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ABSTRACTS IN ECHOCARDIOGRAPHY

NATURAL HISTORY OF MILD PULMONARY STENOIS: SERIAL
EVALUATION BY DOPPLER ULTRASOUND
E Murtagh, M Antony, W Doig, R Fraser, J Hewitt,
A Houston, S Lilley, G Olaffson, N Wilson
Department of Cardiology and University Department of
Child Health, Royal Hospital for Sick Children, Glasgow

Doppler ultrasound is accurate and of value in
assessing the severity of obstructive lesions. Its
routine use over a number of years now allows the
technique to be applied to longitudinal studies of
less severe lesions. We report the natural history of
"mild pulmonary stenosis". Patients included in the
study met the following criteria: Initial Doppler
velocity 2.0 to 3.Oms l - absence of other cardiac
anomalies - two or more Doppler velocity measurements
at least 6 months apart. Of 247 patients investigated
for pulmonary stenosis, 63 met the above criteria for
inclusion in the study as "mild pulmonary stenosis".
Ages ranged from under 24 hours to 15.2 years (mean
4.3 years) on entering the study and follow-up was
from 0.67 to 8.24 (mean 4.15) years. The most recent
gradient was within 5 mmHg of the initial one in 30 of
the 63 (47.6%), more than 5 mmHg less in 23 (36.5%),
and more than 5 mmHg above it in 10 (15.9%). Velocity
rose above 3.0ms-L (36 mmHg) in 7 of the 63 patients
(11%), in 4 of whom intervention was considered
necessary. 5 of these 7 patients were first examined
in infancy. In only 4/63 (6.3%) did gradients
increase sufficiently to warrant intervention and in
all 4 of these patients the initial velocity was
measured in the neonatal period. Fifty-nine of the 63
patients (93.65%) with mild pulmonary stenosis
required no treatment, gradients decreasing or not
varying with time in 84%. We conclude that after the
neonatal period there is little clinically significant
progression in the obstructive gradient in mild
pulmonary stenosis, the apparently less severe
obstruction in the neonate being due to the relatively
high pulmonary pressure resulting in a low pressure
gradient and thus velocity, which increases as the
pulmonary artery pressure falls.

IS THERE A PLACE FOR ROUTINE EARLY
POSTOPERATIVE TRANSOESOPHAGEAL
ECHOCARDIOGRAPHY IN PROSTHETIC HEART VALVE
RECIPIENTS?
A Ionescu, P Moreno De La Santa, E G Butchart, A G Fraser
Departments of Cardiology and Cardiac Surgery, University
Hospital of Wales, Cardiff

Early neurological complications of cardiopulmonary bypass and
later embolic events remain clinical problems mn patients
undergoing prosthetic valve implantation, despite anticoagulant
regimes intended to minimise risks. This study was designed to
assess the value of performing routine transoesophageal
echocardiography (TOE) to search for risk factors or clinically-
unsuspected sources of embolism in patients receiving
mechanical valves. Methods: 23 patients (11 female, 12 male,
mean age 62.3 years) had preoperative (PRE) and early-
postoperative (POST) TOE performed as part of a large ongoing
study of thromboembolic risk factors. PRE studies were
performed in the anaesthetic room, and all POST studies within
6 hours after cardiopulmonary bypass, with patients ventilated.
A5MHz multiplane probe was used in 11 PRE and in 18 POST
studies, and a 5 MHz biplane probe in all other studies.
Particular attention was taken to identify ultrasonic markers of
increased thromboembolic risk, using a standard protocol.
Colour flow mapping was performed to look for paraprosthetic
jets. Results: 11/23 (48%) patients had a definite or potential
source of embolism. Two patients had unsuspected thrombus in
the left atrial appendage, one PRE (53 year-old male with mitral
valve disease and atrial fibrillation (AF), the other POST (74
year old woman with perioperative AF and aortic stenosis). This
latter finding prompted early anticoagulation which led to a
decrease in the size of the clot. Both these patients and 6 others
had spontaneous echocardiographic contrast (SEC) POST.
Eight patients had strands POST, including 4/8 with mitral
prostheses and 4/16 with aortic ones. 5/8 patients with SEC
were in AF. 1 patient had paraprosthetic mital regurgitation.
Conclusion: Routine early postoperative TOE detected many
abnormalities which were unsuspected clinically and which may
be associated with increased thromboembolic risk.

DOBUTAMINE STRESS ECHOCARDIOGRAPHY AS A TOOL FOR
THE DYNAMIC EVALUATION OF AORTIC STENOSIS
A Ferro, M B Izzat, I Kadir, C Walsh', G Angelini, P Wilde#
Departments of Cardiology, Cardiac Surgery* and Cardiac Radiology',
Bristol Royal Infirmary, Bristol, UK

The purpose of this study was to investigate the use of dobutamine stress
Doppler echocardiography (DSE) in the evaluation of patients with mild
to moderate aortic stenosis (AS). Methods: Patients were included in the
study if they exhibited thickened aortic leaflets and/or restricted aortic
leaflet excursion, with a peak pressure drop (PPD) across the aortic valve
. SOmmHg at rest. Seventeen patients were investigated: 6 had a PPD <
20mmHg (Group A); 6 had a PPD 20-50mmHg but were asymptomatic
(Group B); 5 had a PPD 20-50mmHg but had symptoms attributable to
AS (dyspnoea, presyncope and/or syncope on exertion). Dobutamine
infusion was started at 5p.g/kg/min and increased to 10, 20 and
30pg/kg/min at 10 minute intervals. Pulse and blood pressure were
recorded at baseline and at 5 minute intervals during the test. Pulsed and
continuous wave Doppler studies were performed at rest and at the
midpoint of each infusion period. Both PPD and mean pressure drop
(MPD) across the aortic valve were calculated from the extended
Bemoulli equation. Results shown are mean±s.e. mean. Results: Baseline
PPD and MPD across the aortic valve were not different between groups
B and C (PPD: group B 37.8±3.6mmHg, group C 46.6±6.5mmHg; MPD:
group B 20.0±2.3mmHg, group C 25.0±3.8mmHg), although they were
significantly higher than baseline PPD and MPD in group A (16.8+2.3
and 7.1±1.lmmHg respectively, P < 0.05 for each). During dobutamine
stress, PPD and MPD changed little in groups A and B, but increased
significantly in group C. The PPD and MPD at the highest dobutamine
dose were significantly greater in group C (104.0±34.4mmHg and
40.5±18.7mmHg respectively) hn in group B (49.1±4.3mmHg and
15.7±2.8mmHg respectively), both P < 0.05. Cardiac output increased
similarly in all groups in response to dobutamine. Conclusions: DSE can
demonstrate differences in haemodynamic responses to stress in different
patients with AS. This appears to correlate well with the presence or
absence of symptoms. DSE can be used in patients with mild-moderate
AS and questionable symptoms, in deciding whether the AS is
haemodynamically significant and warrants surgery.

EFFECTIVE ORIFICE AREA BY THE CONTINUITY
EQUATION IN FOURVALVE DESIGNS IN THE AORTIC
POSITION
N Grainger, R Cooke, J Chambers.
Adult Echocardiography, Guyts Hospital, Guy's and St Thomas' NHS
Trust, London

The continuity equation is widely regarded as a valid method offlow
correction for replacement valves in the aortic position. However,
little data has been published to date. We therefore compared the St
Jude Bioimplant pericardial valve (Bio)(n= 19), the Carpentier-
Edwards porcine valve (CEXn = 73), Bjork-Shiley tilting disc (BS)(n =
56) and Starr-Edwards caged-ball valve (SEXn = 19). These are
valves with widely differing opening behaviour. Recordings were
made with a Hewlett-Packard 77020AC system with a 2.5 MH duplex
probe and 1.9 MHz stand-alone continuous wave probe. Calculations
were made using the modified continuity equation.

Table: Effective orifice area by the continuity equation
21 mm 23 mm 25 mm 27 mm

Bio 1.2 (0.4) 1.4 (0.5) 1.3 (0.1)
n= 11 n=3 n=5

CE 1.2 (0.2) 1.1 (0.2) 1.2 (0.3) 1.3 (0.3)
n=7 n=23 n=30 n= 13

BS 1.1 (0.3) 1.3 (0.3) 1.4 (0.4) 1.6 (0.3)*
n=6 n=16 n=22 n=12

SE 1.1 (0.2) 1.1 (0.3)
n= 10 n=9

p < 0.00001 (one way ANOVA)

We conclude that there are only minor differences in effective area
between different valve types. The continuity equation is probably best
regarded as a semiquantitative method of assessment offunction in
normal replacement valves.
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VALVE RESISTANCE IS BETTER THAN THE CONTINUITY
EQUATION FOR ASSESSING REPLACEMENT VALVES IN
THE MITRAL POSITION
JB Chambers, RA Cooke, Z Wang.
Adult Echocardiography, Guy's Hospital, Guy's and St Thomas' NHS
Trust, London.

There is no reliable method of quantifying forward flow through
replacement valves in the mitral position. Resistance (mean AP/flow)
and effective area by the continuity equation have not yet been
validated. We therefore compared these measures against an

independent standard provided by directly observed orifice area (OA)
in five biological valves with orifice areas ranging from 0.2 to 2.3 cm2.
We used a pulse simulator and quasiphysiological flow curves with
upto 20 different stroke volume / rate combinations giving transmitral
flow rates of 3.1 to 16.9 I/min. Observed orifice area was measured
using high speed video, pressure drop with strain gauge transducers
and Doppler waveforms using a Vmngmed SD50 system with a 1.9
MHz Pedofprobe. Resistance was closely related to OA with an

indirect curvilinear relationship (logy = 0.19 - 0.55x, r = -0.93, see

0.13, p < 0.00001. n = 87), whilst the continuity area was directly and
linearly related although with a systematic overestimation by the
continuity equation (y = 1.13 + 0.79x, r = 0.90, see 0.23; p < 0.000001.
n = 87). By correcting using the regression line, good agreement was
shown using a Bland Altman plot with 95% limits of -0.41 to +0.42
cm2 (resistance) and -0.43 to + 0.43 cm2 (Continuity equation). The
empirical effective orifice area (EOA) formula based on resistance was
EOA = 0.35 - 1.8 x log(meanAP/flow). We conclude that resistance
shows promise as a method of describing function in replacement
valves in the mitral position whilst the continuity equation appears less
accurate.

PULMONARY VENOUS FLOW DURING MITRAL VALVE
REPAIR INlITAL EXPERIENCE AND INDICES OF
SUCCESS

E. Anagnostou, A. Serag, N. Moat, S. Tennant, D. Oakley,

D. Crossman.
Cardio-Thoracic Unit, Northern General Hospital, Sheffield

Paramount to the effectiveness of mitral valve repair is the intra-
operative assessment of residual mitral regurgitation [MR]. We
performed intra-operative multiplane transoesophageal
echocardiography (TOE) in 12 patients [7 men and 5 women, mean

age 59±13 years] with grade 3 or 4 isolated chronic MR by TOE.
3 patients were excluded from the analysis; pre-repair traces from
the left upper pulmonary vein included reversed systolic flow (3),
blunted systolic flow (5) and normal systolic flow (1). At
"comparable" with pre pump hemodynamics all patients had a post
repair residual MR.1.

Results:
Pre-Op Post-Op

Systolic Velocity 21.3±19.4 58.5±12.7*
Diastolic Velocity 56.4±25.8 48.7±14.9
Sys/Dias. Vel. ratio 0.4±0.4 1.2+0.3*
VTI Systolic 4.4±4.8 10.7±2.2.
VTI Diastolic 12.5±5.1 11.9+7.3
Sys./ Dia.VTI ratio 0.4+0.4 1.0±0.49
* p<0.005 *p<o.01

Severe MR significantly decreases the systolic antegrade flow
indices of PVF.

Conclusion:
Intra-operative restoration of the systolic component indices ofPVF
signifies successful mitral valve repair.

CHANGES IN SYSTOLIC AND DIASTOLIC TIME INTERVALS
DURING DOBUTAMINE STRESS ECHOCARDIOGRAPHY
MB Mishra, R Cooke, G Jackson, JB Chambers.
Department of Cardiology, Guy's Hospital, London

Systolic time intervals reflect contractile state while diastolic time intervals
are closely correlated with myocardial perfusion. There is little information
on the effect of dobutamine on these time intervals during stress
echocardiography. We therefore studied 44 patients (6 female, 38 male,
mean age 58 yrs) using dobutamine infused at 5 to 40 mcg/kg/min rising in
three minute stages. Blood pressure, electrocardiography and two
dimensional echocardiography were monitored continuously and continuous
wave Doppler aortic and mitral recordings taken at each stage. Time
intervals were taken from combined electrocardiographic and Doppler data
and averaged over 5 beats. Left ventricular ejection time (LVET) was taken
from the Doppler aortic trace and pre-ejection period (PEP) from the Q
wave to the start of aortic flow. Systolic time (QS2) was taken as the sum of
LVET and PEP, diastolic time(DT) as RR - QS2. Isovolumic relaxation
time (IVRT) as measured from the end of aortic to the start of mitral flow.
Intervals were corrected for heart rate (LVETI, PEPI, QS21) or expressed as

percentages of the RR interval (%DT, %IVRT). Mean heart rate rose from
77(SD 14) to 126(22) bpm with the major rise occurring during high doses
and stroke volume rose from 68(19)mls at rest to 77(20) at 10 mcg/kg/min
and 80(17) mls at peak. QS2I shortened significantly from 525(37) msec at
rest to 288(79)msec at 10 mcg/kg/min (p<0.01) and to 248(39)msec at peak
(p<0.001). LVETI remained stable (395 msec at rest to 396 msec at peak)
but there was a significant decrease in PEPI from 130(26) msec to 118(21)
msec (p<0.001). Percent diastolic time (%DT) did not change significantly
during low dose (10 mcg/kg/min)dobutamine infusion (54% to 53%, p=NS)
but decreased significantly at peak (54% to 48%, p<0.001). Patients who
developed ischaemia (n-=19) had a blunted rise in %IVRT, 12(3)% vs
15(3)% (p=0.02). We conclude that with low dose dobutamine systolic time
shortens without a decrease in diastolic perfusion time while at high doses

(>20 mcg/kg/min) diastolic time shortens. Ischaemia is reflected by a

blunted change in diastolic time intervals. These results are consistent with
the ability of dobutamine to detect myocardial viability at low doses and

cause ischaemia at high doses.

EXERCISE INDUCES A GREATER MAGNITUDE OF
ISCHAEMIA THAN DOBUTAMINE
ECHOCARDIOGRAPHY IN PATIENTS WITH
CORONARY ARTERY DISEASE
L. Rallidis, P. Cokkinos, G. Bouris, G. Guida, I. Ikonomidis, C.
Oakley, P. Nihoyannopoulos
Department of Medicine, Clinical Cardiology, Hammersmith Hospital,
RPMS, London, U.K.

Exercise (EE) and dobutamine echocardiography (DE) are widely used
for detecting ischaemia. The aim of this study was to compare the
extent of ischaemia precipitated by these tests in chronic stable coronary
artery disease (CAD) patients (pts). Thirty consecutive pts with
documented CAD by cardiac catheterization [>70% stenosis] and able to
exercise underwent EE and DE on the same day. Seventeen pts had 1
vessel disease (VD), 6 2VD and 7 3VD. EE was performed on a
modified Bruce protocol and DE with increasing doses of dobutamine
(5-40 mcg/kg/min) with the addition of 1-2mg of atropine if the 85% of
the maximal predicted heart rate (HR) was not achieved. Both tests
were digitized on line and viewed independently. Positive test was
defined as occurence of new or worsening wall motion abnormalities.
The left ventricle was divided into 11 segments and the walls were
scored as:1=normokinetic, 2=hypokinetic, 3=akinetic and 4 =
dyskinetic. The table shows the sensitivity, maximal blood pressure
(BP), maximal HR and heart rate blood pressure product (RPP) for
both tests:

sensitivity (%) BP (max) HR (max) RPP

EE 60 167.8±29.8 139.6±22.9 23424.9±1163.3
DE 50 134.8±23.9 145.2±19.8 19446.2±4397.7
p NS 0.0001 NS 0.0023

When pts with submaximal test (peak HR < 85% of maximal predicted)
were excluded, the sensitivity for EE and DE increased to 70% and
60%, respectively (p=NS). When the total ischaemic burden,
expressed by the wall motion abnormalities score in the 15 pts with
both tests positive was compared, the EE detected more extensive
ischaemia than the DE (19.1±4.5 vs 16.9±4.4, p=0.0083).
Conclusion: EE precipitates a greater magnitude of ischaemia than DE
in chronic CAD pts perhaps due to the greater workload posed on the
heart by the increased BP.
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PROGNOSTIC VALUE OF DOBUTAMINE STRESS
ECHOCARDIOGRAPHY IN PATIENTS WITH A HIGH LIKELIHOOD
OF CORONARY ARTERY DISEASE: COMPARISON WITH
SIMULTANEOUS MYOCARDIAL PERFUSION IMAGING.
R Senior, P Soman, R Khattar, S Basu, A Lahiri. Northwick Park Hospital
and Institute of Medical Research, Harrow, UK

There is a relative dearth of prognostic data in patients undergoing
dobutamine (Dob) stress with echocardiography (Echo) compared to
myocardial radionuclide perfusion imaging in patients referred for diagnosis
of coronary artery disease (CAD). Accordingly, 91 patients referred for
diagnostic coronary angiography underwent simultaneous graded Dob (5-
40mcg/kg/min) Echo and SPECT perfusion imaging (Tc-99m sestamibi or

tetrofosmin). Eighteen pts had normal coronary arteries and out of the 73 pts
with CAD, 56 had multi-vessel disease. Patients w%ere followed up to either
the occurrence of cardiac event (death, acute myocardial infarction, unstable
angina, heart failure and revascularisation) or upto 27 months (meani = 16
months, range 1 to 27 moniths). Variables assessed on Echo were: inducible
wall motion abnormality (IWMA), WMA in multiple vascular territory
(MWMA), and wall motion score index (WMSI) at peak dose. For perfusion
imaging: presence of reversible defects (Rev), number of Rev and Rev in
multiple vascular territory (Mrev) were assessed. Univariate Cox regression
analysis showed:

Variable
IWMA
MWMA
WMSI at peak dose
Rev
Number of Rev
MRev

Hazard ratio (95% CI)
4.1 (1.9 to 8.8)
0.3 (0.2 to 0.6)
2.5 (1.6 to 3.8)
7.6 (2.4 to 24.5)
1.2 (1.1 to 1.3)
0.3 (0.2 to 0.6)

P value
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Stepwise Cox regressioni showed WMSI at peak dose, (p = 0.03) and Rev
(p = 0.03) to be independent predictors of cardiac events. Thus, the
progniostic values ofDob Echo and myocardial perfusion imaging are

comparable and both are highly predictive of cardiac events in pts with a high
likelihood of CAD.

DOBUTAMINE STRESS TESTING: COMPARISON OF
ECHOCARDIOGRAPHY WITH MYOCARDIAL PERFUSION IMAGING
IN PATIENTS WITH SUSPECTED CORONARY ARTERY DISEASE.
R S Khattar, R Senior, U Raval, S Basu, A Lahiri. Northwick Park Hospital
and Institute of Medical Research, Harrow, UK.

Dobutamine stress echocardiography is an evolving non-invasive technique
for the evaluation of coronary artery disease. The purpose of this study was
to compare the diagnostic value of echocardiography with myocardial
perfusion imaging during dobutamine infusion (5-40mcg/kg/min) in patients
undergoing coronary angiography. Accordingly, 121 patients underwent
simultaneous dobutamine stress echocardiography and myocardial perfusion
imaging (Tc-99m sestamibi / tetrofosmin). The rest and stress studies were
assessed blindly using a 12 segment left ventricular model for both
techniques. The diagnosis of coronary artery disease was made on the basis of
resting or stress-induced wall motion abnormality or perfusion defect, on

echocardiography and perfusion imaging respectively. Coronary angiography
was used as the reference standard and a > 50% stenosis in at least one of the
major coronary arteries was considered significant. Of the 121 patients, 71
had multi-vessel disease, 21 had single vessel disease and 29 had normal
coronary arteries. The sensitivities and specifities for the detection of
coronary artery disease were 89% and 90% for echocardiography and 96%
and 72% for perfusion imaging (p=NS), respectively. The sensitivities for the
detection of single vessel disease and multivessel disease were 81% and 60%
for echocardiography, and 86% and 65% for perfusion imaging (p=NS),
respectively. In addition, logistic regression analysis showed synergistic value
for the detection of coronary artery disease when the results of both
echocardiography and perfusion imaging were combined. In conclusion,
dobutamine stress testing with echocardiography and myocardial perfusion
imaging have similar diagnostic accuracies for the detection of coronary
artery disease and when combined provide complementary information.

THE MAGNITUDE OF MYOCARDIAL DYSFUNCTION
IS GREATER IN PAINFUL THAN IN PAINLESS
MYOCARDIAL ISCHAEMIA. AN EXERCISE
ECHOCARDIOGRAPHIC STUDY.
P Nihoyannopoulos, A Marsonis, J Joshi, CM Oakley.
Hammersmith Hospital, RPMS, London, ENGLAND.

The functional significance of painless versus painful demand driven
ischaemia remains controversial with conflicting results in the
medical literature regarding the amount of myocardium at risk. This
study was undertaken to assess the presence and extent of inducible
myocardial dysfunction during painful and painless (silent) ischaemia
on exertion. Exercise echocardiography was performed in 89 patients
(mean age 59.3±8.2 years) with significant coronary artery disease
and positive exercise stress ECG. Patients were on no antianginal
medications and were divided into painless and painful groups
following the outcome of a symptom limited treadmill exercise ECG.
Patients with previous coronary artery bypass surgery and/or
myocardial infarction were excluded from this study in order to more
accurately assess regional myocardial dysfunction. Images were
acquired on digital format before and immediately after treadmill
exercise testing. Fifty-eight patients had painful and 31 painless
myocardial ischaemia. Clinical and demographic characteristics as
well as the coronary artery anatomy were similar in both groups.
Compared with painful, patients with painless ischaemia achieved a
better exercise performance with a greater exercise duration
(P<0.001) and higher maximum heart rate-blood pressure product
(P<0.001). New wall motion abnormalities were seen in 54 (93%)
patients with painful against 17 (55%) with painless ischaemia
(p<O.O01). The total ischaemic score was greater in patients with
painful versus painless ischaemia (15.9±3.7 vs 12±1.4, p<0.001)
with a greater number of ischaemic myocardial segments in painful
than in painless ischaemia (16% vs 6%, p<0.001). During an
average follow-up of 25 months (range 20-29), all patients in the
painless group remained in stable condition whereas 5 patients with
painful ischaemia had coronary artery by-pass surgery, 9 had
angioplasty and 2 were admitted with acute myocardial infarction.
Conclusions. Patients with painless myocardial ischaemia
frequently have regional wall motion abnormalities on exertion
detected by echocardiography but overall, the magnitude of
myocardial dysfunction is less than in patients with angina.

INTRACORONARY ULTRASOUND GUIDED
OTIMISATION OF STENT EXPANSION
MA Appleby, A Deaner, MT Rothman.
London Chest Hospital, Royal Hospitals NHS Trust, London E2.

Background: Inadequate stent expansion is associated with thrombus
formation and stent occlusion. This preliminary report is from our study to
assess the impact of inracoronary ultrasound (ICUS) on the adequacy of
stent expansion.
Methods: 20 Palmaz-Schatz (PS154) stents were deployed under
angiographic control in 16 patients. Boston Scientific 3.0/3.5 French 30
MHz intracoronary ultrasound (ICUS) catheters were used in conjunction
with a Hewlett Packard Sonos 100 system and microprocessor controlled
EC-gaed withdrawal ni . Stent placment was optimised by
angiography alone and then ICUS measurements were taken, and firther
dilations performed unfil cross-sectional stent areas were comparable to
average refrence measurments. On-line assessments were rechecked using
NIH image ° and Spyglass 3D reconstruction.
Results from ICUS evaluation _

Mean +/- SD
In stent minimal luminal area after first ICUS 5.5 +/-1.10 mm2
In stent minimal luminal area after final ICUS 7.93 +/- 1.35 minm2
Increase in minimal luminal area following ICUS 2.43 +/- 1.03 mm2
Proximal reference lumina area 8.17 +-1.19mm2
Dist reference luminal area 7.45 +/ 0.95 mm2
Average reference luminal area 7.81 +/-1.02 nn2
Eccentricity index 0.91 +/- 0.06
2 patients required more than one stent following dissections after pre-
dilatation. There were no vascular complications. The stent cross-sectional
area increased by 44 +/-9% compared to angio alone optimised stent
placement (p=0.00005). The 95% confidence interval for the increase in
stent cross-sectional area by ICUS guided stent expansion is 1.82-3.03 mm2.
The minimal stent area increased from 70% to 102% of the average
reference cross-sectional area.
Condusions: ICUS optimised stent deployment increases minimal cross-
sectional area by 44%/o, and facilitates attainment of an area equal to or
greater than the reference vessel area with no increased morbidity or
mortality. These gains in cross-sectional area were not achieved by
angiography alone.
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STRESS ECHOCARDIOGRAPHY: TOWARDS THE OBJECTIVE
DIAGNOSIS OF WALL MOTION ABNORMALITIES
A Ajuied, C Ruff, A Chaudhury, D Hawkes, J Chambers. Adult
Echocardiography and Radiological Sciences, Guy's Hospital, London

An important problem with stress echocardiography is the subjectivity
of diagnosing a wall motion abnormality (WMA), which limits the
technique to highly experienced operators. The problem is
compounded by wall thickening varying widely between different
regions. The ability to compare a suspicious region ofmyocardium
against a normal model would be a major advantage. We have
therefore constructed a statistical model of a normal parasternal short-
axis section. We used a point distribution model (PDM) which is a
statistical tool allowing the modelling ofmodes ofvariation in a
number of example shapes using principal component analysis. We
obtained transverse sections at papillary muscle level in 18 normal
subjects using a Vmgmed 750 system linked to a Macintosh computer.
The data were transferred to a SUN workstation where the endocardial
and epicardial borders ofthe left ventricle were delineated manually at
peak diastole and systole. A total of 7 data sets were excluded because
of suboptimal image quality allowing construction of a statistical model
with 11 subjects. The model was tested using 11 short-axis views not
included in the model and into which occlusions masking 30% ofthe
endocardium were introduced. The positions ofthe occluded points
were compared with their model-based predictions and found to be
within 1.8 (0.9) mm (mean and SD). We conclude that the point
distribution model shows promise in the analysis ofwall motion. It
could be used for diagnosing aWMA at rest or detecting a newWMA
during stress. It could also be used to reconstruct an image when the
wall is unclear for example as a result oflung artefact.

CAN COLOUR CODING OF TISSUE BOUNDARIES ASSIST IN
THE EVALUAllON OF REGIONAL LEFT VENTRICULAR FUNCTION?
J Hancock, M Thomas, MJ Monaghan
Departmentof cardiology, Kings College Hospital, Denmark Hill, London
Visual evaluabon of left venticular wall motion abnormalities by
echocardiography requires considerable training and expertise. Recently,
technologies have been developed which may assist less experienced
observers in identification of wall motion contraction pattems. Colour
kinesis (CK) is based upon automatc tracking of endocardial boundaries
with superimposition of a coloured margin representing movement of that
boundary during sequential systolic image frames. Colour doppler tissue
imaging (CDTI) utilises doppler cding of motion of tissue structres so
that displacement towards the transducer is coded in shades of red and
away in blue. Using a 24-segment model, wall motion scores (WMS)
were assessed as normal, hypokinetic, akinetc or dyskinetic in 102-
segments recorded from 10 patents undergoing echocardiography for
evaluation of left ventriular function. Consensus from 2 experienced
expert observers on wall moion in each segment was achieved.
Subsequently, blinded analysis of the same segments was pe d by
7 novice observers who are competent echocardiographers but have less
than 6 month's experienced in detailed analysis of regional left ventricular
function. 2D echocardiographic images and with and wfthout CK and
CDTI were analysed by these observers in the randomised blinded
fashion. McNemaras test was used to calculate any improvemnent in the
assessment of WMS for the novice observers between the standard
echocardiographic method (46.6%) and CK (54.2%) or CDTI (47.6%)
compared to the expert observers. A significant inprovement in this
assessment was demonstrated when using the CK method (p<0.01), but
not using the CDTI method. In conclusion, novice observers showed only
a modest concordance with the expert grading of wall motion when using
standard 2D echo or CDTI. However CK significantly improved the
accuracy of analysis and appears to offer benefits for evaluaton of
regional left ventricular function at least in inexperienced observers.

DOES NON-LINEAR PROCESSING AND LOGARITM C
COMPRESSION DISTORT QUANTTTATIVE MYOCARDIAL
PERFUSION PARAMETERS DERIVED FROM CONTRAST
ECHOCARDIOGRAPHY?
A S Brown,MR Thomas, M J Monaghan.
Department of Cardiology, Kings College Hospital, Denmark Hil London.

Since there is a direct relationship between contrast microbubble
concentration per unit volume of myocardium and back scattered
ultrasound intensity, parameters relating to absolute and temporal changes
in myocardial grey level have been used to analyse myocardial perfusion
during contrast echo studies. However, conventional echocardiographic
contrast echo techniques have relied upon transfer of echo video images
into a computer for analysis of grey level intensity. Conventional
echocardiographic video images are processed in a non linear way and are

logarithnically compressed within the ultrasound system. This distorts the
relationship between contrast mnicrobubble concentration and grey level
intensity. In order to investigate the significance of this effect; changes in

myocardial grey level were analysed in 20 myocardial segments during
intra coronary contrast studies. Digital image data was acquired during
contrast echocardiography and stored on an optical diskl This facilitated
analysis of image grey levels processed in a conventional non linear maner
and also in a linear umcompressed format. Peak grey level (P), area under
the curve (A), and mean transit time (MM were analysed by placing a

region of interest over each myocardial segment and then processing the
data as described above. Results for linear and non linear processing
methods are shown.

Linear logarithmic
P 3.2 8.3 0.004
A 118.6 340.5 0.023

MmT 25.4 26.6 0.118
In conclusion, there is a highly significant difference between these

commonly used quantitative parameters of myocardial perfusion, witi only
the mean transit time remainmg the same. This suggests hat the standard
conventional non linear methods of image capture and analysis may be

inappropriate.

TEL.EPHONIC TRANSMISSION OF REAL TIME ECHO-
CARDIOGRAPHIC IMAGES - A VIABLE OPTION?
D Chin, S Gaughan, R Wray, R Saam, A Brown, M Monagban
Department of Cardiology, King's College Hospital, London

The recent expansion in personal computer (PC) processing power and
the availability of an integrated services digital telephone network
(ISDN) makes the transfer of high quality moving echographic data
between refemng hospitals and specialist units a possibility. We have
developed PC based software which captures and edits real time video
based echocardiographic data onto a 90 MHz pentium based processor
with high resolution SVHS video frame grabber, 16 megabyte ram and 1
gigabyte hard disk. PCs with these specifications in our unit and 2
referring units 80 miles away were linked through ISDN.
Echocardiographic images were captured, edited as loops representing
single or multiple cardiac cycles and transmitted with the clinical details.
The video data was automatically stored for subsequent review at the
receiving site. 20 sets of still and moving 2D echo, M mode, doppler and
colour flow images were'transmitted. The quality and diagnostic content
of the transmitted images were compared with the video originals. 4
experienced echocardiographers compared the quality and diagnostic
content ofthe transmitted images with the video originals and identified a
limited degradation in image quality and no loss of diagnostic
information. With rapid transmission speeds, image resolution decayed.
The maximum speed at which resolution was acceptable was between 43
and 63 seconds of transmission time for each second ofvideo.
Transmission speed bytes data/video frame Subjective image score
97.7 sec/sec 50000 4.0
62.5 32000 3.5
43.0 22000 3.0
32.25 16000 2.5
11.7 6000 1.0
(Image score: 1=unacceptable, 2=loss of diagnostic data, 3=acceptable,
4=good)
In conclusion these advances in image processing and data transfer
technology facilitates rapid and convenient transfer of real time
echocardiographic data between remote sites.
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