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Abstract 

Objective: To assess how left ventricular (LV) hypertrophy, geometry and function change after stentless aortic valve 
replacement for aortic stenosis, and to elucidate the physiological mechanism of the improvement in stentless valve haemodynam- 
its. Methods: 81 patients with aortic stenosis (age 75 + 6 years, 47 male) underwent aortic valve replacement (plus CABG in 33 
patients) with a Freestyle stentless porcine valve (mean size 23 + 2 mm). They were prospectively investigated by Doppler 
echocardiography at 2 weeks, 3-6, 12, and 24 months after operation. Two hundred and forty-six echocardiograms were obtained 
and analysed. Aortic valve performance was assessed from its effective orifice area (EOA), the transvalvular increase in mean flow 
velocity (AmV), the deceleration time of aortic flow velocity, and mean pressure drop (mPG). LV hypertrophy was assessed from 
LV mass index; LV geometry, from the ratio of wall thickness to the radius (T/R ratio) and LV function, from stroke volume 
index (LVSVI) and myocardial stroke work (SW). Results: By 2 years after operation, LV mass index had fallen from 162 k 64 
to 109 + 36, g/m’, and T/R ratio from 0.61 f 0.25 to 0.43 f 0.10. LVSVI increased from 29.4 + 10 to 42 f 17, ml/m2, and 
myocardial SW from 3.1 :t 1.6 to 5.2 f 2.2, mJ/cm3 (all P-z 0.001 by ANOVA), while LV outflow tract diameter remained 
unchanged. At the same time, stentless valve EOA increased from 1.59 f 0.75 to 2.2 + 0.72, cm’, and AmV (from 82 + 31 to 
49 + 24, cm/s) and mPG (from 9.7 + 5.0 to 5.2 f 3.7 mmHg) both fell significantly (all P < 0.001 by ANOVA); as the deceleration 
time of aortic flow velocity increased from 153.6 f 64.1 to 202.7 + 37.6 ms (P < 0.001 by ANOVA). Conclusion: After stentless 
aortic valve replacement, LV mass index and wall thickness both fall towards normal, and myocardial stroke work increases. 
These ventricular remodelling processes are accompanied by a more physiological flow jet at valve cusp level, which permits a 
greater stroke volume to be ejected with a smaller transvavular velocity increase, so that effective orifice area increases. 0 1997 
Elsevier Science B.V. 
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1. Introduction 

The haemodynamic advantages of a stentless bio- 
prosthesis are increasingly being recognised [3,4,9- 
12,19,22,25]. The principle benefits stem from the earier 
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and greater regression of left ventricular hypertrophy 

and improvement in ventricular function 

[4,9,13,19,22,25]. However, the physiological mecha- 

nisms underlying these important outcomes have not 

been fully elucidated [4,12,22,25]. The aim of the 
present study was to investigate the possible relation- 

ship between haemodynamics at valve level and ventric- 

ular remodelling in a prospective echocardiographic 

study of patients undergoing stentless aortic valve re- 
placement for aortic stenosis with the Freestyle stentless 
valve. 
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2. Material and methods 

The 

Echocardiography 

Transthoracic echocardiography was performed at 
the time of discharge from hospital (within 2 weeks of 
the operation), then between 3-6 months, and at 12, 
and 24 months (in 45 patients) after operation. 
Echocardiograms were recorded using a Hewlett Pack- 
ard Sonos 1000 or Toshiba 380A Echocardiographic 
system, with a 2.5-MHz phased-array transducer. From 
the parasternal left ventricular long axis view, the di- 
ameter of outflow tract was measured from a two 
dimensional image in early systole [7,17]. Standard left 
ventricular M-mode echocardiograms [20] were 
recorded and stored on video tape at a speed of 50 
mm/s, with simultaneous electrocardiogram and phono- 
cardiogram. From an apical five chamber view (from 
which the outflow tract and aortic valve can be imaged 
parallel to the Doppler ultrasound beam), flow veloc- 
ities in the outflow tract (2.5 MHz pulsed Doppler) and 
the maximum velocity across the stentless valve (2.5 
MHz continues wave Doppler) were recorded at speed 
of 100 mm/s for off-line analysis [2,17]. Systemic blood 
pressure was also recorded non-invasively by the 
Hewlett Packard 66s haemodynamic monitoring sys- 
tem. Body surface area was calculated from the height 
and weight. A preoperative echocardiogram was not 

feasible in the study protocol because many patients 
referred from other hospitals needed emergency 
surgery. 

2.2. Measurements and calculation 

A total of 246 echocardiograms were obtained with 
adequate echocardiographic imaging quality for off-line 
reading and data analysis. Mean values for each mea- 
surement were derived from three heart beats in pa- 
tients in sinus rhythm, and from five beats in those with 
atria1 fibrillation or a VVI pacemaker. 
1. Left ventricular cavity size and wall thickness: end 

diastolic dimension, septum thickness, posterior wall 
thickness, and end systolic dimension were mea- 
sured from M-mode echocardiograms, and dimen- 
sional shortening fraction, and the ratio of wall 
thickness to cavity radius at end diastole were deter- 
mined according to the criteria of the American 
Society of Echocardiography [20]. Left ventricular 
muscle mass was calculated [5,20], and indexed to 
body surface area. 

2. Haemodynamics of outflow tract and stentless aor- 
tic valve: peak flow velocities and the time integral 
of systolic flow velocities in the left ventricular 
outflow tract and those of the aortic valve were 
derived from the Doppler recordings [2,7,17]. The 
acceleration (onset to peak flow velocity) and decel- 
eration (peak flow to termination) times, decelera- 
tion rate, and the total ejection time of the flow 
velocity across the aortic valve were also determined 
from the Doppler recordings. Left ventricular stroke 
volume was calculated as the product of the cross 
sectional area and flow-velocity time-integral in the 
outflow tract. The effective orifice area of the aortic 
valve was calculated by the continuity equation (i.e. 
stroke volume divided by valve flow velocity time- 
integral) [2]. A conventional calculation of mean 
pressure drop across the aortic valve was made from 
the simplified Bernoulli equation by taking the sub- 
vavular (Vl) and valvular (V2) mean velocities 
(mean pressure drop = 4(V,2 - V:), in mmHg) [2]. In 
addtion, we also recorded the actual increase in 
mean flow velocity from the outflow tract to that at 
valve level. 

3. Left ventricular haemodynamics and myocardial 
function: Global stroke volume index and cardiac 
index were calculated from stroke volume (LVSV), 
heart rate and body surface area. Global stroke 
work, measured in mJ, was determined by LVSV x 
[mean arterial pressure + mean net aortic valve pres- 
sure drop] x 0.0136 x 9.8, and indexed to body 
surface area (mJ/m’) [8]. Myocardial stroke work 
was defined as global stroke work divided by muscle 
mass volume (mJ/cm3) [6]. 
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Table 1 
Changes in left ventricular and systemic haemodynamics (mean + S.D.) 

Variable 

Heart rate (bcat/min) 
Systolic blood pressure (mmHg) 
Mean blood pressure (mmHg) 
LV stroke volume index (ml/rtt2) 
Cardiac index (l/m*) 

Time after AVR ANOVA 

0.5 month (n = 61) 3-6 months (n = 69) 12 months (n = 71) 24 months (n = 45) P value 

87&18 76 k 14* 74 + 13* 70 * 12* <0.001 
137+22 132& 11 137 521 143 f 22 = 0.074 
99 f 14 97&11 97k12 96kl2 = 0.568 

29.4 f 10.0 33.7 f 13.0 36.2 f 12.0* 42.2 + 17.3’ <0.001 
2.52 f 1.03 2.52 + 1.17 2.60 k 0.85 2.85 f 1.22 = 0.263 

AVR, aortic valve replacement; ANOVA, analysis of variance; LV, left ventricle. 
* Significant difference from 0.5 month’s measurement by 95% confident interval. 

2.3. Statistical analysis 

Echocardiographic and haemodynamic data are pre- 
sented as mean + one standard deviation. Data were 
analysed using Minitab statistic software (Release 11 
for WindowsTM, 1996; Minitab Inc, USA) [18]. One- 
way analysis of variance was performed to test the 
significance of changes in each measurement over the 
follow up time. When this was significant, a further 
comparison of 95% confidence intervals with respect to 
the discharge echocardiography was carried out, using 
Dunnett’s method, with an overall error rate 0.05 and 
an individual error rate 0.02. Differences were consid- 
ered statistically significant for P value < 0.05. 

3. Results 

3.1. Haemodynamic changes in the left ventricle and 
systemic circulation 

A significant fall in heart rate three to six months 
after aortic valve replacement was accompanied by a 
reciprocal increase in global stroke volume index, so 
that cardiac index remained unchanged, as did the peak 
and mean of systemic blood pressure throughout the 
study period (Table 1). 

3.2. Changes in the haemoa’ynamics of outfow tract 
and stentless valve 

There was a signi&cant increase in the flow velocity 
time integral in the left ventricular outflow tract at six 
months, and in peak velocity at two years, but the 
diameter, (and thus the area), of the outflow tract 
remained unchanged. In contrast, the peak flow veloc- 
ity across the stentless valve fell significantly at six 
months after the implantation, though its velocity time 
integral was unchanged because left ventricular ejection 
time increased during the follow up as the heart rate 
fell. This increase was brought about by significant 
lengthening of deceleration time (and thus a fall in 

deceleration rate), with no significant change in the 
acceleration time of the aortic flow velocity. 

Despite slight differences in the number of patients 
followed up at each time point, the mean value of the 
external diameter of the stentless xenograft was identi- 
cal throughout. However, the effective orifice area at 
valve level progressively increased from 1.59 to 2.2 cm2. 
This represented 47% of outflow tract area at discharge, 
rising to 64% at two years. Over the same period, the 
increase in mean transvavular flow velocity above that 
at outflow tract level, fell from 82 cm/s to 49 cm/s. This 
corresponded with a fall in calculated transvalvular 
mean pressure gradient (from 9.7 to 5.2 mmHg) (Table 
2). Less than 5% patients had more than trival-mild 
aortic regurgitation, and in no patient was aortic regur- 
gitation progressive. 

3.3. Changes in left ventricular hypertrophy, geometry 
and myocardial function 

There was a significant decrease in the thickness of 
the septum and posterior wall of left ventricle from six 
months after the operation, but ventricular cavity size 
remained unchanged. By two years, left ventricular 
muscle mass index had fallen by 32%, and the relative 
wall thickness (T/R ratio) was also significantly re- 
duced. Left ventricular systolic function assessed by 
dimensional shortening fraction remained unchanged 
and was in the normal range throughout the study. 
Myocardial stroke work increased progressively by 70% 
in two years (Table 3). 

4. Discussion 

This study confirms previous reports [4,9,22,25] that 
a significant increase in effective orifice area and a fall 
in mean transvavular flow velocity and hence in the 
calculated pressure drop occur in the fust 12 months 
after stentless valve operation for aortic stenosis. Over 
the same period, ventricular hypertrophy regresses, and 
systolic function improves. These findings for the 
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Table 2 
Changes in left ventricular outflow tract haemodynamics and Freestyle aortic valve performance (mean F SD.) 

Variable Time after AVR ANOVA 

0.5 month 3-6 months 12 months 24 months P value 
(n=61) (n = 69) (n=71) (n = 45) 

LVOT dimeter (cm) 2.04 * 0.34 2.01 & 0.25 2.05 k 0.26 2.09 f 0.25 = 0.614 
LVOT area (cm2) 3.35 + 1.18 3.24 k 0.79 3.34 f 0.84 3.46 f 0.90 = 0.647 
LVOT peak flow velocity (cm/s) 97.8 & 32.3 101.6 + 31.4 107.3 + 25.5 116.7 f 30.7* = 0.009 
LVOT velocity time integral (cm) 16.6 k 5.6 19.1 ) 5.9* 20.1 * 5.3* 22.4 & 7.5* <O.OOl 
AoV ejection time (ms) 238.4 k 43.7 274.9 + 34.6* 277.7 + 39.5* 277.7 k 38.0* io.001 
AoV Aow velocity acceleration time (ms) 84.6 & 44.1 81.6k20.8 75.7 * 13.9 75.0 + 13.6 = 0.141 
AoV flow velocity deceleration time (ms) 153.6 k 64.1 192.6 + 36.4* 202.0 f 38.2* 202.7 + 37.6* <O.OOl 
AoV Bow velocity deceleration rate (m/s’) 15.0 k 5.2 10.3 * 3.5* 9.7 If- 2.9* 10.0 k 2.9* <O.OOl 
AoV peak flow velocity (cm/s) 229.3 f 56.2 192.7 + 47.2* 191.0 + 52.2* 197.9 f 55.3* <O.OOl 
AoV velocity time integral (cm) 36.3 k 10.1 35.4 * 11.3 35.4* 11.4 36.2_+ 11.9 = 0.943 
AoV effective orifice area (cm’) 1.59 + 0.75 1.80 + 0.61 2.00 * 0.74* 2.20 rt 0.72* <O.OOl 
Transvavular mean velocity increase (cm/s) 82.2 * 31.4 58.4 & 23.7* 54.3 & 29.0* 49.2 i 24.1* <O.OOl 
Transvavular mean drop (mmHg) pressure 9.67 & 5.01 5.25 + 2.99* 5.04 + 3.52* 5.24 k 3.66* <O.OOl 

AVR, aortic valve replacement; ANOVA, analysis of variance; LVOT, left ventricular outflow tract; AoV, Freestyle stentless aortic valve; EOA, 
effective orifice area; VTI, velocity time integral. 
* Significant difference from 0.5 month’s measurement by 95% confident interval. 

Freestyle valve are similar to those from other stentless 
valves [12,13]. However, we believe that the present 
study provides further insight into possible underlying 
mechanisms between these two processes. 

4.1. The signiJicance of changes in left ventricular 

outJow tract haemodynamics 

Over the study period, left ventricular stroke volume 
increased as the heart rate fell, so cardiac output was 
constant. This stroke volume increase was due solely to 
the changes in flow velocity time intergral at outflow 
tract level, with an increase in its peak as well as its 
duration. Despite a significant fall in ventricular mass 
index and septal thickness, we found the diameter of 
outflow tract to remain unchanged, a finding which 
contracts with previous hypothesis [4,19,22]. At aortic 
valve level, by contrast, the increased global stroke 
volume was not accompanied by any change in flow 
velocity time intergral, so that effective cross sectional 
area of the jet at this level must have increased corre- 
spondingly. This change occurred progressively, so that 
by two years, the effective orifice area had increased by 
38%, and the mean pressure drop across the valve had 
fallen by 45%. When compared with the effective orifice 
area of 2.69 cm2 obtained from in vitro testing of a 
comparable valve [28], the increase was thus from 59% 
to 84% of this theoretical maximum. 

4.2. Relationship of ventricular ejection dynamics and 
stentless aortic valve haemodynamics 

Although the improvement in stentless valve heamo- 
dynamics has previously been reported, its underlying 

mechanisms remain poorly understood [4,9,22,25]. It is 
well established that flow across the normal aortic valve 
is inertial, implying that left ventricular pressure is 
greater than that in the aorta as flow accelerates. Dur- 
ing the latter half of ejection, when flow decelerates, the 
pressure relationship is reversed [23]. This situation also 
applies to the newly inserted stentless valve (Jin, Gibson 
et al., unpublished data). By contrast, in stented valves, 
left ventricular pressure is greater than that in the aorta 
throughout ejection [ 11, demonstrating the resistive na- 
ture of this flow, a situation proved to result in a less 
significant fall in the valve pressure gradient over the 
time [26]. Nevertheless, with a normally functioning 
stentless valve, it is unlikely that the flow jet is physi- 
cally constrained by the valve itself at any time after the 
operation, nor is there any reason to suppose that the 
properties of the valve cusps change in such a way as to 
increase jet dimension over this period. An alternative 
explanation, therefore, could be that the nature of the 
flow jet itself changes independently of the valve. Our 
findings can readily be explained on this basis by either 
a change in the flow profile towards a more rectangular 
configuration, or because the jet was, in fact, dynami- 
cally narrowed at valve level by a vena contracta, 
whose existence and extent is likely to have depended 
on ventricular anatomy 116,271. In practice, these two 
mechanisms need not be mutually exclusive. 

4.3. Changes in left ventricular structure and function 

Overall changes in left ventricular cavity size were 
insignificant, and the fall in mass index was mainly 
brought about by the fall in wall thickness. These 
findings are compatible with previous reports of other 



X. Y. Jin et al. /European Journal of Cardio-thoracic Surgery 12 (1997) 63-69 61 

Table 3 
Changes in left ventricular function, hypertrophy and geometry (mean f SD.) 

Variable Time after AVR 

0.5 month 3-6 months 
(n = 61) (n = 69) 

AoV sewing ring diameter (cm) 2.34 f 0.20 2.35 + 0.21 
End diastolic dimension (cm) 4.82 f 1.06 4.85 f 0.84 
End systolic dimension (cm) 3.32 + 1.18 3.34 f 0.88 
Septum thickness (cm) 1.46 + 0.44 1.22 f 0.29* 
Posterior wall thickness (cm) 1.30 & 0.32 1.08 + 0.23 
Dimensional shortening fraction (%) 32.5 + 13.6 31.9 i 9.2 
Left ventricular mass index (g/m*) 162.4 + 63.1 124.5 + 36.8* 
Ratio of wall thickness to cavity radius 0.61 & 0.25 0.49 &- 0.16* 
Global stroke work index (mJ/m*) 429.1 f 164.8 458.5 + 182.9 
Myocardial stroke work (mJjcm3) 3.08 + 1.60 3.94 f 1.84* 

AVR, aortic valve replacement; ANOVA, analysis of variance. 
* Significant difference from 0.5 month’s measurement by 95% confident interval. 

12 months 
(n=71) 

2.34 f 0.21 
4.93 * 0.77 
3.26 + 0.85 
1.03 + 0.23* 
1.00 + 0.16* 
34.4 + 10.5 

109.5 + 36.4* 
0.42 + O.lO* 

492.0 + 169.5 
4.89 ) 2.28* 

24 months 
(n = 45) 

2.33 + 0.19 
4.85 + 0.56 
3.22 f 0.76 
1.09 f 0.29* 
0.98 +0.19* 
34.4 f 9.4 

109.2 f 36.2* 
0.43 * 0.10* 

577.1 + 280.7* 
5.28 + 2.20* 

ANOVA 

P value 

= 0.949 
= 0.906 
= 0.906 

<O.OOl 
<O.OOl 

= 0.468 
<O.OOl 
<0.001 

= 0.001 
<O.OOl 

stentless valve or aortic homografts [13]. The increase 
in myocardial external work was striking, and is com- 
patible with the reported increase in oxygen consump- 
tion per unit volume of left ventricular myocardium as 
ventricular hypertrophy regresses after aortic valve re- 
placement [21]. Shortening velocity of LV circumferen- 
tial fibres increases witbin one hour of relieving aortic 
stenosis and reaches a maximum within 12 h after the 
operation [14], and this may account for the fact that 
no further change was found in the present study. We 
believe that the increase in stroke volume and myocar- 
dial work both reflect the much slower normalization of 
left ventricular longitudinal function, which may extend 
over many months afte:r operation [15]. 

4.4. Limitations of the <study 

Preoperative echocardiograms were not included in 
this study, whose aim was to define changes in ventric- 
ular function and ejection in the first two years after 
stentless valve insertion. Our conclusions on changes in 
haemodynamics at valve level depend critically on the 
estimates of stroke volume in the outflow tract. There is 
considerable previous experience with this method, 
which correlates well with invasive determinations 
[7,17]. It has been shown to apply when stroke volume 
is low as well as normal, and to be suitable for deter- 
mining changes within individual patients. Potential 
errors in estimating outflow tract dimension are proba- 
bly greater (6.0%) than those in flow velocity time 
intergral (2.4%) [17]. We therefore confirmed anatomi- 
cal estimates of the former against those derived from 
colour flow estimation of jet diameter. The flow jet 
itself is normally skewed at left ventricular outflow tract 
level. We have routingly placed the sample volume 
centrally, therefore, the potential overestimation of 
stroke volume will have been minimised [29] and should 

have been consistent, and is unlikely to alter the conclu- 
sions about relative changes with time. Values of 
transvavular pressure drop were derived from the sim- 
plified Bernoulli equation only to compare our results 
with those of previous studies. With inertial flow, these 
calculations will have limited haemodynamic signifi- 
cance. In order to increase statistical power, we com- 
bined results from patients with different valve sizes, 
since we could demonstrate no interaction between this 
variable and the extent of postoperative change. The 
mean fall in ventricular mass index was already striking 
by 6 or 12 months afte’r’operation, although there was 
significant scatter between patients as shown by stan- 
dard deviation of around 35% of the mean. Possible 
additional factors influencing ventricular mass index 
include genetic factors, systemic hypertension and gen- 
der differences. However, these additional factors did 
not influence temporal changes of mean values within 
patients, and so will not have affected our conclusions. 

5. Summary 

Our results show two sets of change which occur over 
the first two years after valve replacement for aortic 
stenosis with the Freestyle valve: (1) at ventricular level, 
as is well recognised, hypertrophy regresses and relative 
wall thickness (T/R ratio) falls. At the same time, there 
is a striking increase ( > 700/) in external ventricular 
work per cubic centermeter of myocardium and (2) at 
outflow tract level, dimensions remain constant, and an 
increase in stroke volume is mediated only by an in- 
crease in blood velocity time intergral. At valve level, 
the velocity time integral remains unchanged although 
sttioke volume increases. This is likely to represent a 
wider flow jet and a more rectangular flow profile. At 
the same time, the increased stroke volume is also 
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mediated by prolongation of the deceleration period of 
ejection when left ventricular pressure is below that in 
the aorta. All these changes have the effect of lowering 
energy expenditure during ejection by reducing blood 
flow velocity and acceleration, and thus transvavular 
pressure gradients. Therefore, at both ventricular and 
valve levels, function progressively improves over the 
first two years after operation by optimizing coupling 
between the heart and systemic circulation. All these 
changes contribute to improved cardiac function. Their 
underlying mechanisms and interrelations are subjects 
for further investigation. Finally, our study also 
demonstrates the reliability of the modified subcoro- 
nary implantation method for the Freestyle valve, 
which assures the excellent valve haemodynamics. 
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Appendix A. Conference discussion 

Dr F. Fontan (Bordeaux, France): May I ask you, just to clarify 
your methodology, if you made the measurements of the outflow 
tract and of the transprothetic velocity on the same frame or a 
different frame? 

Dr Jin: It cannot be done by the same frame, because when you 
record the outflow tract you use the pulsed Doppler to have a very 
clear location of the sample volume, but when you measure the valve 
flow velocity you have to use a continuous wave Doppler, because the 
valve velocity is always beyond the range that the pulsed Doppler can 
measure. 

Dr F. Fontan: The question was, do you measure on the same 
systole? 

Dr Jim Yes 
Dr F. Fontan: You then do it from the same beats? 
Dr Jim: We average three beats for the velocity outflow tract and at 

the valve level, respectively, as in the sinus rhythm the beat to beat 
change is relatively minor. 

Dr F. Fontan: And the percentage of patients in atria1 fibrillation, 
did that change your information? 

Dr Jln: 10% patients with atria1 fibrillation, we average five beats to 
minimise the error. 

Dr M. O’Brien (Brisbane, Australia): I think this is a very impor- 
tant paper, and there are a few issues which I don’t quite understand 
or don’t quite agree with. But it does demonstrate that with the 
stentless valve of that type, and we found it also with the Cryolife- 
O’Brien valve, the LV regression is evident. Tirone David has spoken 
widely about this regression. I suppose it just proves that if you put 
a good value in with good hemodynamics, like a homograft valve, 
you can expect an excellent result. It is so good, for instance, like with 
the homograft valve, I have had a gradient of 100 mmHg across the 
outflow tract one week after an operation, and one year later that 
gradient was 3 mmHg, demonstrating the advantage of a stentless 
structure with a good surfaoe. 

But what I don’t understand is why you are saying that the LV 
regression is leading to better valve performance. What do you think 
is happening pathologically or anatomically in that valve? You might 
have a haematoma, some thzkening of the leaflets in those first few 
weeks which settles down, but I think you are really stretching it too 
far to say that Valve performance is improving. 

With LV regression there is the drop in gradient across the outflow 
tract, but there should be no change in the valve itself. You have got 
a Dacron-ringed Freestyle valve. The Dacron is not going to stretch, 
I presume, and not disintegrate, so why are you not saying the drop 
in gradient is across the outflow tract and not the valve? Our 
echocardiographers would take great issue with you on this, and we 
have disagreed with similar statements with the other stentless valves. 
It is a misrepresentation, I think, of the data. 

The velocity immediately proximal to the valve (Vl) and the 
velocity beyond the valve (V2) can give you a ratio Vl/V2 which 
should remain constant. What may change would be LV mass and 

LV hypertrophy; consequently velocity VI drops, then V2 is also 
going to drop. So the ratio gives a fingerprint for that valve, which is 
the important measurement in assessing any future change. So that if 
the valve were to narrow with calcification, then we would pick it up 
with this change in Vl/V2 ratio. 

I don’t think there is any change taking place at the valve orifice. 
So I don’t understand your conclusions. What do you think is 
happening to the leaflets or to the annulus of the valve itself? I accept 
the LV regression, but I don’t think you can then attribute that to 
improved valve performance. How can a valve get better and better 
as time goes on? When will it stop getting better? It is very interesting 
issue. 

Dr Jin: Many thanks for your very fruitful comments. I think there 
are a few points I would like to add to this presentation. 

If we refer to the in vitro testing data, the effective orifice area for 
a given size, for example 23-mm Freestyle valve, is 2.69 cm*; but if we 
look at the data at discharge of the patients with a same size Freestyle 
valve that area is 1.6 or 1.7 cm’. In other words, the efficiency of 
using the maximum possible area is only 60%. However, when you 
look at the data at the time of two years, the area increased to 2.2 
cm* which is about 85% of the in vitro theoretical area. So we are not 
seeing any thing that is beyond reality should be clear. 

And the second, the reason of valve dynamic area increasing, this 
is really related with the flow dynamics and cardiac physiology. What 
I have emphasized is if we have a more efficient flow dynamics across 
the valve, the same structure of the valve would have more dynamic 
area available for the flow to go through. And the change from 
discharge to two years is a consequence of ventricle remodelling, 
including the regression of hypertrophy. 

Dr F. Fontan (Bordeaux, France): Could you kindly remind me, 
and eventually the audience, how you calculate the effective orifice 
area. 

Dr Jim It is calculated by continuity equation. 
Dr F. Fontan: It is a product of what? 
Dr Jln: It is calculated from the stroke volume divided by the valve 

TVI. 
Dr F. Fontan: If I may say, the effective orifice area is a product of 

the TVI, time-velocity interval, by the surface of the outflow cham- 
ber. Do you agree? 

Dr Jln: We can’t directly have area by the 2D echo. So only thing 
we need to calculate is the outSow tract area based on its diameter. 

Dr F. Fontan: You may calculate the area of the outflow chamber. 
Dr JII: Yes, from the diameter. 
Dr F. Fontan: In this situation, and as a reply to Mr. O’Brien, I 

think that what you observe is a decrease in left ventricular hypertro- 
phy, particular septal subvalvular hypertrophy, and for me your title 
should be better if it were not ‘progressive improvement in Freestyle 
valve performance’ but ‘the Freestyle valve allows a better progres- 
sively better performance of the left ventricle.’ 

Dr Jim: Your suggestion will be undertaken. 
Dr M. O’Brien (Brisbune, Australia): I agree exactly with Dr. 

Fontan. You are saying the leaflets are not opening fully early on and 
then they are later on. You haven’t given any pathological reason for 
what is happening in the valve leaflet itself. The changes in hemody- 
namics and the LV regression are accepted. 

Dr F. Fontaa (Bordeaux, France): So I would suggest you change 
the title of your paper, because otherwise it looks inappropriate. 

Dr Jii: We have made more detailed explanations of possible 
underlying physiology in our manuscript. 


