours of monitoring (median 72) off
treatment in a one year period; 108 episodes of ven-
tricular tachycardia (0-10, mean 15 per day) were

recorded (52% incidence). Daily ventricular extra-

systole rates were 2-17 693 (median 172). Analysis of
variance showed a difference in ventricular extra-

Proceedings of the British Cardiac Society

systole counts between corresponding eight hour
and 24 hour periods of 48% and 38% respectively.
A sine curve fitted to these counts showed a circadian
rhythm with a peak frequency in the afternoon
(50%) and night (50%). A 73% reduction in mean
ventricular extrasystole frequency on corresponding
eight hour or a 61% reduction on consecutive 24
hours periods was necessary to attribute with 95%
confidence an effect to intervention rather than to
spontaneous variability. The likelihood of excluding
ventricular tachycardia on K days of electro-
cardiographic monitoring with various rates of
occurrence was determined. The probability of fail-
ing to detect ventricular tachycardia was 48% for 24
hours of monitoring, 23% for 48 hours, and 1 1% for
72 hours. We conclude that for patients with hyper-
trophic cardiomyopathy and ventricular tachycardia
48-72 hours of electrocardiographic monitoring is
appropriate to assess drug intervention for ventricu-
lar tachycardia; and that the demonstration of a cir-
cadian rhythm for ventricular extrasystoles indicates
that similar hours ofmonitoring should be compared
in the assessment of an intervention effect.

Evidence that flecainide is superior to diso-
pyramide in suppressing chronic ventricular
premature complexes

A Trosser, Fazia Khan, D E Jewitt
King's College Hospital, London

A double blind cross over comparison of flecainide
200mg twice daily and disopyramide 150mg four
times daily was used to assess efficacy and safety in
13 patients (six with ischaemic heart disease and
seven with hypertensive, valvar, or cardiomyopathic
disease). Each patient had more than 100 ventricular
premature complexes (VPCs) during a 24 hour Hol-
ter monitor screen. Each active treatment period
lasted 14 days, followed by seven days on placebo. At
the start of the trial and at the end of each week 24
hour Holter monitoring was performed. Blood sam-
ples for drug assay were taken at the end of each
treatment or placebo period. Median suppression of
placebo VPC frequency was 94% for flecainide and
53% for disopyramide (p < 0 03). Greater than 80%
suppression occurred in 69% of patients during
flecainide and in 38% during disopyramide treat-
ment (p < 0 01). Complex arrhythmic events, includ-
ing ventricular tachycardia, were significantly less
common during flecainide treatment. Two patients
during flecainide and two during disopyramide had
at least a twofold increase in VPC frequency com-
pared with control, indicating proarrhythmic effects.
The incidence and severity of side effects including
gastrointestinal and neurological symptoms were
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comparable for both treatments. Blood pressure and
heart rate were not altered by either agent. Flecai-
nide produced greater prolongation of PQ and QRS
intervals than disopyramide, sometimes exceeding
normal values. The mean trough blood concen-
trations for flecainide (686(135) ng/ml) and diso-
pyramide (3 26 (029) ig/ml) were within thera-
peutic ranges.
These findings confirm that flecainide is more

effective than disopyramide in suppressing chronic
VPCs and complex ventricular arrhythmias, with no
increase in the incidence of side effects.

Reverse delta wave: a reliable sign of
impending ventricular fibrillation in right
coronary angiography

J C P Crick
Guy's Hospital, London

In a prospective study 22 episodes of ventricular
fibrillation (VF), occurred during coronary angio-
graphy over three years. In 20 cases ECG lead I was
recorded initially and just before the onset of VF. In
four cases VF followed left coronary injection of
contrast medium and in 16 it followed injection of
the right coronary artery or right aortocoronary
graft. In all but one of these cases the development
of a characteristic ECG sign was observed before the
onset of VF. This consists of an S wave having a
sharp downstroke and a slurred upstroke with a
width of at least 100 ms. The pattern resembles the
delta wave of Wolff-Parkinson-White syndrome but
inverted and reversed. In eight cases the reverse
delta wave was the only abnormality preceding VF,
in one case there were also frequent coupled ventric-
ular extrasystoles, in three cases there were sinus
pauses, and in three cases the onset of VF was
obscured by artefact. An analysis of 50 unselected
coronary angiograms from patients with a similar age
and sex distribution and severity of coronary disease
showed the occurrence of the reverse delta wave in
only two cases, in both of which S waves of at least
40 ms width were present in the initial ECG. A lesser
version of the pattern with duration of 40-80 ms was
recorded transiently after right coronary artery
injections in 31 cases.
The reverse delta wave of at least 100 ms duration,

suggesting delayed depolarisation of part of the ven-
tricular myocardium to the right side, possibly the
pulmonary conus, was thus a consistent and specific
indicator of impending VF occurring, as the great
majority did, during right coronary angiography.
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Contrasting effects of the class III agents
amiodarone and sotalol in ischaemic
myocardium

S M Cobbe, B S Manley
John Radcliffe Hospital, Oxford

The cellular electrophysiological effects of ami-
odarone and sotalol were compared in the isolated
perfused interventricular septum of the rabbit heart
during control perfusion and ischaemia. Five rabbits
were treated with oral amiodarone for 2-3 months
and in seven sotalol (10' mol/l) was added to the
perfusate. There were eight control septa in the ami-
odarone group and seven in the sotalol study. Before
ischaemia amiodarone caused a non-significant
increase of 12% in action potential duration
(APD90) and 7% in effective refractory period
(ERP). Action potential upstroke velocity (Vm.) was
reduced by 25%. In contrast, sotalol caused
increases of 52% in APD90 and 31% in ERP, with
no effect on V... During 30 minutes' zero-flow
ischaemia, APD90 shortened in the amiodarone,
sotalol, and control groups, such that neither drug
maintained a persistent class III effect. The ERP in
the sotalol group became significantly shorter than in
controls, while in the amiodarone group there was
gross lengthening ofERP with loss of 1:1 capture in
3/5 muscles. The fall in V.. during ischaemia was
accentuated by amiodarone but lessened by sotalol.
The class III effects of both amiodarone and

sotalol disappear in the ischaemic myocardium.
Amiodarone exerts a major class I action during
ischaemia, while sotalol preserves the sodium chan-
nel, possibly because of a slowing of the rate of accu-
mulation of extracellular potassium. These effects
may account for some of the differences in the thera-
peutic profiles of these two "class III" drugs.

Arrhythmias and left ventricular hypertrophy
in essential hypertension

J McLenachan, E Henderson, C Isles, H J Dargie
Cardiac Department, Western Infirmary, Glasgow

Electrocardiographic (ECG) evidence of left ventric-
ular hypertrophy is a strong risk factor in hyper-
tension and is not closely related to the level of blood
pressure. In primary hypertrophy (hypertrophic
cardiomyopathy) ventricular arrhythmias are com-
mon, and sudden death is known to occur. We
investigated the frequency of ventricular arrhyth-
mias by 48 hour ambulatory monitoring in 90 treated
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hypertensive patients and 30 normotensive control
subjects; in addition, all patients had a standard 12
lead ECG and cross sectional echocardiography
from which left ventricular mass was calculated
using the short axis area-length method. Ventricular
tachycardia (VT) (> 3 complexes) occurred in 13
(14%) of 90 hypertensive patients and in none of the
controls (p < 0-01). There were no differences in age
or in duration of hypertension in patients with or
without VT, although blood pressure levels
(mm Hg) were slightly higher in those with VT
(169-5(6 7)/110*1 (8-3) vs 152-5 (2-6)/98-3 (2.1),
p < 0-05). In those with VT ECG evidence of left
ventricular hypertrophy was more common and left
ventricular mass was significantly greater
(221-9 (21 6) g vs 157-1 (6-6), p < 001). Forty hyper-
tensive patients (44%) had no ECG evidence of
hypertrophy: VT was less common in this group (3
of 40), but couplets and ventricular extrasystoles
occurred more commonly than in the control group
and mean left ventricular mass was significantly
higher (148-5(9-8) g vs 111-9(6 7) g, p<0-01).
Thus ventricular arrhythmias are common in

patients with left ventricular hypertrophy secondary
to hypertension and occur with increasing frequency
and complexity as left ventricular mass increases; as
with other forms of cardiac hypertrophy, the
increased mortality associated with left ventricular
hypertrophy in hypertensives may be related to the
frequency of ventricular arrhythmias.

Proceedings of the British Cardiac Society

UC patients (4-17 (0 4)) (p= 0-0008, p= 0 03). By 24
hours only the DT patients remained hypokalaemic
(3 57(0 44)) (VA 3 90(0.26), UC 3-99(0 34))
(p=0 02). Thus, normokalaemia was achieved
within the first 24 hours in the VA patients
(p=0 007) but was delayed in the DT patients
(p = 002). RBC potassium (mmol/kg dry weight of
erythrocytes) was higher on admission in the VA
patients (287(32)) (DT 244(33), UC 262(35),
p=0 07). This difference became significant at 24
hours (VA 294(29); DT 256(25); UC 258(25),
p=0-01). There were no differences in either RBC
potassium or plasma potassium between the met-
oprolol and placebo treated patients. To investigate
further the use of beta blockade in the prevention of
post-infarction hypokalaemia, plasma potassium was
measured on admission in 30 consecutive patients
with definite infarction who were only excluded from
the previous study because they were taking chronic
beta blockade. Admission plasma potassium was
significantly higher in the beta blocked patients
(4 38 (0 42)) compared with the 36 patients not
taking beta blockade (4 00 (0 42)) (p = -002). The 12
patients taking concurrent diuretic therapy were
equally protected (4 12 (0 42). 3 60 (0 36) (p = 0 03)).
Both selective (14) and non-selective (16) agents
appeared equally effective.
We conclude that changes in cellular as well as

plasma potassium occur early after AMI, particu-
larly in patients developing VA, and could be adre-
nergically mediated. Chronic but not acute beta
blockade is effective in the prevention of post-
infarction hypokalaemia.

Potassium homoeostasis following acute myo-
cardial infarction-the effect of beta blockade

M P Petri, A Zezulka, J Cockroft, R E Nagle
Selly Oak Hospital, Birmingham

To document the effects of acute myocardial
infarction (AMI) on potassium homoeostasis, eryth-
rocyte (RBC) and plasma (P) potassium were mea-

sured serially in 36 patients with definite AMI. Six
of these subsequently developed primary ventricular
arrhythmias (VA), another five were on chronic
diuretic treatment (DT), and 22 cases were uncom-

plicated (UC). Eleven of the 36 patients received
intravenous metoprolol followed by oral metoprolol
and 10 received an identical regimen of placebo.
Sampling was performed on admission, a mean of 8
hours after symptom onset; one hour later; at 24
hours; and 5-7 days later Plasma potassium (mmol/l
(1 SD)) was significantly lower on admission in both
VA (3-62 (0-2)) andDT (3-60 (0 36)), compared with

Exercise induced ST elevation post-infarction:
prognostic importance and relation to site of
infarct

C E Handler, E Sowton
Guy's Hospital, London

The prognostic importance, the mechanism, and the
relation of exercise induced ST segment elevation to
the site of infarction are unclear. Of 339 consecutive
patients with acute infarction, 222 had a submaximal
predischarge stress test. The sites of infarction were
anterior in 94(42%) patients, inferior in 76(34%),
posterior in 6 (3%), and subendocardial in 46 (21 %).
ST shift was recorded in 109 patients: ST depression
in 62(28%), ST elevation in 77(35%), and both
elevation and depression in 30 (13%) patients. New
or additional ST elevation occurred in 73 (42%) of
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the 176 patients with Q wave infarcts and in four
(9%) of the 46 patients with non-Q wave infarcts
(p<0-0001). In patients with Q wave infarcts, ST
elevation always developed over the site of recent
infarction, occurring in 54 patients with anterior
infarcts and in 19 with inferior infarcts. Exertional
ST elevation was significantly more frequent in
patients with anterior than in those with inferior
infarcts (p<0-001) but was not, among those with
anterior infarcts, significantly associated with ST
segment depression in the inferior leads. By uni-
variate analysis, induced ST elevation was predictive
of death during a mean follow up of 14 months
(range 6-36 months).

Therefore, predischarge post-infarction exer-
tional ST elevation is of prognostic importance and
appears to be influenced chiefly by the site and type
of infarct.
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( 9 vs 0 per 24h, p<0 001). Three patients died on
placebo and two were withdrawn from amiodarone,
one with a developing myocardial infarction and
another with worsening atypical ventricular tachy-
cardia.
Amiodarone suppresses ventricular arrhythmias

without deterioration in cardiac status as assessed by
symptoms, exercise performance, and radionuclide
ventriculography in patients with heart failure.
Occasionally it may exhibit proarrhythmic effects.

Lipoprotein profiles in veteran endurance
athletes and age matched subjects with
coronary artery disease and controls

R J Northcote, G Canning, K-M San D Ballantyne
Victoria Infirmary, Glasgow

Effect of amiodarone on arrhythmia and left
ventricular function in heart failure

J Cleland, H J Dargie, I Findlay, J Wilson
Cardiac Department, Western Infirmary, Glasgow

Although ventricular arrhythmias are common in
heart failure and are associated with a poor prognosis
conventional antiarrhythmic treatment is often com-
plicated by further myocardial depression. We com-
pared amiodarone (200 mg/day, after a one week
loading of 600 mg/day) in 22 patients aged 56(8)
years, of whom 19 were men and all of whom had
heart failure due to left ventricular dysfunction of
New York Heart Association class II or III, with
identical placebo in a double blind crossover study
with three month treatment periods. Patients were
selected on the basis of heart failure rather than
arrhythmia. The median daily dose offrusemide was
120mg/day and 10 were also receiving captopril.
Visual analogue scores for breathlessness were simi-
lar on placebo and amiodarone (29 (17) vs 26 (14) cm
respectively). Resting heart rate fell from 79 (12) on
placebo to 70(10) beats per minute (p<0-01) but
blood pressure was unaffected. Treadmill exercise
performance (modified Bruce protocol) also was
unimpaired and resting and exercise ejection fraction
were similar on placebo and amiodarone (12-2 (3-8)
vs 12-7 (3) minutes, 24(10) vs 25 (12)%, and 25 (14)
vs 28 (13)% respectively). Amiodarone reduced ven-
tricular extrasystoles (900 vs 175 per 24 h, p <0001,
median values), complex ventricular arrhythmias (27
vs 2 per 24 h, p < 0 001), and ventricular tachycardia

Increased plasma total cholesterol, very low density
lipoprotein (VLDL), and possibly total triglyceride
concentrations may be associated with an increased
risk of coronary artery disease (CAD). In contrast,
high density lipoprotein (HDL) and in particular its
subfraction HDL2 has been shown to have a strong
negative correlation for the presence of CAD. Stren-
uous exertion has been shown to have a beneficial
effect on plasma lipoproteins. The long term effects
of exercise training on plasma lipoproteins, however,
have not been described. We measured plasma lipo-
proteins in 20 male lifelong endurance runners with
a mean age of 52 years, a group of normal controls,
and a group of subjects with known CAD. All groups
were closely matched in terms of age, body mass
index, and dietary fat intake. Plasma total cholesteral
was slightly higher in those with CAD (p =NS).
Plasma total-triglyceride, however, was significantly
increased compared with both controls and athletes,
as was VLDL which was raised in both controls and
those with CAD (p < 0 01). Total HDL was higher
in the athletic group than in the controls (p <0-01)
and in subjects with CAD (p < 0 05). Plasma HDL2
was significantly higher in the runners 67 (251)
mg/dl than in the controls (49 (26 7) mg/dl,
p <0-001) and in those with CAD (33 (22-5) mg/dl,
p < 0-001). HDL3 was significantly lower in controls.
Thus the HDL2 to HDL3 ratio was 0 286 in athletes,
0-243 in controls, and 0-155 in those with CAD
(p<O-01).
These results suggest that habitual endurance

improves the plasma lipoprotein profile with regard
to risk for CAD.
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Is myocardial metabolism uniform?

Ann Tweddel, W Martin, I McGhie, I Hutton
Department of Medical Cardiology and Cardiac
Surgery, Royal Infirmary, Glasgow

Fatty acids are important substances for myocardial
metabolism at rest and during ischaemia. The myo-

cardial handling of radioisotope labelled fatty acids is
thought to provide a measure of myocardial metabo-
lism as well as perfusion. Iodine-123 labelled hep-
tadecanoic acid can be imaged using a standard
mobile gamma camera interfaced to a computer for
the analysis of washout curves for the whole heart
and the three regions of interest appropriate to the
three major coronary arteries. Sixteen apparently
healthy volunteers (10 males and 6 female) were

scanned in the 30°-40° left anterior oblique
projection after the administration of40mBq of fatty
acid. Initial distribution of fatty acid mirrored that of
thallium-201. Mean left ventricular fatty acid wash-
out (t 1/2 in minutes) was similar for males (40- 1 (2- 1)
min) and females (41-5 (5 7) min). In the left ventric-
ular territory supplied by the left anterior
descending artery, mean washout was 35-4 (1-5) min
in men and 38 (4 8) min in women. Washout was

slower in the territory supplied by the circumflex
artery (44 (2 8) min male, p < 0-01; and 42-5 (4 9) min
female) and considerably slower in the inferior por-

tion of the ventricle supplied by the right coronary

artery (51 3 (2-8) min male, p < 0-01; and 54 (7- 1) min
female, p < 0-05). No background subtraction was

used because regions of interest over the lung gener-

ated washout curves suggestive ofactive metabolism,
and blood clearance curves suggested an acceptably
low measure of activity within 15 min in males and a

mean of 11 min in females.
In conclusion, there appear to be significant

regional differences in myocardial metabolism, and
this has implications in the assessment of the patient
with coronary artery disease.

Non-invasive haemodynamic assessment of
mitral prosthetic function by Doppler
ultrasound

I A Simpson, J C Rodger, A C Tweddel,
A B Houston, I J Reece,
University Departments of Medical Cardiology and
Cardiac Surgery, Royal Infirmary, Glasgow

Forty one patients with a mitral valve prosthesis (28
tissue, 13 mechanical) were assessed by means of

Proceedings of the British Cardiac Society

pulsed and continuous wave Doppler ultrasound.
Cardiac catheterisation including biplane left ven-
tricular angiography was performed in 38 patients.
Mean valve gradients were obtained in 28 patients
and ranged from 0 to 18 mmHg (mean 5-8 mmHg).
Continuous wave Doppler was performed from the
apical position using a Vingmed Alfred Velocimeter
in conjunction with spectrum analysis and valve gra-
dients were calculated using the modified Bernoulli
equation. Mean Doppler gradients ranged from 0 to
12 mmHg (mean 5-4 mmHg) and correlated well
with those obtained independently at catheterisation
(r=0-85). One patient with significant prosthetic
stenosis at catheterisation was correctly identified by
a prolonged mitral pressure half-time of 410ms
(compared with <200 ms in all non-obstructed
prostheses) and two patients with obstructed
mechanical prostheses (mitral pressure half-time
> 500 ms) had operation without catheterisation.
Mitral regurgitation was identified in 17 patients at
angiography (mild in four, moderate in three, and
severe in 10). Continuous and pulsed wave Doppler
performed in all patients detected mitral regur-
gitation in 16 of the 17 patients and the extent of left
atrial turbulence correlated well with the severity of
regurgitation at angiography (r=0-88).

In conclusion, pulsed and continuous wave
Doppler ultrasound can provide an accurate non-
invasive haemodynamic assessment of mitral pros-
thetic valve function.

Sensitivity of echocardiography in infective
endocarditis

P Nihoyannopoulos, R A Foale, B Stockins,
C M Oakley
Cardiovascular Unit, Royal Postgraduate Medical
School, Hammersmith Hospital, London

We prospectively studied 55 consecutive patients
with a first episode of native valve endocarditis to
evaluate the sensitivity of cross sectional echo-
cardiography in the depiction of valvar vegetations
and the potential sources of error. The underlying
cardiac abnormality was of non-rheumatic origin in
26 patients with the infection located at the aortic
valve in 12, the mitral valve in 10, and the tricuspid
value in four. In 20 others the heart was previously
normal with the aortic valve involved in eight, the
mitral valve in six, aortic and mitral valves in one,
and tricuspid value in five. Only nine patients had
previously had valve abnormalities of rheumatic ori-
gin (six aortic, two mitral, one aortic and mitral).
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Vegetations were recognised in 34(62%) patients,
two of whom also had aortic root abscess. Seven
more were found to have vegetations at operation or
at necropsy (false negatives). No false positives were
identified among 29 patients with anatomic
confirmation of vegetations. The sensitivity of cross
sectional echocardiography in predicting vegetations
was 78% in patients who previously had a valvar
abnormality of non-rheumatic origin, and all of the
vegetations that were missed involved heavily
calcified aortic valves. Sensitivity was 93% in those
who previously had a normal heart but only 33% in
patients with rheumatic heart disease. The overall
sensitivity of the method was 76%. There was no
difference in the predictive accuracy according to
which valve was infected.

Cross sectional echocardiography is a sensitive
method for detecting vegetations and intracardiac
abscesses except in rheumatic valve disease and
calcific aortic stenosis, when its diagnostic accuracy
is low.

Inappropriate left ventricular hypertrophy in
mild hypertension: echocardiographic study
in middle aged subjects

T Crake, Caroline Westgate, L M Shapiro
National Heart Hospital, London

A prospective echocardiographic study was per-
formed in 106 patients (35-60 years) with hyper-
tension. Patients were excluded if there were other
causes of left ventricular hypertrophy (LVH), myo-
cardial infarction, or LV dilatation. LVH (posterior
wall or septal thickness > 1-3 cm) was present in
67(64%) and was severe (>1-8cm) in 31(29%).
Most hypertensives showed a linear relation with a
significant (p<0 001) but modest correlation
between the systolic blood pressure (BP) and LV
mass and ratio of wall thickness to cavity radius
(H:R) (r=0-77 and 0-51 respectively). Seven
patients, however, could be identified with mild
hypertension (systolic BP 145-165 mmHg) who
differed in their LV response to increased systolic
BP. Their LV mass and H:R were at least as great as
those found in severe hypertensives and their calcu-
lated systolic wall stress was substantially lower.
These seven patients appear to have inappropriate
LVH. In this group of patients with inappropriate
LVH there was a relatively uniform echo-
cardiographic appearance with pronounced wall
thickening and a small to normal sized LV cavity.
The peak rate of dimension increase and wall thin-
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ning were significantly reduced from normal
(p < 0-001). The presence of severe LVH in mildly
hypertensive patients was a relatively common
finding and such patients appear to present a consis-
tent echocardiographic appearance with a small
hypertrophied ventricle and abnormal diastolic
properties. These findings are important because
LVH is a strong predictor of increased cardio-
vascular mortality.

Pitfalls in the comparison of Doppler
estimates of aortic flow velocities with cardiac
catheterisation data

F Carreras, B C Thwaites, G Castle, L Shapiro,
R Donaldson
National Heart Hospital, London, and Hospital de
Sant Pau, Barcelona, Spain

We have compared the Doppler derived peak left
ventricular-aortic pressure gradient with the peak to
peak gradient measured at catheterisation in 30 con-
secutive cases. Three cases of aortic stenosis with
unsatisfactory recordings were excluded. In the
remaining 27 cases an excellent correlation (0-82)
was obtained between the two methods. While
underestimation of jet velocities is a technical pitfall,
there are also conceptual pitfalls, especially when the
Doppler gradient exceeds the catheter gradient; our
series included five such examples. In these, the dif-
ferences in gradient between the two methods were
82, 47, 36, 36, and 29mm Hg. The major explanation
for these differences is that the peak Doppler gra-
dient is an instantaneous gradient which is not
equivalent to the peak to peak pressure gradient mea-
sured at catheterisation which measures two non-
instantaneous pressures. The maximum instanta-
neous gradient is greater than the peak to peak one,
with the difference diminishing as the severity of an
aortic stenosis increases. Thus, in mild aortic steno-
sis the Doppler gradient exceeds the peak to peak
gradient, a difference enhanced by increased flow
with aortic regurgitation. Echo-catheter obser-
vations separated in time and variations in heart rate
also contribute to differences. All five of our anoma-
lous cases had moderate or severe aortic regur-
gitation with increased aortic flow as the prime cause
of unexpectedly high Doppler velocities. To avoid
such pitfalls, attention should be directed towards
the spectral signal in aortic valve disease; the mor-
phology of forward jet velocities; the morphology,
intensity, and mapping of aortic regurgitant veloci-
ties; and the subvalvar velocities. Peak Doppler gra-
dients are often compared with peak to peak gra-
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dients with generally good results, but unless the
incompatability of the two measurements is recog-
nised, misleading clinical data will be obtained in
certain cardiac conditions.

Assessment ofpulmonary hypertension by two
Doppler echocardiographic methods

B C Thwaites, F Carreras, L Shapiro, G Castle,
R Donaldson
National Heart Hospital, London, and Hospital de
Sant Pau, Barcelona, Spain

Non-invasive assessment of the degree ofpulmonary
hypertension is of prime clinical importance. Using
two Doppler echocardiographic methods we have
estimated pulmonary artery (PA) systolic pressure in
21 patients undergoing cardiac catheterisation. The
cardiac abnormality was rheumatic in eight, coro-
nary disease in four, mitral valve prolapse in three,
congestive cardiomyopathy in three, and calcific aor-
tic valve disease in two. In one patient no organic
heart disease was documented. The main PA flow
velocities and the flow velocities of tricuspid regur-
gitation (TR) were recorded at each Doppler study.
From the spectral display of pulmonary velocities
obtained, the time to peak velocity (TPV) and the
right ventricular ejection time (RVET) were mea-
sured. The maximum velocity of TR (Vmax) was
determined from the spectral trace and the modified
Bernoulli equation (gradient= 4 x Vmax2) was
applied to find the peak gradient between the right
ventricle and the right atrium. A small correction
was made for right atrial pressure estimated clin-
ically and the right ventricular systolic pressure
thereby derived. In the absence ofobstruction this is
equivalent to systolic PA pressure. In five patients no
TR could be documented but in four ofthem systolic
PA pressure was 31 mmHg or less. In two patients
no PA velocities could be detected. Tricuspid regur-
gitation estimated systolic PA pressure, TPV, and
TPV/RVET were correlated with the systolic PA
pressure measured at cardiac catheterisation (r val-
ues 0-96, -0 49, -0-38 respectively). Time to the
peak of the pulmonary artery velocities correlated
poorly with systolic pulmonary artery pressure, but
this interval may be altered by several factors,
especially the compliance of the vascular bed. Pul-
monary artery pressure derived from the trans-
tricuspid gradient showed an excellent correlation
with that obtained at cardiac catheterisation. Pro-
vided there is tricuspid regurgitation this method
provides extremely useful clinical information.

Proceedings of the British Cardiac Society

Coronary blood transit: effects of nifedipine
assessed by parametric digital subtraction
angiography

R Hayward, G Hunter, H Swanton, R Emanuel
Departments of Cardiology and Imaging, Middlesex
Hospital, London

Blood flow through stenotic coronary arteries and
the effects of nifedipine have been investigated in six
patients with left anterior descending coronary
artery disease (>70% stenosis). The heart rate is
fixed by pacing. Selective left coronary contrast
injections were imaged with an ECG gated digital
system, providing three 256 x 256 pixel matrices per
cardiac cycle. In the present algorithm, contrast den-
sity is plotted against time for each pixel. Colour
coded cardiac images are provided in which areas
sharing common times to attainment ofpeak contrast
density are indicated by isochrones (the Tmax
image). A further program generates an isochrone
map based on times to attainment of half peak con-
trast density (the T 1/2max image). Times have been
expressed in terms of cardiac cycles. At basal heart
rate Tmax was attained within 8-13 cardiac cycles of
first contrast injection in all myocardial areas; all
patients showed anteroseptal Tmax and T1/2max
delays of 1-2 cycles on isochrone images. After sub-
lingual nifedipine (10-20 mg) shortening of Tmax
and T '/2max by two cardiac cycles occurred in the
post-stenotic territory in two patients, with a one
cycle reduction in the remaining four subjects. Sub-
anginal overdrive pacing (three subjects) further
shortened Tmax and T '/2max in both normal and
under-perfused regions, but did not further reduce
regional perfusion uniformity as assessed by this
method.

This technique is sensitive to physiological
changes in coronary flow rates. Results suggest that
rates of flow to the heart downstream of a coronary
stenosis can be improved with nifedipine.

Magnetic resonance assessment of left
ventricular wall motion-

R S 0 Rees, S R Underwood, P E Savage,
R H Klipstein, D N Firmin, K M Fox,
P A Poole-Wilson, D B Longmore
Magnetic Resonance Unit, National Heart and
Chest Hospital, London

Magnetic resonance provides high resolution images
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of the heart allowing non-invasive assessment of car-
diac structure and function. This study investigates
the validity of left ventricular wall motion deter-
mined by magnetic resonance. Coronal and sagittal
magnetic resonance images were acquired at end
diastole and end systole through the aortic valve and
the plane of widest diameter of the left ventricle
respectively, using a Picker Intemational machine
(0-24 tesla). These images were compared with ante-
roposterior and lateral x ray contrast ventricu-
lograms by two independent observers. The left ven-
tricular wall was divided into three segments, and
the motion of each segment was classified as normal,
hypokinetic, akinetic, or dyskinetic. Muscle thick-
ness was classified as either normal or thin in the
systolic magnetic resonance images. 18 patients were
studied-2 normal subjects, 9 with previous myo-
cardial infarction, 4 with coronary artery disease
without infarction, 1 with congestive cardio-
myopathy, 1 with mitral stenosis, and one with an
atrial septal defect. One lateral ventriculogram was
uninterpretable; thus there was a total of 105 seg-
ments. Wall motion comparisons were the same in 68
segments, differed by one class in 32 segments, and
by 2 classes in 5 segments. In three of these 5, mag-
netic resonance showed the segment to be akinetic
and thin at the site of a previous infarct, whereas
ventriculography showed normal motion. The
fourth was in the patient with atrial septal defect, in
whom magnetic resonance showed paradoxical sep-
tal motion which was confirmed by echo-
cardiography. In the fifth, magnetic resonance
showed normal motion without thinning, and ven-
triculography showed akinesis in a patient with coro-
nary artery disease without infarction. These
differences may be explained by the difference
between the tomographic section and an x ray
projection. Magnetic resonance showed 20 segments
to be thin, and these were all in subjects with pre-
vious myocardial infarction. Only 1 subject with
infarction (3 months previously) did not have an area
of wall thinning.
Magnetic resonance provides an accurate non-

invasive assessment of left ventricular wall motion
and wall thinning.

Myopotential sensing and DDD pacemakers

J E Sanderson, R B G Palmer, B Y Wright
Taunton and Somerset Hospital (Musgrove Park
Branch), Taunton, Somerset
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Myopotential sensing is a well recognised problem
with VVI pacing. Therefore, we have looked partic-
ularly for this potential hazard in our patients with
DDD pacemakers where there is the possibility of
both atrial and ventricular sensing, in order to find
out whether myopotential sensing or inhibition is a
significant problem in these patients. Seventy-four
patients with DDD pacemakers were routinely
assessed by a standard test of pectoral muscle stimu-
lation. In addition 38 patients had 24 hour ECG
(Holter) monitoring done 3-5 days and one month
after implantation. The result from standard testing
showed that ventricular inhibition was commonly
produced (63% of patients) but this appeared to be
responsible for symptoms in only a small number
(15%) of patients. Atrial sensing was less common
(16%) but produced symptoms in a much greater
proportion of patients (42%). The results from the
24 hour ECG tape recordings showed similar
findings: 55% of patients were found to have epi-
sodes of ventricular inhibition (up to 4 6s), which
occasionally occurred during sleep; 11% had atrial
sensing; and the percentage of patients with symp-
toms was also similar (14% ventricular, 50% atrial).
The symptoms were abolished by reprogramming
the pacemaker in all but one patient (although some
units have inadequate sensitivity ranges).
This study shows that myopotential sensing is

common with DDD pacemakers and that routine
testing by pectoral muscle stimulation is as good a
screening test as 24 hour ECG monitoring.

A modified energy delivery system for lower
energy ablation

E G Boyd, P M Holt, E Sowton
Guy's Hospital, London

Ablation of atrioventricular (AV) nodal conduction
has been performed with low energies and active
fixation electrodes. These catheter electrodes have
high internal resistances and therefore alter the
delivered energy time relation. We have investigated
whether a modified energy system would allow suc-
cessful ablation using-standard USCI electrodes and
lower energies. In vitro experiments were performed
with various resistors. A USCI plus 50 ohms pro-
duced a waveform with characteristics similar to the
Helifix without a guidewire. Ten patients were
treated, five male and five female. Nine had par-
oxysmal atrial fibrillation (AF) and one had dual AV
nodal pathways. The energy delivery system consis-
ted of a standard defibillator with a 50 ohm resistor
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in series with the electrode output. The stored and
delivered energy was measured. All shocks were
delivered cathodally via the distal electrode of a 6F
bipolar USCI pacing lead. Using a stored energy of
200 J (delivered energy 99 J), these patients all devel-
oped complete heart block immediately after the
procedure. Lower delivered energies failed to pro-
duce complete heart block. Four patients required
one shock and six patients required two shocks (max-
imum total energy delivered 198J). Six patients
remain in complete heart block while two have first
degree AV block and right bundle branch block
(RBBB). These eight patients remain asymptomatic
and have permanent pacemakers. Two patients
remain symptomatic, both have RBBB, one with
additional first degree block.

Therefore 80% of our group are asymptomatic on
no drug treatment. There were no complications.
Energy requirements for successful ablation of AV
nodal conduction can be reduced somewhat for the
USCI electrode if a modified energy delivery system
is used. This remains less efficient, however, than the
method incorporating an active fixation electrode.

Idiopathic infantile hypercalcaemia
(Williams-Beuren syndrome) and associated
cardiac anomalies: a clinical and
echocardiographic study

U S V Balaram, S Karas, K A Hallidie-Smith
Department of Clinical Cardiology, Hammersmith
Hospital, London

Idiopathic infantile hypercalcaemia (IHC) is often
recognised to be associated with supravalvar stenosis
and peripheral pulmonary artery stenosis. Occa-
sionally, however, there have been reports of other
associated cardiac abnormalities. As there was no
previous large cardiological survey analysing the
incidence and types of various cardiac defects seen
with this syndrome, the present study was designed.
Sixty six IHC patients with a mean age of 10 years
were studied. A complete cardiovascular examn-
ination including recordings of blood pressures in
both arms and legs was carried out. Cross sectional
echocardiographic (CSE) recordings were made in
all standard echocardiographic planes. Pulsed
Doppler echocardiography (PDE) was used to detect
any abnormal flow across the cardiac chambers and
valves. In 58(88%) cases the blood pressures were
normal for age, being raised in only six (12%) cases.
In 17(25%) cases there were clinical features sug-
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gestive of peripheral pulmonary artery stenosis but
CSE and PDE demonstrated the lesion in only two
of these 17 cases because of the more peripheral site
of obstruction. Coarctation of aorta was resected in
two (3%) cases and two others had reconstruction of
aortic root. Echocardiography showed that (a) in 60
(95%) of 62 unoperated cases in which a good echo-
cardiogram could be obtained there was evidence of
abnormal indentation at the sinotubular junction
and Doppler showed varying turbulence depending
on the severity of obstruction with minimal or no
turbulence in those cases with absent neck murmurs;
(b) eight (12%) cases had bicuspid aortic valve; (c)
eight (12%) cases showed associated mitral valve
prolapse; and in three (5%) cases there was valvar
pulmonary stenosis, with one of these cases having
associated ventricular septal defect.
This study indicates that although abnormal aortic

root and peripheral pulmonary stenosis are the
important cardiac anomalies associated with IHC,
the occurrence of other associated defects is not
uncommon.

Doppler echocardiography following
anatomical correction of transposition of the
great arteries

J L Gibbs, S A Qureshi, R Radley-Smith,
M H Yacoub
Killingbeck Hospital, Leeds, and Harefield
Hospital, Middlesex

Nineteen patients who had undergone anatomical
correction of transposition of the great arteries
between the ages of 1 week and 10 years were studied
by pulsed and continuous wave Doppler echo-
cardiography one month to 98 months following
operation. Systolic aortic velocities were normal in
all but one patient, but mild aortic regurgitation was
detected in 10. Elevated flow velocities. either at pul-
monary level, at the pulmonary artery bifurcation, or
in the left pulmonary artery were detected in four-
teen patients. Adequate Doppler sampling of the
right pulmonary artery was not achieved. The site of
obstruction to pulmonary flow and the presence and
severity of aortic regurgitation detected by Doppler
echocardiography correlated well with cardiac cath-
eterisation performed in 16 patients at a mean inter-
val of 35 months before study by Doppler. Peak
velocities across the atrioventricular valves were
found to be significantly higher than normal, sug-
gesting that ventricular compliance in this group of
patients may differ from normal. No pathological
atrioventricular valve regurgitation was seen. The
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principal limitation of Doppler echocardiography in
this study was the inability to obtain flow velocities
from the right pulmonary artery. Doppler echo-
cardiography provides valuable information follow-
ing the arterial switch operation and may avoid the
need for repeat cardiac catheterisation.

Hypoplastic left heart syndrome and 45X
karyotype

H van Egmond,W Oreye, D Matthys, H Verhaaren,
Anne Devloo-Blancquaert
Paediatric Cardiology Department, State University
Gent, Belgium

In reviewing 63 patients with 45X karyotype
(Turner syndrome) admitted to our institution over
the period 1972-85, 20 (31-7%) had one or more
cardiac malformations (mostly coarctation and aortic
stenosis). Of these 20, four (20%) died in the neo-
natal period with an hypoplastic left heart syndrome
(HLHS). One infant had a severe mitral and aortic
stenosis with a very small left ventricle and died at
age of 35 days. The other three had a typical HLHS
including aortic atresia and died between the second
and seventeenth day of life. In three of the four cases
Turner syndrome (TS) was clinically suspected.
One of the clinically suspected TS had a mosaicism
(46XX, 45X); the other three had a 45X karyotype.

Forty patients were admitted to our department
during the same period with the diagnosis ofHLHS;
there were 15 girls and 25 boys. Of the 15 girls, four
(26 6%) had 45X karyotype. The high incidence of
HLHS in TS and ofTS in girls with HLHS has not
been recognised in published reports, and HLHS
should be added to the list of expressions of the 45X
karyotype. This study also accords with the flow
theory in which coarctation is regarded as a con-
sequence of a slight degree of fetal left ventricular
obstructive disease, HLHS being as extreme form of
the same malformation.

Echocardiography and ambulatory electro-
cardiography in patients with tuberous
sclerosis

J L Gibbs
Non-Invasive Heart Unit, Killingbeck Hospital,
Leeds

The purpose of this study was to estimate the inci-
dence of echocardiographic and electro-
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cardiographic abnormalities in patients with tuber-
ous sclerosis. Eleven patients with tuberous sclerosis
agreed to participate in the study. Their ages ranged
from 4 years to 38 years (mean (SD) 20-3 years (13)).
All patients underwent cross sectional echo-
cardiography and 24 hour ambulatory ECG mon-
itoring. In seven of the eleven cases echo dense nod-
ules ranging from 3 mm to 12 mm in diameter were
detected within the myocardium. These masses
occurred most commonly in the ventricular septum,
but they were also seen in the posterior left ventric-
ular wall and papillary muscles. In patients with
abnormal echocardiograms, sinus tachycardia at
rates up to 150 beats per minute occurred in two
patients during seizures and in two it was unrelated
to seizures; paroxysmal abrupt sinus slowing
occurred in three; and supraventricular tachycardia
at rates up to 150 beats per minute in two. One
patient with a normal echocardiogram showed ven-
tricular pre-excitation with paraxysmal tachycardias
at rates up to 180 beats per minute.

In conclusion, echocardiographic abnormalities
suggestive of rhabdomyoma are commonly seen in
patients with tuberous sclerosis. Echocardiography
should be routinely performed in such patients.
Ambulatory ECG monitoring may detect dis-
turbances in cardiac rhythm in some cases and
should be considered when there are symptoms sug-
gestive of a possible cardiac rather than a cerebral
aetiology.

Functional correlates of cardiac rejection
from intramyocardial markers

I Amende, A Seegers, R Simon, R Hetzer,
P R Lichtlen
Medical University, Hannover, West Germany

The motion of seven radio-opaque midwall markers
implanted at operation was followed in eight patients
at fixed intervals (10-14 days) over 70-165 days after
orthotopic cardiac transplantation. On the same day
as right ventricular myocardial biopsy, each patient
had cineradiography of his markers at 100 frames/s
in either biplane 30° right anterior oblique (RAO)
and 600 left anterior oblique (5 patients) or single
plane 300 RAO (3 patients). A radio-opaque sphere
of known diameter was imaged at the level of the
heart to determine the correction factor for x ray
magnification. Marker volumes were calculated by
the area-length method using a computer assisted
system, and ejection fraction, peak ejection rate, and
peak filling rate were derived. Ejection fraction, end
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systolic volume, and peak ejection rate remained
almost constant over the period of observation. At
times of severe rejection, as evidenced by myocyte
necrosis in the biopsy specimen, however, there was
a reduction in end diastolic volume and in peak
filling rate. Thus systolic function was preserved but
diastolic function was deranged, a pattern similar to
that seen in early restrictive cardiomyopathy. After
resolution of rejection, end diastolic volume and
peak filling rate returned to baseline values. Com-
pared with histological evidence of severe rejection,
the functional correlates from markers yielded a sen-
sitivity of 86% and a specificity of 94%.

In conclusion (a) histological evidence of severe
rejection in transplanted hearts is associated tempo-
rally with abnormal diastolic function and relative
preservation of systolic function of the left ventricle,
and (b) serial cineradiography of implanted markers
in transplanted hearts may be a useful non-invasive
tool for timing myocardial biopsy to detect rejection.

Do hyperkalaemic cardioplegic solutions
damage vascular endothefium?-studies on
vascular responsiveness in the rat heart

C B R Saldanha, MV Braimbridge, D J Hearse
Heart Research Department, The Rayne Institute,
St Thomas' Hospital

Although cold chemical cardioplegic solutions are
widely used for myocardial protection during open
heart surgery, their effects on the vascular endo-
thelium have not been characterised in detail. Pro-
tection of the vascular endothelium should be of
great importance since damage to it predisposes to
platelet deposition, atherosclerosis, thrombus for-
mation, and myocardial infarction. Using the iso-
lated Langendorff perfused rat heart, we measured
the effect on coronary flow (ml/min) of optimally
active concentrations of either 5-hydroxytryptamine
(1 x 10-7 mol/l) or papaverine (5 x 10-6 mol/l).
The drugs were added to the perfusate (37°C, 60 cm
H20 perfusion pressure) for a three minute period
before and after 30 minutes ofhypothermic infusion
(20°C, 100 cm H20) with a cardioplegic solution
containing 25 mmol/l potassium. Before cardioplegia
both 5-hydroxytryptamine and papaverine caused a
similar increase in coronary flow (+21 2(1-6)% and
+22-8(1 6)% respectively; eight hearts in each
group). After cardioplegia the response to
5-hydroxytryptamine was completely lost and a
slight vasoconstriction was observed (-0-2(1 2)%),
whereas there was no significant change in the
response to papaverine which maintained a

+ 23-7(1+4)% vasodilatation. Since 5-hydroxy-
tryptamine is thought to exert its vasodilatory effect
mainly via the release of an endothelium dependent
relaxant factor, the results indicate that hyper-
kalaemic crystalloid cardioplegic solutions may
injure the endothelium or some aspect of its func-
tion. This conclusion is reinforced by the mainte-
nance of the vascular response to papaverine which
acts directly on the smooth muscle cells and is inde-
pendent of the endothelium.

Do cardiac glycosides exert positive
inotropism in sinus rhythm?

L B Tan, R G Murray, A C Tweddel, I Hutton
University Departments of Cardiology,
Birmingham and Glasgow

In this bicentenary year of cardiac glycosides the
debate centres around whether digitalis can exert
positive inotropism in heart failure with sinus
rhythm. Using a newly developed analytical method
which enables us to identify inotropic changes in an
exercising patient, this question was studied in 10
cardiac failure patients (New York Heart Association
classes III and IV) at rest and during exercise. Hae-
modynamic data were collected before treatment
(C), after acute intravenous ouabain (0), and after
six weeks of maintenance treatment with digoxin
(D). There were no detectable inotropic changes at
rest after either glycoside. During exercise, however,
three of the patients after ouabain and six after
chronic digoxin therapy demonstrated true positive
inotropic effects, as shown by greater hydraulic
power outputs of the hearts, compared with those
achieved during C, that could not be accounted for
by alterations in peripheral resistance, heart rate, or
filling pressure. The heart rates during exercise were
not significantly different (125 (8 6) C, 120 (7 3) 0,
and 122 (4 5) D bpm). There were significant falls in
left ventricular filling pressures from 39 (3) mm Hg
(C) to 34 (3) (0) (p < 0-06), and to 33 (3) (D) (p <
0 02). The cardiac hydraulic power outputs for all
patients rose significantly from 1 54 (0 63) W (C) to
1 80 (0 67)W (0), (p < 0 01) and 1-96 (0 85)W (D),
(p < 0o01).

In conclusion, both intravenous ouabain and
chronic oral digoxin can exert true positive inotropic
effects during exercise but not at rest in a subset of
heart failure patients with sinus rhythm.
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Sensitivity and specificity of coronary artery
bypass graft patency estimation by cine
computed tomography

M R Rees, R M MacMillan, S Reiter, J Rumberger,
A Feiring, V Maranhao, D L Clark
Killingbeck Hospital, Leeds and Deborah Heart and
Lung Center, University of Iowa, USA

The sensitivity of cine computed tomography
(CCT) in the determination of coronary artery
bypass graft patency was assessed. Computed
tomographic scans were performed on the Imatron
C-100 scanner in two views (transaxial and 200
oblique) at eight simultaneous contiguous 1cm levels
from the ascending aorta at the level of the highest
myocardial graft clip through the aortic root to the
level of the proximal coronary arteries. The scan
time was 50 ms with an 8 ms interscan delay. Scans
were performed with ECG triggering every other
beat at the peak of the R wave over a period of 20
cardiac cycles. A bolus of 35-39 ml of contrast was
injected intravenously, over a period of 3-6 s
depending on catheter diameter. All injections were
made with a Medrad injector. Results in 21 patients,
four female and 17 male, aged 32-77, with 51 grafts
were compared with those of cardiac catheterisation.
Forty-seven (92%) of 50 grafts were correctly
identified by CCT. One further graft was identified
by CCT which was not present by catheterisation.
Overall accuracy was 90%. Thirty-four of 37 patent
grafts were correctly identified (92% sensitivity) and
13 of 14 occluded grafts (93% specificity). Time
density contrast curves were constructed from areas
of interest placed in the ascending aorta and in the
grafts and the curves were compared to assess graft
flow. Graft flow was designated as good if the time
density curve in the graft corresponded to the aortic
curve and poor if there was delayed contrast clear-
ance. Flow in the grafts could also be assessed visu-
ally by projecting the flow study in a movie mode
format. This aided in graft identification (two false
positive results). Streak artefact was considerably
reduced compared with conventional CT. Of the 46
patent grafts, qualitative flow evaluation in 45 by
CCT agreed with catheterisation.

Beneficial effect of beta blockade in aortic
stenosis

B Stockins, Shaughan Dickie, P Nihoyannopoulos,
J P Lavender, W J McKenna, Celia M Oakley
Hammersmith Hospital, London
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Pharmacological treatment of patients with
significant aortic stenosis and preserved left ventric-
ular systolic function is controversial. This study
was performed to evaluate the effects of beta blockers
in such patients. Fifteen consecutive symptomatic
patients with aortic stenosis (gradient > 50 mm Hg,
ejection fraction > 55%) underwent technetium-
99m radionuclide cineangiography and exercise elec-
trocardiography in the basal state and after one week
of 100 mg atenolol daily. During atenolol there was
a decrease in resting heart rate (72(14) to 58(12) beats
per minute, p<0-01), and in systolic (124(25) to
107(12) mm Hg, p < 0-05) and diastolic arterial pres-
sure (83(12) to 70(7) mm Hg, p<0-01). Exercise
induced angina and dyspnoea were improved in all
patients; exercise duration increased from 7 0(2-5)
min to 11 -4(2-7) min, (p < 0-001). Peak ejection rate,
time to peak ejection rate, ejection time, peak filling
rate, time to peak filling rate, and time of exercise
were compared. During atenolol treatment peak
ejection rate decreased from 3-1 (6) to 2 6 (6) edv.s- l
(p < 0 05), ejection time increased from 386 (27) ms
to 421 (32) ms (p<0-01), and peak filling rate
increased from 2-43 (0 7) to 2.72 (0 7) edv.s-'
(p < 0 05). There was no change in the ejection frac-
tion, time to peak ejection rate, and time to peak
filling rate.
These results indicate that beta blockers can be

used safely and beneficially in symptomatic patients
with aortic stenosis and preserved left ventricular
systolic function. Their efficacy is probably due to
lengthening of diastole with improvement ofventric-
ular filling and coronary blood flow. Though sudden
death might thereby be prevented the benefits
should not encourage delay in aortic valve replace-
ment.

Effects of enalapril on renal function in heart
failure

J Cleland, G Gillen, H J Dargie, J I S Robertson
Cardiac Department, Westem Infirmary, Glasgow

Since glomerular filtration rate (GFR) in heart fail-
ure is thought to be maintained by constriction of the
efferent arteriole by angiotensin II, treatment with
angiotensin converting enzyme (ACE) inhibitors
could impair renal function. We investigated the
effects of enalapril and placebo in a double blind
study on blood pressure, renal function, and plasma
angiotensin II after one week (acutely), after eight
weeks (chronically), and one week following with-
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drawal of treatment. Acutely, enalapril lowered
mean blood pressure from 105 (15) to 95 (20) mm Hg
(p <001) but increased effective renal plasma flow
(ERPF) from 305 to 320ml/min; however, GFR and
filtration fraction fell from 71 (23) to 62 (19) ml/min
(p<0-01) and from 0-26 to 0-20 (p<0-01). Chroni-
cally, ERPF increased further to 348 ml/min
(p <001), though mean blood pressure fell further
to 88 mm Hg (p < 0 005), as did GFR and filtration
fraction to 57 (22) ml/min and 0 17 (0-05)
respectively (p < 001). Plasma angiotensin II con-
centrations which were similar at both times during
treatment (12(9) and 9(5) pmol/l) returned to pre-
treatment concentrations (64(32) pmol/l one week
after withdrawal. Despite this, ERPF remained
increased at 320 ml/min and mean blood pressure
reduced at 95 mm Hg (p < 005) but GFR returned
to placebo values at 67 ml/min. During chronic
enalapril treatment there was no evidence of total
body sodium retention despite the fall in blood pres-
sure and GFR; clinical improvement occurred and
exercise time increased (p < 0 01). Thus the effects of
ACE inhibitors on renal function are complex, time
related, and cannot be attributed entirely to sup-
pression of circulating angiotensin II.

Cardiovascular fitness improves the coronary
risk profile

I Findlay, E Henderson, R Taylor, S Grant,
H J Dargie
Cardiac Department, Western Infirmary, Glasgow

The continuing popularity of jogging may be fuelled
at least partly by the belief that it has a preventive
effect on the development of coronary heart disease.
We investigated the effects on coronary risk factors,
body composition, and cardiac function of a 30 week
structured running programme in 26 sedentary mid-
dle aged men (mean age 43 (2) years) entering their
first marathon. Mean total jogging time increased
from 1 to 8 hours per week; body weight fell from
78-2 (10 2) to 74-7 (9-4) kg (mean(SD)) and body fat,
calculated by densitometry, from 24 (3) to 20 (3)%
(all p <0 001). Mean caloric expenditure which was
estimated from oxygen consumption measurements
obtained during treadmill exercise and from diary
mileages was 64 000 kcal; despite the fall in body
weight and fat there was an increase in mean caloric
consumption of 1000 kcal per week. Fasting plasma
cholesterol concentration fell from 6-4 to 5-7 mmol/l
(p<0-01) but high density lipoprotein cholesterol
did not change (1-18 and 1-23 (0-4); tgriglycerides
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fell from 1 52 (0 8) to 1-26 (0 5) mmol/l (p<0 02).
Resting systolic blood pressure fell from 132 (15) to
113 (16) mm Hg (p < 0 001) and diastolic blood pres-
sure from 84 (16) to 74 (10) mm Hg (p<0-05).
Eleven men smoked initially (range of consumption
10-60 cigarettes per day) but eight had stopped by
the end of the study. Cardiovascular fitness as
assessed by maximum oxygen uptake increased from
34-1 (6) to 38-7 (5) ml/kg/min (p<0-001). Thus
dynamic exercise training reduced the blood pres-
sure, body weight, body fat, and plasma lipids
and increased cardiovascular fitness, leading to a
pronounced improvement in coronary risk profile.

Impairment of left ventricular function in
diabetics-evidence for a specific heart muscle
disease

B M Fisher, H J Dargie, G Gillen, E Henderson,
B M Frier
Cardiac Department, Western Infirmary, Glasgow

Diabetes is a major risk factor for death from heart
disease, but the relative contributions of large and
small vessel disease to the impairment of left ventric-
ular function previously noted in diabetic patients is
unclear. We investigated left ventricular function in
56 asymptomatic long standing insulin dependent
diabetics aged 30-49 years who had had diabetes for
6-35 years (mean 17 years) and in 30 age and sex
matched non-diabetic controls by means of radio-
nuclide ventriculography at rest and during supine
dynamic exercise. Mean resting left ventricular ejec-
tion fraction (LVEF) (56%) in diabetics was normal
and was no different from that in controls (54%).
During exercise, ejection fraction rose less in
diabetics (9 0%) than in controls (13-7%, p < 0 005).
The exercise response was abnormal-that is failed
to rise by > 5% in 18 diabetics, ofwhom three devel-
oped repolarisation abnormalities on exercise elec-
trocardiography. Coronary arteriography was per-
formed in eight patients with an abnormal exercise
ejection fraction response and showed no evidence of
large vessel coronary artery disease in any subject.
Myocardial biopsy specimens showed features con-
sistent with a diabetic microangiopathy in all
diabetic patients with thickening of precapillary
arterioles and interstitial fibrosis on light micro-
scopy, and basement membrane thickening or redu-
plication on electron microscopy.
Thus the left ventricular functional impairment

which was present in one third of these asymp-
tomatic diabetic patients during exercise may be due
to a specific diabetic heart muscle disease.
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