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THE 68th ANNUAL GENERAL MEETING of
the British Cardiac Society was held at the Academic
Centre, the John Radcliffe Hospital, Oxford on
Thursday and Friday, 6 and 7 April 1989.
The President, E Sowton, took the Chair during

private business. D A Chamberlain was elected as
President-Elect and Kim Fox, P Hubner, and
M E Scott were elected to Council on the retirement
of J Horgan, M Petch, and D Wheatley.

Deaths during the year: K Datey, P Duchosal,
W Evans, J Pilcher, I McD Stewart.

New Members 1989: G Baines; G Bergman;
C Bucknall; G Butrous; T Crake; J Dark; R Dawson;
J Dhasmana; M Elliott;M Gammage; D Gladstone;
W Hubbard; S Hutchison; N Irvine; P McSorley;
R Martin; M Monaghan; D Murray; M Norell;
I Peart; R Perry; S Pugh; E Rodrigues; B Sethia;
J Skehan; D Sugrue; I Sullivan; G Venn; K Walsh;
P Weissberg; J Wilson; J Wright.

New Corresponding Members: Avraamides (Cyprus);
Bourdillon (USA); Eyjolfsson (Iceland); Hassell
(Barbados); Nicolaides (Cyprus).

During the meeting the scientific sessions were held
under the chairmanship of P Sleight and the follow-
ing are abstracts of the papers that were presented.

Hypocapnia during exercise testing in
dilated cardiomyopathy and hypertrophic
cardiomyopathy: objective assessment by
respiratory gas analysis

D P Moore, D Gilligan, C M Oakley
Department of Clinical Cardiology,
Hammersmith Hospital, London

End tidal carbon dioxide concentration (etco2) rises
progressively during exercise in normal subjects,
with a small decline at peak workload, although it
remains above 35 mm Hg. Symptom limited bicycle
ergometry was performed in 15 patients with dilated
cardiomyopathy (group 1), 10 patients with hyper-
trophic cardiomyopathy (group 2), and 10 controls
(group 3). Oxygen consumption (Vo2), minute ven-
tilation (VE), etco2, electrocardiogram, and blood
pressure were monitored during the test. Resting
etco2 was 34-7 (4-9) in group 1, 33-3 (2 6) in group
2, (NS), but 38 1 (2 3) mm Hg in group 3 (p < 0 05).
RestingVE (1/min) was significantly higher in group
1 (14-6 (3 7)) than in group 2 (11-0 (1-2)), or group
3 (10-5 (2-2)) (p < 0 02). Exercise capacity (Vo2 max
ml/min/kg) was lower in group 1 (15-8 (4-3)) and
group 2 (1517 (4 8)) than in group 3(37-8 (6 0))
(p < 0001). There was no significant difference
between groups 1 and 2. Maximumexercise duration
(seconds) was lower in both group 1 (453 (187)) and
group 2 (485 (187)) than in group 3 (1377 (173))
(p <0-001) but there was no significant difference
between groups 1 and 2. Peak exercise etco2 fell in
all groups, but in group 3 it remained within the
normal range (36-6 (4 2) mm Hg). In group 1 etco2
fell to 31-4 (7-8) mm Hg (p < 005 v group 3) and in
group 2 to 30-8 (6.4) mm Hg, (p<001 v group 3).
Peak exercise blood pressure was lower in groups 1
and 2 than in group 3 (131 (32) and 136 (26) v 172
(26)mm Hg, p < 0 05). There was no significant cor-
relation between exercise hypocapnia and maximum
blood pressure. In four patients in group 2 with
exercise provoked hypocapnia arterial blood gas
samples confirmed a fall in arterial Pco2 during exer-
cise, which correlates closely with etco2, but there
was no significant change in arterial pH.

Significant hypocapnia induced by hyper-
ventilation may contribute to exercise limitation in
cardiomyopathy. The occurrence of exertional
hypocapniamay be a consequence of raised left atrial
pressure or may reflect altered neural control of
breathing.
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Increased exercise capacity and reversal of
exercise induced myocardial ischaemia in
haemodialysis patients treated with
recombinant human erythropoietin

N P Lewis, I C Macdougall, G A Coles,
J D Williams, K A A Fox
Department of Cardiology, University Hospital of
Wales, Cardiff and Kidney Research Unit Fund,
InstituteofRenal Diseases, CardiffRoyal Infirmary,
Cardiff

The importance of electrocardiographicevidence of
exercise induced myocardial ischaemia in anaemic
haemodialysis patients has not been defined nor is
the influence of recombinant erythropoietin (rHu
EPO) on the reversal of such ischaemia known.
Accordingly, exercise performance, respiratory gas
analysis, and electrocardiographic evidence of myo-
cardial ischaemia were assessed in 10 patients on
maintenance haemodialysis (six men, mean age 43,
range 23-76 years) before and after eight weeks'
intravenous rHu EPO (120 U/kg twice weekly).
Maximal exercise testing was performed according
to the Weber treadmill protocol and respiratory
gases were analysed by mass spectrometry with the
argon dilution method. Electrocardiographic evi-
dence of myocardial ischaemia was defined as the
presence of 20 1 mV horizontal or downsloping ST
segment depression during exercise in the absence of
bundle branch block. All the electrocardiograms
were assessed blindly. After eight weeks' treatment
with rHu EPO, the mean (SD) concentrationofhae-
moglobin increased from 6-3 (0 6) to 10-2 (1 1) g/dl
(p < 0 001). Exercise time increased from 13-2 (5 5)
to 20-0 (6 2) minutes (p<0 001); maximal oxygen
consumption increased from 20-2 (7 0) to 25-9 (6-6)
ml/min/kg (p < 0 02) and the anaerobic threshold
from 12-7 (3 5) to 16-3(3.8) ml/min/kg (p < 0 00 1). In
seven patients ischaemic electrocardiographic
changes were induced by exercise in the baseline
study, and these were reversed in all but one patient
after erythropoietin (p < 0 0 1).
We conclude that exercise capacity is impaired in

anaemic haemodialysis patients by reduced tissue
oxygen delivery and that exercise capacity is
improved by modest changes in haemoglobin.
Impaired myocardial oxygen supply is frequently
found on exercise, and exercise induced myocardial
ischaemia is readily reversed by modest increases in
haemoglobin after treatment with recombinant
erythropoietin.

Proceedings of the British Cardiac Society

Critical level of exercise capacity determines
the hyperventilation response to exercise
in chronic heart failure

S W Davies, T M Emery, M I L Watling,
D P Lipkin
The Royal Free Hospital, London

Patients with chronic heart failure (CHF) who are
limited by dyspnoea ventilate more than do normal
subjects at the same workload; the ratio of minute
ventilation to minute production of carbon dioxide
(VE/Vco2) is increased in CHF and this may reflect
pulmonary ventilation-perfusion mismatch. The
respiratory response to progressive treadmill or
bicycle exercise was studied in 40 patients with CHF
(New York Heart Association grade II-III) and in
289 normal subjects with no evidence of cardiac or
pulmonary disease. Exercise capacity was assessed
by the peak oxygen consumption (Vo2max) achieved
during progressive exercise, and end tidal carbon
dioxide, respiratory rate (RR), and the ratio VE/VCO2
were measured. In the CHF patients, Vo2max
ranged from 10 to 22 ml/kg/min (mean 16); VE/VCO2
was 22-7 (4 8) and correlated strongly with Vo2max
(R = - 0-5, p < 0 002). End tidal carbon dioxide at
peak exertion was 5 8 (05)% and peakRR was 30 (2)
per minute. In normal subjects Vo2max ranged from
30 to 83 ml/kg/min (mean 42); VE/VCo2 was 25-8
(3-2) and did not correlate with Vo2max. End tidal
carbon dioxide at peak exertion was 5-4 (0-7)% and
peak RR was 32 (6) per minute.
End tidal carbon dioxide and RR on exercise are

similar in normal subjects and in CHF; thus the
increased VE/VCO2 suggests a ventilation-perfusion
mismatch. While in moderate to severe CHF
VE/VCO2 is correlated with Vo2max, there is no such
relation across the group of normal subjects, sug-
gesting a threshold ofVo2max below which VE/VCO2
is affected. This would be explained if there is a
critical level of cardiac function that is necessary to
perfuse adequately all the lung zones on exercise and
so avoid the ventilation-perfusionmismatch.

Functional and angiographic comparison of
symptomatic and silent ischaemia

J P Fox, J M Beattie, M S Salih, M K Davies,
W A Littler, R G Murray
UniversityDepartmentof CardiovascularMedicine,
East Birmingham Hospital, Birmingham

Silent ischaemia is increasingly diagnosed in people
with clinical or occult coronary heart disease (CAD).
Although this finding may carry implications for
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prognosis and possible therapeutic intervention, the
underlying pathophysiology remains ill defined. We
compared the frequency of occlusive CAD at angio-
graphy in 103 patients with exercise induced painful
or silent ischaemia after acute myocardial infarction.
After rehabilitation, all patients showed > 1 mm ST
segment depression in infarct remote leads during
submaximal treadmill exercise and 52 remained
symptom free. Angiographic assessment (< 3
months) of the extent and severity ofCAD was facil-
itated by Gensini scoring (GS), incorporating a
weighting factor proportionate to the potential total
ischaemic burden. Ischaemic thresholds were com-
pared as total exercise time (ET) and double product
(DP) (mean (SD)). Despite similar resting ejection
fractions of 54 (16) and 54 (14)% and peak hae-
modynamic loads manifest by DP of 16-2 (3-7) and
17A4 (4-2 ( x 103) for the painful and silent groups
respectively(NS), ET was longer in those with silent
ischaemia (11A-4 (5) min) than in those with painful
ischaemia(8-7 (5) min) (p < 0 01). GS was similar in
those with painful ischaemia (55 (16) and 45 (29) in
those with silent ischaemia. Collateral vessels were
identified in 49% ofthose with painful ischaemiaand
50% of those with silent ischaemia and did not seem
to mediate this disparate symptomatic response.

Similar CAD profiles were evident in both clinical
groups and such "silent" changes should therefore
be accorded equal importance when post-infarct
patients are screened for residual CAD.

Inefficient gait contributes to reduced exercise
capacity in chronic heart failure

S W Davies, C Greig, S L Jordan, D W Grieve,
D P Lipkin
The Royal Free Hospital, London

The metabolic cost of walking is affected by stride
length. The present study evaluated whether the
walking pattern is altered in chronic heart failure
(CHF) so as to affect the oxygen cost ofexercise. The
stride length was recorded in eight patients with
severe CHF (New York Heart Association grade
III), in 10 with mild/moderateCHF (grade II), and
in 10 age matched healthy controls during both free
walking and treadmill exercise. Stride length was
normalised for height by calculation of the relative
stride length (RSL). The RSL was shorter in severe
CHF (0 47 (0 10) (mean (SD))) than in
mild/moderate CHF (0-64 (0-05)) (p < 0-05) and
healthy controls (0-66 (0 05)) (p < 0-02). Exercise
capacity was assessed in CHF patients by peak oxy-
gen consumption (Vo2max) during symptom limited
progressive treadmill exercise. RSL was correlated
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with Vo2max (R = + 0 5, p < 0 05). To compare
the oxygen cost of short stride with that of a normal
gait, control subjects performed submaximal tread-
mill exercise (2 mph, level) to steady state, both
when walking normally and again when stepping in
time to a metronome adjusted to give an RSL as
short as that in severe CHF. A short RSL led to a
16o% increasein steady state Vo2 from 11 (1) to 13 (1)
ml/kg/min (p < 0-05).

Patients with severe CHF have a short-stepping
gait. A short-stepping gait carries a higher oxygen
cost for the same external workload, and this reduced
efficiency will contribute to the limitation of exercise
capacity in these patients.

The perception of angina in diabetic patients:
evidence of silent exertional ischaemia

G Ambepityia, P G Kopelman, D Ingram,
R MacDonald, P G Mills, A D Timmis
Newham General, London Chest, and London
Hospitals

Diabeticpatients are more liable to silent myocardial
infarction but it is not known whether their percep-
tion ofangina is also impaired. We measured percep-
tion of angina as the time from onset of ST
depression to onset of angina during treadmill exer-
cise (Bruce protocol) in 32 diabetic patients (group
A) and 36 non-diabetic controls (group B) all with
exertional angina and ST depression. There were no
significant age or sex differences between the groups
and both achieved similar peak heart rates (125 (22)
v 128 (20) beats/min) and blood pressure responses
(164 (27) v 154 (26) mm Hg). Ischaemia at peak exer-
cise was similar in both groups (EST depression 0-6
(0-3) v 0*7 (0*4) mV) but ST depression occurred
earlier in groupA (111 (82) v 216 (162) s; p < 0-002).
Moreover, the time from onset of ST depression to
onset of angina was considerably longer in group A
than in group B (149 (76) v 63 (59) s; p < 0 001),
indicating that the perception of angina after the
onset of electrical ischaemia was impaired in the
diabetic patients. Autonomic function tests showed
that the time to onset of angina correlated negatively
with the heart rate responses to deep breathing
(r = 0 3, p < 0-02) and the Valsalva manoeuvre
(r = 0-4, p < 0 001). Electromyographicstudies of
the median nerve showed normal motor function in
group A but impaired sensory function as reflected
by increased latency (3-2 (0 6) v 2-5 (0-4) ms; p <
0-01) and reduced conduction velocity (45 (8) v 55
(5) m/s; p < 0 001).
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In diabetic patients the perception of angina is

impaired in association with autonomic and sensory
neuropathy. At low levels of exertion ischaemia
may remain entirely silent and predispose diabetic
patients to the later development of specific heart
muscle disease.

Emergency coronary bypass surgery after
vessel occlusion at angioplasty in centres
without on-site facilities for cardiac surgery

T R D Shaw, I R Starkey, A R Essop, R Sutton,
M K Davies, R G Murray, W A Littler
Western General Hospital, Edinburgh;Westminster
Hospital, London; and East Birmingham Hospital,
Birmingham

Three hundred and eighty nine coronary angio-
plasties were carried out at three cardiac laboratories
in the United Kingdom without on-site cardiac
surgery. Distances from the associated surgical units
were three, two, and 22 miles. Total angioplasties at
the invididual centres were 268, 71, and 50. Twelve
patients (3 1%) required emergency coronary
bypass surgery: 11 had stable angina and one had
unstable angina. The vessel occluded was the ante-
rior descending in five, circumflex in three, and right
coronary artery in three-one patient, having
circumflex dilatation, developed main stem dis-
section. Occlusion developed during the procedure
in 11 patients while one had late occlusion. Between
occulsion and surgery four patients were given DC
shock for ventricular arrhythmia, all successfully.
One patient required inotrope treatment during
transfer. The interval between occlusion and oper-
ation was 45-120 minutes. The mean number of
grafts was two. All 12 patients had good left ventric-
ular function before angioplasty. Five developed Q
wave changes and two developed new non-Q
changes on the electrocardiogram. After operation
left ventricular function was good in eight, moderate
in three, and poor in one. The patient with main
stem stenosis developed poor left ventricular func-
tion and died one month later-an angioplasy pro-
cedure mortality of 0-3% and a surgical mortality of
80%. Ofthe other 11 patients, nine were in New York
Heart Association symptom class I and two in class
II at three months after operation.
Coronary angioplasty can be performed with

acceptable safety without on-site facilities for cardiac
surgery if cases are selected appropriately, angio-
plasty timed carefully, and transit to the surgical unit
is rapid.

Proceedings of the British Cardiac Society
Early clinical experience with a laser wire for
percutaneous angioplasty of chronically
occluded coronary arteries

R J Bowes, G D G Oakley, J S Fleming,
D C Cumberland
Regional Cardiac Centre, Northern General
Hospital, Sheffield

The role of percutaneous coronary angioplasty is
considerably limited by low primary success in
chronic occlusions. The laser wire is a new device
consisting of a fibreoptic laser energy delivery sys-
tem containedwithin a 0-018 inch diameter steerable
guide wire which can be introduced through con-
ventional balloon catheters. The distal metal tip
allows delivery of the laser energy by direct thermal
contact. A continuous wave argon laser generator is
used at a power of 3 to 4 W. We used the device in
seven men with stable angina pectoris. All had an
angiographically documented coronary artery
occlusion not associated with acute ischaemia: four
of the right coronary artery-(RCA) and three of the
left anterior descending artery (LAD). Intervals
between diagnostic angiography and the angioplasty
procedures varied from six weeks to six months. One
RCA occlusion and two LAD occlusions were suc-
cessfully traversed by the wire, with subsequent
successful balloon dilatation. There were no compli-
cations in either failed or successful procedures.
Our initial experience with the laser wire shows

promise in improving the results of angioplasty in
chronic coronary artery occlusions.

Long term clinical results after successful
coronary angioplasty in multivessel disease

R A Henderson, Sheila Karani, C Bucknall,
E Sowton
Guy's Hospital, London

In selected patients with multivessel coronary dis-
ease, angioplasty may offer a therapeutic alternative
to coronary bypass surgery. The short term results of
angioplasty have been established, but the long term
results in patients with multivessel disease have not
been clearly defined. We therefore analysed the late
clinical outcome in 270 patients with multivessel dis-
ease who underwent successful coronary angioplasty
of at least one coronary lesion. Before angioplasty,
myocardial infarction had occurred in 51% and
coronary bypass surgery had been performed in
18%. Most (73%) complained of severe (grade 3 or
4) angina. During follow up to four years over 60%
remained free from angina and over 700% improved
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by two angina grades. Cumulative cardiac event rates
were calculated,and at one year angioplastyhad been
repeated in 200% and coronary surgery had been per-
formed in 14%. After four years 28% had required
repeat dilatation, and 180% had undergone coronary
surgery. Cardiac survival at four years was 87%, and
the cumulative four year non-fatal myocardial
infarction rate was 60%. Event free survival including
freedom from cardiac death, myocardial infarction,
and coronary surgery was 67% at four years.

In this series 700% of patients with multivessel
disease were symptomatically improved in the long
term. The frequent need for repeat revascularisation
procedures emphasises the need for controlled clin-
ical trials to assess the correct role of coronary angio-
plasty in the management of multivessel coronary
disease.

Dilatation variables: the paradox of optimal
improvement in stenosis by percutaneous
transluminal coronary angioplasty and
restenosis

K J Beatt, H E Luijten, H Suryapranata,
P J de Feyter, P W Serruys
Thoraxcenter, Erasmus University, Rotterdam,
The Netherlands

Detailed quantitativecoronary angiographywas per-
formed on 490 successfully dilated lesions before
percutaneous transluminal coronary angioplasty
(PTCA), after PTCA, and at a mean follow up of 93
(45) days after dilatation. The absolute diameter of
the stenosis (MLD) in mm, the normal diameter or
the reference diameter of the dilated coronary artery
segment (RD), and the percentage diameter stenosis
(DS) were measured by a quantitative measuring
system (CAAS) and the changes occurring in these
variables at PTCA were calculated. Restenosis
defined as a > 0 72 mm deterioration in the vessel
lumen (a criterion based on the 9500 confidence
intervals for determining a significant change) and
the relative risk (RR) of fulfilling this criterion were
assessed. At angioplasty the mean change in the min-
imum luminal diameter was 0 93 mm and the per-
centage diameter stenosis - 29.0% and the changes
from PTCA to follow up were -0-22 mm and 5 10%
respectively. Forty three per cent of lesions fulfilling
the > 0-72 mm criterion had a DS of > 50%. The
risk of restenosis was not dependent on pre-PTCA
morphology, the relative risk of restenosis being less
than 1 5 for more severe lesions (MLD < 1 mm, DS
> 65%) and for larger vessels (RD > 3-mm). Post-
PTCA lesions with the best angiographic results
(MLD > 2 5 mm, andDS < 2500)had an increased
risk of restenosis (RR > 2-0, p < 0 001). The single
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factor most predictive of restenosis was a large
improvement in the vessel lumen (MLD
improvement of > 1-14 mm) with a RR for
restenosis of 2-65 (950 confidence interval 1 81 to
3-89, p < 0 001). If the restenosis criterion is chosen
to reflect only the deterioration in lumen diameter
from post-PTCA to follow up, then the greater the
improvement at PTCA the greater the risk of
restenosis. This is a stronger predictor of restenosis
than the vessel size or the severity ofthe lesion before
or after angioplasty.

Myocardial protection with diltiazem during
coronary angioplasty: cardioplegic or
vasodilatory action?

A Seth, R A Perry, S Smith, F F Shiu
Queen Elizabeth Hospital, Birmingham and
University of Birmingham

Diltiazem is a coronary vasodilator with cardio-
protective potential. In a two-part study, intra-
coronary diltiazem was first given to 10 patients after
diagnostic angiography in doses of 0-02, 0-04, 0-16,
and 0-32 mg/kg. Great cardiac vein flow (by thermo-
dilution), myocardial oxygen consumption, and left
ventricular max dP/dt were measured at 1, 3, 5, and
10 minutes after each dose. Regional wall motion was
assessed by a computerised technique of coronary
artery shortening. The lowest dose (0-02 mg/kg)
significanly increased in great cardiac vein flow (82
(34) v 139 (74) ml/min, p < 0 05) and reduced
regional wall motion 20 (6)% v 16 (7)0/, p < 0-05).
Higher doses reduced left ventricularmax dP/dt and
blood pressure but did not further increase great
cardiac vein flow. Five patients developed transient
atrioventricular block at 0-04 mg/kg or above. In 12
patients undergoing percutaneous transluminal
angioplasty of the left anterior descending coronary
artery 0-02 mg/kg intracoronarydiltiazemor placebo
was given in random order before two successive
balloon occlusions lasting a minute. Balloon
occlusion resulted in a fall in great cardiac vein flow
(111 (50) v 83 (46) ml/min, p < 0-05) and myocardial
oxygen consumption (9-6 (58) v 74 (36), p < 0 05),
and a rise in lactate concentration in the great cardiac
vein (1075 (536) v 1175 (584), p < 0 05). Adminis-
tration of diltiazem abolished these changes: great
cardiac vein flow (106 (72) v 108 (74)) ml/min, myo-
cardial oxygen consumption (9-8 (5 3) v 9-1 (5 8)),
great coronary vein v lactate (1078 (516) v 1136
(526)).
The study confirmed the cardioprotective action

of diltiazem, which appears to be predominantly
through maintenance of coronary blood flow-
presumably via collateral channels.
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Complication rates of single and multiple
vessel coronary angioplasty in multivessel
coronary artery disease

A C Hunt, J Escanade, S Chow, J Beattie, M F Shiu
Department of Cardiology, University of
Birmingham, Birmingham

Multivessel coronary angioplasty (MVPTCA) has a
higher procedural complication rate and mortality
than single vessel coronary angioplasty (SVPTCA).
This study over three consecutive years examined
the effect of the presence or absence of coronary
artery disease distant from the target angioplasty
vessel. Data were obtained from 447 elective angio-
plasties. Patients were divided into three groups: in
group 1-320 patients had SVPTCA in single vessel
disease; in group 2 71 had SVPTCA in multivessel
disease; and in group 3 56 had MVPTCA. The
minor complications were prolonged pain, acute
occlusions, and extensive dissections without
myocardial infarction. Major complications were
defined as myocardial infarction, death, or coronary
artery bypass surgery. The complication rates in
groups 1 to 3 were 14%, 17%, and 32% respectively
and the major complication rates were 1 9%, 4%,
and 7% respectively. The major complications
included four deaths, six myocardial infarctions,and
three bypass operations. Three of the deaths
occurred during MVPTCA. Myocardial infarction
(5) and CABS (3) accounted by most of the major
complications in SVPTCA patients.
There was no significant difference in complica-

tion rates in patients with single vessel or multivessel
disease undergoing SVPTCA. There was a signifi-
cant increase in complication rates in patients
undergoing MVPTCA as compared with SVPTCA
(p < 0 001). Major complications, particularly
death, were most common in MVPTCA
(p < 0-001), less common in SVPTCA in multi-
vessel disease, and least common in SVPTCA in
single vessel disease.

Inositol phosphate production and proto-
oncogene expression in left ventricle after
the induction of coarctation hypertension in
the rat

A M Heagerty, N K Green,* D H Maciver,
J A Franklyn,* M D Gammage*
Department of Medicine, University of Leicester
and *Birmingham

The development of left ventricular hypertrophy is
a serious consequence of hypertension and is asso-
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ciated with an increase in sudden death. The exact
cellular processes that are implicated in generating
the increased muscle mass are unclear, although
recently there has been much interest in the phos-
phoinositide transmembrane signalling system and
the expression of several proto-oncogenes during
cell growth. This prompted the investigation of
inositol 1,4,5 trisphosphate (Ins 1,4,5 IP3) produc-
tion and the expression of several proto-oncogenes
considered important to growth in slices of left
ventricle 72 hours after the induction of aortic
coarctation in Wistar rats. Animals were killed and
Ins 1,4,5 IP3 was measured by high performance
liquid chromatography and the m-RNA expression
of the proto-oncogenes H-ras, c-fos, and c-myc
investigated by dot hybridisation to specific radio-
labelled cDNA probes. At 72 hours, carotid pressure
was significantly higher in rats with coarctation
than in sham operated animals (145 (+8) v 122
(5)mmHg, p < 0-05). The concentration of Ins
1,4,5 IP3 in the left ventricle (fmol/mg) was
significantly raised in rats with coarctation (165 (29)
(n = 10) v 93 (14-4) (n = 11), p = 0-004). Expres-
sion of H-ras, c-fos, and c-myc (DU/pgRNA) was
increased in rats with coarctation (H-ras-
1474 (224) v 628 (172), p < 0-001; c-fos-29-7 (5-4)
v 10-2 (1-3), p < 0-01; c-myc-1300 (147) v 957
(176), p < 0 05).
These data suggest that the imposition of high

pressure on the left ventricle induces enhanced
expression ofproto-oncogenes (whose products have
been shown to be necessary for cell growth) and
increased production of Ins 1,4,5 IP3. It is
concluded that these processes are related to the
genesis of ventricular hypertrophy in this model of
hypertension.

Autoradiographiclocalisationof [1251J
endothelin binding sites in human coronary
artery: changes in ischaemic heart disease

M R Dashwood, A H Chester, R M Sykes,*
M H Yacoub
Harefield Hospital, Middlesex and *Royal Free
Hospital School of Medicine, London

Endothelin is a 21 residue peptide with powerful
vasoconstrictor activity in many blood vessels. The
density and distributionof [ 125j] endothelin binding
sites in normal coronary arteries from five patients
with cardiomyopathy were compared with the
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results in tissue from six patients with ischaemic
heart disease. Tissue was frozen, cut in a cryostat
at -20°C, and thaw-mounted on to gelatinised
microscope slides. Sections were then incubated
in 50 pmol/l [1251] endothelin (specific activity
1060 Ci/mmol, Peninsula Laboratories) for 60
minutes at 20°C and the degree of binding to non-
specific sites established by incubating in the pres-
ence of 500 nmol/l unlabelled endothelin. After
incubation, sections were exposed to Hyperfilm 3H
(Amersham) or dipped in nuclear emulsion (Ilford)
for autoradiography and processed after 12-21 days.
There was a high specific binding of [125j] endo-
thelin to coronary arteries. High resolution auto-
radiography (those dipped in nuclear emulsion)
showed a high density of binding sites associated
with the outer tunica media and perivascular nerves.
There was no binding to endothelial cells. There was
a considerable increase in binding [125j] endothelin
in coronary arteries from patients with ischaemic
heart disease, particularly in areas of the tunica
media associated with an atherosclerotic plaque.
The presence of specific binding sites for [1251]

endothelin, described here, suggests that endothelin
may be an endogenous constrictor agent. The
increased density of binding sites in atherosclerotic
tissue may lead to increased constrictor effects of
endogenous endothelin and contribute to the patho-
genesis of ischaemic heart disease.

Myocardial proto-oncogene expression and
effects of thyroid state

M D Gammage, J A Franklyn, N K Green,
M C Sheppard
Departments of Cardiovascular Medicine and
Medicine, University of Birmingham, Birmingham

The effects of thyroid hormones on myocardial cell
growth are well documented; the mechanisms deter-
mining these growth modulating effects are
unknown. Because a fundamental role of specific
proto-oncogeneproducts in mediating growth signal
transduction is suggested we examined the effect
of thyroid state on expression of the c-myc, c-fos,
and H-ras proto-oncogenes in the myocardium.
Hypothyroid rats (treated with iodine- 131 and
propylthiouracil) were given triiodothyromine (2 or
20 ug subcutaneously daily); myocardial RNA was
prepared by phenol chloroform extraction 6 or 72 h
later and c-myc, c-fos, and H-ras mRNAs were
determined by dot hybridisation to specific cDNA
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probes. Hypothyroidism was associated with an
increase in c-myc mRNA, reversed by tri-
iodothyramine (T3) at 72 h (control 10-8 (1-8) OD
units/ Mg RNA, hypothyroid 20-4 (2.7),* T3 2 pg 6
h 13-6 (1-8), T3 20 pg 6 h 16-4 (2-1), T3 2 pg 72 h
8-2 (1 6),t T3 20 pg 72 h 7-7 (1 8)t (*p < 0-05
compared with control, tP < 0 05, tp < 0-01 com-
pared with hypothyroid,n = 8-10 in each group). In
contrast, hypothyroidism and T3 treatment had no
effect on c-fos mRNA (control 14-0 (2 3), hypo-
thyroid 18-4 (4.2), T3 20 pg 6 h 12-6 (3 4), T3 20 pg
72 h 13-7 (3 5). There was an appreciable increase in
H-ras mRNA in hypothyroid rats that was reversed
by T3 at 72 h (control 1-3 (0-44), hypothyroid 16-9
(2.9)*,T32pg6h 110(1.5),T320pg6h 15-1 (2-5),
T3 2 pg 72 h 4-1 (0-25), tT3 20 pg 72 h 5-6 (2-3),t
(*p < 0-001 compared with control tP < 0-01 tp <
0 05, compared with hypothyroid rats, n = 5).
These changes in c-myc and H-ras mRNA with

thyroid state may determine the growth regulating
effect of T3. Effects on both the nuclear transcrip-
tion factor encoded by c-myc and the H-ras gene
product, which are implicated in mediating mem-
brane receptor signals, suggest complex influences of
T3 on the myocardial cell membrane and nucleus in
regulating cell growth.

Is the negative inotropy of angiotensin
converting enzyme inhibitors the result of
prevention of angiotensin II activity in human
atrial muscle?

J M Walker, J Y Liu
University College and Middlesex Hospitals,
London

The relevance of tissue angiotensin converting
enzyme (ACE) and local angiotensin II (AII) in
heart muscle is unclear. ACE inhibitor drugs have
effects on tissues other than the peripheral vessels;
their negative inotropicaction on the myocardium in
vitro could be the result of interference with local
AII production. The effect on the function ofhuman
atrial muscle of AII, its antagonist saralasin, and
the ACE inhibitors captopril and lisinopril are
reported. Specimens were obtained from patients
undergoingcoronary bypass grafting. Strips ofmus-
cle ( < 1 0 mm diameter) were mounted to contract
isometricallyin an isolated organ bath superfused by
Tyrode's solution at 37°C. Most required pacing
(at 60 beats/min), although five experiments were
carried out with spontaneously active muscles. We
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confirmed our previous observations that ACE
inhibition had a modest negative inotropic effect
(10% fall in tension with 1 0 Mg/ml captopril or 100
ng/ml lisinopril). In spontaneously active muscles a
reduction in beating was noted withACE inhibition.
Human sequence angiotensin II in approximately
physiological doses from 0.1 ng/ml to 6-4 ng/ml
produced a dose related increase in tension from 5%
to 35%O above control levels in all the muscles. A
plateau in the positive inotropic effect of AII was
noted; the dose at which this occurred varied
between 0-32 ng/ml and 3-2 ng/ml. Angiotensin II
produced an increase (+ 40%o) in the rate of the
spontaneous rhythm and caused spontaneous beat-
ing in one muscle, which had previously required
pacing. The AII antagonist saralasin inhibited the
positive inotropic effect of AII, but alone produced
a 14% reduction in tension and a 15% reduction in
the rate beating of one muscle.
These results imply that local generation ofAI I in

the human atriummay affect mechanical and electro-
physiological activity. Interference with locally gen-
erated AII in the heart may be one mechanism by
which the ACE inhibitors influence heart function.

Beneficial effect of adenosine during
reperfusion after prolonged cardioplegic
arrest

S J M Ledingham, M Yacoub
National Heart and Lung Institute, London

Adenosine is a potent coronary vasodilator, a pre-
cursor of adenosine triphosphate, and may have
protective effects on endothelial cells. We have
investigated the influence of adding adenosine
during reperfusion after cardioplegic arrest in the
isolated working rat heart model. After three hours
of hypothermic ischaemic arrest with St Thomas'
Hospital Cardioplegic Solution No 1 (as used in
clinical practice in the UK), hearts were reperfused
with either ordinary perfusion fluid (Krebs-
Henseleit bicarbonate buffer) or with additional
adenosine (1 mg/l) for fifteen minutes before
recovery of function was assessed. Ten hearts were
used in each group. Mean coronary flow during
reperfusionwas 1 1-8 ml/min with ordinary perfusate
and 17-6 ml/min with adenosine (p < 0 001). Mean
recovery cardiac output (expressedas a percentageof
its pre-ischaemic control) was 31 -5 %O with ordinary
perfusate and 64-5%/ with adenosine (p < 0-001).
Thus hearts that received adenosine had 50%O

greater coronary flow during reperfusion and 100%
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better recovery of cardiac function than hearts that
did not. These observations suggest that adenosine
may be useful in clinical practice, particularly after
extended periods of cardioplegic arrest in trans-
plantation.

Effects of sotalol on the rate of accumulation
of extracellular potassium in ischaemic
myocardium

M Hicks, S M Cobbe
Department of Medical Cardiology, Royal
Infirmary, Glasgow

Previous studies of the effects of sotalol in ischaemic
myocardium have shown a loss of the class III effect
on action potential duration (APD) but indirect evi-
dence suggesting a slowing of the rate of rise of
extracellular potassium concentration (K+)e. We
measured (K + )e using ion-selective electrodes in the
isolated arterially perfused interventricular septum
of the rabbit heart before and during 30 min zero
flow ischaemia. Intracellular action potentials were
recorded by "floating" glass microelectrodes. Six
septa were exposed to sotalol lo-4 mol before
ischaemia, with six controls. Before ischaemia,
sotalol caused an increase of APD90 to 325 (16) ms
compared with 261 (10) ms in controls. APD90
shortened in both groups during ischaemia, with the
effect of sotalol being lost after 6 min. Resting mem-
brane potential fell from -75 (1) to -59 (2) mV
after 30 min ischaemia in controls, while there was
less depolarisation (-68 (2) mV, p < 0 001) after
30 min in the sotalol group. (K + )e rose from 4-1 (0 2)
to 13- 1 (0 8) mmol after 30 min ischaemia but the rise
was significantly attenuated from (3 9 (0 1) to 9 1
(1-0) mmol in the sotalol group (p < 0-005).

Sotalol reduced the rate of rise of (K+)e and
lessened depolarisation in ischaemic myocardium.
These effects are potentially antiarrhythmic despite
the loss of the class III effect.

Effects of cardiac hypertrophy on cellular
electrophysiology during normal and
ischaemic perfusion

S J Winterton, P Thomas, M A Turner,
D J Sheridan
Department of Cardiology, St Mary's Hospital
Medical School, London

Cardiac hypertrophy is associated with an increased
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risk ofsudden death. To investigate the cellular elec-
trophysiological (CEP) effects of hypertrophy we
studied isolated hypertrophied guinea pig hearts,
produced by aortic constriction (group I, n = 11,
wet heart weight 4-7 (0 2) g) and sham-operated
hearts (group II, n = 11, wet heart weight 3-5
(0 2) g, p < 0-005) 30-50 days postoperatively.
Hearts were rapidly removed and perfused with oxy-
genated Krebs solution at 32°C and paced at 3-3 Hz.
Perfusionpressures were similar after 20 min control
perfusion at 7 ml/min (group I 27 (1-7) mm Hg v
group II 29 (2-0) mm Hg). Ventricular tachycardia
or fibrillation occurred in both groups during
ischaemia (flow reduced to 10% for 30 min: group I
880%, group II 66%) and reperfusion (flow returned
to control value for 15 min: group I 88%, group II
66%). Control CEP recordings from the apex of the
right ventricle by the floating microelectrode tech-
nique were similar in both groups and accorded with
previous studies. During ischaemia hypertrophied
hearts had a significantly lower Vmax (after 5 min
group I 64 (3 8) V/s v group II 103 (9 5) V/s
(p < 0O01) and after 10 min group I 89 (14) V/s v
group II 120 (7) V/s (p < 0-01), APD50 at 2 min
(group I 128 (2 9) ms v group II 139 (1-9) ms,
p < 0-01), and APD1oo at 20 min (group I 107 (2-1)
ms v group II 122 (3-1) ms, p < 0 01) while the
effective refractory period showed less initial pro-
longation and then greater shortening at 5 min
(group I 129 (6 5) ms v group II 155 (5 7) ms,
p < 001) and at 10 min (groupI 113 (35) ms v
group II 135 (5 0) ms, p < 0 01). Both groups
recovered to normal on reperfusion.
These results suggest that the electrophysiological

disturbances associated with myocardial ischaemia
are increased in cardiac hypertrophy.

Long term prognosis and variability of
myocardial ischaemia in syndrome X

G Pupita, J C Kaski, A R Galassi, F Crea,
A Maseri
Cardiovascular Unit, Hammersmith Hospital,
London

To evaluate the long term course of myocardial
ischaemia in patients with syndrome X (typical
angina pectoris, positive exercise test, no evidence
of coronary spasm or left ventricular hypertrophy
and angiographically normal coronary arteries), we
studied 13 patients (10 women and three men, mean
age 49 (7) years). Clinical and electrocardiographic
variables as well as exercise test and Holter moni-
toring were assessed both when the diagnosis was
first established (A) and after a mean follow up (F) of
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6-3 years (range 3-9). Mean number of anginal epi-
sodes and weekly consumption of glyceryl trinitrate
were similar at A and F and only two of the patients
had pain free periods of at least one month. Exercise
time, heart rate, and rate-pressure product at 1 mm
of ST depression at A and F were similar: 594 (178)
v 631 (202) s, 134 (20) v 139 (17) beats/min, 203 (52)
v 216 (61) respectively(p = NS for all). Twenty four
hour Holter monitoring at A and F showed similar
numbers of episodes of ST depression 2 0 1 mV
(31 v 25), proportion of painful episodes (39 v 360%),
and of episodes preceded by an increase in heart rate
(39 v 32%). None of the patients developed serious
coronary events, left ventricular failure, or bundle
branch block during follow up.
Thus although syndrome X seems to have a

benign prognosis, angina and electrographicsigns of
ischaemia tend to persist unchanged during long
periods and adversely affect lifestyle in a consider-
able proportion of patients.

Dyspnoea on exercise in chronic heart failure
is dissociated from hyperventilation

S W Davies, S L Jordan, D P Lipkin
The Royal Free Hospital, London

Dyspnoea is a major symptom limiting exercise in
patients with chronic heart failure (CHF). In 20
patients with CHF (New York Heart Association
grade II-III) the sensation of dyspnoea was assessed
during progressive treadmill exercise using a 100
mm visual analogue scale (VAS). Mixed expired gas
was analysed by mass spectrometer and online com-
puter to calculate ventilation and oxygen con-
sumption, and each patient was tested on at least two
occasions. In 45/46 tests the dyspnoea VAS
increased monotonically during exercise and
decreased smoothly during the recovery phase.
Exercise duration, peak oxygen consumption, peak
ventilation, and peak dyspnoea VAS were all
reproducibleon repeat testing (mean difference (SD
of differences): - 0 9 (0 5) min, -0-46 (2 09)
ml/kg/min, - 1 0 (2-9) 1/min, -2 (3) mm
respectively). The time course of changes in dys-
pnoea VAS during a test differed from the time
course ofincreased ventilation: (a) the peak dyspnoea
VAS score coincided with peak ventilation in only
57% of tests, occurring 15-120 seconds later in the
other tests, when ventilation was falling; (b) at corre-
sponding values of oxygen consumption during
exercise and recovery phases ventilation in the two
phases was similar, but the dyspnoea VAS was 11
(15) mm higher during recovery than during exer-
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cise; (c) in 17% of tests ventilation remained
increased for > 2 minutes after the dyspnoea VAS
had returned to baseline.
This dissociation between the ventilatory

response to exercise and the dyspnoea VAS score
suggests that the sensation of breathlessness in CHF
cannot simply be explained by a sense of increased
minute ventilation.

Silent ischaemia and QT prolongation in
diabetic men with autonomic neuropathy

J J O'Sullivan, R Conroy, T McKenna, B Maurer
Department of Cardiology, St Vincent's Hospital,
Dublin, Republic of Ireland

Autonomic neuropathy is associated with an
increased frequency of silent myocardial infarction
and sudden death. The prevalence of silent
ischaemia in diabetic patients is unknown. We
studied 34 diabetic men: 17 with evidence of auto-
nomic neuropathy (group A) and 17 with normal
autonomic reflexes (group B). There was no
significant difference between the groups in age, risk
factors, or anginal history. We used five autonomic
tests and all patients had continuous 24 hour
ambulatory electrocardiographicmonitoring. Silent
ischaemia was found in 64-7% (95% CI 38-3 to
85-7%) in group A and 5-9% (95% CI 0-15 to
28 69%) in group B. The QT interval was measured
at rest and during the Valsalvamanoeuvre in six men
in each group. Group A showed a significantly
longer QT interval for a given increase in RR
interval (p = 0-01 1) than that measured in group B.
These findings may help to explain the increased

frequency of sudden death in diabetic patients with
autonomic neuropathy.

Non-invasive measurement of cardiac output
during acute myocardial infarction by
electrical bioimpedance cardiography

I N Findlay, D Northridge, J T Wilson,
Esther Henderson, J Christie, H J Dargie
Cardiac Department, Western Infirmary, Glasgow

A reliable non-invasive technique for measuring car-
diac output in acute myocardial infarction is
described. We used the technique of electrical bio-
impedance to measure cardiac output in 26 patients
within 12 hours of the onset of chest pain. Cardiac
output determined from the change in transthoracic
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impedance (TTI) was compared with that measured
with Swan-Ganz catheter and thermodilution (TD).
Mean (SD) cardiac output was 4-1 (1 1) (range
2a 1-6.2) 1/min by thermodilutionand 4 1 (1 2) (range
1 1-612) 1/min by TTI (p = NS), (r = 0-86, p <
0 0005, y = 1-06 x - 0 4, SEE 0 7 1/min). Mean
stroke volume was 50 (18) ml by thermodilutionand
48 (20) ml by TTI (p = NS), (r = 0 93, p < 0 0005,
TTI = 1 06TD-4, SEE 8 ml). Since the mea-
surement of stroke volume by TTI is based on
assumptions about thoracicvolume and body surface
area this was corrected for. The stroke volume index
showed a similar close relation-stroke volume
index was 27 (9) by TD and 26 (11) ml/m2 by
TTI (p = NS), (r = 0 93, p < 0 0001, TTI = 1-05
TD - 2, SEE 4ml/m2). The reproducibility of
cardiac output by TTI was determined in 10
patients with repeat assessment after 30 minutes.
Cardiac output was 4-2 (1-5) v 4-1 (1-4 1/min, mean
difference = 0-13 1/min, 95% confidence limits
0-24 1/min, coefficient of variation 2-7%, r = 0-99,
y = 0-96 x + 01, SEE 0-141/min.
Measurement of cardiac output by electrical bio-

impedance is highly reproducible, comparable with
thermodilution, and offers the possibility of rapid
non-invasive determination of cardiac function
during acute myocardial infarction.

Fitness and coronary risk factors

S W Davies, T M Emery, M I L Watling,
D Macfarlane, A G Shaper, D P Lipkin
The Royal Free Hospital, London

Exercise capacity and the level of regular exercise
have been related to the incidence of coronary heart
disease in surveys. We therefore examined the
relation between exercise capacity and coronary risk
factors in healthy untrained men to determine the
pattern ofassociation. Nine hundred and twelvemen
aged 25-67 (mean 42) without evidence of cardiac or
pulmonary disease were assessed for coronary risk
factors. Exercise capacity was determine by mea-
using maximal oxygen consumption (Vo2max) dur-
ing progressive bicycle exercise; Vo2max ranged
from 28 to 85 ml/kg/min. There were correlations
betweenVo2max and serum cholesterol(r = - 0-23,
p < 0 0001), triglyceride (r = - 0-38, p < 0 0001),
and diastolic blood pressure (r = - 0-27, p <
0 0001). Systolic blood pressure and blood glucose
were not related to Vo2max. These significant
relations persisted after adjustment for age and for
body mass index by multiple linear regression analy-
sis. Regression analysis of the data suggested that a
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fitter subject in whom exercise capacity (Vo2max)
was increased by 10 ml/kg/min would have reduc-
tions in serum cholesterol (by 0 3 mmol/l) tri-
glyceride (21% lower), and diastolic blood pressure
(3 mm Hg lower). After adjustment for age and
obesity these values are only 0-2 mmol, 17%, and
1-5 mm Hg respectively.
These independent relations between fitness,

blood lipids, and diastolic blood pressure are small,
and therefore any effects of fitness and exercise on
coronary risk are likely to be direct, and independent
of changes in the levels of the conventional risk
factors.

Coronary disease in Asians associated with
high insulin and C-peptide concentration

L Hughes, A Lahiri, E B Raftery
Northwick Park Hospital, Harrow, Middlesex

In the United Kingdom the morbidity and mortality
from ischaemic heart disease (IHD) are higher in
immigrants from the Indian subcontinent (Asians)
than in whites. Many cardiovascular risk factors,
however, including cholesterol concentration, blood
pressure, and smoking rates are lower in Asians, but
diabetes and impaired glucose tolerance are more
common in Asians. It has been suggested that insulin
resistance is a common pathological basis for both
diabetes and IHD. Blood samples were taken from
76 white and 74 Asian patients between six months
and two years after infarction and their controls.
Cholesterol concentrations were higher in white
patients 6-23 (1-04) mmol/l than in their age-
matched white controls 5-65 (111) mmol/l (p <
0-005) or in Asian patients 5-78 (0-99) mmol/l (p <
0-01). Triglyceride concentrations (p < 0 005) and
insulin and C-peptide concentrations (p < 0-0001)
were significantly higher in patients than in controls
and higher in Asians than in whites (p < 0-001).
Additionally, patients and controls with impaired
glucose tolerance had significantly higher concen-
trations than those with normal blood glucose. Insu-
lin concentrations correlated inversely with high
density lipoprotein cholesterol r = - 031
(p < 0-02). Among Asians 32% of patients and 28%
of controls were diabetic or had impaired glucose
tolerance (p = NS), and mean blood glucose, fruc-
toseamine, and glycosylated haemoglobin concen-
trations were not higher in patients than in controls.
This suggests that insulin resistance was greater in

patients with IHD and greater in Asians than in
whites. This mechanism may have increased cardio-
vascular risk directly or by adverse changes in lipids.
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Is silent ischaemia common in patients with
coronary artery disease and angina receiving
standard medical treatment?

D Mulcahy, Jennifer Keegan, Christine Wright,
Jane Sparrow, Amanda Park, K Fox
National Heart Hospital, London

It has been suggested that many patients with angina
may have frequent daily epsiodes of silent myo-
cardial ischaemia (SMI). This assumption is based
on the results of studies in selected patients off rou-
tine antianginal medications; however, in clinical
practice most patients with coronary artery disease
(CAD) and angina receive medical treatment from
their physicians.We studied the frequency and char-
acteristics of SMI in 114 patients (101 men), mean
age 55-5 yr (range 30-74 yr) with documented CAD
(21 single, 44 two, 49 three vessel disease) and angina
who were on standard antianginal treatment.
Patients underwent treadmill exercise testing
(n = 109) and 48 hours of ambulatory ST segment
monitoring (total = 5125 h). Sixty nine (63%)
patients had a positive exercise test for ischaemia,
and 38 (33%) had a total of 154 episodes of SMI
during ambulatory monitoring. There was no
significant relation between the frequency of SMI
and the severity of CAD or angina, history of
previous myocardial infarction, or number of anti-
anginal medications taken. SMI was strongly related
to a positive exercise test (p < 0-0001), and was rare
and of short duration in those with a negative exer-
cise test. The circadian pattern of SMI showed a
peak in the evening hours. Seventy six (67%)
patients had no SMI on 48 hours of monitoring.
Only four (3-5%) had frequent daily episodes
() 5 days) and < 10% of patients had > two
episodes a day.

Frequent daily episodes of silent ischaemia are
rare in medically treated patients with CAD and
angina and only 33% of this unselected group of
patients had any episodes recorded during 48 hours
of ambulatory monitoring.

Monitoring oxygen transport in cardiogenic
shock

J E Creamer, J D Edwards, P Nightingale
University Hospital of South Manchester

Critically low values of mixed venous oxy-
haemoglobin saturation (Svo2) occur in cardiogenic
shock but there are no data on oxygen consumption
(Vo2) or delivery (Do2) or on their response to treat-
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ment. We prospectively studied 19 patients (12 men
and seven women, mean age 60 years) with clinical
features of cardiogenic shock after acute myocardial
infarction. Femoral and pulmonary artery catheters
were inserted before any treatment except correction
of hypoxaemia (eight needed mechanical ventila-
tion), defibrillation (three patients), or pacing (five
patients). Three patients had normal haemodynamic
and oxygen transport measurements despite simul-
taneous clinical evidence of shock. They recovered
with no further treatment. The other 16 patients
were given fluid volume replacement and dobu-
tamine (36-5 (24 5) ,ig/kg/min) as necessary. Vo2
was maintained even when Do2 was reduced to
160 ml/min/m2. Mean cardiac index increased from
1 3 (04) to 2-5 (04) 1/min/m2 (p < 0-001). Mean
Do2 increased from 222 (65) to 384 (94) ml/min/m2
(p < 0-001) and mean Vo2 from 104 (32) to 125 (24)
ml/min/m2 (p < 005). Mean Si7o2 increased from
52 (14) to 68 (8)% and mean oxygen extraction ratio
fell from 50 (15) to 32 (6)% (p < 0 001). There was
no correlation between cuff systolic blood pressure
and mean arterial pressure. Thirteen patients sur-
vived.

Cardiogenic shock cannot be adequately managed
without invasive monitoring of mean arterial
pressure. Increases in Do2 lead to only small
increases in Vo2 but to large increases in Svo2 as
oxygen extraction ratio falls, suggesting improved
tissue oxygenation. Monitoring of oxygen transport
variables may help to determine therapeutic goals
and improve outcome in cardiogenic shock.

Effect of initial lesion type on the results of
coronary angioplasty

R Balcon, M Rothman, A Gershlick, C Layton,
A Mishra
London Chest Hospital, and National Heart and
Lung Institute, London

Coronary angioplasty inevitably causes some arterial
injury, which may result in dissection of the vessel
and thrombus formation. These are the most
important causes of acute failure of the procedure
and may also play a role in restenosis. Pre-existing
evidence of plaque irregularity may increase this
problem. The extent to which this occurs has been
examined by evaluating the results of coronary
angioplasty according to its presence or absence.
Coronary lesions were retrospectively classified by
an independent observer to divide patients under-
going coronary angioplasty into a group of 242 in
whom all of the treated stenoses were smooth and 68

Proceedings of the British Cardiac Society

in whom they were all irregular. Two hundred and
forty eight (82.9%) of the 299 smooth stenoses were
successfully dilated compared with 48 (64%) of the
74 irregular lesions (p < 0.001). Acute occlusion
occurred in nine (12%) patients in the group with
irregular lesions compared with 14 (4-70%) in those
with smooth lesions (p < 0-02). The average residual
stenosis of the successfully dilated lesions was 18-500
in the irregular group and 23.0% in the smooth
(p < 0-03). At follow up 72-8% of the patients in the
smooth group improved by two or more clinical
angina grades compared with 58 5% in the irregular
group (p < 0-05). Follow up coronary surgery was
needed in 14-6% of the irregular group and 5-3% of
the smooth group (p < 0-05).

Angiographic evidence of plaque disruption
before coronary angioplasty may permit a greater
degree of dilatation but is associated with a lower
primary success rate, a higher acute occlusion rate,
less symptomatic relief, and a greater need for later
coronary sugery.

Stent implantation for the treatment of
coronary artery bypass graft stenosis

K J Beatt, 0 Kamp, H Suryapranata,
R Geuskens, P W Serruys
Thoraxcenter, Erasmus University, Rotterdam,
The Netherlands

The long term success of balloon angioplasty in
coronary artery bypass grafts is limited by the high
recurrence rate of the initial stenosis. Eighteen self-
expanding intravascular stents were implanted in 12
patients after balloon dilatation of a coronary artery
bypass graft stenosis, and the immediate results were
assessed by quantitative coronary angiography. The
mean age ofthe group was 61 -3 (43-75) years and the
age of the bypass graft 65-9 (62-125) months. In 10
patients the procedure was elective as a measure to
prevent restenosis and in one the stent was implanted
after dissection and the dislocation of atheromatous
material in order to improve the immediate hae-
modynamic result, and so avoid or delay the need for
bypass surgery. The mean unconstrained diameter
of the stent was 4-1 (3-0-5-0) mm, implanted into
grafts with a mean diameter of 3-3 (2- 1-4 4)mm. The
implantation was proximal in three cases and in the
middle of-the bypass graft in nine cases. In five cases
the stent was implanted in the distal portion either
before or after the first jump and in two patients the
device was positioned so as to involve the distal
anastomosis-one straddling an end-to-side anas-
tomosis and one a side-to-side anastomosis. The
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minimal lumen diameter was 1-4 (0-7-2-2) mm
before angioplasty, 2-1 (0-6-3-3) mm after, and 2-6
(1 -8-3-7) mm after stent implantation.
So far there have been more than 44 stents

implanted into the coronary artery vein grafts of 29
patients in five centres in Europe. This has been
achieved without technical difficulty or procedure
related complication, and the implanted device
seems to improve the haemodynamic result.
Detailed follow up studies are needed to determine
how effective this device will be in the long term
treatment for coronary bypass stenosis.

Simple and complex coronary angioplasty
with a Monorail system

G Bergman, B Meany, Jennie Metcalfe, S Thomas,
G Jackson, D E Jewitt
Cardiac Department, King's College Hospital,
London

Coronary angioplasty of single, multiple, and com-
plex lesions was attempted with a Monorail system
in 560 patients. The potential advantages of the
Monorail design relate to its short over-the-wire
tracking segment. Primary success was achieved in
92% with a complication rate of only 4%. These
results compare favourably with 87% success rate
and a 3-8% complication rate in 250 patients (264
lesions) who had angioplasty before the Monorail
system became available. The major limitation of
this system has been looping of the guide wire,
behind the tracking segment, resulting in locking of
the balloon and wire. This has been overcome in the
new generation of (Piccolino) balloons which have
the further advantage of an extremely low profile.
Poor tracking was probably responsible for failure to
cross eight distal lesions, which were successfully
dilated by a different system. This system design
allowed serial dilatation, initially with a small bal-
loon, and then with a more appropriately sized one,
in 8% of cases, without the difficulty of use of an
exchange wire. In 30 bifurcational lesions successful
dilatation of both limbs of the stenosis was achieved
in 94%. A single balloon was passed serially over two
pre-positioned wires, allowing ease, safety, and
economy. Excellent distal visualisation facilitated
procedural decision making while maintaining
access to the distal vessel.
A Monorail system provides an over-the-wirebal-

loon dilatation system with the advantages of ease of
exchange, low profile, and good visualisation,but the
system may not be ideal for distal or tortuous vessels.
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Measurement of inflated balloon size during
angioplasty: importance of balloon material,
artery size, and inflation pressure

W J Penny, J H Chesebro, Magda Heras, M Bell,
D R Holmes, R E Vlietstra
Mayo Clinic, Rochester, Minnesota, USA

Angioplasty balloon size may be affected in vivo by
factors other than the manufacturer's in vitro sizing.
Factors affecting balloon size were tested in 54
inflations in 18 patients. Dimensions were analysed
by a computer based quantitative angiographic
system. At the same inflation pressure (4-9 (0-2)
atm), polyethylene terephthalate (PET) balloons
were larger than polyethylene (PE) balloons,
inflating to 92 (2)% v 83 (3)% of the manufacturer's
size (p = 0-01). Threemm PET balloonswere larger
than 3 mm PE balloons (2-7 (0-04) v 2-5 (0-04) mm,
p < 0-02). PE but notPET balloons increasedin size
from first (2-3 (0 1)) to final inflation (2-6 (0 1) mm,
p = 0-03). Balloon size correlated with inflation
pressure (r = 0-73, p = 0-004) and cross sectional
area of the normal artery (r = 0-87, p = 0-001) but
not of the stenosis. Balloon oversizing was tested in
pig carotid arteries in vivo. Eight mm balloons
(6 atm) were smaller (5-2 (0- 1) mm; range 4-6-7 mm,
n = 60) than the manufacturer's size (p = 0-0001).
Balloon size correlated with artery size (r = 0-43,
p = 0-001). In equal size arteriesPET balloonswere
larger (5-3 (0-1) mm, n = 30) than PE balloons
(5-1 (0-1) mm, n = 30 p < 0-01). Inflated (6 atm) in
pig coronary arteries in vivo polyvinylchloride
(PVC) balloons (n = 30) were smaller than the
manufacturer's size (3-0 (0-1) v 3-3 (0-1) mm,
p = 0-0001) and correlated with artery size
(r = 0-72, p = 0.0001). Four mm PVC balloons
(n = 10) ranged from 2-6 to 3-8 mm, depending on
the artery size (r = 0-76, p = 0-01).

In vivo, the inflated angioplasty balloon size
depends on the artery size, the balloon material, and
the inflation pressure, and the size achieved in vivo
is less than the manufacturer's in vitro size. This
has important implications for optimum balloon
selection.

Laser-generated tissue debris causes
considerable platelet aggregation in vitro

A J I Scriven, A W Nathan
St Bartholomew's Hospital, London

Laser ablation generates tissue debris, and this study
was performed to examine the effects of debris on
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platelet function in vitro. Segments of normal and
atheromatous human aorta, and of human and por-
cine thrombus, were suspended in 1 ml saline. These
were exposed to energy from a flashlamp-pumped,
pulsed dye laser operating at 504 nm. The energy
was delivered via a 600 pm quartz optical fibre, and
the total energy per segment was increased by
increments from 4 J to 60 J. Exposure of the tissue
segment to laser energy generally resulted in the
saline becoming turbid. The turbid suspension was
divided into two samples; one was centrifuged to
form a particle free supernatant. Samples (20 p1)
of the suspension or the supernatant were added to
500 p1 of human or rabbit platelet rich plasma in a
Born aggregometer by standard methods. Debris
suspension from normal aorta caused modest
(< 30%) aggregation, but atheromatous debris had
no effect. By contrast, both debris suspension and
supernatant from thrombus consistently caused con-
siderable (65-70%) dose-related aggregation even
when the total energy delivered was modest (for
example 15 J). The aggregation reaction provoked
by the suspension was irreversible. These effects
were not inhibited by heparin 0-1-10 U/ml, aspirin
0-2-2 mmol/l, or by 0-03 ng/ml iloprost, a synthetic
prostacyclin analogue. However, iloprost 0-3 and
3 ng/ml reduced aggregation to 42% and 0% of con-
trol respectively (p < 0-05).
Debris from thrombus caused considerable

platelet aggregation in vitro. These findings may be
relevant to laser coronary angioplasty and require
further study in vivo.

Cardiac rehabilitation after open heart
surgery: a surprising fact

F Black, B Foley, P Crean, M Walsh
Trinity Cardiology, St James's Hospital, Dublin,
Republic of Ireland

The population of patients undergoing open heart
surgery at our institution is divided into an urban
group of patients who attend a cardiac rehabilitation
programme and a rural group who for geographical
reasons do not. The aim of this study was to deter-
mine the effect of cardiac rehabilitation on (a) the
interval before return to work and (b) changes in
employment pattern after open heart surgery. One
hundred and eleven patients were interviewed. Fifty
three (39 men, mean age 50 6 years and 14 women,
mean age 58 3) attended the cardiac rehabilitation
programme. Fifty eight patients (51 men, mean age

Proceedings of the British Cardiac Society
58- 1 and seven women, mean age 55 9) had not. The
mean interval before return to work was 22-2 (17-4)
weeks in those in the rehabilitation group and 13-4
(7-68) weeks in the group who had not (p < 0-005).
In the rehabilitation group five who were
unemployed before surgery remained unemployed
after surgery and six others became unemployed. In
the non-rehabilitation group three who were
unemployed before surgery remained unemployed
after surgery and six others became unemployed. In
the cardiac rehabilitation group one proceeded to
early retirement ( < 60 years), as did two in the non-
rehabilitation group.

Surprisingly,those who attended the cardiac reha-
bilitation programme took significantly longer to
return to work than those who did not attend the
programme.

The use of trained autologous skeletal muscle
for long term counterpulsation in a sheep
model

CW Pattison, Debbie Cumming, Carol Lovegrove,
D G Clayton-Jones*,M J Dunn, G Goldspink*,
M Yacoub
Department of Cardiothoracic Surgery, National
Heart and Lung Institute, London, and *Royal
Veterinary College, London

There is a need for the development of long term
circulatory support in patients with severe chronic
heart failure. Effective aortic counterpulsation was
produced in 10 sheep by wrapping the mobilised and
pedicled latissimus dorsi around the proximal
descending aorta followed by pulse train electrical
stimulation at 35 Hz. The blood supply of the flap,
monitored by surface electrical impedance in five
animals, fell to 20% of normal during the first day
and returned to 62% of normal after 72 hours.
Histological examination of the flap from animals
killed at different periods up to four weeks after the
procedure showed no evidence of muscle damage or
fibrosis. Fluorescent immunocytochemistry with
monoclonal antibodies against slow and fast myosin
isoforms showed a fourfold increase in the propor-
tion oftype I fatigue resistant muscle fibres. Enzyme
histochemistry confirmed the shift in fibre type by
measuring the associated metabolic changes.
Long term effective counterpulsation by entirely

autologous skeletal muscle is feasible, safe, and
associatedwith appropriate structural and metabolic
changes in the skeletal muscle.
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Colour flow mapping in the detection of
intracardiac fistulas after aortic valve surgery
for endocarditis

J Smyllie, G R Sutherland, M van Daele,
J R T C Roelandt
Thoraxcentre, Rotterdam, The Netherlands

Previous reports suggest that an intracardiac fistula
(ICF) is a rare complication of aortic valve replace-
ment after infective endocarditis (IE). The diagnosis
of ICF in this situation is difficult by clinical criteria
alone and traditionally is based on angiography.
More recently colour flow mapping (CFM) has
become the diagnostic technique for the recognition
of complex intracardiac shunting. Cross sectional
echocardiography and CFM were used to study 40
consecutive patients who had undergone aortic valve
replacement for active IE, in order to determine the
incidence and spectrum of ICF in such patients. In
7/40 (18%) CFM detected an ICF by showing the
origin and extension of an abnormal turbulent jet
lesion between the left ventricular outflow tract and
left atrium (three patients) left ventricular outflow
tract and right atrium (two patients), aorta and
right ventricle (one patient), and aorta and right
atrium (one patient). The diagnosis was clinically
unsuspected in six cases. Cross sectional echo-
cardiography was diagnostic in only one patient.
Before the CFM study, pulsed and continuous wave
Doppler were diagnostic in only one case. Despite
persistenceof the ICF five patients remain symptom
free six months to five years after operation; two have
required reoperation.
We conclude that ICF is much more common

after aortic valve replacement for active IE than pre-
viously suspected. In our experience CFM was the
only diagnostic technique which provided accurate
information on the presence of such lesions and in
our opinion CFM is essential in both the intra-
operative and postoperative evaluation of all cases of
aortic valve replacement in active endocarditis.

The cerebral function analysing monitor as
the sole predictor of neurological damage
after coronary artery bypass surgery

M Nevin, A C F Colchester, S Adams, J R Pepper
Cardiothoracic Unit, St George's Hospital and
Atkinson Morley's Hospital, London

There is growing evidence that up to 80% ofpatients
recovering from coronary artery bypass surgery may
show subtle neuropsychometric changes that cause
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concern to the patient and family. Sixty five patients
who underwent coronary artery bypass surgery had
a detailed neuropsychometric assessment before
operation and twice in the first week after operation.
Throughout the operation a cerebral function
analysing monitor (CFAM) was used for continuous
monitoring of the parietal lobes. Thirty seven
patients (57%) had an important neuropsychometric
deficit and 86% of them also showed significant
CFAM changes-most of which occurred immedi-
ately after the start of perfusion. Five of these 37
patients showed no CFAM changes-a false negative
rate of 15%. Of 28 patients with no neuro-
psychometric deficit, six showed significant CFAM
changes-a false positive rate of 21 %.
We found that careful observation of the CFAM

trace gave a sensitivity of 86% and a specificity of
79% for subsequent neuropsychometric changes.
Remarkably, all patients whose CFAM traces
showed more than one significant change developed
an important neuropsychometric deficit in the first
week after operation.

Middle cerebral artery microembolism: a
comparison of bubble oxygenator with
arterial line filter and membrane oxygenator
alone

S Griffin, W Pugsley, T Treasure
Department of Cardiothoracic Surgery, Middlesex
Hospital, London

Microemboli can be detected in the arterial circu-
lation during cardiopulmonarybypass. These can be
detected with a transcranial Doppler transducer and
they are likely to be responsible for the micro-
vascular occlusions seen in the retina and to con-
tribute to neuropsychological changes shown after
cardiac surgery. Twenty patients undergoing either
routine coronary artery bypass grafting (17), valve
replacement (2), or repair of ventriculoseptal defect
(1) were allocated either to a Harvey 1700 bubble
oxygenator with a 40 pm Pall arterial line filter or to
a Cobe hollow fibre membrane oxygenator with no
in-line arterial filter. All cases received pulsatile
perfusion with core cooling to 28°C. Microembolic
events were measured by the counting of additional
noises over the pattern ofnormal pulsatile flow; these
were confirmed by reference to the visual waveform
generated on the screen. Median bypass time was 61
minutes (range 45-95) for the bubbler group and 77
minutes (range 50-115) for the membrane group.
The median number of microembolic events per
15 minutes of bypass was 18 events (range 6-54) for
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the bubble oxygenator and 16 (range 10-65) for the
membrane group. There was no significant differ-
ence between the groups (Mann-Whitney p = 0O4).
We conclude that the previously reported excess

of microemboli from bubble oxygenators compared
with membrane oxygenators was abolished when a

40 jm arterial line filter was used with the bubble
oxygenator.

Tricuspid regurgitation and pulmonary
artery pressure five years after implantation
of mitral bioprostheses

S Ikram, R Maire, P A Lewis, 0 Odemuyiwa,
S V Lo, C Hilton, R J C Hall
University Hospital of Wales, Cardiff and Freeman
Hospital, Newcastle upon Tyne

Seventy one patients (median age 60,22 men) under-
went mitral valve replacement (MVR) with tissue
valves (85% for rheumatic disease). There were five
early deaths (at operation or within 30 days) and 10
late deaths (up until 15 February 1988), leaving 56
long term survivors. The five year survival rate for
all patients was 83%. The mean preoperative sys-
tolic pulmonary artery pressure (PAPS) was 53 mm
Hg (95%CI 48 to 57) for the 56 long term survivors
and was 76 (95%CI 60 to 91) for the late deaths; the
respective pulmonary vascular resistances were 318
(95%CI 255 to 380) and 689 dyn s cm-5 (95%CI
395 to 983). Forty of the 56 survivors had clinical,
echocardiographic, and Doppler assessment at least
five years after operation (median 6-2 years). The
New York Heart Association class improved in 32
patients, was identical in seven, and was worse in
one. The most strikingnon-invasivefeature at follow
up was that tricuspid regurgitation (TR) was very
common (32/40). This allowed non-invasive assess-

ment of PAP5, and in 14 patients the TR was

sufficiently severe to be clinically significant. This
high incidence of significant TR was not the result
of persistent pulmonary hypertension because in 12
of the 14 patients with significant TR the PAP, was
< 45 mm Hg (in five of these 12 patients PAPS
was < 30). In the remaining two patients PAP, was
> 45 mm Hg. In the whole group with TR the
median PAPS fell from 50 before operation to 28 mm
Hg at follow up (average fall = 22).

In the long term almost all patients with MVR
show a reduction in PAP5. A substantial number,
however,have significantTR associatedwith normal
or only mildly raised pulmonary pressures, sug-
gesting an organic cause.

Proceedings of the British Cardiac Society

Cardiac abnormalitiesin patients with type IV
mucopolysaccharidosis:Morquio syndrome

R M John, D Hunter, R H Swanton
Middlesex Hospital, London

Cardiac involvement has been reported in all forms
of mucopolysaccharidoses but little note made of
abnormalities specific to Morquio's syndrome. The
Morquio-Brailsford syndrome (type IV mucopoly-
saccharidosis) is caused by a deficiency of N-acetyl
hexosaminidase-6-sulphatesulphatase and results in
the excretion of keratan sulphate in the urine. As in
all other types of mucopolysaccharidoses, incom-
pletely degraded glycosaminoglycans accumulate in
various tissues. We report on the echocardiographic
features of 10 patients (five men and five women;
median age 12-5 years, range 3-40) with Morquio's
syndrome. Six (60%) patients had echocardio-
graphic evidence of cardiac abnormalities. Mitral
valve thickening with prolapse producing mild to
moderate mitral regurgitation on Doppler echo-
cardiography was the most frequent abnormality,
occurring in five patients. One of these patients had
severe thickening of the mitral leaflet and annulus to
the point of significant mitral stenosis (mitral valve
gradient on Doppler echocardiography was 6 mm
Hg). Aortic valve involvement with mild aortic
regurgitation was evident in three patients (as iso-
lated abnormality in one patient and in conjunction
with mitral valve disease in two). Myocardial
involvement characterised by ventricular hyper-
trophy occurred in two patients with biventricular
hypertrophy out of proportion to valve abnormality
in one patient and considerableapical left ventricular
hypertrophy in another. The frequency of cardiac
abnormalities increased with age.

Progressive valvar and myocardial disease is
common in this rare group of patients and although
corrective cardiac surgery may not always be
necessary or feasible, cardiac follow up and bacterial
endocarditis prophylaxis are warranted.

Prevalence of ventricular arrhythmias in
patients with left ventricular hypertrophy
caused by aortic valve disease

A Al-Riyami, P W Macfarlane, S M Cobbe
Department of Medical Cardiology, Royal
Infirmary, Glasgow

It has been suggested that patients with left ventri-
cular hypertrophy are at risk of sudden death from
ventricular arrhythmias. We studied the prevalence
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of ventriculararrhythmias and ofan abnormal signal
averaged electrocardiogram(SAECG) in 35 patients
with electrocardiographic left ventricular hyper-
trophy secondary to aortic valve disease. The mean
age was 62 years (range 41-78). The dominant lesion
was aortic stenosis in 29 patients, with a mean
systolic gradient of 69 (range 30-115) mm Hg, and
aortic regurgitation in six. Mean left ventricular
mass index by echocardiography (Penn convention)
was 217 gM2 (range 91-343, normal range < 132).
Forty eight hour ambulatory electrocardiographic
recording showed < 10 ventricular premature
depolarisations (VPDs) per hour in 29, 10-30
VPDs/h in five, and > 30 VPDs/h in two patients.
Three patients had > 10 ventricular couplets/24 h,
and three had salvoes of non-sustained ventricular
tachycardia up to four beats in duration. The
SAECG was assessed for the following abnormali-
ties: filtered QRS duration > 120ms, amplitude of
last 40 ms of filtered signal < 25 pV, and duration of
low amplitude signal > 38 ms. Abnormalities were
found in 6, 2, and one patient respectively, but only
two patients had abnormalities by two or more
criteria. Of the five patients with frequent couplets
or non-sustained ventricular tachycardia, only one
had an abnormal SAECG.

Despite the presence of severe left ventricular
hypertrophy in these patients, the prevalence
of repetitive ventricular arrhythmias was low and
could not be predicted by signal averaged
electrocardiography.

Ventricular stroke work loss: an alternative
method of quantifying the severity of aortic
stenosis

D C Sprigings, J B Chambers, T Cochrane, J Allen,
M M Black, G Jackson
King's CQllege Hospital, London

The systolic pressure gradient across the aortic valve
(SPG) is an inaccurate index of stenosis if cardiac
output is low or there is appreciable aortic regur-
gitation. Because aortic stenosis results in loss of left
ventricular stroke work (LVSW) (because of friction
through the valve and turbulent flow in the
ascending aorta), the percentage of LVSW that is
lost may be a measure of the severity of stenosis. We
compared the percentage loss of LVSW and maxi-
mum aortic orifice area (OA) (measured by plani-
metry of videotape) in a computer controlled pulse
duplicator. Thirteen valves were studied (nine
human aortic valves obtained at necropsy and four
bioprosthetic valves) at stroke volumes from 40 to
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100 ml, giving 57 data points. OA ranged from 0 3 to
2-8 cm2 and mean SPG from 3 to 84 mm Hg. The
percentage loss of LVSW, calculated as mean SPG
divided by mean LV systolic pressure x 100, was
7-68% and showed a close inverse correlation with
OA (r = - 0-88, p < 0-00001). It was only weakly
correlated with flow (r = 0 15, p = 0 25).
We conclude that the percentage loss of left

ventricular stroke work reflects aortic valve area over
a wide range in this model. It may be a clinically
useful index of aortic stenosis: it has the important
advantage over the Gorlin formula of not requiring
measurement of cardiac output.

The relative values of intraoperative
epicardial and transoesophageal
echocardiography in mitral valve repair

A G Fraser, L van Herwerden,M E R M van Daele,
E Bos, J R T C Roelandt, G R Sutherland
Thoraxcenter, Academisch Ziekenhuis Dijkzigt,
Rotterdam, The Netherlands

Mitral valve repair is preferable to replacement in
patients with appropriate valve morphology. In our
experience, preoperative investigations have limi-
tations in identifying valves suitable for repair,
but intraoperative echocardiography should both
identify such valves and provide immediate assess-
ment of surgical results. We studied the relative
values of epicardial (EE) and transoesophageal
(TEE) echocardiography in 15 patients scheduled
for conservative valve surgery. Excellent images
were obtained with both techniques in all subjects.
In 13, both EE and TEE showed prolapse of one
mitral leaflet (anterior six, posterior seven), but the
mitral valve could be imaged in multiple planes only
with EE. Thus EE and not TEE showed prolapse or
failure of coaptation restricted to a single scallop of
either leaflet and thus indicated the type of valvo-
plasty required. Colour flow mapping (CFM) by
TEE was better than EE in showing mitral regur-
gitant jets, which were eccentric in all patients with
prolapse. Five patients required valve replacement.
In the others, TEE CFM showed no significant
residual regurgitation through the repaired valves;
assessmentby EE was limited by flow masking of the
left atrium by prosthetic material. Contrast echo-
cardiographic assessment of mitral regurgitation via
left ventricular puncture during EE caused ventri-
cular arrhythmias (n = 5) and gave images of limited
value.
We conclude that EE is the best technique for the

intraoperative evaluation of mitral valve morph-
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ology, and that transoesophageal CFM is the most
useful technique for identifying regurgitation.
Contrast echocardiographic assessment of valve
regurgitation has been superceded by CFM.

Ten year results of a randomised trial of the
Bjork-Shiley, Hancock, and Carpentier-
Edwards prostheses

P Bloomfield, D J Wheatley, R J Prescott,
H C Miller
Royal Infirmary of Edinburgh, Edinburgh

From 1975 to 1979, 540 patients undergoing heart
valve replacement were entered into a randomised
trial and received either a Bjork-Shiley mechanical
(BS) or porcine (Hancock or Carpentier-Edwards)
prosthesis: 210 underwent aortic valve replacement
(AVR), 262 mitral valve replacement (MVR), and 60
AVR + MVR. Only eight underwent tricuspid valve
replacement and these were excluded from further
analysis. Mean follow up was 10-4 (range 7-5-12-5)
years. Actuarial survival at 10 years was 56-5 (2 2)%
for all patients, 65-2 (3-3)% after AVR, and 50 1
(3 2)% after MVR, with no significant difference
between the prostheses. Reoperation for valve failure
was necessary significantly more often in patients
with porcine (53) than with BS prostheses (17)-
mainly because of cusp failure of porcine prostheses
more than five years after implantation. Reoperation
or cardiac death were taken as end points for
actuarial analysis and were significantly less frequent
for patients receiving the BS prosthesis when the
whole series and the subgroup undergoing MVR
were considered, but not in the subgroup receiving
an AVR. All patients with BS prostheses received
anticoagulants. Bleeding complications were signifi-
cantly more common in patients with BS prostheses
(28) than in those with porcine prostheses (15).
Death, bleeding complications, reoperation, embol-
ism, and bacterial endocarditis were taken as end
points for an actuarial analysis of "event free" sur-
vival; there was a non-significant trend in favour of
the BS prosthesis when the whole series and the
subgroup undergoingMVR were considered, but no
discernible trend after AVR.

Balloon dilatation of the mitral valve for
"inoperable" mitral stenosis

T R D Shaw, D McAreavey, A R Essop, C S Song
Department of Cardiology, Western General
Hospital, Edinburgh

Proceedings of the British Cardiac Society

In the United Kingdom many patients with mitral
stenosis are elderly and have non-cardiac disease.
Seventeen of 50 patients undergoing balloon
dilatation of the mitral valve had additional medical
problems judged to make them at high risk for car-
diac surgery. The main contraindicationto operation
was severe obstructive airways disease in eight, very
poor left ventricular function in four, multiorgan
failure in three, intrathoracic adhesions in one, and
psychiatric disorder in one. Six required urgent
dilatation because their clinical condition was criti-
cal; 11 procedures were elective. The mitral valve
was heavily calcified in nine and had moderate/mild
calcification in four. Balloon dilatation of the mitral
valve was achieved in all 17 patients with a 25 mm
balloon (n = 13) or double balloon dilatation
(n = 4). The mitral valve gradient fell from 13-9
to 5-5 mm Hg, cardiac output rose from 2-84 to
3-58 1/min, and valve area increased from 0-71 to
1 54 cm2. Mean left atrial pressurewas reduced from
24-3 to 15 1 mm Hg. Right ventricular systolic
pressure fell from 66 to 54 mm Hg (all p < 0-05).
Thirteen patients had a final valve area of > 1 2 cm2
and nine of > 1-5 cm2. No major complications
occurred during the procedures. Two patients died
shortly after balloon dilatation. Both had additional
respiratory disease and both had required artificial
ventilation. In retrospectmore vigoroususe ofventi-
lation might have been of benefit to these two
patients. Of the remaining 15 patients, 14 had an
improvement in symptoms.

Balloon dilatation of the mitral valve can be a
helpful alternative treatment in patients who are
unsuitable for operation.

Coronary lesions after thrombolysis:
irregularity predicts need for urgent
intervention

S W Davies, B Marchant, J P Lyons, A D Timmis,
C Layton, M T Rothman, R Balcon
The London Chest Hospital, London

After thrombolysis there is a high incidence of early
recurrent angina and of reinfarction. Quantitative
analysis of coronary lesion morphology was per-
formed in 72 consecutive patients, who underwent
elective angiographytwo to eight days after receiving
streptokinasewithin six hours of infarction. All were
clinicallj stable at the time of angiography and
remained on heparin infusion for at least four days
after thrombolysis.After angiography but during the
same admission, 15 developed prolonged episodes of
angina at rest. Four settled medically but 1 1 required
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urgent intervention-angioplasty in eight and
coronary artery bypass grafting in eight, at between
two and 10 days after thrombolysis. There were no
differences between those developing unstable
angina and those with a stable in-hospital course in
term of age, sex, extent of coronary disease, or left
ventricular function. There was, however, a signifi-
cant difference in the ulceration index (UI) of the
lesion in the infarct related artery: unstable course
10-4 (14-0) v stable course 3-8 (2 8) (p < 0-001).
There were no differences in the severity of stenosis,
length of diseased segment, symmetry/eccentricity,
shoulder, location at branch point, globular or linear
filling defects, or contrast staining. These data show
that after thrombolysis the degree of irregularity of
the infarct related artery is a critical determinant of
clinical instability. When the UI was > 6 at angio-
graphy 11/19 subsequently developed unstable
angina, whereas when the UI was < 6 only 4/53 did
(p < 0001). Other morphological features seem to
have little predictive value.
Thus quantitativeanalysis ofcoronary lesion mor-

phology defines a subset of patients at high risk of
complications in whom intensive medical treatment
is indicated.

Thrombolysis for acute myocardial
infarction: Is there adequate provision in
England?

J D Skehan,M L Cowley, C J Burrell, CW Barrett,
P G Mills
The London Hospital, Whitechapel, London

The benefit of early thrombolysis in acute myo-
cardial infarction is established. The provision of
such treatment was studied in over one third of
English Health Districts. Of 65 districts surveyed
only 20 (31%) had a published policy available to
junior medical staff. A policy was "in preparation"in
26 (40%) while 19 (29%) reported no plans for
developing a policy. Formation of a district policy
was not influenced either by thrombolytic trial
participation or by the presence or absence of a dis-
trict cardiologist. An age limit is stipulated in 43%
of current policies, a time window in all (4 h, 6%;
6 h, 36%; 12 h, 14%; and 24 h, 44%), heparin in
43%, and aspirin in 98%. Thrombolyticagents were
available in accident and emergency departments in
only 27% of districts surveyed and in 41% of those
with a published policy. At present streptokinase is
the preferred agent in all districts, whether or not a
formal policy exists. Expenditure on streptokinase
has increased considerably but currently varies by a
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factor of up to 40 between districts and represents
0 5 to 20 treatments per month per 100 000 popu-
lation. At the time of survey, trial drugs continued to
offset costs in only a few districts.
Most health districts are responding to the

requirement for thrombolysis in acute myocardial
infarctionbut considerablevariations remain in both
policy guidelines and the number of patients being
treated.

Serial intravenous bolus injections of
recombinant tissue type plasminogen
activator are associated with rapid
recanalisation in patients with acute
myocardial infarction

M I Khan, D R Hackett, E McFadden,
Felicita Andreotti, P Halson, G J Davies, A Maseri
Cardiovascular Unit, Hammersmith Hospital,
London

A rapid intravenous (IV) bolus injection rather than
continuous infusion of a thrombolytic agent would
facilitate pre-hospital coronary thrombolysis. We
studied 24 consecutive patients with early evolving
acute myocardial infarctionwithin 6 h after the onset
of chest pain. Patients were randomised to receive
either an intravenous infusion of 70MU (= 100 mg)
recombinant tissue type plasminogen activator
(rt-PA) over 1l5 h followed by an infusion of 35 MU
over 5 h (group I, n = 11), or four bolus intravenous
injections of 17-5 MU administered at 20 min
intervals (group b, n = 13). The patency of the
infarct related coronary artery (IRCA) was assessed
by angiography before and during rt-PA adminis-
tration and by recatheterisation at 24 h. The mean
duration of chest pain at the start of rt-PA was 3*1 h
(range 1-5-5X0) in group I and 3 0 h (1-5-5-0) in
group B (p = NS). Acute recanalisationofthe IRCA
resulted in seven of 11 patients in group I and 10 of
13 in group B (p = 0-2); in one patient in group B
the vessel had reoccluded by 24 h. Mean (SD) time
from the start of rt-PA to full patency of the IRCA
was 40 (7 2) minutes in group I and 28 1 (6 7) in
group B (p = 0 2). There were no significant
differences in the minimum IRCA lumen between
group I and group B at 90 minutes (1 29 (0 6) v 1-20
(0-3)mm or at 24 h (1-54 (0-5) v 1 24 (0-2) mm). The
maximum falls in fibrinogen were 59-5 (9-9)% and
47-3 (9 5) respectively(p = NS). Groin haematomas
occurred in five patients in group I but in none in
group B.

Bolus intravenous rt-PA seems to result in earlier
recanalisation of the IRCA than intravenous
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infusion and is associated with fewer bleeding
complications and less fibrinogen depletion. The
findings of this pilot study suggest there is consider-
able scope for investigatingthe use ofbolus dosing in
larger groups of patients.

Circulating concentrations of free radicals in
patients with myocardial infarction

P D Higham, C Bleasdale, A M Brown, S Saltissi,
M J Jackson, C R K Hind
University Department of Medicine, Royal
Liverpool Hospital, Liverpool

Experimental studies suggest that post-ischaemic
myocardial dysfunction may be mediated in part by
the generation of free radicals. First, the use of free
radical scavengingagents has been shown to promote
earlier recovery ofmyocardial function after induced
ischaemia in animals. Secondly, recent studies of
dogs by electron paramagnetic resonance spectro-
scopy have provided direct evidence of free radical
production in reperfused myocardium. But this
technique is not clinically applicable, and there are
no data on human free radical production after myo-
cardial infarction. Such free radicals can cause diene
conjugation of native fatty acids (for example, the
production of 9,11 -linoleic acid (9,11-LA') from
9,12-linoleic acid (9,12-LA)). This property forms
the basis of an assay of circulating free radical prod-
ucts by high performance liquid chromatography,
the results of which are best expressed as a molar
ratio of [9,11 -LA']/[9,12-LA](%MR) (normal range
0 5-2 0). To investigate the behaviour of these free
radical products after myocardial infarction, serial
venous blood samples were taken every 24 hours
after the onset of chest pain in 12 patients with
definite myocardial infarction (seven men, five
women; mean age 55-7 years, range 41-70 years).
These samples were separated, stored at - 20°C,
and later assayed in batches for %MR and creatine
kinase-MB (CK-MB) measurements.We found that
11 of the patients had a raised %MR (mean peak
value 5-1, range 3-2-10-8) which peaked at 24-48
hours. Ten of the patients recovered uneventfully
and the %MR returned to normal by day 6. In the
one patient who reinfarcted on day 4 (as diagnosed
by chest pain, electrocardiographic changes, and a
further rise in CK-MB activity), there was a further
rise in %MR on day 5. There was no significant
correlation between peak CK-MB activity and %MR.
These results provide the first in vivo evidence in

human beings of free radical production after myo-
cardial infarction. The time course of these changes

Proceedings of the British Cardiac Society
suggests that the release of free radicals follovws re-
perfusion of damaged myocardium rather than their
instantaneous formation at the time of infarction.

Ambulatory ST segment deviation after acute
myocardial infarction: implications for
exercise ischaemia and left ventricular
function

P Currie, S Saltissi
Department of Cardiology, Royal Liverpool
Hospital, Liverpool

To evaluate transient myocardial ischaemia during
daily activities in patients recovering from acute
myocardial infarction (MI), we performed ambu-
latory ST segment monitoring both early (mean
6-3 days after MI; n = 166) and late (mean 38 days;
n = 145). The findings were correlatedwith exercise
testing (n = 145) and radionuclide left ventricular
(LV) function (n = 110). On early monitoring,tran-
sient ST segment deviation occurred in 43/166
patients (26%) and was associatedwith a tendency to
reduced LV ejection fraction (mean (SD) 48-4
(11-5)% v 52-7 (12-5)%) (p < 0-07) and earlieronset
of exercise induced ST deviation (mean (SD); 183
(103) s v 232 (123) s) (p < 0 06). Late ST deviation
was detected in 48/145 patients (33%) and was
significantly associated with earlier onset of exercise
induced ST change 172 (97) s v 249 (117) s)
(p < 0-01), a greater magnitude of maximum ST
deviation on exercise (2-2 (1-0) mm v 16 (0 5))
(p < 0-01), and an increased number of ECG leads
showing ST deviation on exercise (3-8 (2-3) leads v
2*4 (1-5)) (p < 0-01). Late ST deviation was not,
however, correlated with impaired LV ejection
fraction (50 5 (11-3)% v 52-3 (12 9)%) (NS).

In this study, transient ischaemia early after MI
was associated with a greater impairment of LV
systolic function, whereas later ST deviation was
a marker for more extensive exercise induced
myocardial ischaemia. These findings may have
implications both for prognosis and in identifying
candidates for coronary revascularisation after MI.

Management of patients after myocardial
infarction: Do exercise testing and a more
intensive approach make any difference?

J E Sanderson, E Whiteley, K Neubauer
Cardiology Departnent, Taunton and Somerset
Hospital, Taunton
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There is a considerable difference between physi-
cians in their management policy for patients after
myocardial infarction. To determine whether this
affects outcome, we studied the long term prognosis
of two groups of patients admitted to a coronary care
unit (CCU) with myocardial infarctions in whom
management after infarction was different. During
1984-86, 234 patients aged < 70 with proven myo-
cardial infarctions (history, ECG, and enzymes)
were admitted into CCU under the care of a physi-
cian with an interest in cardiology (121, group A) and
a general physician (113, group B). Data were avail-
able after a mean follow up of 30 months (range
12-47) in 86 (71%) of group A and 79 (70%) of
group B patients. All patients in group A had a pre-
discharge limited (stage II Bruce protocol) exercise
test (and 71% had a full exercise test at about one
month after discharge) and more intensive treatment
as a consequence. None of the patients in group B
had a pre-discharge exercise test and they were
generally discharged to their general practitioner
after one outpatient visit. At follow up after 12-47
months, 70% in group A and 52% in group B were
well, without any problems. Twenty per cent in
group A and 34% in group B (difference x2 test p <
005) had angina, heart failure, or a further
infarction. Mortality was 10% in group A and 14%
in group B. Ten patients in group A and one in group
B had coronary artery bypass grafting. These results
show that exercise testing and more intensive
management after myocardial infarction do make a
significant difference to morbidity and possibly to
mortality.

Adenosine and angina pectoris

F Crea, G Pupita, A R Galassi, H El-Tamimi,
J C Kaski, G Davies, A Maseri
Cardiovascular Unit, Hammersmith Hospital,
London

Because the intravenous infusion of adenosine (Ad)
provokes angina-like chest pain in healthy volun-
teers, it has been proposed that endogenous Ad,
released during myocardial ischaemia, could be
responsible for the anginal pain. However, chest
pain caused by intravenous Ad could originate from
organs other than the heart. To establish its origin,
an intracoronary infusion of Ad at increasing con-
centrations(10~5, O-40~24-3 5 x 10-3 and 4 x
10- mol/l) was given to nine patients with stable
angina. In the same patients Ad was then infused
into the right atrium by the same protocol, but at
concentrations 20 times greater. During intra-
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coronary administrationofAd all nine had chest pain
similar to their anginal pain: two at a dose Io-3
mol/l, four at 2-5 x 10' mol/l, and three at 4 x
l0-3 mol/l. During infusion of Ad into the right
atrium no patient had chest pain up to a concen-
tration 2 x 10-2 mol/l; in all nine patients the con-
centration of Ad that produced chest pain was at
least 20 times greater than that which provoked chest
pain during intracoronary infusion. In 10 other
patients with stable angina we performed a single
blind, placebo controlled, randomised study to
assess the effect of the Ad antagonist aminophylline
(Am) (7 mg/kg over 10 min) on exercise induced
angina. With Am, angina (assessed by a visual ana-
logue scale) was significantly less than with placebo
(48 (26) mm v 68 (18) mm, p < 0-02, respectively),
despite a similar peak ST depression (1-5 (0 3) mm
v 1 6 (0 3) mm respectively).

Intracoronary administration of Ad provokes
chest pain at doses that do not produce symptoms
during infusion into the right atrium, indicating that
the pain originates from the heart. Furthermore,
blockade of Ad receptors with Am reduces exercise
induced angina. These findings suggest that Ad is a
stimulus adequate to produce cardiac pain and that
it could be, at least partially, responsible for the
anginal pain.

Atherosclerotic human coronary vessels
preserve a dilator response to substance P
in vivo

D C Crossman,* S W Larkin,* M Dashwood,t
G J Davies,* M Yacoub,4 A Maseri*
*Royal Postgraduate Medical School, tRoyal Free
Hospital Medical School, $National Heart and
Lung Institute, London

Human epicardial coronary vessels respond in vivo
and in vitro to the endothelium dependent vaso-
dilators acetylcholine (ACh) and substance P (SP).
When ACh is infused into vessels diseased by ath-
erosclerosis, however, it causes constriction not
dilatation. This is presumed to be the result of
endothelial cell dysfunction allowing the muscarinic
constriction to be unopposed. SP is believed to have
receptors only upon the endothelium and it dilates
normal coronary arteries. The response of diseased
vessels to SP is unknown. Five patients with
ischaemic heart disease underwent diagnostic
catheterisation followed by intracoronary SP
infusions. Isosorbide dinitrate (ISDN) was then
infused at 1 mg/min. Angiograms were performed
before any infusions and after each dose. Two of the
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five patients showed no response to SP while pre-
serving dilatationto ISDN. Three, however, showed
dose dependent dilatation with SP (mean (SD) (%)
increase from basal at 2 8 pmol/min SP, 6 2 (3 5)%;
5-6 pmol/min SP, 29-3 (10-5)%; 11-2 pmol/min SP,
32 (12-7)%; 22-4 pmol/min SP, 31-3 (12-2)%;
ISDN, 36 (19)%). Only the highest dose of SP (22-4
pmol/min) had systemic effects, and these were
slight (changes from beginning to end of infusion:
heart rate + 4-6 (5-3) beats/min, mean blood pres-
sure - 54 (4-2) mm Hg). To confirm the preserva-
tion of SP receptors in atherosclerosis, diseased
vessels from a transplant recipient were subjected to
autoradiography with 50 pmol/l '25I-SP. Displace-
able luminal binding was found adjacent to severe
atheromatous plaques.

It is concluded that endothelium can still produce
dilator response to SP in the presence of atheroma.
The "endothelial dysfunction" seen with ACh must
reflect a specific muscarinic dysfunction rather than
endothelial dysfunction per se.

Abnormal peripheral vascular response in
hypertrophic cardiomyopathy in relation to
clinical and prognostic features

P J Counihan,M P Frenneaux, Anne O'Donoghue,
D Webb, W J McKenna
St George's Hospital Medical School, London

Exercise hypotension is found in approximately one
third of patients with hypertrophic cardiomyopathy
(HCM). Exercise hypotension in a small selected
cohort was associated with abnormal peripheral
vasodilatation, suggesting a mechanism for the
exercise hypotension. To examine the association of
peripheral vasodilatationand exercise induced hypo-
tension, 40 consecutive patients with HCM (aged
14-67, mean 39 years) underwent symptom limited
treadmill exercise testing on at least two occasions.
Cuffblood pressure was recorded at minute intervals
throughout exercise and recovery. Peripheral
vascular responses were assessed by forearm
plethysmography with a mercury-in-silastic strain
gauge. This technique measures changes in forearm
blood flow; forearm vascular resistance (FVR) is
calculated from the relation of pressure and flow. A
mean of five recordings was made at rest and at the
peak ofsymptom limited supine bicycle exercise. For
comparison 12 healthy volunteers were similarly
studied. Forearm vascular resistance expressed as
the percentage of peak versus baseline was 125-318
(median 213%) in controls and 40-494 (median
163%) in HCM (NS). Eighteen patients who had an
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abnormal erect exercise blood pressure responsehad
a reduced change in forearm vascular resistance dur-
ing exercise compared with patients with normal
exercise blood pressure (40-138, mean 90 (13)% v
141-494, mean 232 (120)%, p < 0-001). Univariate
analysis showed that of 10 clinical, echo-
cardiographic,and arrhythmiafindings only a family
history of sudden death was more common in those
with abnormal plethysmography (7/18 (39%) v 3/22
(14%), p = 0 06). The finding of abnormal exercise
forearm blood flow in patients with exercise hypo-
tension confirms a mechanism of haemodynamic
instability. The lack of relation of abnormal forearm
blood flow and clinical features is consistent with
previous data in patients who die suddenly while the
association with a family history of sudden death
suggests a potentially important mechanism that
may be genetically determined.

Spontaneous coronary spasm in variant
angina results from a local coronary
hyperreactivity to a generalised constrictor
stimulus

J C Kaski, A Maseri, M Vejar, P Halson, F Crea,
D Hackett
Cardiovascular Unit, Royal Postgraduate Medical
School, Hammersmith Hospital, London

Focal coronary artery spasm in patients with variant
angina can be provoked by diverse constrictor stim-
uli, thus indicating the presence of a local coronary
hyperreactivity. To assess whether spasm, when
occurring spontaneously, also results from a local
coronary hyperreactivityto a generalised constrictor
stimulus or from a localised stimulus emerging from
the hyperreactive segment, we studied six patients
with variant angina who developed focal coronary
spasm spontaneously during cardiac catheterisation.
Patientshad fixed coronary stenoses rangingfrom 1 1
to 42%. Changes of coronary luminal diameter were
assessed by an automated edge contour detection
computer analysis system. During spontaneous
coronary spasm the luminal diameter of spastic
coronary segments was reduced by 59 5% compared
with control, while the calibre ofproximal and distal
non-spastic coronary segments was reduced by
13-2% and 14 8%, respectively. Ergometrine, given
to four patients, consistently provoked focal spasm
in the same coronary segments that developed spon-
taneous spasm. Intracoronary isosorbide dinitrate
dilated spastic and non-spastic proximal and distal
coronary segments to a similar extent: 20 7%, 18%,
and 16 5% respectively.This study shows that spon-
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taneous focal coronary spasm in variant angina
results from a local exaggerated coronary constrictor
response to generalised stimuli that also affects all
other coronary segments by producing only mild
coronary constriction.

Spontaneous coronary spasm in variant angina
results from a local coronary hypperreactivity to a
generalised constrictor stimulus.

Circulating autoantibodies against
"myoendocrine" cells in patients with
autoimmune polyendocrinopathy and
systemic hypertension

Alida Caforio, W J McKenna, E Bonifacio,
R Wagner, R Gill, E Bosi, G F Bottazzo
St George's Hospital Medical School and Middlesex
Hospital, London

In autoimmune polyendocrinopathy organ specific
autoantibodies are markers of destruction to the tar-
get cells and may precede or be associated with clin-
ical evidence of disease. The potential existence of
organ specific autoantibodies to myoendocrine cells
in patients with multiple endocrine glands affected
by autoimmune disease has not been investigated.
We tested sera by indirect immunofluorescence
(IFL) on human atrium, ventricle, and skeletal mus-
cle from 166 patients with organ specific auto-
immune disease affecting at least two endocrine
glands, 54 patients with autoimmune thyroid dis-
ease, 27 with recent onset insulin dependent diabetes
mellitus, and 200 normal blood donors. Organ
specific anti-heart autoantibodies were more com-
mon in patients with polyendocrine autoimmune
disease (28/166, 17%) than in organ specific auto-
immune disease confined to one gland (1/80, 1%, p
< 0-001) or in normal blood donors (7/200, 3 5%, p
< 0-001). Organ specific anti-heart autoantibodies
were always IgG (titre range 1/10-1/40), reacted
with the cytoplasm of atrial and to a lesser extent of
ventricular myocytes, and were absorbed with
human atrium but not with rat liver or human skele-
tal muscle homogenates. On univariate analysis car-
diac specific autoantibodies were not associated with
a particular autoimmune disease or with any other
organ specific autoantibody. Positive serawere tested
by double IFL with rabbit anti-atrial natriuretic
factor (ANF) serum. Both organ specific anti-heart
autoantibodies and anti-ANF serum reacted with
the cytoplasm of the same atrial cells. Organ-specific
anti-heart autoantibodies were associated with a
higher frequency systemichypertension(7/38 (18%)
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v 2/80 (2-5%), p < 0-008) and family history of
hypertension(12/35,(34%) v 5/67 ('7%), p < 0 002).
These studies in patients with autoimmune poly-

endocrinopathy show the presence of organ specific
cardiac autoantibodiesagainstANF secreting "myo-
endocrine" cells in association with the finding of
systemic hypertension.

Fibreoptic disposable catheter tip pressure
transducer of very small dimensions for
cardiovascular investigations

G L Pappageorgio, V J Redding, N B Jones
Department of Biomedical Engineering, University
of Leicester, Groby Road Hospital, Leicester

Pressure measurements with fluid filled catheter sys-
tems may introduce pressure signal distortion due to
the limited and sometimes spurious frequency
response of the system. A single-fibre catheter tip
pressuretransducerhas been developed,which over-
comes these problems. Low manufacturing cost
renders the device disposable after single use. The
frequency response is flat up to several hundreds of
cycles per second and is determined by the electronic
circuitry. The inherent frequency response is much
higher. Resolution can be as low as 30 um of mer-
cury. The external diameter of the smallest available
catheter is 0-4 mm (1 3 F) and further minia-
turisation is possible. The device has been used for
on the bench experiments as well as for arterial and
venous pressuremonitoring in animals and in human
subjects. In view ofits small dimensionsand the high
signal fidelity, the device can be used for direct intra-
coronary blood pressure monitoring. Immunity to
electromagnetic interference, absence of electrical
potential within the cardiac cavities, and unlimited
catheter length are additional advantages.

Free radical activity in chronic heart failure
and effect of captopril

J McMurray, Medula Chopra, J McLay, N Scott,
A Bridges, Jill Belch
Departments of Clinical Pharmacology, Medicine,
and Cardiology, Ninewells Hospital, Dundee

Free radicals (FR) are potentially cytotoxic chemical
species. There has been much recent interest in the
possible role ofFR in myocardial reperfusion injury.
Coronary artery disease, haemodynamic derange-
ment, and neuroendocrine activation could also pro-
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mote FR formation in chronic heart failure (CHF).
Thus FR generation in CHF might contributeto the
genesis and progression of the syndrome. We there-
fore measured FR activity in 25 patients with stable
diuretic treated CHF (New York Heart Association
class II-IV) and, for comparison, in 14 age and sex
matched controls. We also investigated the potential
FR scavengingaction ofcaptopril in vitro and in vivo
in CHF. Malondialdehyde(MDA), a marker of lipid
peroxidation, was used as a measure of FR activity.
Patients with CHF had higherMDA concentrations
(median 14-7 (IQR 13-3-16-3),) than controls
(median 7-8 (IQR 7 3-8A4) (p < 0-001). In vitro
captopril showed dose dependent FR scavenging
activity (where the percentage inhibition of the assay
represents general FR scavenging activity): 13-3
(2 0)% (captopril concentration 50 ng/ml), 18-6
(1 3)% (100 ng/ml), and 34-3 (1-6)% (250 ng/ml). In
vivo, captopril (dose 6-25-25 mg) caused a small but
significant fall in MDA concentration from 14-7
(IQR 13.3-16-3) to 13-1 (IQR 11-414 3) one hour
after the dose (p < 0 01).
These results show that chronic heart failure is

associated with increased free radical activity. We
confirmed previous reports that captopril has free
radical scavenging activity in vitro and showed this
effect for the first time in vivo in human beings. This
effect of captopril may be of benefit in chronic heart
failure.

Hypoxia, myocardial ischaemia, and
arrhythmias during sleep in chronic heart
failure

S W Davies, J A Wedzicha, L M E John, R Balcon,
D P Lipkin
London Chest Hospital, and Royal Free Hospital,
London

In severe chronic heart failure (CHF) there is a high
incidence of sudden death, attributed to ventricular
arrhythmias. In patients with chronic airflow limi-
tation there is a relation between nocturnal episodes
of arterial oxygen desaturation and subsequent mor-
tality, but there are no reports of CHF patients.
Overnight studies were performed in 10 unselected
patients with severe CHF (New York Heart Associ-
ation grades III-IV) and no evidence of pulmonary
disease. Continuous recordings were made of trans-
cutaneouspo2 and pco2, oxygen saturation(Sao2) by
pulse oximetry, and ECG rate, rhythm, and ST seg-
ment shift. During sleep there was a significant fall
in mean Sao2 from 95- 1 (1 6)% awake to 92 7 (1- 4)%
asleep (p < 0-001); minimum Sao2 asleep was 85 1

(2 7)% . During the night Sao2 was below 95% for 62
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(32)% of the time, below 90% for 6 (5) of the time,
and below 85% for 1 (1)% of the time. Mean pco2
rose from 32-1 (9 3) mm Hg awake to 35 9 (10-8)
mm Hg asleep (p < 0 005). In four patients there
were dips (defined as an abrupt fall in Sao2 of > 4%
from a stable baseline, lasting > 30 s) with concur-
rent increases in pco2. In two patients there was
transient bradycardia during the dips; in two there
were frequent ventricular extrasystoles during the
dips, and in one of these there was significant ST
depression (> 0 1 mV at 80 s after J point) during a
dip. In the remaining patients occasional ventricular
extrasystoles were unrelated to changes in Sao2.

In severe CHF there were significant episodes of
oxygen desaturation during sleep, some of which
were associated with arrhythmias or ST segment
depression on both. Such episodes might be related
to the increased risk ofsudden death in severe CHF.

Increase in plasma concentration of atrial
natriuretic factor by atriopeptidase inhibition
in heart failure: effects on diastolic function

D B Northridge, I N Findlay, S G Dilly, H J Dargie
Department of Cardiology, Western Infirmary,
Glasgow and Pfizer Central Research, Sandwich,
Kent

Atrial natriuretic factor (ANF) is degraded in man
by a neutral endopeptidase (atriopeptidase) located
in the kidneys. UK 69 578 is a novel inhibitor of
atriopeptidase that raises plasma concentrations of
ANF in animals and normal volunteers, resulting in
a diuresis and natriuresis. We examined the short
term effects of UK 69 578 in six men (mean age 52
years) with mild heart failure (peak oxygen con-
sumption during treadmill exercise 20-4 (range
16-25) ml/min/kg). All medications including
diuretics were withdrawn and patients received UK
69 578 and placebo in random order on consecutive
days. UK 69 578 caused a threefold increase in
plasma ANF accompanied by a diuresis and a rise in
mean sodium excretion from 4 9 to 8-8 mmol/h
(p < 0-05). There was no change in heart rate,
arterial blood pressure, or cardiac output. Right
atrial pressure fell from 6-7 to 4-7 mm Hg and
pulmonary artery wedge pressure fell from 9-2 to
6-7 mm Hg after UK 69 578. The fall in cardiac
filling pressures could have been due to either a
fall in venous return or an improvement in left
ventricular relaxation. Doppler echocardiographic
measurements of transmitral blood flow were
therefore made to monitor left ventricular diastolic
function. There was a fall in peak early left ventri-
cular filling rate from 39-5 to 34 cm/s (p < 0-05) and
a rise in atrial filling from 40 to 42 cm/s (NS) after
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UK 69 578. The ratio of early to atrial ventricular
filling rate (E:A ratio), a Doppler index of left
ventricular diastolic function, fell from 1-04 to 087
(p < 005).
UK 69 578 caused an increase in plasmaANF with

an associated diuresis and natriuresis. We found no
evidence of an improvement in left ventricular
diastolic function, so the fall in cardiac filling pres-
sures was caused by peripheral effects, most proba-
bly dilatation of venous capacitance vessels.

Phosphorus magnetic resonance spectroscopy
of leg muscle in heart failure

L Arnolda, M Conway, M Dolecki, H Sharif,
P Sleight, J Ledingham, G K Radda, B Rajagopalan
Medical Research Council Biochemical and Clinical
Magnetic Resonance Unit, Oxford

Exercise tolerance is reduced in heart failure but
bears little relation to the severity of cardiac dys-
function. Recently much attention has focused on
chages occurring in skeletal muscle. Phospho-
creatine (PCr) depletion and acidification during
exertion is greater in the forearm muscle of patients
with heart failure (HF) than in controls (C). Similar
changes in leg muscle could contribute to exercise
intolerance in HF and account for the poor cor-
relation between the severity of cardiac dysfunction
and exercise capacity. Phosphorus spectra were
collected from the calf muscle of six patients with
HF and five controls at rest and during an incre-
mental exercise protocol with interruptions for
measurement of blood flow by plethysmography.
Resting PCr/PCr + inorganic phosphate (PCr/PCr
+ Pi) and pH were similar in HF and controls. The
maximum load attained was reduced in HF (7 0 (0-8)
W v 2-8 (06) W p < 0-01). All subjects completed
the first stage of the exercise protocol (1-5 W for
5 min). PCr/PCr + Pi was reduced in HF at this
level of exercise (082 (006) v 0 39 (008), p < 0-01)
but pH was not significantly different (6-99 (005) v
6-83 (0-09)). Both PCr/PCr + Pi (0-48 (007) v 0-25
(006), p < 005) and pH (6-92 (005) v 6-72 (008)
p < 005) were lower in HF at maximum exercise
although workloads were lower than in the controls.
This implies that the changes cannot be explained

by muscle atrophy alone. The lower pH caused by
greater production of lactate suggests either an
abnormality of oxidative phosphorylation or a
greater dependence on anaerobic glycolysis. Blood
flow and recovery were not significantly different in
HF and controls. These metabolic changes are qual-
itatively similar but more severe than the changes
described in forearm muscle in HF.
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Skeletal muscle and whole body protein
turnover in cardiac failure

W L Morrison, M C Petch, C Scrimgeour,
M J Rennie
Cardiac Unit, Papworth Hospital, Papworth
Everard, Cambridge, and Department of
Physiology, University of Dundee, Dundee

Muscle protein wasting commonly accompanies
severe heart failure. The mechanism of this so-called
cardiac cachexia was investigated in eight patients
who showed an average decrease of body weight of
19%, and their results were compared with those
from 11 healthy controls. Exchanges of tyrosine and
3-methylhistidine across leg tissue were used as
specific indicators of net protein balance and
myofibrillar protein breakdown respectively. Whole
body protein turnover was measured by a stable iso-
tope labelling technique with L -[1 -13C] leucine
as tracer. In patients with cardiac cachexia there
were increases, relative to values in normal control
subjects,inlegeffluxoftyroxine(- 8-2(O 6) v - 4-2
(0 3) nmol/100 ml leg tissue/min (p < 0-01)) and of
3-methylhistidine (-0-82 (0 10) v -0 14 (002)
nmol/100 ml/min (p < 0005) (mean (SEM)). The
results suggest that in patients with cardiac cachexia
the state of net negative protein balance across leg
tissue is associated with an increased rate of
myofibrillar muscle protein breakdown. The results
for whole body protein turnover showed that in car-
diac cachexia, compared with controls, there was a
depression in leucine plasma flux (79 (8) v 133 (6)
imol/kg/h (p < 0001)), leucine oxidation (25 (7) v
40 (2) umol/kg/h (p < 0-001)), and protein synthesis
(54 (2) v 89 (4) umol/kg/h (p < 0-001)).
These results suggest that although there is an

overall depression ofwhole body protein turnover in
cardiac cachexia, this is associatedwith an increase in
myofibrillarprotein breakdown from skeletal muscle
in the leg.

Prospective, randomised, double blind,
placebo controlled trial of low dose
amiodarone in patients with severe heart
failure and frequent ventricular extrasystoles

R A Stewart,W J McKenna, J D Poloniecki,
J K Michelson, S K Das, F Morady, M A Schork,
B Pitt, J M Nicklas
Hammersmith Hospital and St George's Hospital,
London; and University Hospitals, Ann Arbor,
Michigan, USA

Sudden cardiac death is a common cause ofmortality
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in patients with severe impairmentof left ventricular
function. To determine whether antiarrhythmic
treatment could improve survival in this population,
102 patients were randomly assigned to treatment
with amiodarone or placebo in a prospective, double
blind multicentre trial. Inclusion criteria were an
ejection fraction of < 30%,NewYork Heart Associ-
ation class III or IV symptoms, and Lown class
II-IV ventricular extrasystoles during 24 hour ECG
monitoring. Forty nine patients were randomised to
treatment with low dose amiodarone (400 mg/day for
four weeks followed by a 200 mg/day maintenance
dose) and 53 to placebo. Mean followup was 383 (38)
days. Serious side effects were not seem. Four
patients withdrew because of side effects; one from
each group because of abnormal liver function tests
and two from the amiodarone group because of
tremor. Overall mortality and the incidence of sud-
den death were similar in the amiodarone and
placebo treated groups: 14 v 12 and 12 v 9 patients.
Mortality at six and 12 months was 16 v 10% and 28
v 19% respectively. There was no statistical
difference in survival curves for the two groups; the
95% confidence interval for the effect of amiodarone
on one year mortality was - 11% to + 28%.
Patients who survived had a shorter preceding
duration of symptomatic failure than those who died
(26 (4) v 53 (10) months, p = 0-004), but a similar
ejection fraction (20 (1)% v 19 (1)%) and baseline
arrhythmiafindings and electrolytes.A change in the
incidence of ventricular arrhythmia was not related
to outcome.
This pilot study suggests that amiodarone

200 mg/day can be safely administered to patients
with impaired left ventricular function, but that at
this dose level there was no effect on mortality or the
incidence of sudden death.

The relations of serum cholesterol, blood
pressure, and smoking habit to coronary heart
disease in a population with low mean
concentrations of serum cholesterol

Z Chen, R Collins, R Peto, S MacMahon, W Li
Clinical Trial Service Unit, University of Oxford

The relations of serum cholesterol, systolic blood
pressure (SBP), and cigarette smoking to the risk of
fatal coronary heart disease (CHD) were investigated
in data from two prospective observationalstudies of
9021 Chinese men and women (aged 35-65 at base-
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line) living in urban Shanghai. The mean values
(SD) of serum cholesterol and SBP at baseline were
4-2 mmol/l (0.93) and 127 mm Hg (22), and 5 0
mmol/l (0 83) and 123 mm Hg (22) in the two
cohorts; while for cigarette smoking the proportions
of current regular smokers were 40% and 46%
respectively. Forty three CHD deaths (7% of the
total deaths) were recorded over 8-13 years of follow
up. Survival analysis ofthe combined data from both
cohorts showed that serum cholesteroland SBP were
significant predictors of CHD death (z = 3-34 and
z = 4-44 respectively, both 2P < 0 001), that persis-
ted after taking into account other risk factors. The
relations were independently statistically significant
in each of the cohorts and in both men and women.
The association between cigarette smoking and risk
ofCHD was also positive, though not significant. It
is estimated from the combined data that 10%
differences in baseline serum cholesterol (047
mmol/l) and SBP (12 5mm Hg) were associatedwith
23% (6) and 35% (7) differences respectively in the
risk ofCHD death. Both cholesterol concentrations
and SBP measured at baseline are not perfectly cor-
related with usual long term values. Remeasure-
ments of the cholesterol and SBP some years after
baseline in the first cohort indicated that a difference
of 10% baseline cholesterol and SBP corresponds to
a difference of only 4% and 6% in long term usual
cholesterol and SBP respectively. This suggests that
differences of about 4% and 6% in usual cholesterol
and in usual SBP might correspond to 23% (6) and
35% (7) differences in CHD risk respectively.
These results show clearly that even in a popu-

lation with a low cholesterol and a low risk of CHD,
serum cholesterol and blood pressure are still
important determinants of the subsequent risk of
CHD death.

Cholesterol management algorithms and
British serum cholesterol concentrations:
implications of the Scottish Heart Health and
MONICA Studies

H Tunstall-Pedoe,W C S Smith, R Tavendale
Cardiovascular Epidemiology Unit, University of
Dundee, Dundee

The Scottish Heart Health and Scottish MONICA
studies have produced highly standardised mea-
surements of serum total cholesterol based on large
representative samples of men and women (total
10450) aged 25-64 years living in different parts of
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Scotland. The findings should be typical of Britain
as a whole and are presented in such a manner that
it is possible to read off the proportion of the popu-
lation with a reading at or above any specific value.
Overall concentrations are high but there is consid-
erable variation by age and sex, particularly in mid-
dle age where there is a rise in men and a much larger
rise in women. Recently published management
algorithms use cutting points of 5-2 mmol/l, 6-5
mmol/l, and 7-8 mmol/l (200 mg/dl, 250 mg/dl, 300
mg/dl), or of 6-2 mmol/l (240 mg/dl) to determine
specific actions. These would generate an
unsupportable case load (much larger than that
implied by the United States population data from
which they were derived) that would be dominated
by older women. High cholesterol values (above 7-8
mmol/l) are so common in Scots when they reach 45
years of age that they cannot be attributed to familial
hypercholesterolaemia in 98% of cases.

Policy for coronary prevention in Britain must
take account of these high cholesterol concen-
trations. High risk algorithms that implicate the bulk
of the population in extra diagnostic tests should be
adjusted to the local situation; dietary advice should
be more widely generalised.

Cardiac noradrenaline output during
percutaneous transluminal coronary
angioplasty

A J McCance, J C Forfar
Department of Cardiology, John Radcliffe Hospital,
Oxford

Percutaneous transluminal coronary angioplasty
(PTCA) is a useful model for studying the effects of
short periods of coronary occlusion and reperfusion.
Coronary venous and arterial noradrenaline (NA)
concentrations were measured during PTCA in 14
patients. Whole body NA kinetics were also mea-
sured, and in five patients coronary sinus blood flow
was measured. In patients undergoing left anterior
descending (LAD) PTCA (n = 8) great cardiac vein
NA was 157 (38) pg/ml before the first balloon
inflation, 194 (45) pg/ml 60 seconds after balloon
inflation (p = 0-1 1), and 295 (94) pg/ml during early
reperfusion (p < 0-05). The response of great car-
diac vein NA to coronary occlusion and reperfusion
was highly variable, some patients showing no
change and one an eightfold increase during early
reperfusion. No changes in coronary sinus NA were
seen duringPTCA (n = 6) of the right or circumflex
coronary arteries. Aterial NA and whole body NA
spillover to arterial plasma rose during the period of
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LAD PTCA from 120 (28) pg/ml to 150 (32) pg/ml
(p < 0-01) and from 299 (52) ng/min to 383 (63)
ng/min (p < 0-01) respectively. Coronary occlusion
was associated with a reproducible decline in coro-
nary blood flow to 75-90% of the pre-occlusionflow
and reperfusionwas associated with the rapid devel-
opment of reactive hyperaemia (125-150% of pre-
occlusion flow). CardiacNA extraction was reduced
during reperfusion. A semiquantitative assessment
of cardiac NA spillover during LAD PTCA sug-
gested that cardiac NA spillover increased nearly
threefold during early reperfusion, but was
unchanged during coronary occlusion.
Thus during LAD PTCA there is evidence of a

minor increase in overall sympathetic tone and a
variable but sometimes dramatic increase in great
cardiac vein NA, especially during reperfusion.
EnhancedNA release at this time may predispose to
reperfusion injury and arrhythmias.

Can epoprostenol (prostacyclin) infusion
during coronary angioplasty prevent adverse
changes in platelet function?

A H Gershlick, Denise Syndercombe-Court,
A D Timmis, M T Rothman, C Layton R Balcon
London Chest Hospital, London

Restenosis after angioplasty remains an unresolved
problem, limiting the value of the procedure. Indi-
rect evidence suggests platelets may play a central
role, through their enhanced interaction with the
balloon damaged vessel wall. Antiplatelet agents,
such as aspirin have not reduced the incidence of
restenosis. As part of a study assessing the effect of
intravenous epoprostenol (prostacyclin (PGI2)) on
restenosis, we have evaluated the effect of this com-
pound on the changes in transcardiac platelet func-
tion induced by angioplasty. Patients were randomly
allocated to PGI2 (4 ng/kg/min) or placebo infusion,
started before angioplasty. The platelet activation
index (PAI), a sensitive measure of platelet hyper-
aggregability, was measured in samples taken from
the aortic root and coronary sinus before angioplasty
(Al and Cl respectively) and in samples from the
same sites after angioplasty (A2 and C2 respectively)
in both control and treatment groups. For the
placebo group (n = 14) values of PAI were
significantly higher in C2 11-9 (6-5) (mean (SD))
than that in Al 7-7 (4 9) (p = 0 006), A2 8-6 (3 2)
(p = 0-01), and Cl 7-7 (3 4) (p = 0 0002). Similarly
for the PGI2 infusion group (N = 10) C2 values
(11-1 (4 3)) were significantly greater than Al (7-8
(3-1)) (p = 0-008), A2 (6-3 (2-8)) (p = 0-006), and C1
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(6-8 (3.7)) (p = 0 002). There were no significant
differences between the two groups in each of Al,
A2, Cl, and C2.
This study confirms that coronary angioplasty

results in platelet hyperaggregability, which may

predispose to restenosis. PGI2 does not influence
these changes in platelet function and it is likely,
therefore, that this compound will not reduce the
incidence of restenosis.

Epidural spinal stimulation in patients with
intractable angina

J E Sanderson, T D Waterhouse, R B G Palmer
Cardiology Department, Taunton and Somerset
Hospital, Taunton

Epidural spinal cord stimulation (ESCS) is a recog-
nised technique for the treatment of severe periph-
eral vascular disease and it has been established that
it relieves pain and increases blood flow. However, it
has not been used to any extent in patients with
angina. Recently we implanted ESCS units in seven

patients with intractable angina (mean age 61 (range
47 to 72 years)). Six patients had had coronary artery
bypass surgery ( x 2 in two patients and x 3 in one
patient), one was inoperable, and all were on full
medical treatment. Under local anaesthetic a stimu-
lating electrode (Medtronic Sigma) was inplanted in
the epidural space at the level of T1-T2, positioned
to produce parasthesia across the chest and into the
left arm (that is the area of angina pain), and con-

nected to the stimulator (Medtronic Itrel) implanted
in the axilla. There were no complications with
implantation. Postoperatively all patients noted a

considerable improvement in symptoms: con-

sumption of glyceryl trinitrate capsules was reduced
from average 8-5/day (4-20) before operation to nil
in five patients and average of 3/day in two patients
after operation. Treadmill exercise time increased
from 8-3 (2-4) min to 9-24 (2-2) min, and total ST
segment depression at peak exercise fell from 5-6
(3 9) mins to 3-6 (2-6) mins. Onset of angina during
right atrial pacing increasedfrom 128 (19) to 144 (19)
beats/min. However, the reduction in ischaemic
ECG changes was small and did not always correlate
with symptomatic relief.
ESCS seems to relieve angina but it is not clear

whether this is entirely through reduction in
ischaemia-otherpain relieving mechanisms may be
involved.

Proceedings of the British Cardiac Society

Influence of lipid abnormalities on the
developmentofcoronary arterial disease after
cardiac transplantation

M Barbir, N R Banner, C J Reid, G R Thompson,*
A G Mitchell, M H Yacoub
Harefield Hospital and *Hammersmith Hospital

Coronary artery disease (CAD) in the cardiac allo-
graft is emerging as the most serious long term com-
plication of cardiac transplantation. The cumulative
risk of developing angiographic CAD in patients
treated with conventional immunosuppression with
prednisone and azathioprine (15% at one year (n =
17), 34% at two years (n = 11), and 76% at three
years (n = 5)) was higher than in those treated with
cyclosporin and azathioprine without routine oral
steroids (6A4% at one year (n = 294), 10% at two
years (n = 87), and 14-3% at three years (n = 128))
(p < 0-001)). Serum lipid concentrations were
higher at one year in the conventional immuno-
suppression group than in the cyclosporin group
(mean (SD) total cholesterol (TC) 8 (SD) 1-98
mmol/l v 6-1 (1-66) mmol/l, p < 0-001; and mean
triglyceride (TG) 2-6 (1 8) mmol/l v 1*4 (19)
mmol/l, p < 0-001). The relation of serum lipid
concentrations to the subsequent development of
CAD was investigated in 95 consecutive patients
with angiographically normal coronary arteries one
year after transplantation. The cumulative incidence
ofCAD in those with the TC > 5-8 mmol was 9 3%
at two years (n = 39), 24 4% at three years (n = 20),
and 45% at four years (n = 8) compared with 4-3%
at two years (n = 44), 7 4% at three years (n = 31),
and 14% at four years (n = 14) in those with a TC
< 5-8 mmol/l (p < 0-05). Similarly the incidence of
CAD was increased in patients with higher triglyc-
erides.
Hyperlipidaemia seems to be an important risk

factor for the development of CAD after cardiac
transplantation.

The epicardial approach to surgical treatment
of Wolff-Parkinson-White syndrome

C P Ratnatunga, E S Barin, D W Davies,
A W Nathan, S J Edmondson
St Bartholomew's Hospital

The epicardial approach for ablation of accessory
pathways (AP) in Wolff-Parkinson-Whitesyndrome
was proposed to allow surgery on the closed heart.
Unlike the endocardial approach, no aortic cross
clamping or cardioplegic arrest is necessary-and
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occasionally cardiopulmonary bypass is not
required. We report our experience of the epicardial
approach in 28 patients with 34 AP (mean age 31-2
years (range 15-53 years) 13 men). Presenting
arrhythmias were atrioventricular reentrant tachy-
cardia alone (AVRT) (six patients), AVRT with
atrial fibrillation (AF) (18), AVRT with AV nodal
tachycardia (two), and AF or atrial flutter alone
(two). The principal indicationfor surgery was rapid
atrioventrivular conduction associated with the risk
of atrial fibrillation (20 patients). Other indications
were: refractoriness or intolerance to medications
(four patients) and patient preference for surgical
cure (4). Symptom duration ranged from 1-5 to 50
years. One patient had associated scimitar syndrome
and three had Ebstein's anomaly. There were no
deaths or significant morbidity. Thirty two of 34 AP
were abolished, including all 15 left free wall path-
ways and 15/16 posteroseptal ones. Reoperation was
required in two patients (one right free wall and one
multiple pathways). No late symptomatic recur-
rences occurred after a mean follow up of 16 months.
Our experience shows that the epicardial approach

is a safe and effective alternative to the conventional
endocardial method.

Deleterious effects of prostaglandin El in 12
hour lung preservation

R S Bonser, L S Fragomeni, S W Jamieson,
M P Kaye
London Chest Hospital and University of
Minnesota, Minnesota, USA

The effects of preharvest infusions ofPGE1 into the
pulmonary artery on hypothermic pulmonary pre-
servation were evaluated in 12 dogs undergoing
double lung transplantation. Animals received grafts
stored for 12 hours at 40C after pulmonary artery
flush with 60 ml/kg 4°C Collins solution. Six donor
animals received a PGE1 infusion (20-120
mg/kg/min) for 20 minutes before and during har-
vest. After implantation recipients were maintained
on a fixed fractional inspiratory oxygen (Fio2) (0-4)
and cardiopulmonary function was studied for 20
hours. Treatment with PGE1 resulted in reduced
survival(p < 0-05)andanincreasedalveolar-arterial
oxygen gradient (p < 0-05) 30 minutes after reper-
fusion. After 60 minutes of reperfusionmean arterial
Po2 (Fio2 0 4) was 148 mm Hg in controls and
80-5 mm Hg in the PGE1 group (p < 0 02). There
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was no significant difference in pulmonary vascular
resistance, oxygen saturation, airway resistance,
compliance, and physiological dead space between
groups at any time after implantation but these
indices had deteriorated when compared with donor
animals. After 20 hours ofreperfusionpo2 (Fio2 0 4)
in the control group was 140 (52) mm Hg. The
method ofpreservationin control animals resulted in
good survival and adequate gas exchange.
Donor pretreatment with PGE1 did not improve

lung preservation and it seemed to have deleterious
effects on early graft function.

Microemboliand cerebral impairmentduring
cardiac surgery

W Pugsley, L Klinger, C Pascalis, M Harrison,
S Newman, T Treasure
The Middlesex Hospital and the Middlesex and
University College Medical Schools, London

Transcranial Doppler can be used to detect micro-
embolic events (MEE) during cardiac surgery. We
used this technique in a prospective randomised
study on 100 patients who underwent coronary
artery surgery. Patients were randomised to bypass
(Bubble Oxygenator, Harvey H1700) with or with-
out arterial line filtration (40 Micron, Pall EC Plus).
Change from preoperative neuropsychological per-
formance was assessed at eight days and eight weeks
by a battery of ten tests. Perfusion technique was
standardisedand continuously monitored. The elec-
troencephalogram (CFAM, Medaid) was recorded.
We used transcranial Doppler (TC2-64, EME) to
measure MEE. There was no significant difference
in age between the patients with arterial line
filtration (mean (SD) 56-6 (6-1) years) and those
without (mean 54-2 (8 5). Bypass times and pre-
bypass Paco2 were also similar for both groups.
MEE (1-25) occurred in all patients during aortic
cannulation and at the inception of bypass (5-100).
On bypass patients with arterial line filtration had
significantly (p < 0-01) fewer MEE (0-10 per 30
minutes) than those without (30- >250 per 30
minutes). No MEE were seen at the end of bypass.
The patients who had had arterial line filtration per-
formed better on short term memory tests (p < 0-01,
Wilcoxon) at eight weeks and were less depressed
than those who did not.
We identified high risk periods for MEE during

CPB and showed that microemboli contribute to the
cerebral impairment seen after cardiac sur-gery.
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Distension during surgical preparation
reduces short term patency in a pig model of
arteriovenous bypass grafting

A J Bryan, G D Angelini, H M J Williams,
A C Newby
Department of Cardiology, University of Wales
College of Medicine, Heath Park, Cardiff

It has been suggested that early occlusion of coro-
nary and peripheral arteriovenous bypass grafts may
occur as a result of platelet activation caused by
endothelial denudation during surgical preparation.
This has not, however, been demonstrated directly.
Using a pig model, we studied the effect of surgical
preparation with or without distension for one
minute at 23'C with iso-osmotic sodium chloride
solution on endothelial coverage, platelet adhesion,
and early patency in autologous saphenous vein to
common carotid artery bypass grafts. Pigs (25-30 kg)
were heparinisedby intravenous bolus (1 mg/kg) and
grafts 2-3 cm in length were made by an end to end
anastomotic technique. After two hours of arterial
implantation grafts were fixed by in situ perfusion
with buffer containing 2-5% (v/v) glutaraldehyde.
Endothelial coverage and platelet adhesion were
then measured by scanning electron microscopy.
Graft patency was evaluated in a separate series of
pigs by reoperation at 1-4 weeks. Grafts made with
undistended vein removed after two hours of arterial
implantation had 98 (1)% (n = 6) endothelial
coverage, with platelet adhesion confined to small
areas of endothelial loss. Grafts made with distended
vein had 38 (14)% (n = 6) endothelial coverage
(p < 0 001 v undistended) and showed extensive
platelet adhesion to denuded subendothelium, with
fibrin deposition and mural thrombi in two of the
grafts. Graft patency at 1-4 weeks was 96% with
undistended vein and 63% with distended vein
(n = 25 each, p < 0-005).
The data show directly that distension leads to

endothelial damage and platelet activation and that
this is associated with reduced early patency.

Cardiac transplantation in patients with
present or past malignant neoplasms

D Aravot, N Banner, A Khaghani,
Melissa Fitzgerald, F Musumeci,
Rosemary Radley-Smith,M H Yacoub
Harefield Hospital, Harefield, Middlesex

Between January 1980 and December 1988, 640
patients have undergone cardiac transplantation at

Proceedings of the British Cardiac Society

Harefield Hospital. Ten of these patients had
cancer-eight were "cured" before transplantation
of systemic malignancy and two were transplanted
for primary neoplasm of the heart. Seven patients
had cardiomyopathy induced by doxorubilicum
(adriamycin) and one by radiotherapy given two
months to 13 years previously. The total dosage of
adriamycin ranged from 300 to 450 mg/M2. The
original neoplastic diseases were: histiocytosis (one),
neuroblastoma (one), rhabdomyosarcoma (two),
osteosarcoma (one), non-Hodgkin lymphoma (two),
and Hodgkin lymphoma (one). Two patients have
undergone cardiac transplantation for primary
malignant tumours of the heart: one patient had
neurofibrosarcomaof the right ventricle and another
had leomyosarcoma of the left atrium. There were
three early deaths (within the first month after
transplantation, all in the adriamycin group). The
remaining patients are well with no evidence of
residual disease or recurrence, during a period of
follow up ranging from four months to five years. All
patients received our usual immunosuppressive
regimen (cyclosporin and azathioprine).

Cardiac transplantationis a practical treatment for
selected patients with primary cardiac malignancy or
cardiac failure complicating the successful treatment
of systemic malignancy, despite the need for con-
tinuous immunosuppression.

Medium term cardiovascular effects of
implantable left ventricular assist devices
(LVADs) in the calf

P S Withington, T R Graham, M Marrinan,
D G White, P Colvin, C T Lewis
The London Hospital, Whitechapel and Royal
Veterinary College, Hatfield

Implantable left ventricular assist devices (LVAD)
are currently used as mechanical bridges to cardiac
transplantation and have been proposed for long
term use in patients unsuitable for or denied a trans-
plant. We report the haemodynamic results ofuse of
an implantable pusher plate LVAD that uses cannu-
lation of the left ventricular apex of the heart in four
72-7 kg (mean) 13 week old (mean) calves. Systolic
blood pressure, diastolic blood pressure, central
venous pressure, pulmonary artery pressure, pul-
monary artery wedge pressure, total blood flow,
LVAD blood flow, and heart rate were measured
before and afterLVAD implantation, and two weeks
and seven weeks after insertion. There was an
immediate deterioration in native left ventricular
(LV) function after insertion with a satisfactory out-
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put maintained by the LVAD. At two weeks the
native LV had apparently returned to normal, with
the overall cardiac output increasing by 40-3%
because of the LVAD contribution. At seven weeks
there was a significant increase in both systolic and
diastolic blood pressures, the mean (SD) values
being 125-5 (19-6)to 165 (29-4)mmHg (p = < 0 05)
systolic and 63-5 (25) to 97 (22-4) mm Hg
(p = < 0 05) diastolic. There was a significant
increase in heart rate from a mean of85 (13-6) before
operation to 109 (24-3) beats/min seven weeks after
operation.
LVADs provide adequate haemodynamic support

(as confirmed by the increased cardiac output) while
maintaining a low pulmonary capillary wedge pres-
sure. The observed hypertension seven weeks after
implantation requires further evaluation and
elucidation of its cause as this may have important
implications for the long term use of these devices.

Comprehensive validation of the Cardioscint:
a system for continuous monitoring of left
ventricular function

P Broadhurst, P Cashman, P Dasgupta, A Lahiri,
E B Raftery
Northwick Park Hospital, Harrow, Middlesex

A new, miniature (diameter 45 mm) non-imaging
nuclear probe (Cardioscint) has been developed,
enabling continuous monitoring of left ventricular
(LV) function and, from an averaged ECG, the ST
segment level. The device was validated in 36
patients (23 men and 13 women) undergoing routine
gamma camera radionuclide ventriculography. Posi-
tioning the probe under the camera produced a mean
(SD) differencein LV ejection fraction (EF) between
camera and probe of 3-8 (9-6)% when a manually
selected paraventricular background region of
interest was used, and 1-5 (8-6)% when auto-
matically estimated background (= 75% of end
diastolic counts) was used. In only two patients was
an adequate LV time-activity curve not obtainable.
Accuracy was maintained in female patients and in
cases with severe wall motion abnormality. In seven
patients with obstructive coronary artery disease
undergoing atrial pacing, all developed angina, asso-
ciated with a mean peak rise in pulmonary capillary
wedge pressure (measured by Swan-Ganz catheter)
of9 (range 1-22)mm Hg and an ST segment change
of 0 9 (range 0-1-1-7) mm. When LV function was
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assessed with the probe it showed a mean fall in
stroke counts of 46 (range 29-56)% and EF of 43
(range 17-68)%, relative to values at rest.
The probe thus provides a reliable estimation of

EF and is able to track rapid changes in LV volumes
and function that occur in myocardial ischaemia
induced by atrial pacing. Further exploration of
the clinical usefulness of the Cardioscint is clearly
warranted.

Whole bolus ratio: a new technique for
assessing valvar regurgitation from first pass
radionuclide angiography

M N Wiseman, L J Dyke, D S Dymond
St Bartholomew's Hospital, London

First pass radionuclideassessment of valvar regurgi-
tation (VR) has centred on stroke count ratios, with
summed right ventricular stroke counts as a
reference for left ventricular stroke counts. This
technique has obvious shortcomings where there is
appreciable tricuspid regurgitation or poor right
ventricularfunction.A bolus injected through a cen-
tral venous catheter gives a frame early in the study
where the whole bolus is within the field ofview. The
counts in this frame may be taken as the whole bolus
and valvar regurgitation can be assessed from the
whole bolus ratio (WBR), defined as (sum of left
ventricular stroke counts: whole bolus). In 15
control patients studied in the anteroposterior (AP)
and 300 right anterior oblique (RAO) projections
WBRs were 0-52 (0-05) (AP) and 0-51 (0 08) (RAO)
(p = NS). In the same patients the stroke count
ratios were 0-8 (0-1) (AP) and 0-9 (0-25) (RAO)
(p = NS). In 20 patients with left sided valvar
regurgitationWBR in both AP and RAO projections
correlated closely with CO/(LV minute volume)
at cardiac catheterisation (AP-r = 0 70, p < 0-01;
RAO-r = 0 90, p < 000 1). Repeat nuclear studies
in 16 VR patients 50 (45) days later used peripheral
venous injections. Stroke count ratios in valve
patients at first and second study correlated in the
RAO (n = 9, r = 0-76, p < 0 025), but not in the
AP projection (n = 13, r = 0-29, p = NS), whereas
WBR showed good correlation over time in both
projections (AP-n = 13, r = 0-62, p < 0-025;
RAO-n = 9, r = 0-88, p < 0 01). The WBR
method provides a useful method of determining the
severity of left sided valvar regurgitation without
reference to the right ventricle and a reproducible
technique by which long term changes in severity
may be followed.
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The place of aortography and computed
tomographic scanning in the investigation of
suspected acute thoracic aortic dissection

J M Morgan, H H Gray, P J Oldershaw
Brompton Hospital, London

Historically aortography (AO) has been regarded as
the standard investigation for acute aortic dissection
(AAD). Between 1978 and 1982 24 patients were
referred with suspected AAD and all had AO, the
results of which were either confirmed at operation
(n = 12) or necropsy (n = 2), or supported by
clinical outcome (n = 8). One patient with an equi-
vocal aortogram, however, had a type III AAD at
necropsy. One patient was lost to follow up. From
1983 to 1988 computed tomographic scanning (CT)
has also been available and has been used alone in 33
patients with suspected AAD. A further 22 patients
hadAO alone during the same period. Three ofthese
55 patients were lost to follow up but in none of the
remainder (n = 52) was misdiagnosis apparent as
judged by operative findings (n = 19), necropsy
(n = 2), or clinical outcome (n = 31). An additional
15 patients required both investigations because
clinically inadequate information had been obtained
from the first. In 10 the results of AO and CT were
concordant but in five they were discordant. In three
of these five patients AO failed to show a dissection
but subsequent CT showed type III (n = 2) or type
II (n = 1) AAD and in two AO showed type I
dissections that had not been seen on the CT scan.
When used alone both AO and CT will mis-

diagnose occasionally. Aortography seems to miss
types II and III AAD and CT scanningtends to miss
type I-missing type I dissections has potentially
more serious clinical consequences.

Pulsed Doppler assessment of left ventricular
diastolic function in acute myocardial
infarction

D J Flannery, B D Devlin, N P S Campbell
Regional Medical Cardiology Centre, Royal Victoria
Hospital, Belfast

To investigate the factors that influence left ven-
tricular (LV) diastolic filling in acute myocardial
infarction (MI) 75 patients had cross sectional and
Doppler echocardiographic studies from the LV
outflow tract (to measure stroke index), LV inflow
tract (to measure the contribution of atrial con-
traction to LV filling), and left atrium (to look for
mitral regurgitation), with measurement of radio-
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nuclide left and right ventricular ejection fraction
(LV and RVEF)-all at a mean of 48 hours after the
onset of MI. Advanced age, reduced stroke index,
and increased echocardiographic infarct size were
associated with an increase in the atrial contribution
to LV filling, with a concomitant reduction in early
passive filling, suggesting that these factors were
associated with impaired LV myocardial relaxation.
Multiple regression analysis, however, showed that
mitral regurgitation, although only mild in most
patients, had a stronger influence on LV filling
dynamics and produced the opposite effect-
increasing the passive contribution and decreasing
the atrial contribution to LV diastolic filling. LV
filling was not independently influenced by factors
such as LV or RVEF, pulmonary venous congestion,
or pericardial effusion.
The occurrence of mild degrees of mitral regurgi-

tation in acute MI makes the effects of MI on
Doppler indices of intrinsic myocardial relaxation.

Are haemodynamic changes during
ventricular tachycardia useful in treatment?

D W Davies, E S Barin, C Y Wong, R D Levy,
A W Nathan
St Bartholomew's Hospital, London

Implantable devices capable of both defibrillation
and pacing to terminate ventricular arrhythmias
(VA) are now available with defibrillation, which
ideally is reserved for arrhythmias with haemo-
dynamic (BP) deterioration. Intracavity right
ventricular (RV) impedance changes can detect
deteriorationduring VA. Most patients with VA and
coronary heart disease (CHD) have more LV than
RV dysfunction so that indices of RV performance
during VA may underestimate changes in systemic
BP. Pulmonary artery (PA) and systemic BP were
monitored during control rhythm (eight sinus, two
paced) and VA in 10 patients (eight with CHD, two
with cardiomyopathy (CM)) during electrophysio-
logical study. Control heart rates ranged from 60 to
115 (mean 77) beats/min. Twelve VAs were induced,
rates ranging from 160 to 200 (mean 182) beats/min.
Control systemic systolic BP ranged from 105 to 150
(mean 128) mm Hg falling in all at onset of VA, with
BP rangingfrom 35 to 120mm Hg. SystemicBP rose
with time in six, fell further in three, and remained
stable in one. Phasic BP was lost for the first beats of
VA in four patients, with pulsus alternans being seen
in three during sustained VA. Control PA systolic
BP ranged from 16 to 100 (mean 39) mm Hg. This
rose in two, fell in four, and was unchanged in four
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patients at the onset of VA. Pulmonary BP during
VA ranged from 8 to 50 mm Hg, also varied with
time, phasic BP being replaced by respiratory swing
in both patients with cardiomyopathy.
Haemodynamic monitoring of VA confirms that,

in CHD, PA BP changes less than systemic BP
with too much variability during VA to be useful
diagnostically.

Long term follow up of endocardial pacing in
children of 15 kg or less

J A Till, S Jones, E A Shineboume, D E Ward
Brompton Hospital and St George's Hospital,
London

When small children require permanent pacing, the
epicardial route is traditionally used because of
limited venous access, their small size, and con-
tinuing growth. Structural abnormalities add to the
difficulties of obtaining and retaining lead position.
Since 1983 we have used the transvenous route and
have now paced 21 children 15 kg or under (range
2-8 kg to 15 kg, median 7-7 kg), aged between one
month and five years three months. Indications
-for pacing were complete atrioventricular block
(CAVB)-congenitalin three and surgically induced
in 17. One other child had surgically induced
sinuatrial disorder. Two children had dual chamber
systems and 19 had ventricular pacing (five rate
responsive units). All generators were multi-
programmable and positioned in a pectoral pouch;
we used the subclavian vein for lead insertion.A loop
of ventricular lead was fashioned in the atrium to
allow for growth and seems to have unravelled
successfully in all. Tined leads were used in 19 (11
steroid eluting) and screw-in leads in two. Atrial
screw-in J electrodes were used in two. Follow up is
from four months to five years four months (median
two years four months). One child required gener-
ator replacement at four years, after predicted
battery deletion. Three had minor complications;
one requiring repositioning of a lead and another
repositioning of a generator shortly after insertion.
The third had acute transient poor myocardial
function which recovered with no intervention.
Three had major complications: one pocket infection
and erosion necessitating complete system replace-
ment and two lead fracture.

Endocardial pacing is safe, reliable, and con-
venient in small children of 15 kg or less, and seems
to be preferable to the epicardial approach.

467

Unmaskingoflatent pre-excitation: efficacy of
adenosine and vagal manoeuvres in sinus
rhythm

C J Garratt, A Antoniou,M J Griffith, D E Ward,
A J Camm
St George's Hospital Medical School, London

In a minority of patients with accessory atrio-
ventricular connections, ventricular pre-excitation
is absent in sinus rhythm but is apparent during
atrial arrhythmias, atrial pacing, or manoeuvres
that increase conduction time through the
atrioventricular node (latent pre-excitation). The
aim of the study was to evaluate the efficacy of
vagal manoeuvres and intravenous adenosine in
unmasking ventricular pre-excitation in a group of
20 patients referred for evaluation of paroxysmal
supraventricular tachycardia. None of the patients
had electrocardiographic evidence of pre-excitation
during sinus rhythm. Left and right carotid sinus
massage and Valsalva manoeuvre were performed in
a random order twice in each patient. Subsequently
intravenous adenosine was given in four incremental
doses ranging from 0-05 to 0-20 mg/kg. All patients
noticed mild, transient flushing or dyspnoea after
adenosine but no serious adverse effects occurred.
Intravenous adenosine produced evidence of latent
pre-excitation in four patients, one of whom had
pre-excitation shown by vagotonic manoeuvres.
Electrophysiological study in the four patients with
positive responses to adenosine showed ventricular
pre-excitation during atrial pacing or atrial extra-
stimuli in each case. Of the 16 patients with a
negative response to adenosine two had evidence of
latent pre-excitation at electrophysiological study.
The remaining patients with negative responses had
accessory pathways that conducted in the retrograde
direction only (six patients), dual atrioventricular
nodal pathways (six patients), or inducible atrial
tachycardia (two patients).

Intravenous adenosine during sinus rhythm
showed latent pre-excitation in four of six patients
and produced no adverse effects in 20 patients
with a history of paroxysmal supraventricular
tachycardia. Vagal manoeuvres during sinus rhythm
showed latent pre-excitation in one patient only.

Electrophysiological follow up ofpatients with
sinus node disease paced with atrial demand
pacemakers

P P Murphy, Patricia Morton, J G Murtagh,
M E Scott, D B O'Keeffe
Cardiac Unit, Belfast City Hospital, Belfast
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Patients with sinus node disease might be paced in
atrial demand (AAI) mode but for the development
of atrioventricularconduction disturbances in some.
It may be possible to detect those at low risk of
conduction disease at pacemaker implantation.
Forty two patients with sinus node disease had
electrophysiological studies (EPS) at the time of
pacemaker implantation. These patients were
followed up over a mean of 30 months. Twenty five
patients had repeat HV times recorded by non-
invasive signal averaging. Mean HV time before
pacing was 46-8 ms and on follow up was 46-2 ms
(p = NS). Thirty three patients had repeat atrio-
ventricular Wenckebach point (AVW) measure-
ment. AVW was > 120 beats/min in all patients
before pacing. After pacing two patients had values
of 115 and 105 beats/min. Both patients were on
antiarrhythmic drugs for supraventricular arrhyth-
mias, were symptom free, and required no change in
pacing mode. One patient developed Mobitz II 2:1
block six months after pacing requiring change of
pacing mode. This patient had an abnormal surface
ECG at the time of pacing.
Combined use of surface ECG and EPS can

identify a group of patients with sinus node disease
at low risk of development of conduction tissue
disease who can safely be paced in AAI mode. Even
in the presence of normal EPS an abnormal surface
ECG should be an indication for implantation of a
ventricular lead.

Transoesophageal approach to defibrillation
of ventricular fibrillation

P McKeown, S Croal, J D Allen, J Anderson,
M M Khan, A A J Adgey
Department of Physiology, Queen's University,
Bioengineering Centre, University of Ulster, and
Regional Medical Cardiology Centre, Royal Victoria
Hospital, Belfast

In anaesthetised greyhounds weighing 18-32 kg, a
unipolar oesophageal electrode with four isolated
electrodes on polyvinylchloride (PVC) tubing
was positioned maximally behind the left atrium.
The external electrode was a steel paddle (diameter
8-1 cm) placed over the left apex. Ventricular
fibrillation (VF) was induced and terminated via the
oesophagusin 10/1 1 dogs. Energies used for success-
ful termination ofVF ranged from 25 to 65 J (mean
38-90 J) (stored). A stable system for use in patients
was then d-signed, consisting of four separate
electrodes, each of coiled gold plated copper wire,
mounted on PVC tubing. We have previously
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reported successful cardioversion of atrial arrhyth-
mias using this system. Such a system was electively
positioned in five patients undergoing electro-
physiological studies. Two of the individual
electrodes are used to obtain a bipolar oesophageal
ECG and the other two for energy delivery, should
a sustained haemodynamically important arrhyth-
mia requiring countershockdevelop. In four patients
no significant arrhythmia was inducible. VF was
induced in the other patient-a 65 year old woman
(weight 69 kg) with documented coronary artery
disease and pre-hospital VF. Successful trans-
oesophageal ventricular defibrillation was effected
with minimal delay by a single shock of 50 J
delivered energy. The predicted transoesophageal
impedance in this patient was 57 Q1, considerably
lower than the predicted transthoracic impedance of
77 (Q. Oesophagoscopy was performed 96 h after
defibrillationand showed no evidence of electrode or
current induced damage.
We believe that this is the first reported case of

transoesophageal ventricular defibrillation of VF in
a human being and we think that this technique
represents a considerable advance in defibrillation
and may lead to the development of a pocket sized
defibrillator.

Initiation and termination windows in
tachycardia: reproducible in the long term?

C Bucknall, N Sulke, S Karani, E Sowton
Guy's Hospital, London

A new microprocessor driven antitachycardia (AT)
bipolar pacemaker (PM) has been developed for
patients with reciprocatingtachycardia. It has a non-
invasive electrophysiological (EP) facility, Holter
memory, and unique self learning algorithm.
Patients underwent preimplantation EP studies to
determine the nature of the tachycardia and its
initiation (IW) and termination windows (TW).
After implantation the AT system was telemetered
from a computer to the PM. Non-invasiveEP assess-
ments of IW and TW for each tachycardia were
performed repeatedly with the patient lying and
standing via the microprocessor interface to closely
simulate spontaneous attacks. The adaptive table
system allowed the pacemaker to learn the most
effective TW and continually update itself. Follow
up at one, three, and six months of the first three
patients with paroxysmal re-entry supraventricular
tachycardia showed consistently rapid termination
of their attacks. In patients with two different tachy-
cardia rates the pacemaker learnt two independent
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termination sequences. Non-invasive electro-
physiological study at follow up showed minor
changes in IW in one patient, but the IW remained
constant in the others. Termination windows for
each tachycardia were unchanged in all patients.
Telemetered data allowed rapid assessment of the
date, time, rate, and successful TW for each attack.
These telemetered sequences confirmed the repro-
ducible nature of TWs.
Minor changes occurredin the sequences required

for tachycardia initiation; termination windows
were highly reproducible in patients with re-entry
supraventricular tachycardia.

Clinical assessment of rate adaptive paging by
the ventricular depolarisation gradient as the
control parameter in a closed loop system

V E Paul, C J Garratt, D E Ward, A J Camm
Department of Cardiological Sciences, St George's
Hospital, London

The opposing effects of exercise/stress and rate on
the ventricular depolarisation gradient facilitate
closed loop, rate adaptive pacing in the Prism
pacemaker. The rate response to exercise and other
stimuli has been assessed. Between September and
November 1988 10 patients (eight men) with
chronotropic incompetence received Prism pace-
makers. One month after implantation all patients
underwent treadmill testing and one minute ofmaxi-
mal (burst) activity. During activity and recovery the
ECG was continually monitored and the times to
achieve initial rate response, 50% maximum rate,
and maximum rate were recorded. The pacing
response to mental stress, isometric activity, and
postural changes were also recorded. In all patients
both graded and burst activity resulted in a prompt
rate response with initial increases occurring within
10 seconds. There was no difference in response
times between the two activities (mean 5 s for burst
activity and 5 9 s for graded activity) but the time to
maximum heart rate was significantly less during
burst activity (mean 79 s) than during graded activity
(136 s). Mental activity/stress increased pacing rate
by an average of 17 beats/min while isometric exer-
cise increased the rate by a mean of 23 beats/min.
Postural changes produced a paradoxical response
with a rate increase (mean 31 beats/min) on tilting
from erect to supine; tilting from supine to erect had
no effect.
The prism rate adaptive pacemaker provides

prompt and reliable rate response to exercise and to
most non-exercise stimuli.

469

Observations on tissue changes and arcing
with multiple high voltage low energy shocks
for electrode catheter mediated cardiac
ablation

E S Barin, P C Macpherson, Siew Y Ho,
S A Waterfield, A P Armstrong, A W Nathan
St Bartholomew's Hospital, and National Heart and
Lung Institute, London

The use of high voltage short duration pulses at low
energy may overcome the problems experienced
with direct current cardiac ablation at higher ener-
gies. We studied the tissue effects of multiple short
duration shocks at high voltage and the effect of
intervals between pulses in freshly excised porcine
hearts in saline and blood media. A custom designed
high power pulse generator delivering high voltage,
exponentially decayingDC shocks of 20 is duration
was used. Unipolar endocardial shocks were
delivered via a 7F USCI electrode catheter. The
effects ofincreasingpulse energy (0 1-07 J), number
(1-128), or the interval betweenpulses (120-4000is)
were examined separately. Visible arcing occurred
with increasing total energies, but only when the
intervals between pulses were < 300 Ms, at outputs
up to 3 kV (30 A). Tissue effects also increased with
total energy while varying with pulse interval.
Paradoxical increases in myocyte changes occurred
at peak energies when the interval between each
pulse was increased from 120 to 4000 ps (without
arcing). Transition from normal to abnormal tissue
was discrete with no carbonisation.
This study suggests that the pulsing intervals

when high voltage multiple shocks are used affects
tissue in a paradoxical fashion, possibly related to
arcing phenomena. The histological and electro-
physiological effects of this form of low energy
electrical ablation warrant further investigation to
define their role in catheter mediated ablation.

The influence of pacing rate on QT shortening
with exercise

J G Coghlan, B Madden, M S Norell, C Ilsley,
A G Mitchell
Harefield Hospital, Harefield, Middlesex

The QT interval shortens with increasing heart rate
and exercise. It has been suggested that up to 50%
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of the exercise induced shortening is independent of
the increase in heart rate, but this "rate indepen-
dent" effect has only been studied at resting heart
rates. We studied 11 patients (age 38-64) with
complete heart block who had been fitted with rate
programmable ventricular pacemakers. They were
paced at varying rates (70-130 mm) at rest and then
performedsymptom limited treadmill testing at both
low (70-95 mm) and high (120-130 mm) pacing
rates. The QT interval was measured from the
pacing artefact to the apex of the T wave at a paper
speed of50 mm/s. Pacing at rest from 70-120 yielded
an average QT shortening of 17% (mean (SD) 341
(24 5) ms to 283 (15 1) ms; p < 0-0001). The initial
QT response to exercise was an increase in the QT
interval by 0 8% in the first minute, followed by a
reductionin the QT interval. Symptom limited exer-
cise (mean seven minutes) at low and high rates both
resulted in an average QT interval reduction of 4%
(355 to 346 ms at low rate, 280 to 269 ms at high
rate). Correlation analysis of the QT response to
exercise both at high and low pacing rates gives an r
value of 0-96 (p < 0-0001). This confirms that
the rate independent QT response is constant even
at high rates. Furthermore, the reduction in QT
interval induced by exercise is considerably less than
previously suggested.

Results of percutaneous balloon dilatation
for critical aortic stenosis in neonates with
severe endocardial fibroelastosis

E J Ladusans, J M Parsons, S A Qureshi, E J Baker,
M J Tynan
Department of Paediatric Cardiology, Guy's
Hospital, London

Balloon dilatation (BD) was attempted in six neo-
nates with critical aortic stenosis (CAS). In three
patients CAS was detected on fetal ultrasound. The
left ventricle (LV) was dilated and poorly con-
tracting in these patients, with mean LV internal end
diastolic diameter (LVID) of 1-8 cm, and was
severely hypoplastic in the remaining three (LVID
mean 0-57 cm). All patients had echocardiographic
features of severe endocardial fibroelastosis (EFE).
Mean age at intervention was 3- 1 days (range 0-412)
and mean weight 3-0 kg (range 2 2-3-7). BD was not
possible in three patients. In two the balloon catheter
could not be advanced beyond the aorto-iliac junc-
tion; both patients sustained femoral artery dis-
ruption and died shortly after the procedure. In one
patient the balloon catheter could not be advanced
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across the aortic valve and surgical valvotomy was
performed. The patient died four hours after oper-
ation. BD was accomplished successfuly in three
patients. The mean balloon to annulus ratio was 1 1
(0 19); the transvalvar pressure gradient fell from 50
(20 to 20 (17) mm Hg. Aortic regurgitation was mild
in two and moderate in one after the procedure.
There were no arterial complications in these
patients. In all three there was persisting severe left
ventricular dysfunction despite adequate relief of
obstruction. All three died a mean of 12-3 days
(range 10-17) after balloon dilatation; severe EFE
was confirmed at necropsy.

Balloon dilatation in neonates with critical aortic
stenosis and severe endocardial fibroelastasis was
associated with a high risk that was independent of
left ventricular size. Even after successful valve
dilatation the prognosis was poor.

Reversion of atrial fibrillation: intravenous
flecainide versus intravenous disopyramide

M N Wiseman, A W Nathan
St Bartholomew's Hospital, London

Drug reversion of atrial fibrillation (AF) to sinus
rhythm avoids the need for direct current cardio-
version under general anaesthesia. In this study we
compared intravenous disopyramide (D) with intra-
venous flecainide acetate (F) in 25 patients with
spontaneous AF. Subjects were allocated randomly
to double blind treatment with D (12 patients) or F
(13 patients), maximum dose 2 mg/kg over 10
minutes, although the infusion was stopped if rever-
sion occurred. Preceding duration of AF was 132
(223) days (F patients 141 (269) days,D patients 124
(200) days, p = NS). Seven patients treated with F
reverted compared with only one treated with D (p
< 0 05). All patients who reverted had AF present
for < 26 h, and when those patients who had had AF
for < 2 days were reviewed there was no significant
difference in the rates of reversion (F 7/8, D 1/3). In
two patients in each group adverse events were
recorded: one F patient reported a slight headache,
another developed ventricular bigeminy in the two
minutes after reversion; one D patient developed a
few short runs of ventricular tachycardia after injec-
tion, and another had the injection terminated after
eight minutes with the onset of ventricular tachy-
cardia (> 15 beats). DC cardioversion was immedi-
ately performed in 15 patients who had not reverted,
and was successful in all cases.

Flecainide is an effective and safe agent in the
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reversion of acute AF; patients who have had AF for
< 2 days may be candidates for drug reversion;
patients who have had AF for > 2 days should be
considered for elective DC cardioversion, although
there may be a role for pretreatment with an
intravenous antiarrhythmic.

Comparison of silent ischaemia after
infarction and in chronic stable angina: effect
of diltiazem

B Khan, M de Belder, J D Skehan, P G Mills
The London Hospital, London

With 72 hour ambulatory electrocardiographic
(ECG) monitoring to detect and measure silent,
symptomatic, and total ischaemia we investigated 40
patients with angiographicallydocumented coronary
disease and positive results or exercise testing. A
randomised double blind placebo controlled proto-
col was used to assess the effect of diltiazem. Twenty
one patients had had a myocardial infarction (group
I) and 19 had stable angina with no previous
infarction (group II). There was no difference in age,
sex, risk factor profile, or extent of coronary disease
between the two groups. None of the patients
showed resting ST segment abnormalities. Patients
had 1440 hours of ambulatory ECG monitoring
while taking placebo and 1408 hours while taking
diltiazem. In group II there was little effect of
diltiazem on either the total number of episodes (14
with placebo v 12 with diltiazem) or the number of
silent ischaemic episodes (9 with placebo v 8 with
diltiazem). In group I there was a reduction in the
frequency of total ischaemic episodes (7 episodes
with placebo v 4 with diltiazem) and silent ischaemic
episodes (7 with placebo v 4 with diltiazem).

Diltiazem reduces the frequency of both total
ischaemic episodes and silent ischaemic episodes in
patients with previous myocardial infarction. This
effect was not seen in patients with stable angina and
no previous myocardial infarction.

Assessment of mitral prostheses with
transoesophageal echocardiography

P Nihoyannopoulos, D Kambouroglou,
A Nadazdin, J Joshi, P Ghosh, C M Oakley
Royal Postgraduate Medical School, Hammersmith
Hospital, London

The usefulness of transthoracic colour Doppler

471

echocardiography (TTE) in evaluating artificial
valve function is limited because of flow masking by
the prosthetic material. Transoesophageal echo-
cardiography (TOE) offers a superior echo-
cardiographic window for assessing valvar or
paravalvar leaks. To determine the value of TOE in
assessing mitral prostheses we studied 18 patients
with clinically suspected prosthetic valve mal-
function using both TTE and TOE. All TOE stud-
ies were performed without complications and were
well tolerated even in very sick patients. Prosthetic
valve regurgitation was assessed as mild, moderate,
or severe according to the jet area occupying the left
atrium. Nine out of 18 patients were found to have
mild (5) or moderate (4) mitral regurgitation on
TTE. On TOE prosthetic valve regurgitation was
clearly seen in 17 of the 18 patients; the regurgitation
was considered to be mild in eight, moderate in
three, and severe in six. In one patient in whom mild
regurgitation was suspected on TTE, TOE failed to
show any leak. Six patients had their mitral pros-
thesis replaced (five with dehisced valves, one endo-
carditis). The remaining 12 patients continued to be
followed medically as the paraprosthetic leaks were
at the most only moderate. There were no stenotic or
thrombosed prostheses in the series.
TOE is a more accurate and sensitivemethod than

TTE for evaluating mitral prosthesis. It is highly
specific not only in confirming clinical suspicion but
also in excluding prosthetic valve malfunction.

Do reciprocal electrocardiographic changes
in acute Q wave myocardial infarction
represent additional ischaemia or necrosis?

D Jain, A Lahiri, U Raval, T Smith, E B Raftery
Northwick Park Hospital, Harrow, Middlesex

The underlying pathophysiology of reciprocal elec-
trocardiographic(ECG) changes in acute myocardial
infarction is unclear. I"'In-antimyosin (In-AM),
resting 20 TI (Tl) and gated blood pool imagingwere
performed in 37 consecutive patients with first Q
wave acute myocardial infarction. In 27 patients
reciprocal ECG changes were present (group 1) and
in 10 they were absent (group 2). The myocardial
segments representing the reciprocal ECG leads
were compared in the two groups for uptake of In-
AM, TI defects, and wall motion abnormalities. No
sigilificant differences were detected between the
segments with or without reciprocal changes.
Abnormalities in the myocardial segments repre-
senting reciprocal leads in groups 1 and 2 were as
follows: wall motion abnormalities were present in
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eight (33%) v three (30%); In-AM uptake in 10
(37%) v three (30%); TI defects in two (7%) v two
(20%); wall motion abnormalities alone in four
(15%) v one (10%); no abnormalities in the recip-
rocal segment in 12 (44%) v six (60%). Multivessel
coronary disease and ejection fraction values were
also similar in both groups.
Thus in patients with acute myocardial infarction

the presence of reciprocal ECG changes does not
necessarily imply myocardial necrosis or ischaemia
in the myocardial segments associatedwith the ECG
changes.

Long term survival with amiodarone in
patients with hypertrophic cardiomyopathy
and ventricular tachycardia

W J McKenna, KatherineM Adams, J D Poloniecki,
Shaughan Dickie, Celia M Oakley, D M Krikler,
J F Goodwin
Hammersmith and St George's Hospitals, London

In hypertrophic cardiomyopathy the detection of
non-sustained ventricular tachycardia during elec-
trocardiographic (ECG) monitoring is associated
with a sevenfold increase in mortality from sudden
death. In two well matched consecutive groups with
ventricular tachycardia the use of amiodarone when
compared with that of conventional class 1 agents
was associated with improved short term survival.
Since 1982 our policy has been to perform 24-48
hour ECG monitoring yearly and to treat patients
with non-sustained ventricular tachycardia with the
lowest effective dose of amiodarone. We report sur-
vival in 38 consecutive patients who received ami-
odarone as initial treatment after non-sustained
ventricular tachycardia was detected. Patients
received amiodarone 400-1600 mg, median 800 mg,
daily for one week followed by a maintenancedose of
100-400 mg, median 200 mg, daily with mean
plasma concentrations of amiodarone and dese-
thylamiodaroneof 1-1'(0-4) and 1 0 (0-5) mg/l. Two
additional patients did not tolerate amiodarone; they
received nadolol and propafenone and survived.
Forty patients who received amiodarone for other
indications (including supraventricular arrhythmias
and severe symptoms) were excluded; their survival
has been previously reported. Five year survival in
the 38 patients with ventricular tachycardia who
received amiodarone was compared with that in 104
patients without ventricular tachycardiawho did not
receive amiodarone. Kaplan-Meier survival esti-
mates for mortality related to disease were 94% and
84%, respectively, with a confidence interval for the
difference of - 1% to22%. For sudden death five year
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survival was 100% and 91%, respectively(p = 0 19).
The use of low dose amiodarone in consecutive

patients with ventricular tachycardia who were at
increased risk of sudden death resulted in a lower
incidence of sudden death and ofmortality related to
disease than was observed in low risk patients who
did not receive amiodarone. This confirms that the
beneficial effect of amiodarone on mortality in
patients with hypertrophic cardiomyopathy and
ventricular tachycardia is maintained long term.

Percutaneous balloon dilatation may relieve
pulmonary venous pathway obstruction after
Mustard's operation for transposition of the
great arteries

I D Sullivan, S G Cooper. Catherine Bull,
J F N Taylor
Hospital for Sick Children, London

Mortality at reoperation for pulmonary venous path-
way obstruction after Mustard's operation for trans-
position of the great arteries is more than 20%.
Consequently, during 1988 we attempted per-
cutaneous balloon dilatation in three patients with
mid-baffle pulmonary venous pathway obstruction.
Balloon catheters were introduced retrogradely
across the site of obstruction through the tricuspid
valve. The procedure was unsuccessful in a three
year old boy. Evidence for reliefof obstructionin the
other two patients, who were 8 and 14 years old, were
angiographic findings of improved calibre where the
pulmonary venous pathway narrowed and
improvement in the Doppler spectral signal at this
site from an obstructed to a normal pattern, together
with symptomatic improvement. Balloon dilatation
was performed twice in one of these patients. The
improvement seen with Doppler and the symptom-
atic improvement were sustained in both patients
three months after balloon dilatation.
This technique may offer effective relief of pul-

monary venous pathway obstruction in some
patients with this potentially lethal complication of
Mustard's operation.

Baroreceptor sensitivity in patients after
infarction: correlation with
electrophysiological studies

T G Farrell, T C Cripps, V Paul, A J Camm
Department of Cardiological Sciences, St George's
Hospital Medical School, London

Depressed sensitivity of the baroreflex in patients

 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.61.5.435 on 1 M
ay 1989. D

ow
nloaded from

 

http://heart.bmj.com/


Proceedings of the British Cardiac Society

after infarction has been reported as a risk factor for
sudden death. Such patients may be prone to life
threatening ventricular arrhythmias as a con-
sequence of disordered autonomic tone. To
investigate this possibility we compared bar-
oreceptor sensitivity in 40 patients (mean age 56-3
(10-6) years) seven to 10 days after infarction with
programmed ventricular stimulation. Baroreceptor
sensitivity was studied with an infusion of phenyl-
ephrine and expressed as the slope of the regression
line relating change in blood pressure toRR intervals
(ms/mm Hg). Programmed ventricular stimulation
elicited sustained monomorphic ventricular tachy-
cardia (SMVT) in six patients, ventricular tachy-
cardia (PMVT) in 13, and no arrhythmia in 21.
Three patients who later developed clinical ventricu-
lar tachycardia had inducible SMVT at the time of
the study. There was a significant difference in bar-
oreceptor sensitivity between patients with SMVT
and those with PMVT (2-1 (1-5) v 5-8 (3-8); p =
0-032) and between patients with SMVT and those
in whom no arrhythmia could be induced (2-08
(1 51) v 7-71 (3 75); p = 0-003). Within the SMVT
group it was impossible to differentiate those who
later developed clinical ventricular tachycardia by
baroreceptor sensitivity. The sensitivity was directly
related to ejection fraction (r = 047,
p < 0.01), with an inverse relation to age (r = 0-41,
p = 0-01), but there was no significant difference in
ejection fraction between the patients with SMVT
and those with no arrhythmia or programmed ven-
tricular stimulation. One way analysis of variance
showed a significantdifference in baroreceptorsensi-
tivity between the three groups (SMVT, PMVT,
and none (p < 0 006).

Baroreceptor sensitivity testing identified patients
at risk of ventricular arrhythmias after myocardial
infarction and gave similar results to programmed
ventricular stimulation. It also confirmed earlier
suggestions that abnormal autonomic tone in
patients after infarction predisposes to ventricular
arrhythmias and sudden death.

Autonomic regulation of pre-excitation
induced by respiration

G S Butrous, G Kaye, A J Camm
St George's Hospital Medical School, London

Six patients who had intermittent pre-excitation that
was induced at peak inspiration and disappeared on
expiration were studied (age 26-54 years). The ante-
rograde refractory period of the accessory pathway
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was 300-540 ms). Pre-excitation appeared during
phase IV of the Valsalva manoeuvre (parasym-
pathetic predominant phase) in all patients but not
during phase II (sympathetic predominent phase).
The appearance of pre-excitation was not related to
changes in RR intervals (control 637 (106) ms; phase
II 552 (112) ms, phase IV 792 (115) ms) or AH
interval (control 80 (17) ms, phase II 70 (19) ms,
phase IV 69 (19) ms). Application of a vacuum neck
collar (pure parasympathetic stimulation) did not
induce pre-excitation despite changes in the RR
interval similar to those seen during phase IV of the
Valsalva manoeuvre. After atropine (0-04 mg/kg) or
propranolol (0-2 mg/kg), or both, pre-excitation
could not be induced by respiration or the Valsalva
manoeuvre, whereas isoprenaline (3 jg/min) pro-
voked persistent pre-excitation in two of the six
patients.
These results suggest that autonomic tone has a

direct role in regulating pre-excitation that is not
associated with the changes in RR and AH intervals.
Pre-excitation appeared during parasympathetic
stimulation that was preceded by an increase in sym-
pathetic tone-for example, the Valsalva manoeuvre
or respiration-but not after isolated sympathetic or
parasympathetic stimulation. This suggests that the
development of pre-excitation is determined by
sympathetic-parasympathetic interaction.

Electrophysiologicalbasis of the
configurationsof the ventricular paced evoked
response

M W Baig, J C Cowan, J Cant, E J Perrins
Leeds General Infirmary, Leeds

The comparative effects of local and global electro-
physiological events that contribute to the
configuration of the paced evoked response are
unknown. The time courses of paced evoked
responses and simultaneously recorded monophasic
action potentials have been compared, although sep-
arate electrodes were used for recording the electro-
grams. The interval to 90% repolarisation of the
monophasic action potential coincided with the apex
of the evokedT wave and it was suggested that local
electrical events were the dominant contributors to
the configuration of the paced evoked response. The
interelectrode distances and hence the areas of the
heart that lie under the dipoles of these two electro-
grams are, however, different, and as the paced
evoked response is a unipolar signal it is more logical
to conclude that it reflects generalised ventricular
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electrophysiological events, although evidence for
this has hitherto been lacking. We recorded the uni-
polar paced evoked responses generated between the
tip and ring electrodes of bipolar leads and a com-
mon remote indifferent electrode in 10 patients.
Subtraction of the digitised electrograms yielded the
signal recorded between the tip and ring electrodes.
In each case this residual signal showed a pacing
artefact followed immediately by a negative
deflection, which was the depolarisation wavefront.
Thereafter the signal remained isoelectric.
These results suggest that the configurationof the

paced evoked response is determined by far field and
not local electrical phenomena.

Significance of frontal plane axis in
non-ischaemic right ventricular tachycardias:
echocardiographicand histological evaluation

D Mehta, H Odawara,W J McKenna, M J Davies,
A J Camm
St George's Hospital Medical School, London

Right ventricular cardiomyopathy is increasingly
recognised as a cause of arrhythmic death in young
people. We assessed the value of echocardiography
compared with endomyocardial biopsy in identi-
fying right ventricular disease. Right ventricular
biopsy and detailed echocardiographic evaluation of
the right ventricle were performed in 27 patients
(mean age 40, range 19-56 years) with ventricular
tachycardia of proved right ventricular origin. Only
patients with normal chest radiographs, left ventric-
ular function, and coronary arteriograms were
included. At least three endomyocardial biopsy
specimens were obtained from the right ventricle.
The dimensions of the right ventricle were measured
by echocardiography at multiple levels at the inflow
tract, body, and the outflow tract both in short and
in long axis views, the measurements being com-
pared with those from normal subjects. Nine
patients had abnormal biopsy specimens on light
microscopy with findings suggestive of cardio-
myopathy or right ventricular dysplasia. Abnormal
echocardiographic results, defined as an increase in
at least two of the eight dimensions or wall motion
abnormalities, or both, were seen in nine patients.
There was a strong association between abnormal
myocardial histological results and abnormal echo-
cardiographic results (p < 0-001). An abnormal
echocardiogramwas 94% specific and 80% sensitive
for abnormal myocardial histological results. The
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findings on echocardiography and biopsy were cor-
related with electrocardiographicfeatures of ventric-
ular tachycardia. Evidence of right ventricular
disease was seen in all six patients with superior
frontal plane axis of clinical ventricular tachycardia
compared with four out of 21 patients with inferior
axis (p < 0-001).
Thus in patients with right ventricular tachy-

cardia abnormal echocardiographic results were
specific for myocardial pathology. A superior frontal
plane axis of ventricular tachycardia in this group
strongly suggested right ventricular disease, whereas
an inferior frontal plane axis was often not associated
with any morphological or histological abnormality
of the right ventricle.

Reproducibility of non-ischaemic right
ventricular tachycardias induced by exercise

D Mehta, D E Ward, A J Camm
St George's Hospital Medical School, London

Exercise testing is often undertaken for therapeutic
assessment ofpatients with non-ischaemicright ven-
tricular tachycardia, especially when the tachycardia
is not inducible by programmed electrical stimu-
lation. Thus the consistency of inducing ventricular
tachycardia or successive exercise tests is essential.
To establish the consistency of exercise testing in
provoking ventricular tachycardia 10 patients (mean
age 36 years) who had ventriculartachycardiaduring
treadmill exercise test were subjected to a second
exercise test 24-48 hours later. All patients had had
ventricular tachycardias documented and had nor-
mal coronary arteriograms. The clinical tachycardia
was sustained in four patients (> 30 s) and not sus-
tained in six. Treadmill tests were performed 72
hours after stopping all antiarrhythmic treatment;
none of the patients was taking amiodarone. The
tests were performed with the standard Bruce proto-
col and continuous monitoring of three electro-
cardiographic leads. The timing of all arrhythmic
events and the events were recorded during both
tests. The sinus rate just before the onset of tachy-
cardia was also recorded. In eight of the 10 patients
ventricular tachycardia was reproduced at the sec-
ond test; in each case the tachycardia was similar in
rate, duration, and configuration to that during the
initial test. In both patients who did not have ven-
tricular tachycardia during the second test sustained
tachycardiashad been induced at the first. The sinus
rate at the onset of ventriculartachycardiaduring the
second test was within 10 beats/minute in six of the
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eight patients in whom consistent exercise induced
tachycardia had been reproduced.
Thus false conclusionsofdrug effectivenesscan be

reached in about 20% of cases when exercise testing
is used for therapeutic assessment. We suggest two
baseline tests to exclude patients with non-
reproduciblearrhythmias before this method is used
to select treatment.

Simplification of the diagnosis of broad
complex tachycardia by multivariate analysis

M J Griffith, N J Linker, J Micklewright,
D E Ward, A J Camin
St George's Hospital, London

Previous work on the diagnosis of broad complex
tachycardia has concentrated on univariate analysis
of either electrocardiographic(ECG) or clinical cri-
teria, resulting in a proliferation of diagnostic rules.
The aim of this study was, by using stepwise logistic
regression, to explore the relation betweenECG and
clinical criteria and allow simplification of the diag-
nosis. Clinical and ECG data were collected from
102 patients with broad complex tachcyardia (QRS
width > 110 ms), 69 with ventricular tachycardia,
and 33 with supraventricular tachycardia, the diag-
nosis having been established electrophysiologically.
Leads I, aVF, VI, and V6 were dichotomisedon the
basis of QRS waveforms identified on univariate
analysis, separately for right and left bundle branch
block pattern, to favour ventricular or supra-
ventricular tachycardia. The shift in the axis from
sinus rhythm to tachycardia was dischotomised at a
difference of 400. Clinically a history of myocardial
infarction or an abnormal cardiothoracic ratio were
significant independent predictors, whereas age, a
history of angina, congestive heart failure, collapse
during tachycardia, and smoking were not
significant. With ECG criteria alone, R or S wave
delay in left bundle branch block pattern tachy-
cardia, a shift in the axis ofmore than 40°, and wave-
forms in aVF and Vi were significant independent
predictors, whereas the width or rate of tachycardia,
waveforms in Vl or V6, and tachycardia axis were
not significant. With combined ECG and clinical
data four variables were significant (p < 0 001). A
history of myocardial infarction had the highest
coefficient (6-30); a shift in the axis of more than 400
and the QRS waveforms in aVF and VI had similar
coefficients (4 5, 4 53, and 3 44). Applied retro-
spectivelyto the data they achieved a 93% predictive
accuracy, which was not increased if other variables
were added.

475
In conclusion only four criteria, a history of myo-

cardial infarction, the QRS waveform in leads VI
and aVF, and a shift in the axis from sinus rhythm
to tachycardia of more than 400, are independent
predictors of the diagnosis of broad complex tachy-
cardias, with a predictive accuracy of 93%.

Pre-excitation induced by exercise:
association with anteroseptal accessory
atrioventricularconnections that are sensitive
to adenosine and verapamil

C J Garratt,M J Griffith, G S Butrous, D E Ward,
A J Camm
St George's Hospital Medical School, London

Pre-excitation induced by exercise is an unusual
phenomenon. We report on four patients in whom
ventricular pre-excitation was reliably induced by
exercise (three male, one female, mean age 18 years).
All patients had frequent palpitation that was
resistant to conventional medical treatment. Ini-
tiation of orthodromic re-entrant tachycardia
occurred in the exercise recovery phase in all
patients. All patients had single accessory con-
nections located in the anteroseptal position (located
by intraoperative epicardial mapping in two and by
transvenous endocardial mapping in all four). Ante-
rograde effective refractory periods of these path-
ways were 430 ms, 340 ms, 340 ms, and 330 ms at a
pacing rate of 100 beats/minute. The corresponding
retrograde effective refractory periods were 230 ms,
210 ms, 260 ms, and 310 ms, respectively.No patient
had long RP' tachycardia. None of the pathways had
features of Mahaim fibre conduction. Intravenous
adenosine given during tachycardia (three patients)
reproducibly terminated the arrhythmia in the ante-
rograde limb, with spontaneous reinitiationof tachy-
cardia occurring within 1-3 s. Two patients
underwent successful operation by the conventional
endocardial route; the two remaining patients were
studied further. In these patients intravenous
adenosine and verapamil abolished pre-excitation
during exercise, adenosine being associated with the
initiation of tachycardia. Vagotonic manoeuvres
(release phase of the Valsalva manoeuvre) also
reproducibly abolished pre-excitation.

All four patients with pre-excitation induced by
exercise had accessory connections in the ante-
roseptal position. In two patients these connections
were shown to have properties in common with
atrioventricular nodal tissue because anterograde
conduction was blocked by adenosine, verapamil,
and vagotonic manoeuvres.
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Paced and natural rate response during
everyday activity

N Sulke, A Pipilis, S Karani, C Bucknall, E Sowton
Guy's Hospital, London

The heart rate of 50 patients with pacemakers who
were aged 17-78 years was compared with that of 20
controls matched for age (23-76 years) during every-
day activities, including climbing and descending
stairs; lifting suitcases; intermittent, slow, and fast
walking; talking while walking; restingmental stress;
changing posture; and exercise during a graded
treadmill exercise test. Six rate response systems
were used: Sensolog in 10, Activitrax in eight, Meta
in eight, QT in six, DDD in 10, and activity sensing
DDDR in eight. Pacemakers with an activity sensor
produced a larger rate response than that seen in
controls when the patients descended stairs and
lifted suitcases but did not respond to mental stress.
The QT and Meta were slow to respond and persis-
ted in high rate response when patients stopped
being active. DDD units showed a diminished
response when the patients were lifting and talking
while walking but otherwise mimicked the response
in controls except during maximal treadmill exer-
cise, when upper rate limiting came into effect. The
closest response to a normal rate response occurred
in DDD and DDDR systems. The QT and Meta
responded well to resting stress but slowly to exer-
tion. Sensolog and Activitrax had inappropriate rate
responses when the patients lifted the pacemaker
arm or descended stairs.

Until a multisensor ventricular rate response sys-
tem is available combining an activity sensor with a
separate physiological sensor dual chamber systems
continue to provide the best substitutefor sinus node
function during everyday activity.

Intravascular three dimensional imaging of
arteries: a novel ultrasound system

C J Burrell, R I Kitney, K Straughan,
A H McDonald, M T Rothman
The London and Whitechapel Hospitals and
Imperial College, London

The use of percutaneous angioplasty for peripheral
and coronary disease is increasing, and new methods
of removal, stenting, or thermal moulding of ath-
eroma are under evaluation. Appropriateuse ofthese
options will be facilitated by better imaging of
abnormal vessels. Direct fibreoptic visualisation
requires replacing blood with non-respiratorytrans-
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lucent fluid. This limitation is overcome by using
ultrasound data acquired intraluminally to image the
vessel. We have developed a complete ultrasound
imaging system for visualising and reconstructing
long segments ofperipheraland ultimately, coronary
arteries. Piezo electric crystals mounted on to a 9F
catheter and placed intraluminally send and receive
ultrasound signals for real time data acquisition. A
computer based system analyses the reflected signals
using locally developed software to reconstruct
images of the vessel as two dimensional slices (using
picture elements, pixels). A series of two dimen-
sional slices form the basis of a three dimensional
reconstruction (using volume elements, voxels).
Programs allow rotation, slicing, radiographic
simulation, edge enhancement, and tissue
characterisation of the acquired images.

Images of arterial models and of human in vitro
atheromatous arteries have been reconstructed.
There is an excellent correlation between the recon-
structed images and these "phantoms"; in vivo eval-
uation is in progress and providing exciting
preliminary images.

Response of flow and distribution to stress in
normal coronary arteries

Ann C Tweddel,W Martin, I McGhie, I Hutton
University Department of Medical Cardiology,
Royal Infirmary, Glasgow

The outcome after infarction is dependent upon the
volume ofmyocardium at risk; this depends on anat-
omical dominance, which varies between people.
The contribution of each major coronary vessel to
flow and volume of myocardium supplied was
assessed by clearance of Xeron-133 in nine patients
with right dominant arteriographically normal
vessels-at rest, during atrial pacing, and immedi-
ately after symptom limited exercise. In the distri-
bution of the left anterior descending coronary
artery (LAD) flow increased significantly by 13
(14%) and 40 (6)% with atrial pacing at 90 and
110 beats/minute and by 18 (5)O/ after exercise; and
in the circumflex distribution (Cx), by 16 (4)% and
51 (7)% with pacing, and 24 (6)% after exercise. In
contrast, in the inferior surface of the left ventricle,
supplied by the right coronary artery (RCA), flow
was unchanged with atrial pacing ( - 4 (2)O% and - 4
(2)%) or after exercise (- 18 (5)%o). The volume of
distribution within the myocardium supplied by
each major coronary artery was unchanged: for the
LAD it was 50 3 (2-9)% at rest, 51 3 (4 5), 51 6
(2-8)% with atrial pacing and 45-3 (2 9)o% after exer-
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cise; for the Cx artery it was 52-3 (7-3)% at rest, 48-4
(4-2) and 46-8 (2 2) with atrial pacing, and 51/1
(5-8)% after exercise; and for the RCA it was 39
(9-4)% at rest, 45X2 (4-5) and 45 (7 8)% with atrial
pacing, and 42-6 (6X4)% after exercise.
Much of the left ventricle has a dual blood supply

particularly the inferoposterior surface and the
individual variation in myocardial volume supplied
is greatest in the RCA distribution. During stress,
increased myocardial flow seems to be provided
essentially by the left coronary artery, suggesting a
mechanism for the differing effects of anterior and
inferior ischaemia on left ventricular function.

Is pulmonary wedge pressure a good index of
intraoperative myocardial ischaemia? A
correlative electrocardiographic and
transoesophageal echocardiographic study

MERM van Daele, GR Sutherland,MM Mitchell,
O Prakash, EN Rulf, J RT C Roelandt
Thoraxcentrum, University Hospital Rotterdam-
Dijkzigt, Rotterdam, The Netherlands

Pulmonary wedge pressure is often monitored dur-
ing operation to assess changes in myocardial func-
tion, but its value as an indicator of ischaemia is
uncertain. Previous studies have shown an increase
in pulmonary wedge pressure during induced
ischaemia in cardiac pacing and percutaneous trans-
luminal coronary angioplasty, but it is unclear
whether such changes can be extrapolated to the
spontaneous ischaemia that may be acquired during
the induction of anaesthesia in patients with
ischaemic heart disease. We studied 68 patients
undergoing anaesthesia for coronary artery bypass
graft operations by recording simultaneously the
pulmonary wedge pressure, a 12 lead electro-
cardiogram (ECG), and myocardial wall motion as
monitored by transoesophageal echocardiography.
Five recordings per patient were made every 10
minutes, before, during, and after induction. In 12 of
the 68 patients myocardial ischaemia, defined as a
newly acquired regional wall motion abnormality,
was detected by transoesophagealechocardiography.
Ten of these 12 patients had > 1 mm concomitant
ST depression in the 12 lead ECG. The onset of
ischaemia was accompanied by a mean increase in
pulmonary wedge pressure of 3-2 (4 9) mm Hg com-
pared with 0-0 (2-2) in the patients who did not
develop ischaemia (p < 0 01). Using an increase in
wedge pressure of 3 mm Hg as an indicator for the
onset of ischaemiawe found a sensitivity of 18% and
a positive predictive value of 22%.
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The onset of myocardial ischaemia in the group
was associated with a small increase in pulmonary
wedge pressure, but the wide individual variability
in the pressure changes in both patients with
ischaemia and patients without ischaemia resulted in
many false positive and false negative results when
pulmonary wedge pressure was compared with wall
motion abnormalities detected by transoesophageal
echocardiography in individual patients. In our
experience the monitoring of pulmonary wedge
pressure is not a valuable method of detecting myo-
cardial ischaemia during anaesthesia.

Pulmonary capillary permeability in chronic
left heart failure

S W Davies, J Bailey, J Keegan, D P Lipkin,
R Balcon, R Rudd
London Chest Hospital and Royal Free Hospital,
London

Patients with severe chronic left heart failure may be
comparativelyresistant to pulmonary oedema at pul-
monary wedge pressures that would cause severe
pulmonary oedema in acute left ventricular failure.
Decreased pulmonary microvascular permeability
has recently been shown in severe rheumatic mitral
stenosis, which like chronic left heart failure, is
characterised by chronic pulmonary venous hyper-
tension. Pulmonary microvascular permeability was
measured in five patients with severe chronic heart
failure (New York Heart Association class III-IV)
and in 11 controls with normal left ventricular
function (normal ventriculogram and end diastolic
pressure < 10 mm Hg) and normal mitral valves by
a double isotope scintigraphic method. Transferrin
was labelled with indium 113m and red cells with
technetium- ", and scanning was performed over
the lung fields and over the cardiac blood pool. A
plasma protein accumulation index for transferrin in
the lung fields was then calculated. In the control
patients the mean index was 0-4 (0 3) x 10- 3/min,
and in the patients with severe chronic left heart
failure it was significantly lower (0 -1 (0 4) x
10-3/min; p < 0-05).
Thus pulmonary microvascular permeability as

assessedby the plasma protein accumulationindex is
significantly reduced in severe chronic left heart
failure. This may represent an adaptation protecting
against pulmonary oedema when the pulmonary
venous pressure is persistently raised.
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Arteriographic underestimations of vessel
diameter leading to overestimation ofseverity
of stenosis

G L Pappageorgio, Norah Hudson, V J Redding,
N B Jones
Department of Biomedical Engineering, University
of Leicester, Groby Road Hospital, Leicester

Theoretical analysis of radiographic images in terms
of signal to noise ratio shows a non-linear under-
estimation of the arterial image in arteriograms that
is dependent on size. A study was undertaken to

investigate whether arteriographic images of small
vessels were distorted and if so to what degree. A
series of radiographs was taken of small tubes of
accurately known internal diameter (1-3 mm) filled
with contrast medium. Comparison of the diameters
of the tube images with the actual diameters showed
an underestimation of the diameter, which was

dependent on size: the smaller the tube the higher
the underestimation of its diameter. Given that the
underestimation of diameter becomes more severe in
small vessels approaching the resolution limit of the
imaging system, the error introduced in measuring
the severity of stenosis, in which two vessels of
unequal diameters are compared, may be quite
considerable. An equation has been derived to com-
pensate for the overestimation error. This may prove

useful in assessing the severity of stenosis, and an

automatic correction could be introduced in auto-
mated edge detecting systems.

Syndrome X: abnormal left ventricular filling
during dipyridamole echocardiography

A Nadazdin, M Shahi, T Crake, R A Foale
Department of Cardiology, St Mary's Hospital,
London

Alterations in left ventricular filling occur during
myocardial ischaemia. To investigate whether these
changes occur in patients with syndrome X we stud-
ied five normal subjects (group A), 20 patients with
coronary artery disease (group B), and eight patients
with syndrome X (group C). Left ventricular filling
was assessed from early and atrial filling velocities by
pulsed Doppler ultrasound. A high dose infusion of
dipyridamole (0 9 mg/kg over 10 minutes) was used
to provoke myocardial ischaemia. Blood pressure
and 12 lead electrocardiograms were recorded every
minute before, during, and after the infusion for 20
minutes. There were no differences in heart rate and
blood pressure response between the three groups
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during the procedure. No patient showed electro-
cardiographic changes in group A; 11 of the 20
(55%) in group B and five of the eight (63%) in
group C had ST segment depression. The mean
maximum percentage decrease in early filling
velocity was 3 (2-5), 9(10), and 14 (7) in groups A,
B, and C respectively. Both groups B and C were
significantly different from group A (p < 0 05), but
no difference existed between groups B and C. In
groups A, B, and C no difference was found in the
mean maximum percentage increase in atrial filling
velocity (39 (26), 29 (26), 40 (16)) or mean maximum
percentage decrease in the ratio of early filling
velocity to atrial filling velocity (17 (8), 25 (5), 27 (7)).

Patients with syndrome X and coronary artery dis-
ease have a similar left ventricular filling response
during infusion of dipyridamole. This may suggest
that myocardial ischaemia occurs in patients with
syndrome X.

Transoesophageal echocardiography: method
of choice to visualise left atrial pathology

M A de Belder, G Leech, A J Camm
Department of Cardiological Sciences, St George's
Hospital Medical School, London

Transoesophageal echocardiography (TOE) pro-
vides an ultrasound window directly adjacent to the
left atrium and should be ideal for evaluating left
atrial pathology. The first 203 TOE scans performed
at this centre showed that 33 patients had abnormali-
ties of either structure or flow in the left atrium (18
men, 15 women; mean age 64, range 35-83 years).
TOE was performed in six patients because of a
possible or definite atrial mass and in 22 patients to
exclude a cardiac source of embolus. Ten patients
were found to have echocardiographicpatterns in the
left atrial appendage or adjacent to the left atrial wall
consistent with thrombus; 12 patients were found to
have spontaneous contrast echoes in the left atrium,
four ofwhom had echoes consistent with thrombus;
in all but two of these patients transthoracic echo-
cardiography (TTE) had not showed these findings.
Seven patients were found to have a patent foramen
ovale with contrast studies (only one was detected
with colour flow mapping), three of which had been
missed with TTE contrast studies. Four patients
were found to have an excessively mobile atrial
septum, one being frankly aneurysmal-this was
apparent from the short axis TTE. In two of the
cases of suspected atrial tumour the initial diagnosis
was wrong: one patient was found to have an appre-
ciable posterior mitral valve prolapse and the other
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was the patient with the atrial septal aneurysm. Two
patients with a diagnosis of left atrial mass (on TTE
one myxoma, one sarcoma) were further evaluated
by TOE. Another patient who had a cerebrovascular
accident after resection of a malignant lung tumour
was found to have a posterior left atrial wall shadow
consistent with a possible invading tumour or
thrombus; this had not been detected by TTE.
We conclude that TOE is superior to TTE in the

evaluation of left atrial pathology.

Outpatient transoesophageal
echocardiography: technique, patient
tolerance, and costs

G Leech, M A de Belder, A J Camm
Department of Cardiological Sciences, St George's
Hospital Medical School, London

The main limitation of transthoracic echocardio-
graphy (TTE) is the poor quality of the image
because of the inability of ultrasound to penetrate
lung or bone. Transoesophageal echocardiography
(TOE) uses a transducer at the end of a gastroscope.
There are few clinical contraindications. To mini-
mise the facilities needed and to maximise the
numbers of patients who can be scanned in one
session we have introduced outpatient TOE in
unsedated patients. Patients are asked to starve for
four hours before the study; topical hypopharyngeal
anaesthesia is used and lignocaine gel smeared on to
the transducer, which is inserted guided by the oper-
ator's fingers. Success is aided by careful explanation
and good insertion technique. A complete cross
sectional and colour Doppler study takes 5-10
minutes. No significant short or long term compli-
cations have occurred in 203 studies. A question-
naire was given to patients enquiring about their
tolerance of the technique and their views about the
use of sedation. Of the first 128 clinic patients, 82%
found it "tolerable" or "mildly unpleasant" and
18% "unpleasant." Younger patients were more
likely than older ones to find it unpleasant. Seven
patients received sedation, three because they
requested it, three because of initial intolerance, and
one because of an elective prolonged scan; all were
totally or partially amnesic ofthe scan. Ofthe others,
86% would have preferred no sedation for an out-
patient study, although 26% would have preferred
sedation for an inpatient study. Recent reports have
shown the benefits of TOE in specific diseases, but
the transducer is expensive.We estimate that we will
perform 400-600 scans a year. With a predicted life-
time of five years, the use of the transducer carries a
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cost of £10-15 per scan; this will probably fall
significantly in the future.

Is pulmonary artery banding obsolete for
double inlet ventricle and tricuspid atresia?

R C G Franklin, I D Sullivan, R H Anderson,
J E Deanfield
Hospital for Sick Children and Brompton Hospital,
London

Subaortic stenosis in double inlet ventricle or tri-
cuspid atresia almost always occurs with a dominant
left ventricle, discordant ventriculoarterial connec-
tion, and unobstructed pulmonary blood flow. Pul-
monary artery banding is said to be contraindicated
in such patients as it may exacerbate or promote the
development of subaortic stenosis. We studied 103
consecutive infants (56 with double inlet atresia,
47 with tricuspid atresia) with this anatomy (present-
ing 1972-87) to determine the effect of palliation on
the development of subaortic stenosis. At presenta-
tion 27 of the 103 patients had subaortic stenosis
(> 10 mm Hg gradient at rest from left ventricle to
aorta or ventricular septal defect < 0-5 aortic valve
diameter), either in isolation (11 patients) or with
aortic arch obstruction (16 patients). Of the 76
patients without subaortic stenosis at presentation,
57 were palliated by either pulmonary artery ban-
ding with aortic arch repair (22 patients; median age
4 weeks) or isolated pulmonary artery banding (35
patients; median age 22 weeks). After pulmonary
artery banding with aortic arch repair 17 of the 22
(77%) patients died by the age of 2 years and all of
the five survivors developed new subaortic stenosis,
which was evident in all ofthem by the age of 2 years.
In contrast, after isolated pulmonary artery banding
five of the 35 (14%) patients died aged under 2 years
(p < 0-01) and subaortic^ stenosis developed in only
six out of 27 (22%) (p < 0-01) survivors aged more
than 2 years, being evident in all ofthem by 2 5 years
(mean follow up 7 1 years). Of the remaining 21
patients, 17 of the 18 who have been reassessed to
date fulfilled Fontan criteria.
Thus infants with double inlet atresia or tricuspid

atresia and aortic arch obstruction have subaortic
stenosis at presentation or inevitably develop it
rapidly after conventional palliation. Vigorous initial
operation, at higher risk, may be indicated. When
subaortic stenosis and aortic arch obstruction are
absent pulmonary artery banding provides effective
palliation at reasonable risk to prepare most patients
for definitive operation and should not be regarded
as obsolete.
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Value of transoesophageal echocardiography
in adolescents and adults with congenital
heart disease

G R Sutherland, R Geuskens, M A Taams,
E J Gussenhoven, J Hess, J Roelandt
Thoraxcenter, Erasmus University, Rotterdam,
The Netherlands

Precordial ultrasonography often yields inadequate
results in older patients with complex congenital
lesions because of a previous thoracotomy, chest
deformity, or cardiac malposition. Transoesopha-
geal echocardiography potentially circumvents these
problems. Seventy four such patients (age range
10-56 years) with clinical problems and inadequate
results from precordial studies underwent correla-
tive outpatient transoesophageal echocardiography
(imaging and colour flow). The lesions studied
included intra-atrial baffles, atrial septal defects,
Ebstein anomalies, Fontan procedures, atrio-
ventricular defects, congenital mitral lesions,
ventricular septal defects, subaortic obstruction,
atrioventricular discordance, criss cross heart, and
descending aortic lesions. Abnormalities of atrial
appendange anatomy and systemic and pulmonary
venous drainage were consistently defined, as were
atrial septal defect morphology and an unsuspected
range of atrial baffle abnormalities. Lesions of the
atrioventricular junction were equally well defined,
as was the chordal arrangement in criss cross hearts.
Unique structural and flow information was also
obtained after Fontan procedures and in complex
subaortic obstruction. Problems arose because of the
restricted imaging planes inherent in using trans-
oesophageal echocardiography in the definition
approach of ventricular septal defects, right ventric-
ular outflow obstruction, descending aortic lesion,
and extracardiac conduits. Image and flow masking
due to prosthetic material was a problem in patients
after operations.
We conclude that transoesophageal echocardio-

graphy is a major advance in the diagnosis and follow
up of adolescent and adult patients with complex
cardiac disease.

Is balloon dilatation the treatment of choice
for aortic recoarctation?

I D Sullivan, S G Cooper, C Wren
Hospital for Sick Children, London, and
Freeman Hospital, Newcastle upon Tyne

From 1985 to 1988 balloon dilatation of aortic
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recoarctation was performed 47 times in 44 patients,
a mean of 49 (SD 54) months after surgical repair.
Initial surgery was performed in the neonatal period
in 29 patients. The mean age at balloon dilatation
was 4 9 (5 3) years (range 2 months-20 years), weight
18 (15) kg (range 2-72). The difference in systolic
pressure across the recoarctation site decreased from
37 (15) to 14 (11) mm Hg (p < 0 001) immediately
after balloon dilatation and was independent of the
nature of the previous operation (subclavian flap
(n = 12), resection with end to end anastomosis
(n = 21), patch angioplasty (n = 4), multiple oper-
ation (n = 5)). Systolic pressure in the ascending
aorta decreased from 120 (25) to 113 (20) mm Hg
(p = 0 02). Pulse pressure in the descending aorta
increased from 22 (7) to 36 (8) mm Hg (p < 0 001).
Coarctation/aorta diameter increased from 0A45
(0-14) to 0-85 (0-16) (p < 0O001). At repeat cathe-
terisation in 21 (49%) patients a mean of 12 (8)
months after balloon dilatation there was a further
reduction in the systolic pressure difference from 17
(11) to 12 (9) mm Hg (p = 0 03), with no further
change in coarctation/aorta ratio. Aneurysm forma-
tion was evident in one patient immediately after
balloon dilatation; this was unchanged at repeat
study 15 months later. "New" aneurysms were
apparent in 2/20 (10%) of the other patients
restudied to date. Appearances in these three
patients were unrelated to balloon size. There were
no deaths related to the procedure. Three (7%)
patients, all weighing less than 12 kg, had femoral
artery occlusion.

Balloon dilatation provides good relief of obstruc-
tion with low morbidity. This compares favourably
with the reported results of reoperation. Longer
follow up is required to assess the importance of the
aneurysms observed, but balloon dilatation remains
our treatment of choice for recoarctation.

Morphology of double outlet right ventricle
(DORV) shown by magnetic resonance
imaging

J M Parsons, E J Ladusans, E J Baker,
Victoria Ayton, M A Smith, S A Qureshi,
R H Anderson, M J Tynan
Guy's Hospital, London

Nine patients with double outlet right ventricle
(DORV) were studied with a 1-5 T magnetic reso-
nance imaging system. Echocardiography was
performed in all patients and angiography in five.
Two patients underwent surgical correction and five
palliation. Multiple thick (5 mm) sections gated to
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the patient's electrocardiograms were acquired in
standard and oblique planes. The relation between
great arteries; subarterial morphology; position and
relation of the ventricular septal defects to the great

arteries and attachments of the atrioventricular
valves were assessed. The relative positions of the
great arteries were identified in every case. The ven-

tricular septal defect was identified as closely related
to the pulmonary artery in four patients, to the aorta

in three, and non-committed in one. In one patient
with associated atrioventricular septal defect there
was a large ventricular component. In one patient the
ventricular septal defect had become restrictive and
adherent tissue closing the defect could be seen. A
single infundibulum was identified related to the
pulmonary artery in three patients, one with sub-
pulmonary stenosis, and to the aorta in two patients.
A bilateral infundibulum was identified in two

patients, with subaortic stenosis seen in one patient
who had undergone banding of the pulmonary

artery. A common atrioventicular valve was identi-
fied in the patient with atrioventricular septal defect.
In the other patients separate atrioventricular valves
were seen. In two patients the tricuspid valve appa-

ratus could be seen attached to the crest of the
venricular septum, but in no cases were straddling
valves identified.
Magnetic resonance imaging correlated well with

surgical and angiographic results and seemed to be
particularly suited to showing the spatial relation
between the ventricular septal defect and the great
arteries and the relations between the great arteries.

Doppler analysis of blood flow in the superior
vena cava: clinical and echocardiographic
correlation

JM Parsons, E J Ladusans, S A Qureshi, Lok Y So,
E J Baker, Lindsay Allan, M J Tynan
Guy's Hospital, London

Doppler velocities were recorded from the superior
vena cava in 72 patients. Twenty six had normal
hearts and 46 congenital heart disease, of whom 29
had undergone operation. Four patterns were

recognised, which were correlated with clinical and
echocardiographic findings. In four patients record-
ings were not suitable for analysis. Ten patients had
a single systolic peak (first waveform). Forty six had
a biphasic waveform with the systolic component
greater than the diastolic component (second wave-

form). Eleven patients had a biphasic waveform but
with the reversed pattern (third waveform). One
patient had a triphasic waveform similar to that of
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the third pattern but with an additional presystolic
component (fourth waveform). Findings associated
with the first waveform included five normal hearts,
one pericardial effusion, two small ventricular septal
defects, one postoperative ventricular septal defect,
and one postoperative ductus arteriosus. The third
waveform was identified in eight patients who had
undergone atrial redirection for complete trans-
position and had non-obstructed venous pathways
and in one patient with atrioventricular septal
defect, one with tetralogy of Fallot, and one with
postoperative ventricular defect. The patient with
the fourth (triphasic) waveform had undergone
Mustard's operation and had pulmonary vascular
disease. The remaining patients all had the second
waveform. All patients with normal hearts had either
the first or second waveform.
Doppler analysis is able to identify specific

patterns of blood flow in the superior vena cava in
differing clinical situations.

Complete heart block in children: How many
will need a pacemaker?

Kim A Priestley, M J Tynan, P V L Curry
Guy's Hospital, London

Forty three children with complete heart block
presented between 1972 and 1988. The complete
heart block was probably congenital in 28 children
(65%), occurred postoperatively in 14, and occurred
after chickenpox myocarditis in one child. In con-
trast with the presentation of complete heart block in
adults, the condition was discovered incidentally in
26 of the 43 children. The congenital complete heart
block was discovered prenatally in eight children and
was diagnosed at birth in a further four. It was,
however, often discovered during infancy and child-
hood: in 10 patients because of a slow or irregular
pulse, in four because of a heart murmur, and in two
because of symptoms due to structural heart disease.
Permanent pacemakers were eventually inserted in
27 children: all 14 children with postoperative
complete heart block, 12 with congenital complete
heart block, and the child with acquired complete
heart block. The indications for insertion of a pace-
maker in the 12 with congenital complete heart block
were syncopal symptoms in seven (mean age 9 years,
range 0-9-13-6), heart failure and failure to thrive in
two (aged 0-8 years), and systemic emboli in one
child aged 10-5 years. Two children without
symptoms received a pacemaker, one during cardiac
operation and the other as a prophylactic measure for
subsequent orthopaedic operation. Of five children
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with congenital complete heart block and structural
heart disease, three underwent implantation of a
pacemaker and one cardiac transplantation.
Although often presenting as an incidental finding

in children, complete heart block requires careful
follow up as many children will need permanent
pacing during childhood.

Efficacy of percutaneous balloon dilatation
of the pulmonary outflow tract as palliation of
tetralogy of Fallot

S A Qureshi, E J Ladusans, J M Parsons, E J Baker,
M J Tynan
Department of Paediatric Cardiology, Guy's
Hospital, London

We evaluated the efficacy of palliation in the tetra-
logy of Fallot by percutaneous balloon dilatation of
the right ventricular outflow tract. Nine patients,
mean age at balloon dilatation 9-4 months (range
0-6-16-4) and mean weight 6-9 kg (range 2-6-8-9),
were treated. Palliation was required for hyper-
cyanotic spells in five and for worsening cyanosis and
polycythaemia in four. Successful dilatation was
achieved in eight patients. The mean diameter of the
pulmonary annulus measured angiographically was
9*3 mm (range 5-13) and the average ratio of balloon
to annulus was 1-5 (range 1 -2-1 -8). Aortic oxygen
saturation increased from 76 (SD 10-5) before to
88-4 (7-2) after dilatation (p < 0-005). Pulmonary
artery saturation rose from 62-1 (13-3) to 79-4 (6-4)
after balloon dilatation (p < 0-002). The pressure
gradient across the right ventricular outflow tract fell
from 71-5 (12-2) to 56-3 (17-4) mm Hg immediately
after dilatation (p < 0-07). All patients had transient
hypotension and arterial desaturation during
inflation. In three patients transient ST elevation
occurred during (two) or after (one) dilatation. No
spells were encountered during or after dilatation.
Attempts to cross the pulmonary valve in one patient
resulted in infundibular perforation by the guide
wire. There were no adverse sequelae from this and
a Blalock-Taussig shunt was performed. Follow up
after successful balloon dilatation ranged from 1 -0 to
8-9 months (mean 4-6). Palliation was adequate in all
of the patients, with three ofthem requiring a second
procedure.
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In conclusion, adequate palliation in tetralogy of
Fallot is possible by balloon dilatation, thus avoiding
a shunt operation. The long term effects on pulmo-
nary artery growth require further evaluation.

Symmetrical aortoplasty repair for
supravalvar aortic stenosis

G Angelini,* M Hazekamp, V Van Boven,
H Huysmans, J Quaegebeur*
Thoraxcenter Academic Hospital, Rotterdam,
Dijkzigt* and Thoraxcenter Academic Hospital,
Leiden, The Netherlands

Surgical correction of supravalvar aortic stenosis is
most commonly performed by patch enlargement of
the right coronary or the non-coronary sinuses of
Valsalva, or both. These procedures relieve the
obstruction in most patients but do not restore the
normal circular configuration of the aorta and hence
the normal coaptation of the aortic valve leaflets. A
different approach consisting of a symmetrical
enlargement of the supravalvar stenotic ring was
used in eight patients (five males; age range 3 to 46
years) whose preoperative left ventricle-aortic peak
systolic gradient ranged from 130 to 40 mm Hg.
After complete transection of the aorta just above the
stenotic point the stenotic ring was divided in three
places by incisions extending into each of the
coronary sinuses of Valsalva. Individual U shaped
pericardial patches were then used to produce
widening of the three coronary sinus incisions. This
resulted in a symmetrical enlargement of the aortic
root and ascending aorta. The postoperativegradient
ranged from 0 to 10 mm Hg. All of the patients
survived the operation, seven remained symptom
free, and one suffered aortic incompetence necessi-
tating valve replacement. Excluding this patient,
echocardiography at six months to 10 years post-
operatively showed a residual gradient ranging from
10 to 25 mm Hg and normal aortic valve function.
Symmetrical aortoplasty repair achieves a lower

postoperative gradient than previously described
procedures. It more closely reconstructs the ana-
tomical configuration of the aorta and thereby more
completely restores the function of the aortic valve.
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