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PRECONDITIONING AND THE EXTRACELLULAR SPACE:
IMPLICATIONS FOR ISCHAEMIA-INDUCED CH-ANGES IN
CELL VOLUME
M Connaughton, DJ Hearse, MJ Shattock
Cardiovascular Research, St Thomas' Hospital, London SEI 7EH.
Protection against myocardial necrosis by ischaemic

preconditioning

on a protein kinase C dependent mechanism.
PC hastens ischaemic contracture and this may be mediated by

(PC) appears

to

depend

Animal models have shown that oxygen-derived free radicals (FR)
changes in cell swelling. Furthermore, the major sarcolemmal
aremyocardium.
important mediators of reperfusion injury to ischaemic but viable
of PKC is a channel known to be involved in cell volume
myocardium. However in humans, there is no direct evidence of FR
control. The present study was designed to test whether PC influences
fterheretoraionocoroaryaterypatency i acuwater movement, and hence control of cell volume, by measuring
myocardial infarction (AMI). The purpose of this study was to
ischaemia-induced extracellular space (ECS) changes in isolated rat
quantitate and assess the time-course of FR production in coronary
hearts. Hearts were perfused in the Langendorff mode with
venous outflow, in patients with AMI undergoing successful
bicarbonate buffer containing choline (1mM) and atropine (10gLM).
Choline was used as an ECS marker and atropine was included to
recanalisation of the infarct-related artery by primary percutaneous
transluminal coronary angioplasty (PTCA). Primary PTCA was
prevent choline inducing preconditioning via muscarinic receptors.
coronary
peranslumeinal
aaintswiolth
ECSbeating
was measured
by choline-sensitive
implanted
in
the
myocardium.
performed in 17 patients with AMI of < 6 h duration. Direct FR
Left ventricular microelectrodes
(LV) function was
measured
production was assessed by coronary venous effluent blood sampling,
by an ultra-thin balloon inserted into the LV via the mitral valve.
before PTCA and at timed inltervals up to 24 h (and 48 h in 6
underwent 31 min aerobic perfusion, preconditioned
hearts underwent 15 min aerobic perfusion, and two cycles of PC,
patients) after recanalisation. All samples were added to the spin
with ischaemic durations of 3 and 5 min respectively. Preconditioned
trapping agent cs-phenyl N-tert butyl nitrone and analysed by electron
hearts showed significantly better functional recovery than controls
paramagnetic resonance (EPR) spectroscopy. Vessel patency resulted
(48±6% of baseline LV developed pressure
vs 20±6%, n=5/group,
in a sharp increase in FR signal. Relative to the pre-PTCA level, the
p<
of derease of the ECS was
changes reached statistical level after only 15 min (P <0.05). Peak
2.0Control
signals were observed between
and 31/2 h (P<0.001) then
slowed in preconditioned
1s - *=p<0.05
declined up to 5 h. A second increase in signal level was detected
hearts compared to controls
1.6
(see figure). This difference
between 18 to 24 h, despite no angiographic evidence of reocclusion,
_
**
*
and may be due to progressive neutrophil leucocyte infiltration. A
appeared to persist but was
_a 1.4
not statistically significant
Precwo
gradual decline was observed after 24 h. These findings provide the
12]
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20 min ischaemia. PC
first direct and quantitative evidence of FR production in the
after limit
ischaemia-induced
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so
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immediate post-recanalisation phase following thrombotic occlusion
cell
30
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swelling. This may be an
Time(min)
of a major coronary artery in humans. Application of direct EPR
epi-phenomenon and is
and spin trapping technique resulted in a biphasic time-course of FR
unlikely to account for
accelerated ischaemic contracture. Further studies are required to
generation. Hence, two potential therapeutic time-windows have
been identified and may guide future research into the role of anti-FR
determine whether the effects on myocyte volume are critical to the
Y
agents in attenuating myocardial reperfusion injury.
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MYOCARDIUM FROM A CHRONIC CORONARY ARTERY
LIGATION MODEL HAS ALTERED RESPONSES TO
REACTIVE OXYGEN SPECIES.
N G MacFarlane
Institute of Biomedical and Life Sciences, Universitv of Glasgow.
It is well established that reactive oxygen species (ROS). such as
superoxide (02-) and hypochlorous acid (HOCI), are harmful to normal
contractile function. However, since excitation-contraction coupling is
altered in 'failino' myocardium; it is likely that such muscle will
respond differently to ROS. This hypothesis was tested by assessing the
effects of ROS on the k-inetic properties and Ca-sensitivity of cardiac
myofilaments by measuring force and sarcomere stiffness.
NZW rabbits with left ventricular dysfunction (LVD), indicated by a
reduced C.O. response to a volume challenge and increased LV(EDP),
were killed 8 weeks after coronary artery ligation (marginal branch).
Sham operated animals are controls (Sh). Experiments were performed
on trabeculae (-100Ipm in diameter and 2-3mm long) isolated from the
right ventricle. The muscle was connected between a lever system and a
force transducer and was skinned using Triton X-100 (I%v/v).
Sarcomere length was set to
Imposing a sinusoidal length
oscillation (1) produced a tension oscillation f). The ratio Af/l is a
measure of muscle stiffiness and varies with the frequency of 1. The
frequency at which stiffness is minimal (fmin) indicates crossbridge
cyclingrate. Data are expressed as mean±SD.
Ca-activated muscle stiffness was higher in LVD than Sh (4.90±1.51 v
1.56±0.84 mN.mm-i, P<0.001, n=12). Whereas, fimin was lower in
LVD thanS (0.9±0.2 v 1.7±0.6 Hz, P<0.001, n=12). 02- was applied
(by exposing the muscle to 2OmUml-I xanthine oxidase) for 2 mins; and
caused a substantial fall in Ca-activated force in both groups. This fall
was associated with a decrease in finin and stiffness in both LVD and
Sh (5.56±1.76 to 1.55±0.44 v 1.74±0.52 to 0.93±0.32 mN.mm-';
1.0±0.2 to 0.2±0.1 v 2.0±0.4 to 0.3±0.2 Hz, P<0.05, n=6). Similarly,
application of
HOCI substantially reduced Ca-activated force in
both groups. Again, this was associated with a fall in finin in both
groups (0.8±0.2 to 0.4±0.2 v 1.3±0.5 to 0.5±0.3 Hz. P<0.05, n=6).
Whereas, stiffness decreased in LVD and increased in Sh (4.14±:0.65 to
3.54±1.12 ip 1.38±.1.10 to 2.70±1.56 mN.mm-1; P<0.05. n=6).
Myofilament Ca-sensitivity was not altered by 02- in Sh but tended to
increase in LVD (pCaso increased from 5.41 to 5.46, P=0.051, n=5).
These data demonstrate that 'failed' mvocardium has an altered
response to reactive oxygen species and has important implications for
the clinical relevance of mans in vitro studies to date.
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IN-SITUHYBRIDISATION LOCALISES MYOCARDIAL
INDUCIBLE NITRIC OXIDE SYNTHASE mRNA TO
NON-MYOCYTE CELLS DURING SEPTIC SHOCK
NMK Robinson1, SA Baylis2, KR Westmore3, JF Martin 12,
IG Charles2 King's College Hospital1' and Wellcome Research
Laboratories2, London, Dept of Neurobiology, Cambridge3
Depressed myocardial contractility may occur in septic shock

despite high coronary flow. Nitric Oxide Synthase (NOS) may be
induced within the myocardium but its cell of origin and pathological
role remain unclear.
Using a rat model of endotoxaemia we have previously
shown the expression of Calcium-independent NOS activity in
myocardial homogenate, maximal at 6 hours. Using the same model
we obtained myocardium every 2 hours for 12 hours post-injection
(p.i.). We extracted RNA and performed Reverse-Transcriptase
PCR (RT-PCR) usingQligonucleotide primers specific for inducible
NOS (iNOS). The PCR products were sequenced to confirm
identity and to exclude contamination. We also performed in-situ
hybridisation using radio-labelled oligonucleotides specific for

iNOS-mRNA.

Using RT-PCR we detected iNOS-mRNA in myocardium
from 4 hours p.i. (n=6) with none found in controls (n=4). In-situ
hybridisation showed noiNOS specific mRNA production in
myocytes but localisediNOS-mRNA to cells between myocytes.
Immunohistochemical analysis will further delineate these cells and
therefore clarif~' the role of myocardial iNOS in septic shock.
In conclusioniNOS-mRNA is transcriptionally induced
within the rat myocardium during septic shock. TheiNOS-mRNA is
produced from non-myocyte cells which are likely to be infiltrating
leukocytes.
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EVIDENCE FOR FREE RADICAL GENERATION FOLLOWING
PRIMARY CORONARY ANGIOPLASTY RECANALISATION IN
ACUTE MYOCARDIAL INFARCTION
ED Grech. NJF Dodd. MJ Jackson. EB Faragher. DR Ramsdale
Department of Cardiology, Cardiothoracic Centre. Thomas Drive.
Liverpool L14 3PE.
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MODULATION OF OOCYTE-EXPRESSED SKELETAL MUSCLE
SODIUM CHANNELS BY NIMA KINASE JP Mounsey, JE John,
AR Means, JR Moorman. Cardiovascular Medicine, University of
Birmiham; Duke University, Durham, NC, USA; University of
Virginia, Charlottesville, VA,USA.

Action potential duration (to 25% repolarisation, APD2s) is significantly
shorter in rat epicardial than endocardial myocytes. We have investigated
the contribution of the transient outward current (I.) to regional
differences in APD2s and to the changes associated with hypertrophy.
Cardiac hypertrophy was induced in male Wistar rats (250-300g) by daily
injections of isoprenaline (1mg) for 7 days. Control rats received normal
saline. Myocytes were isolated from basal sub-endocardial (endo) and
apical sub-epicardial (epi) regions of left ventricular free wall. Action
potentials were stimulated at 1 Hz at 35°C. I. was elicited using the
whole cell voltage-clamp technique by 300ms step depolarisations from
-7OmV to various test potentials. Data are expressed as meanttsem.
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Phosphorylation ofNa channels by protein kinases modulates Na
current amplitude and kinetics. This effect may be mediated by
phosphorylation of a site (S1321) in the conserved cytoplasmic linker
between domains III and IV. NIMA is a newly-described Ser/Thr
protein kinase isolated from A.
nidulans. To test the idea that Na
channels are a substrate for
*
phosphorylation by NIMA kinase, we

mesrd'N hoghXnps oye
expressed skeletal muscle Na channel
W T E2
a-subunits alone, and in the presence of
mRNA encoding NIMA kinase.
H
Coexpression of NIMA reduced INa by
an average of 56% (1st and 2nd boxes;
0 NW)Nt)*NAA+NWWI) phoa(-) +NINA
oocytes; 7 frogs). This Na
p<O.OOl; 82-86
reduction in INa was not observed when channels were coexpressed
with NIMA inactivated by the mutation K39N (3rd box; p=NS; 25; 3

T7nji

-

- 10

10

,D,{

frogs). To test the idea that this reduction
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Inhibition of h4& by 3mM 4-aminopyridine (4 AP) causes a greater
percentage prolongation of APD25 in epi than endo myocytes (epi
187t22% n=22, endo 93t10/o n=22p<0.00l ANOVA). I,. density is
significantly greater in epi than endo myocytes (see fig). Hypertrophy is
associated with a prolongation of APD2s, a reduction in the effect of
4 AP, and a significant decrease in I, density in epi myocytes. These
changes are not apparent in endo myocytes. These data show that
hypertrophy. is associated with a reduction in the normal endo/epi
differences in I., density and suggest that the effects of class m
antiarrhythmic drugs that block It. will not only vary with region but will
also be altered in hypertrophy.

of INa is mediated by

phosphorylation at S1321, we measured INa through channels where

this site had been disabled by the mutation S1321 A ((phos(-)). We find
no reduction of S1321A INaupon coexpression of NIMA (4th and 5th
boxes; p=NS; 36-49; 3 frogs). We conclude that skeletal muscle Na
channels can be modulated directly or indirectly by NIMA kinase. This
effect requires phosphorylation at S1321.
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EXPRESSION OF PHOSPHOLEMMAN 1-43 INDUCES
CHLORIDE CURRENTS IN XENOPUS OOCYTES.
JP Mounsey, JE John, Zhenhui Chen, JR Moorman, LR Jones.
University of Birmi ; University of Virginia,
Charlottesville, VA, USA; Indiana University, Indianapolis, IN,
USA.

Phospholemman (PLM) induces Cl currents when expressed in
Xenopus oocytes and forms anion channels when reconstituted in
phospholipid bilayers. It has a single transmembrane domain with
intracellular and extracellular domains: at 72 AA in length, it is
the smallest membrane protein known to form ion channels. To
investigate whether the
cytoplasmic domain is Unk*,c*d PLM(143)
IrcOPLIM
a necessary part of the
ion pore, we expressed

mRNA encoding only
the trmembrane
domain and
extracellular peptide of
PLM (PLM 143) in
Xenopus oocytes. The
Figure shows hyperpolarization-activated oocyte currents
recorded during two-microelectrode voltage clamp. The currents
induced by expression of PLM 143 (centre) and intact PLM
(right) have similar kinetics, threshold, voltage dependence of
activation, and reversal potential-dependence on external [Cl].
The similarity of the currents suggests that the PLM molecule
does not require the cytoplasmic tail for function. The finding of a
membrane current induced by PLM 143 establishes a new
estimate of the minimum size required for an ion channel subunit.
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ROLE OF HEPARIN IN THE REGULATION OF CARDIAC
MYOCYTE GROWTH
N-T Luu, AJB Brady, MD Gammage
Departent of Cardiovascular Medine
Queen Elizabeth Hospital, Birmingham
Recent evidence has demonstrated a role for heparin in regulation of
vascular smooth muscle cell growth. We have examined the
possibility of a similar effect of heparin on cardiac myocyte growth.
Neonatal rat ventricular cardiac myocytes were cultured in DMEM and
10% foetal calf serum (FCS) and incubated with heparin and the
growth factors TGF,B, acidic and basic FGF. DNA synthesis was
measured by incorporation of 3H-thymidine between days 3 and 6.
Heparin (0.01-3mg/ml) induced concentration-dependent inhibition on
day 3 and this was sustained until day 6. At day 3 heparin (100Ig/ml)
significantly reduced DNA synthesis by 27.9±3.1% (mean±SEM,
p<0.01) compared to control. TGF0 (0.01-10ng/ml) and acidic FGF
(10-100ng/mI) produced concentration-dependent inhibition with the
maximum effects of 72.6±1.6% and 73.7±3.6% respectively,
compared to control. TGF, (EC50, 0.7ng/ml) produced 28.7±6.7%
inhibition; with the addition of heparin (10014g/ml) this was increased
to 66.7±2.5% (p<0.001). This potentiation and the effects of TGF$
and/or heparin were completely reversed by 0.1mg/ml anti-TGF,
antibodies. Acidic FGF also had an inhibitory effect, and this effect
was augmented from 37.1±3.1 % to 65.4±6.29% by 100yg/ml heparin
(P=0.03). The effects of acidic FGF+heparin were also reversed by
lmg/mI anti-acidic FGF antibodies. In contrast, basic FGF (0.043. 12ng/ml) produced modest proliferation of cardiac ventricular
myocytes. The maximum effect was 30% increase compared to
control. Co-incubation with 100,ug/ml heparin had no effect on the
dose-response curve of basic FGF. Importantly, removal of FCS from
the DMEM attenuated the DNA synthesis of myocytes by 54.6± 1.3 %,
but the inhibitory effect of heparin was preserved. These data suggest
that heparin may have a direct action to regulate cardiac myocyte
growth; heparin may also be involved in the action of other growth
factors which influence cardiac myocyte nroliferation.
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DIFFERENTIAL EFFECTS OF HYPERTROPHY ON REGIONAL
DENSITY OF THE TRANSIENT OUTWARD CURRENT
SJ Shipsey, SM Bryant, G Hart
Department of Cardiovascular Medicine, John Radcliffe Hospital, Oxford
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APOPTOSIS OF HUMAN UMBILICAL VEIN ENDOTHELIAL
CELLS (HUVEC) ROLE OF INTERLEUKIN-10 CONVERTING
ENZYME (ICE) AND ASSOCIATED PROTEASES
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The maintenance of an endothelial cell monolayer is regulated by rates
of proliferation and apoptosis. Endothelial cells undergo apoptosis in
response to a number of stimuli including end of life in culture and
serum-withdrawal. The control of apoptosis is complex. Over-expression
of ICE and other ICE-like proteases. which include CPP32. ICE,II and
Ich-l cause apoptosis. We studied the involvement of the ICE in serumwithdrawal-induced apoptosis of HUEC and in the development of

senescence in culture. mRNA was isolated from

The renal

changes

associated with sustained

aged in

riboprobes

were generated from a full length cDNA human ICE clone.
Hybridisation at low levels were seen to the known ICE transcripts at
1.9 and 0.5 kb as well as a major transcript at 1.4 kb which may
represent ICER,II. The steady-state levels of these transcripts showed

a small rise between primary cultures and passage 2 but thereafter were

Results

hvpotensive effect. Ramipril prevented death from malignant

hypertension..

HlTVECs

culture and from cells undergoing serum-withdrawal. 32P-labelled ICE

not altered. Levels were unchanged with serum-withdrawal. Similarly,
mRNA levels for CPP32 were unaltered throughout life in culture. ICE

hypertension

(eg vascular 'onion skinning') were still present, but those associated
with MH (eg fibrinoid necrosis, glomerular collapse and sclerosis) were

protein levels were assessed by Western blotting. A single
45 KDa form of ICE was detected at a steady level throughout life

prevented by ACE-inhibition.
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An 100% increase in

were

and

in serumobserved
cells compared with cells
medium (n=3).
deprived
o
of the cells in serum-free medium containing
AS-ICE
Incubation
1MM whereas
for 48 hours resulted in only 20% increase in apoptosis

apoptosis

was
in complete

control levels were maintained in the presence of I AM sense-ICE. These
data suggest the role of ICE in endothelial cell apoptosis is

protective.
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THE EXPRESSION OF
HUMAN CORONARY

INTEGRINS

ARTERY

ANGIOTENSIN II DOES NOT CONTRIBUTE TO BASAL
FOREARM VASCULAR TONE IN HEALTHY MAN
DE Newby, S Masumori, NA Boon and DJ Webb. Departments of
Cardiology & Ciinical Pharmacology, University of Edinburgh,
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property of cells which is mediated by a variety of
proteins collectively known as adhesion molecules.
Integrins are one such family composed of heterodimeric glycoproteins
chains. The [31 integrins are
possessing specific a and common
Adhesion is a vital

membrane

cell

mediate

the

adhesion of cells to their

extracellular matrix. This

interaction enables cells to grow, migrate and deposit extracellular
matrix: all of which are features exhibited
vascular smooth muscle

by

cells

the

during atherosclerosis and coronary artery restenosis. However,

expression

of [31

integrins by

coronary artery vascular
previously reported.
Human CAVSMc
(Clonetics) were grown using standard techniques,
they were plated onto 24 well tissue culture plates and grown to subconfluence in MCB-131 medium
(Sigma) supplemented with 5% foetal
serum. Thereafter,
they were fixed and stained using a standard
alkaline phosphatase anti-alkaline phosphatase (APAAP) technique and
panel
primary anti-integrin monclonal antibodies towards the al,
a2, a3, a4, aS, a6, avand the common [1 chain
(Serotec). They were
staned with our own monoclonal antibody F2.18 which recognises
smooth muscle

human

cells (hCAVSMc)
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Tissue RAS

Conclusions Tissue RAS may
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lapse videomicroscopy and DNA laddering.
oligonucleotides to the ICE gene sequence were synthesised. HUVEC
were labelled with [3H]-thymidine before serum withdrawal. After 48
hours
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Edinburgh.
Objective: To determine the contribution of angiotensin II (Ang II) to
basal vascular tone in healthy male volunteers.
Design & Methods: Forearm blood flow (FBF) was measured using
venous occlusion plethysmography in both arms on 4 separate
randomised occasions (at least 1 week apart) in healthy male volunteers.
The brachial artery of the non-dominant arm was cannulated using a

27G needle and baseline infusion of 0.9% saline commenced. On one
occasion in 10 men, intra-arterial losartan was infused alone at doses of
0.03 and 0.3mg/min for 16 min each. FBF was measured for 3 min
before, during and after applying lower body negative pressure (LBNP)
of -l5mmHg. On 3 further occasions, 6 of the 10 subjects were given 2
challenges of intra-arterial Ang II at 0.1, 1.0, 10 and 100 pmol/min (6
min per dose) separated by a 30 min saline washout. The second
challenge of angiotensin II was co-infused with saline, or with 0.03 or
0.3mg/min of losartan: Data were assessed by comparing area under
curve for FBF responses with analysis of variance and Student's t-test.
Results: Ang II caused dose-dependent vasoconstriction (p<0.000l)
which did not undergo attenuation following repeated dosing. Losartan
at 0.03 and 0.3mg/min inhibited the vasoconstrictor responses to Ang II
in a competitive manner, causing >100 fold shift at the higher dose
(p<0.001). Losartan alone had no effect on FBF at rest or during LBNP.
Ang II Dose
Percentage Change in FBF (±SEM)
0.9 % Saline
Losartan (0.03) Losartan (0.3)
0
1.1±3.1
2.2±3.6
0.1
0.2±4.8
0.1±6.2
-4.5±3.4
1.0
-18.8±5.1
-0.3±5.2
1.2±4.3
10
48.8±4.9
-7.3±5.0
1.06±5.7
100
-74.4±4.4
-23.9±5.1
-7.8±4.6
480
-42.0+2.1
-261.7±4.1
Conclusions: Losartan. at doses which shift the dose-response
relationship for exogenous Ang II by >50 fold to the right, has no effect
on forearm blood flow during basal or sympathetically stimulated
conditions. These results show that in contrast to the nitric oxide and
endothelin system. endogenous Ang RI is not an important contributor to
basal forearm resistance vesssel tone in healthy' man and are consistent
with a major contribution to the hypotensive effects of losartan being
centrally mediated.
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ANGIOTENSIN-CONV'ERTJNG ENZYME INHIBITION AT
NON-HYPOTENSIVE DOSES PREVENTS DEVELOPMENT
OF MALIGNANT HYPERTENSION IN A RAT MODEL
Hugh Montgomery, Linda Kiernan*, Caroline
Wilhitwortht,Stewart Flemming, John Mullinst, and Jean
McEwan (Hatter institute. and Dept of Cardiopulmonary
Biochemistry* UCLMS London and Centre for Genome
Research, Edinburgh)
Local tissue renin-angiotensin systems may play a part in the
pathogenesis of the malignant hypertension (MH), which may complicate
sustained hypertension. In MH, fibrinoid necrosis and renal glomerular
changes are superadded to the normal vascular changes of longstanding
hypertension. Inhibition of aneiotensin-converting enzyme (ACE) might
thus protect against MH and its associated vascular damage. Transgenic
TGR(mRen-2d)27 rats express the murine renin gene in diverse tissues,
and exhibit classical malignant hypertension. We sought a
vasculoprotective effect of ACE-inhibition in these animals. Methods
BP was recorded by tail cuff photoplethysmographv 3x/week in 40 male
heterozygote TGRs. and 24 others receiving 5ig/kg/day of the ACEinhibitor ramipril- a dose previously shown to reduce tissue but not
plasma ACE activity or systolic blood pressure (BP). The animals were
treated from weaning (day 28) to 100days, when they were killed,
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ADVENTITIAL CHANGES FOLLOWING CORONARY
ARTERY BALLOON INJURY
S Sinha, AM Heagerty.
Department of Medicine, University of Manchester, Manchester.
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IS THE PULMONARY CIRCULATION HYPERSENSITIVE TO
ENDOTHELIN-1 IN ENDOTOXAEMIA?
NP Curzen, TW Evans
Unit of Critical Care, National Heart and Lung Institute, London,

England
Recent studies have suggested that remodelling may play an important
part in the development of restenosis following coronary angioplasty.
However, there is little data on adventitial(Ad) changes after balloon
injury and the underlying mechanisms are unknown. We aimed to assess
the Ad changes after balloon injury in a porcine coronary model as well
as the relative contributions of remodelling and intimal hyperplasia(lH)
to lumen loss. Oversized coronary artery balloon injury was performed
in juvenile domestic pigs and the vessels harvested at 2 and 4 weeks.
Computer aided morphometry was used to quantify vessel dimensions
at the site of maximum luminal narrowing. Control values were
calculated using adjacent non-damaged arterial sections. Statistical
significance was tested using paired T-tests. Results: Dissipation of the
elastin fibres in the ETL and Ad was observed in all damaged sections
and a thick "neoadventitia" was seen. At 2 weeks these changes were
most marked locally near the damaged segment of vessel wall, but by 4
weeks had spread circumferentially around the entire vessel.
2 weeks post iniury(n=3)
p-value
Lesion
Control
Ad area±SE (x 10' pm)
3.03±0.78
10.86±0.39 0.01
4 weeks post iWury(n=6)
Ad area±SE (x 10' gm')
4.95±0.94
17.92±1.60 0.0005
Vessel size±SE (x 10' gm') 17.47±2.32 22.03±2.28 0.016
IH±SE (x 105 jm2)
0±0
0.009
6.50±1.55
Lumenarea±SE(x I0'gm') 11.46±1.82 7.69±1.25 0.018
Condusions: 1) A marked increase in Ad area due to 'neoadventitia"
formation was found. This may have a role in remodelling by limiting
vessel expansion or causing constriction. 2) The degree of IH was
sufficient to cause all of the lumen loss seen. Changes in vessel size are
also seen and progressive disruption of EEL may be an important
component of this compensatory vessel enlargement. 3) Detailed
investigations of the mechanisms underlying these Ad changes may help
in clarifying the basic processes causing remodelling and restenosis.

A characteristic clinical feature of sepsis syndromes is systemic
vascular
hyporesponsiveness combined with pulmonary
hypertension. This alteration in pulmonary artery pressure (PAP) is
likely to be due in part to changes in pulmonary vascular reactivity.
Endothelin-1 (ET-1) vascular mRNA expression, and plasma
concentration, are elevated in rat endotoxaemia. We hypothesized
that this potent vasoconstrictor contributes to pulmonary
vasoconstriction in this rat model. Male Wistar rats were treated with
endotoxin (LPS;V;n=8) (20mg/kg by intraperitoneal injection) or
saline vehicle (sham;@;n=8) 4h prior to anaesthesia. They were
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were then measured.
Results are expressed

as
peak
PAPmean±SEM
at eachfor dose,
except for the final dose
when 4 timepoints are shown. p values for sham vs. LPS: * = <0.05;
** = <0.01. Despite reduced responsiveness of pulmonary arteries in
vitro, ET-1-induced increases in PAP are greater in endotoxaemic
rats in this model. This pulmonary vascular hypersensitivity to ET-1
may have important therapeutic implications for the application of the
increasing number of ET receptor antagonists.

9-log IET-1
0.5 e IM)
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EFFECT OF INTRA-ARTERIAL SUBSTANCE P ON THE
PLATELET ACTIVATION AND DEPOSITION IN SAPHENOUS
RELEASE OF TISSUE PLASMINOGEN ACTIVATOR IN THE
VEIN GRAFTS IS NHIBITED IN VITRO BY S-NITROSOHUMAN FOREARM
GLUTATRONE
DE Newby, NA Boon, DJ Webb, CA Ludlam, KAA Fox & RAE LaTHfoNE.
EJ Langford, E Salas, MT Marnan. 1F Martin, AJ de Belder.
Wright. Departments of Cardiology, Clinical Pharmacology &
King's College HospitaL London and Weilcome Research
Haematology, University of Edinburgh, Edinburgh.
Laboratories, Beckenham
Endothelial cell function piays a central role in the pathogenesis of
many cardiovascular disease states. We hypothesised that substance P
Platelet activation, causing thrombosis and release of growth factors.
(SP), in addition to inducing vasodilatation, would stimulate the release
of tissue plasminogen activator (tPA) and would present a further
is a major cause of vein graft occlusion, which limits the
method of assessing endothelial function.
effectiveness of coronary artery bypass grafting. Production of
Forearm blood flow (FBF) was measured by venous occlusion
. ..
.
.
(NO),
endothelal
nc oxde (NO), which ihibits platelets, is aired i
plethysmography in both arms of 7 healthy male volunteers. Venous
vein grafts compared to arteries. We investigated the effect of Scannulae were inserted into deep veins in both forearms, and the
nitrosoglutathione (GSNO), a platelet selective NO donor, on
brachial artery of the non-dominant arm was cannulated using a 27G
platelet activation (measured by flow cytometry to determine Pneedle. Subjects were given doubling doses of SP (0.5-128 pmol/min; 6
min per dose) and venous samples were obtained at baseline, after 2, 16
selectin expression) and platelet deposition (assessed by platelet
and 64pmol/min of SP, and following 30min 0.9% saline washout
count) following infusion of platelet rich plasma through 1.5cm
(WO). TPA production was defined as the product of the concentration
vein or internal mammary artery. Samples
difference and the FBF. Data were compared using t-test and analysis of
segmentaent senouas
were taken at baseline and at 5 mintervals for 20 mns (n6 for
varianced with repeated measures.
each study) and platelet studies performed at the end of the infusion.
SP caused dose-dependent vasodilatation (p=0.002). Vasodilatation in
the non-infused arm was present from 16 pmol/min (p=0.04), indicating
Platelet count (mean±SEM % of the baseline count) fell folowing
a systemic effect, but heart rate and blood pressure were unchanged.
infusion through vein segments to 70±0.2%, 68±0.7% 67±0.8% and
Dose-dependent increases were seen in tPA antigen and activity in the
.
b
infused arm (p<0.001) and at >16pmol/min in the non-infused arm
67+0.8% at 5, 10, 15 and 20 mis (p<0.00l for each vs. baseline).
Infusion through artery segments caused a smaller fall to 94±1.4%,
(p=0.003). The results for tPA activity are given in the table.
94±1.0%, 94+1.6% and 89±1.2% respectively (p=0.02 vs. baseline
16
64
0
2
WO
aP dose
at 20 mins. Other times p=NS). The fal in platelet count in both vein
(pmollmin)
and artery segments was prevented by addition of 10-6M GSNO.
1.1±0.2
0.84±0.1 1.1±0.2 3.3±0.7 6.1±0.7
Infused arm
Platelet P-selectin increased to 131±19%, 133±25%, 122±10% and
(Uu/ml)
129±9% of baseline after 5, 10, 15 and 20 mins infusion through
Non-infused arm 0.89±0.1 0.91±0.1 1.4±0.2 2.8±0.8 1.1±0.1
(IU/ml)
vein segments (p=0.006) and 131±11%, 150±22%, 128±11% and
36±14
79±20 -0.48±0.5
Net production in -0.19±0.2 1.7±1.0
130±13% respectively after infusion through artery segments
infused arm (IU/100mlImin)
(p=0.001). Addition of 10-5M GSNO prevented the rise in P-selectin
in both vein and artery. These results demonstrate platelet activation
Conclusions SP is a potent stimulant of local tPA release. Systemic
in vascular segments in vitro, with greater platelet deposition in vein
effects of SP are seen at 216pmol/min with systemic increases in tPA.
Further locally active dose response relationships are indicated and this
than artery, prevented by GSNO. This may be important in early vein
method may provide an important insight into endothelium-dependent
graft failure and suggests GSNO may provide a potential treatment.
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G.K Goode. S Garcia. A.M Heagerty, University Department of
Medicine. Manchester
In order to examine the effect of marine fish oil on endothelial
function 16 hypercholesterolaemric patients (mean T.cholesterol
7.97±0.16mmoLl SEM) and 12 age and sex matched controls
(mean T.cholesterol 5.11±0.34 mmol/l) were randomised to receive
either Maxepa or placebo 5 capsules b.d for a period of 3 months.
Endothelial fuction was assesed before and after treatment by
isometric tension in vitro expaeits on intact small artery
segments from gluteal skin biopsies mounted on a wire myograph.
Prereatmet studies confirmed impaied relaxation to acetycholine
in the hypercholesterolaemic group compared to corntrol (mean
maximum relaxation 48.0±6.00/o vs 84.3±5.2% P<0.0001). Data
from the 8 hypercholesteolaemic patients post treatment with
Maxepa showt an inprovement in relaxation (68.83±2.190/o)
compared with pretreament (P=0.0054) but not to control values
(P=0.02). There was also a good correlation between the increase
in red blood cell eicosapentanoic and docosahexanoic acids and
inrlxto to actlhln

0.7

an

0.53

reovelmen
P<0 01ra
respectively.
P<t).O1).

THE EFFECT OF MONOCYTE CO-CULTURE ON SMOOTH

MUSCLE CELL PROLIFERATION
TE Richens, CR Stevens, DR Blake, PG Mills.
London Hospital Medical College, London, UK, El 2AD

The atherosclerotic plaque is characterised by proliferating smooth
muscle cells (SMC) co-existing with macrophages. Activated
macrophages are known to produce both reactive oxygen species
(ROS), and tumor necrosis factor a (TNF). We have previously shown
that reactive oxygen species and TNF are SMC mitogens, and
demonstrated that this TNF action is attenuated by both ROS
scavengers and inhibitors of xanthine oxidase. Here we have used an in
vitro co-culture model to investigate the effect of activated monocytes
on SMC proliferation. Human SMC were cultured from aortic explants
to passage three. Monocytes wtre separated from whole blood by
graded centrifugation and negative immunomagnetic sorting. After
lipopolysaccharide stimulttion, the mo.nocytes were placed in coculture with SMC and separated by 1.rM pore well inserts.
Bromodeoxyufidine (30mmol), with or without N-acetylcysteine (5g
M), oxypurinol (50M) or TNF-neutralising antibody (TNF-Ig) was
t the SMC culture medium. Proliferation was assessed by
added to

bromodeoxyuridine incorporation and tested using analysis of variance.

The results demonstrate augmentation of SMC proliferation (103cells
These
data
suggest
thatincreasingdietarfishoilimpr(p<0.0001);
104cells (p<0.05)) and inhibition (105cells (p<0.05)),
the
oil
in
fish
that
These
dietary
suggest
.,,reasmg
.ves
according to concentration of monocytes. The increase in proliferation
endothelial dysfunction associated
with hypercholesterolaemniaseen at 103 and 104 monocytes was completely attenuated by the
addition of N-acetylcysteine (p<0.0002) to the medium, and partially
inhibited by oxypurinol (P<0.005), and TNF-Ig (P<0.001). TNF-Ig did
not significantly inhibit unstimulated SMC proliferation. These findings
demonstrate that monocytes control smooth muscle cell proliferation
via an antioxidant-sensitive pathway and further suggest that SMC
xanthine oxidase is the source of these ROS. Monocyte derived TNF is
partially responsible for this mitogenic effect, although smooth muscle
cell TNF production does not appear to play a significant role in
autonomous proliferation control.

.m
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PROTHROMBOTIC IMPORTANCE OF THE FACTOR V LEIDEN
GENOTYPE MUTATION IN ACUTE CORONARY SYNDROMES.

P.Stubbs, H Ireland#, M Noble, T Bayston#, D Lane#.
Academic Unit of Cardiovascular Medicine, Department of
Haematology#, Charing Cross and Westminster Medical School,
London.
The Factor V Leiden genotype has been shown to predispose to
intravascular thrombosis. We examined the prothrombotic potential of
this mutation in patients admitted with acute coronary syndromes. 194
patients admitted with chest pain to a single coronary care unit were
studied and followed for outcome for a median of three years. DNA
was isolated, PCR and restriction analysis was performed and cases
of heterozygous factor V leiden confirmed by direct genomic
sequencing. The genotype frequency was the same as the normal
population in both patients with myocardial intarction (7/99, 7.1%) and
unstable angina (5/72, 6.9%). On follow up however 9/12 (75%) of the
of patients admitted with acute coronary syndromes with factor V
Leiden ran a complicated course (reinfarction, need for
revascularisation or cardiac death) as compared to 86/159(54%) of
patients without the mutation.
'Conclusion. Whilst the Factor V leiden mutation does not appear to
predispose to arterial thrombosis, once activation of coagulation has
taken place it appears to predispose to thrombotic complications and
merits further evaluation.

EFFECT OF 1?7-ESTRADIOL ON ENDOTHELIN-1
RELEASE BY HUMAN ENDOTHELIAL CELLS
CS Wingrove, JC Stevenson
Wynn Division of Metabolic Medicine, National Heart and
Lung Institute, Imperial Coilege of Science, Technology &
Medicine, London

Endothelin-I is described as the most potent vasoconstrictor thus far
discovered. It has been shown to cause strong sustained
vasoconstrictive responses in the veins and arteries of many
mammalian species and is mitogenic for vascular smnooth muscle cells.
Estrogens have been postulated to have atheroprotective properties.
We investigated whether estrogen exerts an effect on endothelin
release from vascular endothelial cells.
Methods: Endothelial cells from human umbilical veins were grown
to confluence in the presence of 10% serum. The cell layers were
washed prior to addition of media in the presence or absence of 17pestradiol (1011M-10'M). Supernatants were harvested at 4 and 24
hours and endothelin-l measured by EIA. Analysis of significance
was

performed by t-test.

Results: Cells in passage 1 showed a 47% (P <0.01) decrease in
endothelin release in response to estradiol (10-7M) after 4 hours. By
24 hours estradiol (10-'°M-10-7M) treated cells still showed
significantly lower levels (10-30%) of endothelin than controls, with
lower estradiol concentrations exhibiting the greatest inhibition. The
effects of estradiol (10-"M-10-7M) became more pronounced with
increasing passage number yielding complete inhibition after 4 hours
(P < 0.01) and 40-50% inhibition (P <0.01) at 24 hours in cells in
passages 2 and 3. Treatment with N-monomethyl-L-arginine
(NMMA) an inhibitor of nitric oxide (NO,) showed a 26% (P <0.01)
increase in endothelin secretion, indicating that constitutive NO
production in these cells inhibits endothelin release.
Conclusions: Estradiol is associated with an inhibition of endothelin
secretion in vitro. This may be mediated by stimulation of various
vasodilators (prostacyclin, NO,).
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DIETARY MARINE FISH OIL IMPROVES ENDOTHELIAL
FUNCTION IN HYPERCHOLESTEROLAEMIC PATIENTS.
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INCREASED MODULATION BY NITRIC OXIDE OF
DOBUTAMINE-INDUCED PULMONARY VASODILATION
DURING POSTNATAL DEVELOPMENT IN SHEEP.
DJ Penny, T Sano, KM Forster, JJ Smolich.
Institute of Reproduction and Development, Monash Universitv;
Departments of Cardiology, The Royal Children's Hospital and
Monash Medical Centre, Melbourne, Australia.
Recent data have demonstrated that nitric oxide (NO) may modulate
systemic f-adrenoceptor-mediated vasodilation, but it is unclear if this
also occurs in the pulmonary circulation. Furthermore, it is unknown
to what extent changes in the modulation of P-adrenergic responses
accompany postnatal alterations in pulmonary NO synthesis. To
examine these questions, we measured pulmonary arterial (PAP) and
left atrial pressures (LAP) as well as cardiac output (CO, by
thermodilution) under general anaesthesia and open-chest conditions
in 7 newborn (7-10 day) and 7 mature (6-8 week) lambs and in 9 adult
sheep. Pulmonary vascular resistance (PVR), calculated as (PAPLAP)/CO, was determined in the 3 groups in 5 sequential states: (i)
baseline, (ii) during an incremnental infusion of dobutamine to a peak
dose of 10 gg/kg/min, (iii) 30 minutes after cessation of dobutamine
and before inhibition of NO synthesis, (iv) following inhibition of NO
synthesis with N'-nitro-L-arginine (L-NNA; 25 mg/kg i.v.), (v) after
repeat dobutamine infusion. Baseline PVR was similar and the initial
dobutamine infusion reduced PVR to a comparable degree in the 3 age
groups (Table). By contrast, after L-NNA, PVR increased in newbom
and tended to rise in mature lambs, but was unaltered in adult sheep.
Furthermore, with dobutamine infusion following L-NNA, PVR fell
in newborn lambs, was not significantly altered in mature lambs and
rose in adult sheep (Table).
Pulmonarv Vascular Resistance (mmHgALlkg/min)
Baseline
ine Pre LNNA Post LNNA Dobutamine -r LNNA
Newbom 167* 17 101±6c
138±16 268±32'
1333±12
Mature 200±46 133±27'
140±29 210+6'
177+67
Adult
159±12 128-1 1b 122±11 107±8
177*14'
Mean±SE; a: 0.05<pz<0.1. b: p<0.05, c:p<0.01. d:p<0.001 vs previous column.
These results suggest that, in the pulmonary vascular bed, increasing
postnatal development is associated with a reduction in the basal
vasodilator actions of NO, but an increase in the modulatory role of
NO on P-adrenergic vasodilatation.

The aim of this study was to compare standard balloon dilation
(SBA) with radiofrequency thermal balloon dilation (TBA) in an
experimental model of arterial stenosis. Surgical stenoses were
created in the right femoral artery of 12 neonatal lambs (median
weight 7.6 kg; range 6.1 to 11.5 kg). At 6 to 8 weeks after
creation of the stenosis the animals were catheterised (median
weight 25.5 kg; range 16.5 to 36 kg). Following angiography,
balloon dilation of the stenosis was attempted using either a
standard balloon or TBA. TBA was performed with the PLOSA
system (Boston Scientific) using radiofrequency energy. Three
lambs had complete occlusion of the femoral artery at the ligature
site with extensive collateral vessels, and no dilations were
performed. Of the remaining 9 animals, SBA was performed in 4
cases using inflation pressures of upto 16 atmospheres, with
successful outcome (abolition of waist) in 1/4 (25%). TBA was
performed in the other 5 animals (inflation pressure 4
atmospheres, temperatures of 65° to 100° C for 60 seconds).
Complete disappearance of waist was achieved in 4/5 animals
(80%). Two of the successfully treated lambs subsequently
developed vascular complications and were terminated. The other
2 animals underwent repeat angiography 4 to 6 weeks after initial
TBA. In both cases the treated vessel was patent, with no residual
waist or gradient, and equivalent absolute volume flow (±5
ml/min) compared with the contralateral femoral artery. The early
results suggest immediate gradient relief and a greater increase of
arterial cross sectional area with low pressure TBA when
compared with SBA. Further studies are required to determine the
optimal delivery (temperature and duration) of thermal energy to
achieve adequate relief of stenosis without vascular complications.
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THERMAL BALLOON ANGIOPLASTY OF
EXPERIMENTAL ARTERIAL STENOSES IN LAM : A
PILOT STUDY.
P Miller, N Sreeram, P Townsend, DB Morton.
Heart Unit, Birmingham Children's Hospital, and Biomedical
Services Unit, University of Birmingham.

HYPOXIA ALTERS THE CH.EMOTACTIC AND PROLIFERATIVE
RESPONSE OF VASCULAR SMOOTH MUSCLE CELLS TO PLATELETDERIVED GROWTH FACTOR-BB. K.E. Dawes, H. Abedi, J.F. Martin and
I. Zachary. Department of Medicine, King's College School of Medicine,
Bessemer Road, London UK.
Arterial wall hypoxia has been implicated in the pathogenesis of atherosclerosis.
Since oxygen supply is by the direct diffusion of oxygen from the lumen and the
adventitial vasa vasorum minor changes in arterial anatomy, resulting from
intimal thickening and plaque formation, can cause significant changes in medial
oxygenation leading to steep pO2 gradients in the media and the development of
anoxia. The accumulation of smooth muscle cells (VSMC) in the intima of
arteries is a prominent feature of atherosclerosis. The migration and proliferation
of medial VSMC are key events and PDGF is the most potent known
chemoattractant as well as mitogen for VSMC in culture. Given the susceptibility
of the arterial wall to intimal thickening and hypoxia associated with
atherosclerosis, we have measured the chemotactic and proliferative response of
VSMC to PDGF-BB under both normoxic (21% O2) and hypoxic (0-2.5% 02)
conditions. VSMC were obtained from explants of rabbit aorta and chemotaxis
was measured using modified Boyden chambers. PDGF-BB stimulated VSMC
migration over a wide range of doses (maximal at 25 ng/ml, 38± 5 Mean±SD
cells/high powered field (h.p.f.) vs control 9±2 cells/h.p.f., p<0.001) and
PDGF-BB induced migration was sustained at concentrations up to 100 ng/ml
(36±4.5 cells/h.p.f.). Hypoxia significantly increased PDGF-BB stimulated
migration, at PDGF-BB concentrations up to 25 ng/ml (58±5 cells/h.p.f. vs
control 8.5 ±2 cells/h.p.f., p < 0.01). However, the chemotactic response to high
PDGF-BB concentrations (> 25 ng/ml) was markedly reduced under hypoxic
conditions (100 ng/ml; 12±2 cells/h.p.f.). VSMC proliferation was measured
using a colorimetric assay based upon the uptake and subsequent elution of
methylene blue. PDGF-BB stimulated VSMC proliferation in a dose dependent
manner, maximal at 12.5 ng/ml and maintained until 100 ng/ml. Incubation of
VSMC at 0% 02 caused a reduction in the proliferative response to PDGF-BB (at
12.5 ng/ml 136±8% of control (anoxia) vs 156±3% (normoxia), p<0.01). In
contrast, exposure of cells to 2.5% hypoxia increased the proliferative response
of VSMC to PDGF-BB (at 12.5 ng/ml 138±2% (hypoxia) vs 118±3.5%
(normoxia), p<0.01). Hypoxia alone had no effect on VSMC migration or
proliferation and control values were not significantly different. Tlese findings
suggest that hypoxia modulates the chemotactic and proliferative responses of
VSMC to PDGF-BB in a manner which varies with PDGF-BB concentration and
the level of 0 tension. Given the importance of VSMC migration and
proliferation in atherosclerosis these results raise the possibility that arterial
oxygenation may play a crucial role in neo-intima formation.
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C Bonnar, 'A Daie, IL Caruana, IJJV McMurray, A D Struthers.

Departorr-nt of Clinical Pharmacology, University of Duiidee.
Ninewells Hospital and Medical School, Dundee.
'Dept. of Cardiology, Western Gesseral Hospital, Edinburgh.
to idenitify left veitricular (LV) systolic dysfunction
Echo resources are however, under extreme pressuire and it would be ideal if patients could
be pre-selected for echocardiography on the basis of their electrocardiogrswn (ECG). To that
end, it has been established that a niormal ECG virtuallv excludes LV svstolic dvsfunction.
We have now- gone on to see if in patients with an abnormal ECG, QT dispersion can help
to differentiate those wvitl anid w%rithout left ventricular svstolic dvsfunction.

Echocardiography is the ideal test

534 consecutive patients w4ith suspected heart failure were referred b\ their General
Practitioners to an open access echocardiography service at a regional cardiology centre, the
results of which have previously been reported. For this study. the patients were divided
into three groups on the basis of their ECG and echo results (see table). Patients with
LBBB, RBBB, LVH. atrial fibrillation or flutter on the ECG or a history of hypertension
were excluded. The 25 patients -in group I were matched for sex, diuretics and beta
blockers wvith 50 patients from groups 2 anid 3 respectively. ECGs were analvsed using a
computerised digitiser, which calculates both QT Dispersion and QTc dispersion. The latter
is rate adjusted using Bazett's fonnula. Statistical analysis was performed using a one way
ANOVA.

Comparing the two groups with abnonnal ECGs. there was a highly statistically significanit
difference between their mean QT and QTc Dispersions Furthermore, both of the groups
with abnormal ECGs had significantly higher QT Dispersions than Group 3. The results for
QTc are tabulated below.
Results

Group
1.
2.
3.

Abnormal ECG/
Abnormal LV Fuiiction
Abnormal ECG /
Normal LV Function
Normal ECG / Nomral
LV Function

Number

Mean QTc
Dispersion (msecsj

SEM

Sigiuficance

25

83.6

±7.62

pc0.01 vs
Groups 2 & 3

50

64.2

±3.25

Level

p<o.0 I vs

Groups I & 3
50

44.3

±1.98

In conclusion, QTc dispersion was significantly higher ilt those With LV svstolic dysfuniction
than in those without. Therefore, QTc dispersion on a simple ECG may be a useful way of
pre-selecting patients with suspected LV dysfunction for the more definitive test of

echocardiograph\
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ANGIOTENSIN II RECEPTOR TYPE 1 (ATIR) mRNA IS
UPREGULATED IN ATRIA OF PATIENTS WITH END-STAGE
HEART FAILURE
RR Kaprielian, E Dupont, PA Poole-Wilson, MH Yacoub, A
Khaghani, NJ Severs.
Cardiac Medicine, National Heart and Lung Institute, London and
Harefield Hospital. Middlesex.
There is increasing experimental evidence that pathological changes in
the myocardium during chronic heart failure are mediated through the
activation of the renin-angiotensin system (RAS). Furthermore, the
ATlR has been implicated as the final pathway for the RAS to exert its
growth stimulating effect. The distribution and regulation of this
receptor during end-stage chronic heart failure in humans has been
investigated using reverse transcriptase polymerase chain reaction (RTPCR) but with conflicting results. We have examined the expression
of ATlR mRNA using Northern blot analysis. Samples from both
atrial (n=6) and ventricular (n=9) free wall from patients with end
stage heart failure, secondary either to idiopathic dilated
cardiomyopathy, or ischaemic heart disease were snap frozen
immediately after cardiac explantation at the time of transplantation.
Control specimens (atria n=3, ventricle n=2) were obtained from
healthy donor hearts rejected for technical reasons. A segment of the
coding sequence of human ATlR was amplified by PCR. The
sequence was inserted into PT7/T3a-18 (Gibco BRL) using standard
procedures. For Northern blot analysis, similar amounts of total RNA
purified from the above frozen samples were separated by gel
electrophoresis, capillary blotted onto a membrane, and hybridised with
a random primed radiolabelled probe using the gel purified insert as a
template. Stringent conditions were used for both hybridisation (5x
SSC, 5 % dextran, 65'C) and washing (0.5x SSC, 0. 1% SDS, 65°C) of
the membrane. Left and right atrial tissue showed low levels of ATlR
mRNA expression in the controls (3/3), with upregulation of expression
in tissue from pathological hearts (6/6) (Wilcoxon two sample test
p =0.024). There were undetectable levels in left or right ventricle
from either control (2/2) or diseased hearts (6/6). The results were
independent of the use of ACE inhibitors as not all patients had
tolerated this medication, or of the aetiology of the heart failure. These
results suggest that increased levels of atrial ATlR may occur in
response to elevated atrial pressures in heart failure.
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CHANGES IN CARDIAC PARASYMPATHETIC ACTIV1I'Y ON
INDUCTION TO AND ACCLIMATIZATION TO HYPOBARIC HYPOXIA.

MJ Mullen,' NP Mason,8 PW Barry.t
Cardiothoracic Unit, Northern General Hospital, Sheffield' and The
British Mount Everest Medical Expedition 19948. (BMEvE 94).

Introduction: Maximal heart rate is reduced with chronic exposue to
hypobaric hypoxia. That this reduction is partly reversed by atropine,
suggests that parasympathetic activity (PSA) may be increased. Using
the technique of heart rate variability we investigated changes in
autonomic function at high altitude. Methods: 24 hour ambulatory
ECG recordings were performed at sea level (SL), on arrival at Everest
basecamp (53-00 m) and again after a period of acclimatization
(EVBC 1 and EVBC2 respectively). Automatic analysis of the count of
the number of times RR intervals from sequential sinus beats are
greater than 50 ms different in 24 hours (sNN50) was performed
(Reynolds Professional II). This is a previously validated sensitive and
specific index ofPSA. Mean 24 hour heart rate (MHR) was calculated
and the St Georges Variability Index (SGVI) derived from the standard
deviation of RR intervals as an index of overall autonomic tone.
Results: 20 subiects mean±SD age 36:9.8 years had recordings at
both SL and EVBC1, after a mean trek in of 13.6±2.8 days. Oft ese
subjects 12 had a repeat recording at EVBC2 after a mean period of
acclimatization of 18.8 days (range 10 to 41). The results are
summarized in the taole.
Sea level (n=20) IEVBC1 (n=20) IEVBC2 (n=12) 1
sNN50
Median (range)

8830 (3416 - 17591) 5402 (308 - 14078)
*
P=0.0051

10050 (4316 - 15784)
P=0.004t

37.37:12.24 P=0.013* 44.28*16.34 NSt
SD
86.8i10.2 P<0.00 1* 74.2*t 12.0 P=0.029t
Mean
LMHR
68.2*9.5
*Sea level to EVBC1, tEVBC1 to EVBC2.
The mean decrease of sNN50 counts was 31.4% (95% CI: 21.4 51.4%) between SL and EVBCI, the degree of the secondary rise in
sNN5O counts did not correlated with time spent at altitude. There
were no significant differences between any of the parameters at SL
and EVBC2. Condusion: Our results demonstrate attenuated PSA on
initial exposure to hypobaric hypoxia. After acclimatization PSA
returns to SL values. Ve found no evidence of an increase in PSA
above SL values in even well acclimatized subjects. Changes in
maximal heart rate and the frequent observation of bradycardia and
heart block at altitude are not related to increased PSA but may be
secondary to the direct effect of hypoxia on conducting tissue or
central nervous system and/or the effect of 0-adrenoceptor down
regulation.
SGVI Mean i SD 48.25X9.91
:

MEASUREMENT OF STREPTOKTNASE ANTIBODIES OR
INHIBITORS IN BLOOD: COMPARISON OF A RAPID DESK
TOP TEST PANEL AS CONVENTIONAL ANTIBODY AND
RESISTANCE ASSAYS
B Bhargava, E Holme*, D Birnie, S Hood, L Swan, P Maclntyre,
WS Hillis, D)epartment of Medicine & Therapeutics, University of
Glasgow and immunology*, Western Infirmary, Glasgow.
Anti-SK antibodies develop in response to its therapeutic use in
acute myocardial infarction and can be measured as specific
antibodies or as total inhibitors expressed as SK resistance. The
intensity and duration of the antibody response cannot be
predicted and further SK administration may result in reduced
efficacy or increased sensitivity reactions. A rapid desk top, bed
side method of antibodv detection (TAS, SK Test Panel) has been
developed using a droplet sample of blood, results being available
within 5 mins for application in patients previously treated with
Streptokinase.
88 patients. (58 M, 30 F) mean age 64.4 yrs (range 36-92 yrs)
treated with Streptokinase for acute myocardial infarction 1 and
19 months previouslv had SK resistance measured by the card
method and also had IgG, IgA, IgM and standard resistance tests
performed using conventional methods. Significant levels of
antibodies were font2d in 68 and were absent in 20. The TAS
system results were compared using a chi squared test and
sensitivity, specificity and predictive values were determined.

Sensit- Speciivity
ficitv
IgG 98.5
IgA 14.9
49.3
IgM
ASK 23.9

30

100
50
100

+ve pre
value

-ve pred
value Accuracy

P
value

82.5
100
76.7
100

85.7
26
22.7
28.2

.0003
NS
NS
.03

85.8
34.5
49.4
41.4

These results confirm a close association of the presence of a
positive result using the TAS SK test card system and IgG levels
with high specificity and positive predictive value with 9K
resistance. This system may have widespread applications in
assessing the antibodv status of patients with first or subsequent
acute mvocardial infarctions requiring tre tment with SK.
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THE VALUE OF QT DISPERSION IN EDENTIFYING PATIENTS WITH HEART
FAILURE DUE TO LEFT VENTRICULAR SYSTOLIC DYSFUNCTION.
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BASELINE ASSESSMENT OF PLASMA BRAIN NATRIURETIC
PEPTIDE AND SIMPLE CLINICAL VARIABLES PREDICT LONGTERM LEFT VENTRICULAR FUNCTION FOLLOWING ACUTE
MYOCARDIAL INFARCTION.
J Byrne, JJ Morton, MJ Metcalfe, HJ Dargie
Department of Cardiology, Western Infirmary, Glasgow

Exercise test variables in the pre-thrombolytic era have been
shown to predict future cardiac events. 212 patients (mean age
55.8+9 yrs; range 31-74; 161 M, 51F) had thrombolysis within 6 hrs
of the onset of symptoms of acute myocardial infarction. A
symptom-limited pre-discharge exercise test (modified Bruce
protocol) was performed on 156 patients. ST segment depression,
ST elevation, T wave normalisation, reduced exercise capacity (<5
mets),angina and inability to perform exercise test were used to
predict cardiac events (unstable angina, myocardial infarction,
PTCA, CABG and cardiac death) over a 5 yr follow up period by
Kaplan-Meir survivaJ analysis

Patients with left ventricular dysfunction (LVD) or heart failure (HF)
folowing acute myocardial infarction (AMI) benefit from treatment with
ACE-Inhibitors (ACE-I). One concern has been that an assessment
of LV function made shortly after AMI may not reflect the long-term
outcome. BNP has been used to detect LVD in the subacute phase
of infarction, and we wished to determine whether it still predicted LV
function 6 months later.
We measured BNP 3-7 days after admission in 94 patients with
definite AMI, and sought evidence of HF (pulmonary oedema on
CXR, S3 & tachycardia, Bibasal pulmonary crepitations) during the
index admission. 75 patients survived and agreed to be followed up
5-7 months later, when they had their LV ejection fraction (LVEF)
measured using radionuclide ventriculography (RNVG). Significant
LVD was prospectively defined as an LVEF less than 30% (Normal

ST -f (n=60)
ST ±+ low workload (n=25)
ST t (n=42)
T normalisation (n=65)
Low workload (<5 mets) (n=71)
Angina (n= 10)

No Event
(n=97)
41

Event
(n=59)
19

18
26
41
43
11

27
16
24
28
8

P value
0.721
0.742
0.721

Range_

LVEF.40%).

BASELINE
ASSESSMENT

0.996
0.742
0.308

BNP > 1 1 Opg/mI

LVEF
<30%(n=28)
AT 6 MONTHS
19

LVEF .30%
(n=47)
AT 6 MONTHS
14

SENSITIVITY
SPECIFICITY
73.0%
70.2%

No ETT (n=56)

20

36

0.925

As shown ST-T changes during exercise, reduced exercise capacity
+ ST depression, angina, or inability to perform the exercise test
did not predict cardiac events over 5 yrs. The predischarge
exercise test is of limited predictive value following thrombolysis
for acute myocardial infarcton.,

HF +
BNP>1 1Opg/ml

88.5%

20

23

57.4%

The prevalence of significant LVD was 35.6% 6 months after AMI.
BNP measured at baseline predicted the presence of late LVD with
moderate sensitivity and specificity. The inclusion of HF (38.4% of
those followed up) at the time of index MI further improved the
sensitivity to 88.5%/c.
We conclude that an algorithm based on BNP and simple clinical
signs of HF provides a practical method for predicting the presence
of LVD in the long-term after AMI.
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BRAIN NATRIURFTIC PEPTIDE (BNP) AND SIMPLE CLINICAL
VARIABLES PREDICT LEFT VENTRICULAR DYSFUNCTION
FOLLOWING MYOCARDIAL INFARCTION.
J Byme, JJ Morton, MJ Metcalfe, HJ Dargie
Departnent of Cardiology, Westem Inflrmary, Glasgow
It is generally accepted that patients with LV dysfunction (LVD) or
heart failure (HF) should be selcted for long-term treatment with
ACE-Inhibitors following Acute Myocardial Infarction (AMI)*. The
natruretic peptides offer the potential to provide a cost-effective
screening technique for identifying patients with clinically silent LVD
(i.e. LVD without signs of heart failure) folowing AMI.
We measured Brain Natriuretic Peptide (BNP) once in the subacute
phase of AMI (between 3-7 days) in 94 patients admitted to our CCU.
We defined similar criteria to those used in the "AIRE" Study for the
diagnosis of HF (Pulmonary oedema on CXR, gallop rhythm, bibasal
pulmonary crepitations extending to the mid-zones), and assessed LV

Ejection Fraction (LVEF) using radionuclide ventriculography (RNVG).
LVD was prospecively defined as an LVEF 25% or more below the
normal range (NR: NR=LVEF240%: LVD=LVEF<30%).
LVD
LVD Without HF LVD or HF
n=47 (50.0%) n=18 (19.1%) n=60 (63.8%)
lNP>1 10pg/mn
%

Sensitivity
Specificity

74.5
78.7

77.8
85.3

66.7
85.3

BNP>p1OgImI or HF
ensitviy
91.5
NA
93.3
61.7
85.3
NA
Specifiuty
In this unselected CCU population, 18 (38.3%) of the 47 patients with
LVD had no clinical evidence of heart failure. This group is difficuit to
identify in everyday practice without recourse to complex imaging
techniques, but a BNP value of > 1lOpg/ml in the subacute phase after
AMI had a positive predictive value of 74%.
When BNP resuits were taken in conjunction with simple clinical signs,
we were able to identify a high nsk group of patients with LVD or HF
with high sensitvity (93.3%) and specifity (85.3%). We conclude
that this combination has great potental as a cheap, simple guide to
the use of ACE-I's following AMI, especially in centres without ready
access to a formal assessment of LV function.

LATE POTENTLALS IN CHRONIC HEART FAILURE:
CORRELATION WITH PROGNOSTIC MARKERS FROM A
MULTI-CENTRE STUDY OF AUTONOMIC DYSFUNCTION
IN HEART FAILURE
HSJ Lindsay, PD Batir., JP Nolan, R Andrews, WP Brooksby, M
Mullen, JMM Neilson, AJ Cowley, KAA Fox, for the
Collaborative Heart Failure Study Group
Department of Cardiology, Leeds General infirmary, Leeds
Late po'entials (LP) are prognostic markers in ischaemic heart disease
(EHD) along with a number of measures of autonomic dysfunction e.g.
heart rate variabiltv (HRV). Chronic heart failure carries a substantial
risk of sudden death and life threatening arrhythmia and the incidence
of LP and low HRV is increased but large prospective studies
comparing prognostic markers in CHF have not been reported. We
have recorded signal averaged ECGs and 24 hour tapes on
prospectively recruited ambulant outpatients with symptomatic CHF
free of diabetes, recent acute MI, sustained atrial arrhythmia or chronic
renal failure.
RESULTS:Between December 1993 and April 1995 135 patients
aged 62.6±9. NYHA 2.3 ±0.5, fractional shortening (FS) 21± 8% EF
43_t18%, frusemide dose 66±47 mg were recruited. LP status is
associated with poorer svstolic function as shown.
LVESD
EF (%)
FS (%)
LVEDD
LP+
LP-

(cm)

(cm)

6. 1-1 .1

5.3±1

6.5-1.1

38--17

4.8-±21"47±17
p=0.03

p=0.04

1 8-6

23±9

p=0.006

CONCLUSION:This confirms that LP status defines a higher risk
population in CHF. In April 1996 when mean follow up will be 536
days LP status will be correlated with mortality and compared to HRV
variables known to predict mortalitx in patients with IHD. The
elucidation of the relation between different prognostic markers in CHlF
will have important implications for risk stratification and clinical
management of patients with CHF
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PRE-DISCHARGE EXERCISE TESTING IN THE
PREDICTION OF CARDIAC EVENTS OVER 5 YRS
FOLLOWING THROMBOLYSIS FOR ACUTE
MYOCARDIAL INFARCTION
PD Maclntyre*, JD Gemmill, KJ Hogg, FG Dunn, AP Rae, WS
Hillis*, Departments of Cardiology, Western Infirmary* and
Stobhill Hospital, Glasgow.
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EFFECTS OF POSTURE ON SYSTEMIC ARTERIAL WAVE
INTENSITY IN MAN
M W Ramsey, J Goodfellow, Y Kondoh', M Sugawara',
T Yaginumat. Cardiovascular Sciences Research Group,
University of Wales College of Medicine, Cardiff, U.K.,
Tokyo Women's Medical College, Tokyo, and tJichi
Medical School, Omiya, Japan.

Changes in skeletal muscle volume influence exercise capacitv in
chronic heart failure [CHF] patients. We studied dual-energy x-ray
absorptiometry in 14 healthy controls [Con], 38 non-cachectic [nc] and
17 cachectic [cl CHF patients. We comected mathematically the results
of fat and lean tissue to derive leg adipose and skeletal muscle mass
[Mus] (published error 14%). The results were compared to maximal
quadriceps strength ([QS] in N and N/100g, both legs).
The groups were matched for age and height (Con 59±2y, ncCHF
59±ly, cCHF 63±3y, mean±SE), Con and ncCHF had matched
weight, whereas ncCHF and cCHF had similar MVO2, NYHA class
and LVEF (26±2 vs 23±4%). Cachectic CHF paients were defined by
>5kg weight loss over at, least 6 months and BMIc<24kg/m2, and
showed marked atrophy (81±2% ideal weight).
Con
n=14
Mus (kg)
15.0±.4
Adipose (kg) 5.3±.6
Mus/Adipose 3.3±.4
right QS (N) 426±30
left QS (N) 455±34
rQS/1S4gMus 5.7±.4
IQS/1OOgMus 6.1±.5

ncCHF
n=38

cCH
n=17

ncCHF cCHF cCHFvs
vs Con vs Con ncHB

(P)

13.5±.3 11.0*3 .014
6.5±.5 3.1±.3 NS
2.7±.2
436*16
416±19
6.5±.2
6.1±.2

4.4±.5 NS
268±21 NS
239±19 NS
4.9±.3 .09

4.3±.3

We investigated the effects of posture on aortic wave
intensity (dP.dU, where dP and dU are the changes in blood
pressure and velocity) in 11 male subjects (mean age 46y) by
simultaneously measuring left ventricular (LVP) and aortic
(P) pressure, together with aortic blood flow velocity (U)
using a multi-sensor catheter in each subject after 00, 300,
600 and 900 of upright tilt. Wave intensity was calculated
from ensemble averaged waveforms gated by the R wave of
the ECG. A positive value of wave intensity indicates that
flow is determine'd predominantly by wavefronts travelling
forwards from the heart, and vice versa.

NS

(00

<.0001
.0011
.13
.0001
<.0001
.10
.0019

rdt

(P)

<.0001
.0002

peak 2 tirmeof Heartrte
peak 2 (bpm)
1.12
34a
73
"
1317

(arb)

peak I
97ms

30

3.3
27

9

0.72"

60

21-1

1100-

1064 1296-

90

1.8"

106I

0.57" r'

O

.0012
<.0001
<.0001
<0001

peak I time of

(arb)

(*p<0.05, 'p<O.Ol cf supine).

<.0001
Significant skeletal muscle loss is observed in non-cachectic and
cachectic CHF patients. Adipose tissue loss is a feature seen only in
cachectic CHF patients, and is a sign of severe catabolism. When
strength is preserved in non-cachectic CHF patients, this is partly due
to increased strength per unit muscle. Skeletal muscle function is
grossly impaired in cachectic CHF patients and explains their main
symptom of weakness.
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These data indicate that the forward travelling compression
wave (arising from LV contraction, peak 1) is reduced and
delayed when moving from a supine to an upright posture
and may be explained by delayed aortic valve opening and
increased afterload. The reduced and earlier forward
travelling expansion wave (arising predominatly from LV
relaxation, peak 2) is associated with a reflex increase in
heart rate and reduced peripheral wave reflection. Wave
intensity is a useful novel parameter for studying
ventriculo-arterial interactions.
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THE ROLE OF LIPOPROTEIN(a) IN THE PATHOGENESIS OF
UNSTABLE ANGINA.
P.Stubbs', M.Seed+ ,P.Collinson#, B.O'Connor+, D.Moseley#. MIM
Noble'.
Academic Unit of Cardiovascular Medicine*, Dept of Medicine+,Charing
Cross and Westminster Medical School, Dept of Chemical Pathology
Mayday University Hospital#, London UK.
The purpose of this study was to examine the potential role of Lp (a)
concentrations in patients admitted with unstable angina (UAP) with
particular reference to their relation to cardiac Troponin T(cTnT)
concentrations, which identifies a sub group at high risk of subsequent
cardiac events. Mthods.Unselected admissions with chest pain to a
single CCU were studied and sampled for Lp (a) estimation,other lipid
variables and markers of myocyte damage. Patients with a final diagnosis
of UAP were dichotomiSed for TnT status according to their cTnT value at
12-24 hours from admission. A value of > 0.2 ng/ml was taken to be
positive. Full clinical details were recorded on all patients by proforma.
Non parametric statistical tests were used for all analyses.
Lp(a)concentrations were measured in batches, in duplicate, by Biopool
ELISA (Porton) (Within run CV 3.2%, between run CV 6%). RBSulItS:167
patients with a final diagnosis of UAP were studied. 56 patients were cTnT
positive. No significant differences in the demographics between the two
unstable angina groups with respect to established risk factors for heart
disease, chest pain history prior to admission, electrocardiographic
findings and standard lipid variables were seen. Lp(a) concentrations were
significantly higher in the cTnT positive unstable angina as compared to
the cTnT negative unstable angina group: median and interquartile ranges
22.25 mg/dl (6.25, 32.0) versus 6.0 mgldl (2.22, 14.8) respectively) p =
0.0004 (Mann Whitney). A highly significant correlation, using the Rank
Spearman statistical test, was also found between the level of cTnT at the
diagnostic time period and the Lp(a) concentration: rs= 0.2798, p=
0.0001.Conclusion This study provides the first in vivo evidence of a
highly significant role for Upoprotein (a) in unstable angina. The
correlation between Lp(a) concentration and cTnT concentration suggests
that Lp(a) is significantly involved in the early failure of plaque rupture

stabilisation.

ENDOTHELIAL
FUNCTION
DECLINES
IN
HYPERCHOLESTEROLAEMIC WOMEN FOLLOWING THE
MENOPAUSE.
M Bellamy, *S T Gorman, M Brownlee, M W Ramsey, M J Lewis,
J Goodfellow, and A H Henderson.
Cardiovascular Sciences Research Group, Department of *Bioengineering, University of Wales College of Medicine, Cardiff.
The prevalence of cardiovascular disease (CVD) is relatively low in
pre-menopausal women but rises after the menopause, suggesting a
protective role of oestrogens. We studied endothelial function in preand post-menopausal hypercholesterolaemic (HC) women (none
taking oestrogen therapy) by measuring the endothelium-dependent
increase in brachial artery diameter during reactive hyperaemia
(produced by releasing a wrist cuff inflated to suprasystolic pressure
for 5 minutes). compared with the endothelium-independent response
to sublingual nitro-glycerine (GTN 400sig) in a group of 10
premenopausal HC women, and 10 post-menopausal HC women. All
subjects were normotensive, non-smokers, and non diabetic.
Group I - HC pre-menopausal women (age 38±9years, BMI 25±4.5,
chol. 7.6±1.3 [SD] mmolQl), Group II- HC post-menopausal women
(age 63±6 years, BMI 25.2±2.1, chol. 7.8±1.4 mmol/l). Brachial
artery diameter was measured by ultrasonic wall tracking (VadirecTM,
resolution ±3;tm), blood flow with continuous wave Doppler, and
blood pressure (BP) by photo-plethysmography (FinapresTM), at rest,
at 1 minute of reactive hyperaemia, and 3 minutes after sublingual
GTN.
Resting heart rate, BP, brachial artery blood flow and artery diameter
were similar in both groups. During reactive hyperaemia the increase
in blood flow was similar in both groups (+560±89 in I, +550±101%
in II), but the increase in diameter seen in pre-menopausal HC woqien
(+2.76±3.5%) was abolished in post-menopausal HC worpen
(-1.12±2.32%, p =0.021), in contrast, the response to GTN was
preserved (+22.2±5.1% in I, +20.5±10.9% in II).
This study demonstrates that the pre-menopausal state has a protective
effect on endothelial function in HC.
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BODY COMPOSITION AND STRENGTH IN CHRONIC
HEART FAILURE: REDUCED MUSCLE EFFICIENCY
IN CARDIAC CACHEXIA
SD Anker, B Lees, TPeng Chua, D Harrington, P Ponikowski,
+ W Kox, PA Poole-Wilson. AJS Coats
Royal Brompton Hospital, London, + Charite Berlin, Germany
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Background. Abnormalities of skeletal muscle metabolism in patients
with congestive heart failure(CHF) have been described. They tend to
occur on exertion but bear little relationship to the degree of
symptomatic impairment. Methods. We used a new model to study
skeletal muscle metabolism at rest and during exercise in 22 patients
with NYHA III CHF, 21 patients with NYHA II CHF and 10 agematched normal(N) volunteers. An antecubital vein in the dominant
forearm was cannulated retrogradely to enable blood sampling direct
from the muscle bed. Venous blood at rest was then" taken for serum
lactate and ammonia (a sensitive marker of ATP loss). Using a handgrip
dynanometer, the maximum voluntary contraction (MVC) was
determined. Subjects then exercised to 25%, 50% and 75% of their
MVC and at a fixed workload(FW) of 7kg, 14kg and 21 kg. 30
isometric contractions were performed at each workload (5 seconds
contraction and 5 seconds rest) for 5 minutes or until exhaustion. Blood
samples for lactate and ammonia were taken 0 and 2 minutes post
exercise. Results. Muscle strength was reduced in CHF (MVC
NYHA 11.33.1kgNYHA Im, 0.005 N cf. CHF).
42.5k N, 34.1kgN
Retn

lcae
mmolll

ormal

Rsting PekPeak
la tate
anonia
aanmniajlacate

h±mol/

0.65±0.1T 87
.84a0.1

FW
mmoll

snol/m

158±0.21 3
12.03i0.2

5% MVC 75%
mmol
MAVC

INCREASES IN SYSTEMIC OXYGEN CONSUMPTION OFFSET
IMPROVEMENTS IN SYSTEMIC OX'YGEN DELIVERY DURING
DOBUTAMINE INFUSION IN NEWBORN LAMBS
DJ Penny, T Sano, KM Forster, JJ Smolich.
Institute of Reproduction and Development, Monash University.
Departments of Cardiology, Royal Children's Hospital and Monash
Medical Centre, Melbourne, Australia.
An important goal of inotropic therapy is to increase cardiac output
sufficiently to provide adequate perfusion of systemic tissues, and
thereby maintain tissue oxygenation via an appropriate balance between
systemic oxygen delivery (Q02) and oxygen consumption (MV02).
However, while it has been suggested tat the cardiac effects of
inotropic agents may be blunted in the newborn period, the
consequences of this for systemic oxygen balance are unknown. To
address this question, 1-2 day (n=6), 7-10 day (n=8) and 6-8 week old
(n=8) o,pen-chest lamnbs were instrumented with an ascending aortic
ultrasomc flow probe to measure cardiac output (CO), and aortic and
pulmonary artenal catheters for blood sampling. CO, aortic (C,°2) and
pulmonary arterial (CPO2) oxygen contents, Q02, calculated as
CO*C.02, and MVO2, calculated as CO*(C.02-C 02) were then
determined during an iflcremental infusion of the -adrenergic agonist
dobutamine to a peak dose of 40j±g/kg/min. Under baseline conditions,
CO and MV02 in the 6-8 week lambs were lower than in younger
animals, while QO° fell progressively with increasing age (Table).
Following dobutamine infusion, CO and Q02 rose similarly in all
groups, but the increase in MV02 was markedly greater in 1-2 day
lambs, resulting in a substantial rise in the MVO2/Q02 ratio (Table).
_ -2days 7-lOdays
6-8weeks1

]5aseline

CO (ml/kg/min)

Q02 (m102/kg/min)

. 1±0.2 09±16
.560.2

III
.31±0.3*
.7A.3
m 1 8i0. 1 *
1 NHA I cf rmal
*p0.03 NHA H cf NYHA 11T
The overall lactate and ammonia response to exercise was greater for
NYHA III than NYHA II and normals (p<0.01) though there was no
significant difference between NYHA II and normals. Conclusions.
Skeletal muscle is metabolically stressed at rest in severe CHF.
Metabolic abnormalities on exercise are closely related to NYHA status
and suggests that these abnormalities play an important role in the
pathogenesis of symptoms.

(38)
DAILY ACrIVITY LEVELS PREDICT PROGNOSIS IN PAT1r:NTS
WITH CHRONIC HEART FAILURE
JT Walsh, A Charlesworth, R Andrews, M Hawkins, AJ Cowley.
Cardiovascular Medicine, University Hospital, Nottingham.
There are many ways of assessing exercise intolerance in chronic heart
failure but how they relate to prognosis is unknown. The use of
maximal exercise testing has excluded large numbers of patients from
previous mortality trials. Patient activity outside of the exercise
laboratory may also be important. In 94 patients (mean age 64 years,
79 male) with moderate chronic heart failure we assessed treadmill
exercise capacity using a modified Bruce and fixed workload protocol,
corridor walk times and daily activity measured as footfall by
pedometers. These were related to central haemodynamics regional
blood flow, simple laboratory variables and prognosis. Patient follow
up was 6-72 months over which period 44 patients (47%) died.
Univariate analysis showed reduced daily activity (p<0.00l) and limb
blood flow (p<0.01) were predictive of death. Peak V02 (p<0.01).
resting cardiac output (p<0.001) and mean arterial pressure (p<0.001)
were also related to a worse prognosis. Reduced survival did not relate
to treadmill or corridor' walk times. Of the non laboratory variables
diuretic dose (p<0.001), NYHA class (p<0.001), cardiothoracic ratio
(CTR, p<0.01) and ventricular arrhythmias (p<0.05) were also
predictive of death. Plasma urea and creatinine (p<0.05), serum sodium
(p<0.001) and abnormal liver function tests (bilirubin, p<0.01) were
found to be biochemical predictors of outcome. Multivariate analysis of
the different variables showed customary activity scores (p<0.001),
reduced arterial piessure (p<0.001), serum sodium (p<0.001) and
diuretic dose (p<0.01) were the most powerful predictors of outcome.
These results show that measures of daily activity are powerful

predictors of death in patients with chronic heart failure. This may
prove useful in predicting prognosis in patients considered unsuitable
for standard exercise studies.

153±13

25.4±3

MV02 (m102/kg/Min)
6.6±0.6
% Chage after Dobuine
CO
+105+29

QO

002
MVO2/QO2

+63±18

+180±49

+70±6

147±14

16.3±1.5

6.4±0.6

+98±20

+73±17b
+5224b
-12±9

94±8

1 1.9±1

b,c

3.9±3 I'd'

+88±7
+88±8
+27±5

-32±t4

Mean±SEM

a: p<0.05, b: p<0.01 vs 1-2d; c: p<0.05, d: p<0.01 vs 7-10d.
These data suggest that the beneficial effects of dobutamine on
systemic oxygen delivery in the newborn period may be significantly
offset by an associated increase in MVO,.

(40)
CHANGES [N EXPRESSION OF COMPONENTS OF THE RENINANGIOTENSIN SYSTEM IN POST MYOCARDIAL INFARCTION
HEART FAILURE AND AFTER ACE INHIBITOR TREATMENT
MP Kelly, 0 Kahr, C Aalkjaer, NJ Samani
Department of Cardiology, University of Leicester and Department of
Pharmacology, Aarhus University, Denmark.
Treatment with angiotensin converting cnzyme inhibitors (ACEI)
improve symptoms and prognosis in subjects with left ventricular
dysfunction following myocardial infarction (MI). The mechanisms
underlying these beneficial effects remain to be fully elucidated, but
one hypothesis is that they are, at least partly, due to effects of ACEI
on tissue-renin angiotensin systems. To investigate this we have
examined changes in tissue gene expression of the various components
of the renin-angiotensin system in experimental post-infarction heart
failure without and following ACEI treatment. Four groups of rats (n =
8-12 per group) were studied: (A) rats with post-MI heart failure
induced by ligation of the left coronary artery (B) as per A, but treated
with the ACEI, perindopril (1.5 mg/kg/day) (C) sham-operated rats
with no treatment (D) sham-operated rats treated with perindopril.
Expression of renin, angiotensinogen, ACE and AT1 receptor was
assessed by quantification of their respective mRNAs by northem
blotting using GAPDH mRNA as an internal control. No shamoperated rats died. Mortality was 5/12 (42%) in group A and 1/11 (9%)
in group B (p < 0.01). Renal renin mRNA increased two-fold in
animals with MI (Group A) compared with controls (Group C) (p <
0.05) and between 50-100 fold following ACEI treatment (p < 0.001).
No change in rcnin gene expression was found in any extra-renal sites.
Hepatic angiotensinogen mRNA level was similar in all groups but
kidney angiotensinogen mRNA level was increased 1.6 fold (p < 0.01)
following ACEI tretament (Groups B and D). ACE mRNA level in the
lung was not affected by ACEI treatment but decreased by 50%
following MI (Groups A and B, p < 0.01). AT1 receptor mRNA level
was not affected in any tissue by either MI or ACEI treatment. Our
study therefore shows tissue-specific changes in expression of selected
components of the reain-angiotensin system in post-MI heart failure
and/or following ACEI treatment. The relevance of the changes
observed to the pathogenesis of heart failure and the effects of ACEI
treatment require further study.
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OF
SKE.LETAL MUSCLE
ABNORMALITIES
METABOLISM ARE PRESENT AT REST IN CONGESTIVE
HEART FAILURE: RELATIONSHIP BETWEEN THESE
ABNORMALITIE' A.iND SYMPTOMS
R Andrews, J Walsh, S Curtis, A Evans, AJ Cowley.
Department of Cardiovascular Medicine, University
Hospital, Nottingham, NG7 2UH
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Background: The occurrence of sleep disordered breathing has been
well documented in patients with severe heart failure (HF). Little is
known about the prevalence of sleep apnoea in patients with stable HF.
Patients & Methods: 62 patients (59 male, mean age 62.6 years) on
maximum tolerated drug therapy with stable HF. All NYHA grades
were represented. Patients were excluded if they had a history of
pulmonary disease. Simultaneous overnight pulse oximetry and Holter
monitoring was performed in patients own homes. Symptoms of
daytime sleepiness were assessed using the Epworth Sleep Score (ESS).
Results: Five patients had a mean oxygen saturation (SaO2) of less than
90%/'. The mean frequency of dips in SaO2 exceeding 4% was 9.8 per
hour; 36 (58.3/o) patients had >5 dips/hour, and 24 (38.3%) had >10
dips/hour. Sinusoidal patterns of desaturation suggestive of Cheyne
Stokes respiration were seen in 16 patients. There was a significant
correlation between echocardiographic ejection fraction (EF) and dip
frequency (r = -0.34, p<0.05). There was no correlation between dip
frequency and age, body mass index or alcohol intake. The patient
group with frequent desaturations (>10/hour) had a lower mean EF
(0.39+/-0.03 vs 0.52+/-0.03. p=O.01), and were less likely to belong to
a favourable NYHA class (X2 12.16, p<0.01). There was no difference
between these groups according to severity of arrhythmia or ESS, but
patients with a poorer NYHA class complained of more symptoms of
daytime sleepiness as assessed by ESS (X2 17.23, p<0.05).
Condusion: Nocturnal desaturation and daytime sleepiness is common
in patients with optimally treated BF. Low EF and poor NYHA class
predict for frequent dips. Oximetry does not, however, predict for
symptoms of daytime sleepiness. This suggests that the relationship
between these varables is complex - polysomnography may be a
superior tool for identifying patients who require treatnent specifically
for sleep disordered breathing.

It is well established that in the postprandial (PP) period, patients with
coronary artery disease (CAD) have earlier onset of lmm ST depression
(ST) and chest pain (CP). Few studies have assessed the effect of
isoenergetic foods of different composition on the time course of these
variables and other haemodynamic measurements in patients with
angiographically proven CAD and normal left ventricular (LV) function.
We measured baseline (Base) mean arterial blood pressure (BP), heart
rate (HR) and cardiac output (CO) in 15 patients (mean age 62.1±1.2,
11 male) with CAD and normal LV function after a 12 hour fast.
Patients then carried out a modified Bruce exercise test, during which.
time to ST and CP were measured. This process was repeated 30min
and 60min after completing a high carbohydrate (HC) or high fat (HF)
meal. On a third placebo visit the protocol was repeated without meal
ingestion. All visits were at the same time of day at least I week apart.
Results. Resting HR (bpm), CO (1/min) and BP (mmHg) did not
change during the placebo visit, nor did time to CP (secs) and ST
(secs). Table: Measurements before and after meals, data expressed as
mean ± SEM, * denotes p<0.05.
HC
HF
|
|
Base r 30min 60min
Base
30min 60min

74±3*
72±4*
66±2 77±2*
75+9*
R 65+±
CO 3.5±0.2 3.9+0.3* 4.1±0.3* 3.5± 0.2 4.2±0.3* 4.1±& 0.3*
111±3 104±2*
105±3
BP 114±6 109±6*
110±6
ST 490±96 498±106 468±109 474±106 400±E97* 438±101
CP 585±116 572±113 566±114 592±109 02±106* 538±107*
Thus, 30min after HC time to 1mm ST depression and chest pain is
reduced, time to onset of chest pain remains reduced 60min after HC.
Despite substantial cardiovascular adjustments a HF meal does not
reduce time to 1mm ST depression or chest pain. Patients with CAD
should avoid exercise for up to 60min after eating and if PP symptoms
are troublesome take more calories as fat.

(44)

(42)

INSULIN MEDIATED VASODILATATION CAUSES
POSTPRANDIAL HYPOTENSION IN THE ELDERLY.
MT Kearney, IA Macdonald, TA Stubbs, AJ Evans and AJ Cowlev.
Queens' Medical Centre Nottingham.

Postprandial (PP) hypotension is common in the elderly, particularlv
after high carbohydrate (HC) meals. The mechanisms underlying this fail
in blood pressure (BP) are unclear, after high fat (HF) when BP is well
maintained there is an increase in calf vascular resistance (CVR) not seen
after HC. Insulin (I), a skeletal muscle vasodilator, may be responsible
for this failure of vasoconstriction, leading to PP hypotension. We
measured the cardiovascular (CV) responses to a HF meal accompanied
by a euglycaemic I infusion reproducing the plasma profile seen after
HC, and compared the responses to those occurring after HC and HF
meals alone in 10 healthy elderly subjects (8 male, mean age 71.4±2.2).
Fasted baseline measuremenls of heart rate (HR), BP, cardiac output
(CO) using Doppler ultrasound and calf blood flow (CBF) using venous
occlusion plethysmography were taken. These were repeated on 3
occasions after eating a HC meal, a HF meal, or an HF meal
accompanied by the I infusion (HFI).
Table. Cardiovascular variables before and after the 3 meals. Data
expressed as mean ± SEM, * denotes p<0.05.
Meal
HR (bpm)

CO (1/min)
BP (mmHg)

CBF

(ml/100ml/min)

CVR (U)

HC

HFI

HF
Baseline

Baseline

Baseline

35min

35min

35min

68±2*

69±2*
4.4±0.3

71±2*
4.4±0.2

62±3

3.710.2

5.5±0.3*
96±4

63+2

62±2

6.1±0.4*

94±3

5.4±0.3*
98±4

90±3*

89±4*

2.2±0.3*

2.9±0.3
3.2±0.4

3.1±+0.3
3.2±0.4

33±3

35±3

34±2

45±4*

30±-3

31-4

3.0±0.2

100±3

Despite a normal cardiac response to HC and HFI there was a fall in BP.
The failure to increase CVR due to the action of insulin on skeletal
muscle vasculature may be responsible for PP hypotension in the elderlv
after HC.

HEART RATE VARIABILITY AND SIGNAL AVERAGED
ELECTROCARDIOGRAPHY AS PREDICTORS OF CLINICAL
DETERIORATION IN PATIENTS WITH IDIOPATHIC DILATED
CARDIOMYOPATHY
Gang Yi, Philip J Keeling, Karen Reardon, William J McKenna, Marek Malik.
Department of Cardiological Sciences, St George's Hospital Medical School,
London, UK.
Hear rate varabilty analysi (HRV) and late potentals are considered as
independet predictors of venticular arrhytmi and sudden cardiac death in
patients (pts) following myocardial infacion. The role of a combination of
these p s in risk stratification of pts with idiopathic dilated
cardiomyopathy (DCM) is not clear. Non-spectral HRV and spectral
turbulence analysis (STA) of the signal-averaged eectr rdiogram were
performed in 31 pts with DCM who were in sinus rhythm (WHO criteria;
mean age 43 years, range 18-64; 22 men). All recordings were obtained at
presentation. Pts with diabetes, establshed hypertension, atrial fibrilation
and atrial ventricular conduction block were excluded. Pts were followed up
for a mean of 45±17 months. During this period, 12 pts developed
progressive heart failure (PHF) and others remained clinically stable (CS).
HRV is markedly reduced in PHF pts (SDNN 66±34 vs 125±41, SDANN
61±32 vs 112±38, rMSSD 17±6 vs 30±14; p<0.01) and SDNN<100 ma was
more conunon in PHF pts (75% vs 26%; p=0.008) compared to CS pts.
Abnormal STA was found in 39% of pts and was frequently seen in PHF pts
(58% vs 26%; p=0.07). Sixtv-four % of ptS who had SDNN<lOOms and
58% ofptS who had abnonnal STA developed PHF during follow up (Table).
Predictive Abifi!or ldeng&vng Pts at High RiskofClinical Deterioration
Sen
PPa
NPa
Spc
p
82
0.008
SDNN<lOOms
75
74
64
Abnormal STA
58
74
74
0.07
58
+
72
0.04
95
83
SDNN<IOOms Abnormal STA 42
SDNN<lOOms or Abnormal STA 92
53
91
0.03
55
predictive
Spc=specificity,
PPa/NPa=positive/negative
Senasensitivity,
accurcy,
SDNN=standard deviation about the mican of all coupling intervals between normal beats.
In conclusion, DCM pts with remarkable depressed HRV and an abnormal
STA result are at high risk of clinical deterioration. It is more clinicallv useful
to combine results of HRV with presence of abnonnal STA in risk
stratification of DCM pts

T_he
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PREDICTORS AND PREVALENCE OF NOCTURNAL
DESATURATION IN PATIENTS WITH MAXIMALLY
TREATED STABLE CARDIAC FAILURE.
A Staniforth, Kinnear, A Cowlev.
Cardiovascular Medicine, Queens Medical Centre, Nottingham.

POSTPRANDIAL WORSENING OF ANGINA: MEAL
COMPOSITION AND TIMING ARE IMPORTANT
DETERMINANTS OF ONSET OF ISCHAEMIA AND
CHEST PAIN.
MT Kearney, A Charlesworth, M Hawkins, IA Macdonald and AJ
Cowley.
Queens Medical Centre Nottingham
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Cardiac manifestations of myotonic dystrophy, the most common form
of adult neuromuscular disease, share some of the features of
hypertrophic cardiomyopathy (HCM), such as high incidence of ECG
abnormalities, increased risk of sudden cardiac death and occult
diastolic dysfunction. The disease is strongly associated with expansion
(>50 repeats) of an unstable (CTG)n trinucleotide repeat in the 3'
untranslated region of the myotonin kinase gene, located at 19qI3.3.
We investigated whether the myotonin kinase gene (CTG)n repeat was
associated with the occurrence and clinical manifestation of HCM. We
analysed 127 unrelated HCM patients (87 males), diagnosed on
standard criteria. By employing flanking primers, one of them
radiolabelled, we amplified the repeat region by the polymerase chain
reaction (PCR) and genotyped the subjects by high resolution
denaturing polvacrylamide gel electrophoresis. Allee sizes were
determined by comparison with a pUC18 sequencing ladder.
Genotypes were compared to that of the well charactensed, genetically
homogenous male Caerphilly population (n=121). The (CTG)n repeat
allelic distribution showed clustering into three main ranges in both the
HCM and Caerphilly population, the 11-14 repeats being the most
frequent (43.4 and 51.2%, respectively), followed by the 5 repeats
(42.2 and 34.3%, respectively) and the 19-30 repeats (11 and 9o/a,
respectively). The 5 repeat allele was significantly overrepresented in
the male HCM group (p=0.02), as were the genotypes featuring at
least one 5 repeat allele (p=0.04). The 11-14 repeat allele was
significantly more frequent in the familial HCM group as compared to
the sporadic HCM group (p<0.04). The association between the
myotonin kinase gene (CTG)n repeat and hypertrophic
cardiomyopathy imnplicates a possible role ofthis gene in HCM.

(46)

EFFECTS OF PERMANENT DUAL CHAMBER PACING IN
END-STAGE DILATED CARDIOMYOPATHY
SJD Brecker, PA KeDly, TP Chua, DG Gibson
The Royal Brompton Hospital & London Chest Hospital, London
Permanent dual chamber pacing with a short atrioventricular delay
(AVD) may be beneficial in end-stage dilated cardiomyopathy. In order
to assess the effects, we have studied 15 such patients with exercise
testing and Doppler echocardiography over a 12 month period
following pacemaker implantation. Follow-up data is available on 12.
Patients were aged 63±10 years, 10 were male, and all had severe
dilated cardiomyopathy (left ventricular end-iastolic dimension
[LVEDD] 7.5±1.0 cm, shorten fraction 13±5 %, maximal oxygen
uptake [MVO2] 9.2±3.8 mIs/kg/min). Mean PR interval was 215±70
ms, and QRS duration 170±30 ms. 5 patients died during the follow up
period. All patients sustaned an initial improvement in exercise
duration with short AVD pacing (3.9±2.1 vs. 6.1±2.2 mins at one
month, p<0.01), and MVO2 (9.2±3.8 vs. 11.9±2.0 mls/kg/min,
p<O.01), including those subsequently dying. This improvement was
sustained during follow up (5.4 mins and 13.6 mIlskg/mnmn at 6 months,
p values <0.01). Mitral regurgitation duration decreased with short
AVD pacing (490±80 vs. 400 ±30 ms, p<0.01) with a consequent
increase in left ventricular filling time (180±110 vs. 270±90 ms,
p<O.OI). Ventricular size decreased during the follow up period, and
shortening fraction increased (LVEDD 7.5±1.0 vs. 6.5±1.2 cm, 13.4 vs.
15.7 %, p values <0.05). Thus, permanent dual chamber pacing with a
short AVD may be beneficial in selected patients with end-stage dilated
cardiomyopathy, in terms of exercise performance, ventricular size and
Doppler filling characteristics. However, one year mortality in this
group remains high, and a larger randomized controlled trial now seems

justified.

Solute Exchange in the Ischaemic Myocardium: The Voltammetric
Hydrogen Clearance Technique and Radioactive Microspheres.
DS. Fluck, PJE. Etherington, D. O'Hare, DJ. Sheridan, CP.
Winlove. Imperial College of Science, Technology and Medicine,
London
In all tissue, the delivery of nutrition and the removal of metabolites
(solute exchange) occurs by a combination of convection (coronary
blood flow, venous flow and lymphatic drainage) and diffusion
through the tissue matrix. In cardiac physiology this is commonly
determined by radioactive microspheres (QM). However, rM only
determine convective transport from pre-capillary arterioles. There
are therefore, pathways of solute exchange which are transparent to
rMk. which might be visualised by clearance techniques using diffusible
tracers. Methods: A pentobarbitone anaesthetised rabbit model of
regional ischaemia was used. Ischaemia of the apical region was
induced by ligatioR of the large left ventricular branch of the
circumflex artery. The ischaemic region was demarcated ex vivo using
monastral blue. Solute exchange was determined by hydrogen
clearance which was detected voltammetrically prior to and following
coronary ligation, by platinum microelectrodes (n = 5).
Measurements using rM were also made prior to and following
coronary ligation (n = 5). The exchange of diffusible solutes was
visualised using digital fluorescence microscopy on histological
sections of tissue following systemic administration of the fluorophore
Evan's blue labelled albumin (n =4). Results: In ischaemic tissue,
flow determined by microspheres fell to 3.9 ± 4.1% of its
pre-ligation value but solute exchange fell only to 22 ± 10 %
(adjusted for changes in the partition coefficient during ischaemia, p
< 0.05). Increased uptake of Evan's blue albumin was seen
surrounding vessels, possibly venous, and at the endocardial surface
in the ischaemic region. Conclusion: Under normal physiological

conditions solute transport is convection-limited, but during ischaemia
diffusive transport becomes more important. This work demonstrates
that care is required in interpreting perfusion measurements made
duiring regional ischaemia.

(48)

POSITRON EMISSION TOMOGRAPHY LOCALISES INSULIN
RESISTANCE TO SKELETAL MUSCLE IN PREMATURE
CORONARY HEART DISEASE.
R. Baliga. A Larnniertsma. C. Rhodes T. Aitman, J. Scott, J.S. Kooner.
Royal Postgraduate Medical School. Hammersmith Hospital, London,
UK.
We have investigated the tissue localisation of insulin resistance, using
positron emission tomography (PET), in 14 male patients with premature
coronary heart disease (CHD, 7 European white (EWP), mean age 46+3
years, 7 Punjabi Sikh (Indian Asian, PSP, mean age 43+2 years) and 12
age, sex, and body mass index. matched ethnic controls (6 European
white (EWC). 6 Punjabi Sikh (PSC)). All subjects had normal blood
pressure and fasting blood glucose (<6.7mmol/1). Whole body glucose
uptake (mg/kg/min) was measured using the hyperinsulinaemic
euglycaemic clamp technique. Regional glucose utilization (by '8FDG
kinetics, umol/g tissuejmin) and blood flow (using H2"5O, ml/g/min), in
myocardium and skeletal muscle (upper arm), were measured with PET.
Whole body and skeletal muscle glucose utilization were lower in
CHD patients than respective ethnic controls (see table, *=p<0.05).
Myocardial glucose utilization appeared lower, but did not attain
statistical significance. in CHD patients than respective ethnic controls.
Whole body glucose uptake correlated with skeletal muscle (r=0.86,
p<O.O), but not heart muscle (r=0.46, p=0.16), glucose uptake. There
were no differences in the resting skeletal, or myocardial, blood flow
between CHD patients, and respective ethnic controls.
Glucose utilization

EWR'P

Whok body
Myocardial
Skeletal musck

5.29±0.89*
0.513±0.06
0.041±0.006*

PSC
EWC
PSP
5.57±0.56
3.5±0.33*
8.08±0.77
0.617±0.09 0.435±0.09 0.634±0+07
0.070±0.007 0.027±0.004*

0.042±0.006
Our results demonstrate insulin resistance in patients with premature
CHD from two separate ethnic groups. PET studies indicate that insulin
rcsistance is localised to skeletal muscle, but not myocardium. and is
unrelated to resting muscle blood flow, in premature CHD.
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MYOTONIN KINASE GENE (CTG)n REPEAT ASSOCIATES
WITH HYPERTROPHIC CARDIOMYOPATHY'
R Sepp; RK Mattu; EWA Needham; P Elliott; K Prasad. A
O'Donoghue; WJ McKenna
Department of Cardiological Sciences, St. George's Hospital Medical
School, London
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Northwick Park Hospital, Harrow, UK

Arbutamine is a newly developed catecholamine, with a short half life
and rapid onset of action, which has been developed alongside a
computerised delivery system for use as a pharmacological stress
agent in the non-invasive assessment of coronary disease. 20 patients
undergoing coronary angiography were assessed by exercise
redistribution thallium scintigraphy (55-60 MBq) in three standard
planar views. Seven to ten days later radionuclide ventriculography
using a specially designed biplane collimator was performed. At the
termination of rest imaging arbutamine infusion was commenced. The
aim was to increase the resting heart rate in two stages to a maximum
of 40-50 beats above baseline levels. Images were acquired at the end
of each stage for three minutes while the heart rate was held at the
same level by the computerised delivery system. Beta blockers were
stopped prior to arbutamine6testing, but not prior to exercise testing.
The mean heart rate achieved by exercise testing was 122 (± 23 S.D.)
beats per minute. The mean heart rate achieved by arbutamine
infusion was 105 (± 14) beats per minute. 19 patients had significant
coronary disease and the same number had a reversible thallium defect
while one had a fixed thallium defect. All 19 patients with coronary
disease had positive thallium scans (sensitivity 100%). 7 out of the 19
patients with coronary disease had positive exercise ECGs giving a
sensitivity of 37%. 1 1 of these patients had positive arbutamine stress
ECGs giving a sensitivity of 58%. 12 of the 19 patients had positive
arbutamine stress radionuclide ventriculograms (sensitivity 63%). If
those with positive stress arbutamine ECGs are added to those with
positive stress ventriculograms the combined sensitivity was 79%
(15/19). Exercise thallium scanning remains the clear method of
choice for the assessment of patients with coronary artery disease.
However arbutamine radionuclide ventriculography is an alternative
method which may be especially useful in the assessment of functional
reserve of the left ventricle.

Reverse redistribution (RR) has been observed in patients with
myocardial infarction (MI) undergoing exercise and redistribution
thallium (Tl-201) imaging. We performed planar TI-201 scintigraphy
in 107 patients 5-6 weeks after acute MI to detect RR and assess its
prognostic significance. All patients had received thrombolysis, were
stable at the time of the study and were followed-up for 18±12
months. RR was obser:ved in 41 (38%/o) patients. RR occurred
predominantly in the infarct zone (36 out of 41 patients, 88%) with
similar incidence in anterior (40%) and inferior (including lateral,
36%) infarcts. The presence of associated redistribution indicating
inducible ischaemia was less in patients with RR (19% vs 36%, p =
0.06). Patients with RR also had a lower incidence of arrhythmias,
unstable angina, reinfarction, urgent revascularisation and death (21%
vs 37%, p=0.08). These differences however failed to reach statistical
significance. Thus, there is a definite trend towards the presence of
less inducible ischaemia and a low adverse event rate in thrombolysed
patients demonstrating RR on planar TI-201 scintigraphy. This finding
may be an indicator of low risk following MI.

(50)
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COMPARISON OF ARBUTAMINE STRESS SESTAMIBI SPECT
IMIAGING AND ECHOCARDIOGRAPHY FOR THE
DETECTION OF CORONARY ARTERY DISEASE
RS Khattar, R Senior, U Raval, A Lahiri. Northwick Park Hospital,
Harrow

Arbutanine is a new, synthetic catecholamine designed specifically for
pharmacological stress testing. The purpose of this study was to
compare the diagnostic value of echocardiography (echo) with sestamibi
(MIBI) perfusion imaging during arbutamine infusion using a closed-loop
delivery device. 36 patients with known or suspected coronary artery
disease (CAD) underwent simultaneous arbutamine stress echo and MIBI
imaging. The rest and stress studies were assessed blindly using a 12
segment left ventricular model for both techniques. The diagnosis of
CAD was made on the basis of resting or stress-induced wall motion
abnormality or perfusion defect, on echo and MIBI imaging iespectively.
Angiographic evidence of a .50% stenosis in at least one of the major
coronary arteries was considered significant. 19 patients had multivessel
disease (MVD), 8 had single vessel disease and 9 had normal coronary
arteries. Diagnostic values for the detection of CAD, MVD and inducible
ischaemia for echo and MIBI are shown below:
CAD
Sens
Spec

MVD
Sens
Spec

MIBI

96%

89%0

68%

59%

70%/o

ECHO

100%

78%

53%

76%0

7 0%o

Inducible ischaemia
Sens

There were no statistically significant differences between the two
techniques. In expert hands both these techniques have equal diagnostic
value. However, arbutamine stress testing should be applied
group of patients to obtain more realistic diagnostic figures.

to a

larger

LATE VENTRICULAR ACTIVATION EDENTIEIED WITH
RADIONUCLIDE VENTRICULOGRAPHY IN
ARRHYTHMOGENIC RIGHT VENTRICULAR DYSPLASIA
GA Ng, W Martin, AP Rae, AC Rankin, SM Cobbe
Department of Medical Cardiology, Royal Infirmary, Glasgow,
Scotland

Time-domain signal-averaged electrocardiogram (SAECG) in patients
with arrhythmogenic right ventricular dysplasia (ARVD) is often
abnormal with the presence of late potentials indicating substrates for
re-entrant ventricular arrhythmias. Eight patients who fulfilled the
criteria for a clinical diagnosis of ARVD underwent radionucide gated
blood pool ventriculography using technetium (Tc-99m) during sinus
rhythm. Right ventricular ejection fraction (RVEF) was determined
and Fourier phase analysis was performed on the gated images to
determine the pattern of ventricular contraction and hence activation.
A control group of 7 patients with poor right ventricular (RV) function
secondary to heart failure from ischaemnic heart disease was also
studied.
RESULTS: All 8 patients with ARVD had late potentials on the
SAECG (total filtered QRS: 119 - 229 ms, under 40jV: 51 - 144 ms).
RVEF was 16 ± 7 % (mean ± SD %) - normal being greater than 40%/a.
Phase analysis identified focal late ventricular activity in the right
ventricle in all 8 patients. The angle of phase delay of the latest activity
identified in the right ventricle from the upstroke of the R wave (used
to trigger the gated images) was 115 ± 850. The patients with poor RV
function secondary to heart failure had RVEF (15 ± 6 %) similar to the
ARVD patients but no focal area of late activity in the right ventricle
was identified, the angle of phase delay between the R wave and the
latest activity in the right ventricle being 19 ± 200 (p=0.01). The late
ventricular contraction cannot be attributed, therefore, to the structural
abnormality in the right ventricle.
CONCLUSIONS: Fourier phase analysis of Tc-99m gated blood pool
ventriculography can be utilised to identify late right ventricular
contraction / excitation in patients with ARVD during sinus rhythm
which appears to correspond to the late potentials on SAECG.
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ARBUTAMINE BLOOD POOL VENTRICULOGRAPHY:- AN
ALTERNATIVrE TO EXERCISE THALLIUM SCINTIGRAPHY?
S Woldman, A McQuiston, W Martin, I Hutton,
Department of Medical Cardiology, Glasgow Royal Infirmary.

REVERSE REDISTRIBUTION OF THALLIUM AFTER
MYOCARDIAL INFARCTION INDICATES LOW RISK
P Soman, S Basu, U Raval, C Kinsey, R Khattar, R Senior. A Lahiri.
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This study compares the value of ECG gated Tc-99m tetrofosmin single
photon emission computed tomography (SPECT) with cine magnetic
resonance imaging in assessing resting left ventricular (LV) function.
Methtods 28 patients referred for routine myocardial perfusion
scintigraphy (20NM, 8F) were studied. 8 had 3 vessel coronary disease, 2
had 2 vessel disease, and 5 had single vessel disease. 750 MBq of Tc99m tetrofosmin was injected at rest and ECG gated tomograms (16
frames per cardiac cycle) were acquired after 30 mins. A 9 segment
model of the LV was used and images were assessed by 2 observers
independently. Wall motion was assessed using a 6 point scale. systolic
wall thickening using a 5 point scale, diastolic wall thickness using a 4
point scale, and tracer uptake using a 4 point scale. Cine magnetic
resonance images were acquired in the same planes and analysed in an
identical fashion. Results There was good overall agreement for motion
(k=0.66), thickening (k=0.62), and thickness (k=0.55) although 15 of
the 252 segments (6%) were unclassified on radionuclide imaging.
There was absolute agreement in the assessment of all parameters in 10
patients with normal contractility on MRI, but poorer agreement in 8
patients with 3 vessel disease and poor LV function (mean LVEF=26%)
- wall motion k=0.48, thickening k=0.41, and thickness k=0.37. Where
tracer uptake was normal, there was good agreement between imaging
techniques (k=0.64-0.75), but where tracer uptake was absent or nearly
absent, agreement was poor (k=0-0.61) with 15 of these 22 segments
unclassified on gated SPECT. Conclusion Gated Tc-99m tetrofosmin
imaging provides an accurate assessment of myocardial wall motion.
thickness and thickening in normal left ventricles but is less valuable in
poorly functioning ventricles. 6% of segments could not be assessed
because of inadequate tracer uptake.

THALLIUM SCANS IN PATIENTS WITH THYROTOXICOSIS
A C Tweddel, C Searl, J Ahmed. E A Jones, W Evans. J H Lazarus
Departments of Cardiology and Medicine. University Hospital of
WVales, Cardiff
In the patient with thyrotoxicosis. myocardial function is known to be
altered. Patients may complain of symptoms such as palpitations and
have minor ECG changes. Myocardial metabolism is affected and the
sodium-potassium pump has been implicated, as thyroxine has a direct
effect on smooth muscle.Myocardial cell uptake of thallium is thought
to be via the sodium-potassium pump, thus thallium scans may be
marker of abnormal potassium handling within the myocardium. Eight
patients with no previous history of heart disease were studied; 2 men,
mean age 33 years age. range 23-46 years. All patients had clinical and
biochemical evidence of thyrotoxicosis; mean serum FT4 49.4 pmolIl ±
8.6 (SD) FT3 17.5 ± 4.5 pmolI [normal upper limits 28 and 9.0 pmol/l
respectively] TSH < 0.04 mU/l.By 6 months 7 of 8 were judged to be
euthyroid and 6 patients consented to restudy. Patients had 12 lead
electrocardiograms (ECG) at rest then stress, performed to a symptom
limited maximum on a treadmill. At peak stress, 70 MBq of
Thallium201 was injected intravenously. SPECT scans were obtained
in a 180° rotation in a circular orbit and reconstructed and reorientated
along the long axis and displayed. Images were reported by 2
experienced observers visually and semi quantitatively from polar plots.
Quantitative analysis was performed by scaling to the hottest pixel.
Site of defect
Initial n=8
6/12 n=6

Anterior
2
0

Septal
5
0

Inferior
7
3

Posterior
1
0

In all 6 patients restudied, the defect size was reduced or abolished
when the patient.became euthyroid.In summary, results from this pilot
suggest that in patients with thyrotoxicosis, myocardial thallium
perfusion defects should be reported with care, as they appear to
improve when the patient becomes euthyroid and may reflect abnormal
Na/K handling within the myocardium.
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VASCULAR OR MYOCARDIAL ABNORMALITY IN
MICROVASCULAR ANGINA: THALLIUM AND
TECHNETIUM PERFUSION IMAGING COMPARED
A C Tweddel, E A Jones, W Evans, J Goodfeliow, G Ellis,
P McArthy, M Bellamy, A H Henderson, Department of Cardiology,
University Hospital of Wales, Cardiff

Gated rest 99 Tm MIBI-SPECT in the assessment of
myocardial viability; comparison with 13 NH3/18 FDG PET.
RJ Trent, JN Adams, A Al-Mohammad, MY Norton,
S Walton
Departments of cardiology, Aberdeen Royal Hospitals, and
biomedical physics, Aberdeen University.

Patients with ateriographically nornal coronary arteries and exertional
angina (microvascular angina) have perfusion abnormalities on thallium
scanning. Continuing controversy whether this syndrome is primarily

Abstract- We compared gated rest MIBI SPECT with 13 NH3
/ 18 FDG PET in 8 patients who had sustained acute
myocardial infarction. Using an 8 segment model, systolic
radial wall thickening was calculated from the MIBI images,
and akinetic, or severely hypokinetic segments were
analysed for MIBI uptake, expressed as a percentage of the
maximal uptake within individual subjects. FDG uptake was
expressed both as an absolute value within individual
segments, and as corrected by comparison with FDG uptake
within the segment of maximal perfusion defined by NH3
uptake. Myocardial viability was defined by either an
absolute FDG: NH3 ratio >130% within an individual
segment, with corrected FDG activity >50% of maximal, or
the presence of only modest reduction in glycolytic activity
(corrected FDG uptake>70%) in association with moderate
reduction of perfusion (NH3 uptake >80% maximal). NH3
and MIBI perfusion were reasonably well correlated with arn
r value of = 0.76. A total of 35/64 (55%) akinetic or severely
hypokinetic segments were identified, and MIBI uptake
defects were defined as mild (>65% max MIBI uptake),
moderate (>30<65%) and severe (<30%), identifying
segments as potentially viable, intermediate, and non-viable
respectively. Comparison of this model with the above PET
criteria showed a diagnostic sensitivity and specificity for
MIBI uptake>65% of 84% and 82% respectively, with a
positive predictive accuracy of 91%.
Conclusion The use of gated- rest SPECT MIBI imaging can
improve diagnostic accuracy in the assessment of
myocardial viability.

vascular or myocardial in origin has led to the suggestion that defects of

thallium uptake (acting as a potassium analogue) may reflect myocyte
dysfunction. 8 patients witl entirely normal coronary angiography, but
abnormal post-exercise SPECT thallium scans (Tl201), underwent
exercise perfusion scanning using technetium (Tc99") labelled
tetrofosmin (Myoview), a flow marker not taken up into myocardium
and functionally comprable to microspheres. Patients exercised to a
symptom limrited maximum on both occasions and were limited by chest

pain, with 12 lead ECG and cuff blood pressure monitoring. Scans were
obtained by an Elscint Gamma camera, using a 1800 circular orbit (30s
per frame) and 3 dimensional reconstruction was performed into
standard projections with construction of polar plots. Analysis was
performed in 3 ways (i) visually,(ii) semi-quantitatively from polar plots
and (iii) quantitatively, scaling to the hottest pixel and dividing the
myocardium into 6 segments.
Site of perfusion defect Anterior Septal Inferior Lateral
(i) isual

71 201
Tc 99m
(ii) semi quant
T1 201
Tc99m
(iii) quant (max only) Ti 201

Tc99m

4

6

7

5
4
5

6
6
6

6
7
6

0
0
0
0

2
2

7
7

1

0

1

0

Summary: Presence and site of perfusion defects for stress thallium and
technetium perfusion agents show high concordance in patients with
microvascular angina, supporting the view that they represent inducible
perfusion defects, due by inference to microvascular dysfunction.
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GATED Tc-99m TETROFOSMIN SPECT IN THE ASSESSMENT
VENTRICULAR
LEFT
CONTRACTILITY:
OF
A
COMPARISON W"ITH CINE MAGNETIC RESONANCE
IMAGING
MG Gunning, C Anagnostopoulos. G Davies. SM Forbat. PJ Ell*, SR
Underwood. Department of Cardiac Imaging and Nuclear Medicine,
Royal Brompton Hospital and *UCL Medical School, London.
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LEFT VEN\TRICUJLAR MAtSS CORRELATES BETTER WITH
VALVE RESISTANCE THAN-EECTIVE ORIFICE AREA IN
AORTIC STENOSIS
Z Wang. R Cooke. A Hayes. JB Chambers
Department of Cardiology. Guy's Hospital, Guy's and St
Thomas' NHS Trust

Attenuation correction has generated significant interest for reducing
attenuation artefacts in myocardial single photon emission tomography
(SPET). In this study we compared regional myocardial tracer
distribution in attenuation corrected (AC) and non attenuation corrected
(NC) 20'Thallium (TI) SPET images in a series of 72 patients (50 male,
22 female). Subjects underwent a stress stud) using adenosine followed
by redistribution SPET imaging. Patients were imaged using a dual
headed gamma camera (General Electric Optima). Two collimated
(153Gd) line sources were situated opposite the two parallel hole
collimators for transmission imaging. Emission (20/25 seconds/view)
and transmission (5 seconds/view) data were acquired sequentially. NC
emission images were reconstructed using filtered backprojection. AC
images were iteratively reconstructed using the attenuation map
computed from the transmission data. Quantitative assessment of tracer
distribution in AC and NC images was obtained from polar plots. Two
observers blinded to clinical data reported the NC and AC images and
visually assessed general image quality of the oblique slices. 38 NC
images showed normal myocardial perfusion, 7 fixed perfusion defects
and 27 a combination of fixed and reversible perfusion defects.
Examination of polar plot data from normal 20'T1 images showed that
there was increased homogeneity of myocardial tracer distribution in AC
images compared with NC images. The majority 65n2 (91%) of AC
images showed the same pattern of tracer distribution as NC images. In
7/72 (9%) patients the report altered from an inferior wall fixed defect
(NC) to one of normal myocardial perfusion (AC). In 37/73 (51%) AC
oblique images scatter from the liver was noted which was not seen on
the NC images: in 20/37 (54%) of these this scatter resulted in image
quality degradation. This method of attenuation correction looks
promising but requires further clinical validation: the issue of
scatter from the liver remains to be addressed.

Valve resistance (mean pressure drop/flow) may
theoretically be better than effective orifice area as a
determinant of left ventricular hypertrophy in aortic
stenosis. We therefore measured left ventricular mass
index (LVMI) using the Devereux formula in 106 patients
with aortic stenosis. Mean pressure drop, transaortic
floA and effective orifice area (EOA) using the continuity
equation were calculated using an HP2500 or Vingmed
750 svstem. There were 53 men and 53 women, average
age 73 (13) years with body surface area 1.79 (0.20)m2,
systolic BP 142 (21) mmHg and diastolic BP 77(9)mmHg.
The peak transaortic pressure drop was 55 (31)mmHg
and the mean pressure drop 31 (19) mmHg.
Transaortic resistance was 233 (168) dyn.s.cm5 and
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EOA 0.9 (0.5)cm2. The LV mass was 367 (146)gm.
There was a curvilinear relationship between LVMI and
EOA (log y=2.52 - 0.6x; r = 0.70: p < 0.0001: see 0.12)
with scatter greatest at EOA< 0.8cm2. There was a direct
relationship with resistance with less scatter (y = 118.3 +
0.38x; r = 0.78; p < 0.00001: SEE 52.2). Multivariate
analysis showed that only resistance was an
independent determinant of LVMI (T 7.0) while EOA,
age, sex. blood pressure, systemic vascular resistance.
history of hypertension and coronary anatomy did not
contribute. We conclude that valve resistance has
clinical advantages over effective orifice area using the
continuity equation in assessing the severity of aortic

sten0sis'
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DOBUTAMINE STRESS ECHOCARDIOGRAPHY RELIABLY
PREDICTS FUTURE CARDIAC EVENTS IN PATIENTS
UNDERGOING DIAGNOSTIC CORONARY ANGIOGRAPHY
R Senior, P Soman, S Ray, S Basu, R Khattar, A Lahiri. Northwick
Park Hospital, Harrow

DIAGNOSTIC ULTRASOUND INTENSITEES MAY DESTROY
CONTRAST MICROSPHERES IN-VIVO; IMPLICATIONS FOR
ULTRASOUND PERFUSION IMAGING
J Hancock, H Dittrich, D E Jewitt, M J Monaghan
Department of Cardiology, King's College Hospitals, London

Prognostic value of stress dobutamine (Dob) echocardiography (Echo) in
patients (pts) with suspected coronay artery disease (CAD) is not clearly
defined. Graded Dob Echo and treadniill exercise (EUT) were performed in
121 pts referred for coronary angiography. Cardiac events [death, acute
myocardial infarction (AMI), unstable angina (UA) and congestive heart
failure (CHF)] were recorded over 33 months. Echo variables assessed
were: inducible ischaemia or wall motion abnormality (IWMA)(Grade
l=normal, Grade 5=dvskinetic) WMA in multiple vascular territory
(MWMA), wall motion score index (WMSI) at peak dose. ETU variables
were: >1mm ST segment depression (STD) and exercise time (EXT).
Coronary artery variables assessed were presence of CAD and multivessel
disease using both 50/o.and 700/o diam,eter stenosis. There were 41 cardiac
events (death: 5, Afl: 2, UA: 2.5 and CHF 9) during the mean follow up
period of 15 (range 1-33) months.

Long survival of ultrasound contrast agent microspheres is important for
evaluation of organ tissue perflsion following intravenous injection.
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Multivariate, stepwise Cox regression analysis showed I'WMA or inducible
ischaemia (p=0.04) and WMNSI at peak dose (p<0.001) as independent
predictors of cardiac events. Annual event for a normal Dob Echo was
1.8%. Thus, Dob Echo reliabl) predicts cardiac events in pts with a high
likelihood of CAD and provides information superior to coronary
arterioeraphic data

Recent in-vitro data has suggested contrast microspheres may be
destroyed by the intensity of the imang ultrasound. However, there is
limited data available on this effect in-vivo dunng human myocardial,
kidney and iver perfusion studies using diagnostic ultrasound intensities.
During 53 intravenous injections of the new ultrasound contrast agent
FS069 (perfluoropropane filled albumin microspheres), with doses
between O.lml and Sml, 2nd harmonic ultrasound inaging of the heart,
iver and kidneys was performed on 12 subjects. Ultrasound transmitted
intensity was vaied between 5% and 100% of maxmum available
(diagnostic) power. Time averaged intensity was adjusted by changing
the ECG image tnggeing from conventional continuous imaging to
intermittent, with one image frame created every cardiac cycle, every
2nd cycle or every 5th cycle, thereby reducing the overall ultrasound
exposure. Contat enhanced video intensity of myocardial, liver and
kidney tissue was evaluated both qualitatively (0 = no enhancement, 1 =
fa;nt, 2 = moderate, 3 = good, 4 = attenuation) by 2 observers and
qutititatively using video densitometry. Ultrasound transmitted
intensity was inversely proportional to the contrast effect in all organs.
Qualitative analysis of contrast grey level enhancement was 1.32, 2.69,
2.91 and 3.33 for the continuous, one cycle, 2nd and 5th cycle
intermittent modes respectively, p<0.0001 for all intermittent modes v
conventional continuous imaging. In addition, using quantitative video
densitometry, all intermittent imaging modes produced significantly
greater tissue contrast enhancement than continuous imaging (51.7 v
13.45 units, p<0.0001). In condusion, diagnostic ultrasound intensities
and duration adversely effect the survival of ultrasound contrast agents.
Modifications to the method of imaging significantly improve the
evaluation of organ tissue perfusion using these agents.
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ATTENUATION -ORRECTION -IN--THALLIUM MYOCARDIAL
PERFUSION IMAGING
E Prvulovich, AHR Lonn, J Bomanji, P Jarritt, PJ Eli
Institute of Nuclear Medicine, University College London Medical
School. London and General Electric Medical Systems. Milwaukee,
USA.
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The aim of this study was to use Doppler myocardial imaging, a new
ultrasonic technique, to determine whether the direct assessment of
transmural velocities can distinguish patients with secondary left
ventricular (LV) hypertrophy from those with hypertrophic
cardiomyopathy (HCM). To test this hypothesis in a prospective
study we measured the velocity gradient (VG) across the LV' posterior
wall in 22 patients with HCM (mean age 52 ±13 years), 21 patients
(mean age 56 ± 10 yeacs) with LV hypertrophy due to systemic
hypertension (HBP) and 26 age-matched normal subjects (N). The
VG across the LV posterior wall was measured during the following
sequential phases of the cardiac cycle in systole and diastole:
ventricular ejection (VE), isovolumic relaxation (IR). rapid
ventricular filling (RVF) and atrial contraction (AC). Results are
expressed as mean ± SD (s&).
VE
IR
RVF
AC
1.5 ±0.9*t 2.0 ±0.9 |§
HCM
0.4 ±1.5*t -1. 1 ±0.7
-1.0 ±0.51 3.8 ±1.8
HBP
4.5 ±2.0
3.1 ±1.4
N
-0.5 ±0.4
4.1 +1.6
2.8 ±1.4
5.0 ±2.3
* p<0.001 versus N; t p<0.001 versus HBP; $ p<0.05 versus N;
§ p<0.05 versus HBP. Standard grey scale echocardiographic
measurements showed a similar extent of thickening ant thinning of
the LV posterior wall in patients from both groups with hypertrophy.
By measuring the VG we could consistently differentiate HCM
patients. Thus, it appears that this technique may be useful clinically
in distinguishing HCM from secondarv hypertrophy of the LV.

EXPERIENCE WTH THE FONTAN PROCEDURE IN OLDER PATiENTS
N.K.Gupta, S.Shankar, W.J.Brawn, B.Sethia.
The Heart Unit, Department of Cardiothoracic Surgery, The Children's
Hospital, Birmingham, Ladywood-Middleway, Birmingham, B16 8ET.

Surgical options for palliation in patients with single ventricular physiology
are limited. Older age has been deemed as an adverse risk factor for
successful outcome. Between 1989-95, 18 patients between 14.1-42.2 years
of age underwent Fontan type palliation. Male to female ratio was 10:8.
The diagnoses were; tricuspid atresia in 12 patients and other forms of
univentricular dependent circulation in 6 patients. Preliminary palliation
included modified Blalock-Taussig shunts in 7 patients, Waterston shunts
in 5 patients and central shunts in 2 patients. Six patients underwent
multiple palliative procedures. The median age at the time of first palliation
was 44 days (2 days-181 months). Nine patients underwent staged cavopulmonary connection with a first stage bidirectional Glenn anastomosis
(BGA) at a median age of 70 (10-204) months. Interval between the initial
BGA and the final palliative procedure was 15.2 (1.5-22) years. One stage
modified Fontan was performed in 9 patients at a median 14.1 (14.1-42.2)
years. Thirteen patients underwent atrio-pulnonary anastomosis and
recently atrial fenestration was performed in 5 patients. One patient died
from neurological complications due to unexplained cardiac arrest sustained
18 hrs postoperatively. The median duration of ventilation was 24 (18-120)
hrs, the stay in hospital was 11 (5-43) days. Seven patients had significant
serous effusions. One patient had post-operative stroke and required
tracheostomy. The median duration of follow-up was 57 (1-77) months.
Twelve patients remain in NYHA class I, 3 in class II, 1 patient who was
restricted by post-operative stroke could not be assessed and 1 patient was
lost to follow-up. All patients are on long term anti-coagulant therapy and
1 of these patient suffered multiple pulmonary emboli 15 months after
operation. Seven patients are on ACE inhibitors for impaired ventricular
function and all patients are on diuretic therapy. All but 2 patients
remain in sinus rhythm. The results in patients undergoing a deferred
Fontan type of repair experience similar benefit and morbidity to that seen
in younger age group.
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QUANTIFICATION OF REGIONAL MYOCARDIAL DYSFUNCTION USING THREE-DIMENSIONAL ECHOCARDIOGRAPHY ALLOWS ACCURATE ESTIMATION OF
MYOCARDIAL INFARCT MASS IN VIVO
J Yao, Q-L Cao, A Delabays, G Magni, P Acar, C Laskari,
ND Masani, M Aronowitz, MA Vannan, NG Pandian. Tufts
New England Medical Center, Boston, MA, USA

BALLOON ANGIOPLASTY OF NATIVE COARCTATION IN
ADULTS, LONG TERM FOLLOW UP
ME Fawzy, V Sivanandam, A Rifai, B Dunn, W von Sinner,
A Patel, L Jayaram, K Niazi
King Faisal Specialist Hospital and Research Centre, Riyadh,

Previous attempts to assess myocardial infarct size using echocardiography have relied upon measurement of regional dysfunction of the left
ventricle (LV) in selected two-dimensional slices, extrapolated for the
total LV. We have shown previously that volume-rendered three-dimensional echocardiography (3DE) can be used to quantify accurately the
mass of dysfunctional myocardium (MDM). To deternine the relationship between the 3DE measurement of MDM and the true mass of
infarcted myocardium, we studied 8 dogs in which acute myocardial
infarction was created by 3 hour coronary ligation (LAD in 6, LCx in 2).
Rotational 3DE acquisition was performed using a 2.5MHz transducer
and HP Sonos 1500 scanner interfaced to a TomTec computer. After
3DE reconstruction, the LV was displayed in 10 dvnamic parallel short
axis slices; the cross-sectional areas of (i) the LV and (ii) the akinetic /
dyskinetic region were measured by planimetry from which the MDM
and the mass of the whole LV were derived. After sacrifice, the anatomic
mass of the LV and of the infarct region (delineated by TTC staining)
were measured. The correlations between infarct mass (IM) measured by
anatomic inspection and MDM measured bv 3DE and between the
fractions of the LV affected by infarction (%LVI) and dysfunction
(%LVD) are shown in the table below:

The clinical consequences of post balloon angioplasty (BAP) in adult
aortic coarctation (AC) has not been well characterized. 39
consecutive adult patients (pts) with native (AC) underwent (BAP)
between July 1986 and June 1995. Their ages ranged from 15-55
(mean 22±7) years (yrs). Dissection of the aorta developed in one
patient. Data were collected on the remaining 38 pts. Clinical
examination and serial study by cardiac catheterization and magnetic
resonance imaging (IMR) were carried out in 31 pts, 2-9 yrs (mean 6
yrs) after dilatation.
Results: Peak systolic gradient (PSG) before dilatation was 38-100
(mean 64±24) mmHg and decreased to 12±8 mmHg p<0.001
immediately after dilatation. Restenosis (defined as gradient >30
mmHg across AC site) occurred in 2 pts and 1 pt had incomplete
dilatation. The 3 pts underwent redilatation and remain improved 4
years later. There was no significant change in PSG across AC in the
remaining 28 pts at follow up it ranged from 0-15 (mean 7.5±6)
mmHg. Three pts developed small aneurysms which did not increase
in size 4 years later. Blood pressure was controlled without
medication in 18 pts and required medication in the remaining pts.
Conclusion: (1) The result ofballoon angioplasty of native coarctation
in adults is effective and satisfactory at 6-year follow up; (2) MRI is an
excellent non-invasive method for long term follow up of these
patients.

IM vs

mean
anatomic 3DE
difference
(y)
(x)
0.36
15.4±5.6 14.1±5.5

%LVI vs

19±5.6

MDM (gn)
%oLVD

16±6.4

1.0

correlation

y=0.8x+3.3
r=.92, p<0.01
y=0.95x+0.9
r=.93, p<OOl

In conclusion, quantification of regional mvocardial dysfunction by 3DE
is a very accurate method of estimating LV infarct size. This may be a
useful method of assessing patients with acute myocardial infarction.

Saudi Arabia
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TRANSMURAL VELOCITY GRADIENTS - A NEW
INDEX
FOR
HYPERTROPH1C
ULTRASONIC
CARDIOMYOPATHY HEARTS
P Palka, A Lange, AD Fleming*, IR Starkey, LN Fenn, TRD Shaw,
KAA Fox*, WN McDicken*, GR Sutherland
Department of Cardiology, Western General Hospital, Departments of
Medical Physics & Cardiology, Royal Infirmary*, Edinburgh
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SURVEILLANCE IN PAEDLATRIC HEART
STENOSIS IN NEONATES USING AN ANTEGRADE
TRANSPLANT RECIPIENTS?
CATHETER APPROACH.
S Adwani, B) Whitehead, P Rees, M Eliott, M de Leval.
A. G. Magee, D. Wax, D. Nykanen, L. N. Benson.
Great Ormond Street Hospital for Children NHS
Hospital for Sick Children, Toronto, Canada.
Trust, London, UK.
Background:
Balloon dilatation of critical aortic valve
routinely performed for
is routinely
Endomvxis
perform ed for
yocardial
stenosis in neonates carries
high risk of iliofemoral
rejection surveillance in adults. However, due to its
associated risks, a more cautious approach has been utilised
arterial
complications
at our centre in the younger paediatric heart transplant
retrograde catheter approach.
recipient. Fifty seven children, aged 0.1-19.1 years (mean 7.8
catheter approach in such patients. Methods: An
yrs), have been transplanted since 1988 for cardiomyopathy
unselected consecutive group of 9 patients with critical
(n=31) and congenital heart disease (n=26). Actuarial
survival vas 76% at vear and 67% at 4 years. Routine EMBx
aortic valve stenosis underwent balloon dilatation from
was performed in 27 patients as part of rejection
an antegrade catheter approach between November
surveillance (invasive group, I). The remaining 18 patients
1994 and November 1995. Ages were from 1 to 42 days
were monitored noninvasively (NI): EMBx was only
(median 6 days) and weights from 2.16 to 4.3 kg
performed in the latter group for indefinite diagnoses or at
(median 3.5 kg). Four had evidence of poor left
annual review. The mean (- SD) number of rejection episodes
ventricular function at presentation (ejection fraction
in the first 3 months post HTx was 0.89 (± 0.68) in the NI and
made into
femoral
10-40%). Percutaneous entry
1.04 (± 0.85) in 1; between 3-12 months post HTx: 0 in the NI
flexible
and 0.30 (± 0.54) in I. There were 4 late (>1 month) deaths in I
the aortic
In ald
valve.
(1 due to coronary arter! disease, 1 due to lvmphoma and 2giesire used to cro ssfte
Rs lt all
l
orcrvale.
sudden deaths), with 1 late death in NI due to rejection. Of the
valve
successfully
19
patients who have undergone annual surveillance
62±20
coronarv angiograms, 6 have been abnormal, whereas none
Hg before to 17±5 mm Hg after the procedure
of the 6 NI patients has had abnormal angiograms. These
(p=0.001). Using the ratio of regurgitant jet width to
preliminary results suggest that routine EMBx for rejection
anulus diameter on echocardiography, the degree of
surveillance in paediatric patients post HTx may not be
aortic incompetence went from a mean ratio of 0.03 to
essential.
a mean ratio of 0.16 (p=0.008). There were no deaths

x;)

a
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was

right

guidewire

coronary
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Results:

and the only complication was femoral artery
thrombosis in 1 patient with gradual recovery of the
pulse after thrombolysis. Conclusion: This series
demonstrates the feasability of an antegrade approach
for balloon angioplasty of neonatal critical aortic valve
stenosis with low morbidity.
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FOETAL ECHOCARDIOGRAPHIC SCREENING OF
PREGNANCIES AT INCREASED RISK FOR FOETAL
COMPLETE HEART BLOCK
G.Gladman, E.Silverman, L.Luy, C.Boutin, J.Smallhorn
The Hospital for Sick Children, University of Toronto, Canada

AN EXPERIENCE OF RIGHT HEART STENTS IN CHILDREN
MH El Habbal, RM Clayton, J Lawrence, JFN Taylor
Great Ormond Street Hospital For Children NHS Trust, London

The overall risk of congenital complete heart block (CHB) and
incidence of structural cardiac anomalies in infants born to
mothers with known antibody markers of connective tissue
disorders (Ro/La+ve) remains unclear. To try and establish this
risk, we prospectively undertook screening of such pregnancies
using serial foetal echocardiography.
From January,
1990 to September, 1995, a total of 89 pregnancies in 78
women with known immunological markers of CTD were
assessed by foetal echocardiography at 18, 24 and 32 weeks
gestation. Maternal antibody status was either confirmed
immediately prior to conception or during pregnancy. Postnatal
follow up consisted of clinical examination of the infant and
performance of an electrocardiogram. Results. 71 women had
clinical SLE or tested positive for antibody markers of the
disease, 3 had Sjogren's syndrome and 4 mixed connective
tissue disease. All were Ro or La antibody positive. No
structurally abnormal foetal hearts were identified. One foetus
Methods

developed CHB

at 24 weeks gestation, became hydropic and

died in utero. 5 women had previously had a child with CHB
all produced a healthy infant subsequently. Postnatal follow up
confirmed the antenatal findings. Conclusions., Foetal
echocardiographic screening of women known to be Ro/La
antibody positive demonstrated only 1 out of 89 pregnancies
complicated by congenitai CHB. No structuraltoetal cardiac
anomalies were detected. Although the numbers are small, we
did not observe an increased risk in the subsequent
pregnancies of women whose past obstetric history included an
infant born with CHB. Foetal echocardiography in addition to
routine obstetric care may not be indicated in assessing
pregnant mothers with positive Ro/La antibody serology.
-

Stents are being used with increasing frequency in children with
cardiovascular abnormalities. In the period from 1993 to 1995, 23
patients (10 male and 13 female) with stenotic defects required the
placement of balloon distensible stents (Palmaz, Johnson & Johnson,
UK). Theirage range was 0.6 to 19 years (median 10 years) and weight
7 to 64 kg (median 23 kg). The heart defects were pulmonary atresia ±
ventricular septal defect (8), tetralogy of Fallot (4), truncus arteriosus
(4). transposition of the great arteries (4), pulmonary branch stenosis
(2) and Alagille syndrome (1). In these patients, 29 stent placement
attempts (29/23) were carried out in the cardiac catheterization laboratory
and 22 procedures were successful (22/19 patients). Stents were placed
in right pulmonary artery (11), left pulmonary artery (4), right heart
conduit (4), inferior vena cava (2) and superior vena cava (1). The failed
attempts were in the left pulmonary artery (5) and in the conduit of a
pauent with truncus arteriosus (1).
Stenting reduced the pressure drop across the stenosis in all cases
(gradient 5-76 mmHg before dilation vs. 0-47 mmHg post dilation,
p<O.O5) but one (truncus arteriosus) who became asymptomatic after
the procedure. Heparin was used for 24 hours and followed by aspirin
for 3 months. Later (3-11 months), re-dilation of 8 stents (7 patients)
was attempted, and was successful for 7 stents (gradient 1-64 mmHg
before dilation vs. 0-42 mmHg after dilation, p<0.05). These stents
were inlight heart conduit (4), right pulmonary artery (1), left
pulmonary artery (1), inferior vona cava (1) and superior vena cava (1).
The procedures were complicated by failed attempts (6), bleeding
requiring blood transfusion (2), rupture of the balloon (2) and
displacement of the stent after inflation (2). Death occurred in two
patients (2/23, 8.7%). One of them died during retrieval of a stent
displaced from pulmonary artery into descending aorta via an atrial
septal defect, and the other because of a transverse tear of the balloon
followed by collapse of the stent.
In children, successful stenting of stenotic right sided heart lesion/s
relieves the obstruction. Re-stenosis of the stent appears to occur in
those placed in conduits which may be alleviated by re-dilation. Stent
placement is technicallv demanding and may be associated with
significant risk. This may decrease with further definition of the
anatomical sites to which stent placement is appropriate.
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IS ROUTINE PRE-DISCHARGE TESTING NECESSARY FOR
PATIENTS WITH IMPLANTABLE DEFIBRILLATORS?
DT Connelly, D Cardinal, L Folev, S Corrigan, M Waters, R
Lemery, DM Steinhaus
Mid America Heart Institute, Kansas City, Missouri, USA.

Right ventricular failure is a common late complication following
Mustard's or Senning's procedure. Conversion to arterial switch is a
surgical option, but carries high mortality, mainly due to failure of the
fibrosed left ventricle to cope with the systemic circulation. Surgical
mortality could be improved by selecting those in whom the left
ventricle can adapt to the systemic circulation. Radionuclide
perfusion scans have been used to estimate myocardial viability in
patients with ischaemic heart disease and could be of similar use in
patients considered for conversion to arterial switch.
Resting MIBI scans were performed in 20 patients aged 10-28 years,
considered for surgical cogversion to arterial switch. 4 had undergone
pulmonary artery banding to train the left ventricle and 2 had 'native'
left ventricular outflow obstruction.
MIBI scans were scored according to uptake of isotope by the left
ventricle. Out of a possible score of 120, 12 patients scored less than
35 (including 2 who had responded poorly to pulmonary arterial
banding) and 6 patients scored greater than 60 (including the 2 who
had responded well to pulmonary arterial banding and the 2 who had
'native' left ventricular outflow obstruction). There was no
correlation between left ventricular MIBI score and patient age, age
at Mustard's or Senning's operation, or echo indices of left
ventricular function or wall thickness.
The overall low MIBI scores are in keeping with the generally poor
ability of the left ventricle to cope with the systemic circulation in this
population. High MIBI scores were found in 4 patients expected to
do well from conversion to arterial switch. MIBI perfusion scanning
to estimate left ventricular viability may prove to be a useful
investigation for selecting patients for surgical conversion to arterial
switch.

Currently available implantable cardioverter-defibrillators (ICDs) are
capable of antitachycardia pacing (ATP) for termination of
ventricular tachycardia (VT). Many centres perform post-implant
electrophysiological testing to determine appropriate ATP protocols
for individual patients (pts) prior to hospital discharge. In order to
reduce hospital stay, cost and potentially unnecessary procedures, we
have adopted a policy of programming a standard ATP protocol for
every pt, without efficacy testing. Our protocol consists of an
autodecremental ramp (5 to 11 pulses. commencing at 91% of cycle
length (CL), with 10 ms decrement between pulses) for up to 7
attempts, followed by adaptive burst pacing (7 pulses, commencing at
84% of CL) for up -to 6 attempts with 10 ms decrements between
bursts. 162 pts (85% male. age 63 + 13 years) have had ICDs with
ATP capability implanted at our institution and have been followed
for > 3 months (mean 33 + 25 months). 71 pts have had appropriate
ICD therapy for VT and 43 for VF. A total of 1337 episodes of VT
have occurred. 1315 have been terminated successfully: 1202
(91.4%) by ramp ATP, 47 (3.6%) by burst ATP, and 66 (5%) by
cardioversion after unsuccessful ATP. In addition, 17 episodes of VT
(1.3%) were accelerated to VF and required defibrillation shocks, and
5 episodes of VT were incessant. Sudden death rate was <1% per
year. Conclusions: In patients with ICDs, 93.4% of spontaneous
VTs can be terminated by ATP using a standard algorithm in all pts.
The risk of VT acceleration (1.3%) is low, and comparable to that
reported previously with ATP protocols tailored for individual pts.
These results suggest that the majority of pts do not require predischarge optimization of ATP protocols.

(70)
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LEFT VENTRICLE MASS/VOLUME RATIO DOES NOT
PREDICT EARLY SURGICAL OUTCOME IN INFANTS
OLDER THAN 21 DAYS UNDERGOING ARTERIAL
SWITCH SURGERY FOR SIMPLE TRANSPOSITION OF
THE GREAT ARTERIES
JPM Foran, ID Sullivan, MJ Elliott, MR de Leval
Great Ormond Street Hospital for Children, London

LEAD
PACEMAKER
ENDOCARDIAL
CHRONIC
TRACTIONTHE
USING
EXTRACTION
COUNTERTRACTION TECHNIQUE
A Kerawalla, P Broadhurst, A W Nathan
St Bartholomew's Hospital, London

Complete removal of chronically implanted pacemaker leads

generaly requires a surgical approach as traction of pacing leads,
The surgical management of simple transposition of the great
arteries (d-TGA) beyond the age of 21 days is controversial.
Concern that regression of left ventricular (LV) myocardial mass
will render the LV unable to cope with the acutely increased work
of systemic perfusion has been considered a contraindication to
arterial switch surgery (ASS). It has been suggested that
echocardiographic measurement of the LV mass to volume ratio
may predict early surgical outcome in these patients. We
perforned ASS in 22 infants aged 21 to 58 (median 31) days with
d-TGA (Group A)'between January 1990 and March 1995.
During the same era, ASS was performed in 115 neonates with dTGA aged .20 days (Group B). Hospital mortality was 1/22
(4.5%) and 12/115 (10.4%) respectively (p=NS) with one late
death in Group B. No patient was receiving prostaglandin at the
time of operation. In Group A. age. LV mass index. LV posterior
wall thickness index. LV volume index, LV mass/volume ratio,
patent arterial duct diameter >2 mm or coronary anatomy did not
predict death, duration of postoperative ventilation or inotropic
No patient required mechanical LV support
support.
postoperatively. Moreover, there was no difference in duration of
ventilation, or inotropic support in comparison to a sample of 25
neonates in Group B. ASS is appropriate treatment for infants
with d-TGA aged <60 days. regardless of preoperative
echocardiographic variables. The upper age limit for which ASS
is indicated in d-TGA is not yet defined.

especially if bipolar, generally results in their disruption. We report
our experience using the percutaneous 'traction-countertraction'
technique. This approach utilises locking stylets and external sheaths
(via the implanting vein) or a snare and basket (via the femoral vein).
We attempted to extract 30 leads implanted for a mean of 45.9
(range 3 to 1 16) months in 22 patients. There were 17 males and 5
females with an average age of 57.5 (range 27 to 84) years.
Indications for removal were: infection/erosion in S patients, lead
malfiunction in 4 patients, and prophylaxis against lead complication
in 13 patients with the Telectronics Accufix atrial J lead. 19 leads
were atrial and 11 ventricular, including I implantable defibrillation
lead system. Twenty-eight were bipolar leads and 2 were unipolar,
with active or passive fixation. Sixteen procedures were performed
via the subclavian vein, 12 via the cephalic vein with 2 patients
requiring a femoral venous approach. All procedures were done
under general anaesthetic.
Results: 21 leads were completely removed (70%), 7 were partially
removed (23%) and the procedure was unsuccessful in 2 leads (7%).
Of the 6 partially removed Accufix leads, in 5 the potentially
dangerous shaping component of the wire was successfully removed.
Median screening time was 12 (range 3 to 97) minutes. There were
no acute complications or long-term sequelae observed in any
patient, including those in whom leads were incompletely removed
or in whom the technique failed.
Conclusion: The technique of 'traction-countertraction' pacemaker
lead removal is a safe and effective alternative to an open surgical

apprr-ch.
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Heart Unit, Birmingham Children's Hospital, UK.
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PACING IN CHILDREN; SINGLE CENTRE EXPERIENCE OF
77 CASES
KD Dawkins, R Chase, JM Morgan, J Gnanapragasam, AP
Salmon, BR Keeton
Wessex Cardiac Unit, Southampton University Hospital

Ventricular arrhythmias frequently accompany attacks of variant angina.
In vitro studies have shown that human myocardium can be
preconditioned by ischemia to protect against subsequent ischemic
episodes. We investigated whether protection against arrhythmias is
induced by episodes of variant angina. We analysed eposides of
ischaemia detected by ST segment analysis of Holter monitor recordings
in 11 patients (8 men, age 58+7 years) with variant angina. For each
ischemic episode we analysed its severity and duration, the occurance of
ventricular tachycardia and the interval from the previous episode. A
total of 130 ischaemic episodes (50 associated with ventricular
tachycardia) were recorded. As shown in the table, during ischaemic
episode with shorter interval from the preceding ischaemic episodes the
incidence of ventricular arrhvthmias was less.

In order to identify changes in pacing practice in a paediatric
population, we have studied a group of 77 consecutive children paced
in this unit between 1974 - 1995. Data were collected prospectively on
all procedures. Mean age at the time of first implant was 8.4 yrs (range
6 days - 15.8 yrs); this group of patients represented 1.5% of the 5153
total pacing procedures performed during the study period. Total
follow-up was 242.9 pt/yrs (mean 3.2 pt/yrs). Indications for pacing
were post surgery for congenital heart disease 35 pts (46%), congenital
AV (2', 3°) block 33 pts (43%), post surgery for valvular heart disease
4 pts (5%), sino-atrial disease 3 pts (4%), post arrhythmia surgery I pt
(1%), cardiac transplantation 1 pt (1%).
During the study period there were 123 procedures, mean 1.6
procedures per patient. Of these, 100 (81.3%) were endocardial
systems. Since 1986 only one pt (1.1%) has undergone epicardial
pacing, the remaining 91 have had endocardial systems.
Many forms of complex congenital heart disease were successfully
paced using endocardial systems including Fallot's tetralogy, DORV,
AV defects, TGA (post Rastelli, post Mustard), tricuspid atresia (post

Incidence ofArrhythmia and
interval from previous attack
_VTs
<30min
10%
50%
>30min

Severitv ofArrhythmia and
interval from previous attack
VT
298±i39
+
78:130
p<O.002
p.5001
Polarity of the preceeding ST episode influenced arrhythmia: reduciion
in ventricular arrhythmia was minimal following ST depression and
maximal with ST elevation (7% vs 42%, p<0.02). Thus, transient
ischaemia induces arrhythmic preconditioning in patients with variant
angina. This protection is more pronounced with transmural ischaemia.

Fontan, post Glenn), congenitally 'corrected' TGA, dextrocardia ± left
SVC. Small pacing generators allowed 10 infants (minimum weight 1.9
kgs) to be paced successfully with endocardial systems.
Modes of pacing were VVI 32 (42%), DDDR 23 (30%), VVIR 9
(12%), DDD 9 (12%) and AAI 4 (5%).
Conclusions:
1. Pacing in children represents a small proportion of the total paced
population, but requires special expertise; input from both adult and
paediatric cardiologists is therefore ideal.
2. With the advent of small pacemaker generators, most paediatric
patients can be paced using an endocardial route with the associated
superior lead characteristics; the epicardial approach is therefore rarely
required today.

(76)
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STABILISATION OF REFRACTORY VENTRICULAR
ARRHYTHIAS BY INTRA-AORTIC BALLOON
COUNTERPULSATION
GD Fotopoulos, NS Jepson, MJ Mason, RC Knight, R Cowell,
CDJ Ilsley, VE Paul.
Department of Cardiology, Harefield Hospital, Middlesex.

Intra-aortic balloon counterpulsation (IABCP) is extensively used in
patients with decompensated cardiac disease but is not generally
considered for the management of arrhythmias.
In this study 14 patients (mean age 57), transferred to our unit for
control of refractory ventricular arrhytunias, underwent IABCP.
Cardiac catheterisation demonstrated significant left ventricular
impairment Mean ejection fraction was 27% (range 10-40%).
Although significant coronary artery disease was seen in 12 patients
there was no clinical or elecrocardiographic evidence of an ischaemic
basis to the arrhydtmias. Before IABCP, 6 patients had incessant
monomorphic ventricular tachycardia (VT). The remaining 8 patients
had an average of 8.6 episodes per day. LABCP resulted in total
resolution of VT in 13 patients. Only 1 patient continued to have
recurrent episodes of VT while counterpulsated and IABPC was
subsequently discontinued. In total, 8 patients were successfully
weaned off LABCP. In 6 of these, VT was subsequently controlled by
medical treatment, 1 patient underwent left ventricular aneurysmectomy
and 1 patient underwent elective cardiac transplantation. Four patients
remained on IABCP until they successfully underwent cardiac
transplantation and one patient had active therapy withdrawn due to
unsuitability for cardiac transplantation. Overall survival was 85% at
mean follow-up of 20.1 months.
LABPC was highly effective in abolishing medically refractory VT. The
stabilisation provided by this therapy allows time to determine definitive
antiarrhythmic therapy. IABCP should be considered in all patients
with intractable ventricular arrhythmias.

QRS MORPHOLOGY DURING AV NODE REENTRANT
TACHYCARDIA
M Cooklin, J M McComb
Regional Cardiothoracic Centre, Freeman Hospital, Newcastle upon
Tyne
Atrioventricular nodal reentry is the commonest cause of regular, narrow
complex tachycardia. To investigate ECG changes which may help
distinguish this tachycardia from other supraventricular tachycardias, we
retrospectively examined ECGs from 20 consecutive cases of typical
('slow-fast') AV node reentry (AVNRT). The control group comprised
20 consecutive patients with atrioventricular reentry using an accessory
pathway as the retrograde, limb of the tachycardia (orthodromic
reciprocating tachycardia, AVRT). The tachycardia mechanism was
confirmed in each patient at electrophysiologcal study, and by
subsequent radiofrequency ablation. Standard 12 lead ECGs were
recorded in sinus 'rhythm (SR) prior to commencing each study, and
during tachycardia.The presence or absence of a secondary positive
deflection in VI (rSr pattern) was noted. This was shown at EP study
to be coincident with retrograde atrial activation via the fast pathway.
The results are shown in the table below.
AVNRT
AVNRT
AVRT
SR
Tachycardia Tachycardia
rSr' present
2
12*
1
rSr' absent
15
5
15
Bundle Branch Block
3
5
5
Total
20
20
20
*p<0.005 AVNRT vs AVRT and vs SR, excluding those with bundle
branch block, Fisher exact test.
These data show that retrograde atrial depolarisation during typical
AVNRT gives rise to recognisable QRS complex changes that may assist
in the diagnosis prior to undertaking electrophysiological study. The rSr'
pattern in VI is not invariable, but suggests AVNRT.
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PREDICTORS OF SINUS RHYTHM DURATION POST INTRAATRIAL CARDIOVERSION IN PATIENTS WITH CHRONIC
ATRL4L FIBRILLATION
K Kamalvand, K Tan, N Smeeton, *P Stafford, *R Vincent, N Sulke.
Guy's Hospital London, & *The Trafford Centre Brighton.

The recipient atrial remnant has been used as an "innervated" control
for studies of heart rate response to various manoeuvres following
orthotopic cardiac transplantation (OCT) or as a trigger for the donor
heart after transplantation. Its function however may not be normal
and responses dependent on heart rate may be affected by sinus node
dysfunction. To determine the potential use of the recipient atrium, its
rhythm and sinus node function were assessed in 50 patients, mean 31
months post OCT (range 1 to 107 months). Pre OCT diagnosis was
ischaemic heart disease in 64%, cardiomyopathy in 32% and
congenital heart disease in 4%. Atrial rhythm and spontaneous sinus
cycle length (SCL) were 'noted and maximal corrected sinus node
recovery time (cSNRT) measured using standard pacing techniques.
Pre-OCT atrial rhythm was identified by inspection of pre-operative
ECG. Atrial fibrillation/flutter was identified in 10/50 (20%). 40% of
pre-OCT. Mean SCL was 929 ± 188 msec,
these were in sinus rhythm
wereinsinusth mrO
an (SCL(SCL>1000 msec).
msec).
12/40 (30%) with significant sinus bradycardia

Patients with chronic atrial flutter (AFL) and atrial fibrillation (AF) are a
large population who may benefit
efrom an atrial implantable defibrillator
(AID). It is important to identify patients who will remain in sinus
rhythm (SR) for only a short period of time, as the frequency of shocks
would be unacceptable. 29 patients (23M, 6F, mean age 57+/-13 years)
with chronic AFI/AF who had previously undergone successful external
cardioversion but reverted back to AF within 4 months, were recruited.
Diagnoses were lone AF in 11 patients (38%), hypertension in 5 (17%),
ischaemic heart disease in 4 (14%), mitral valve disease in 3 (10%), and
others 6 (21%). All were successfully cardioverted using R wave
synchronised biphasic shocks (energy levels of 2-34J) delivered via 2
intracardiac electrodes positioned in the right atrial appendage and
coronary sinus. All patients sent weekly trans telephonic ECG traces, or
if palpitations occurred. None of the patients received any class I or III
and
antiarrhythmic
drugs.
Clinical,
echocardiographic,
electrocardiographic variables were analysed to predict the duration of

12/40e(30%)

signfficantesinus

>±10

cSNRT was seen in 2/34 (6%) (range 100 to 4900msec~.
Abnormal

Three patients demonstrated variable beat to beat recipient atrial

electrogram morphology and a further 3 patients had marked
variations in resting cycle length. Conclusions: 56% recipient atria had
normal sinus rhythm with 21% of these demonstrating varying atrial
electrogram morphology and spontaneous cycle lengths suggestive of a
wandering atrial pacemaker. Only 44% recipient atria therefore have
normal electrophysiological properties. The recipient atrial remnant
should therefore be used with caution in studies involving its use as a
control, or a normal trigger for the donor heart.

(78)
DISTURBED CONNEXIN43 GAP JUNCTION DISTRIBUTION
CORRELATES WITH THE LOCATION OF REENTRANT
CIRCUITS IN THE EPICARDIAL BORDER ZONE OF CANINE
INFARCTS THAT CAUSE VENTRICULAR TACHYCARDIA
NS Peters, J Coromilas, NJ Severs, AL Wit. hnperial College & St.
Mary's Hospital, London and Columbia University, New York, USA.
Recurrently inducible sustained monomorphic ventricular tachycardia
(VT) in the canine heart with a 4-day old myocardial infarct is due to a
characteristic figure-of-8 circuit which may have the same location and
pattern of activation with each induction. For any particular circuit,
therefore, the lines of functional block and the common central pathway
(ccp) between them are apparently defined by a specific and unique
property of the myocardium at this location. To investigate the
anatomical features of this substrate, the organization of gap junctions
(gj) was systematically studied in different locations of computermapped reentrant circuits in 6 dogs 4 days after infarction.
Immunolocalization of the principal gj protein, connexin43 (Cx43) and
correlative standard histology were performed on the myocardium of
the surviving subepicardial border zone overlying the infarcts. Cx43
labeling was absent from the necrotic myocardium, while the full
thickness of the overlying surviving epicardial border zone cells was
extensively labeled. The labeled cell layer, and thus the epicardial
border zone, was thinner in the hearts with VT (n=3, 538+95pm) than
in those without inducible VT (n=3, 840±132pm, p<0.05). In all
hearts, the deepest layers of the border zone at the interface with the
infarct had disrupted gap junction distribution with Cx43 labeling in
predominantly longitudinal arrays along the lateral surfaces of the cells

instead of the normal location at the transverse cell terminals. In the
hearts without arrhythmias this disruption extended only partly to the
epicardial surface with the most superficial epicardial myocytes having
a normal pattern of Cx43 distribution. In the hearts with inducible VT,
however, the disturbed gj distribution extended through the full
thickness of the surviving subepicardial layer in an area correlating with
the location of the ccp in the figure-of-8 circuit in each case, and was
bounded by the lines of the functional block defining the ccp. It is
proposed that conduction in a region of full-thickness gj disturbance
may be sufficiently abnormal to promote the formation of lines of
functional block at the interface with the normal myocardium of
adjacent regions of only partial-thickness gj disturbance, leading to the
formation of the ccp of reentrant circuits.

-

SR post endocardial cardioversion (EDC), using Cox's Regression
model. Defibrillation threshold (DFT) greater than 20J and the presence
of sinus node dysfunction (SND) persisting for more than 24hrs after the
shock, were inversely associated with the duration of SR post EDC
(DFT p=0.023, SND p=0.048). The median duration of SR in the
absence of SND and with DFT of less than 20J, was 37 days. In the
presence of either variable the median duration of SR was less than 6
days. Age, gender, aetiology, left atrial size, left ventricular fractional
shortening, duration of AF pre-EDC, atrial endocardial electrogram
during AF, and the presence of coarse AF on the surface ECG, were not
predictors of duration of SR post EDC (p>0.05, ns). Thus, in patients
with high DFT, who have evidence of sinus node dysfunction, the
duration of sinus rhythm is likely to be very short following EDC.
Conversely the absence of these variables will help to identify a group of
patients who may be suitable for the AID.

(80)
MORNING INCREASE IN QT INTERVAL VARIABILITY:
IMPLICATIONS FOR MECHANISMS UNDERLYING THE
CIRCADIAN PATTERN OF CARDIAC RISK
JP Singh, J Johnston, P Sleight. B Casadei and G Hart
Department of Cardiovascular Medicine, John Radcliffe Hospital,
Oxford
Abnormalities of the QT interval have been associated with sudden
cardiac death, which has a maximal incidence in the morning hour.
We therefore studied the circadian variation of the QT interval using a
computerised Holter system. Methods- QT interval variability in 32
healthy males (20±0.4 years) was measured from 24 hour ECG
recordings. The mean standard deviation of the average of consecutive
uncorrected QT (SDA-QT Index) over 5 minute segments and the
hourly QT- RR relationship were assessed. Results- On awakening
(hour 7 & 8) the QT-RR relationship was altered, with the mean QT
interval relatively prolonged for the given RR intervals.
450

Hour

7
Hour

8

400T

QT (ms)ou
.23
350
700

900

800

1000

1100

1200

Interval (ms)
Hourly averages of the SDA-QT revealed a sudden three-fold increase
in the first hour of waking (p<0.001). suggesting that repolarization
was more variable during this period. Additionally, there was a threefold increase in the QT/RR slope in the first hour after waking
(p=O.OO9). Conclusions- During the waking period the QT interval
variability was greatly increased with the mean QT interval prolonged
relative to the RR interval. In patients with diseased hearts, these
circadian changes may predispose to sudden arrhythmnic death.
RR
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RECIPIENT ATRIAL REMNANT: DOES IT EXHIBIT
NORMAL ELECTROPHYSIOLOGY?
ND Holt, S Brady, JH Dark, JM McComb
Regional Cardiothoracic Centre, Freeman Hospital, Newcastle upon
Tyne
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DLABETICS

VENTRICULAR HYPERTROPHY
JP Singh, MF Marinho, P Sleight, J Johnston and G Hart
Department of Cardiovascular Medicine, John Radcliffe Hospital,
University of Oxford

JM Glancy, PJ Weston, H Thurston. DP de Bono
Departments of Cardioloey/Medicine and Therapeutics, University of
Leicester, Leicester, LE3 9QP

Abnonnalities in autonomic function have been associated with sudden
death in diabetics. Prolonged QT intervals and high QT dispersion are
associated with ventricular arrh Zthmias in a numnber of settings. We
studied the possible association of QT dispersion and mean QTc
intervals. as measured from standard 12 lead electrocardiograms. with
baroreceptor function in 31 voung asymptomatic insulin dependent

The dependent adaptation of the QT interval to sudden changes in
heart rate is considered to be a protective phenomenon. The purpose
of this study was to examine whether this adaptation was altered in
hypertrophied hearts.
Method- We investigated the response of the QT interval to
physiological changes in the RR interval in 21 patients with
diabetics. All patients had normal clinical autonomic function. QT
hypertensive left ventricular hypertrophy (LVH) and 16 age and
intervals and QT dispersion were measured by a single observer
gender matched healthy volunteers (Controls). QT dynamics were
blinded to other data about the patients. Baroreceptor function was
analysed using a validated algorithm with automatic QT
measured in 2 ways: after activating the baroreflex with a Valsalva
measurements to ihe end of the T wave under visual control. A
computerised system was developed to study the QT interval
manoeuvre the rate in change of R-R interval to increasing systolic
pressure durig phase 4 as measured; i addition sequence analysis of
response to changes in the RR interval. The adaptation of the QT
R-R variability was performed during standing. Mean QTc interval
interval with respect to the RR interval was measured as the ratio of
measured was 406(SD 23) ms, mean QT dispersion was 44 (13) ms.
the mean slope of QT change relative to the RR change (dQT/dRR).
Mean Valsalva baroreceptor sensitivity was 3.2 (1.4) ms/mm Hg. Mean
The delay in initiation of the change in the QT interval and the time
sequence analvsis baroreceptor sensitivity was 5.1 (2.7) ms'mm Hg.
to QT stabilisation relative to the RR interval were also studied.
There was no association between QT dispersion and either
Results- dQT/dRR was faster in the LVH subset than in the controls
measurement of baroreceptor function. There was a negative
during both acceleration (0.33±0.06 vs 0.18±0.02, p=0.02) and
. i
intervals and sequence analvsis
correlation between mean QTc
0
inthe awake period.
decelemtion
=
(0.39±0.06 vs 0.27±0.02, p=0.048)
(r( = .55,
baroreceptor
sensitivity
p = 0.049),
O.
association with
baroecetor
enstiviy
0.35,
0049, but
bt no
noassciaton
was reduced in the LVH
ithThe
time to stabilisation of the QT interval
Valsalva baroreceptor sensitivity. The different results seen between
group in comparison to the controls at the end of acceleration
the 2 tests of autonomic function may reflect different sensitivities of
(32±6.8s vs 70±13s, p=0.03) as well as deceleration (69±14s vs
the tests. These data suggest that abnormal baroreceptor function may
1 17±24s, p=0.006). There was no difference in the time to initiation
be reflected in the heart bv global prolongation of ventricular
but not by
of change in the QT interval between the two groups.
repolarisation,
, dispersion of ventricular repolarisation.
repolarisation
The QT interval response to step changes in RR interval
wasrapid and exaggerated in LVH compared to the control group.
This may indicate vulnerability to serious ventricular arrhythmias.

butnotbydisperionofventricularepolarisationConclusion-

(82)

ROUNDEDvERs STANDARD BIPiASIc WAVEFORMS FOR CATHETER
ATRIAL DEFIBRELLATION
MT Harbinson', T Troutont, Zafar Imam2, JD Allen3, Dempsey2
JMcC Anderson2, AAJ Adgey'
'Cardiology, Royal Victoria Hospital, Belfast; 2Bio-Engineering, Univ. of
Ulster, Jordanstown; 3Physiology, The Queen's University Belfast, UK
Transvenous catheter cardioversion of atal fibrilation (AF) has been
limited by patient discomfort We postulated that reducing the peak
leading edge shock voltage and its rate of rise (waveform rounding)
would reduce defibrillation requirements and may reduce discomfort

Defirillating catheters (InControl Inc.) were positioned in the right atrial

(RA) appendage (screw tip) and the coronary sinus (spiral tip) of 6
pentobarbitone anaesthetised sheep. A third lateral RA catheter allowed
induction of AF by electical stimulaton (Grass stimulator, 1OOHz, 2
volts). A standard trapezoidal biphasic (S) waveform (3ms duration each
phase) was compared with a similar waveform which had the first phase
rounded (R). Cardioverion was attempted after 30 seconds of stable AF,
using a Ventritex HVS02 defibillator modified to allow waveform
rounding. Each waveform was randomly tested several times at lOOV,
150V and 200V leading edges and the percentage successful
cardioversion calculated. Shock current and voltage were captured by a
Fluke probe and stored for computer analysis (Flukeview). At lOOV
leading edge R (64% success) and S (59%) shocks were similary
efficacious. However, R delivered less current, voltage and energy than
the comparable S shock (means 1.30A, 65.OV, 0.33J R cf1.92A, 94.2V,
0.47J S). Both waveforms were equally sccsful at 150V (88% v
100%, p=ns)and 200V (100% v 100%), but R delivered less current,
voltage, and energy (2.05A, 102.5V, 0.82J R cf 2.78A, 142.3V, l.l1J S
at 15OV; 2.76A, 141.2V, 1.58J R cf 3.77A, 189.4V, 2.03J S at 200V).
No arrhythmic or other complications were observed in the 170 shocks
delivered.These results show that waveform rounding reduces delivered
peak voltage, current and energy without reducing efficacy.
Cardioversion with these waveforms is currently being undertaken in
patients with AF undergoing atrial electrophysiological study. The first
patient was successfully converted at 180V leading edge, equivalent to
112V, 2.24A and 0.99J RND butreported discomfort at the 160 V leve.

(84)
THE INFLUENCE OF BETA-BLOCKADE ON RATE
DEPENDENT CHANGES OF THE QTINTERVAL IN ACUTE
MYOCARDLIAL INFARCTION
JP Singh, MF Marinho, P Sleight. P Musialek and G Hart
Department of Cardiovascu!ar Medicine. John Radcliffe Hospital,
University of Oxford

Beta-adrenergic blockers have been shown to reduce the morning peak in
sudden cardiac death. This study was undertaken to assess the effect of
these drugs on the circadian variability of QT dynamics after acute
myocardial infarction (AMI). Method- The QT and RR interval
dynamics were studied in 24 matched patients (59±12 years) on the third
day after AMI. using a new validated computer assisted technique.
Fifteen subjects received beta blockade (Group 1) and nine did not
(Group 2). The temporal dispersion of the QT interval was measured as
the mean standard deviation of consecutive QT Intervals (SDA-QT), over
5 minute averages. Hourly distribution of the SDA-QT and QT/RR slope
were assessed after nornalising all patients to their waking hours.
Results- The SDA-QT during the hour of awakening was significantly
higher in Group 2 as compared to Groupl (19±0.3, 14+0.3, p=O.02).
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The QT/RR slope was steeper in the morning hours with a two-fold
increase during the hour of awakening in Group 2 (0.20±0.07) as
compared to Group1 (0.11±0.03). Conclusion- Beta-blocker therapy
limits the early morning increase in temporal dispersion of the QT
interval. The changes in QT interval in response to given changes in heart
rate are reduced. These important effects may help explain the reduction
in arrhythmic death following beta-blockers in AMI.

Heart: first published as 10.1136/hrt.75.5_Suppl_1.P6 on 1 May 1996. Downloaded from http://heart.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

ABNORMAL RATE ADAPTATION OF THE QT INTERVAL
IN PATIENTS WITH HYPERTENSIVE LEFN

BAROREFLEX SENSITIVITY AND MARKERS OF
VENTRICULAR REPOLARISATION IN ASwMPTOMATIC

Heart

P27

POSTERS: On display in the Exhibition Hall (Hall 4) throughout the meeting
(87)

(85)

A NEW CONCEPT DATABASE FOR INTERVENTIONAL

Acute ischaemia is a potent stimulus to increased dispersion of
repolarisation and the development of malignant arrhythmias. The aim of
this study was to use incremental atrial pacing to induce ischaemia in
patients with known coronary artery disease (CAD) and measure the QT
dispersion induced by this manoeuvre. In the absence of ischaemia a
moderate increase in heart rate per se would not be expected to increase
QT dispersion. Following diagnostic cardiac catheterisation steady-state
pacing was established just above the resting heart rate in each of 8 patients
and increased by increments of 10 beats/min until the onset of angina or a
heart rate of 120 was reached. 12-lead ECGs, with simultaneous lead
acquisition, were recorded at baseline (prior to angiography) and after 2
minutes at each heart rate. QT intervals were measured as the mean of 3
consecutive complexes in each lead. All patients had normal QT dispersion
at baseline. Seven patients with CAD developed ST depression and 3
developed angina in responste to pacing but neither occurred in the patient
with normal coronary arteries. QT dispersion (with and without rate
correction for QT interval, after Bazett) is shown:

Brompton Hospital, London.
Most of the UK centres perforning PTCA are able to declare the
number of procedures that they performn. Clinical data beyond this are
less readily available and often have to be collated in a labour
intensive fashion. No more than a handful of cemres are able to
provide information on medium term outcome or to present
structured data on case mix stratification. Current hospital
information technology systems are, in the main, not designed to
manage this type of detailed clinical data and there is a clear
requirement for a specialised clinical database system. Traditional
databases are often limited by laborious data entry procedures and the
need for knowledge of a specialised nomenclature. We have
developed a new, clinically intuitive database in which all data entry is
by "point and click" -interaction with computer graphics and
automated drop down menus. This obviates the need for keyboard
skills and ensures complete uniformity of terminology, facilitating
accurate searches. It operates on a stand-alone PC or local network
and is written in Microsoft Access, utilising the Windows graphical
user interface. Coronary anatomy is represented diagrammatically
with the operator recording lesions by "point and click". A diagram of
the coronary tree showing the location and luminal stenosis (%) of
each lesion is printed as part of a comprehensive procedure report.
For coronary and valve interventions each sequential step of a
procedure can be recorded to allow clear exposition of clinical
decision making. When more complex judgements are required, for
example in assessing case mix seventy or lesion morphology, artificial
intelligence programs analyse the pattem of respo6ses made to a
number of simple and unwambiguous questions and automatically
derive appropriate indices. The "raw data" is also stored to permit
subsequent detailed analysis or to allow reclassification as scoring
systems evolve. The system is in full clinical operation in 7 centres
and clear benefits have been denonstrated in the speed and precision
of data entry and in the production of high quality reports. A teaching
role has also become evident with the introduction of structured
reporting and an on line help function providing information on
internationally recogsed classification systems.

CARDIOLOGY: IMPROVING DATA COLLECTION WITH
AN ADVANCED GRAPHICAL USER INTERFACE
R H Stables. The Department of Invasive Cardiology, The Royal
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These results demonstrate that acute ischaemia causes a marked increase in
QT dispersion even in patients with normal QT dispersion at rest. These
observations may explain the lack of a consistent discriminating value of
QT dispersion in the existing literature and may form the basis for an
alternative risk stratification in patients at risk of ventricular arrhythmias.

(86)
CORONARY STENTING FOR UNSTABLE ANGINA IS SAFE
AND EFFECTIVE
SJD Brecker, TW Koh, AD Timmis, MT Rothman, CA Layton,
R Balcon
The London Chest Hospital, London, UK

Previous reports suggest that coronary stenting in unstable angina (UA)
may be associated with increased complications. Over a one year
period, 95 coronary stents were implanted into 69 patients [pts] (50
male, aged 58±9 years), with UA. All had a typical history, definite
ECG changes (> 2mm ST depression), and angina resistant to
intravenous nitrates and heparin. 20 pts had UA following myocardial
infarction. 16 pts had undergone previous coronary surgery (CABG),
and 9 previous angioplasty (PTCA). Median (range) time from
diagnostic catheter to PTCA was 48 hours (0 - 9 days). Types of stent
were: 68 Wiktor, 23 Palmaz-Schatz and 4 Cordis. 47% pts had single
vessel and 53% had multivessel disease. 54 pts received a single stent,
8 received two stents, 4 three stents, 2 four stents and I five stents. 56
pts underwent single vessel stenting, 7 underwent two vessel stenting,
and 6 underwent single vessel stenting with another vessel PTCA.
Indications for stenting were local dissection in 44 pts. elective in 12.
bail-out in 7 and residual stenosis in 6. Stents were placed in: LAD 36,
RCA 24, Circumflex 14, bypass grafts 19, left main 1 and diagonal 1.
Primary success rate was 94%. There were two cases of acute stent
occlusion - one was reopened and one had urgent CABG. Four further
pts underwent CABG for inadequate result after stent deployment or
subacute closure. Two late deaths from cardiac failure were in pts who
had undergone stenting of a "last remaining conduit". During 6 month
follow up one pt has had repeat PTCA and one CABG. Thus coronary
stenting for UA is effective with high procedural success, and low
incidence of early reintervention.

(88)
RESTENOSIS AFTER BALLOON ANGIOPLASTY:'INTIMAL
HYPERPLASIA OR VESSEL REMODELLING?
J Gunn, CM Holt, SE Francis, L Shepherd, N Malik, M Grohmann,
DC Crossman, DC Cumberland
Sections of Cardiology and Interventional Cardiology, University of Sheffield,
Sheffield
Background. Restenosis after PTCA is a consequence of late narrowing of
the vessel lumen. The relative contribution of remodelling and hyperplasia to
this process is, however, unclear. We investigated the relationship between
the degree of trauma and change in vessel morphometry in a porcine coronary
artery model. Method. We performed modest oversize (1.1-1.2:1) balloon
angioplasty in 23 coronary arteries of Yorkshire White pigs, 20-30 kg, with a
3.0 mm balloon at 8 atmn pressure for 30 s twice. There was no prior injury
or plaque. Four weeks later, the aninals were sacrificed, the injured and
control coronary arteries were dissected widely and serially sectioned.
Quantitative morphometry wras performed using a computerised system
(Seescan plc, Cambridge). Results. 12 of the 23 vessels contained a
breached internal elastic lamina (IEL). The mean maximal cross-sectional
areas for the lumen (denved), itma, media. dense adventitia and 'total'
vessel (within external elastic lamina, EEL) of PTCA and control arteies are
displayed below in mm2. SEM is the standard error of the mean difference
between PTCA and control vessels, p, is its significance; r is the correlation
between PTCA vessel cross-sectional areas and % circumference breach of
EEL (median 16, range 5-50 %), p2 is its significance.
Areas
PTCA Control SEMD pi
r
p2
Total (EEL)
3.03 2.46 0.42 ns
-0.54 <0.10
Adventitia
1.58 0.78 0.19 <0.01 +0.63 <0.05
Media
1.28 0.93 0.16 ns
-0.65 <0.05
Inima (IEL)
0.36 0.01 0.11 <0.02 +0.88 <0.001
Lumen (derived)
1.52 1.52 0.38 ns
-0.67 <0.02
Conclusions. 'Restenosis' in this model is associated with significant
thickening of not just intima but adventitia, at the expense of media. Overall
there is no significant difference between PTCA and control vessels in total
calibre at the level of the EEL, or of lumen calibre. However, increasing
arterial trauma is associated with a clear trend towards downsize remodelling
and smaller lumen.
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CAN THE QT INTERVAL BE USED TO DETECT INCR3:ASED
DISPERSION OF REPOLARISATION INDUCED BY ISCHAEMIA?
S Sporton, S Hardman, P Sutton, J Walker, C Grahame-Clark, P Taggart.
Department of Cardiology, UCL Medical School & Hospitals, London.
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Coronary angioplasty is underused in the management of
acute myocardial infarction.
NK El Gaylani. Department of Cardiology. University Hospital
of Wales. Cardiff. On behalf of the United Kingdom Heart
Attack Study.

In order to determine the budgetary implications of intra-coronary
stenting, we have studied prospectively the use of equipment in 3461
unselected patients undergoing coronary intervention. Balloon angioplasty alone was performed in 3261 patients (PTCA group), and intracoronary stenting in 200 pts using hand crimped JJIS stents (Stent
group). Number of lesions dilated per patient in each group was similar
at 1.46±0.72 (mean ± SD) and 1.61±1.01 respectively. Equipment use
in each group is shown below:

PTCA (n=3261)
Stent (n=200)

Balloons
1.49+0.79
2.67±1.09*

Wires
1.24+0.69
1.22+0.51

Coronary angioplasty [PTCA] is

an

effective reperfusion

strategy in acute myocardial infarction [AMI]. Logistics dictate
that for most patients thrombolysis is the initial treatment of

choice. PTCA may however be indicated if the sole
contraindication to thrombolysis is bleeding risk or as a rescue if
thrombolysis fails. The number of patients who might be
potential candidates for PTCA in the first 12 hours of AMI was
assessed in three districts in the UK serving a population of one
million. There were 1911 patients <76 years admitted with AMI
over 18 months. Thrombolytic therapy was given to 932 patients
(49%; streptokinase 833, ,rtPA 99) but was withheld because of
bleeding risk in 106 patients who should be considered for
PTCA. Based on the GUSTO results the estimated number who
failed to reperfuse by 90 minutes in our series is 386 patients
who would be potential candidates for PTCA. 23 patients
underwent coronary angiography acutely. 11 patients were
considered for primary PTCA, 6 of whom had bleeding risk for
thrombolysis. 7 patients underwent PTCA and 3 had coronary
artery bypass graft surgery. 12 coronary angiograms were
performed due to failed thrombolysis; 2 patients had cardiogenic
shock and the remainder had persistent chest pain and ST
elevation and 9 underwent PTCA. The data show that in this
population about 320 AMI patients per annum should be
considered for coronary angiography with a view to PTCA.
PTCA is clearly underused in the management of AMI with only
11 procedures per 1,000,000 population performed and the need
is estimated at 320 per 1,000,000 population per year.

Guiders
1.46±0.91
1.51+0.91

*p<0.OO1
In the Stent group a mean of 1.61 (range 1-5) stents were used per pt.
Costs were calculated as a mean quoted price from 10 suppliers as
follows: balloon £339, guidewire £63, guide catheter £67. Thus the
mean cost of equipment per patient for the PTCA group was £681 and
for the stent group £2363. Assuming a stent implant rate of 40%, the
expected increase in equipment costs using this model is £67,280 per
100 interventional procedures.

Conclusions:
1. In an unselected series of patients undergoing coronary intervention
the equipment used in the Stent group was 3.5 fold the price of that
used in the PTCA group.
2. A significant proportion of this difference related to increased
balloon use in the Stent group.
3. Although intra-coronary stenting is associated with a low rate of
restenosis (ie: BENESTENT I, STRESS trials), purchasers of cardiac
procedures only use the cost of the primary procedure when calculating
the remuneration to the provider.

(92)

(90)

IS REDUCED ANTICOAGULATION EFFECTIVE
FOLLOWING OPTIMAL STENT DEPLOYMENT?
NMK Robinson, Rl Wainwright, MR Thomas, DE Jewitt
King's College Hospital Medical School, London

CHANGING FROM AGGRESSIVE ANTICOAGULATION TO
TREATMENT WITH ASPIRIN ALONE FOR CORONARY
STENTS: THE EXPERIENCE OF ONE CENTRE IN THE UK
NG Stephens PF Ludman MC Petch PM Schofield LM Shapiro
The Cardiac Unit, Papworth Hospital, Cambridge, UK

The optimal anticoagulation regimen following stents deployed
electively or for suboptimal result (SOR) remains to be established.
Since January 1995 we have used just aspirin, intraprocedure
heparin and warfarin when stents are deployed electively or for SOR
(Gp 1, n=143). Neither Ticlopidine nor prolonged heparin were
used. Prior to January 1995 similar patients(Gp 2, n=162) were
treated with aspirin and prolonged heparin until full anticoagulation
with warfarin had been achieved. Mean age, sex and patient
numbers with stable and unstable angina were similar in each group.
In total 285 Palmaz-Schatz, 60 AVE and 4 Medtronic stents were
delivered into vessels with reference diameter 3mm or greater.
There was no difference in the clinical outcome between the two
groups as shown below (SAT= stent thrombosis, Haem=
haematoma, Tx= transfusion, CVA= cerebrovascular accident,
eCABG= emergency CABG, MI= 'Q' wave myocardial infarction).
Mean duration of stay was 3.8 days for Gp 1 vs 6.8 days for Gp 2.
MI
Death eCABG SAT
Tx
CVA
Haam
n=, % n=, % n=, % n=, % n=, % n=, % n=,
C=p14

1 0.7

2 1.4

5 3.5

4 2.8

2 1.4

0

Gpn2

1 0.6

3 1.8

4 2.5

4 2.5

11 6.8

14 8.6

1 0.6

NS

NS

NS

NS

0.02

0.01

NS

0

0

0

n -162

.p

Aggressive anticoagulation regimens are used in many UK centres to
reduce the risk of coronary stent thrombosis. Recent data from.Italy and
France have questioned the necessity for full anticoagulation and have
reported favourable results with antiplatelet agents alone. We report a
series of 164 patients treated with 196 coronary stents over 18 months:
an initial 68 were treated with IV heparin (with ACT > 200s), warfarin
and aspirin, subsequently 92 were treated with aspirin and. high pressure
balloon deployment only.
Intravascular ultrasound, quantitative
angiographv and ticlopidine were not used. There were 22 (13.4%)
major complications (CABG 11, subacute thrombosis 6, tamponade 2,
MI 1. death 2). The median length of stay (LOS) was 5 days (1 - 45).
We used logistic regression to examine whether anticoagulation affected
the risk of major complications. It did not do so in this series: significant
determinants of risk among the 9 variables studied are shown below:
Anticoagulation
Indication = acute closure
Number of stents
Stent = Palmaz Schatz

Relative Risk (95% CI)
1.19 (0.28 5.10)
42.5 (4.63 - 390)
2.95 (1.17 7.42)
8.44 (1.31 54.1)
-

-

-

P
0.82
0.001

0.02
0.02

Stent implantation carries major implications for hospital costs,
particularly related to LOS. Using a linear regression model, we found
that anticoagulation added 4.6 days (95% CI 3.3 5.9) and a major
complication added 4.5 days (2.7 6.4) to a LOS of 3.2 days (2.3 4.1).
R2 = 0.32; P < 0.001. Thus, aspirin alone is probably as safe as
aggressive anticoagulation, and reduces length of stay to 3.2 days in an
uncomplicated case
-

In conclusion, reduced anticoagulation for stents deployed

electively or for suboptimal result reduces haemorrhagic
complications and shortens hospital stay, without increasing the rate
of stent thrombosis.

-

-
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CORONARY STENTING: COST IMPLICATIONS FOR
PURCHASERS
KD Dawkins, HH Gray, JM Morgan, IA Simpson
W'essex Cardiac Unit, Southampton University Hospital
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INCOMPLETE EXPANSION OF STENTS DESPITE HIGHPRESSURE IMPLANTATION:
THE ROLE OF INTRAVASCULAR ULTRASOUND
E Blessing, D Hausmann, M Sturm, A Migge, I Amende
Department of Cardiology, Hannover Medical School, Germsany

The aggressive anticoagulant regime thought to be necessary
following intracoronary stent deployment, in order to reduce the risk
of thrombosis, has resulted in significant bleeding problems. Since
March 1995, 163 intracoronary Wiktor stents were deployed in 100
consecutive patients (mean age 59, 78% men); of whom 32 patients
had unstable angina. All patients were treated with aspirin and 250
mg of ticlopidine for 4 weeks after the procedure. A full blood count
was checked at 2 weeks. Indications for stent deployment included:
dissection, 78; recoil, 14; elective, 8. One stent was deployed in 59
patients, 2 in 25 patients, 3 in 12 patients, 4 in 2 patients, and S in 2
patients. The number of stents per vessel ranged from 1 to 5: sizes
used were 3 mm, 49.6%; 3.5 mm, 37.6%; 4 mm,12.8%. The vessels
stented were LAD, 41.5%; RCA, 27%; CX, 26.5%; SVG, 9%.
Results: The procedure was successful in 98 patients (1 death and 1
emergency bypass surgery). Of these, acute or subacute occlusion
occurred in 2 patients, treated successfully with redilatation in one and
by bypass surgery in one. No bleeding complications occurred
requiring blood transfusion or surgery. The median post-procedural
stay was 2 days. Mean follow-up time was 104 days (SD 37). No
death or myocardial infarction occurred during follow-up. Ticlopidine
was stopped in 2 patients for skin rash (1) and gastrointestinal
bleeding (1). Neutropenia did not occur. Conclusion: Wiktor stents
can be deployed safely in the presence of antiplatelet agents with a
low stent thrombosis rate. This avoids the risks of aggressive
anticoagulation and reduces hospital stay.

Intravascular Ultrasound (IVUS) enables the exact measurement of
vessels for optimal stent implantation. 58 patients (48 m, 10 f)
underwent placement of Palmaz-Schatz stents (7, 9, 15 or 20 mm
length) in the LAD (n=-35), the right coronary artery (n=l 1), the
circumflex artery (n=6) or in bypass grafts (n=6). The size of the
balloons were chosen by angiographic criteria. IVUS-registrations (3,5
F, 30 MIz) of the proximal and distal reference vessel as well as areas
of minimal stent expansion were analyzed. The following parameters
have been calculated: area within the stent/mean of proximal and distal
reference area (s/r-ratio), ratio of the calculated area of the balloon
catheters which has been, used for stent implantation and the reference
area (b/r-ratio), the ratio of the-area within the stent and the calculated
area of the balloon catheter (s/b-ratio). S/r-ratio was 0,88-0,17, b/rratio 1,20±0,28 and the s/b-ratio 0,75±0,14 ( x±SD).
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Conclusions: 1.) Almost all stent areas were smaller than the calculated
areas of the balloon catheters used for stent implantation. 2.) IVUSmeasurements showed frequently incomplete expansion of the stents as
compared to the reference areas. 3.) The balloon catheters chosen by
angiographic criteria were not undersized.

(96)

BALLOON DILATION OF THE AORTIC VALVE IN
NEONATAL CRITICAL AORTIC STENOSIS
A Chee, E Rosenthal, I Huggon, SA Qureshi, E Baker, M Tynan.
Guy's Hospital, London
Balloon dilation (BD) of critical aortic stenosis in the neonate has been
accepted as a therapeutic option in many paediatric cardiology centres.
We report our experience with BD in 22 consecutive neonates
between September 1985 and September 1995. BD was performed
between 1 and 20 days of age (median 2 days) and the weight of the
neonates ranges from 2 to 4.1 kg (median 3.0 kg). The femoral
arterial route was used in all patients for the introduction of balloon
catheters. Low profile balloons were used from 1992.
AGE GROUP

_

_

o

,
.

71%

men

mean

5.8mm

10.2mm

14.6mm

mean

mean

mean

mean

25%
6.9mm
(n=8)
1.lmm 16.5mm
The incidence of endocardial fibroelastosis (EFE) was also higher in
those <4 days (85%) compared with the 4 to 20 days (38 %). The age
at BD correlated with mortality, athough the younger neonates on
average also had smaller aortic and mitral annulus and smaller left
ventricular dimensions. The outcome also correlated strongly with the
year of intervention. The mortality of those treatedin the first 5 years
was 82% (9/11) and for those treated in the second 5 years was 27%
(3/11). Major arteial complications were encountered in 4 neonates
before introduction of low profile balloons but none thereafter.
Kaplan-Meier analysis for freedom from re-intervention is 65% at 5
years follow-up.
Conclusion: The results of BD of critical aortic stenosis have
improved over the years with developments in catheterisation,
equipment and techniques. Arterial complications are reduced with
low profile balloon catheters. Determinants of outcome include age at
intervention, size of aortic and mitral annulus, left ventricular
dimensions, and EFE.

EARLY EXPERIENCE W%ITH THE PROSTARrm
PERCUTANEOUS VASCULAR CLOSURE DEVICE IN
PATIENTS FOLLOWING CORONARY INTERVENTION.
AL Calver, J Radvan, KD Dawkins, HH Grav, JM Morgan, IA

Simpson.

Wessex Cardiothoracic Unit, Southampton General Hospital,
Tremona Road, Southampton, S016 6YD.
In order to assess the ease of use. efficacy and complications
associated with the Prostarl percutaneous vascular closure device, we
have studied 65 patients undergoing coronary intervention. 46 of whom
had an intra-coronary stent implanted and 19 after balloon PTCA
alone. Data were analysed on an intention to treat basis. Average age
was 58 (range 38-78) years. 54 patients were male and 11 female.
Arterial access was via the right (61) or left (4) femoral artery. All
patients received aspirin 300mg and heparin 10.000-20.000 units to
cover the intervention. One patient received full thrombolysis (1.SmU
streptokinase) immediately affer arterial closure. Patients remained
fully anticoagulated with heparin (ACT> 200s) until levels of warfarin
were therapeutic (INR 2.5-3.5). In 63 patients the device was inserted
following intervention. prior to leaving the catheter laboratory. and in
2 patients after repeat cardiac catheterisation the next day.
Successful deployment was acheived in 58 patients (89%). In 3 patients
(4.6%) who had had multiple previous catheters via the same artery,
scar tissue prevented advancement of the 9F dilator, and in 4 patients
(6%) the suture(s) broke. In these 7 patients the arterial sheath was
removed and the artery compressed with a FemostopT without
complication. Of the 58 successful proceedures. 5 patients experienced
a minor haematoma but no patient required blood transfusion and no
pulse was lost. One late complication, a false aneurysm occurred 22
days after the proceedure. At surgery it was noted that one of the
knots on the suture had not been advanced appropriately.
Conclusions: in this series. the Prostar.m device acheived secure
arterial closure in 89% of patients after coronary intervention allowing
rapid mobilisation despite full anti-coagulation. Although there is an
early learning curve. complications were rare.
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INTRA-CORONARY STENT DEPLOYMENT:
IS ANTIPLATELET THERAPY SUFFICIENT?
NR Patel, K Tan, H Chia, G Lloyd, L Corr, N Sulke,
D Brennand-Roper, G Jackson, C Bucknall. Guy's and St Thomas'
NHS Trust, London.
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Long Term Results of Heterotopic Heart Tranplantation in

Exercise induced hypertension following repair of coarctation of
the aorta (CoA) in childhood is well documented, and may be due
to a variety of factors. We studied 7 consecutive patients (6 male,
1 female); 3 had previously undergone surgical repair, either for
interrupted arch (N=2, both of whom had subsequently required
balloon dilation for recurrent stenosis) or coarctation (N= 1). The
median age at arch repair was 6 days (range 2 to 39 days);
interval from arch repair to most recent catheterization was 6.5
months (3.5 to 14 months). Of the remaining 4 patients, 2 had
had previous balloon dilation of native CoA 12 months
previously; the other 2 presented with clinical signs of CoA. 'Me
median age at study of Ihese 4 patients was 5.2 months (3.5 to 76
months). Catheterization was performed either with an intention
to treat on the basis of clinical and echocardiographic signs of
significant obstruction or left ventricular hyprtrophy (N=4), or
as routine follow-up after previous balloon dilation (N=3).
Catheter withdrawal gradients were recorded both at baseline, and
following infusion of a standard solution of isoprenaline (ISO),
titrated to produce a 25-30% increase in heart rate from baseline.
The median baseline gradient was 5 mm Hg (0 to 35), and
increased to 40 (13 to 75 mm Hg) following ISO. Angioplt
was performed in 4/7 patients who had gradients >30 mm Hg
following ISO. Following dilation there was a decrease in the ISO
induced gradient from 44 (40 to 75 mm Hg) to 21 (7 to 44 mm
Hg). The angiographic appearance of the arch was improved in
every case, and no patient had aneurysm formation at the dilation
site or loss of arterial pulse. Significant gradients across the arch
may be unmasked with ISO infusion. The indication for
intervention should be based on these 'physiologic' gradients; the
results of dilation should also be assessed in a similar manner.

Patients with end-stage congestive heart failure and

(98)
DOES LOW INFLATION PRESSURE AND PROLONGED
CORONARY DILATATION STRATEGY AFFECT RESTENOSIS
RATE? EARLY AND LATE RESULTS.
F Akhras, A Abu Ousa, G Swann, M Rustom. Cardiac Department, King
Fahd Armed Forces Hospital, Jeddah, Saudi Arabia.
Coronary angioplasty (PTCA) using a low inflation pressure and
prolonged coronary dilatation strategy was performed in 211 consecutive
patients (pts), 158 males and 53 females aged 58±10 yrs. Eighty-nine pts
had previous myocardial infarction, 26 had heart failure and angina, 38
had previous coronary angioplasty (PTCA) and 19 pts had previous
coronary bypass surgery (CABG). Ninety-eight (46%) pts had diabetes
mellitus, 86 (41%) had hypertension and 89 (42%) pts had

hypercholesterolaemia. Ninety-five pts had single, 116 pts had
multivessel coronary disease and the left ventricular ejection fraction
was 55%±15 (range 16-87%). PTCA was attempted in 389 lesions; 74
(19%) were type A, 173 (44%) type B, and 142 (37%) type C. Twentytwo lesions were not crossed by the guide wire. Balloon size/vessel
diameter ratio was up to 1.2:1. Gradual inflation (IN) until balloon
became fully expanded was followed by a prolonged dilatation at 4 atm.
The maximum IN pressure used was 5.4±1.4 atm (range 2-12) for a total
IN time of 8.4±6.5 min (range 1 - 41). Quantitative coronary
angiography showed that diameter stenosis (DS) was reduced from
86%±11 tol6%±10. Angiographic success (DS <30%) was achieved in
95% of lesions. Two pts had dissection that required CABG. Eleven pts
had minor dissection that did not require stenting. Hospital stay was
2.9±1.8 days. To-date, 146 pts had repeat angiography and exercise
ECG at 9±5.4 months (mo). Restenosis (>50% diameter stenosis) was
found in 31 pts (21%); 6 had re-occlusion, 12 pts had repeat PTCA and 6
pts required CABG. DS in the remainder of pts was 17.7%±12. Pre
PTCA (120 pts) exercise time to 1 mm ST depression improved from
4.6±2.3min to 7.4±2.7min p<0.001 post PTCA, ST depression was
reduced from 1.3±0.9 to 0.4±0.8mm p<0.001. This "Gentle" PTCA
strategy might reduce acute plaques remodelling and subsequent restenosis that occurred in only 21% of the 146 pts studied at 9 mo. This
was associated with a sustained improvement in svmptomatic status and
exercise parameters. Further study to compare this strategy with
conventional PITCA is required.

Patients with Secondary Pulmonary Hypertension.

C. Dvke, F. Santini, A. Khaghani, F. Bhatti, A. Mitchell.
M. Yacoub. Harefield Hospital, Harefield, Middlesex.

pulmonary hypertension (PH) represent a high risk group

of patients undergoing cardiac transplantation. Heterotopic
transplantation, domino transplantation, or transplantation
with oversized organs have all been advocated for this
high-risk group, although optimal treatment remains
undefined. To help clarify this issue, all patients who have
undergone heterotopic heart transplantation at our
institution were reviewed (n=I01). 30 patients were
identified with significant PH (defined as a transpuhmonary
gradient (TPG) over 10 mmHg or pulmonay vascular
resistance (PVR) over 3.0 wood units). Mean age was 41+
9 years, with 26 males and 4 females. Mean preoperative
pulmonary systolic pressure was 62.8±12.3mmHg, with a

meanTPGof18.3±6.8andmeanPVRof6.2±4.1.
meanvTPGaf1. 8 onand mean Pas of 6.2±4.1.
Ataria survival.afer
yearw 9s 00/o,an7 arte
years. 4 patients srvived over l0 years. Pulmonary artery

systolic pressure was significantly reduced one and five
years ater heterotopic heart transplantation
(34.81 .3*mmHg and 29.07.3*,
ANOVA) TPG was also
years
andpfiveANOVA).
(8.6±4.6* and 6.8±2.5*, respectively.
We conclude that heterotopic heart transplantation reduces
pulmonary hypertension secondary to congestive heart
failure and is effective treatment withgood long-term
survival in this high- risk patient group.

respectively.e*p<Q.5
reducedatione
p<0.ln

(100)
NEUTROPHILS ARE A SOURCE OF INTERLEUKIN-8 IN
HUMAN CARDIOPULMONARY BYPASS SURGERY
A.E. John, J. Galea*, S.E. Francist, C.M Holt*,D.C. Crossmant, A. Finn
Department of Paediatrics, Sections of Cardiac Surgery* and
Cardiologyt, University of Sheffield, Sheffield
Levels of lInterleukin-8 (IL-8) have previously been shown to be
increased in the plasma of both paediatric and adult patients undergoing
cardiopulmonary bypass (CPB) surgery. IL-8 is a selectave
chemoatractant and activating factor for neutrophils and has been
suggested as an important mediator of the systemic inflammatory
response seen in these patients. We have confirmed that in adults
undergoing CPB surgery theIL-8 plasma concentration rises from mean
pre-operative levels of 12.7(± 6.2) to, during CPB, 26.1(± 6.9) pg/ml and
is maximal at 138.6(± 34.9) pg/ml, 10 minutes post-bypass. The IL-8
concentration slowly retumed to pre-bypass levels after 24-48 hours
(n=7). The source of the released cytoline is, however, unknown. We
have investigated the role of leukocytes as a possible source of IL-8
dunng cardiopulmonary bypass surgery in adults.
We have studied IL-8 mRNAexpression in mononuclear leukocytes and
neutrophils isolated from blood samples taken pre-operatively, during
bypass and 2 and 48 hours post-bypass. Total RNA was extracted from
both cell types at each time point & Northem analysis was carred out
using a 2P labeled human IL-8 cDNA. Results indicate that IL-8
mRNA is present in neutrophils at low levels in pre-operative samples
but the level is increased both during and 2 hours post bypass. There is a
much lower level of IL-8 mRNA expression inmononuclear cells. Using
direct immunofluorescence staining of cytospin preparations of
leukocytes from the same patients, following fixation and
permeabilisation, we have confirmed the presence of high levels of IL-8
protein in neutrophils and lower levels in mononuclear leukocytes.
This study confirms that leukocytes generate IL-8 mRNA and IL-8
protein during and after cardiopulmonary bypass. It suggests that
neutrophils themselves may be a more important source than
mononuclear leukocytes in the in vivo situation. Future studies will
examine the role of other organs and tissues in the generation of this

cytokine.
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INTRAVENOUS LSOPRENALINE INFUSION TO UNMASK
GRADIENTS ACROSS THE AORTIC ARCH DURING
CARDIAC CATHETERIZATION.
P Miller, N Sreeram, E Silove.
Heart Unit, Birmingham Children's Hospital.
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Aprotinin hias been showit to significantly reduce bleeding followinig
cardiac surgery. however it is unclear what is the most appropriate
dosage. what risk-s are involved and finally what underlying physiological
imiechanism controls the reduction in bleeding?. The effect of different
concentrations of Aprotinin ( 0.95 xIO* - 4.45x106 KIL. Trasyloltm.
Bayer) will be assessed in 4 groups undergoing coronary artery bypass
graft surgery (CABG) in relation to a control group of patients who will
only receive heparin (each group. n=40). Measuremnents of bleeding:
platelet aggregation to collagen and ristocetin; t-PA. u-PA' and PAl-l:
soluble fibrin and fibrin specific degradation products (D-dimer). (AGEN
Biomedical. Brisbane. Australia) and factor Xl la will be obtained a) post
induction of anaesthesia. b) following aprotinin. c) following beparin
administration. d) during cardiopulmonary bypass. e) immediately
following bypass. fl 2 hours g) 6 hours h) day I and i) day 5 postoperativel. Preliminary results from 32 patients show that Aprotinin
reduces circulating levels of soluble fibrin following CABG when
compared to the control group (1.85 g/ml s 0.55 pg/ml, median) p<
0.001 at all doses of Aprotinin. Aprotinin modifies the increase in XDP
shown in the control group at the end of bypass (290 ng/ml vs 48 ng/ml)
p<O.05 and reduces cross-linked degradation products on day 5 postoperatively (538 ng/ml vs 286 ng/ml) p <0.001 with an apparent dose
related effect.These preliminary findings suggest that the mode of action
of aprotinin in reducing blood loss following CABG may be due in part to
the prevention of fibrin formation with a resultant decrease in fibtin
degradation products thus forming a more stable haemostatic plug with
reduced bleeding following surgery. Our preliminary findings suggests
higher dosages of Aprotinin have beneficial haemostatic effects which
should result in a more widespread use in cardiac surgery thus reducing the
amount of blood and blood products used with a decrease in attendant
risks and costs. ( British Heart Foundation Grant PG/ 94099).

POST-INFARCT SEPTAL RUPTURE - IMPROVEMENT IN
SURGICAL OUTCOME IN THE NINETIES
J Viliaquiran, G Parry, JH Dark, J Forty.
Regional Cardiothoracic Centre, Freeman Hospital,
Newcastle upon Tyne.
In 1990 we reviewed the experience at this tertiary referral centre of
post-infarct septal rupture (PI-VSD) in the previous decade. Our
conclusions from the first analysis were that operative repair should be
delayed beyond 48 hours post-rupture if possible with more intensive
haemodynamic stabilisation pre-operatively utilising intraaortic
balloon counterpulsation. We have now analysed our subsequent
experience in the first five years of this decade and compared these
data. From 1980 through 1989 108 patients were seen at this centre
with PI-VSD (group 1) and operative repair was attempted in 81.
From 1990 through 1994 (group 2) 50 such patients were seen, and
operative repair was attempted in 45. Although the ratio of
anterior: inferior infarction preceding rupture was similar in the two
groups (64%:36% in group 1, 59%:41 % in group 2) proportionately
more female patients were seen at this centre in the later period (52 %
v 32%, p=0.02). Systolic blood pressure at presentation at this unit
was similar (99mmHg in group 1, 97mmHg in group 2). Median
times from infarct to rupture (4 days,). rupture to arrival at this unit
(1 day) and from rupture to operation (2 days) were the same in the
two groups. Pre-operative insertion of intraaortic balloon
counterpulsation was more frequent in group 2 (57%) than in group 1
(37%, p=0.02) but the administration of intravenous inotropic
support was similar (65 % in group 1, 79% in group 2, p =0. 13).
Comparison of overall operative survival in the two groups revealed a
trend toward improved survival in the more recent patients - 53 % in
group 1 and 67% in group 2 (p=0. 14). Surgery within 48 hours of
rupture was performed in a smaller proportion of the patients in group
2 (33%) than in group 1 (47%) but this was not statistically different.
The trend in improved survival was most apparent in those patients
who did have surgery within 48 hours of rupture - 8/14 (57%)
survived in group 2 compared with 6/33 (29%) in group 1 (p=0.06).
These data lend support to our original conclusions regarding the
management of post-infarct septal rupture. Changes in surgical
practice - use of blood cardioplegia and/or increased use of a knitted
gel sealed vascular prothesis for free wall repair - may also play a
part.

(102)

(104)

REMODELING OF LEFT VENTRICULAR FUNCTION
FOLLOWING AORTIC VALVE REPLACEMENT USING
STENTLESS VALVE
XY Jin, ZM Zhang, DG Gibson, MH Yacoub, JR Pepper
Royal Brompton Hospital, National Heart & Lung Institute,
London

CORONARY ARTERY VEIN GRAFT PIATELET
ACTIVAT1ION iN VIVO IS INEHIBITED BY GSNO.
A de Bederl, E Salas4, E Langfordl, M Maninan2, JF Martin3.
Depts of Cardiologyl and Cardiothoracic Surgery2, King's
College Hospital, London, Dept of Medicine3, KCSMID, London,
Wellcome Research Labs4, Bcbam Kent.

Recently, aortic valve replacement (AVR) using stentless biological
valve has shown to be associated with lower pressure gradient than
that of stented valve. However, the subsequent remodeling of left
ventricular (LV) function with stentless valve has not been fully
characterized. Methods and results: 50 pts (age 65 ± 10 yr, 38 males,
40 AS, 19 having CABG) undergoing AVR using either a Toronto
stentless valve (n=35) or an aortic homograft (n= 15), with mean size
25±2.5 mm, were studied. M-mode echocardiograms of LV short axis
and long axis were recorded at before operation, and 1, 6, 12, 24
months afterwards, and then, were digitized by computer system.
Thus, peak velocity of short axis shortening (Vcf), posterior wall
thickening (Vwt), peak rate of long axis shortening at free wall
(LSRf), and at septum (LSRs), and LV mass index (LVMI), were all
determined.
24M
12M
6M
1M
Variable pre op
Vcf 1/s
1.4±0.5 1.9±0.8* 1.9±0.8* 2.0±0.7* 1.9±0.6*
Vtw 1/s
2.3±0.9 2.8 ±0.9* 3.2±0.7* 3.7±1.1* 3.3±0.8*
8.6±2.4* 8.8±2.4* 8.1±2.7*
LSRf cm/s 6.3±2.4 7.5±2.3
5.6±1.5* 5.6±1.6* 5.8±2.1*
LSRs cm/s 4.4±1.7 4.8± 1.4
LVMI g/mn 236±94 183±70* 133±61* 145±67* 137±60*
(*: significant difference from pre op by 95% CU)
Conclusion: Using a stentless valve, circumferential contraction velocity
can be expected to increase immediately after AVR. However, that in
longitudinal is delayed, and temporally correlated with regression of LV

Early vein graft occlusion continues to hamper the success of bypass
surgey. We investigded platelet activation in viw in vein and arterial
bypass conduits imiately after bypass surgery, and measured the
effect of the pltelet slective NO donor, S-nitosoglutathione, on this
phenomenon Methods 12 patients undergoing elecive bypass
urgery after having both vein and arterial bypass conduits had a
systemic bolus of 11 1In labeled anti GMP-140 (P-selectin)
monoclonal antibody (260 uCi 100ug). 6 patients cived stemic
GSNO (40nmolmin) and 6 paFiet received placebo. Gamma counts
were detected with a Teledyne Isotope Detector . Results:GSNO
infusion had no significant haemodynamic effec.

mass.

tse

Condusions. 1) Platelet activation occurs immediately after bypass
surgery mainly in vein rather than arterial conduits. 2) GSNO inhibits
this phenomenon with no haemoxynamic sequelae. Platelet selective
NO donors may have a role in maintaining early graft patency during
and after bypass surgery.
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APROTININ PRE\VENTS FIBRIN FORMATION IN CARDIAC
SURGERY
D J M Keenani. JL Bennett. L Doyle. J Shaw. B R H Doran. J T Douglas.
Vascular Biologe Group. University Dept. of Anaesthesia and
Cardiothoracic Unit. Roval Infirmaan. Manchester.
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The well known correlation between prosthetic valve orifice area and
transvalvular gradients has raised concerns about the presence of
significant residual gradients when only a small-sized prosthesis can be
implanted, particularly in patients with a large body surface area.
Dobutamine echocardiography was used to evaluate the hemodynamic
performance of small size St. Jude Medical aortic prosthesis (19mm
and 21mm) in eighteen patients (16 females, mean age 64 years) who
had undergone aortic valve replacement 14±7 (sd) months previously.
Dobutamine infusion was started at a rate of 5 mcg.kg.min and
increased to 10 and 20 mcg.kg.min at 15 minute intervals. Pulsed and
continuous wave Doppler studies were performed at rest and at the end
of each stage. Effective orifice areas (EOA) and mean gradient across
the prostheses were measured, and cardiac output (CO) was
determined with Doppler measurement of flow in the left ventricular
outflow tract.
In the 19mm group, EOA was significantly smaller (p=0.004) and
transvalvular gradient higher (p<0.0001) at rest compared to the 21mm
group, and these differences were independent of patient characteristics
and CO. Dobutamine-stress increased CO in both groups by 92%
(p<0.0001), and mean transvalvular gradient increased from 18±3 and
3±4 mmHg at rest to 31±9 and 10±13 mmHg at maximum-stress
(19mm and 21mm groups respectively, p<0.0001 19mm vs. 21mm
groups). Analyses using ANCOVA and multivariate linear regression
confirmed equivalent increase in gradient with dobutamine in the two
groups, and maximum-stress gradients were found to be independent
of all variables except resting gradients (r2=0.71, p<0.0001). Although
body surface areas were smaller in the 19mm group, it had no effect on
the changes'ln CO, EOA, or gradient.
These data show that both 19mm and 21mm St. Jude Medical aortic
prostheses exhibit an identical and predictable response to dobutaminestress. While resting gradients are higher in 19mm than in 21mm
prostheses, both at rest and under stress conditions, overall
haemodynamic performance indicates that in modern bileaflet valves
patient-prosthesis mismatch is not a problem of clinical importance.

(106)

FUNCTIONAL AND CLINICAL SIGNIFICANCE OF
SYMPATEETIC REJNNERVATION FOLLOWING CARDIAC
TRANSPLANTATION.
D Parry, L Foulsham, N Banner, J Wharton, M Yacoub
National Heart and Lung Institute of Imperial Coflege, Harefield
Hospital, Middlesex, and Department of EHistopathology,
Hammersmith Hospital, London
Sympathetic remnervation has been demonstrated in a subset of
patients after heart tranWlantation but its functional significance is
uncertain. 36 patients were studied 12-132 months after orthotopic
cardiac transplantation using 'Iodine Metaiodobenzylguanidine ("I
MIBG) scintigraphy to demonstrate intact sympathetic neurons.
Cardiopulmonary exercise tolerance was assessed using the standard
Bruce Treadmill ProtocoL Myocardial 123I MIBG uptake was expressed
as a ratio of uptake in a region of interest in the superior mediastinum
to produce the Heart-Mediastinal Quotient (HMQ).
The pattem of reinnervation was similar to pattems of innervation found
in normal subjects. 70% of patients had HMQ>1.00 indicating a degree
of cardiac reimnervation. Patients with a high HMQ exhibited better
exercise tolerance, with increased peak heart rate and oxygen uptake at
muximl exercise. (see resuks table, all resuks expressed as mean ±
SEM). Structural evidence of sympathetic remnervation on
immunocytochemical staining of cardiac biopsy specimens correlated
with the G findigs.
V02 max Exercise Time. Peak heart
HMQ
Time post
rate.
transplant
(bpm)
(months) (% predicted) (minutes)
< 1.8
142±3.5
7.4 + 0.6
68.9 ± 3.9
50.4 ± 13
range 12-132
> 1.8
=

0.6

91.7 ± 2.7
range 12-132

90 4 2.7

11.1

p<0.02

p<0.001

p<O.oOOl

163 ± 3.4

p<O.OOI

It is concluded that sympathetic reinnervation occurs frequently and
progressively following cardiac transplantation and that it has an
important physiological effect on dynamic exercise.
(108)

Normothermic Systemic Perfusion Does Not Compromise
Cold Myocardial Protection During Coronary Artery
Surgery.
I Birdi, M Caputo, M Underwood, GD Angelini, AJ Bryan
Bristol Heart Institute, University of Bristol, Bristol,
BS2 8HW, UK
Aim: To investigate the effects of cardiopulmonary bypass
temperature on myocardial preservation following elective coronary
artery surgery.

Methods: Forty patients with stable angina pectoris and left
ventricular ejection fraction greater than 50% were prospectively
randomised into three groups: hypothermnia (28G, n=13), moderate
hypothermia (32C, n=14), and normothermia (37C, n=13). All
patients received cold antegrade crystalloid cardioplegia and topical
cooling with saline at 4GC. Serum samples were collected for
Troponin T and Troponin I estimations preoperatively, 4 hours after
removal of the aortic cross clamp, and 12, 24, 36 and 48 hours
postoperatively. In addition, serial electrocardiographic studies were
undertaken on days 1, 3 and 5 in order to exclude any obvious
perioperative myocardial infarction.
Results: Three patients showed ECG changes typical of
perioperative myocardial infarction (one in each group). In the
remaining 37 patients serum Troponin T and I concentrations
increased as early as 4 hours after removal of the aortic cross clamp,
and subsequently declined gradually with time but remained
significantly higher than preoperative values at 48 hours. The peak
Troponin T release was higher in the hypothermic group (p<0.05 vs
32GC, p=ns vs 37G). There was also a trend towards higher total
Troponin T release following hypothermic perfusion (p=ns). No
differences between the three groups were demonstrated with respect
to serum Troponin I kinetics, area under the respective Troponin I
curves, and peak Troponin I release.
Conclusion: Norrnothermic systemic perfusion did not compromise
cold myocardial protection when assessed by serum Troponin T and
I concentrations in low risk patients undergoing coronary
revascularisation.

AORTIC ROOT REPLACEMENT WITH A ZERO
POROSITY GELATIN-IMPREGNATED COMPOSITE
GRAFT.
D Pagano, SJ Rooney, G Bognolo, TR Graham, RS Bonser
Cardicth oracic Surgical Unit, Queen Elizabeth Hospital,

Birmir-gham
The pe-tormance of aortic root replacement is facilitated by the use of
zero-prxosity composite grafts. 50 aortic root replacements
(emer'nri, = 19; redo = 5) with the Carbomedics Carbo-Seal
Ascencaig Aortic Prosthesis were performed in 49 patients (37
male:lriemale) (median age 61 years; range 24-80) with annuloaortic
ectasie (3-4), type "A" aortic dissection (15) and pseudoaneurysm
(one). -oncomitant aortic arch replacement was performed in 12
patien-s (three hemiarch, one total arch and eight "Elephant Trunk"
procec; res), and coronary artery revascularization in five patients.
Hypotriermic circulatory arrest was implemented in 29 cases (mean
28 + 1 4. m inutes, 25 with retrograde cerebral perfusion mean 25 + 11
minuio-).
Result (follow-up mean 20 months; range 2-34):

Periop"rative deaths

Mean 'r .st drain loss
Re-exj,:.)ration for bleeding
Media.. red cell transfusion
Early- ,ft endocarditis
Late graft endocarditis

Pseud'.i.meurvsm

4 (8%) (all emergencies)
616 +394 mls
2 (4%)
2 Units (1-5)
1 (2%)
2 (4%)
1 (2%)

kLidling, suturing and hemostatic characteristics of the
prostlesess are excellent This composite gelatine-impregnated graft

The

facilita,;s the non-inclusion technique in aortic root replacement
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DYNAMICS OF SMALL SIZE ST. JUDE MEDICAL AORTIC
PROSTHESES; IN VIVO STUDIES USING DOBUTAMINE
ECHOCARDIOGRAPHY
I KADIR, MB IZZAT, P WILDE, AJ BRYAN, GD ANGELINI
Bristol Heart Institute, University of Bristol, Bristol

P33

Heart

POSTERS: On display in the Exhibition Hall (Hall 4) throughout the meeting
(111)

(109)

Megakaryocytes (MK) are found in the lungs, the blood stream as
well as in the bone marrow. We hypothesize that the lungs mighi
serve as a filter removing them from the circulation. This effect
would be lost on the cardiopulmonary bypass and might contribute
to the neurological impairment seen in some patients after CPB. We
developed a whole blood filtration method using polycarbonate
membrane (5gtm pore size) which trapped Mks, which were
immunostained with the platelet antigen CD61. We used this method
to count and study MK morphology in the central venous and
arter.al blood before, during and after CPB in 7 haematologically
normal patients undergoing cardiac surgery.
Blood samples were taken immediately after the insertion of the lines;
before CPB; during bypiss and 120-240 minute later.
Total Mks/ml. Control
Pre-CPB
CPB
Post-CPB.
Venous(V) 10.9 +1.49 15.2+2.28 36.5+4.35*+
Arterial(A) 8.4 +1.66 6.0 +0.92 38.7;7.81++ 14.3 +4.45
Ts
Sig. of A-V
P<6.01
P<U.02
P<4.01
Mean+SEM;* P<0.01 ;** P<0.02, vs Control
+P<0.01, vs Pre-CPB (V); ++P<0.05. vs Pre-CPB (A).
Morphological examination revealed 4 types of MK the largest
(Type 4) not normally seen in the arterial blood (V vs A; 4.4 vs 0.3
P<0.1) increased appreciably on CPB (VvsA; 16.5 vs 21,NS)
indicating that the lungs are the net removers of the large Mks.
The lungs appear to regulate Mk level by filtering large Mks. This is
lost on CPB despite an extracorporeal 40 gm arterial line filter with
large multinucleate Mks entering the systemic circulation. More
effective extracorporeal filtration of Mks might reduce the
neurological impairment seen in some patients who have undergone

Infirmary, Glasgow

The role of Helicobacter pylori in the pathogenesis of nonautoimmune gastritis and peptic ulceration is widely
recognised Recently it has also ban linked with coronary
artery disease: the latter occurs commonly in heart
transplant recipients. Helicobacter is widely prevalent in the
general population; a similar incidence is expected among
heart tranplant patients but has not been studied so far.
Furthermore the natural history of this infection may be

modified by immunosuppression. For these reasons we

25.0+2.22**

studied histologically gastric and duodenal biopsies of 47
heart transplant patients who were endoscopically examined
over a period of 45 months. 23/47(49%) of the patients had
Helicobacter (15 men, 88 women mean age 49 (range 39-59)
years. 22/23 (95.5%) of the patients positive for helicobacter
were on regular gastric acid inhibitory agents, while over half

of them (13123;56.5%) had had one or more antibiotic
CoUs before the diagnosis of helicobacter was made.
8/23(35%) were treated with a combination of bismuth,
metronidazole and amoxycillin followed by maintenance H2
antagonists. 7 of these 8 had follow-up gastrosoopies which
revealed persistence or recurrence of helicobacter in 4 of

them (57.1%). This study shows tat Helicobacter pylori
diagnosed histologically is widely prevalent among heart
transplant recipients. Immunosuppression may play a role in
the recurrence or persistence of this infection.

(110)

MllRAL VALVE SURGERY IN THE ELDERLY
EM Lee, JN Porter, LM Shapiro, FC Wells.
Regional Cardiac Unit, Papworth Hospital, Cambridge.
We studied 190 elderly (>70 years) and 424 younger (<70 years)
consecutive adult patients who underwent mitral valve repair or
replacemept for non-ischemic mitral valve disease to investigate the
effect of age on outcome. Repair was preferred to replacement
whenever feasible. Bioprostheses were used mainly in the elderly. Mean
follow-up was 42+29 months. Degenerative valve disease, ischemic
heart disease, left ventricular impairment, NYHA class m or IV
symptoms. and severe mitral regurghation were more frequent (p>0.05)
at baseline in the elderly group. More valves were repaired and fewer
mechanical prostbeses inserted in the elderly. Operative mortality was
low in both elderly (3.7%) and younger patients (3.5%, NS)
respectivelv. Survival at 7 years was poorer in the elderly with respect
to all-cause mortality (49+±6% vs 72+3%. p=O.OOOl). complicationsrelated death (57±7% vs 79±3%. p=0.001) and death from myocardial
failure (66±60% vs 86±3%, p<O.OOOl). Cumulative freedom from
myocardial failure at 7 vears was lower in the elderly - 44+7% vs
74±3% (p=0.0001). There was no significant difference in mortality or
morbidity from other complications. Multivariate analysis showed
independent beneficial effects of younger age. mitral valve repair. better
preoperative NYHA class and better left ventricular function on
survival. Results were excellent in both elderly and younger patients
who underwent surgery early while in NYHA class I or n with left
ventricular ejection fraction .40% preoperatively. In these patients.
cumulative freedom from complications-related death at 7 years was
90±7%,'o vs 93±3% (NS) respectively. At follow-up, all but 3.7%0 and
1.8% respectively were in NYHA class I or II. The greatest contributor
to complications-related death in the elderly was late surgery. Thus. if
surgery is performed earhl and mitral valve repair performed whenever
feasible. excelent medium-term results can be achieved in both young
and old.

(112)
NON-INVASIVE REDUCTION OF BODY WATER BY USING
AIR FLOW KIETICS
M H El Habbal and L J Smith
Institute Of Child Health and Cardiothoracic Unit, The Great Ormond
Street Hospital For Children, London, U.K.
Marked tissue oedema is reported to occur in children who undergo
open heart surgery. This is associated with an increase in patient
morbidity and occasionally, mortality. We examined the effects of air
flow kinetics on the relief of tissue oedema and on the duration of
intensive care unit (ICU) stay after such surgery. Sixteen patients,
aged 3 to 48 months, who undervent surgical repair of
atioventricular septal defect were randomly assigned to receive
continuous postoperative management on a pulsating low air-loss bed
(n = 8) or act as controls (n = 8). The end point of the study was that
total body water (TBW) returned to preoperative levels. The TBW
was measured by bioelectical impedance and expressed as
percentage change of body weight Measurements were made before
surgery, upon arrival to the ICU, and serially until TBW returned to
preoperative levels. All patients were treated according to the
standard ICU protocol, 'which includes strict fluid and diuretic
regimeas. 'Urine output, central venous pressure (CVP) and mean
blood pressure were recorded.
Before surgery, the mean of the TBW as percentage of body weight
was 78% for the treatnent group and 80% for the control group.
Body water increased in all patients. Upon admission to the ICU,
TBW was similar in both groups. The increase of TBW peaked at 36 hours post-operatively. In the treatment group, the increase was
102% as compared to a 120% increase in the control group (p<
0.01). TBW gradually retuned to pre-operative values by 24 hours
after surgery in the treaunent group and 48-72 hours in the control
group (p <0.001). Ther was a tendency for higher urine output,
mean CVP and mean blood pressure in the teated group (3 ml/kg, 9
Cm H,O and 75 mmHg vs. 2.5 ml/Kg, 8 Cm H,O and 65 mmHg).
The mean duration of stay in the ICU was 28±4 hours in the
treatment group and 50±9 hours in the control group (p < 0.05).
We conclude that air flow kinetics by a specialty ICU bed reduces
TBW, and relieved tissue oedema in post operative paediatric cardiac
surgery patients. This reduced morbidity may have cost-effective
implications relating to decreased ICU stay and resource
consumption. Further studies to evaluate the use of this technology
are warranted.
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THE PREVALENCE AND NATURAL COURSE OF
HELICOBACTER PYLORI AMONG HEART TRANSPLANT
RECIPIENTS
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Wheatley
tUniversity Department of Cardiac Surgery, The Royal

THE EFFECT OF CARDIOPULMONARY BYPASS
(CPB) ON THE CIRCULATING MEGAKARYOCYTES
NT Wilde, R Burgess, DJM Keenan, GS Lucas
University Department of Haematology and Department
of Cardiac Surgery. Manchester Royal Infirmary,
Manchester
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Hospital,Dunee
The Glasgow MONICA Project has carried out a series of population coronary
risk factor surveys. In 1992 a survey of 200 men and women in each 10-year age
band from 24-74 years was undeaken. A variety of information was collected
including demographic and socio-economic data, wheer there had been a doctor
diagnosis of angina or myocardial infarction, a smoking history with validation of
smoking habit by serum cotinine, the mean of two blood pressure readings made
with a Random Zero machine following a ten minute rest period, self-eported
history of diabetes and the mean of two estimations of total serum cholesterol
made on a random non-fasting venous blood sample. Ihe subjects were also
asked whether they had had a cholesterol measurement made in the year prior to
the examination and if so, by whom. Among those who had had a cholesterol test
in the previous year only 20.4% fell into the groups at highest risk i.e. those who
had had an MI and those with a diagnosis of angina. Among the remainder only
12.7% had two of the following risk factors present - current smoking,
hypertension (defined as being on tament), or self-reported diabetes. In the
highest risk group 35.4% had had cholesterol test in the previous year and 28%
among those with two risk factors. It seems that despite good evidence for testing
tose at high risk, many of those do not have a cholesterol estimation made; and
despite advice to concentrate on those at high risk, many who are not so classifed
are subjected to cholesterol testing. Guidelines for testng are widely available
but are obviously not implemented. The potential for more appropriate use of
limited resources and limiting treatment to a target group are discussed

PROPORTION OF THOSE WITH VARIOUS RISK FACTORS WHO HAD
A CHOLESTEROL TEST IN THE PREVIOUS 12 MONTHS
SMOKING

With randomised controlled trial evidence of coronary morbidity and
mortality reduction in primary prevention (WOSCOPS) and secondary
prevention (4S) from cholesterol lowering drug therapy what proportion
of the population would be eligible for this treatment? Using the British
Family Heart Study (BFHS) database - a national randomised
controlled trial of cardiovascular screening and lifestyle intervention in
general practice in men (aged 40-59) and their partners - the number
of healthy individuals and coronary patients who meet the entry criteria
for these trials can be determined. The response rate to a screening
invitation in the BFHS was 73%. Of those 3,850 individuals who
attended 4% had coronary heart disease and the rest were healthy. Of
the healthy individuals 21% had a random total blood cholesterol > 6.5
mmol/l at baseline screening but by 3 months, and following the fourth
measurement, only 5% still had a cholesterol above this level reflecting
the effect of diet, regression to the mean and non response to followup. If all these healthy subjects received drug therapy this would
represent treatment of about 3.6% of the general population in this age
group. Of the patients with coronary heart disease 79% had a random
total cholesterol > 5.2 mmol/l. If all these patients with prevalent
coronary disease received drug therapy this would represent treatment
of an additional 2.3% of the general population. So in summary if the
results of WOSCOPS and 4S are implemented in general practice
approximately one in twenty of the middle aged population would be
eligible for cholesterol lowering drug therapy.
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CHOLESTEROL - WHOM DO WE TEST AND WHOM SHOULD WE
TEST
C Morrison*, MK McCluskey**, H Tunstall-Pedoe**
*MONICA Project,Royal Infirmary,Glasgow; **CVEU,Ninewells

% OF POPULAnON

DIABEIES
SMO G AND HERTENSION
SMOK1NG AND DIABEES

44.6
23.9
3.0
9.7
1.1

HYPERTENSION AND DIABETES
ANY TWO RISK FACTORS

1.0
11.6

HYPERTENSION

CHOLESTEROL LOWERING DRUG THERAPY IN THE
PREVENTION OF CORONARY HEART DISEASE IN THE
POPULATION - EVIDENCE FROM WOSCOPS AND 4S
APPLIED TO THE BRITISH FAMILY HEART STUDY
D A Wood, SDM Pyke, SG Thompson,
Clinical Epidemiology, National Heart and Lung Institute. London
School of Hygiene and Tropical Medicine. University of London.

% TESTED
17.1

28.8
40.8
25.4
55.0
40.0
27.9

SHOULD CK-MB BE USED TO DETERMINE THE CAUSE OF
CHEST PAIN?
DP Dutka, P. Ramrakha, R Strong, CM Oakley
Department of Medicine (Clinical Cardiology), Royal Postgraduate
Medical School, Hammersmith Hospital, London.

The use ofthe immediate determination of the myocardial

isoenzyme of creatine kinase (CK-MB) is increasingly being used by
emergency medical staff as an aid to rapid diagnosis of acute chest
pain syndromes. We performed a retrospective survey of the
influence of immediate CK-MB analysis on the subsequent
management ofthese patients. Samples were obtained for CK-MB,
CK and LDH from 83 consecutive patients attending casualty with
chest pain in accord with current practice. 69 (83%) patients were
admitted. In the'se patients CK-MB was <2 IU in 36 (52%), <5 IU
in 19 (28%) and >5 IU in 14 (20%). In 200/o of patients admitted
with a CK-M <2 the CK obtained simultaneously was >200 IU,

and the LDH >500 IJ in 27% raising questions about the
relationship between the time course of myocardial injury and
presentation at casualty. The clinical diagnosis and management of
the patients admitted to hospital was not dependent on the results of
the immediate CK-MB result. In 4 of the 14 (28%) of patients sent
home (all with a CK-MB <5 and a diagnosis of non-cardiac chest
pain) both CK and LDH were subsequently found to have been
elevated. These results indicate that immediate estimation of
CK-MB does not influence management of patients with chest pain
in casualty and should not be used to exclude myocardial infarction.
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ANTICOAGULATION OF PATIENTS WITH ATRIAL
FIBRILLATION. A THEORETICAL EXERCISE N THE COST FOR
ONE GENERAL PRACTICE
D G Ande rson, R A Kenny;, R Thomson
Cardiovascular Investigation Unit, Royal Victoria lnfirnar~. Newcastie Upon Tynse
AIMS This project focuses on recent studies relating to anticoagulation of
patients with atrial fibrillation (AF). If the findings are to be put into
General Medical Practice. there are significant implications to the Health
Service relating to time and cost required to anticoagulate patients with AF.
METHOD This study was within an urban General Practice of 8 partners (6
full time and 2 part time) serving 14,880 patients. A cohort of 141 patients
were identified as having AF, of these 82 patients were eligible for
anticoagulation. A theoretical mathematical analysis was performed in an
attempt to estimate a cost. in time and money, to the Practice (fundholding)
if it were required that these 82 patients be anticoagulated.
RESULTS Following a protocol, drawn from current guidelines, it was
estimated in the first year Qf anticoagulation it would cost a minimum of
£13,136.40 and take at least 61 working days to anticoagulate and monitor
this population of 82 patients. In subsequent vears it would cost a minimum
of £5,911.38 and take 27 working davs to monitor the anticoagulation states
of these patients. Three separate cohorts of patients were identified. out of
those with AF, to be eligible for anticoagulation = 82.
I. Those with rheumatic valve disease = 6 patients were identified in the
audit a6 not being anticoagulated. It is advised that these patients should
be assessed for anticoagulation immediately.
2. Non-rheumatic AF, no previous TIA/CVA = 63. If this population were
anticoagulated it would prevent 2 strokes per year. there should be 2
major haemorrhages in 10 years R.
3. Non-rheumatic AF with previous history of TIA/CVA = 13 patients. If
this population were anticoagulated it would prevent I stroke per year.
there could be the 3 major haemorrhages ever 10 years.
In total, anticoagulating these 76 patients. (Groups 2 and 3) would prevent 3
strokes per year. (Those patients with RVD were excluded from this specific
analysis as Risk Benefit figures were not available). There could be 0.5
major haemorrhages per years treatment (I major haemorrhage in 2 years).
DISCUSSION The request is still to be made, however, that guidelines are
needed to help formulate polic) into anticoagulation of patients with AF.
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EMERGENCY ADM%ISSIONS IN LONDON FOR ACUTE
MYOCARDIAL INFARCTION ARE ASSOCIATED WITH
SHORT-TERM INCREASES IN ATMOSPHERIC POLLUTION:
ARE THERE ANY IMPLICATIONS?
JD Poloniecki, RW Atkinson, A Ponce de Leon, HR Anderson.
Public Health Sciences, SGHMS, St. George's Hospital, London
The smog of 1952, and more recent data on airborne pollutants from
London and other cities have been associated with all-cause
mortality, hospital admissions, and emergency room visits for
respiratory and cardiovascular disease. Although the primary interest
has been in respiratory disease, asthma appears to be little affected.
We looked for associations with emergency admissions to London
hospitals for ischaemic heart disease. Daily emergency admissions for
7 years from April 1987 were provided by OPCS for acute
myocardial infarction (AM1), angina (ICD413), and other ischaemic
heart disease (ICD414). Daily temperature and humidity (MET) were
provided by the Meteorological Office, and atmospheric components
(AC), namely ozone (03), nitrogen dioxide (NO2), sulphur dioxide
(SO2), carbon monoxide (CO), and Black Smoke (BS) by AEA
Technology. Median daily admissions were 26(AM), 15(ICD4 13),

10(ICD414). After allowing for long-term (>20 days) variations,
MET, day of week and public holidays the residual log number of
admissions showed no significant simple linear regression on previous
day's single AC's for ICD413 nor 414 (all p-values > 0.05). There
were associations wih AMI at the p = 0.01 level.
p-value
se
AMI
days regression coef
.7774
.00039
2348
.00011
O3 ppb
.0116
.00079
.00031
2463
NO2 ppb
.0027
.00047
2285
.00141
So ppb

.0066
.00660
.01795
1900
CO ppb
.0908
.00060
.00102
2522
BS gtg/m3
the
full
The regression coefficients(±standard error) equated
range of
SO2 or CO to an increase of 17(11-24)% or 19(11-27)%
respectively in admissions. These associations were not markedly
sensitive to autocorrelation, nor are they likely to be due to chance.
A direct causal effect, however, is only one of many possible

explanations.

common

problem. 'Open

access' to GPs has become

increasingly popular but indiscriminate referral could
of
diagnostic
services.
the setting
swamp limited
heart
with Insuspected
in general
patients
practice
failure, would a normal 12 lead electrocardiogram (ECG)
obviate the need for echocardiography? Methods: The
'open access' echocardiography service in Darlington has
been Patpiefull echocardiograms were
already describeadr
obtained using a Hewlett Packard 77030A imaging system
with a 2.5 MHz sector probe, integral colour flow and
views were obtained
Doppler.
continuous
was Standard
calculated from the cube of
and
fraction
ejectionwave
fractional shortening. Simultaneous 12 lead ECGs were
also recorded on a Marquette Mac 6, which produces an
automated analysis of the tracing. Results: 137
consecutive
pgtienot2 (8ean75 years) have so far been
studied. ECGs were reported as normal in 28 (Group 1),
23 showed 'non specific ST segment-T wave change' (Group
2) and 86 were abnormal (Groufpibri3lation, previou
myocardial infarction, bundle branch block and left
ventricular hypertrophy. Of those in Group 1, left
ejection
fraction
was reduced in(significant
10 and one
ventricular
aortic
had significant
regurgitation
abnormality in 11/28 = 39%). In Group 2 there were 3/23
(13%) with a reduced ejection fraction and none with
significant valve disease. 36 of the 86 patients in

Despite calls for the provision of general practitioner accessed
echocardiography (GP-echo). there is only limited data regarding the
organisation and effectiveness of such services. Two different models have
been proposed with varying degrees of patient selection: disease targeted.
whereby the service is restricted to screening for a specific condition, and
open access, in which all referrals are accepted without selection. Referral
patterns cannot be controlled readily with open access. and this might
result in inappropriate referral and inefficient use of resources. Directed
access echocardiography is an alternative model that may provide greater
flexibility than disease targeted GP-echo, whilst ensuring that
echocardiography is restricted to those conditions in which it is of
established value. 229 patients with a clinical diagnosis that fell into at least
one of five predetermined diagnostic categories were referred for GP-echo:
Group A: ?heart failure (n= 137); Group B: ?aortic valve disease (n=26);
Group C: ?mitral valve disease (n=8): Group D: undiagnosed murmur
(n=42); Group E: assessment of left ventricular hypertrophy (n=55). The
percentage of GP-echos that identified significant clinical abnormalities was
reviewed: Group A:43%; Group B: 35%; Group C: 62%; Group D: 24%;
Group E: 38%. The lowest yield was observed in 7 patients whose
diagnoses fell outside the predetermined diagnostic categories (I abnormal
echo). The yield of useful clinical information was 43% overall, however
major clinical abnormalities directly related to the diagnostic
related to category were
major.cinicalabnormalities
identified
in only 26% of patients. Significant abnormalities unrelated to
the GP's clinical diagnosis were identified in 7% of referrals, including
unsuspected aortic valve disease (3%) and undiagnosed atrial fibrillation
(3%). Conclusion: Directed access echocardiography can help ensure
effective utilisation of echocardiography services bv GPs. Valuable clinical
information was often obtained, possibly reflecting the low rate of
inappropriate referral. The frequent identification of abnormalities
unrelated to the referral diagnosis emphasises the importance of a
comprehensive assessment of the clinical status of each patient.

Group 3 had impaired left ventricular function, one had
significant aortic regurgitation and one significant

regurgitation (abnormality rate 44%). Conclusion:
When patients with suspected heart failure are referred
for 'open access' echocardiography, the frequency of
present. However, a normal 12 lead ECG does not exclude
significant cardiac disease.
1. Murphy JJ et al, Hr Heart J 1995; 73 (Suppl 3): 39
mitral
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SERUM TOTAL CHOLESTEROL, HDL-CHOLESTEROL
AND NON-FASTING TRIGLYCEREDES, AND EIGHTYEAR CORONARY EVENTS IN THE FOLLOW-UP OF
MEN AND WOMEN IN THE SCOTTISH HEART
HEALTH STUDY (SHHS)
H Tunstall-Pedoe, M Woodward, R Tavendale
Cardiovascular Epidemiology Unit, University of Dundee
In the SHHS men and women aged 40-59 in 1984-87 underwent
cardiovascular risk-factor assessment at survey clinics. Blood
was taken non-fasting for serum total cholesterol, HDLcholesterol and serum triglycerides, measured in a laboratory
standardized on the Prague reference centre. Participants have
now been followed, with their permission, over an average of
eight years, through hospital discharge and case records, and
death certificates, to identify coronary deaths, hospitalized
myocardial infarction satisfying World Health Organization
diagnostic criteria, and coronary artery surgery. For each risk
factor the male and female population is divided into equal fifths,
a figure of one aDlocated to risk in the the lowest fifth, and agestandardized odds ratios calculated for the higher fifths. There
were approximately 1070 in each male fifth and 1030 for
females, and a total of 366 coronary events in men and 165 in
women. For each risk factor the gradients were highly
significant. The odds ratios in the highest fifth for total
cholesterol was 3.6 in men and 5.2 in women. For HDLcholesterol they were 0.36 and 0.20 (the reciprocals are 2.8 and
5.0) and for non-fasting triglycerides 2.7 and 5.1. Results were
broadly similar when analysed for participants free of all evidence
of CHD at baseline. Although numbers of end-points in women
were smaller than in men, they therefore show a similar, if not
stronger, relationship of CHD risk to serum lipids. The interrelationships of these risk factors and others are further explored.
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"OPEN ACCESS" ECHOCADIOGRARY FOR SUSPECTED HEART
HOW SHOULD OPEN ACCESS ECHOCARDIOGRAPHY BE
FAILURE : WOULD A 12 LEAD ELECTROCARDIOGRAM BE JUST AS
ORGANISED? LESSONS FROM A DIRECTED ACCESS SERVICE
JJ Murphy
sOhandekar,
?ossiogham,
CM
ACH Pell, 'E Kesson, VS Srikanthan, N Prasad, KJ Hogg,
'CE Morrison, FG Dunn
Department of Medicine, Memorial Hospital, Darlington
Department or Cardiology. Stobhill NHS Trust, and 'Greater Glasgomc
is the key investigation in suspected
Health
Health
Board
Glasgom
Glasgow
Board,
heart failure, and should result in improved management
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In the Scottish Heart Health Study 5093 men and 4862 women
had their fibrinogen measured at baseline in 1984-87. Hospital
discharges for myocardial infarction and for coronary artery
surgery have been traced and coded as well as deaths from CHD
over an average of eight years. Fibrinogen was assessed as a
risk factor for all coronary events and for CHD death alone.
Baseline CHD status was known for 9749 subjects. Of the 3930
men without CHD at baseline, 194 had a coronary event,
including 54 CHD deaths. Of the 1067 men with CHD at
baseline, 195 had a qualifying coronary event with 76 CHD
deaths. For women there were 3 760 free of CHD at baseline,
69 events and 1 Ideaths, and 992 with CHD, 80 events and 24
deaths. Age-adjusted riskratios for fibrinogen thirds were
estimated from Cox regression models. Regardless of baseline
status and end-point, men have about 40% higher risk in the
middle third, and nearly twice the risk in the upper third,
compared to the lowest third. Women have different results
depending upon baseline status, although results by end-point are
similar. Those with baseline CHD have no elevated risk in the
middle third, but 1.5-2 times the risk in the highest third,
compared to the first. Women without baseline CHD have about
2.5 times tle risk in the iddle third, and more than three times
the risk in the highest third. Further adjustments for known
coronary risk factors (smoking, blood pressure and serum
cholesterol) reduce the riskratios without entirely removing the
effect of fibrinogen. There is no evidence of interaction between
fibrinogen and these classical risk factors.
m

COST IMPLICATIONS OF REDUCED LEFT VENTRICULAR
FUNCTION Pi CORONARY ARTERY BYPASS SURGERY
AG Heriot, CW Barlow, SR Large.
Department of Cardiothoracic Surgene
Papworth Hospital, Papworth Everard, Cambs.

Coronary arterv bypass grafting is one of the commonest and more
expensive operations performed and with the advent of a market
economv in the NHS, we wished to assess whether preoperative
ejection fraction (EF) affected the cost of this procedure.We subdivided
all coronarv artery bypass operations performed by one of us (SRL)
during 1993 according to EF, assessed byventriculogram and/or
MUGA scan. into good (>45%), moderate (20%-45%), and poor
(<20/%) groups. Cost was estimated using major expenses: theatre
charge, duration of intensive care (ITU) and of hospital sta) and the
need for additional interventions such as intra-aortic balloon
counterpulsation (IABP) and pulmonary artery catheterisation (PAc).
There was a total of t21 patients in the three groups, 123 good EF
(56%), 72 moderate EF (32%). and 26 poor EF (12%), with a
mortality in each group of 2 (1.6%), 2 (2.8%), and 2 (7.7%)
respectively. There was no difference between groups in age or number
of bypass grafts. Results are shown as mean +/- SD.
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SHOULD PATIENTS RECEIVING RENAL TRANSPLANTS
UNDERGO PRE-OPERATIVE CARDLACINVESTIGATION?
EJ Langford. AJ de Belder, H Cairns, B Hendry, RJ Wamwright.
Departments of Cardiology and Renal Medicine, King's College

HospitaL London.
Renal failure and its predisposing conditions such as hypertension and
diabetes carry an increased risk of cardiac disease. Following 2
unexpected cardiac deaths post renal transplantation, we set out to
audit whether routine cardiac investigation with echocardiography and
exercise ECG was usefil to identify those at risk. Echocardiography
was performed on 86 patients. aged 46.2±1.5 (mean±SEM) years,
awaiting renal transplants. Exercise ECG was carried out for the 53
patients over 35years, withoutknown coronary disease, able to walk
on the treadmill. Of the 86. 75 (87%) had end stage renal failure

requiring dialysis.

78%gave

a

history of hypertension, 26% of

diabetes and 7% had pre-viously documented ischaemic heart disease.
On echocardiographv. left ventricular hypertrophy or diastolic
dysfunction was found in 72%. impaired systolicfuncition in 20% and
vahle disease in 23%. None of the patients with valve disease required
valve surgery. Exercise ECG was positive in only 3 patients, none of
whom required intervention following Cardiolog) referral. There were
2 deaths. both due to cardiacarrest, in patients who had been found to
have poor LV function on echocardiography and who did not receive
transplants. Seventeen patients underwent successful transplantation
with no cardiac complications. Conclusion:There is a high
prevalence of LV hypertrophy and systolicdvsfimction among patients
awaiting renal transplantation. Echocardiography provides an effective
method of scxeening, which may predict those with a poor
prognosis
and unsuitable for renal transplantation. The use of exercise ECG as a
screening measure in candidates for renal transplantation is not
justified on the basis of these data.

VARIATIONS IN THE MANAGEMENT OF ACUTE
MYOCARDIAL INFARCTION IN ONE HEALTH
REGION.
S Khandekar, JJ Murphy. Department of Medicine,
Memorial Hospital, Darlington.
Despite the publication of numerous trials concerning the management
of acute myocardial infarction (AMI), significant areas of uncertainty
remain. This paper describes the routine practice of managing AMI
within the Coronary Care Units (CCU) of 17 acute hospitals in the
old Northern Region. 14 have written management policies and in all
but one, patients admitted with AMI remain under the care of general
physicians although each has a consultant cardiologist. In suspected
AMI all units give a stat dose of aspirin; 300mg in 10 units, 150 mg
in 4 and variable doses in 3. Analgesia is unifornly with intravenous
diamorphine and generally with metaclopramide but 4 units also use
cyclizine or prochlorperazine intravenously. All units thrombolyse
those with ST segment elevation, but 10 units also give thrombolysis
to those with ST segment depression and 3 administer thrombolysis
despite a normal electrocardiogram when the history is "classical".
The time window for thrombolysis is 6 hours in 3, 12 hours in 9, 18
hours in 2 and 24 hours in 3. Thrombolysis is routinely with
streptokinase in all units. Re-administration of streptokinase is
prohibited within the first 12 months in 10 units, 24 months in 2 and
2 use tissue plasminogen activator for further thrombolysis (with 3
not responding). A small but significant number of units avoid
thrombolysis in the following situations: systolic blood pressure <
100 mmHg (3); mild proliferative diabetic retinopathy (6); following
cardiopulmonary resuscitation (4); patients taking warfarin whose
INR <2.5(5); if the patient has a central line (3). Maintenance aspirin
is at a dose of 150 mg in 13, 75 mg in 3 and 300 mg in 1.
Angiotensin converting enzyme inhibitors (ACEi) are used routinely
to treatall AMIs in only one unit. All give ACEi drugs for those with
heart failure, 7 routinely treat those with anterior Q wave infarction
and 7 perform echocardiography on days 2 or 3. One unit prescribes
only Ramipril whereas the remainder use multiple ACE inhibitors.
None of the CCUs routinely give intravenous magnesium or betablocking drugs. Conclusion This survey shows considerable
variation in the management of AMI. Areas of scientific uncertainty
persist and further trials are necessary. However some units continue
to recommend clinical practice at odds with overviews of
thrombolysis in acuteAMI.
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FIBRINOGEN AS A RISKIXFACTOR FOR CORONARY
HEART DISEASE (CHD) THE EIGHT-YEAR
FOLLOW-UP OF MEN AND WOMEN IN THE
SCOTTISH HEART HEALTH STUDY
M Woodward, Tunstall-Pedoe, GDO Lowe
Cardiovascular Epidemiology Unit, University of Dundee
and Department of Medicine, Glasgow Royal Infirmary.
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A GENE -MUTATION THICH CONTIBTES TO CORONARY
HEART DISEASE RISK
R Melea'. P Gallaghe?. D Shields2. D McMaster, A Evans'. R Rozen4.
I Graham'. AS Whitehead2

Heart disease restricts activity but objective assessment of the degree of
that limitation is difficult. Exercise tolerance tests, 6-minute walk
distance or patient-reported questionnaires are broadly reproducible, but
may be difficult to apply and none is directly related to daily activities.
We have developed a solid-state activity monitor which continuously
detects posture and measures acceleration. Data are acquired on a Psion
Series 3 computer and down-loaded to a desk-top computer for analysis
of the number and amplitude of steps taken during the recording period.
A study was performed to valdate the device against two known
measures of activity. 15 consecutive,
patients booked for Bruce protocol exercise E
R '-0.977tolerance test were studied with the device.
0
Despite widely varying height (mean + I
standard deviation; 1.69±0.1 Im), weight $ 5
v
(74.4±14.3kg), and age (57.7± 12.3y) there!
10 13
4
MET
was a highly significant linear correlation
(p=6.86xlO-") between the product of step
number and amplitude with the Bruce protocol stage and thus METs.
9 consecutive patients with symptomatic
mitral stenosis performed standard 6RlRn0.715
0.715
minute walks while wearing the recorder.
Io
e *distance
was ofagain number
linearly
The
.m*
withcovered
*
correlated
the product
step
5 o3Z0 50 400z S00and amplitude (p=0.0041). These data
OsucW*bithndi
suggest that the recorder is capable of
producing activity information highly
correlated with known exercise loads which are in turn correlated with
prognosis. It is currently being used to assess spontaneous activity in the
home environment over 24 hour recording periods to determn e the
impact on physical activity of symptomatic valvular and ischaemic heart
disease and the effects of the treatment of these conditions.

(I )Dept. of Cardiology, Adelaide Hospital Peter Street, Dublin 8. lreland.
(2)Dept.of Genetics, Trinity College, Dublin 2, Ireland. (3)Dept. of
Epidemiology & Public Health, The Queen's University of Belfast,
Northern Ireland. (4)Dept. of Human Genetics Pediatrics, and Biology,
McGill University, Montreal, Quebec, Canatda.

(126)

IMPLEMENTATION OF GUIDELINES FOR PRESCRIBING
ANGIOTENSIN CONVERTING ENZYME INHIBITORS FOR
THE MANAGEMENT OF HEART FAILURE IN HOSPITAL
A Warren, PSC Wong, J Timeyin, C Davidson
Cardiac Department, Royal Sussex County Hospital, Brighton

,Clinical trials

have demonstrated that in selected patients the
use of angiotensin converting enzyme inhibitors (ACEI) for the
management of heart failure is beneficial. Few data are available
on the applicability of the results of major trials to everyday
hospital practice. Consecutive patients admitted over a 4 month
period with a primary diagnosis of heart failure were entered into
the study. Prescriptions and case notes were flagged and clinical
pharmacists liaised on a daily basis with individual prescribers
on 10 medical firms to initiate and/or optimise ACEI therapy.
Enalapril was used as the index drug with a set dosing schedule
of 2.5mg once a day for 3 days, then 2.5mg twice a day for 4
days, 5mg twice a -day for one week and 10mg twice a day
thereafter. Reasons for not prescribing ACEI were documented.
RESULTS There were 243 admissions, 141 male and 102
female with a mean age respectively of 75 (+1-10) and 80 (+/-9).
The median length of stay was 11 days. On admission 70
(28.8%) were taking an ACEI. Of the 189 survivors of their
hospital admission 140 (74.1%) were discharged on an ACEI.
For those admitted on ACEI and discharged on ACEI the mean
dose of enalapril on discharge was 16.6mg. In 85 cases where
ACEI was initiated in hospital the mean dose of enalapril on
discharge was 8.1mg. For de novo patients the dosing schedule
of enalapril as described was well tolerated. The reasons for not
prescribing an ACEI included renal impairment (13),
symptomatic hypotension (9) and ACEI induced cough (2). In
only 9 (4.8%) cases no clear reason was documented for no
ACEI being prescribed.
CONCLUSIONS The study demonstrates that a high profile
approach by a multi-disciplinary team can achieve the
appropriate use of ACEI for the majority of patients with heart
failure managed in hospitaL

An elevated plasma total homocysteine (tHcy) is a strong and independent
risk} fictor for vascular disease. Recently, a defecfive (thermolabile ) variant
of the enzyme 5,1O-methylenetetrahydrofolate reductase (MTHFR) which,
together with folic acid, vitamin B12 and vitamin B6 nmodates plasma
tHcy levels, has been described. We have undertaken a case-control study
involving 153 cases of vasailar disease and 105 controls to assess the
prevalence of this defective allele (T) in these two groups. The defective
allele (T) was found more freuenldy in cases than in controls (Odds
Ratio(OR): 1.48; 95% CI: 1.0-2.2). The OR in the disease group compared
to controls for the IT genotype was 2.6(95% CI: 1.1-6.3). The association
between homozygous iheritne of the defectve allele (T) and vascular
disease was strongest for coronary heart disease. Elevated plasma tHcy
levels showed a significat dependence on the UT genotype(OR: 4.3; 95%
Cl: 1.7-10.8) in cases and controls. Homozygous inheritance of a
themolabile MTHFR is a strong risk factor for coronay heart diseas. As
this enzyme is folate dependent, supplemntaton or food fortification with
folic acid may reduce plasm tHcy leve and consequently risk of coronary
heart disease.

(128)
PROGNOSIS IN PATIENTS WITH CHEST PAIN REFERRED
FOR OUTPATIENT CARDIOLOGICAL ASSESSMENT:
J Sayer, D Jain, K Ranjadayalan, E Paul, S Ray, AD Tinumis
Depts of Cardiology, London Chest and Newham General Hospitals,
London.

Prognosis in patients presenting to hospital with acute coronary
syndromes has been well documented. However, much less is known
about prognosis in patients referred for outpatient assessment of stable
chest pain. We have evaluated clinical outcome in 660 consecutive
patients (60% male, age 50±14 yrs) attending a "one-stop" cardiac
outpatient clinic, all of whom had normal resting electrocardiograms
without a history of myocardial infarction, unstable angina or
revascularisation. All but 3 of the patients were discharged from further
follow-up (82%) or referred for tertiary investigation (17%) after 1-2
clinic visits. The patients were grouped into those diagnosed as having
cardiac (27%) and noncardiac (73%) chest pain, based on the initial
clinical findings and, in 46% of cases, an exercise ECG. Cardiac chest
pain was diagnosed significantly more frequently in patients with recent
onset of symptoms (<4 months), in patients aged over 60, and in
patients who were white, hypertensive or diabetic (p<0.05).
Distributions of gender and smoking status were not significantly
different between the diagnostic groups. The patients were followed up
for a mean of 621±338 days with documentation of death, myocardial
infarction, unstable angina and revascularisation. Event-free survival
(95% CI) for the cardiac group at 6 months, 1 year and 2 years was
83.6(78.1-89.1), 78.8(72.8-84.8), and 72.4(65.0-79.8), respectively.
Corresponding figures for the noncardiac group were significantly
better (p<0.001): 98.5(97.4-99.6), 97.5(96.0-99.0), and 96.6(94.798.5). Multivariate predictors of ischaemic events were age, male
gender, hypertension, diabetes and smoking (p<0.05). The prevalence
of continuing chest pain at follow-up was similar in the cardiac and
noncardiac groups (32 vs 37%, p=NS). In conclusion, simple clinical
assessment of chest pain in a one-stop clinic can reliably identify a highrisk cardiac group with an event rate in the first 2 years of nearly 30%.
Prognosis in the noncardiac group is excellent but despite this these
patients fare no better than the cardiac group in terms of continuing
symptoms.
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OBJECTIVE ASSESSMEN'T OF ACITIVI' IN HlEART DISEASE
CJ Plummer, SS Furniss, tPS Heslop,* DJ Walker
Departments of Academic Cardiology and *Rheumatology,
Freeman Hospital, Newcastle upon Tyne. NE7 7DN.
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The contemporary incidence of heart failure in the UK is not
known. A prospective survey of new cases of heart failure
presenting to 82 general practitioners and a district general
hospital serving a population of 155 000 is now in progress.
Cases are identified from hospital admissions and through a
daily open-access heart failure clinic to which GP's refer all
new cases of suspected heart failure. Following a standardised
interview, physical examination, ECG, CXR and cardiac
ultrasound all cases are reviewed by a panel of 3 cardiologists
whQ determine whether the definition of heart failure is met,
and its aetiology. In 6 months, 61 new cases of heart failure
have been identified in the district giving a crude incidence
rate of 0.8 cases per 1000 population per annum. The rate
was 0.2 cases/1000/p.a. in those aged 45-55 years, rising to
11.7 cases/1000/p.a. in those aged 85 years and over. 13
(21%) cases were identified through the heart failure clinic,
the remainder being acute hospital admissions. The aetiologies
were ischaemic heart disease (39%), atrial fibrillation alone
(10%), hypertension (8%), cor pulmonale (3%), and alcohol
(2%). In 38% of cases the aetiology could not be determined
from the history. examination and above investigations. 120
new cases of heart failure per annum are expected in this
population, the vast majority arising in the elderly. Most cases
present acutely to hospital. In over a third of cases the
aetiology cannot be determined from the non-invasive
investigations used in this population based clinical survey.

(130)
LOW LEVELS OF CORONARY HEART DISEASE AND RISK
FACTORS IN A UK CHINESE POPULATION
J Harland, N Unwin. R Bhopal, M White, W Watson. P Stephenson,
KGMM4.4berti.
Departments of Medicine and Epidmiologv & Pubiic Health, University
of Newcastle, Newcastle upon Tyne.

Coronary heart disease rates in mainland China are amongst the lowest
in the world )ut little is known about rates in Chinese populations in
Europe. The aim of this population based cross sectional survey was to
compare the prevalence of CHD and risk factors in Chinese and
Europid adults. All Chinese adults resident in Newcastle upon Tvne.
aged 25 t( 64 years. and a probability sample of Europid adults. were
eligible. Fasting lipids were measured. LDL cholesterol calculated by
the Friedewald equation and CHD based on the Rose angina
questionnaire and resting electrocardiogram (Minnesota codes 1. 1-1.2)
183 and 197 Chinese (estimated response rate 70%). and 3 10 and 315
Europid men and women (response rate 67%/O) were studied. Figures
were directly age adjusted to the 1991 England and Wales population. p
values are <0.001 unless given Chinese compared to Europid men had
lower mean total cholesterol (5.1 vs 5.6 mmol/l). LDL cholesterol (3.2
vs 3.6 mmol/l), triglvceride levels (1.04 vs 1.37 mmol/l. geometric
means). mean body mass indices (BMIs) (23 8 vs 26. 1 Kg/in-)
smoking (23% vs 350%. p<0.01), and systolic blood pressure (BP) (123.
vs I26mmHg, p<0.05), but no significant difference in diastolic BP ('77
vs 78mmHg). Chinese compared to Europid women also had lower
lipid levels, BMIs, smoking prevalence. but higher systolic (12 1 vs
1I 7mmHg, p<0.05) and diastolic (75 vs 68mmnHg) biood pressures
The prevalence of CHD was much lower in Chinese vs Europid men
(4.9% vs 16.6%) but not significant in women (7.3% vs I 1. 1%/O.
p=O. 16). High levels of CHD in the long, established Chinese
populations of Singapore and Maufitius show that the Chinese are not
genetically protected from CHD. Coronary prevention strategies are
needed now to maintain the favourable risk factor profile currently
experienced b) UIK Chinese and to prevent the likely increase in CHD
rates with increasing acculturation.
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A POPULATION-BASED SURVEY
OF THE
INCIDENCE OF HEART FAILURE
MR Cowie, H Penston, DA Wood, A Coats, S Thompson,
PA Poole-Wilson, GC Sutton. Hillingdon Hospital,
Uxbridge and The National Heart & Lung Institute,
Imperial College of Science, Technology and Medicine,
University of London.
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Introduction: Two-dimensional echocardiography has been the comer
stone in the diagnosis of hypertrophic cardiomyopathy (HCM). We
evaluated the usefulness of 12 lead electrocardiogram (ECG) in
combination with pedigree analysis as a diagnostic tool. Method: We
studied 45 families with HCM (n=421 individuals) by history, clinical
examination, ECG, echo/Doppler and pedigree analysis. We compared
the prevalence of ECG abnormalities in this subset of individuals aged
20-40 yrs with 378 young healthy adults (controls). Results: There
were 45 probands and 376 first degree relatives. On the basis of
conventional echocardiography 36 first degree relatives fulfilled the
diagnostic criteria for HCM (9.5%) and of the 126 first degree relatives
aged 20-40 yrs, 9 were affected (7%). Twelve subjects noted to have
other cardiac and systemic diseases were excluded from analysis. We
compared the occurrence of ECG abnormalities (ST-T changes) in the
remaining 103 young relatives with the control group.
Relaives
Controls
103
378
Age
NS
27±6
30±8
Sex (males)
55%
52%
NS
Symptoms
nil
nil
Echo
normal
normal
Abnormal ECG 37(36%)
15(4%)
P < 0.001
Nine first relatives with normal echo and abnormal ECG were obligate
carriers of the gene from their position in the pedigree.
Conclusion: A significant number of the first degree relatives of
probands demonstrate abnormalities on their ECG but with normal 2-D
echo. Pedigree analysis reveals that some of the obligate carriers may
not fulfil the convenfional diagnostic criteria and new criteria including
ECG abnormalifies need to be established.

(132)

IMPAIRED BARORECEPTOR SENSITIVITY EARLY AFTER
MYOCARDIAL INFARCTION IS ASSOCIATED WITH
VENTRICULAR DILATATION.
HSJ Lindsay, AL Mohamed, R Grasso*, R Hainsworth*. J C
Cowan, Department of Cardiology, Leeds General Infirmary. and
*University of Leeds, LEEDS

Impaired baroreceptor sensitivity (BRS) and ventricular function are
both powerful predictors of adverse prognosis after MI. The recent
ATRAMI trial has shown both to predict cardiac mortality although the
mechanism of any relation between them is unclear. Infarct expansion is
the precursor of ventricular dilatation and might suppress BRS via the
activation of mechanoreceptors in the adjacent myocardium. To test this
hypothesis the relation between impaired BRS and subsequent
ventricular dilatation was tested.
METHODS: We have investigated 70 patients with first Ml, age (SD)
63.7 (±11.1), male 55, anterior 29, thrombolysed 66, J-blocker 41,
ACEI 29. Left ventricular end-systolic and end-diastolic volume indices
(EDVi? ESVi) were measured by echocardiography (biplane disc
method) at day 3 and 6 weeks after M1 and BRS (i.v. phenylephrine)
pre-discharge and at 6 weeks. Diabetics were excluded. BRS'3,
previously shown to differentiate patients at high risk of venrtricular
arrhythmia, was used to dichotomise patients.
RESULTS: Among all patients EDVi, ESVi and BRS increased
significantly to 6 weeks. Changes in volumes and EF classified by predischarge BRS.3 are shown below. Peak CK did not differ between the
groups.
AEF
p 3 v 42
AESVi
AEDVi
mean±SEM
7.7±3.3
10.5±5
4±l *
BRS.3
*p=0.006
*ns
1 .9±0.8
0±1*
BRS>3
4±1.2
0.086
0.015
0.06
p 53 v >3
CONCLUSIONS: Patients with low BRS show greater ventricular
dilatation to six weeks and this is paralleled by a fall in EF. Infarct
expansion may underlie this relation via the mechanism of ventricular
stretch.

(134)

ACHIEVING EFFECTIVE USE OF GENERAL PRACTITIONER
REQUESTED ECHOCARDIOGRAPHY: SHOULD ACCESS BE OPEN
OR TARGETED?
ACH Pell, VS Srikanthan, N Prasad, E Kesson, *CE Morrison,
KJ Hogg, FG Dunn
Department of Cardiology, Stobhill NHS Trust, and 'Greater Glasgow
Health Board, Glasgow

SUPPRESSION OF CHEMOSENSITIVITY AND THE
EFFECTS ON EXERCISE TOLERANCE IN PATIENTS
WITH CHRONIC HEART FAILURE
T P Chua, D Haffington, P Ponikowski, K Webb-Peploe, S
Anker, PA Poole-Wilson, A J S Coats
National Heart and Lung Institute, London

Previous studies have emphasised the difficulty general practitioners (GPs)
face diagnosing heart failure without access to appropriate investigations.
This has resulted in a demand for GP accessed echocardiography. However
it is not yet established whether this method of identifying patients with left
ventricular (LV) dysfunction in the community is an effective use of
resources. 137 patients with suspected heart failure were referred for GP
accessed echocardiography (86 female, 51 male; median age: 72.5 years).
All patients underwent an ECG and completed a questionnaire, detailing
symptoms and medical history. We examined whether these simple screening
tests could identify patients at greatest risk of LV dysfunction, potentially
allowing GP accessed echocardiography to be targeted at high risk groups
in the community. Breathlessness was the primary symptom in 95% patients.
Impaired LV function was present in significantly more males (48% versus
17%, p<0.05). The only factors predictive of LV dysfunction were an
abnormal ECG and a history of myocardial infarction (MI). No relationship
was found between LV dysfunction and a history of hypertension, chest
pain, breathlessness, diabetes or anti-anginal treatment. For males with LV
dysfunction, 96% had an abnormal ECG and 70% had a history of MI.
versus 41% and 18% respectively for those with a normal LV (p<0.005).
For females with LV dysfunction, 93% had an abnormal ECG and 43 % had
a history. of MI, versus 49% and 4% respectively for those with a normal
LV (p<0.005). The combination of a normal ECG in the absence of a
history of MI was predictive of normal LV function with a sensitivity of
96% in males and 88% in females. The specificity was 100% in both sexes.
Conclusion: There are major sex differences in the patterns of referral for
GP accessed echocardiography. Although greater numbers of females are
referred with suspected heart failure, the yield of abnormal findings is low
and significantly fewer have impaired LV function compared to males.
Patients in the community who have a normal ECG and no history of MI
have a low risk of LV dysfunction and could be excluded from GP accessed
echocardiography services.

Exertional dyspnoea is a limiting symptom in patients with chronic
heart failure (CHF). The underlying mechanisms are not fully
understood but may be related to an increased ventilation caused
in part by the augmentation of chemosensitivity. We hypothesized
that suppression of chemosensitivity with dihydrocodeine may
improve exercise tolerance and breathlessness. Hypoxic and
hypercapnic chemosensitivity were assessed using the transient
inhalations of pure nitrogen and the rebreathing of 7% CO2 in
oxygen in 12 male CHF patients (age 65.5 ± 1.5(SEM) years; left
ventricular ejection fraction 21.3±3.0%) one hour after the
patients received placebo or dihydrocodeine (1mg/kg body weight)
in a randomised double-blind design on two separate occasions,
followed immediately by treadmill cardiopulmonary exercise
testing. There was a significant fall in hypoxic and hypercapnic
chemosensitivity following the intake of dihydrocodeine compared
with placebo (0.447±0.096 v 0.746±0.104 l/min/%SaO2,
P=0.005; 2.480±0.234 v 2.966±0.283 l/min/mmHg CQ,
P=0.01 1 respectively). Peak oxygen consumption was higher after
dihydrocodeine intake (19.7±0.6 v 18.0±0.6 mi/kg/min,
P=0.002) and the ventilatory response to exercise characterised by
the regression slope relating minute ventilation to CO2 output
decreased from 34.19±2.35 to 30.85±1.91 (P=0.011). The
difference in breathlessness with dihydrocodeine compared with
placebo at 3 minutes, 6 minutes and at peak exercise, assessed
using a modified Borg scale (from 0 to 10), was +0.17 (P=NS),
-0.80 (P=0.003) and -0.33 (P=NS) respectively. In conclusion,
the suppression of chemosensitivity reduced exercise ventilation,
improved exercise tolerance and also decreased, at moderate
exercise, the degree of breathlessness in CHF patients.
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HYPERTROPHIC
CARDIOMYOPATHY:
NEW
EVIDENCE
SUGGESTS UTILITY OF ECG AS A DIAGNOSTIC TOOL
M. Kynakidis, A. Anastasakis, K. Prasad, J. Barbetseas, A. Coonar. A.
Theofistou, R. Tokta, D. Richter, WJ. McKenna, P. Toutouzas.
Department of Cardiology, Hippokration Hospital, University of Athens
114 Vas Sophias, Athens, Greece.
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Pulmonary hypertension is a significant adverse prognostic factor and cause
of morbidity in chronic heart failure (CHF), and although failure to decrease
pulmonary vascular resistance appropriately has been proposed as an
important cause of exercise intolerance, the degree to which abnormalities of
the pulmonary circulation may limit cardiac performance has remained
disputed. The effects of selective pulmonary vasodilatation upon the cardiac
output response to exercise has not previously been tested in CHF. Inhaled
nitnc oxide (NO) is an effective and selective pulmonary vasodilator in CHF.
The aim of the present study was to evaluate the effect of administenng
inhaled NO upon the cardiac output response to exercise in patients with
CHF. Twelve patients with stable CHF (age 64±8 years, ejection fraction
27±10 %) were studied. All were upon treatment with diuretics and the
maximally tolerated dose of angiotensin converting enzyme inhibitors. Either
room air or air supplemented with 40 parts per million NO was administered
as the inspiratory gas in a double blind crossover manner. Exercise testing
was performed on a bicycle ergometer at steady state workloads of 30 and
60 watts, each of 5 minutes duration. All subjects were able to perform the
30 waft workload, and 7 were also able to complete the 60 watt level.
Cardiac output was measured at rest and in the 5th minute of each steady
state exercise test using a non-invasive acetylene rebreathing method
(respiratory mass spectrometry).
Cardiac Output (LUminute)
Rest
30 watts
60 watts
3.6 ± 1.2
6.4 ± 1.7
Air + 40 ppm NO
8.6 ± 1.5
Air only (placebo)
3.2 ± 0.9
5.5 ± 1.3
7.6 ± 1.6
p = 0.06
Paired T test
p = 0.002
p = 0.02
Inhaled NO, a selective pulmonary vasodilator, acutely improves the cardiac
output response to exercise. These data are consistent with the hypothesis
that pulmonary haemodynamics are important in limiting the central
haemodynamic response to exercise in chronic heart failure.

(136)

A PROSPECTIVE EVALUATION OF RECURRENT ATRIAL
ENDOCARDIAL DEFIBRILLATION IN PATIENTS WITH
REFRACTORY
CHRONIC ATRIAL FLUTTER AND
FIBRILLATION.
Neil Sulke, Kayvan Kamalvand, Kim Tan, Nigel Smeeton, Peter
Stafford"*, Richard Vincent."* Department of Cardiology, Guy's
Hospital. London & **The Trafford Centre. Brighton.

35 patients (pts) aged 27-79 (mean 58) years. 80% male, with chronic
atrial flutter or fibrillation (AFL. AF) previously treated with successful
transthoracic DC cardioversion (TDC) but reverted to AFL, AF within 4
months were randomised to conventional therapy (CT: initial TDC with
nodal blocking drugs for 6 months) or interventional therapy (IT: atrial
endocardial defibrillation (EDC) undertaken if possible within 24 hours of
detection of recurrence of AFL/AF to a maximum of S episodes in 6
months) followed by crossover to the alternate therapy. All subjects had
pt activated recorders and sent weekly trans-telephonic ECG traces, or at
any time palpitation occurred. IT pts were admitted as soon as AFL/AF
was detected and EDC was undertaken via two electrodes in the right
atrial appendage and coronary sinus. Biphasic shocks were delivered
under local anaesthetic and sedation (mean period of detection of AFL/AF
to EDC was 30.6 hr, (0. 1-121hr)).
75/76 (98.7%) EDC procedures achieved sinus rhythm (SR) for more
than 30 sec ('technical success', TS) with energies of 1.8J-33J, 48%
required 20J or more. Approximate EDC DFT did not fall with increasing
frequency or rapidity of application of EDC therapy. SR persisted for
more than 24 hr ('clinical success',CS) in 83% after the first procedure.
TDC TS was 92%, CS 80.8% (p=ns with EDC), energies were 100J340J. SR duration was similar following the first EDC (18.6+/-30.8 days)
and following TDC (12.2+/-18.6)(p=ns). (4 pts remained in SR for the
duration of the study following a single EDC or TDC and were not
evaluated). 16 pts reverted to AFI/AF at least 3 times following EDC
during the IT phase and 44% of these pts had increasing periods of sinus
rhythm following each EDC therapy (p<0.01). This may suggest that
'sinus rhythm begets sinus rhythm' in a subgroup of pts suffering from
chronic AFL/AF. This study has implications for the projected use of
atrial implantable defibrillators in patients with chronic atrial arrhythmias.

(138) MODERATED POSTER

MITRAL BALLOON VALVOTOMY IN 300 CONSECUTIVE
PATIENTS USING INOUE BALLOON TECHNIQUE,
INFLUENCE OF MITRAL VALVE ANATOMY ON THE
IMMEDIATE AND LONG TERM RESULTS
ME Fawzy, L Mimish, V Sivanandam, F Pieters, L Jayaram, A
Patel, B Khan
Department of Cardiovascular Diseases, King Faisal Specialist
Hospital and Research Centre, Riyadh, Saudi Arabia

Percutaneous mitral balloon valvotomy (PMV) using the Inoue balloon
catheter was attempted in 300 consecutive patients (pts) with severe
symptomatic mitral stenosis. Their age range from 10 63 (mean
31±12) years, 215 pts were female and 85 were male, 14 pts were
pregnant, 21 pts underwent previous surgical commissurotomy.
Results: The procedure was technically successful in 294 pts
(98.0%). Optimal results (MVA > 1.5 cm2) was achieved in 280 pts
(group 1) who have mitral score of 7.3 PMV resulted in decrease in
LA pressure from 23±5 to 14±4 mmHg (p<0.001). The mean mitral
valve gradient (MVG) decreased from 15±4 to 6±3 mmHg (p<0.001)
MVA by catheter increased from 0.7±0.2 to 1.6±0.4 (p<O.001) and
MVA is determined by Doppler increased from 0.8±0.1 to 1.9±0.3 cm2
(p<O.OOl). The results were suboptimal (MVA < 1.5 cm2) in 14 pts
(group II) who have mitral score of 9.6. MVA by catheter increased
from 0.7±0.2 to 1.4±0.3 cm2 (p<0.001) and by Doppler MVA
increased from 0.8 to 0.1 to 1.4±0.2 cm2 (p<0.001). There were no
death or thromboembolism mild mitral regurgitation (NM) developed
in 31 pts (11%) and increased by one grade in another 36 pts (13%).
Severe MR was encountered in 4 pts (1.4%). One hundred sixty pts
from Group I were followed for 12-60 (mean 35±15) months MVA
1.7±0.4 cm2, in (Group I) 7 pts restenosed, in (Group II) 8 out of 14
-

pts restenosed.
Conclusion: PMV produce excellent immediate and follow-up results
in pts with a mitral score of < 8, suboptimal results and restenosis are
likely to occur in pts with score > 8.

Prediction Of Atrial Fibrillation After Coronary
Artery Bypass Surgery.
A.Zaman,
F.Alamgir,
T.Richens,
R.Williams,
M.Rothman, P.Mills.
The London Chest Hospital, Bonner Rd, London. UK.

Atrial fibrilation (AF) occurs in upto 40% of
patients after coronary artery bypass surgery
(CABG) Prolonged signal-averaged P-wave duration
(SAPD) can identify patients with this arrhythmia
substrate. Hypomagnesaemia is a trigger for
arrhythmias after myocardial infarction but its
role in the genesis of AF is uncertain. We
studied the role of serum magnesium as a trigger
for AF in patients with prolonged SAPD.
105 consecutive patients undergoing elective CABG
were studied. All patients had signal-averaged
ECG's recorded pre-operatively (least squares fit
filter, high pass cut-off of 29Hz). Serum
electrolytes were analysed pre-operatively and on
days 1,2 and 5 post-operatively. Any documented
episode of AF was taken as a study end point.
Of 102 patients discharged, 27 had episodes
of AF at a mean of 2.7 days after the operation.
On univariate analysis the following variables
were associated with AF:- advancing age (p<.0.001)
low serum magnesium on the first post-operative
day (magl) (p<0.001) SAPD (p<0.01) beta-blocker
withdrawal
(p=0.04) ACE-inhibitor withdrawal
(p=0.02). Stepwise regression revealed age, low
magl (both p<0.001) ACE-inhibitor withdrawal
(p=0.02) and SAPD (p=0.04) to be independent
predictors.A combination of SAPD>155ms and
magl<0.7mmol/L had a sensitivity of 75% and
specificity of 80% for predidting post-operative
AF.
A combination of both SAPD and magl can
identify a majority of patients susceptible to AF
after
CABG.Early
identification
and
pharmacological intervention in selected patients
may raduce the incidence of post-operative AF
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INHALATION OF NITRIC OXIDE IMPROVES THE CARDIAC OUTPUT
RESPONSE TO EXERCISE IN CHRONIC HEART FAILURE.
S Puri, BL Baker, DP Dutka, CM Oakley, JMB Hughes, and JGF Cleland*.
Department of Medicine (Cardiology), RPMS, Hammersmith Hospital,
London and * MRC CRI in Heart Failure, Glasgow.
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Atfial cardioverter defibrillators are under evaluation in patients with
recurrent atrial fibrillation (AF) Patients with very early recurrence of
AF, however, may not be suitable for these devices. At present there are
no predictors of this group of patients at the time of cardioversion
(CVrN). As abnormality of the signal averaged P wave (SAPW) is
associated with paroxysmal AF, we assessed the value of this technique
for predicting early AF after external or internal CVN. 43 CVNs in 35
patients (mean age 58+/-12.6 years, 28M, 7F) were evaluated. 74% of
CVN were internal using low energy biphasic DC shocks delivered via 2
electrodes positioned in the right atrial appendage and coronary sinus. P
wave specific signal averaging was performed at 3 and 24Hrs after each
CVN, and filtered P wave duration, spatial velocity and energy from 20,
40, and 60 to 150Hz measured from each recording. All patients sent
transtelephonic ECG traces weekly, or if symptomatic. There were no
differences in 3Hr or 24Hr SAPW between internal and external CVIN.
Patients who remained in sinus rhythm for >1 week showed significant
falls in P wave energy between 3 and 24hrs after CVN. In contrast, no
differences were found in those reverting to AF within I week.
SR> I Week
Variable
SR <1 Week
24Hr
24Hr
3Hr
3H1r
MSV(mV/s)
4.0(0.35) 4.0(0.31)
4.1(0.18) 3.8(0.19)**
38.1(5.5) 33.1(3.2)
52.5(4.7) 43.8(4.2)*
P20(plV2.s)
9.0(1.2) 8.5(1.2)
11.2(1.5) 8.6(1.2)**
P40(pV2.s)
(All values mean(SEM). MSV: Mean spatial velocity. P20, P40: Energy
from 20, 40 to 150Hz. *: p<0.01, **: p<0.001).
A fall in P40 of greater than 25% had 87% positive predictive accuracy
for maintenance of SR for greater than a week but negative predictive
accuracy was low at 37%. In concdusion, patients who remain in SR
longer than 1 week after CVN show a fall in P wave energy within the
first 24Hrs. While our observations suggest persistent disordered atrial
activation as a mechanism of recurrent AF after CVN, they are of limited
value for its prediction in individual patients.
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events{ SD+VT }).

CM T AE
0.21
0.06
0.67
0.33
0.80
0.11
CM | AE

Left ventricular hypertrophy (LVH) is associated with increased
cardiovascular mortality including sudden death. but the precise
underlying mechanisms remain uncertain. Our aim was to identify
baseline parameters predicting mortality during prospective long-term
follow-up of 90 patients (mean age 57 yrs) with hypertension and
ECG LVH and strain. Echocardiography, 48 hour Holter recording,
and exercise thallium scintigraphy were performed in all patients at the
outset. Mortality data was obtained from death certificates provided by
the Registrar General and analysis of survival data performed using a
proportional hazards model. During a mean follow-up of 5.3 yrs, 31
deaths were reported, of which 20 were specifically cardiac. All-cause
mortality was associated with reduced heart rate variability (SDNN),
increasing age. and the absence of betablocker therapy (see contour
plots). Non-sustained VT, QT dispersion, VPB frequency, LV mass, a
reversible T1201 defect, and LV fractional shortening were not
predictive.
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In conclusion, impairment of cardiac autonomic function is
associated with increased mortality in hypertensive LVH, and
treatment with a betablocker appears to afford protection.
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COMPARISON OF NUMERICAL INDICES OF THE WAVELET
AND STANDARD TIME-DOMAIN ANALYSIS OF SIGNAL
AVERAGED ELECTROCARDIOGRAM IN SURVIVORS OF
ACUTE MYOCARDIAL INFARCTION WITH AND WITHOUT
FOLLOW-UP EVENTS.
K Hnatkova, A Staunton, AJ Camm, M Malik,
Cardiological Sciences, St. George's Hospital Medical School. London
The wavelet decomposition (WD) was applied to pre-discharge signal
averaged electrocardiograms (SAECG) of 551 survivors of acute
myocardial infarction and compared to the time-domain (TD) analvsis of
SAECG in order to distinguished patients with and without events
during follow up I - 6 year. During the 1 year follow-up, 29 pts suffered
from cardiac death (CM), 15 died suddenly (SD), 14 died non suddenly
(NSD) and 19 suffered from spontaneous symptomatic sustained
ventricular tachycardia (VT).
Four parameters were extracted from WD: wavelet extracted QRS length
(WCL), count of local maxima of the decomposition (WMC), surface
area of the decomposition (WSA). and relative length of individual
contours of the decomposition (WRL). These parameters were compared
with the standard time domain indices obtained at Butterworth filter
settings of 40-250 Hz.
The non-parametric Mann-Whitney test was performed to compare
SAECG indices of pts with/without I-year endpoints. The tables show
the p values of individual comparisons (AE = arrhythmic
TD indices
tQRS
RMS
LAS
WD indices
WCL
WMC

IMPAIRED HEART RATE VARIABILITY PREDICTS
INCREASED MORTALITY IN HYPERTENSIVE LEFT
VENNTRICULAR HYPERTROPHY
DR Walibridge, SC McLaughlin, SM Cobbe, PW Macfarlane.
AR Lorimer, FG Dunn*, SD Pringle#
Departments of Cardiology, Royal Infirmary and *Stobhill
Hospital, Glasgow, and #Ninewells Hospital, Dundee

SD
0.84
0.58

0.92

NSD

0.12
0.27
0.76

VT
0.003
0.02
0.005

SD
NSD
VT
0.04 l.lx10-4 0.04
0.37 6.3xl0I
0.02 2.2x 104 0.07
0.19 8.7xl 0-5
WSA
0.07
0.05
0.08
0.45
0.04
0.08
WRL
0.002
0.60
0.001
0.05
Thus compared to the standard time-domain analysis. wavelet
decomposition of SAECG led to substantiall\ more significant
differences between patients with anid without adverse follow-up events.
With the exception of non-sudden death cases. U'D is a better predictor
of high risk than the conventional TD of SAECG.

INCIDENCE AND DETERMINANTS OF ARRHYTHMIA
FOLLOWING TOTAL CAVOPULMONARY CONNECTION: A
PROSPECTVE STUDY OF 119 CASES.
HM Gardiner, RS Dhillon, C Bull, MR de Leval, JE Deanfield
The Cardiothoracic Unit, Great Ormond Street Hospital,
London.
Chronic atrial distension after Fontan operation using
atriopulmonary connection may predispose to arrhythmia.
Evaluation early after total cavopulmonary connection (TCPC)
has suggested a lower incidence but serial evaluation has not
been performed. METHODS: All 119 patients undergoing
TCPC between March 1987 & December 1993 were enrolled
in a prospective study to evaluate the incidence and
determinants of arrhythmia using a m b u a t o r y
electrocardiographic (AECG) monitoring. Median age at
surgery was 5.9 (0.5 - 19.7) years and median follow-up 4.9
(2.0 - 8.7). AECG's were performed pre-& post-operatively,
and serially during follow-up. Pre-operative anatomy, surgical
variant and pre- & post-operative haemodynamics were
analysed as determinants of later arrhythmia. RESULTS:
Actuarial survival > 30 days after TCPC was 93% (95%
confidence interval 87-98%) at 2 years, and 90% (84-96) at 5
years. The proportion free from AECG arrhythmia or
arrhythmic symptoms was 93% (89-99%) at 2 years and 78%
(66-90%) at 5 years. This analysis treats occurrence ot
arrhythmia as permanent but most of the arrhythmia during
follow-up was transient. Thus the proportion of patients
without arrhythmia was similar before and during follow-up.
Most patients with arrhythmia were asymptomatic and only
one late arrhythmic death occurred. There were no
morphological, haemodynamic or surgical factors associated
with late arrhythmia. CONCLUSIONS: This supports the TCPC
as the preferred option for Fontan with a low prevalence of
clinically important arrhythmia during medium-term follow-up.
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DOES THE SIGNAL AVERAGED P WAVE PREDICT
DURATION OF SINUS RHYTHM AFTER CARDIOVERSION?
K Kamalvand, *P Stafford, K Tan, *R Vincent, N Sulke Guy's Hospital
London, & *Trafford Centre for Medical Research, Brighton
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THE LEARNLNG CURVE FOR RADIOFREQUENCY
ABLATION IS MORE TRAN 160 PROCEDURES.
M Griffith, K Kullar. PJ Jordan
Cardiology Department, Queen Elizabeth Hospital. Birmingham

Ventricular tachycardia(VT) and sudden death are late complications
after repair of tetralogy of Fallot(rTOF). We have previously shown that
QRS prolongation (>180ms) is a very sensitive and relatively specific
risk marker for svmptomatic VT after rTOF. We have now examined
the dispersion of QT and its components QRS and JT in an attempt to
identifv the relative contributions of depolarisation and repolarisation
abnormalities to the pathogenesis of VT in these patients.
QRS width and QT/QRS/JT dispersion were measured manually from
standard ECC's in 10 syncopal rTOF patients(group 1)[21.4+4.6 years
after

repair)

with

QRS>180ms

and

with

docutieted

VT,

and

compared with 9 rTOF patients with QRS >180ms and no VT(group 2),
40 rTOF patients with QRS <180ms and no clnical arrhythmias(group
3), and 40 non-rTOF controls. Mean QT dispersion(62.7+36.5ms) in the
rTOF patients was greater than in controls(34.4+l0ms,p<0.001). The
table shows means+ SD (range), * significant p values <0.001-0.01,
compared with group 1:
ORS
OTdispersion
QRSdipersion
JTdispersion
1 202+22 112.5±37(70-190) 58.5±21.2(30-90) 104+38(55-175)
2 192.2+8 45.6+10.1(35-60)* 30+6.1*(15-35) 43.8l11.9*(25-60)
3 138.2+21* 45.5+14.3(30-75)* 19.5+4.2*(10-25) 39.5+14.5*(20-65)
QRS dispersion in group 1 correlated with QRS duration(r=0.72,
p<0.02), but not with QT and JT dispersion.
QT/QRS/JT dispersion were greater in rTOF patients with VT. JT and
QT dispersion in this group was independent of QRS duration and
dispersion, suggesting that both depolarisation and repolarisation
abnormalites may participate independently in the pathogenesis of VT
after rTOF. Furthermore, a QRS duration >180ms combined wih a
QT>60ms or QRS>35ms or JT>60ms was 98.3% sensitive and 100%
specific for identification ofpatients with VT in patients late after rTOF.
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DISPERSION

The length of the leaming curve for any new procedure is vital in
setting standards for training and continuing competence. High success
rates can be achieved with perseverance, therefore other outcome
measures are needed to assess competence Complications and
procedural measures are used in this paper to assess continuing
improvement in an individuals results. The individual, with 5 years
electrophysiology experience in a large volume centre, performed with
another operator 62 ablations in 59 patients with success in 54 pts
(93% success rate). In the first 10 months at a new centre, 104
ablations were performed in 93 pts with final success in 89 pts(95%
success rate). Two of these patients were cured at a subsequent visit.
Complications were seen in 7 pts (8%) (4 with AR, I pericardial
effusion, 2 with AV nodal block). In the second year 134 ablations
were perforned in 128 pts, with final success in 125 pts (98%). There
were complications in 5 patients (4%Xtwo with pulmonary emboli,
two pneumothorax and one with transient heart block).The mean
procedure time was not different in the two periods (1st, 143 ( SD
=39) mins vs 2nd 135 (48) mins, p=0.24). However the screening time
(ST) and number of energy deliveries (bums) were significantly
reduced ( 1st 19(11) mins vs 2nd 13(8) mins, p<0.001 and 1 st 9(7)
burns vs 6(6) burns, p<0.01). These reductions in ST and burs were
seen for patients with WPW (Ist, 21 (12) mins and 9(8) burns vs 2nd,
15(9) mins and 6(6) bums, p<0.05), AVNRT (1st, 17(8) mins and 7(7)
burns vs 2nd, 10(5) mins and 7(6) buns, p<0O.01 for ST) and AV node
ablation (1st, 14 (11) and 8 (11) vs 7(5) niins and 4 (4) bums, p<
0.05). The numbers for other substrates were too small to assess
trends. This study shows that an individuals performance improved
after the first 160 cases marginaly in terms of success and
complications, but significantly in terms of screening time and burn
numbers. This has important implications for recommendations for
training in interventional elecrophysiology.
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ISCHAEMIA AT ANGIOPLASTY - EVIDENCE OF AN ANTIARRHYTHMIC EFFECT OF PRECONDITIONING IN
HUMANS
NS Jepson, GD Fotopoulos, MJ Mason. AE Ewan, VE Paui, CDJ
Ilsley. Department of Cardiology. Harefield Hospital, Middlesex.

lschaemic preconditioning protects agains malignant ventricular
arrhythmias in experimental models. The existence of this response in
man is conjectural. Our study aim was to quantify changes in QT
dispersion (QTd), a predictor of ventricular arrhythmias, induced by
coronary occlusions at PTCA.
Metods 12 lead ECGs (50mm/s) were obtained in 50 patients (38
male), mean age 57*7 years undergoing angioplasty (23 LAD, 11
Circumflex and 16 RCA). QTd and the corrected value, QTd (by
Bazzett's formula) were measured before PTCA and immediately
prior to balloon deflation. Collateral filling of diseased arteries was
absent in all cases. PTCA consisted of two balloon inflations: 1) 60-90
(mean 73) sec and 2) 60-120 (mean 93) sec.
Result QTd and QT.d were increased significantly with the initial
coronary occlusion (p<0.005 and p<0.002 respectively vs. baseline).
Both values were significanty reduced during the second inflation
when compared to the first (p<0.001 and p<0.01 respectively) despite
the longer mean duration ofthe second ischaemic interval.
PRE-PTCA INFL. I
INFL.2
80±10.
56*19
62±21
QTd (Ms)
QT.d (Ms)
59±1 7
87s21..65-23**
p<0.005 and ..p.002 (vs pre-PTCA)

*p<0.001 and **p<0.01 (vs inflationl.)
Conclsons lschaemia induced by the initial balloon inflation at
PTCA is sufficient to cause QTd to rise. The significant reduction in
QTd with a subsequent, longer coronary occlusion suggests
preconditioning may have an anti-arrhythmic effect in man by
modification of regional ventricular repolarization.

CURRENT GUIDEUNES FOR DC CARDIOVERSION OF
ATRIAL FIBRILLATION: LOW ENERGY OR LOW
EFFICACY?
MI Walters, M Wright, R Lim, MS Norell and JL Caplin.
Department of Cardiology, Hull Royal Infirmary, UK.
Restoration and maintenance of sinus rhythm is a desirable
endpoint in patients with atrial fibrillation (AF). Current
textbook protocols advocate low energy (50-100J) direct
current shocks.
The records of 73 consecutive unselected patients
undergoing electrical cardioversion were reviewed to see
whether these guidelines were successful in practice and if
not, to identify the optimal initial energy for successful
cardioversion.

Success at Initial Energy Number of shocks
Yes No P Value'
median P Value2
0
4
<0.05
4
<0.005
1
22
<0.01
3
<0.0025
4
21
<0.025
2
<0.005
8
12
*
1
'chi-square(x2), 2Mann-Whitney P calculated by comparison
with results achieved with 200 J.
Initial
Eneray
25J
50J
1 OOJ
200J

Of 73 patients, 42 (56%) were successfully cardioverted to
sinus rhythm with a mean energy required for success of 205J
(median 200J). Only 10% of cases were successful at
energies lower than 200J compared with 62% at 20W or
greater (X2 22.0,df=-1,P<0.00025).
Of those factors studied short AF duration (<4 weeks),
previous successful cardioversion and a lower weight were
significantly associated with immediate success.
In conclusion the optimal initial energy for cardioversion of
AF is 200J; starting wAth lower energies is a less effective
strategy requiring more shocks to succeed.
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QRS/JT/QT DISPERSION AND SYMPTOMATIC
VEN'TRICULAR ARRHYTHMIAS AFTER
REPAIR OF TETRALOGY OF FALLOT
M A Gatzoulis. J A Till, A N Redington
Royal Brompton Hospital, London
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SYSTEMIC VENOUS COLLATERALS AFTER THE
BIDIRECTIONAL CAVOPULMONARY ANASTOMOSIS
- PREVALENCE AND RISK FACTORS.
Alan. G. Magee, Brian. W. McCrindle, Lee. N. Benson,
William. G. Williams, Robert. M. Freedom.
Hospital for Sick Children, Toronto, Canada.

The management of patients with severe angina who are not suitable for
revascularisation remains a difficult clinical problem. This study
examines the factors determining whether sympathetic blockade is likely
to be successful in relieving angina. 19 patients, including 12 patients
who had undergone previous cardiac surgery underwent sympathetic
blockade. Blockade was initially achieved by steliate ganglion blockade
(SGB) in 16 (with either local anaesthetic or alcohol), and by
thoracoscopic sympathectomy (TS) in a total of 11. Angina was
relieved in 15 patients for a mean duration of 9 months. TS was
performed in 9 patients after SGB: 5 had complete relief of angina (4
had bilateral TS), 2 had partial relief of angina (both had unilateral TS
and gained further benefit from contralateral alcohol stellate blockade);
2 patients had no response and declined any further intervention. TS
was performed as the initial procedure in 3 patients: 2 had unilateral
procedures, 1 gaining partial relief with further benefit from
contralateral stellate block, 1 having no relief (declining further
procedures), and the third had bilateral TS with partial symptom relief.
Median duration of symptom relief after TS was 7.5 months(4 - 22).
Alcohol induced SGB improved angina for a median of 4 months (0.5 20). Based on these preliminary findings, bilateral blockade is more
successful than unilateral procedures and thoracoscopic sympathectomy
has a greater potential for long-term benefit than stellate ganglion
blockade with alcohoL Local blockade of the stellate ganglion and
thoracoscopic sympathectomy have a complimentary role in the
management of intractable angina. In selected patients sympathetic
blockade may provide effective symptomatic relief.

Aim: To determine the prevalence and risk factors associated
with the development of systemic venous collaterals (SC) after
bidirectional cavopulmonary anastomosis (BCPA). Population:
Between 1982 and 1994, 187 patients underwent BCPA and
of these, 58 had pre- and post-operative catheterisation data
available for review. The median age at BCPA was 17m
(range, 4-172m) and the post-op study was performed after a
median of 13m (range, <1-44m). Results: Opening of SC were
seen in 11 (19%) patients; and included hemi-azygous,
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TASC I is a prospective, randomised study of PTCA or Stenting in the
setting of elective single-vessel angioplasty with a primary endpoint of
angiographic restenosis. TASC I provides us with the opportunity to
compare the late clinical outcome (43 days - 6 months) in restenosis
lesions treated by PTCA (n = 60) versus stenting (n = 62).
RESULTS

STENT

MI
Repeat Intervention
Combined [CABG
and repeat intervention]
CABG

Any Event
Restenosis rate

intercostal,

paravertebral and diaphragmatic veins. Risk factors assessed
for SC included age at surgery, time post-op, dominant
ventricular morphology, type of superior caval vein (SVC)
connection, presence of pulsatile flow, superior vena caval,
mean pulmonary artery (PAP) and ventricular end diastolic
pressures (EDP), arterial oxygen saturation, and pulmonary
artery (Nakata) index. SC were significantly associated with
bilateral SVC (50% vs. 11% for RSVC; p=.006), lower mean
post-op aortic saturation (76°%±19% vs. 87%±6%; p=.001), a
higher mean post-op PAP (17±5 mmHg vs. 11±4 mmHg;
p=.002), higher post-op EDP (11±6 vs. 8j3; p=.04), lower
median post-op Nakata index (205 vs. 326; p=.08) and shorter
median post-op interval (5m vs. 14m; p=.01). Independent
factors from multiple logistic regression included bilateral SVC
(odds ratio 7.83, 95% Cl 1.56 to 39.3; p=.01) and high post-op
PAP (OR per 5 mmHg 2.66, 95% Cl 1.20 to 5.88; p=.02).
Conclusion: SC are not uncommon after BCPA, reduce postop systemic arterial oxygen saturations and are associated
with bilateral cavae and higher post-op PAP.
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CORONARY ARTERY STENTING REDUCES LATE
CLINICAL EVENTS IN RESTENOSIS LESIONS: FINAL
RESULTS FROM THE TRIAL OF ANGIOPLASTY AND
STENTS IN CANADA (TASC I)
A Chauhan, IM Penn, DR Ricci, CE Buller, DG Almond, C
Lazzam, J Marquis, JG Webb, L Roy, G Barbeau, BJ
O'Neill, L Rizo, C Wong, JB Foley, RIG Brown, K
Sridhar, DL Fischman. Vancouver Hospital, Vancouver,
British Columbia, Canada

Baseline % Stenosis
Lesion Length (mm)
Death
CVA

azygous, pericardial, mediastinal, superior

NO STENT

P value

75 ± 11
10.31 ± 3.3
0
0
1 (1.6%)
0
5 (8.1%c)

73 ± 11
10.96 ± 3.8
1 (1.7)
0
4 (6.7%)
11 (18.391)

NS
NS
NS
NS
NS
0.056
0.093

5 (8.1%)
5 (8.1%)
34%

13 (21.7917)
13 (21.7%)
4291

0.034
0.034
0.38

()

CONCLUSIONS
Although the strategy of stenting restenosis lesions does not reduce
restenosis rate significantly, it results in a lower target lesion
revascularisation rate and higher event free survival.

QRS EVOLUTION AND VENTRICULAR ARRHYTHMIAS
AFTER REPAIR OF TETRALOGY OF FALLOT: THE
OF
OPERATIVE
INFLUENCE
AND
TECHNIQUES
POSTOPERATIVE PHYSIOLOGY
MA Gatzoulis, G Norgard, F Moraes. C Lincoln. DF Shore, EA

Shinebourne. AN' Redington. Roval Brompton Hospital, London
We have recently reported that restrictive right ventricular(RV)
physiology late after repair of tetralogy of Fallot(rTOF) is common and
reduces pulmonarv regurgitation, QRS duration and late arrhythmias.
QRS prolongation is a sensitive marker of RV dilatation and late
arrhythmias in these patients. The aim of this study was to examine
determinants of restrictive RV physiology and QRS evolution in midterm follow up patients after rTOF.
We studied 93 patients 4 months to 12.7 years(median 4.4years) after
rTOF with Doppler echocardiography and surface electrocardiograms.
Median age at surgical repair was 1.7 years. Restrictive RV physiology
which was found in 36 patients(38%), was not related to age at repair,
previous palliative procedures., preoperative saturations, haemoglobin.,
or bypass-time. RV restriction was seen most frequently(20/40) in
patients with transannular patch repair(TAP). However, when QRS
duration was related to the type of the operation, patients with a TAP
and non-restrictive RV phvsiology had the most marked QRS
prolongation during mid-term follow-up, compared with all other
groups(p<0.03-0.05):

Transannular patch(TAP) TAP+Monocusp
No TAP
121.2± 17.6 ms
121.6± 18.9
120.0 11.1
132.6± 11.8 ms
NR
122.0± 29.7
97.5 + 23.3
The rate of increase of QRS duration in the subgroup with TAP and
non-restrictive RV was significantly higher than in patients with TAP
and restrictive RV(6.3 Vs 4.6 ms/year. p<0.03) and other forms of
R

+

repair(p<0.02-0.05).
Although restrictive RV physiology is more common in rTOF patients
with TAP, non-restrictive physiology in this group of patients is related
to more rapid prolongation of QRS. This suggests a varied
morphological substrate and may have important long term
irnlications.
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COMPLEMENTARY ROLE OF STELLATE GANGLION
BLOCKADE AND THORACOSCOPIC SYMPATHECTOMY IN
THE MANAGEMENT OF INTRACTABLE ANGINA
MJ Mason, N Jepson, G Wright*, ER Townsend**, CDJ Ilsley.
Departments of Cardiology, Anaesthetics*, and Thoracic Surgery**,
Harefield Hospital, Middlesex.
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CAN RADIOFREQUENCY DATA ANALYSIS OF
INTRAVASCULAR ULTRASOUND ACCURATELY
CHARACTERIZE CORONARY ATHEROSCLEROSIS?
MP Ramo, T Spencer, GR Sutherland, DM Salter, P Kearney, D
Lamb, TRD Shaw, WN McDicken, R Erbel*. P Fitzgerald*,

University of Edinburgh. Edinburgh, RF-Tissue Collaborative
Project*

Although pulmonary autografts may theoretically represent the best
available option for aortic valve replacement (AVR) when compared to
conventional procedures, the impact of this longer and more complex

The characterisation of plaque constituents by
videodensitometric evaluation of intravascular ultrasound
(IVUS) images is limited. To determine whether spectral
analysis of the unprocessed radiofrequency (RF) signal from an
IrUS scanner offers advantages over videodensitometric
analysis of vessel wall morphology, 57 regions of interest (ROI)
were analysed from 5 post-mortem pressure perfused (80
mmHg) coronary vessels imaged in a saline bath. These were
imaged at 30 MHz and the RF data was digitised at 250 MHz.
ROI were identified from scan-converted images and the
relative amplitudes of different frequency components were
analysed. The spectra were normalised by data acquired from a
perfect specular reflector, enabling spectral slope (dB/MHz) to
be calculated over a given bandwidth (17-42 MHz). Threedimensional (3-D) RF images were constructed and compared
with 3-D comparative histology derived from microscopy and
radiologic techniques. Dense fibrotic (DFP) and calcified
plaques (CaP) showed similar mean backscattered energies
(mBE), but the gradient of the spectral slope (Gr) was higher in
CaP (-0.43±0.1) than in DFP (-0.29±0.1) (p=0.004). Loose
fibrotic plaque (LFP) was identified from moderate fibrosis
(MFP) and DFP with mBE, Gr and y-axis intercept, MFP from
DFP with Gr and intercept (p<0.001). MBE was higher in
smooth muscle cells (SMC -18.2_0.9) than in the foam cells (24.4±0.1 dB) and in LFP with lipid (-23.2+0.4 dB) (p<0.001).
These preliminary results demonstrate that spectral slope may
be used to identify different plaque types and for quantitative
analysis of vessel wall morphology.

operation on biventricular function, patient outcome and hospital costs
has not been addressed as yet. In an attempt to clarify this issue, between
January '92 and November '95, 58 pts in need of an AVR have been
prospectively randomized to aortic homograft (AH) (group A, 32 pts., 29
males, 3 females) or pulmonary autograft (PA) (group B, 26 pts., 21
males, 5 females). Age range was 12-64 years (mean, 38 years) and 4-54
years (mean, 32 years) for group A and group B, respectively. 14 patients
had previous cardiac operations, 13 of whom on the aortic valve (group
A=8, 25%; group B=5, 19%). Cardiopulmonary bypass time was 107 +
34 min. (range, 66-175 min.) versus 149 + 48 mins. (range, 115-226
mins.) for group A and group B respectively, with a mean aortic
crossclamp time of 88 + 19 mins versus 110 + 22 mins. Two pts. (1 for
each group) were reoperated for bleeding There was no mortality in
either group at a mean follow-up of 13 months (range, 1-19 months). A
comparative analysis of ventilatory support (median; group A=7 hours;
group B=10 hours), total blood loss (mean; group A=485 mls; group
B=531 mls), length of ITU stay (mean; group A=l day, group B=3 days)
and hospital stay (mean; group A=9 days, group B=12 days) failed to
show any significant difference between the two groups. Assessment at 3,
6 and 12 months postoperatively, focusing on biventricular function,
electrocardiograph pattem and left ventricular mass regression, confirmed
substantial clinical and haemodynamical improvement in both groups.
It is concluded that although the operative procedure of pulmonary
autograft is significantly longer and consumes more resources, this does
not appear to influence early outcome. These early results encourage
continued further evaluation of the procedure.

(152)
LONG TERM RESULTS AND ECHO ASSESSMENT OF
HOMOGRAFT AORTIC VALVE REPLACEMENT
TJ Edwards, S Langley, D Gardiner, SA Livesey, IA Simpson
Wessex Cardiothoracic Centre, Southampton General Hospital.
Between April 1973 and December 1994 aortic valve replacement with
antibiotic sterilised aortic homograft was performed in 249 patients (pts).
age 10 to 89 years; mean 51.4 years. Total follow up was 3.096 pt years.
Early mortality was 2.4%. Overall survival was 78.5±2.7% at 10 years,
65.7±3.3% at 15 years and 55.0±3.9% at 20 years. Freedom from
structural valve degeneration was 85.6±2.5% at 10 years. 63.6±4.0% at
15 years and 41.9±6.4% at 20 years. Of the 106 surviving pts
echocardiography was performed in 69 (time from surgery 0.3-21 years;
mean 12.03±5.4 years). Mean peak aortic velocity was 1.84±0.7m/s,
aortic valve gradient 15.46±12.9mmHg and aortic valve area
1.79±0.6cm Only 3 patients had an aortic valve gradient greater than
40mmHg. Aortic regurgitation was detected on Doppler colour flow
mapping in 58 patients (84%). This was trivial or rnild in 45 patients
(65%), moderate in 9 pts (13%) and severe in only 4 pts (5.8%).
Structural valve degeneration (thickened, calcified. restricted or flail
cusps) was present in 15 pts including all 4 pts with severe aortic
regurgitation, 5 of the 9 pts with moderate regurgitation, and all 3 pts
with an aortic valve gradient greater than 40mmHg. An early diastolic
murmur was audible clinicallv in 30 pts. Clinical findings correlated with
echo assessment in all pts with severe aortic regurgitation or significant
stenosis. Of those no longer under routine cardiological follow up 8 pts
were referred to the cardiology outpatients, 1 for cardiac catheterisation.
and 1 directly for surgery. In conclusion aortic valve replacement with
antibiotic sterilised homograft offers good long term results and a
satisfactory haemodynamic profile with structural degeneration resulting
in
sicnificant regurgitation more frequently than stenosis.
Echocardiography is more sensitive than clinical assessment in detecting
regurgitation and mild aortic regurgitation is a common finding in
otherwise normally functioning valves. Haemodynamically significant
lesions are unlikely to be missed clinically and continued cardiological
follow up would be recommended for all patients.

(154)

REGRESSION OF ATHEROMA SEEN WITH INTRAVASCULAR
ULTRASOUND: A PLACEBO CONTROLLED STJDY OF THE
EFFECT OF GEMFIBROZIL ON PERIPHERAL
ATHEROSCLEROSIS
ANS Deaner, AA Cubukcu, J Ball, S Megary, M Sivananthan. GJ
Williams. Killingbeck Hospital, Leeds
The Killingbeck Regression of Atheroma Study (KRAS) was a double
blind placebo controlled study of the effect of gemfibrozil on atheroma in
the aorto-iliac arteries of patients with coronary artery disease and
moderately raised lipids (mean total cholesterol = 6.8 mmoll-1). Serial
cross-sectional images of these vessels were recorded using a 6 French,
20MHz intravascular ultrasound (IVUIS) catheter during a controlled pull
back in 39 patients (male 26, ages 38-70). Patients were all given dietary
advice and then randomized to treatment with gemfibrozil 600mg bd or
placebo. After treatment for a mean of 371 days the 31 patients (17 in
gemfibrozil group)who completed the study underwent repeat IVUS
imaging. Segments of arteries were matched using the position of
bifurcations. A total of 1144 segments of artery (2.28m in length) were
matched and measurements of cross sectional area of atheroma made.
Baseline demographics, physical and lipid data were well matched
between the treatment groups. In the gemfibrozil group significant
reductions compared to the placebo group were seen in total cholesterol
(9%, p=0.03), triglycerides (55%, p=0.0001) and LDLIHDL ratio
(26%, p=0.02), a significant increase in HDL cholesterol level (27%
p=0.05) was also seen. No overall significant change in the mean crosssectional area of atheroma was seen in the placebo group but there was a
10.3% decrease of this measurement in the gemfibrozil group (p= 0.011,
95% CI = -5.0 to -0.8mm). Analysis of cross-sectional plaque area
changes within individual patients showed significant (p<O.05)
regression in 6 gemfibrozil and 4 diet only patients and significant
progression in 2 diet only patients. Analysis of the relationship between
atheroma change and baseline risk factors baseline lipids and change in
lipids in the gemfibrozil group, showed significant correlations of
atheroma change with baseline systolic blood pressure, baseline
Apolipoprotein B and baseline HDL cholesterol but not with change in
any lipid parameter. Analysis of the relation of plaque type with severity
of atheroma found that extent of calcification was related to severity of
atheroma both between and within patients. Analysis of the pattern of
atheroma change within patients showed regression most often occured
at the edge of plaques. By using IVUS we were able to show regression
of atheroma in response to treatment with diet and gemfibrozil and
provide new insights into the nature of atherosclerosis in vivo.
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Early results of a prospective randomized trial of homograft versus
pulmonary autografP replacement of the aortic valve.
F. Santini, G. Stavri. S. Edwards, C. Dyke, M. Yacoub
National Heart and Lung Institute of Imperial College, Harefield Hospital,
Middx. UB9 6JH
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Volume-rendered three-dimensional echocardiography (3DE) can be used
to accurately quantitate perfusion defects produced by myocardial
contrast echocardiography (MCE). Detection of perfusion defects may be
enhanced by: (1) imaging at the second harmonic resonant frequency of
microbubbles (harmonic imaging - HI) and (2) reducing ultrasonic
bombardment of microbubbles by gated single emission (triggered mode
- TM). The value of these two new ultrasound modalities was studied in
11 open-chest dogs. MCE was performed after coronary occlusion (LAD
in 7, LCx in 4) using both aortic (AO) and intravenous (IV) injections of
a transpulmonary contrast agent. 3DE acquisitions were performed with
both fundamental imaging (FI) and HI (2.5 MHz emit / 5.0 MHz
receive), using a Hewlett Packard scanner interfaced with a TomTec
computer. The 3DE reconstructions of the LV were examined in 10
paraplane short axis slices for the presence of perfusion defects and
delineation of their borders. Results: after 3DE with FI, defects could be
seen with AO but not IV injections. Using HI, both AO and IV defects
could be visuaLzed but their borders could not be demarcated. With both
HI and TM, perfusion defects were clearly visible and border delineation
was possible, permitting quantitation of the mass of the hypoperfused
myocardium (range: 11.4 - 21.0 gm). With IV injections of contrast,
9/11 defects were delineated using TM compared with 2/11 without TM
(p<O.005, Fishers exact). In conclusion, TM and HI enhance the
accurate depiction of myocardial perfusion defects and are ideally suited
to contrast 3DE.
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THREE-DIMENSIONAL RECONSTRUCTION OF IN VIVO
COLOUR DOPPLER FLOW EVENTS - INITIAL
EXPERIENCE
T Irvine, G Derrick, A Kenny
Department of Cardiology, Freeman Hospital,
Newcastle upon Tyne
Cardiac flow events may be better characterised and quantified by
three dimensional echocardiographic (3DE) reconstruction of colour
Doopler flow data. The aim of this study was to investigate the
applicability of 3DE for evaluating the flow convergence region (FCR)
and regurgitant jets in vivo. We performed 3DE acquisitions of colour
flow data in 18 patients (7 mitral regurgitation, 5 mitral stenosis, 5
mixed mitral disease and 1 tricuspid regurgitation). Images were
obta'ined using an ATL Apogee 800 system: transoesophageal studies
using a prototype 5MHz transoesophageal probe were performed in
11 patients and transthoracic scans in 7. FCR's and regurgitant jets
were imaged over a range of aliasing velocities and video composite
data, with or without 2D images, were transferred to a TomTec
Echoscan workstation after computer controlled 1800 rotational
acquisition with ECG and respiratory gating. Grey-scale 3D
reconstructions of regurgitant jets and FCR's were computed and jet
volumes calculated using 1mm parallel slices of the regurgitant jet
distal to the orifice plane. We noted that uniformity of the 2D colour
jet is desirable for optimal 3D reconstruction, and therefore used nonvariance colour maps with Nyquist limits .70 cm/s for regurgitant jet
acquisition. Lower Nyquist limits (30-40 cm/s) allowed optimal
reconstruction of the FCR. Elimination of unwanted colour data by
reducing colour power and gain and increasing wall filter thresholds
reduced 3D image interference. Combined 2D and colour flow data
acquisitions allowed better assessment of the complex spatial
relationships of flow events; flow data acquisition alone was better for
volume measurements. Compared with 2D imaging, 3D
reconstruction provided superior understanding of the shapes of jets
and the effects of wall adherence and revealed the asymmetric
morphology of FCR's. This latter finding will have significant
implications on the use of the hemispherical assumption of FCR
surface geometry for quantitation of flow events. This study suggests
promise for this new technique in the quantitation of cardiac flow but
systematic studies in flow models with strictly quantifiable flow events
will be required for full validation.

(157)
THREE-DIMENSIONAL DEFINITION OF ATRIAL SEPTAL
DEFECT BY DOPPLER MYOCARDIAL IMAGING
A Lange, MJ Godman, P Palka, TRD Shaw. GR Sutherland.
Departments of Cardiology. Western General Hospital and Royal
Hospital for Sick Children, Edinburgh UK
With

increasing interest in catheter-based closure of secundum atrial
septal defects (ASD) the role of ultrasound has become increasingly
important. Three-dimensional echocardiography (3-D) can define defect
s.ze and shape, dynamic shape changes during the cardiac cycle, the
spatial relationship of defect edges to contiguous structures and can
monitor device position during closure procedures. Thus. 3-D offers a
better data-set than 2-D imaging. To date transoesophageal grey-scale
(GSI) data has been used to reconstruct 3-D ASD images to overcome
the problems of chest wall ultrasound attenuation inherent for
transthoracic approach. Doppler myocardial imaging (DM1) is a new
ultrasound technique which acquires Doppler tissue data-set from
cardiac structure. As DMI is based on phase-shift information it is not
attenuated by the chest wall. Potentially it is a better data-set for
trsansthoracic 3-D reconstruction compared to GSI. To investigate

whether 3-D reconstruction of DMI data is superior to GSI data and
contributes to optimal patient selection for ASD device closure a group
of 12 children had 3-D ASD reconstruction using both techniques. Good
quality 3-D images were obtained in 8/12 children (67%) using GSI and
in 12/12 (100%) using DMI (p<0.01). In a group of 6/8 the measured
dimensions of the ASD and margins to pulmonary veins, coronary sinus,
caval veins and tricuspid valve were comparable. In 2/8 the ASD sizing
was also similar to GSI data but coronary sinuses and pulmonary veins
were visualized only in DM1 data. In the remaining 4 children the 3-D
reconstructions were possible only by DM1. Thus, DM1 provided more
complete and better quality data-sets with good boundary detection.
Also, using the McNemar's test for marginal homogeneity it was shown
that less interpolation was required for 3-D reconstruction when
compared to standard GSI technique. DMI would appear to be the
technique of choice for the acquisition of 3-D data when using the
transthoracic approach.

(158)
THE RESULTS OF APPLYING ECHO DATA DERIVED FROM
CRITICAL AORTIC STENOSIS TO INFANTS WITH
COARCTATION OF THE AORTA
EM Brown, AP Salmon, J Gnanapragasam. JL Monro. RK Lamb,
VT Tsang, BR Keeton. General Hospital, Southampton.
Introduction: Studies in critical aortic stenosis have attempted to
predict from left ventricular (LV) size those patients who are not
suitable for 2 ventricle repair. Neonatal coarctation may also be
associated with LV hypoplasia and in clinical practice these criteria
are often used in the assessment of patients with aortic coarctation.
The published criteria involve Echo measurements of aortic valve
annulus diameter (AoV) and area (AoA), mitral valve annulus
diameter (MV) and area (MVA). LV inflow dimension (LVin) and
the ratio of LV length to the long axis of the heart (LAR). We have
applied these criteria to patients who have undergone coarctation
repair. Method: A retrospective review of Echos from all patients
less than 3 months old with coarctation of the aorta and normally
related great vessels from 1. 1.90 to 31.12.94. Endpoints were death.
survival with pulmonary hypertension (PHT) and pulmonary
hypertension-free survival. Results: There were 41 patients, 28
male, aged 0-91 days (median 7 days), weight 1.48-4.79kg (median
3.34kg). There was 1 early death and 3 late deaths, all had PHT.
Four survive with pulmonary hypertension. Median ITU stay was 2
days in all groups. Applying criteria from Leung (involving LVin.
AoV and MV) misclassified 7 patients (2 survivors, 3 PHT survivors
and 2 dead patients. Positive predictive value PP=60%, negative
predictive value NP =86%) Criteria from Pelech (involving AoV and
MV) misclassified 16 patients, (13 survivors, 2 PHT survivors and
1 dead patient. PP=28%, NP=87%) Criteria from Rhodes
(involving AoA, MVA, LAR) misclassified 8 patients (3 survivors.
2 PHT survivors and I dead patients PP=38%, NP=91%).
Conclusion: LV size alone does not predict outcome following repair
of coarctation. Published results defining LV hypoplasia in critical
aortic stenosis do not apply to patients with coarctation.
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TWO NEW ULTRASOUND MODALITIES - HARMONIC
IMAGING AND TRIGGERED MODE - IMPROVE DELINEATION OF MYOCARDLAL PERFUSION DEFECTS BY THREEDIMENSIONAL CONTRAST ECHOCARDIOGRAPHY
Q-L Cao, ND Masani, A Delabays, G Magni, P Acar, C
Laskari, J Yao, S De Castro, NG Pandian. Tufts New
England Medical Center, Boston, MA, USA
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EXPRESSION
IS
PROTO-ONCOGENE
c-fnms
INCREASED IN ENDOTHELIAL AND SMOOTH
MUSCLE CELLS FOLLOWING VASCULAR GRAFTING
SE Francis, GW Duff *, DC Crossman
Sections of Cardiology and Molecular Medicine*, University of
Sheffield, Sheffield.

The degradation of the extracellular basement
membranes by metalloproteinases -2 and -9 (MMP-2 and
MMP-9) plays an important role in the pathogenesis of
atherosclerosis, restenosis after balloon angioplasty and
vein graft intimal thickening. Using organ culture of
human saphenous veins, which develop a neointima
over a 14 d incubation with 30% fetal calf serum (FCS),
we showed previously an upregulation of MMP-2 and -9
activity. Activated forms of MMP-2 and -9 are inhibited
by binding to tissue inhibitors of metalloproteinases
(TIMPs), of which there are three members, TIMP-1,-2
and -3. This study investigated the expression and
regulation of TIMPs in the organ culture model. RT-PCR
analysis of mRNA extracted from veins showed that all
three TIMPs are expressed in veins before culture. There
was a specific upregulation of TIMP-1 mRNA following
14 days in culture. Zymography revealed that TIMP-1 was
the most abundant TIMP secreted and that its rate of
secretion increased when comparing the first 2 and last 2
days in culture. When quantified by ELISA, rates of
TIMP-1 secretion increased from 3.2±1.5 (SE) to 32±6 ng/
mg wet weight/day, n=5, p<0.01.
The results show that all three TIMPs are present
in human saphenous vein and may therefore regulate
the activity of the MMPs involved in migration and
proliferation of vascular smooth muscle cells. The role
of TIMP-1 appears from the present data most important,
owing to its abundance an its upregulation during
neointima formation.

In the development and maturation of vascular lesions, various
cytokines and growth factors play important roles in endothelial cell
activation and in the phenotypic change of smooth muscle cells.
In order to investigate novel gene products activated as a result of
vascular grafting, we have used PCR fingerprinting of RNA from
porcine experimental vein grafts and ungrafted saphenous veins
(n=4). Amplification of multiple fragment cDNAs was performed
using 10mer 5' primers and T12MN 3' primers in the presence of
35SdATP. Preferentially expressed gene products in graft tissues
were verified by Northern Blots and identified by DNA sequencing
on the basis of homology to known genes.
Clone gft5 (310bp) hybridised with a 4.0kb mRNA transcript
whose expression was increased in graft tissues. This clone was
sequenced and identified as having >70% DNA homology to the
human c-fins proto-oncogene and hybridised to a 1.0kb lambda
phage clone in a cross-species hybridisation screen of a human
umbilical vein endothelial cell cDNA library. Further sequencing of
this clone on both strands verified its identity as c-fins. mRNA
expression was localised in graft sections using in situ hybridisation
with radiolabelled riboprobes to the endothelium and occasional
smooth muscle cells.
These data indicate that c-fins (CSF-IR), a characteristic gene of
monocyte-macrophages not normally expressed in vascular smooth
muscle cells, can be activated in endothelial and smooth muscle cells
after vascular grafting. Thus, c-fins may be a novel candidate gene
for vein graft failure whose expression may play a role in the
development of the intimal lesion.

(160) MODERATED POSTER
GENE EXPRESSION FROM THE CYTOMEGALOVIRUS
IMMEDIATE EARLY PROMOTER lN EMBRYON1C. NEONATAL
AND ADULT RAT VASCULAR SMOOTH MUSCLE CELLS
GJ Clesham. CM Shanahan. PL Weissberg.
Department of Medicine. Addenbrooke's Hospital. Cambridoe.

Cytomegalovirus (CMV) is a ubiquiitous pathogen which ma) establish
life long latency. but which mav cause disease after reactivation,
particularly in imtnunocompromised hosts. CMV has been found in
arterial tissue and a relationship between infection and atherosclerosis
has been suogested. Activation of the immediate early promoter (CMV-

IEP) is required to initiate the reoulated cascade of CMV oene expression
in permissive cells and recent evidence has demoiistrated that bindino of
the CMV immediate early oene product IE2 to p53 may inhibit its
suppressor function. Rather than behavino it a homogenous way it is
possible that subpopulations of VSMCs are involved in vascular
diseases.We have used a replication deficient adenoviral vector (RAd35pGal) driven by the CMV-IEP (-299 to +65') to investigate expression
from this promoter in VSMCs derived from embryonic, neonatal and
adult aortae. After infection with RAd35fGal. histochemical stainino
with X-Gal was used to identify successfully transduced cells (n=3.
mean +sem) and absorbance at 414nm after incubation with 0nitrophenyl-b-D galactopyranoside (ONPCO was used to quantify (roalactosidase activity in cell extracts (n=4, mean ±sem).

(162) MODERATED POSTER
PEROXYNITRITE CAUSES THE EXPRESSION OF PLATELET
P-SELECTIN BUT INHIBITS THE INTERNALISATION OF GPIb,
EFFECTS THAT MIGHT HAVE IMPORTANT CONSEQUENCES
IN ACUTE ISCHAEMIC SYNDROMES.
A S Brown, M A Moro, V Darley-Usmar, M Radomski, J F Martin.
Department of Cardiology, King's College Hospital, London.
Acute ischaemic syndromes are associated with platelet activation and the
release of free radicals. P-selectin is onlv expressed on the platelet
membrane following platelet activation however the Glycoprotein GPIb is
intemnalised following platelet activation. We imvestigated the effect of
peroxynitite (ONOO-) produced from the free radicals Nitric Oxide (NO)
and Superoxide (02) on platelet activation.ONOO- was made from nitrite
and hydrogen peroxide in a quenched flow reactor. Platelets were collected
into sodium ciate and prostayclin and after severAl spinning and washing
steps the platelets were resuspended in tyrodes. Platelets were incubated
with 50-400 pM ONOO at 37 OC in an aggregomeer. An FITC lablied
antibody to P-selectin and a PE lablled antibody to GPIb were incubated
with platelets prior to analysing the cells on a flow cytometer. An isotype
matched irrelevant antibody was used as a negative control.
P-slectin expression
Glycoprotein Ib exression

Relative fr.gal activity
Transduced cells
I 00 pfw'cell
pfulcell 100 pfu/cell
1 (+I)
34 0t71
1.0 1+(.1.)
Adult VSMC
Neonatal VSMC
2.32
12 (+5) 99 t+2)
(
8
1.46 (+.W.2U)
53
(+11)
Embryonic VSMC
(±4)
%

10

Conclusions: 1) After adenovirus-mediated gene delivenr, expression
from the CMV-IEP (-299 to +65) was greater in neonatal compared to
embryonic and adult-derived VSMCs. 2) Pattems of transduction after in
vivo gene transfer driven by the CMV-IEP ma) identify particular VSMC
subtypes. 3) Expression of CMV gene products in atheroscierosis may
partly reflect the permissiveness of particular VSMC phenotypes to
immediate early gcne expression.
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ONOO- caused a concentration dependent increase in P-selectin
expression, an effect not seen with decomposed ONOO-(dec). ONOOhowever caused a slight but non significant increase in GPIb expression
whereas incubation with 3nd/ml collagen caused a dramatic decrease in
GPIb expression, an effect that was inhibited with ONOO-. ONOO- at the
doses described clearly causes platelet activation as demonstrated by

the expression of P-selectin. Surprisingly however there was no

internalisation of GPIb suggesting that the activation pathway of these
two glycoproteins is different There is now increasing evidence that
ONOO- is produced in vivo, its platelet effects could have important
implications for the development of vascular occlusion.
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EXPRESSION OF TISSUE INHIBITORS OF
METALLOPROTEINASES (TINMPS) IN HUMAN
SAPHENOUS VEIN.
A.Kranzhofer, A.H.Baker, A.C.Newby
Department of Cardiology, University of Wales, Cardiff
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ADENOVIRAL GENE TRANSFER TO V'ENOUS BYPASS
GRAFTS AND NATIV'E VESSELS: A COMPARATIVE STUDY.

The success of CABG is limited bN vein graft (VG) failure due to
thrombosis and accelerated atherosclerosis. Molecula,r interventions
using gene transfer techniques have great potential as a therapeutic
modality to prevent VG failure. VG represent an ideal target for gene
therapy since ex-vivo gene transfer can be performed intra-operativelv.
The characteristics and determinanits of adenoviral -ene transfer to
VG. however. have not been studied. We carried out adenoviral gene
transfer of B-Galactosidase (B-Gal) to VG in a rabbit jugular veincarotid artery venous bvpass gyraft model. and compared B-Gal gene
expression in VG at three days with that in the carotid artery (CA) and
in the contralateral ungrafted jugular vein (JV). B-Gal expression was
assessed in histologic sections of x-eal stained vessels and by direct
measurement of B-Gal protein in vessel extracts using an ELISA.
Results: 18 vessels from 6 rabbits were studied for B-Gal expression 3
days after gene transfer. A segment of untransfected aorta was used as
control. All gene-transferred vessels stained blue wvith x-aal. with
transfected endothelial and smooth muscle cells. The mass of VG was
approximatelv 3-fold areater than JV or VG (means±SD: JV 1.71 ±
0.38; CA 1.67 ± 0.15; VG 4.22 ± 1.24 mg/mm). B-Gal protein per mg
of vessels protein, or per mm vessel length. are shown below. (6*
denotes p<0.05 vs. CA or JV).
Vessel n B-Gal (ng/mg protein)
B-Gal (ng/mm vessel)
(mean SD)
(mean ± SD)
CA 6
918 ±417
27.18± 17.48
JV
6
1164 ± 1082
37.56 ± 33.80
VG 6
19+ 82**
10.43 7.22
Ao 6
0.3±0.3
0.03±0.04
Conclusions: Gene transfer to rabbit CA and JV is highly efficient
and generates high levels of B-Gal expression. B-Gal levels in VG are
approximately 7-fold lower relative to control JV, but this difference is
in part accounted for by increased vessel mass. These findings
demonstrate the feasibilt) of high-efficiency gene transfer to vein
grafts. Lower transgene expression in VG may result from the
morphologic and functional changes which VG undergo in the arterial
circulation.
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THE LIPOPROTEIN LEPASE GENE LOCUS ASSOCIATES
WITH SERUM HDL AND APO-AI LEVELS
EWA Needham, P Sweetnam3, C Laban2, RS Natt, J Yarnell3, RK
Mattu.
St. George's Hospital, London; St. Bartholomew's Hospital, London2
The MRC Epidemiology Unit, Penarth3.
Numerous epidemiological studies have demonstrated an inverse
relattonship between serum levels of high dsity lipoprotein (HDL) and
increased nsk of developing coronary artery disease (CAD). ApoproteinAl (Apo-AI) forms the major protein component of HDL particles.
Lipoprotein Upase (LPL), a rate liting enzyrne in the clearance of
triglyceride rich hpoproteins from the circulation, faiitates the tasfer of
apoproteins and phospholipids between HDL and rem particies. We
investgated the role of the LPL gene in dyslipidaemia and CAD; in The
Caerphilly Heart Study a homogeneous representative male population.
Polymemse chain reaction was used to study a male population (N=23 16,
aged 45-59 years) which had been recruited specifically to investigate
cardiovascular risk factors. Individuals were genotyped for a restriction
fragment length polymorphism (RFLP) within intron 6 of the LPL gene
identified by the restriction endonuclease, Pu II.
The genotypic data was anawlysed by analysis of covariance adjusted for
age and body mass index and by analyis of 2x2 contingency tables using
X2 analysis. Significant associations of the P2P2 genotype were observed
with decreased levels of serum HDL (mean=1.00 mmol/l, F=10.1, ldf£
p=0.002) and Apo-AI (mean=124.9 mg/dl, F=5.19, ldf, p=0.02) as well as
increasd total cholesterol/ HDL (TC/HDL) ratios (mean=5.62, F=4.83,
ldf p<0.03) when compared to PIPI individuals. X2 analysis
demonstrated a significant association of the P2P2 genotype with
increased risk ofCAD, Odds ratio=l.34 (1.03-1.73), ldff p=0.027.
Our data supports a role of the LPL gene in determining serum HDLcholesterol and CAD risk.

(165) MODERATED POSTER
SPATIAL AND TEMPORAL CHANGES IN TISSUE FACTOR
PROTEIN EXPRESSION IN EXPERIMENTAL VENOUS
BYPASS GRAFTS.
KM Channon. GJ Fulton. MG Davies. KG Peters. MD Ezekowitz.
PO Hagen. BH Annex. Division of Cardiolonv. Dulike Uni\versit\
Medical Center. Durham NC 27710. UTSA.

Venous bypass graft failure is the maijor limitation of coronary artery
bypass grafting (CABG). Vein craft ( VG) failure occurs due to acute
thrombosis early after surgery. or due to neointimal hyperplasia and
accelerated atherosclerosis. Tissue factor (TF). a membrane
glycoprotein. catalyzes the rate-limiting step in the extrinsic
coagulation cascade. which is the major source of thrombin
production in vivo. To explore the possible role of TF in V G failure.
w e used immunohistochemistrv with a murine monoclonal antirabbit TF antibody to examine the regional and temporal expression
of TF in a rabbit venous bvpass graft model. We studied 6 control
jugular veins (CV). 19 early VG (days 1-3) and 9 late VG (days 728). The intensity of TF staining in the intima and in the adventitia

of each vessel quadrant was quantified to give a TF staining score.
Results: Early VG were characterised by endothelial injury and an
intense inflammatorv infiltrate, whereas late vein grafts showed
marked intimal proliferation of smooth muscle cells (SMC) but no
inflammation and an intact endothelium. TF was abundant in the
adventitia of all vessels, but was consistently undetectable in the
intima of control veins. In contrast, TF expression was markedly
increased in the intima of all early VG as soon as I day post surgery.
in association with endothelial injury and inflammatory infiltration
(mean ± SD TF scores: CV 0.83 ± 0.75 vs. early VG 8.16 ± 1.83:
p<0.05). In late VG. the thick cellular neointima which had
developed did not show TF staining (TF score 0.78 ± 0.67: p<O.Ol
vs. early VG). Immunohistochemical staining of adjacent sections for
endothelial cells. neutrophils, macrophages and SMC demonstrated
colocalisation of TF protein expression with neutrcophil infiltration.
Conclusions: (1) Intimal TF protein expression is rapidly upreaulated in VG following suraery. (2) TF expression precedes the
development of neointimal hvperplasia. (3) TF expression is
associated with neutrophil inflammation. These results suggest that
TF mav play a role in acute VG failure due to earlv thrombosis and
in the later development of intimal hyperplasia.

(166) MODERATED POSTER
ASSOCIATION BETWEEN ANTIBODIES TO
MYCOBACTERIAL HEAT SHOCK PROTEIN 65 AND
CORONARY ATHEROSCLEROSIS: POSSIBLE
MECHANISM OF ACTION OF A HELICOBACTER PYLORI
IN INCREASING CARDIOVASCULAR RISK
D Birnie, E Holme*, IC McKay*, S Hood, KEL McColl, WS Hillis
Department of Medicine & Therapeutics and *Immunology,
University of Glasgow, UK
Elevated titres of antibodies to mycobacterial Heat Shock Protein
65 (mHSP65) have been shown to correlate with the presence of
carotid atherosclerosis. Helicobacter pylori infection has recently
been demonstrated to be a risk factor for clinically manifest
ischaemic heart disease, purportedly by producing a
hypercoaguable state by increasing fibrinogen. Interestingly
H.pyloni expresses an HSP62 which is highly homologous to
endogenous HSP60 and to mycobacterial HSP65.
We examined the relationship between anti-mHSP65 titres and
severity and diffuseness of coronary atherosclerosis and with
H.pylori antibodies and infection in 136 consecutive men admitted
fo. routine cardiac catheterisation for investigation of chest pain or
valvular abnormalities. Coronary angiograms were analysed
blindly and severity and diffuseness scores were calculated.
TABLE 1:SPEARMAN'S RANK CORRELATIONS BETWEEN
CORONARY ATHEROSCLEROSIS AND TITRES OF
ANTIBODIES TO mHSP65
Correlation with Anti-mHSP65
Atherosclerosis:Seventy scc re
0.21 (p = 0.018)
Diffuseness Score
0.21 (p = 0.012)
Anti-Helicobacter Pvloi
0.39 (p < 0.00001)

Anti-mHSP65 titres correlated with age (p<0.005) and smoking
(p=0.049) but not other cardiovascular risk factors and after
adjustment elevated anti-mHSP65 titres remained significant for
the presence of coronary atherosclerosis (p = 0.022). There was a
highly significant correlation between antibodies to mHSP65 and
H.Pylori. In addition patients who were seropositive for H.Pylori
infection had significantly elevated anti- mHSP65 (p=0.002) but
not fibrinogen compared to seronegative subjects. These results
suggest an alternative hypothesis that H..Pylon infection leads to
increased cardiovascular risk through an auto-immune process.
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Tumover of basement membrane by matrix metalloproteinases
(gelatinases) is necessary for proliferation and migration of rabbit
vascular smooth muscle cells in vitro. The involvement of
gelatinases in the pathogenesis of atheroslerosis was studied using
rabbits fed a 1% cholesterol diet for 8 weeks. Segments (1 cm
each) were taken from the arch, mid-portion and distal thoracic
aorta, divided into 1 mm square explants and cultured for 3 days in
serum free tissue culture medium at 37°C. Gelatinase activity in the
conditioned media was measured by gelatin zymography followed
by densitometric analysis and were related to cell number by DNA
measurement.

Gelatinase activity (OD units/pg DNA)
Middle
Arch

Several mega-trials have shown the importance of early reperfusion of
infarct related artery following an acute myocardial infarction (MI).
Several trials have compared prehospital (PREH) to hospital (HOS)
thrombolysis (TX) to assess the feasibility' and safety of the treatment
at home as well as the importance of early treatment on mortality.
However although many' of these trial have shown positive trends,
partly because of limited number of patients recruited none of the trials
have shown a significant difference in outcome between the two
strategies. we have therefore pooled the results of all randomised trials
of PREH versus HOS TX. See figure for results

Distal

0.16±0.06* 0.26±0.08* 0.11±0.05*
0
0
0
Prooelatinase A
4.0t0.3* 3.6±0.6*t 1.8±0.4
2.8±0.2
1.2±0.2
2.8±0.5
(l.50±0.l*t 0.47±0.1*t 0.19±0.04
GelatinaseA
0.28±0.1 0.23+0.05 0.20+0.03
* p<0.05 cholesterol (C) vs normal (N), ± p<0.05 vs distal (n=6)

Progelatinase B

PREHOSPITAL VERSUS HOSPITAL THROMBOLYSIS: AN
OVERVIEW OF RANDOMISED TRIALS.
F Fath-Ordoubadi, A Al-Mohammad, TY Heuhns, A Dana, KJ Beatt.
Cyclotron Unit, MRC Clinical Sciences Centre and RPMS,
Hammersmith Hospital and Charing Cross Hospital, London, UK.

C
N
C
N
C
N

As shown in the table, we demonstrated secretion of progelatinase
B from cultured medial explants only from cholesterol-fed animals.
Increased secretion of progelatinase A and its activation to
gelatinase A were demonstrated in the arch and middle portions
from cholesterol-fed rabbits which was significant compared to
corresponding segments from normal rabbits and to distal
segments, in which lesions were histologically less severe . A
similar pattem of activity was detected in extracts from aortic tissue
(not shown). The results demonstrate that induction of gelatinase B
and both induction and activation of gelatinase A occur during
atherosclerosis formation and are related to its severity and
therefore imply a pathogenetic role for gelatinases.

(168) MODERATED POSTER
MECHANOTRANSDUCTION
THROUGH THE
ENDOTHELIAL CYTOSKELETON MEDIATES FLOW- BUT
NOT AGONIST-INDUCED NITRIC OXIDE RELEASE.
I.R. Hutcheson and T.M. Griffith.
Cardiovascular Sciences Research Group, Department of Diagnostic
Radiology, University of Wales College of Medicine, Heath Park,
Cardiff CF4 4XN.
Vascular endothelial cells release the potent endogenous
nitrovasodilator endothelium-derived relaxing factor (EDRF), now
identified as the nitric oxide (NO) radical, in response to
hydrodynamic shear stress arising from blood flow. To investigate
the hypothesis that this mechanotransduction pathway is triggered by
structural changes in the endothelial cytoskeleton we have examined
the effects of pharmacological manipulation of cytoskeletal elements
on NO release. Cascade bioassay techniques and isolated arterial
ring preparations were used to compare shear-induced NO release
with that stimulated by the endothelium-dependent agonist
acetylcholine in rabbit abdominal aorta. The specificity of the
responses was confirmed using L-NAME, an inhibitor of NO
synthase. Cytochalasin B (1 gM) and phalloidin (100 nM) were used
to depolymerise and stabilise, respectively, F-actin microfilaments.
Colchicine (500 nM) was used to inhibit tubulin dimerization and
thus disrupt the microtubule network. Direct and indirect
fluorescence techniques were used to confirm the effective loading
and action of these agents. In cascade bioassay studies, increases in
time-averaged shear stress, achieved by manipulating perfusate
viscosity with dextran (1-4% w/v, 80000 MW), induced L-NAMEsensitive relaxations of the detector tissue. This viscosity-related NO
release was significantly attenuated by cytochalasin B, phalloidin and
colchicine (P<0.0l). By contrast, endothelium-dependent relaxations
to acetylcholine (0.1-30 i±M) in cascade bioassay and in isolated ring
preparations were unaffected by pretreatment with any of these
agents either in terms of their EC50 concentrations or maximal
responses. In control experiments endothelium-independent
relaxations to sodium nitroprusside (0.01-10 FM) were similarly
unaffected confirming that vascular smooth muscle function was not
compromised. We conclude that the endothelial F-actin
microfilament and microtubule networks are involved in flow-evoked
NO release in rabbit abdominal aorta but play no role in
acetylcholine-induced NO release in this tissue. The study provides
evidence that distinct transduction pathways can lead to activation of
the NO synthase enzyme.

Mortality (%)
y 7.Preho4
2.

Odds ratio & CIs
Hosp Rx

Prehosp Rx
better

0.7

McNei

7.4

10

Castaigne
Barbash
Schofer
GREAT
McAleer
EMIP
MITI
Pooled

6
2.3
2.5
6.7
2.3
9.7
5.7
9.0

4

0.6

6.8
5.3
11.5
11.8
11.1
8.1
10.8

0.35
0.5
0.14
0.07
0.08
0.4
0.01

better

-

0

-

1

.M

2.0
1.0
0
Conclusions: PREH TX is associated with reduction in mortality of
16.7% [p=0.01- (18 lives saved per 1000 treated)]. Benefit is greatest
when treatment is given within 90 minutes of onset of chest pain and
when time saving compared to HOS TX is greater than 90 minutes.

(170)

ACUTE MYOCARDIAL INFARCTION PRESENTING WITH
PRIMARY ST DEPRESSION:THE NEED FOR EARLY
INTERVENTION
PSC Wong, Royal Sussex County Hospital, Brighton on
behalf of the United Kingdom Heart Attack Study Group

Mortality from acute myocardial infarction (AMI) presenting with
primary ST depression remains high despite aspirin and
thrombolytic therapy. We studied consecutive patients under the
age of 76 years with AMI and ST depression, anterior and inferior
ST elevation admitted to hospitals in Brighton, Cardiff and York
districts between 1993 and 1995. There were 227 patients with
ST depression, 571 with anterior and 676 with inferior ST
elevation. Patients with AMI and ST depression were older than
those with ST elevation (mean age 66+8 vs 62+10; p<0.001),
more likely to have a prior history of AMI (38% vs 18%; p<0.001),
and coronary artery bypass grafting (9% vs 2%; p<0.001).
Patients with ST depression had smaller infarcts than those with
ST elevation (peak creatine kinase 1,060+840 vs 1,740+1,790:
p<0.001), but were more likely to develop heart failure or shock
(48% vs anterior 37%; P<0.02; vs inferior 29%; p<0.001). Thirty
day mortality for AMI with ST depression. anterior and inferior ST
elevation were 30%, 20% and 12% respectively (ST depression
vs anterior; p<0.01; vs inferior; p<0.001). Death with ST
depression occurred within 24 hours in 25% of cases and within
72 hours in 54%. Coronary anatomy was known in 70 patients
with ST depression (44 angiography, 26 autopsy) which showed
significant left main, left anterior descending, 3 and 2 vessel
disease in 10%, 90%, 50% and 31% respectively.
CONCLUSION: Patients with acute myocardial infarction and
primary ST depression are a high risk group and are likely to have
multivessel coronary disease. These patients should be monitored
in a cardiac care unit and considered for early angiography and
revascularisation. The timing of such intervention is crucial.
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GELATINASE ACTIVITY IS INCREASED BY
ATHEROSCLEROSIS IN CHOLESTEROL - FED
RABBITS
Alla Zaltsman and Andrew Newbv, Bristol Heart
Institute, Bristol Royal Infirmar, Bristol BS2 8HW
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IS THE 'WAIT AND SEE" STRATEGY FOR INVASIVE INVESTIGATION
POST MYOCARDIAL INFARCTION FLAWED?
KJ Beaft'. TY Huehns*, R Amersey'. T W Greenwood#. P Stubbs*.
Academic Unit of Cardiovascular Medicine*. Charing Cross and Westminster
Medical School, Dept of Cardioiogy. West Middx University Hospital#. London.

In acute myocardial infarction (AMI) up to 55%0 of patients fail to
attain adequate reperfusion despite aspirin and thrombolytic therapy.
and re-occlusion can occur in a further 5- 10 %. While heparin can
reduce re-occlusion after tPA, it acts only on circulating thrombin. and
requires dose titration. Hirudin, a potent direct anti-thrombin, inhibits
clot-bound thrombin and has a more stable therapeutic effect.
In this international, multi-centre, double blind randomised study. 3002
patients, presenting within 12 h of onset of A.MI with ST segment
elevation, were treated with oral aspirin, either tPA or streptokinase,
and then randomised to either i.v. heparin (1496), or hirudin (1506) for
96 hours titrated to a target aPTT of 55-85 secs.
Baseline characteristics were similar between the two groups. Mean age
of the population was 60 yrs and 74% were males. Mean time to
thrombolysis was 3.3 hrs from symptom onset, and study drug was
administered at a mean of 42 min after thrombolysis. Hirudin treated
patients were more likely to be within the target APTT range at each
time point of measurement than those on heparin. Death, non-fatal
reinfarction, or cardiogenic shock occurred in 1 1. 8% of patients on
heparin, and 12.8% on hirudin (P=NS). Mortality and re-infarction
rates were similar in the two study groups (5.0%/o vs 6.2%, and 4.90/o vs
5.4% for heparin and hirudin respectively). Major haemorrhage
occurred in 4.90/o of patients on heparin, and in 4.4% on hirudin,
(P=NS). Intra-cranial bleeding occurred in 0.7%, and 0. 4% of heparin
and hirudin treated patients respectively. Bleeding rates were lower in
this study compared to the TMI 9A cohort, where higher doses of both
heparin and hirudin were used, the hirudin dose was constant, and a
higher target APTT range (60-90 s) was employed.
Conclusion Hirudin produces a more stable anti-coagulant response
than Heparin, but, is as effective as heparin in AMS after thrombolysis
and is associated with a similar risk profile in terms of haemorrhage.

Clinical details of 328 consecutive patients admitted to a single coronary care
unit with a confirmed diagnosis o' myocardial infarction were prospectively
entered into a dedicated coronary care database and subsequently followed for
a median of 3 years (FU). Initial and subsequent management including
cardiac referral were left to the discretion of the admitting physician. The
overall mortality was 22%. A step wise multivariate Cox logistic regression
model identified the following independent predictors of mortality:
p
Variable
x 2
< 0.0001
18.0
negative Killip class
= 0.02
5.0
outcome previous angina pectoris
= 0.04
4.0
hypertension
= 0.001
11.0
thrombolysis
positive
=-0.007
7.0
outcome revascularisation
= 0.01
6.0
angiography
Factors significantly associated with revascularisation were young age. male
sex, strong family history of ischaemic heart disease. more chest pain following
admission and further pain on follow up. 28% of patients were referred for
cardiac catheter at a mean of 115 days demonstrating the following differences
in mortality:6 months 1 year 3 years
1 month
Time post Mt
7%
5%
2%
Catheter
0%/0
28%
19%
18%
12%
no catheter
Conclusion: Invasive investigation is associated with a low mortality post Ml in
routine clinical practice. The high mortality seen in patients not referred for
invasive investigation suggests that the "wait and see" strategy is failing to
identify sufficient patients at risk who may benefit from revascularisation.

(172)
EARLY AND LATE FOLLOW-UP RESULTS OF PRIMARY
CORONARY ANGIOPLASTY COMPARED TO INTRAVENOUS
STREPTOKINASE IN ACUTE MYOCARDIAL INFARCTION.
F Akhras, A Abu Ousa, M Rustom, H Duncan, H Chamsi-Pasha and H
Jabbad. King Fahd Armed Forces Hospital, Jeddah, Saudi Arabia.

We prospectively studied 93 consecutive patients (69 males and 24
females, age 57±12 years) with < 12 hour history of chest pain of acute
myocardial infarction (AMI). All patients (pts) received intravenous
-heparin and nitroglycerine, and oral aspirin before they were randomised
to undergo immediate PTCA (Gr. A, 41 pts) or to receive streptokinase
(Gr. B, 44 pts) followed by heparin infusion for 48 hours in all pts.
Eight pts who presented with >12 hour history of AMI were excluded
from the analysis. There were no significant differences in age, sex,
extent or location of coronary disease. left ventricular ejection fraction,
duration of chest pain or time to receiving the assigned treatment in the
two groups. In Gr. A one pt had normal coronary arteries; the IRA was
left anterior descending in 20 pts, right coronary in 14 pts and circumflex
in 6 pts compared to 21, 14 and 6 pts respectively in Gr. B (3 pts refused
coronary angiography). In Gr. A TIMI flow 0 or 1 was found in 40 IRA.
PTCA was successful (TIM flow 3) in 38 IRA and in 46 other segments
of non IRA; in one pt the guide wire did not cross the lesion and the
remaining pt had diffuse disease. No major complications and no pts
required emergency coronary bypass surgery (CABG). In Gr. B, TIMI
flow 0 or 1 was found in 41 pts. Successful reperfusion (TIMI flow 3)
was achieved in 28 pts, 13 pts had treatment failure. The length of
hospital stay was significantly shorter in Gr. A than Gr. B (4.5 ± 2.4 V
8.9 ± 4.1 days respectively, p=0.0001). At 8 months: no deaths
occurred in Gr. A, one pt had recurrent ischaemia and one pt had CABG.
In Gr. B, four pts died, 21 pts had recurrent ischaemia, 10 required
PTCA and pts had CABG. In Gr. A, exercise duration at 8 months
was 8±3 min and time to 1 mm ST depression was 7.7±3 min compared
to 6.7+9.8 min, p=0.12 and 6.1±3 min, p=0.1 respectively in Gr. B.
Thus, primary PTCA in pts with AMI is a safe and effective approach to
achieve a higher patency rate and early reperfusion of IRA. It has a
lower incidence of recurrent myocardial ischaemia and a significantly
shorter stay in hospital than thrombolysis. Such benefits were sustained
at 8 months with less pts requiring revascularisation.

(174)

GLUCOSE-INSULIN-POTASSIUM (GIK) THERAPY FOR ACUTE
MYOCARDIAL INFARCTION: OVERVIEW OF RANDOMISED
PLACEBO CONTROLLED TRIALS.
F. Fath-Ordoubadi, KJ Beatti Unit, MRC Clinical Sciences Centre and
RPMS, Hammersmith Hospital and Charing Cross Hospital, London.
Ischaemic myocardium uses glucose as its main metabolic substrate, on
this basis GIK therapy was advocated in the past for treatment of
myocardial infarction (MI). However, partly because of small number
of randomised trials and small number of patients recruited in these
trials, the results have been inconclusive. This has led to almost
complete abandonment of this therapy in clinical practice. We have,
therefore, conducted a meta-analysis of all the randomised placebo
control trials of GIK therapy in acute ML Motality rates at hospital
discharge and the pooled results are shown in the table.
_

Heng
Stanley

Number

GIK (%)

Placebo ()

27
110

8.3
7.3
4.8
0
4.9
0
0
8.8
12.8
15

0
16.4

Rogers

91

McDaniel
Mantle
Whtlow
Salter
Hlernan
Malach
Pencoast
MRC

24
85
28
27
198
101
200
840
170
84
256
620

Mtra
Pllcher
llsalo
DIGAMI

23.9
11.8

13.9
12.9
9.1

16.3
0
9.1
0
0
16.7
14.8
16
25.3
28.2
29.3
18.2
12.5

P Value
NS
NS

0.08
NS
NS
NS
NS
NS
NS
NS
NS
0.007
NS
NS
NS

0.002
18.2
2869
14
Pooled
Odds ratio was 0.73 (CI: 0.6-0.89) and proportional mortality
reduction in GIK group was 27% (CI: 1 l%-40%).
Conclusion: The results show that GIK therapy is associated with a
significant reduction in mortality rate and indicates a need for a large
randomised mortality tial of GIK therapy in MI in the thrombolytic
era.
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HIRUDIN (TMREVASC) VS HEPARIN AFTER
THROMBOLYSIS IN ACUTE MYOCARDIAL INFARCTION:
PRELIMINARY RESULTS FROM THE TIM1 9B STUDYt
The TIMI 9 Investigators. Brigham and Women's Hospital. Boston.
USA and Royal Brompton Hospital, London
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THE DIFFERENTIAL EFFECTS OF NEGATIVE PRESSURE
VEN-TILATION (NPV) ON CARDIAC OtTPLTT1I CHILDREN
L. Shekerdemian, D. Shore. C. Lincoln. A. Bush. A. Redington, Royal
Brompton Hospital, London.

Thrombotic stent occiusioI' remais a problem which, particularly after
failed angioplasty and in small vessels, mandates systemic anticoagulation.
We adsorbed monoclonal anti rabbit platelet glycoprotein (GP) lIb/IlIa
antibody [AZI] on to cellulose polymer coated intracoronary stents (n=24)
to enhance their thromboresistance and evaluated the antithrombotic
efficacy of AZI antibody-eluting stents. Twelve stents were immersed into
a solution of AZI antibody (1 mg/ml) for 24 hours before implantation
(Gr. A, antibody-eluting); the other 12 stents served as controls (Gr. B,
base polymer). Antithrombotic efficacy was detemiined by implanting the
stents into iliac arteries ofNew Zealand White rabbits (n=12) using a deep
arterial injury, reduced flow model. Each animal had an antibody-elutng
stent implanted in one vessel and a base polvmer stent in the contralateral
vessel. In 7 animals (acute group), flow was measured with transit-time
flowprobes (Transonics, NY) and platelet adhesion determined using
"'Indium labelled autologous platelets. Total occlusion was defined as
flow <0.5 ml/min for >10 min, cyclic flow variation (CFV) as retun to
flow >0.5 ml/min within 10 min. In 5 animals (chronic group) stent
occlusion was assessed macroscopically after sacrifice at 28 days. Results:
ACUtTE GROUP
CHRONIC GROUP
n occluded
n occluded 'Platelets bCFV freq: C2 hr mean flow
Gr at t-2hrs (x107)
(28 days)
(hr ')
(% baseline)
A I of 7
15.2±5.7 0.14±0.38
69.4± 12.9
Oof5

We studied the effect ofNPV on the cardiac output in 25 paralysed and
filly sedated children (median age 4.1 years) in the early post-operative
period following cardiac surgery. and in 11 anaesthetised children
undergoing cardiac catheterisation (median age 3.9 years). Of the postoperative group, 17 had undergone right heart surgery (RHS - 1!
tetralogy of Fallot repair and 7 total cavopulmonary connection), and 8
- closure of septal defects or mitral valve surgery (other). The children
undergoing cardiac catheterisation (CC) were studied after successfu
arterial duct occlusion and had structurally normal hearts. AU children
were initially ventilated using intermittent positive pressure ventilation
(IPPV). and NPV was delivered using the Hayek external high
frequency oscillator. Cardiac output was calculated using the direct
Fick method, during EPPV and after 15 minutes' NPV. Oxygen
consumption (V02) was measured by respiratory mass spectrometry.
The table shows means ± SD. MVsat = mixed venous saturation. * = p
values < 0.05; ** p = values < 0.01.
Cardiac Index (I/minim2)
V02(mUmin/n2) MV Sat (%)
IPPV NPV
IPPV NPV
t (%)
IPPV NPV
RHS 2.5± 1.3 3.5±2.0 42.2±28** 150±50 169±50** 59±15 65±15**
other 2.9±2.2 3.4±2.7 24.0±22* 171±64 179±72* 55+12 60±10*
CC 3.9= 1.7 4.3+1.9 11.5±15* 157±44 157±49
75±4 77i5*
Cardiac output increased significantly during NPV in all three groups
and the increase was greatest in the RHS group and least in the CC
group. Heart rate did not change and thus stroke volume increased in
all groups (p < 0.02). There was no change in systemic and pulmonary
arterial pressures, or in right and left atrial pressures.
NPV obviates the detrimental effects of IPPV resuhing in a modest
increase in cardiac output in the normal heart. The more complex
cardiopulmonary interactions in chfldren following heart surgery are
reflected by the greater improvement seen in this group as a whole, and
are best demonstrated in those who have undergone right heart surgery.

B

4of7

31.3 4.1

3of5

3.2±3.9

6.11 ± 1.15

AZI antibody-eluting stents (Gr A) had significantly less 'platelet adhesion
(P=0.002), significantly fewer episodes of bCFV (P=0.001) and (in patent
arteries) significantly higher 'blood flow after 2 hours (P=0.001) compared
with base polymer stents (Gr B).
Conclusion: Platelet GP Ub/IIIa antibody eluting from polymer coated
stents significantly reduces platelet deposition, improves blood flow and
virtuallv abolishes cyclical blood flow variation after stent implantation. Its
potential for reducing stent thrombosis in man requires further evaluation.
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A RANDOMISED CONTROLLED TRIAL OF VITAMIN E

IN

PATIENTS WITH CORONARY DISEASE: THE CAMBRIDGE
HEART ANTIOXIDANT STUDY (CHAOS)
NG Stephens, A Parsons, PM Schofield, M Mitchinson, MJ Brown
Cardiac Unit, Papworth Hospital and Cambridge University, UK
Vitamin E is thought to play an important endogenous role in prevention of
atherosclerosis. through inhibition of oxidation of low density lipoprotein
Some epidemiolozical data show an association between high dietary intake
or high serum levels of a-tocopherol and reduced risk of ischaemic heart
disease. We designed the CHAOS trial to test the hypothesis that treatment
with a high dose of a-tocopherol (400 or 800IU/d) will reduce the
subsequent risk of cardiovascular death and nonfatal myocardial infarction
(NE) in patients with ischaemic heart disease. The study was double blind,
placebo-controlled with strafied randomisation. 2002 patients with
angiographically-proven coronary atherosclerosis were enrolled and followed
up for a median of 510 days (3 -978) Treatment raised serum a-tocopherol
levels from mean 34.2 pM/L to 511 IMpLwith 4001U/d and 64.5 pM/L
with 800 RU/d (p < 0.001). \Vtamin E reduced the risk of cardiovascular
death and non-fatal M1 (OR 0.57 (0.36 0.89), P = 0.014) and reduced the
riskl of non-fatal MI alone (OR 0.23 (0.1 1 0.47); P < 0.001). Patients with a
higher treatment level of lipid-adjusted serum at-tocopherol had a lower risk
of events (OR 0.23 (0. 06 0 84). P = 0 026) Kaplan Meier survival curves
for nonfatal MI are shown (broken line = placebo. survival time in days)
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RADIOGRAPHIC EVALUATION OF BJORK-SHILEY
CONVEXO-CONCAVE VALVES
J A Kennedy, J D McArthur, C M Turnbull, J H Reid,
N C McMillan, F G Dunn, A P Rae, A Faichney, K MacLeod,
P G Parker, L J Robertson, Western Infirmary, Glasgow.
Introduction: Approximately 86,000 Bj6rk-Shiley ConvexoConcave (BSCC) valves were implanted world-wide between 1979
and 1985. As of December 1994, five hundred and sixty four
complete outlet strut fractures have been reported but cohort studies
suggest that the actual number may be twice as many. Approximately
two thirds of these reported fractures have been fatal - almost all aortic
valve fractures resulting in death. Several lines of evidence indicate
that two-stage failure of the valve occurs, wherein one of the legs of
the outlet strut develops a hairline fracture (single leg separation/SLS)
followed by a variable period of time during which the valve functions
normally before its physical integrity is disrupted by sudden fracture
of the second leg (complete outlet strut fracture). The study involves
two sites in U.S.A. (Beaumont Hospital. Mi. and Stanford Medical
School, Ca.) and one in the U.K.(Western Infirmary. Glasgow)
following identical protocols. Digital cineradiography, using higher
kVp and two or more specified profiles for each outlet strut leg. has
been used to evaluate C/C valves. Those with epidemiologically
defined strut fracture risks of 0. 1 1% per year or greater approximately the top 30% of those implanted - were invited to
participate. Eight hundred and thirtv two mitral C/C valves have now
been studied and a total of 25 SLS s confirmed. There have been 4
false positive results and 4 false negative results in this non-invasive
study. Three patients have died peri-operatively. In the U.K. 217
mitral BSCC prosthetic valves have been studied with 8 confirmned
SLS's and 2 further SLS's as yet not explanted. giving a prevalence of
4.6%. There have been no false positives and no false negatives. It is
not claimed that this method is detecting all single leg separations. It
does. however. provide valuable information to the surgeon with
regard to elective explantation in a considerable number of patients.
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ANTITHROMBOTIC POTEN'TIAL OF POLYMER-COATED STENTS
ELUTTN.G PLATELET GLYCOPROTEIN 11B/IIIA ANTIBODY
RK Aggarwal. DC Ireland. DP de Bono. AH Gershlick.
Division of Cardiology. Universitv of Leicester.
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The effect of cardioverter-defibrillators (ICDs) on total mortality
in specific patient (pt) groups is currently unknown and clinical
indications for implantation poorly defined. This report
describes the clinical characteristics of 813 pts entered into a
European-wide clinical evaluation of 2 models of endocardial
ICD (M\edtronic Jewel PCD models 7219C and 7219D) between
March 1993 and September 1994 and compares these
characteristics between pts from different countries. Data were
collated from a data form completed at the time of device
implantation. Of the 813 devices evaluated, 126 were implanted
in Austria, 37 in Belgium, 12 in Denmark, 20 in France, 454 in
Germany, 64 in Italy, 12 in the Netherlands, 16 in Norway, 27 in
Spain, 6 in Sweden, 16 in Switzerland and 23 in the UK. British
pts were younger than those in the other European countries
(44.7[19] x'ears v 57.0 [12.4], p<0.01) but similar in terms of
presence of previous myocardial infarction (48% v 53%), NYHA
functional class or ejection fraction (38.6 [14.9] v 39.3 [16.9]).
British pts were more likely to have suffered both ventricular
tachycardia (VT) and cardiac arrest before implantation (35% v
12% ,p<0.01) and much more likely to have received previous
oral antiarrhythmic drug therapy (87% versus 20%, p<0.0001).
Dizziness, palpitations and previous episodes of VT were
reported more commonly in the UK (>10 episodes in 39% v 7%,
p<O.05). When Germany and Austria were excluded from the
analysis these differences remained.
It is concluded that the selection criteria for ICD implantation in
the UK differ from those in other European countries. British pts
are more likely to have suffered several serious arrhythmic
events and to have received more antiarrhythmic therapy before
undergoing ICD implantation than their counterparts in
continental Europe.
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CUMULATIVE AND PROLONGED LEFT VENTRICULAR
DYSFUNCTION DUE TO MYOCARDIAL STUNNING
FOLLOWING REPETITIVE EXERCISE-INDUCED ISCHAEMIA
CA Rinaldi, AZ Linka. ND Masani, RJC Hall.
University Hospital of Wales, Cardiff. U.K.
We have previously shown that myocardial stunning causes prolonged
left ventricular (LV) dysfunction after exercise-induced ischaemia. To
determine the effects of repeated exercise induced ischaemia on LV
function we studied 12 patients (mean age 62±5 years) with stable
angina, angiographically-proven coronary artery disease and normal left
ventricular function. Each underwent 2 consecutive symptom-limited
readmill tests, one hour apart Quantitative echocardiographic
assessment of systolic and diastolic LV function (ECHO) was
performed at baseline and at regular intervals after each exercise test.
Results: Heart rate, blood pressure and ST changes returned to baseline
within 10 minutes of exercise in all cases. There were no differences
between the two tests in exercise duration (328±164 vs 334±154
secs), maximum ST depression (2.1±1 vs 1.9±1.1mm) or incidence of
chest pain. ECHO data (mean±SD) are as follows
[SF=shortening fraction in the ischaemic region (%), EF=ejection
fraction (%). IRP=isovolumic relaxation period (msecs)]
exercise test2
exercise test
pre 30'post 60'post 30'post 60'post 2hpost 4hpost
I
2.8±1*
1.4i,
±.g.9t 2.4±.4** 3.6+.8
SF 3.6±.9 1. 9±1
EF 58±8 51±12** 54+9* 47±lt 50±10t 53±8t 58±9
IRP 10Q+12 118±13t 106±9* 1251t131,',181t101
vs
p .001 vs pre exercise *p<
pre exercise I
exercise-induced
stunning
In concordance with previous observations,
was characterised by impaired regional and global contractile function
and impaired (prolonged) early relaxation. These changes were more
severe and prolonged after the second exercise test, despite similar
degrees of ischaemia and exercise performance. SF was significantly
more impaired at 60 minutes post exercise 2 compared to 60 minutes
post exercise 1 (2.8±1 vs 1.8±.9 %, p<0.05) as was EF (54±9 vs
50±10 %, p<0.05) and IRP (106±9 vs 123±12 msecs, P<0.05 ). We
conclude that repeated exercise-induced ischaemia causes cumulative LV
dysfunction due to myocardial stunning. Thus resumption of exercise
shordy after an episode of angina may lead to progressive and
persistent LV dysfunction in patients with coronarv artery disease.
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SERUM TOTAL HOMOCYSTEINE AND CORONARY
HEART DISEASE IN MIDDLE-AGED BRITISH MEN.
LI Perry', H Refsum2, R W Morris', SB Ebrahim', PM
Ueland2 AG Shaper'.
'Department of Primary Care & Population Sciences, Royal
Free Hospital School of Medicine, London, and 2Department
of Clinical Biology, University of Bergen, Norway.

THE AETIOLOGY OF IDIOPATHIC DILATED
CARDIOMYOPATHY (DCM):
THE FIRST ALCOHOL CASE-CONTROL STUDY
CJ McKenna, MB Codd, HA McCann, DD Sugrue
Department of Clinical Cardiology,
Mlater Mlsericordiae Hospital, Eccles Street, Dublin 7, Ireland

Serum total homocysteine (tHcy) levels are inversely associated
with dietary intake of folic acid and B vitamins. Raised tHcy
levels have been linked with coronary heart disease (CHD). We
have examined the association between tHcy concentration and
the subsequent risk of CHD, using a nested case control study
design, within a prospective study of cardiovascular disease in
British men. tHcy concentration was measured in serum samples,
stored at entry to the study, from 110 incident cases of
myocardial infarction and 118 controls. Cases were randomly
sampled from events which occured after the first five years of
follow-up. Cases and controls were frequency matched by town
and age group. Levels of homocysteine [geometric mean (95%
CI)] were significantly higher in cases than controls:
homocysteine 13.5 (12.6-14.3) umol/L vs 11.9 (11.3-12.6)
Amol/L; p=0.005. There was a graded increase in the relative
risk (odds ratio; OR) of CHD in the 2nd, 3rd and 4th quartile of
tHcy (OR 1.4, 1.9, 2.2; trend p=0.006) relative to the first
quartile. Adjustment for age, town, social class, body mass
index, smoking, physical activity, alcohol intake, hypertensive
status, serum cholesterol. and serum creatinine did not attenuate
this association, (OR 2.1, 2.3, 2.7; trend p=0.04).tHcy levels
were higher at baseline in men with evidence of pre-existing
CHD and (as expected) adjustment for this factor attenuated the
linear association between tHcy and subsequent events, trend
p=0.07. The findings suggest that homocysteine is an
independent risk factor for CHD with no threshold level.

hypothesis is an autommune response to an envomnental trier.

The cause of DCM is bv definition unknown . The most popular
Alcohol has been miphcated as a rnsk factor for DCM but a causal
relationship has not yet been estabished .
Mlethods and Results: to date. 85 probands with DCM have been
enterd in the study. All had normal coronMy arteries by
angiographv, as wel as the other usual exclusions .
200 population-based controls were selected by RANSAM,
i.e. a computer-based system for drawing random samples from the
Electoral Register . Patients and controls had a smple questionnair
filled with regards to their alcohol intake . Thev were dcided into
two main categories for initial univwiate anaysis:
1) those that drank more than the recommended weeklv mtake of

alcohol ( 21 units for men , 14 unitsfor women);
2) those that were CAGE positive for alcohol abuse
answeringyes to >= 2 of the 4 CAGE questions).

Probands
(n=85 )

Controls
(n=200)

yimit 35 (41%)
-wkh

50 (250%)

p < 0.01

22(26%)

22(11%)

p<O.01

CAGE ve

Conclusions: significantly more DCM patients hn controls either
abuse alcohol or drink it in excess of recommnended limits .
This is the first case-control study to look at alcohol consumption in
DCM and confirms previous suspicions of a causal link
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VARIATION IN SELECTION CRITERIA FOR
CARDIOVERTER-DEFIBRILLATOR IMPLANTATION IN
DIFFERENT EUROPEAN COUNTRIES.
C J Garratt, J M Glancy for the European Jewel Investigators.
Glenfield Hospital, Leicester, UK.
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Chronic myocardial damage is present in a proportion of patients
with dilated cardiomyopathy (DCM) The prognostic determinants
identify patients with decreased survival but do not provide a
measure of mvocardial damage. To obtain an objective assessment of
myocardial damage in DCM, we measured plasma levels of creatine
kinase (CK) activity, its isoenzymes (CK-MM and CK-MB
activities), and isoforms (MM3/MM1 and cardiac specific MB2/MIB1
ratios). The cohort consisted of 77 consecutive patients with DCM,
aged 49 +14 years (range 19-60), 61 male. Patients had been
symptomatic for 29 ±- 38 months (Range 0.5-200 months) with 48 in
NYHA class MII and 29 in class III/IV at the time of diagnosis.
During median follow-up of 27 months from diagnosis (range 0.6165), 50 patients remained clinically stable and 27 had deteriorated.
A significantly higher proportion of DCM patients had abnormal
MB2/MB1 ratio compared to 76 normal volunteers studied (14, 18%/o
vs 1, 1%, p=0.005). Patients who deteriorated had higher MB2/MBl
ratio, (1.22 + 0.62 vs 0.85 + 0.56; p=0.0l), and more frequently had
abnormal MB2/MBl ratio (8, 30% vs 3, 6%; p=0.004) and abnormal
CK-MM (9, 33%/o vs 6, 12%; p=0.02), than those who remained
stable. DCM patients with high CK-MB activity had 3.13-fold
increased odds of sudden death or cardiac transplantation (CI 1.536.40, p=0.008). The MB2'MB I ratio was associated with increased
left ventricular dilatation (r=0.23, p=0.008). Thus, CK measurements,
in particular CK-NIB isoforms, were found to be sensitive markers of
myocardial damage in a subset of patients with DCM and could be
useful in investigating the possibility of persistent myocardial damage
in these patients.
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PAINLESS
MYOCARDIAL
ISCHAEMIA
IS
AN
IMPORTANT FACTOR IN THE GENESIS OF EFFORT
INTOLERANCE IN SEVERE CONGESTIVE HEART
FAILURE DUE TO CORONARY ARTERY DISEASE
R Senior, S Kaul, U Raval, A Lahiri. Northwick Park Hospital,
Harrow

Effort intolerance in patients with congestive heart failure (CHF) due
to coronary artery disease (CAD) has multiple underlying
mechanisms, but it is not clear to what ex-tent myocardial ischaemia
may be implicated. We have prospectively studied 48 consecutive
patients (pts) with svmptomatic CHF secondary to CAD with a
mean_SD left ventricular ejection fraction (LVEF) of 25±7%.
Exercise stress/rest Tc-99m sestamibi (MIBI) was performed.
Echocardiography was performed to assess wall motion abnormality
(WMA). All data were read by 2 blinded observers. Reversible
ischaemia was considered to be present when MIBI score changed by
grade 0.5 (0 = normal, 4 = absent uptake) in >2 contiguous segments
in a 12 segment model Out of 576 segments 174 (30%) were
defined as ischaemic in 34 (71%) pts. Twenty-four (50%) pts had
significant exercise-induced ST-segment depression but only 9 (19%)
had exertional angina. Exercise duration and LVEF were 5.2±22.
min and 24±7% respectively, in pts with reversible ischaemia, and
5.1±2.1 min and 27±8%'O respectively, in those without (p=NS). Out
of 174 segments with reversible perfusion defects, 166 (95%)
segments had underlying WMA at rest, implying hibernating
myocardium. Thus, pts with CHF secondary to CAD, often develop
significant painless myocardial ischaemia especially in regions with
hibernating myocardium. Effort induced myocardial ischaemia may
be a important factor in the genesis of dyspnoea in these pts and this
finding may have therapeutic implications.

THE NETWORK STUDY. THE EFFECT OF DOSE OF AN ACEINHIBITOR ON OUTCOME IN PATIENTS WITH HEART
FAILURE.
PA Poole-Wilson on behalf of The NETWORK Investigators,
National Heart & Lung Institute, Imperial College, London, UK.

Mortality of patients with CHF has been shown to be improved by
the addition of enalapril to conventional therapy, with a target dose
of 20mg enalapril daily. The primary objective of this study was to
investigate the dose response relationship of enalapril, in terms of
a composite endpoint of death, heart failure-related hospitalisation
or worsening heart failure. 1532 patients with CHF of more than
NYHA class severity were randomised to six months therapy with
2.5mg bid, 5mg bid or 10mg bid in addition to other heart failure
treatment. Median age was 70 years, 64% were male and IHD
was the etiology in 68%. NYHA class 11 accounted for 65%, with a
mean LVEDD of 59mm. More than 88% of the patients were on
40mg frusemide (or its equivalent) or more. At least 85% of each
group achieved the intended dose and at least 71% were
maintained at this level. Other than death, treatment withdrawals
were 16%, 16% and 23% respectively. After 6 months, the number
of primary endpoints and the components of that endpoint were:
2.5mg bid 5mg bid 10mg bid
n=506
n=510
n=516
62
65
72
Composite Endpoint
Death
14
11
12
CHF-related hosp
20
23
32
28
Worsening CHF
31
28
Total Deaths
21
17
15
The relative risk of a primary event in the 10mg bid group,
compared with the 2.5mg bid dose was 1.14. The 95% confidence
intervals were wide (0.83 - 1.57). The occurrence of cough (15%),
dizziness (19%) and postural hypotension (1%) was evenly
distributed across all three groups. In conclusion, this study has
failed to demonstrate a dose response relationship, but the wide
confidence intervals mean that a relationship cannot be excluded.
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COULD A REDUCTION OF BASAL MYOCYTE CAMP CONTRIBUTE
TO THE PROGRESSION OF HEART FAILURE?
CH Davies, P O'Gara, DG Wynne, PA Poole-Wilson and SE Harding
National Heart and Lung Institute, Imperial College, London
,B-Adrenoceptor desensitisation occurs in the failing human heart and is
associated with a reduction in the basal (unstimulated) levels of cAMP.
We have examined the effect of f3-adrenoceptor desensitisation
occurring in the absence of heart failure to determine whether a
reduction in basal levels of cAMP is associated with impaired myocyte
contraction.
Dunkin-Hartley guinea-pigs were implanted with osmotic minipumps
delivering (±) noradrenaline hydrochloride at a rate of 1.8 mg/Kg/hr for
7 days (NOR, n=13 animals) and these were compared with controls
(CON, n=22 animals). There was no evidence of heart failure at the
time of sacrifice. Basal cAMP was measured by radioimunoassay.
Isolated ventricular myocytes were superfused at 32°C in maximally
activating Ca2' and contraction (expressed as % shortening) was
measured using a video-edge detection system. f3-adrenoceptor
desensitisation was confirmed using isoprenaline/Ca2' ratios and
displacement of the isoprenaline dose-response relationship. Basal
cAMP was reduced in noradrenaline-treated animals (NOR=8.6 ± 0.8,
CON=22.9 ± 4.2 pmol- mg protein) (P<0.02). Contraction amplitude was
impaired in myocytes from NOR animals at higher stimulation rates
(ANCOVA P<0.001):Frequency / Hz

0.1

0.2

0.5

0.8

1.0

1.4

2.0

CON

4.4

5.2

6.7

7.4

7.6

7.8

7.8

NOR
3.9 4.1
4.3 4.6 4.7 4.7 4.5
There was significant prolongation of the time to 90 % relaxation in
myocytes from NOR animals (0.31 ± 0.02 s) compared to CON (0.24 ±
0.02 s) (t test P<0.01). The differences between myocytes from NOR
and CON animals were abolished by pretreatment with 10 pM of the
cAMP analogue CPT-cAMP. Thus depression of basal cAMP in the
absence of heart failure is associated with impaired contraction and
relaxation of ventricular cardiac myocytes. This provides evidence of a
potential mechanism for the involvement of f3-adrenoceptor
desensitisation in the progression of heart failure.
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CREATINE KINASE ISOFORMS AS CIRCULATiNG
MARKERS OF DETERIORATION IN IDIOPATHIC
DILATED CARDIOMYOPATHY
M Hosseini-Nia, JH Goldman. PJ Keeliing. DWa Holt, WAJ
McKenna
Department of Cardiological Sciences, St. George's Hospital
Medical School, Lonidon
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Whether endogenous nitric oxide (NO) is beneficial or harmful during
myocardial ischaemia-reperfusion or hypoxia-reoxygenation is
controversial. We studied the effects of an NO synthase inhibitor, L-Nmonomethylarginine (L-NMMA, 25gtM), on the response to brief (5
min) hypoxia in isolated buffer-perfused isovolumic rat hearts (constant
coronary flow and heart rate, 37°C, indomethacin 10pM). LV pressure
(P) was measured via a balloon in the LV, and LV relaxation assessed by
an exponential time constant, T. L-NMMA added 5 min prior to
hypoxia caused an increase in coronary perfusion pressure (CPP)
(34.3±4.3%, p<0.001) and a small rise in developed LVP (10.2±3.0%/o,
p<0.01), but had no effect on T. At the end of hypoxia, developed LVP
and CPP fell to similar levels in control and L-NMMA treated hearts
(LVP: -75.9±1.1% and -74.2±1.9%, respectively CPP: -24.6±5.5% and
-35.3±3.7%, respectively; both p=ns control cf. L-NMMA). T was
prolonged similarly in both groups (not shown). Early in reoxygenation
(2 min), recovery of LVP and LV relaxation were poorer in the LNMMA group cf. control whereas after 10 min reoxygenation both
parameters tended to recover betterfin the L-NMMA group (table).
Developed LVP
T
n Early Reox Late Reox Early Reox Late Reox
Control
8 -11.4±2.8
-14.7±2.1 50.8±4.4
17.8±4.1
L-NMMA 8 -35.8±2.1* -9.5+±.6 59.6±9.4
6.0±5.8
% Changes (±S.E.) cf. pre-hypoxic baseline value.* p<0.001 cf. control.
Thus, inhibition of NO synthase before and during hypoxia leads to a
poorer initial but similar or better late recovery of LV function. This
data is consistent with the hypothesis that NO is beneficial during
hypoxia (by reducing myofilament Ca2+ response and/or 02
consumption), but harmful at reoxygenation due to the formation of
toxic peroxynitrite ions.
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T wave morphology reflects the sequence of ventricular repolarisation
which is partly determined by regional differences in action potential
duration (A,PD). Hypertrophy is associated with a prolongation of APD
but alterations in the T wave suggest that the changes in APD are not
homogeneous throughout the ventricle. We have therefore investigated
the changes associated with hypertrophy in the APD of myocytes isolated
from basal sub-endocardial (endo), basal mid-myocardial (mid) and apical
sub-epicardial (epi) regions of left ventricular free wall. Hypertrophy was
induced in male Wistar rats (250-300g) by daily injections of isoprenaline
(1mg) for 7 days (control animals received saline). Action potentials were
stimulated and recorded at lHz in current-clamp mode using patch
pipettes, without buffering intracellular [Ca2 ]. Data are expressed as
mean±sem(n); statistical significance was assessed at 0.02% using
ANOVA. Hypertrophy (HTY) was confirmed by significant increases in
heart weight:body weight ratio (22%/o) and cell membrane capacitance
( 18'). In epi myocytes hypertrophy is associated with a significant
prolongation of APD at 25% repolarisation (APD25) (control 5.1±0 4ms
(23), HTY 7.8±-0.6ms (28)) and an increase in APD75. (see fig). In
contrast, in endo myocytes APD2s is unchanged in hvpertrophy (control
11 .4_1ms (24), HTY 1..6±0.9ms (26)) and APD75 is significantly
redtuced. These data show that the effects of hypertrophy on APD (and
therefore underlying
150 membrane currents) are
m
significantlv different in
E
T
X
O control the two regions (p<0.02
lL
|T
*HTY
TE
H*
ANOV7A). The reversal of
*
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Hypertrophy is associated w%ith prolongation of action potential duration
(APD) in unselected samples of ventricular myocytes. In view of the
regional differences in APD in guinea pigs we have studied the changes in
APD associated with hypertrophy in myocytes from specific regions of
the left ventricular free wall. Mild cardiac hypertrophy (HTY) is induced
by constriction of the abdominal aorta in guinea-pigs, and paired with
sham operated animals (CON). Myocytes were isolated from basal subendocardium (endo) and apical sub-epicardium (epi) 159±1 days post
operation. Membrane voltage and current were measured using the
switch-clamp technique with high resistance microelectrodes (- 20 MCI).
Data are expressed as mean±sem (n). Hypertrophy was confirmed by an
increase in heart:body weight ratio (CON 3.0±0.2, HTY 3.4±0.1,
p<0.05). Cell membrane capacitance is not different between regions and
is increased in hypertrophv (CON 170±6 pF, HTY 202±7 pF, p<0.001).
In control hearts APD at 90% repolarisation (APD90) is significantly
longer in endo than epi myocytes (endo 276±14ms (19), epi 213±9ms
(17) p<O.002 ANO VA). The effect of hypertrophy is different in the two
regions (p<0.04 kNOV'A). In epi myocytes APD9,, is significantly
prolonged by 24% (p<0.01) to 265±1Oms (21) but APD%o of endo
myocytes is unchanged (274±14ms (21)).This results in a reduction in the
regional differences in APD in hypertrophy. These non-uniform effects of
hypertrophy on APD may predispose to re-entry circuits and
arrhythmogenesis.
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A CELLULAR BASIS FOR T WAVE INVERSION IN CARDIAC
HYPERTROPHY?
SJ Shipsey, SM Bryant, G Hart
Department of Cardiovascular Medicine, John Radcliffe Hospital, Oxford

50

REGIONAL EFFECTS OF CARDIAC HYPERTROPHY: A BASIS
FOR ARRHYTHNIOGENIESIS7
SJ Shipsey. SM Bryant, G Hart
Department of Cardiovascular Medicine. John Radcliffe Hospital, Oxford

model of

hypertrophy.

CLONING OF HUMAN GATA-6: A NEW REGULATORY
GENE WITH A POTENTIAL ROLE IN THE CONTROL OF
AMYOCARDIAL DIFFERENTIATION AND GROWTH.
I C Huggon, P Towner, G Moscoso, C Moniz, F Farzaneh, M
Tynan
Guy's Hospital and King's College Hospital Medical School,
London.
Development and functional maintenance of adult organs is the product
of differential regulation of gene expression. A crucially important
component in this process is the activity of transcriptional regulatory
factors, but those factors acting in heart remain largely undetermined.
Degenerate oligonucleotide primers designed to stretches of conserved
sequence within a family of genes encoding regulatory factors were used
in the polymerase chain reaction (PCR) to amplify from human foetal
heart in an attempt to isolate new regulatory genes. From a 340 basepair gene fragment isolated in this way the full length transcript of a
novel gene was cloned using cDNA library screening and PCR based
methods. Northern blot analysis and in-situ hvbridisation studies
demonstrated a tissue-restricted pattern of expression confined to heart
and derivatives of the developing gut. Sequence analysis confirmed
homology to members of the GATA- gene family and allows
designation of the gene as human GATA-6. Other members of the
GATA- family are known to act in other tissue types b) regulating the
expression of the complete set of genes responsible for the structural
and functional proteins required for initiating and maintaining the
differentiated characteristics of cells. Recent work by others showing
that the closest relative. GATA-4 is able to influence the expression of
some cardiac specific genes in mouse supports the hvpothesis that
GATA-6 also functions in myocardial differentiation. Human GATA-6
gene is strongly expressed in developing heart and has the
characteristics of a regulator- of differentiation and growth
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CONTRASTING EFFECT OF NO SYNTHASE INHIBITION ON LV
FUNCTION DURING EARLY AND LATE REOXYGENATION.
NJ Draper, AM Shah.
Department of Cardiology, Cardiovascular Sciences Group,
University of Wales College of Medicine, Cardiff.
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ADENO TIRAL GENE TRANSFER OF NITRIC OXIDE
SYNTHASE TO VASCULAR CELLS.
KM Channon. MA Blazing, GA Shetty. SA Youngblood, SE George.
Div'ision of Cardiology. Duke University Medical Center. Durham NC
_7 l0. U!SA.

The relative contributions of adenoviral uptake and gene expression tc
the efficiency of transduction of VSMCs are poorly understood.
However. failure of expression using vectors driven by constitutive
promoters such as the the human cytomegalovirus immediate early
promoter (CMV-IEP) have oenerally been interpreted as a failure of
adenoviral uptake. lnfection of VSMCs in cultuire with a replication
deficient adenoviral vector expressino p-galactosidase, driven by the
CMV-IEP (RAd35-Gal) led to a dose response with 100%/, transduction
after infection at 1000 pfu/cell (2x 10 pfuim1). In vivo transduction of
the rat carotid artery was less efficient with titres of 5xl(P pfutml and
prior arterial injury required for detectable frgalactosidase expression.
The transcription factors NF-kB and CREB arc able to bind to enhancer
motifs in the CMV-IEP and can be induced using phorbol ester (P) and
forskolin (F) respectively. After infection of human VSMCs with
RAd35-Gal the combined use of P+F led to a 17. 19 and 23 fold
increase in p-galactosidase activity of cell extracts. This was confirmed
by northern analysis and at 1000 pfu/cell enhancer stimulation led to flgalactosidase becoming the most abundant protein on SDS-PAGE of cell
extracts. Enhancer stimulation also led to an increase in the proportion of
transduced cells at 100 pfu/cell from 40% to 98%. and at 10 pfuicell
from 5% to 55%. Thus. quiescent adenoviral DNA. in which expression
from the CMV-IEP was undetectable, was unmasked b) enhancer

Nitric oxide (NO) has key regulatory roles in the cardiovascular
system. NO production is defective in injured or diseased vessels and

stimulation.

The reason why constitutive expession from the CMV-IEP was seen in
all VSMCs at 1000 pfu/cell was investigated using a second adenoviral
vector expressing no transoene (RAd66). After infection with RAd35fGal at 10 and 100 pfu/cell the proportion of transduced cells was
auomented when cells were exposed to 10OOpfulcell RAd66, and this
auamentation was inhibited by TLCK (an inhibitor of NF-kB activation).
Conclusions: 1) Suboptimal expression from the CMV-IEP rather than
limited viral uptake accounts for the failure of transduction of human
VSMCs at 10 and 100 pfu/cell. 2) High adenoviral titres in themselves
augment expression after adenovirus mediated gene delivery probably
through activation of NF-kB. 3) Studies of promoter activity in VSMCs
should lead to a more rational and effective approach to cardiovascular
gene transfer. particularly in vivo when transduction efficiency is low.

(192)

restoration of NO production inhibits the sequelae of vessel injury.
The nitric oxide synthase (NOS > isoforms are therefore potential
therapeutic agents for gene transfer to the vessel wall. We constructed
a recombinant adenoviral vector. Ad.nNOS. containing the neuronal
isoform of NOS (nNOS). usingc an adenoviral vector developed in this

laboratory.
Results: We used immunoblotting to demonstrate nNOS protein
expression in a variety of vascular cell types follow ing Ad.nNOS
infection. including 293 cells. human vascular smooth muscle cells
(hSM1C). human endothelial cells (HRUVEC). and in rabbit and pig
SMC. The expressed protein had functional NOS enzvme activity in
293 cells, in SMC and in HUVEC. as assessed bv measurino nitrite
production. In 293 cells. activity reached 6.9 nmoles nitrite/mo
protein/hour. In HUVEC. Ad.nNOS gene transfer augmented
endogenous eNOS activity by almost 100%. nNOS activity was
strictly calcium-calmodulin dependent. In addition. specificity of NOS
activity was demonstrated by inhibition in the presence of N-methylL-arainine (1 n\M), a specific NOS inhibitor. NOS activity was
augmented at least two-fold by culturing cells with the
tetrahydrobiopterin precursor, L-sepiapterin (l100M), indicating that
availability of this cofactor limits NOS activity in cultured SMC. In
hSMC, nNOS activity was stimulated not only by receptorindependent agonists such as calcium ionophore. but also by
physiological receptor-mediated agonists such as acetvlcholine or
bradykinin.
Conclusions: We have generated a recombinant adenovirus which
expresses high levels of nNOS. We have demonstrated both protein
expression and NO production in infected cells. Expressed nNOS
shows physiological coupling to receptor-mediated intracellular
calcium signals. Ad.nNOS has broad applications for in vitro and in
vivo assessment of the biological effects of NO production and has
therapeutic potential for vascular oene transfer of NOS to injured or
diseased vessels.
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IBITS NEOINTIMAL
AMPHIPATRIC PEPTIDE
H.YPERPLASIA
TY Huehns, P-K Schrittenloher, *S Mrochen, H Traxler, B
Hofling, *WH Gianzburg, S Nikol
Ludwig Maximilians University, Munich, Germany: and Molecular
Virology GSF, Neuherberg, Gennany

Amphipathic peptides are animal peptide antibiotics that induce
pores in certain cell membranes. They could thus be of use in
preventing cell proliferation and restenosis. The aim of this study
was to investigate the potential therapeutic effects of locally
delivering the gene for an amphipathic peptide in a porcine injury
modeL The gene was miserted into an expression vector plasmid and
mixed with liposomes in a ratio of DNA to liposome of 1:4.
Domestic pigs were fed a normal chow diet. Porcine iliac artery
segments were balloon-injured on both sides in vivo in a standard
manner. A novel needle injection catheter was used to deliver the
gene locally into the injured artery on one side in each pig; the other
side served as a control and was only balloon-injured. Arterial
segments were excised at 7 days. 3 week}s or 4 months and pigs
were sacrificed. Tissues were examined at histology, with
computer-assisted morphometry. Gene expression was investigated
in adjacent segments. A reduction in neointimal hyperplasia in
arteries treated with the gene of the amphipathic peptide was
shown. At 21 days, the area of neointima in balloon-injured
segments was 0.161±0.131mm2 compared with the neointimal area
in treated segments: 0.023±0.021mm2 (p = 0.08). In conclusion, the
gene for an amphipathic peptide could successfully be delivered by
the recently-developed needle injection catheter device. Such
amphipathic peptides may therefore have therapeutic potential in the
prevention of restenosis.

LOCAL GENE TRANSFER OF THE ANTISENSE TO
SENESCENT CELL-DERIVED INHITOR 1 CREATES
NEOINTIMA
TY Huehns, S Esin, *S Mrochen, C Pahi, MG Engelmanin M
Schmidt. B H6fling, *WH GCinzburg, S Nikol
Ludwig Maximilians University, Munich, Germany; and
*Molecular Virology GSF, Neuherberg, Germany
Senescent cell-derived inhibitor 1 (sdi), also known as p2 1,
prevents cells from entering the cell cycle by inhibiting cyclindependent kinases, and thereby blocks cell proliferation. The aim
of this study was to prevent sdi expression after injury by local
delivery of an expression vector plasmid carrying the antisense
sequence of sdi (ids) in a porcine restenosis modeL Decreased
expression of sdi was hypothesized to increase neointimal
hyperplasia after standard balloon injury. Porcine iliac artery
segments from domestic pigs were balloon-injured in vivo in a
standard manner. Local delivery of a mixture of liposomes and an
expression vector plasmid carrying the ids gene (liposome: DNA
1:4) was performed using the needle injection catheter (n=18).
Balloon-injured porcine arterial segments served as control nontherapeutic vessels (n=144). Arterial segments were excised at 7
days, 3 weeks or 4 months. Tissues were examined at histology,
with computer-assisted morphometry, and gene expression was
investigated. Vessels evaluated by morphometry at 21 days
demonstrated a significant increase in neointimal hyperplasia in
those treated with the ids gene (area of neointima in ballooninjured segments 0.234±0.151mm2; neointimal area in treated
segments 0.086=0.071mm2; p<0.01). The neointimal area as a
percent of the total within the extemal elastic lamina was
2.12±1.58% in balloon-injured controls versus 7.73±4.78% in
treated vessels (p<0.01). The success of the gene delvery in this
model underlines the potential for therapy with other genes. The
research confirms the importance of sdi in cell proliferation and
suggests new avenues for further investigation.
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GENE EXPRESSION AFTER IN VITRO AND IN VIVO GENE
TRANSFER INTO VSMCs
GJ Clesham. H Browne. S Efstathiou. PL Weissbero.
Department of Medicine and Division of Virology. UniersitN of
Cambridge. Addenbrooke's Hosp, Cambridoe.
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Introduction: Urokinase-type plasminogen activator (u-PA) expression is important
in extracellular proteolysis and is known to correlate with cellular migration and
invasion. Cell migration is a prominent feature of intimal hyperplasia following
balloon angioplasty. We thus performed an immunohistological study of vessel wall
changes in u-PA in a rabbit model of balloon angioplasty in order to determine the
temporo-spatial relationship with cellular migration.
Methods: A 3 mm angioplasty balloon was inflated in the common iliac artery of
New Zealand White male rabbits, to a pressure of 8 atmospheres for three periods of
60 seconds. The rabbits (n-21; 3 for each time period) were sacrificed at 30 min,
2Hrs, 1 day, 7 days, 14 days, 1 month and 3 months, and vessels perfusion-fixed in
situ The contralateral artery was used as a control. Immunohistochemical studies
were performed using monoclonal antibody to u-PA and proliferating cell nuclear
antigen (PCNA) and the percentage of positive cells in the different layers of the
vessel wall were counted. A minimum of 600 cells were counted per vessel. Electron
microscopy (scanning and transmission) were used to assess ultrastructural details.
Results: At 30 min considerable loss of endothelial cells (ECs) was evident with no
medial damage. PCNA immunoreactivity was observed as early as 24 Hrs, reached a
maximum at 7 days and declined to baseline by 1 month. Fractures in the internal
elastic lamina (IEL) developed by 3 days when pseudopodia of smooth muscle cells
(SMCs) developed. The SMCs were observed to migrate through the defects in the
IEL. Complete re-endothelialization was observed at 14 days. Control vessels were
all microscopically normal and were positive for u-PA; ECs-100%, SMCs 5.5%(SEM
2.3%). In ballooned vessels u-PA immunoreactivity significantly increased in SMCs
as early as 30 minutes 32.8%(3.6%), 2 Hrs 74.6%(4.1%) 1 day 75.3% (5.7%), 1
week 86%(4.2%), 2 weeks 83% (7.7%). By 1 month, increased u-PA
immunoractivity was evident (> 90%) and this was maintained at 3 months.
Conclusion: u-PA protein is increased in the vessel wall very early after balloon
injury and remains significantly raised even at 3 months. This, by facilitating
extracellular proteolysis, may play a significant role in intimal hyperplasia
development.

(196)
THE FIBRINOGEN GENE G-143-A POLYMORPHISM
INFLUENCES THE ACUTE-PHASE RESPONSE OF SERUM
FIBRINOGEN TO SEVERE EXERCISE
H Montgomery D Nwose F Arca-Sedda P Clarkson M Jubb M
World¶ J Deanfield A Winder, J McEwan S Humphries UCL and St
Georges Hospitals 11RAMC Millbank. London, UK.

lntroduction: Increasing serum fibrinopgen concentration [F] correlates
with cardiovascular risk. Although regular exercise reduces
cardiovascular risk, some of this benefit is lost with very strenuous
training and acute severe exercise raises risk of myocardial infarction
acutely. Fibrinogen might behave as an acute-phase protein. We thus
postulated that the effects of exercise on risk might be partly mediated
by changes in [F], and examined the effects of chronic and acute severe
exercise on [F]. Further, it has been suggested that the 13-fibrinogen G453-A polymorphism may regulate [F], and the effect of genotype on
these responses was examined. Method:154 male British Army
recruits (comprised of 6 cohorts) were studied before a 10 week
fitness training programme. [F] and G!.A polymorphism genotype
determined. Each cohort was restudied at one timepoint. 0.5-5 days
after a very strenuous 2 day military exercise (ME) performed in their
final week of training. Results:Pretraining [F] was not associated
with genotype. [F] rose on days 1-3 after ME compared to baseline
values, being maximal on days 2 and 3 (27.2%, p<O.OOI: 37.1%,
p<O.OO1 respectively). The magnitude of rise during this 'acute phase
response', was genotype dependent (26.9J5.6% for the 33 of
genotvpe GG, and nearly twice that for the 11 with >1A allele
[53.0±13.7%vo: p=0.04]). On the day of peak rise, [F] rose 31% in the
GG group and 105%/'o in the AA group. [F] was significantly lower
(11.9%, p=0.04) at day 5 after ME, consistent with beneficial effect
of training. Conclusions: Physical training lowers, and intensive
exercise acutelv raises fibrinogen levels-a response strongly influenced
by the G/A polymorphism of the B-fibrinogen gene. The fibrinogen
response to other stressors (eg smoking/surgery) may be similarly
influenced, with implications for cardiovascular risk stratification of

patients.
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TIME SEQUENCE OF CHANGES IN VESSEL WALL UROKINASE-TYPE
PLASMINOGEN ACTIVATOR FOLLOWING EXPERIMENTAL ANGIOPLASTY.
MY Salame, RS More, W Martin, H Mahadeva, DP deBono.
Department of Cardiology, Glenfield Hospital, Leicester, UK.
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