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THE 60TH ANNUAL GENERAL MEETING of the British
Cardiac Society was held at the Edmund Burke
Theatre of Trinity College, Dublin, on Wednesday
and Thursday, 1 and 2 April 1981. The retiring
President, W SOMERVILLE, took the Chair during
private business. At the scientific sessions the
Chair was taken by R MULCAHY.

Abstracts of papers

Detection of regional wall motion
abnormalities by two-dimensional
echocardiography: correlation with
angiography

R Tasca, M Ballester, S Rees, R Foale,
A Rickards, E L McDonald
National Heart Hospital, London

In order to assess the value of two-dimensional
echocardiography in the detection of abnormal left
ventricular wall motion, 56 consecutive patients were
prospectively studied less than 24 hours before left
ventricular angiography, performed to evaluate the
presence and extent of coronary arterial disease. The
two-dimensional echocardiography studies were

independently recorded by two observers (RT and
MB) without previous knowledge of the patients'
clinical, electrocardiographic, and radiological data.
Wall motion was classified as normal, hypokinetic,
dyskinetic, and aneurysmal. Angiography was re-

ported by an independent observer (SR) without
knowledge of other data.

In 50 of the 56 patients the two-dimensional
echocardiography study was suitable for analysis.
Of these 50 patients, in 23 the left ventricular angio-
grams were normal: in one ofthese, two-dimensional
echocardiography was considered to be abnormal.
Of the 27 patients with abnormal left ventricular
angiograms, two-dimensional echocardiograms were
interpreted as abnormal in 20 and in 18 of these,
the sites of abnormal contraction corresponded with
those seen on the angiogram.

Errors in interpretation of the two-dimensional
echocardiograms were the result of the use of a
narrow angle transducer and of inadequate visual-
isation of the left ventricular endocardium as well as
of small areas of dyskinesis.

Two-dimensional echocardiography is a reliable
non-invasive method to exclude abnormalities of
left ventricular wall motion. The presence and site
of abnormal wall motion can be detected by two-
dimensional echocardiography and corresponds to
the findings of left ventricular angiography in the
majority of patients.

Cross-sectional echocardiography in the
early detection of acute myocardial
ischaemia and infarction

K Daly, M Monaghan, G Jackson, D E Jewitt
Cardiac Department, King's College Hospital,
London

Fifty patients with suspected diagnosis of acute
myocardial infarction had cross-sectional echo-
cardiographic studies on admission and 48 hours
later. None had a past history of myocardial in-
farction. The left ventricular wall was divided into 11
segments, and segmental wall motion defined and
scored as normal (0), hypokinetic (1), akinetic (2),
or dyskinetic (3). The degree of asynergy calculated
was expressed as a percentage (normal 0%, total
dysnergy 100%) and compared with creatine
kinase level and 12 lead electrocardiogram.

Myocardial infarction was later confirmed in 40
patients. Raised percentage asynergy was present
in 39 on admission and in the remaining one at 48
hours. The diagnosis could not be confirmed in 17
of these on admission-eight patients had normal
creatine kinase and nine patients had non-diagnostic
electrocardiograms. All showed left ventricular wall
motion abnormality on admission (% asynergy
score 33).
Two patients whose electrocardiograms showed

acute ischaemic patterns had left ventricular
asynergy (% score 15) on admission-the echo-
cardiograms reverted to normal after the acute
ischaemic episode.
These findings indicate that cross-sectional

echocardiography is a sensitive method of early
detection of acute myocardial ischaemia and in-
farction. It is of particular value when initial
creatine kinase and electrocardiogram are not
diagnostic.

510

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.45.5.610 on 1 M
ay 1981. D

ow
nloaded from

 

http://heart.bmj.com/


Proceedings of the British Cardiac Society

Prognostic value of radionuclde
ventriculography after first myocardial
infarction

N G Dewhurst, A L Muir
Department of Medicine, University of
Edinburgh

Since indirect evidence suggests that ventricular
function is the variable most predictive of survival
after myocardial infarction, we examined left
ventricular performance using radionuclide ven-
triculography at hospital discharge in 100 consecu-
tive patients after their first infarct when all patients
were free of heart failure. One month later ven-
triculography was repeated at rest and during
multistage bicycle ergometry and all patients
followed up for one year.

Acute phase complications of left ventricular
failure and ventricular arrhythmia were associated
with low ejection fraction but thereafter clinical
signs and radiological heart size were poor predic-
tions of low ejection fraction. Radionucide ven-
triculography at rest identified 25 patients with
dyskinetic segments and low ejection fraction, of
whom 12 suffered episodes of left ventricular failure
during follow-up, two survived documented ven-
tricular tachycardia, and six died suddenly. Of the
remaining 75 patients, ejection fraction fell on
exercise in 34 and 25 (74%) of these developed
post-infarction angina and no patient who de-
veloped angina was able to increase ejection
fraction. All patients with a reduction in ejection
fraction of greater than 8 per cent on exercise one
month after infarction developed angina and three
died. Progress was uncomplicated in 46 patients
who had either normal or slightly reduced ejection
fraction, the majority being able to increase ejection
fraction on exercise. Two deaths were sudden and
not predicted.

Radionuclide ventriculography can predict post-
infarction angina and identifies those at risk from
left ventricular failure, ventricular arrhythmias, and
sudden death.

New method for measurement of right
ventricular function using ultra short-lived
isotope (Krypton-81M)

D D Sugrue, S Kamal, A Rozkovec, W J
McKenna, C M Oakley, J P Lavender
Royal Postgraduate Medical School, London

Estimation of right ventricular volume changes is
difficult because of complex ventricular geometry.

Measurement of right ventricular ejection fraction
using conventional, non-geometry dependent,
count-based, first-pass radionuclide techniques and
technetium labelled compounds (ti=six h) carries
the two disadvantages of unnecessary whole body
radiation dose and the need for separate injections
of isotope for repeated estimations. Krypton 81M
(ti= 13 s), continuously eluted in 5 per cent
dextrose from a rubidium generator and infused
through a peripheral vein, gives a high count
density over the right ventricle and excellent de-
finition of right-sided anatomy, at equilibrium.
Radiation exposure can be minimised by turning
the infusion pump on and off as required. The short
ti and efficient exhalation of 81M KR ensures
exceedingly low background counts. The high count
density over the right ventricle allows semiauto-
matic, computer-based detection of right ventricular
contours, thereby ensuring minimal interobserver
variability in calculation.

Right ventricular ejection fraction was measured
in 12 normal volunteers and eight patients with
angiographically proven dilated cardiomyopathy.
Determinations were made at rest and during
stress by isometric exercise (ird maximum x 3 min)
and cold pressor test (3 min). Results (mean % ±
SD) were as follows:

Normals (n= 12) Cardiomyopathy (n =8)

Rest 46-09 ±9 54 28-87 ±11-60
Isometric exercise 65 40 ±7 50 36-83 ± 14-46
Cold pressor 65-0 ±4-26 39 00 ±12-42

It is concluded that this technique has con-
siderable potential for serial study of right ven-
tricular function. It is reproducible and is associated
with minimal radiation exposure.

12 lead exercise electrocardiography:
improved accuracy in women using R wave
analysis

C Ilsley, R Canepa-Anson, C Westgate,
P Poole-Wilson, A Rickards
National Heart Hospital, London

Conventional interpretation of stress tests in
women with chest pain carries a high incidence of
false positive results. The observation that surface
recorded R wave amplitude decreases during
exercise in normal subjects and usually increases in
those with coronary artery disease may improve the
clinical accuracy of stress tests in women. Of 14
asymptomatic volunteers (age 21 to 35, mean 26
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years), 13 (93%) showed a 5 to 94 per cent (mean
25%) decrease in R wave amplitude, measured in
leads I, III, VF, V4-6, from rest to peak exercise.
The study group comprised 44 women, aged

29 to 64 (mean 51) years, undergoing investigation
of stable "angina" by both 12 lead treadmill
exercise electrocardiography and coronary angio-
graphy. None had electrocardiographic evidence of
myocardial infarction. An abnormal electrocardio-
graphic response was defined by conventional ST
analysis and by R wave amplitude failing to show at
least a 5 per cent decrease at peak exercise. Twenty-
eight (64%) had normal coronary arteries and 16
(36%) had significant disease in at least one vessel.
The sensitivity and specificity of ST change was
69 per cent (11/16) and 68 per cent (19/28) while for
R wave change it was 63 per cent (10/16) and 64
per cent (18/28), respectively. When both R wave
and ST analysis was negative, prediction for
normal coronary arteries was 93 per cent (13/14).
We conclude that though stress test interpretation

remains difficult in women with chest pain, analysis
of R wave change is helpful and improves the
predictive accuracy of a negative test.

Cigar and pipe smoking-effect on prognosis
in patients with coronary heart disease

N Hickey, L Daly, I Graham, S O'Donohue,
R Mulcahy
Cardiac Departmient, St. Vincent's Hospital,
Elm Park, Dublin

Patients who stop cigarette smoking after myocardial
infarction appear to have a lower mortality than
those who continue. The relation between pipe and
cigar smoking and mortality after infarction is not
known.

Details of cigarette, pipe, and cigar smoking
among 634 men under 60 years who survived a
first myocardial infarction by six months are
reported. At entry to the study, 466 (73.5%) were
cigarette smokers, 114 (18-0%) were non-smokers,
13 (2.1%) were cigar smokers, and 41 (6-5%) were
pipe smokers.
At the end of four years, 335 (52.8%) were

smokers and 299 (47-2%) were non-smokers. The
four year mortality in smokers was 13-7 per cent
compared with a mortality of 9-4 per cent in non-
smokers.
Of the 335 smokers, 23 were cigar smokers with a

four year mortality of 21-7 per cent, 196 were
cigarette smokers with a mortality of 15-3 per cent,
and 116 were pipe smokers with a mortality of
9-4 per cent.

The highest observed mortality among the smok-
ing groups was for initial cigar smokers who
continued smoking cigars (50% mortality). Initial
cigarette smokers who changed to cigars had a
mortality of 12-5 per cent and cigarette smokers who
continued smoking cigarettes had a mortality of
14'6 per cent. The lowest observed mortality
(5.6%) was for the 54 initial cigar and pipe smokers
who stopped smoking. These results suggest that
cessation of cigarette and cigar smoking is associated
with improved prognosis in male patients with
myocardial infarction.

Effect of hypo- and hyperfusion on
immature lung

Sheila G Haworth
Department of Paediatric Cardiology, Institute
of Child Health, Guilford Street, London

In congenital heart disease abnormalities in pressure
and flow may prevent the pulmonary circulation
from adapting normally to extra-uterine life and
from growing normally in infancy. To study this
problem the left pulmonary artery was ligated in 14
pigs at birth. Animals were sacrificed at two to 24
weeks. Bronchial and/or pulmonary arteries were
injected. Vascular and airway development was
assessed by dissection, radiography, and micro-
scopically, by quantitative morphometric techniques
and serial sectioning. Right lung: adaptation failed
to occur normally and arterial muscularity in-
creased. Mean pulmonary arterial pressure= 32/20
mmHg at 24 weeks. Lung volume became greater
than normal for age because of an increased number
of alveoli. Left lung: by two weeks enlarged
bronchial arteries anastomosed with accompanying
pulmonary arteries proximal to and within the
respiratory unit (acinus). No lung infarcted.
Bronchial flow ensured a normal increase in acinar
arterial size and number with age. At 24 weeks, a
small lung was composed of a normal number of
abnormally small alveoli. Thus, interruption of one
pulmonary artery affects the development of both
lungs. These findings are related to those in lung
biopsies of children with transposition of the great
arteries and ventricular septal defect, and to the
lung in pulmonary atresia and tetralogy of Fallot.

M-mode echocardiography in developing
human fetus

Lindsey Allan, M C Joseph, E Boyd, M Tynan
Guy's Hospital, London
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Cross-sectional echocardiography can be per-
formed in the fetus in utero from 16 weeks of gesta-
tional age. Definition of endocardial surfaces and
their structures, however, is not adequate for
measurements of cardiac chamber and great artery
sizes. Because of this a study of the feasibility of
two dimensional directed M-mode fetal echo-
cardiography has been undertaken in 200 subjects
from 16 weeks' gestation to term.
The pulmonary, aortic, tricuspid, and mitral

valves can be visualised and their motion recorded.
Good visualisation of the endocardial surfaces of the
left and right ventricles and the interventricular
septum can be obtained and the walls of the aorta
and left atrium defined. Septal motion was normal,
never paradoxical, though in some young fetuses the
septal excursion appeared diminished. The aortic
and pulmonary valve motions were indistinguishable
from each other, as were tricuspid and mitral valve
motion. Thus cross-sectional identification of these
structures during the M-mode study is mandatory.
The sizes of the ventricles, aorta, and left atrium
were measurable, as was the rate of contraction and
relaxation of the left and right ventricles. The study
continues in order to establish normal data in the
human fetus.

Assessment of total anomalous pulmonary
venous drainage by two-dimensional
echocardiography

J F Smallhorn, G R Sutherland, G Tommasini,
S Hunter, R H Anderson, F J Macartney
The Hospital for Sick Children, Great Ormond
Street, London; Freeman Hospital,
Newcastle upon Tyne; and Cardiothoracic
Institute, London

In the past, accurate diagnosis of total anomalous
pulmonary venous connection has necessitated
angiocardiography. Since two-dimensional echo-
cardiography images the majority of normal pul-
monary veins, and their pattern of drainage, it
should permit reliable recognition of total ano-
malous pulmonary venous drainage.

In the past year, 17 patients with total anomalous
pulmonary venous drainage have been so studied.
Peripheral venous contrast injection in 11 patients
showed a characteristic right-to-left atrial shunt. All
patients had a large right ventricle and small left
atrium not draining the pulmonary veins. In 15
patients the pulmonary venous confluence was
identified behind and separate from the left atrium.
Unlike in cor triatriatum (present in three further

patients), the pulmonary venous drainage was
followed to the right atrium in 1/1, the coronary
sinus in 4/4, a left vertical vein in 5/6, and a vein
descending below the diaphragm in 3/4 patients.
The two failures to demonstrate a pulmonary venous
confluence were the result of its presence below the
diaphragm in one patient and inadequate resolution
in another 1-5 kg baby. Nevertheless, total ano-
malous pulmonary venous drainage was diagnosed.
Thus in all cases the correct diagnosis of total

anomalous pulmonary venous drainage was made
before cardiac catheterisation, and in the majority
the precise anatomy was shown.

Double mitral orifice in atrioventricular
defects

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

Eleven patients, aged 18 months to 22 years, in-
vestigated in the National Heart Hospital had
double mitral orifice associated with an ostium
primum defect at operation. Ten had mild to
moderate mitral regurgitation and in two under 2
years there was left atrial obstruction, contributed to
by an added supramitral valve membrane in one.
One patient operated on elsewhere had mitral valve
replacement after serious mitral regurgitation
resulted from opening the posterior orifice. In the
others minor repair of a cleft or leaving the valve
alone left adequate function. There were two
operative deaths, in one related to the repair of the
defect. The rest of the patients have been followed
and have mild or absent mitral regurgitation.
Before operation left ventricular angiography
showed a recognisable and characteristic complex
double line of crenations on the medial border of
the left ventricle in eight. Sector scan in four
studied showed strangely moving mitral cusps with
unusual thickening and a second orifice was seen in
one. M-mode echocardiography was not usually
helpful in distinguishing this valve deformity from
the usual cleft mitral.

It appears that this associated abnormality may
cause mild obstruction, and early deterioration
sometimes but more frequently causes mild to
moderate mitral regurgitation. Preoperative recogni-
tion is possible.

Aortic root replacement: long-term
follow-up in 67 patients
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R M Donaldson, W H Wain, R Emanuel,
R Canepa-Anson, D N Ross
National Heart Hospital and Cardiothoracic
Institute, London

From 1972 to 1980, 67 patients underwent aortic
root replacement with a conduit containing a
prosthetic or tissue valve, and reanastomosis of the
coronary arteries. Forty-nine patients had Marfan's
syndrome and cardiovascular complications (group
1). Surgery in the other 18 cases (group 2) was per-
formed for various reasons including root infection
or calcification, ruptured sinus, and small or mal-
functioning prosthetic valves. Patients with obstruc-
tive hypoplasia of the aortic outflow were not in-
cluded. Emergency surgery was performed in eight
cases; overall hospital mortality was 10 per cent.
Follow-up ranged from one to eight years (average
four years).

For the Marfan group (average age 34), hospital
mortality was 8 per cent. Postoperative heart block
developed in two cases; late complications required
reoperation in five patients and there were eight
late deaths in this group (overall mortality 25%).
Survival at four years was 77 per cent and improve-
ment was noted in the functional class of 27 (74%)
of the 37 survivors. Three patients with abnormal
preoperative ventricular function have continued
in cardiac failure and two have moderate aortic
regurgitation. Other cardiovascular manifestations
of the Marfan syndrome are present in three
patients.

In the 18 non-Marfan patients (group 2), whose
average age was 41, hospital mortality was 11 per
cent. Reoperation was necessary in one patient and
there was one late death (overall mortality 16%).
Survival at four years was 93 per cent and symptoms
have improved in 13 (87%) of the 15 survivors.

Radical root excision and replacement can be
performed with a low mortality for those intractable,
complex conditions involving the ascending aorta
and valve, which require a competent and biolo-
gically acceptable aortic outflow mechanism.
Though patients with Marfan's syndrome are prone
to other cardiovascular manifestations which affect
survival, we expect that elective prophylactic
surgery to the ascending aorta will lead to improved
life expectancy in this condition.

Surgical treatment of acute active aortic
valve endocarditis

M Yacoub, M Halim, R Radley-Smith,
R Thompson, M Towers
Harefield Hospital, Harefield, Middlesex

Between October 1969 and December 1978, 69
patients underwent aortic valve replacement for
infective endocarditis. Of these, 21 patients had
active endocarditis as defined by positive blood
culture within 24 hours of operation, positive
cultures from vegetations, presence of micro-
organisms in vegetations, or fever or new embolic
phenomena within 24 hours of operation. Indication
for operation was severe intractable heart failure.
The valve was replaced with aortic homograft on all
occasions; additional procedure was performed in
five patients and aortic root replaced in another two
patients. There were two (10%) early deaths and
two (10%) late deaths. With a minimum follow-up
period of 24 months and a mean follow-up of 72
months, there was no recurrence of endocarditis
caused by the same organism; two patients, how-
ever, had a further attack caused by different
organism and needed reoperation. All surviving
patients were in class I or II of the New York Heart
Association classification except for one patient who
is awaiting further surgery for degenerative homo-
graft changes.

It is concluded that the aortic valve can be re-
placed during acute active endocarditis with a slight
increased early mortality, but with a good late
result.

Management of patients with artificial
valves during pregnancy

H O'Neill, S Blake, D McDonald, D Sugrue
National Maternity Hospital and Mater
Misericordiae Hospital, Dublin

In the four major Dublin maternity hospitals
there were 18 pregnancies in 12 patients with
artificial valves during the past 14 years. These were
studied retrospectively to assess the haemodynamic
findings and determine the most appropriate anti-
coagulant regimen.
There were no maternal deaths.
There were five pregnancies in three patients

with biological valves and in these there were no
haemodynamic problems. Of the nine patients with
prosthetic valves, five developed congestive failure.
It reached a maximum at 25 to 31 weeks and in four
it resolved gradually during the final 10 weeks
without any intensification of medical treatment.
In one, who developed prosthetic thrombosis, the
failure persisted.

In the five pregnancies associated with biological
valves anticoagulants were not used and there was
one perinatal death.
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In each of the 13 pregnancies associated with
prosthetic valves both warfarin and heparin were

administered in varying amounts but all received
warfarin during the first trimester. There was one

case of warfarin embryopathy, three spontaneous
abortions, and two perinatal deaths.
Younger women who may become pregnant

should be given biological valves. In the presence
of prosthetic valves, heparin in full dosage is the
drug of choice for the whole of pregnancy.

Early and late results of endarterectomy
to left coronary system

M A Halim, C Ilsley, M Towers, M Yacoub
Harefield Hospital, Harefield, Middlesex

Between 1971 and December 1979, 236 patients
undergoing coronary artery bypass grafting had
additional endarterectomy to the left coronary
system. This constituted 22 per cent of all patients
undergoing isolated coronary artery bypass grafting
during this period. Additional endarterectomy of
the left anterior descending was performed in 227,
and of the circumflex in 52 (an average of 1 2 ad-
ditional endarterectomy to the left coronary system
per patient). Four hundred and forty-six additional
grafts to other vessels were performed bringing the
total number of grafts to 725 (three grafts per
patient). There were seven (2 4%) early and 20
(8.4%) late deaths. The calculated actuarial survival
was 94 per cent at three years and 84 per cent at five
years. Twenty-seven patients (11-4%) developed
perioperative anterior myocardial infarction. Of the
surviving patients, 65 per cent were symptom free,
28 per cent were improved, and 7 per cent were

unchanged.
Two to 84 months after operation 219 grafts

(78%) were restudied by repeat coronary angio-
graphy. Patency rate of grafts to the endarterecto-
mised left anterior descending was 85 per cent
(161 out of 189) and for the endarterectomised
circumflex was 76 per cent (23 out of 30). There
was no apparent deterioration of graft patency
after the first year. The run-off to grafts to the left
anterior descending was judged to be good in
75 per cent, fair in 14 per cent, and poor in 11 per
cent.

Are late arrhythmias inevitable after
Mustard's operation?

S del Torso, D P Southall, M Leijala,
E A Shinebourne, 0 C Ward, C Lincoln

Brompton Hospital, London; and Our Lady's
Hospital for Sick Children, Dublin

Alternative procedures for the repair oftransposition
of the great arteries have been reported to have a
lower incidence of early and late postoperative
arrhythmias than Mustard's operation.

Twenty-four hour electrocardiograms have been
made on 52 patients, three to five years after their
modified Mustard's operation for simple transposi-
tion of the great arteries in 29 patients, and in 23 pa-
tients with complex transposition ofthe great arteries
where additional surgical procedures were perform-
ed. Preoperative standard electrocardiograms showed
sinus rhythm in 51 patients and complete atrio-
ventricular block in one. Postoperative 24-hour
electrocardiograms showed normal patterns in 48
patients and complete atrioventricular block in one
which was present preoperatively. Postoperative
arrhythmias, all of which were intermittent, were
found in three patients (6%). All of these three
patients had correction of simple transposition of
the great arteries. In one, episodes of supraventri-
cular tachycardia with atrioventricular block were
seen, the child being asymptomatic. In another,
episodes of ventricular tachycardia were detected,
and after medical treatment subsequent tapes have
shown multiple atrial premature beats. The third
patient was found to have episodes of profound
bradycardia.
These data complement our previous report and

suggest that using a modification of Mustard's
operation a low incidence of dangerous arrhythmias
can be expected both early and late in the post-
operative period.

Ventricular arrhythmias-an accurate guide
to their localisation

P Holt, P V L Curry, P B Deverall, C Smallpiece,
A K Yates
Cardiac Department, Guy's Hospital, London

The development of surgical treatment for re-
fractory ventricular arrhythmias has promoted
interest in the localisation of such arrhythmias.
Various techniques exist for the operative localisa-
tion of ventricular tachycardia, but we believe that
preoperative localisation is possible from their
appearance on simultaneous 12 lead electrocardio-
grams.
A map of the electrocardiographic appearances

from around the right and left ventricles has been
obtained by pacing 27 ventricular sites during
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cardiac operation or by placing temporary pacing
wires in one of these sites before closure and
pacing them five to seven days later. The former
method provides the six limb leads and two praecor-
dial leads in all sites in one patient, and the latter
provides a complete 12 lead electrocardiogram
for one site in one patient. Eighty patients have been
investigated to date.
The appearances from each ventricular site are

unique to that site and independent of the under-
lying pathology. The limb lead QRS vector,
amplitude, and duration of the paced complexes are
all important in establishing the site of their origin.
The QRS vector swings through 3600 as the
anterior ventricles are paced (+600 at the RV out-
flow tract, -50° at the RV apex, -120° at the LV
apex, and + 1200 at the LV outflow tract). The
posterior ventricles show QRS complexes with left
and slight superior axes for the right ventricle, and
superior and right axes for the left ventricle. Prae-
cordial lead appearances are very important in dis-
tinguishing between corresponding anterior and
posterior sites. The duration and amplitude of limb
lead complexes are greatest at the apex and base,
shrinking as the mid-anterior right ventricle is ap-
proached, the vectorial "centre" of the map.
Thus by obtaining a simultaneous 12 lead

electrocardiogram of the ventricular arrhythmias
it is easy to localise their source accurately. Such
localisation is of benefit in assessing site and
suitability of ventricular tachycardia for surgical
ablation and also the relation of such arrhythmias to
the clinical problem, for example underlying
ischaemia, HCM, and valvular heart disease.

Junctional re-entry: correlation between
tachycardia cycle length, atrioventricular
nodal conduction, and refractoriness and
therapeutic response

E Rowland, D M Krikler
Cardiovascular Unit, Royal Postgraduate Medical
School, London

During re-entry atrioventricular tachycardia
atrial overdrive pacing can terminate the arrhythmia
by producing second degree atrioventricular nodal
block. The rate at which this block occurs reflects
both atrioventricular nodal refractoriness and the
characteristic lengthening in conduction time.
We have examined the relation between the cycle

lengths both of the tachycardia and that at which
second degree atrioventricular nodal block occurs in
24 patients, 12 with the Wolff-Parkinson-White

syndrome and 12 with atrioventricular nodal re-
entry, during intracardiac electrophysiological study
(in none was the cycle length of second degree block
in the retrograde pathway close to the rate of the
tachycardia). The ratio of these values ranged from
0-6 to 0 93, those patients with a higher ratio being
associated with a history of brief attacks that re-
sponded to vagal manoeuvres. Conversely in those
patients with a low ratio, tachycardia tended to
persist. After intravenous verapamil (0.15 mg/kg) a
predominant and sustained increase in atrioven-
tricular nodal refractoriness (ratio > 1 0) was seen
in 15, which prevented initiation of tachycardia:
this was associated with successful oral therapy with
atrioventricular nodal depressant drugs in nine.
In the nine patients with predominant lengthening
in conduction time (ratio < 1 0), reinitiation of
tachycardia was possible and often easier, and in
only three were oral atrioventricular nodal depres-
sant drugs successful.
The recognition of differential changes induced

in atrioventricular nodal refractoriness and conduc-
tion not only improves the rational use of anti-
arrhythmic agents but also identifies patients in
whom these drugs may exacerbate the arrhythmia.

Electrophysiological evaluation of new
antiarrhythmic drug: flecainide acetate
(R818)

K J Hellestrand, A W Nathan, R S Bexton,
R A J Spurrell, A J Camm
Department of Cardiology, St Bartholomew's
Hospital, London

The effects of intravenous flecainide acetate
(2 mg/kg) on cardiac conduction and refractoriness
were evaluated in 22 patients, including eight with
an atrioventricular bypass tract and eight with dual
AH pathways, who underwent routine electro-
physiological study. In 11 patients flecainide was
administered during tachycardia (five atrioven-
tricular, five intranodal, one atrial fibrillation)
before reassessment.

Fifteen to 30 minutes after flecainide ad-
ministration there was a small but significant
decrease in sinus cycle length. PA (42413 ms
to 48+10ms; p<0001), AH (68±19ms to
81±21 ms; p<0-001) and HV conduction (43±9
ms to 61 ±- 10 ms; p <0 001) and QRS duration
(94 ±19 ms to 113±25 ms; p <0 001) were pro-
longed. No alteration was observed in either the QT
or QTc intervals. Though no effect was seen on the
atrial effective refractory period a small significant
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prolongation of the ventricular effective refractory
period was observed (222+23 ms to 229 +21 ms;
p <0.05).

Flecainide successfully terminated four out of
five intranodal tachycardias, five out of five atrio-
ventricular tachycardias, and one episode of atrial
fibrillation. Significant prolongation of refractori-
ness was observed in both intranodal (p <0 05) and
atrioventricular (p <0 05) fast pathways. No signifi-
cant changes occurred in AH refractoriness. Serious
side effects were not encountered.

Flecainide acetate exerted a major depressant
effect on both atrial and His-Purkinje conduction
and prolonged ventricular and accessory pathway
refractoriness. A high proportion of re-entrant
junctional tachycardias terminated in response to
treatment with flecainide.

Electrophysiological assessment of
amiodarone in atrial fibrillation
complicating Wolff-Parkinson-White
syndrome

W J McKenna, E Rowland, D W Holt,
D M Krikler
Royal Postgraduate Medical School, and
Poisons Unit, Guy's Hospital, London

When atrial fibrillation is conducted rapidly to the
ventricles via an accessory pathway it may induce
ventricular fibrillation. We have studied the effect of
amiodarone on the ability to initiate atrial fibrillation
and on accessory pathway conduction in five patients
with the Wolff-Parkinson-White syndrome with
paroxysmal atrial fibrillation during which mean
ventricular rates exceeded 275 beats a minute.
Electrophysiological testing was performed before
treatment and repeated after three months on
amiodarone 200 to 600 mg daily (average 400 mg)
when the mean amiodarone plasma concentration
was 0-9-3-2 mg/l (mean 1.9), within the predicted
therapeutic range. Without medication the mean
atrial effective refractory period was 230 ms, and the
mean values of the mean and shortest RR intervals
during atrial fibrillation were 220 ms and 180 ms,
respectively; in none did atrial fibrillation terminate
spontaneously. On amiodarone the mean atrial
effective refractory period (300 ms) and the mean
(400 ms) and shortest (250 ms) RR intervals during
atrial fibrillation lengthened considerably; atrial
fibrillation was more difficult to induce and ter-
minated spontaneously in four patients. Chronic
amiodarone treatment thus increased atrial electrical
stability and depressed accessory pathway conduc-

tion, thereby protecting against prolonged atrial
fibrillation and decreasing the risk of ventricular
fibrillation.

Adaptive tachycardia terminating pacemaker

A W Nathan, K J Hellestrand, R S Bexton,
R A J Spurrell, A J Camm
Department of Cardiology, St Bartholomew's
Hospital, London

A responsive pacemaker capable of delivering single
or multiple extrastimuli is described. Failure to
terminate tachycardia using a single precisely timed
extrastimulus leads to a reduction of pacing cycle
length by 6 ms before termination is reattempted, a
process that may be repeated by up to 16 times.
If tachycardia continues, an additional stimulus is
generated, and the scanning sequence is repeated.
Up to 15 stimuli may be used. The initial coupling
interval and subsequent pacing cycle intervals are
always equal. After successful conversion a further
episode of tachycardia evokes the previously
effective pacing sequence. There is a bradycardia
standby function of 50 beats per minute.
The system was evaluated in 21 consecutive

patients with recurrent paroxysmal tachycardia (14
atrioventricular, seven intranodal) during electro-
physiological study. Tachycardia cycle length
ranged from 245-450 (mean 348) ms. Right ven-
tricular bipolar pacing was successful in all patients.
One stimulus terminated tachycardia in eight
patients, two stimuli were effective in a further 11,
and two patients required five and six stimuli. No
unwanted arrhythmias were induced. This pace-
maker has proved clinically valuable for the re-
peated termination of recurrent spontaneous tachy-
cardias, as well as for tachycardias induced during
electrophysiological study. The non-competitive
initiation of this mode of pacing reduces the
likelihood of provoking unwanted arrhythmias.

Aortic regurgitation in Fallot's tetralogy
and pulmonary atresia

H Capelli, Jane Somerville, D Ross
Paediatric and Adolescent Unit, National Heart
Hospital, London

Between 1970 and 1980, 15 patients aged 12 to 42
years had important aortic regurgitation associated
with Fallot's tetralogy or pulmonary atresia with
large ventricular septal defect. In two it was caused
by surgical repair but in the others it was present
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before operation. In six patients the aortic regurgita-
tion was missed before operation because of loud
diffuse continuous murmur and enlargement of the
left ventricle from previous shunts. It manifested
soon after repair and caused progressive problems.
Large surgical aortopulmonary shunts performed
eight to 30 years earlier or congenital systemic
collaterals were present in nine; aortic regurgitation
was the result of dilatation of the ring with prolapse
or central cusp retraction; Infective endocarditis
caused perforations in six patients, two included in
the group with shunts. Nine patients had aortic
valve repair (five) or replacement (four) at the time
of repair of Fallot's tetralogy or pulmonary atresia
or later.

In view of this experience we recommend routine
ascending aortography to assess aortic valve function
in all patients with Fallot's tetralogy and pulmonary
atresia who present over 12 years and in whom
longstanding shunts have been in situ and in those
with a history of endocarditis. Early repair of
Fallot's tetralogy in the first decade should prevent
this serious problem.

Aortic valve operations in children

A Fagan, R Radley-Smith, M Yacoub
Harefield Hospital, Harefield, Middlesex

Between January 1970 and December 1980, 32
children required operation for aortic valve disease.
Their ages were between 5 weeks and 12 years.
Twenty-four had congenital aortic valve stenosis
and aortic regurgitation was present in eight. This
was the result of infective endocarditis in three and
Marfan's syndrome in three. Additional lesions were
present in 11 (34%) and included ventricular septal
defect in three and mitral valve lesions in four.
Whenever possible a valve conserving operation
was performed, but valve replacement using a fresh
adult sized aortic homograft was necessary in 14
patients (44%), 10 for aortic stenosis and four for
aortic regurgitation. There was one early death in a
child undergoing emergency operation in this
group. There were no deaths in the group under-
going conservative operations. One child under-
going valve replacement died suddenly three years
after operation, presumably the result of an ar-
rhythmia, and the youngest child undergoing valve
replacement at 18 months for infective endocarditis
required re-replacement five and a half years later.
The remaining patients are asymptomatic with a
follow-up of one to 129 months (mean 50 months).
Ten patients have been routinely restudied one to

five years after homograft valve replacement. The
gradient across the valve is less than 20 mm in all
and grade 1-2 aortic regurgitation is present in one.

It is concluded that operations for aortic valve
disease can be performed with good haemodynamic
results in children and that the use of adult sized
homografts in those requiring replacement allows
for subsequent growth of the child.

Long term results after coarctation surgery

M R Nicholson, Patricia M Clarkson,
J M Neutze, B G Barratt-Boyes
Green Lane Hospital, Auckland, New Zealand

Between 1949 and December 1968, 157 patients
over 2 years of age underwent primary surgical
repair of coarctation of the aorta at Green Lane
Hospital, Auckland. There were three operative
deaths and 18 late deaths, 14 of cardiac causes. Of
the 136 survivors, 135 were reviewed clinically
more than 10 years postoperatively.

Hypertension (BP> 160/95 mmHg) was present
preoperatively in 146 of the 157 patients. After
operation, blood pressure was reduced initially but
with longer follow-up, hypertension recurred, so
that of 51 subjects followed for more than 20 years,
60 per cent were hypertensive. This occurred inde-
pendent of the age at the time of operation. Thirty-
five subjects had evidence of significant associated
valvular lesions, mainly of the aortic valve. Thirty-
one subjects with satisfactory surgical results under-
went exercise testing using the Bruce protocol.
These patients showed an exaggerated hypertensive
response to exercise which was neither related to the
quality of coarctation repair, nor to the age at
operation.

It is concluded that after technically satisfactory
repair of coarctation there remains a high mortality
from related cardiac conditions, and that hyper-
tension remains a significant problem with a
tendency to recur 10 to 20 years after operation.

Episodic increases in pulmonary vascular
resistance: important concept after surgery
for total anomalous pulmonary venous
drainage

D Shore, A Capuani, S del Torso, 0 D H Jones,
C Lincoln

Brompton Hospital, Fulham Road, London
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Preoperative data of 23 consecutive patients under-
going surgery for total anomalous pulmonary
venous drainage who did not have angiographic
evidence of pulmonary venous obstruction were
analysed. The patients were divided into two groups
according to the presence (group I) or absence
(group II) of raised pulmonary vascular resistance
(PVR).

Pulmonary vascular resistance No. Aorsic 0, Hospital
saturation mortality

Group I > 8U/m'(11-7±40) 11 78±11% 17%
Group II < 8 U/mr' (40 ±2-1) 17 78 ±6% 13%

Unexpectedly, the mortality in group II (PVR
<8 U/M2) was no lower than in group I (PVR
> 8 U/M2). To investigate this further, pulmonary
artery pressure and oxygen saturations were

monitored in eight patients (five in group I and
three in group II) in the postoperative period. Two
of five patients in group I and all three in group II
had episodes of increased pulmonary vascular
resistance accompanied by clinical deterioration.
In each case the pulmonary vascular resistance was

lowered by tolazoline infusion (PVR preinfusion
12 to 20 U/M2, PVR postinfusion 3 to 5 U/M2),
which resulted in distinct clinical improvement.
Reversibility of these episodes provides evidence to
support the view that they are the result of pul-
monary vasoconstriction caused by hypertrophy
of the media of pulmonary arteries and arterialisa-
tion of pulmonary veins.
We conclude that measurement of pulmonary

vascular resistance is an essential part of the post-
operative management after surgery for total
anomalous pulmonary venous drainage even in
patients with a normal preoperative pulmonary
vascular resistance and allows accurate use of
pulmonary vasodilators.

Nifedipine in treatment of primary
pulmonary hypertension

A A McLeod, J R Wise Jr, K Daly, D Jewitt

Cardiac Department, King's College Hospital,
London

Three patients with primary pulmonary hyper-
tension were investigated to determine whether the
calcium flux antagonist nifedipine might be of
benefit.

Three women aged 28, 30, and 34 were studied.

619

All had symptoms of severe fatigue and dyspnoea
(NYHA grade III) with syncope on exertion. All
had clinical, x-ray, echocardiographic, and electro-
cardiographic evidence of severe pulmonary hyper-
tension without other cardiac or pulmonary lesion.

Cardiac catheterisation was performed and
thermodilution catheters were used for pressure
and cardiac output monitoring. Nifedipine, 20 mg
sublingually, was administered. After 20 minutes
pulmonary artery pressures fell from 85/25, 90/35,
and 100/40 to 60/20, 70/30, and 85/35 mmHg.
Pulmonary vascular resistances fell from 1100,
1230, and 1290 to 710, 715, and 690 dynes s cm-5.
Cardiac outputs rose from 2-9, 2-8, and 3-4 to 3.6,
3-8, and 46 1/min. Similar values were obtained
one hour later. Pulmonary vascular resistances fell
further during exercise.

Treadmill exercise testing was performed in all
three cases while on oral nifedipine 10 mg qds.
Exercise capacity increased from zero, 540, and 790
kpm to 800, 2400, and 6720 kpm. Repeat cardiac
catheterisation in two cases after four months
showed sustained benefit.
These patients continue to show subjective and

objective benefit. A careful evaluation of nifedipine
therapy is indicated in all cases of primary pul-
monary hypertension.

Oral pirbuterol in chronic heart failure

J R, Dawson, R Canepa-Anson P A Poole-Wilson,
P Kuan, C A Warnes, S Reuben, G C Sutton

National Heart, Hillingdon, and East Birmingham
Hospitals

Pirbuterol is a beta-agonist which combines
vasodilator and inotropic activity and may benefit
patients with heart failure. Single dose, incremental
dose, and short term tachyphylaxis studies were
therefore carried out in 59 patients with severe
chronic heart failure (NYHA class III or IV) in
order to determine the time course and magnitude of
haemodynamic effects, the dose response relation,
and whether rapid attenuation of response occurs.
Haemodynamic measurements were made by
Swan-Ganz catheter and cardiac output by thermo-
dilution over six hours. Plasma pirbuterol concen-
trations were also measured. Results are given as
mean values +SEM for control and peak response.

Single dose studies (10 or 20 mg) showed signi-
ficant haemodynamic changes within 0 5 hours,
lasting up to 5-5 hours. Cardiac index (1/min per m2)
increased from 2-1±0 1 to 3-0±0-1 (+43%,
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p <0 001), left ventricular filling pressure (mmHg)
f4!11 from 25±1.5 to 19±1-5 (-24%, p <0 001), and
systemic vascular resistance (dynes s cm-5) fell
frfr11 1870±70 to 1330±60 (-27%, p <0 001).
Heart rate and blood pressure were unchanged.
Incremental dose studies (7.5 to 40 mg) showed
that increasing dosage produced increasing plasma
concentrations, that increasing plasma concentra-
tions were associated with increasing haemody-
namic effect, and that a dose of 20 mg is optimal
for most patients. Tachyphylaxis studies (measure-
ments repeated before and after the fourth dose of
15 mg eight hourly) showed a sustained increase in
cardiac index ofbetween 20 to 25 per cent (p <0*01-
0.001) and a fall in systemic vascular resistance of
between 22 to 28 per cent(p <0-01-0-0025) through-
out the dosage interval. No side effects occurred
during these studies.
Acute administration of oral pirbuterol to patients

with severe chronic heart failure is well tolerated
and significantly increases cardiac index and
reduces left ventricular filling pressure and systemic
vascular resistance. Short term tachyphylaxis
studies show a smooth sustained effect throughout
the dosage interval without attenuation after 24
hours. These results justify assessment of the
efficacy of long term treatment with pirbuterol in
patients with severe chronic heart failure.

Baroreflex function in elderly hypertensives

K McGarry, M Laher, J Horgan, E O'Brien,
K O'Malley

Departments of Clinical Pharmacology and
Cardiology, St Laurence's Hospital, and the
Charitable Infirmary, Jervis Street, Dublin

Baroreflex function diminishes with increasing
blood pressure and with age up to 65 years. In this
study we examined blood pressure and heart
rate response to nitroprusside in elderly hyper-
tensives as a function of age.
Mean arterial pressure was reduced 20 per cent

using intravenous nitroprusside infusion in 10
elderly hypertensives (older than 65 and diastolic
pressures over 95 mmHg), in 10 young hyper-
tensives (under 60 and diastolic pressure over 95
mmHg), and in seven young normotensive subjects
(under 60 and diastolic pressure under 95 mmHg),
and heart rate responses were compared.
There was no significant change in supine heart

Young Young Elderly
normotensive hypertensive hypertensive

Baseline mean arterial
pressure (mmHg) 98 ±1-9 123 +2-2 127 ±5-1

Increase in erect heart 15-2 ±1-7 12-9 +1-8 6-6 ±1-6
rate/min (p < 0 005) (p < 0 005) (NS)

*Values are mean ± SEM. p values are for change from baseline.

rate. Erect heart rate increased significantly in both
the young hypertensives and young normotensives
but not in the elderly hypertensives. Comparison
of the increase in heart rate between groups dis-
closed no significant difference between young
groups but that for the elderly hypertensives was
significantly less than for the two young groups.
We conclude that the heart rate component of the

baroreflex is impaired, and anticipate that the
clinical response to antihypertensive drugs is
altered in elderly hypertensives.

Cardiac output by single breath technique

N P Silverton, H Chen, R Hainsworth
Department of Cardiovascular Studies,
University of Leeds

A non-invasive method for estimating cardiac output
has been developed from the theoretical basis
described by Kim, Rahn, and Fahri (J Appl
Physiol 1966; 21: 1338). The method makes use of
the oxygen uptake and the instantaneous changes in
the concentrations of expired oxygen and carbon
dioxide during a slightly prolonged expiration.
These values are determined using a mass spectro-
meter, the output of which is linked to a micro-
processor system.
We assessed the systematic error in six men

(ages 26 to 68) and seven women (ages 19 to 65) who
were undergoing cardiac catheterisation for valvular
and congenital heart disease. There was no signifi-
cant difference between the values of cardiac output
estimated by the single breath method (mean, 3'97
1/min) and by direct Fick (mean, 3-96 1/min). The
random error was determined from paired estimates
of cardiac output made in the patients and in four
normal subjects. The standard deviation of the
difference between 36 pairs was ±10 1 per cent
of the means (95% tolerance limits ±21%).
We conclude that the single breath method,

which is simple, non-invasive, and readily re-
peatable, has an accuracy of the same order as that
obtained using conventional invasive methods.
It is likely to be of value in the assessment of patients
at rest.
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