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Left Ventricular Muscle Mass Regression After Aortic Valve

Replacement

Implanting a valve that will reduce left ventricular mass is critical in aortic ste-
nosis. Regression of left ventricular hypertrophy in 46 aortic valve replacement
(AVR) patients receiving a St. Jude Medical (SJM) valve was assessed by serial
electrocardiographic and echocardiographic studies during the preoperative,
immediate, and late postoperative periods. The patients were divided into three
groups according to valve size; 19 mm group (n=9), 21 mm group (n=20), and
23+mm group (n=17). There was no surgical mortality. The NYHA functional
class improved from an average of 2.2+0.8 preoperatively to 1.3+0.5 post-
operatively. Left ventricular muscle mass index (LVMI) regression failed to reach
statistical significance in the 19 mm group, whereas in the other two groups
a steady decrease in the LVMI occurred with follow up. ECG findings were
less remarkable showing insignificant differences in voltage among the three
groups (p=0.000). In conclusion, the current data suggest that the 19 mm SJM
valve may not result in satisfactory left ventricular muscle mass regression
despite adequate function, even in small patients. Therefore, additional proce-
dures to accommodate a larger valve may be warranted in the aortic annulus
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smaller than 21 mm.

INTRODUCTION

Patients with aortic stenosis tequiring valve replace-
ment usually have left ventricular hypertrophy. Selecting
a prosthetic valve that will reduce the increased left ven-
tricular muscle mass to normal is important. Howevert,
aottic valve replacement (AVR) with a small prosthetic
valve may preclude left ventricular mass regression and
adversely affect long term survival. This may be due to
the inherently obstructive nature of prosthetic valves,
which become more precipitous with decreasing valve size
(1). Studies have shown 21 mm to be the lower limit
in size fot prosthetic valves in which significant regression
of left ventricular hypertrophy failed to occur (2).

The St. Jude Medical (SJM) prostheses has been de-
signed to have minimal resting and post exercise gradi-
ents (3, 4). Wortham et al. (5, 6) demonstrated that gra-
dients actoss the 19 mm SJM valve in the patient with
a body surface area (BSA) less than 1.7 m’ was small
and acceptable. Rashdan (7) confirmed this optimistic
finding by demonstrating a mean resting gradient of 5

Key Words : Aortic valve; Hemodynamics; Heart hypertrophy; Ventricular function, left; Prosthesis failure

511

Korea
Tel : +82.2-2224-3584, Fax : +82.2-2224-6966
E-mail : wlee@www.amc.seoul.kr

*Presented at the 6th Annual Mesting of the Asian
Society for Cardiovascular Surgery, February 18,
1998, Tokyo, Japan.

mmHg and a peak gradient of less than 15 mmHg in
patients with 19 mm SJM valve implants.

Based on the belief that the purportedly supetior he-
modynamic qualities of the SJM prostheses would over-
come the limitations imposed by the so-called “patient-
prosthesis mismatch”, small sized standard SJM aortic
prostheses (19 and 21 mm) were implanted without an-
nular enlargement at Asan Medical Center since July
1991 to August 1997. The aim of the present study lay
in determining possible risk factors that may cause poor
regression of left ventricular hypertrophy in patients re-
celving AVR with SJM valves through a series of ECG
and Echo data collected in the preoperative, immediate
postoperative, and late (10.7 months after surgery) posto-
petative periods.

MATERIALS AND METHODS

Between July 1991 and August 1997, 46 patients un-
derwent isolated aortic valve replacement (AVR) with the
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SJM valve for predominantly aortic valvular stenosis at
Asan Medical Centet, Seoul, Korea. Patients less than 16
years of age, and those with other associated cardiac dis-
ease ot operations were excluded from the present study.
Of the 46 patients, nine received 19 mm valves, 20 re-
ceived 21 mm valves, 14 received 23 mm valves, and
three received 25 mm valves. The patients were divided
into three groups according to valve implant size; 19
mm, 21 mm, and 23+mm groups. The patients receiv-
ing 23 mm and 25 mm valves wete placed in the
23+mm group.

Echocardiography

Echocardiograms were petformed with a Hewlett-
Packard Sonos 2500 apparatus (Hewlett-Packard Co.,
Palo Alto, CA, U.S.A.) using a 3.5 MHz transducer for
imaging and a 2.5 MHz transducer for Dopplet echocat-
diography. All echocardiograms wete recorded on Super
VHS videotapes for subsequent analysis.

M-mode echocardiograms were used to measure, in
mm, the telediastolic interventricular septal thickness
(IVST), left ventricular posterior wall thickness (PWT),
and telediastolic (LVEDD) and telesystolic (LVESD) left
ventticular dimensions. All measurements were repeated
for four successive heartbeats and averaged. The measure-
ments wete made in accordance with the Penn conven-
tion.

Left ventricular mass (LVM) was calculated using the
D’ formula (Devereux and Reichek): LVM (g)=1.04 X
(ILVEDD + IVST + PWT]’ LVEDD’) X 13.6. LVM index
(LVMI, g/m’) was defined as LVM/BSA, where BSA is
body surface area in square metets. Mean and peak pres-
sure drops actoss the prosthetic valves (MSG; Mean Sys-
tolic Gradient, PSG; Peak Systolic Gradient) were esti-
mated using the simplified Bernoulli equation from peak
velocity measurements using continuous-wave Doppler
echocardiogtaphy.

Echocardiography was petformed in the preoperative
petiod, immediate postoperative petiod (just before dis-
charge at 7.1 days postoperatively), and between six and
18 months after operation in the late period.

Electrocardiography

We reviewed the electrocardiograms of all the patients
in the immediate preoperative and postopetative petiods,
and every subsequent clinical follow-up. The ECG taken
simultaneously with the echocardiograms were used as
the sample for the present study. In three patients, pos-
toperative complete heart block and in another three,
bundle branch block was the basis for exclusion from the
electrocardiographic study. Measurements of R waves in

JW. Lee, KJ. Choi, S.G. Lee, ef al.

lead V5 or V6 plus S wave in V1 in mm were used as
a critetion for determining LVM. In two cases with atrial
fibrillation, the average voltage of three consecutive QRS
waves was used as a standard for LVM determination.

Statistical analysis

Data wete presented as mean® 1 standard deviation.
Using SPSS for Windows, Release 7.5 (7), clinical data
and preoperative echocardiographic and electrocardio-
graphic measurements from the three groups wete com-
pared by one-way analysis of variance and multiple com-
parison tests with least significance difference. The paired
t-test was used to examine the significance of changes
ovet time in all the patients. Possible significant effects
on postoperative left ventricular muscle mass ot hypet-
trophy by age, sex, body sutface area, preoperative pres-
sure gradient, postopetative mean and peak gradients in
the late period, valve size (19 mm or others), and follow-
up duration were each assessed initially by one way anal-
ysis of vatiance (ANOVA). Factors shown to be of sig-
nificance wete entered into a multivariate analysis of vat-
iance (General Linear Model), and their independent roles
on each echo and ECG parameter were further defined.
Post hoc testing of ANOVA was petformed using the
Dunkan method. A p-value of 0.05 or less was con-
sidered statistically significant.

RESULTS

The preoperative chatactetistics of the three study
groups ate shown in Table 1. The patients in the larger
valve size groups had significantly larger BSAs and were
composed predominantly of males, whereas those in the
19 mm valve group were all females. There wete no sta-
dstically significant differences among the three groups
regarding age, NYHA class, degree of stenosis (peak
pressute gradient and valve area), or overall LV systolic
function. Although the LVEDD was somewhat larget in
the 23+ group than the other two groups, the difference
in the mean LVMI was statistically insignificant (Table
2). The mean pteoperative systolic gradient was largest
in the 19 mm (Table 3).

The mean ejection fraction of the study population did
not change postoperatively until the end of the study.
The LVESD decreased steadily after sutrgety, but the
LVEDD which showed an initial decrease in the imme-
diate postoperative period, failed to dectease thereafter.
The left ventricular IVST and PWT, on the othet hand,
both showed a decrease by the late postoperative petriod
(Table 4). The changes in these parameters wete reflected
in the LVMI change during follow up. The mean of the
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Table 1. Preoperative and operative demographics of the study groups
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19 mm group 21 mm group 23+mm group o]
No. 9 20 17
Age (yr) 58+16 54+13 61+9 NS
Sex (female%%) 100 50 0 0.000*
BSA (m?) 1.47+0.11 1.56+0.14 1.69+0.12 0.000"
NYHA 23+08 20+0.8 23+0.9 NS
Pump time (min) 166+62 13131 121+46 NS
Echo F/U (m) 10.5+4.6 10.6+3.9 102128 NS
Total F/U (m) 406+27.9 33.4+20.2 27.9+194 NS

No., number of patients; BSA, body surface area; NYHA, New York Heart Association functional class; F/U (m), follow-up duration in

months
*between any two groups, ' between 23+ and 19 or 21 mm groups

Table 2. Preoperative echocardiographic data

19 mm group 21 mm group 23+mm group o]
EF (%) 62+19 57+18 59+13 NS
LVESD (mmy) 33+12 33+11 38+8 NS
LVEDD (mmy) 46+9 48+7 57+8 0.002*
VST (mm) 14+3 14+3 15+3 NS
PWT (mm) 1442 14+3 14+2 NS
LWMI (g/m?) 218+47 226+54 266+88 NS*

EF, ejection fraction of left ventricle; LVESD, left ventricular end systolic dimension; LVEDD, left ventricular end diastolic dimension; VST,
interventricular septal thickness; PWT, left ventricular posterior wall thickness; LVMI, left ventricular muscle mass index (left ventricular

muscle mass/body surface area)
*between 23+ and 19 or 21 mm groups

Table 3. Preoperative echocardiographic data (1)

19 mm group 21 mm group 23+mm group o]
PSG (mmHg) 113+24 102+34 89+22 NS
MSG (mmHgy) 84+16 59+21 57+16 0.023*
Valve area (cm’) 0.60+0.15 0.64+0.25 0.75+0.38 NS
PSG, peak pressure gradient across aortic valve; MSG, mean pressure gradient across aortic valve
*pbetween 19 and 21 or 23+ mm groups
Table 4. Changes in echocardiographic findings and pressure gradients of left ventricle over time

Preoperative Immediate post-op. Late post-op. o}
EF (%) 59+15 56+13 62+10 NS
LVESD (mmy) 35+10 3249 29+6 0.031*
LVEDD (mm) 50+9 47410 47+8 <0.01"
VST (mm) 14+3 15+3 12+2 0.000%
PWT (mm) 1443 14+2 12+2 0.000%
PSG (mmHg) 98+29 33+11 34412 0.000%
MSG (mmHgy) 62+20 19+7 18+7 0.000%

EF, ejection fraction of left ventricle; LVESD, left ventricular end systolic dimension; LVEDD, left ventricular end diastolic dimension; VST,
interventricular septal thickness; PWT, left ventricular posterior wall thickness; MSG, mean systolic gradient; PSG, peak systolic gradient

* between preoperative and late postoperative values

" between preoperative and immediate or late postoperative values
* between late and preoperative or immediate postoperative values
§ between any two groups
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Table 5. Mean LVMI at different time points and LVMI variance
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Precperative Immediate Late Pre-Imm Imm-Late Pre-Late
19 mm 218+47 193+68 175+46 27 +47 12+13 51430 p=0.132*
21 mm 226+54 220+68 157+42 10+61 83+44 84+50 p=0.03%
23+mm 266+88 217+39 167+38 51+68 52+38 96+82 p=0.00%
p=ns" p=0.007" p=ns"

* significance of LV mass index regression, ' ANOVA among the three groups

LVMI as shown in Table 5 has progressively decreased
in all chree groups. However the LVMI regression in the
19 mm group failed to reach statistical significance (p=
0.032). The variance in LVMI change also shows that
1o significant change in LVMI regression occurred in the
19 mm group between the preoperative and the imme-
diate postoperative petiods as well as between the imme-
diate postoperative and late petiods (Fig. 1). With the
exception of the 23+mm group ($=0.025) significant
LVMI regtession between the preoperative and the im-
mediate postoperative petiods did not occur. Beyond the
immediate postoperative petiod, however, the 19 mm
group continued in failing to show significant change in
the LVMI variance ot LVMI dectease, whereas significant
changes in LVMI variance in both the 21 mm and 23+
mm groups occutred in the period between the imme-
diate and late postoperative periods (Fig. 1). The differ-
ence in the degree of variance in the LVMI change
among the three groups reached statistical significance
only in the period between the immediate and late

27.9+465 (19mm), p=0.134
10.3 £60.7 (21mm), p=0.495

petiods, p=0.007 (Table 5, Fig. 1). Between the preopet-
ative and immediate postoperative periods and the pre-
operative and late postoperative petiods, no statistically
significant differences wete seen in the LVMI vatiance
among the three groups (Fig. 1 and Table 5).

The changes in the mean PSG and MSG measute-
ments showed a progressive decrease with each successive
follow up time point (Table 4). In the late period the
MSG systolic gradient was highest in the 19 mm group
among the three groups (p=0.003) (Table 7).

The change in mean ECG voltage showed a statis-
tically significant progressive decrease throughout the
study petiod in all three groups (Table 6). The variance
in the ECG voltage decrease between the preop and im-
mediate post op, the immediate post op and late post
op, and preoperative and late postoperative petiods were
found to be significant in each of the three groups. How-
evet, ANOVA of the ECG variance among the three
groups duting these follow up intervals did not show sig-
nificant differences (Table 6, Fig. 2). Therefore, the ECG

116 +13.3(19mm), p=0.124
82.6 + 43.8(21mm), p=0.000

40 50.8 + 67.8 (23'mm), p=0.025 51.8 + 38.0(23*mm), p=0.001
" >« >
=ns* =0.007*
20 k- p p
0 -
€ 20 F
2
= -+ 19
S 40
::' -~ 21
é,’ 60 - ~f— 23+
o
& 80
O
100 51.3+ 30.0(19mm), p=0.009
i 84.4 + 50.4(21mm), p=0.000
100 + 96.0 + 82.2(23*mm), p=0.001
< — P
p=ns
-100
Preoperative Immediate Late

Fig. 1. Changes in LVMI in the three study groups with time. *Comparison among groups by ANOVA. LVMI, left ventricular mass

index {(g/m")



Left Ventricular Mass Regression After AVR 515

Table 6. Mean ECG voltage change at different time points and ECG variance

Group Preoperative  Immediate post-op.  Late post-op. Pre-Imm Imm-Late Pre-Late

19 mm 444+75 34.2+6.0 308+7.4 10.2+6.2 34425 137473  p=0.000*

21 mm 47.7+9.6 36.8+9.8 273+75 10.9+6.2 95457 13.7+72  p=0.000*

23+mm 48.6+111 352+9.8 28.1+58 134+11.2 71477 205+129 p=0.000*
p=ns’ p=ns’ p=ns’

* significance of ECG voltage regression, " ANOVA among the three groups

Table 7. Pressure gradients in the late period

19 mm group 21 mm group 23+mm group o]
PSG (mmHg) 45+18 34+7 29+10 0.053*
MSG (mmHgy) 26+11 18+4 15+4 0.003*

PSG, peak pressure gradient across aortic valve; MSG, mean pressure gradient across aortic valve

*pbetween 19 and 21 or 23+ mm groups

voltage decreased in all chree groups with follow up but
in a non specific manner. Multivatiate analysis showed
valve size and follow up until the late petiod as signifi-
cant factors for LVMI regression and ECG voltage de-
crease (Table 8). The time point in the late follow up
that was used in the assessment of the LVMI regression
by multivatiate analysis was at 12 months.

No statistically significant differences in the NYHA
functional class wete seen among the three groups (p>
0.05). The preoperative NYHA functional class for the
19 mm, 21 mm, and the 23+mm groups were 2.3+0.7,
2.0+0.8, and 2.3+0.9, respectively, (Table 1) and the
postoperative values for each of the three groups were

10.2 £ 6.2 (19mm), p=0.001
10.9+ 6.2 (21mm), p=0.000

1.3+40.5, 1.340.6, and 1.34+0.8. Analysis of variance
showed no statistically significant difference among the
groups in the NYHA functionaly class. Accordingly,
changes in the pre and postoperative NYHA functional
class of the study population were reptesented by the
combined mean of the three study groups (Fig. 3). There
was 0o hospital mortality. The three patients that had
complete heart block in the immediate postoperative pe-
riod tequited permanent pacemaker implantation. During
the entite follow-up petiod of 100 patient years (mean
32.7 months), there was one stroke related death despite
adequate anticoagulation, and another death due to ma-
lignancy comprising a 2%fpatient-year late mortality

3.4+ 2.5(19mm), p=0.003
9.5+ 5.7 (21mm), p=0.000

10 ~ 13.4+11.2 (23*mm), p=0.000 7.1+ 7.7(23'mm), p=0.001
< >« >
p=ns* p=ns*

S 0
=
0
(0]
()]
% -+ 19
>
Q 40 [ - 21
i}
k= —A— 23+
1]
[0
()]
&
5§ 20 13.7 +7.2(19mm), p=0.000

20.4 +7.8(21mm), p=0.000

20.5+12.9(23"'mm), p=0.000

E - -
p=ns
-30
Preoperative Immediate Late

Fig. 2. Changes in ECG voltages in the three study groups with time. *Comparison among groups by ANOVA
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Table 8. Multivariate analysis of variance of left ventricular hypertrophy after aortic valve replacement

ltem/Intervals Age Sex MSG V-size NYHA F/U*
LVMI
Preoperative-Immediate NS NS NS NS NS NS
Immediate-Late NS NS NS 0.007 NS NS
Preoperative-Late NS NS NS NS NS 0.047
ECG
Preoperative-Immediate NS NS NS NS NS NS
Immediate-Late NS NS NS NS NS NS
Preoperative-Late NS NS NS NS NS NS

MSG, mean pressure gradient across aortic valve; V-size, prosthetic valve size; NYHA, new York Heart Association functional class;
F/U, the late follow up duration entered in the multivariate analysis was at 12 months; LVMI, left ventricular muscle mass index (left
ventricular muscle mass/body surface area); Preoperative-lmmediate, difference between the preoperative and the late period; Imme-
diate-Late, difference between the immediate and the late period; Preoperative-Late, difference between the preoperative and the late

period; NS, not significant statistically

4 -
p=0.005
3 -
22108
5 L
1.3+ 05
1t
0 . . )
Preoperative Late

Fig. 3. Changes in NYHA class with time.

rate. There was also a 2%/patient-yeat of bleeding event
(gastrointestinal bleeding). There wete no cases of post-
operative heart failure or cardiac deterioration.

DISCUSSION

Cuttent aortic prostheses invariably cause some degtee
of flow obstruction due to inhetent design limitations
that result in an effective otifice area that is smaller than
the native aottic annulus. Notwithstanding, several inves-
tigators have observed satisfactoty symptomatic improve-
ment aftet AVR with 19 and 21 mm mechanical valves
in patients with small body surface areas (9). Accotd-
ingly, the SJM prosthesis has been considered the valve
of choice in these situations (10, 11). The cutrent diffi-
culty in valve selection, however, lies in determining the
lower size limit below which “patient prosthesis muis-
match” and reduced long term survival will likely occut,
as no controlled or randomized data are available in the
surgical literature to guide the sutgeon in making such
predictions.

There is a prevailing concern that AVR with a small

prosthesis may increase the risk of late complications. It
has even been suggested by some that AVR with a small
prosthesis is the equivalent of metely replacing one dis-
ease with another persistent, but non-progtessive type of
aortic stenosis. However, Sim et al. (2) demonstrated
faster resolution of left ventricular hypertrophy (LVH),
a well known risk factor for sudden cardiac death and
catdiovascular morbidity (12) after aottic valve replace-
ment. On the othet hand, it was also found that left
ventticular hypertrophy may not tesolve completely if the
implanted prosthetic valve was small (13). Concerns have
thus been raised regarding the long-term influence of
residual LVH after AVR but the relationship between the
two has not been fully established (14).

The assessment of left ventricular muscle mass is usu-
ally based on echocardiographic and ECG findings. The
ECG findings, however, is prone to be nonspecific as it
may be affected by factors not ditectly reflecting changes
in the left ventricular muscle mass itself such as peri-
cardial effusion ot pericarditis. In the cutrtent paper, a
larger variance in the ECG voltage decrease was expected
in the 21 and 23+mm group compated to the 19 mm
group. However, all three groups showed a similar degree
of variance in the ECG voltage dectease. Change in the
LVMI is a more ditect method of assessing left ventric-
ular muscle mass. Of interest, the LVMI was assessed at
two follow up time points. Namely, in the immediate
postoperative and the late postoperative periods. The 19
mm group failed to show significant regression between
the preopetative and immediate postoperative petiods as
well as the intetval beyond the immediate postoperative
petiod until the late period. The 21 and 23+ groups
however, both showed significant changes in the LVMI
variance between the immediate postoperative period and
the late period. Thus variance in the LVMI decrease
between the immediate and late postoperative petiods
among the three groups was statistically significant (p=
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0.007) because the dectease in the LVMI in the 19 mm
group in this intetval failed to reach statistical signifi-
cance. Thetefore, it is suggested in the data that the 19
mm valve compared to the other two sizes, may result
in significantly less regression in the left ventricular mus-
cle mass.

The measurement of postoperative gradients has long
been used as a tool to assess the adequacy of AVR, and
indexing the valve area with BSA was found to improve
the correlation between valve area and gradient (15).
Gonzalez-Juanatey et al. (16) demonstrated that small
valve size was a risk factor for inadequate LVH regression
and possibly long-term sutrvival. Howevet, their study
was flawed by including three different kinds of pros-
thetic valves (one mechanical and two tissue valves).
Sawant et al. (11), showed satisfactory clinical results
with 19 mm SJM prosthesis irrespective of the BSA.
They concluded that the 19 mm SJM valve was a viable
alternative for valve replacement even in large patients
with a small aortic annulus, dismissing patient-prosthesis
mismatch as a possible risk factor for poor long-term
outcome. Unfortunately, the hemodynamic petformance
of the implanted 19 mm SJM valves or the regtession
of LVMI wete not studied. In out study, valve size was
not found to be an independent risk factor for clinical
detetioration, but the patients with a 19 mm SJM ptos-
theses did show a higher pressute gradient across the
prosthesis and less regression of left ventricular hypert-
trophy. Schaff et al. (17) found 20% LVM regression in
a 46 month follow up of AVR patients with BSA less
than 1.64 m’ using a 19 mm Bjork-Shiley prostheses.
Jin et al. (18) noted 32% to 39% regression of LVM
six months after AVR using stentless potcine or homo-
graft valves but only 16% regression with stented valves.
Our data also showed regtression of just 20% in the 19
mm group, but 32% and 39% LVMI regression at ap-
proximately 10.5 months after AVR in the larger 21 and
23+mm groups, tespectively. The percent regression in
the latter groups were comparable to those of Jin et al.’s
stentless and allograft aortic valves (18). From the mul-
tivariate analysis, the duration of follow up until the late
petiod was found to be the only independent risk factor
for poot LVMI regression on late echocardiography in the
19 mm group. These tesults support the view that a
prosthetic valve with a small valve area may function well
in patients with a small BSA, ie., our 21 mm valve
group with a mean BSA of 1.54 m”. However, the results
of our study which is also supported by Jin et al.’s
findings on their stented valve group (24 mm with BSA
of 1.79 m®) showed that the 19 mm valve will most
likely result in poor LVMI regression.

Calculations of actual valve areas showed a 19 mm
SJM wvalve in a patient with a BSA of 1.7 m’ to have
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an effective orifice area index of 0.75 cm*/m” (19). This
value is well below the transition point of 0.8 to 0.9
em’/m’, described by Dumesnil et al. (15) as the point
in which transvalvular pressute gradients become pro-
hibitively high. Moteovet, an aortic valve area index of
less than 0.75 cm’/m’ is often labeled as severe aortic
stenosis. Therefore, it is difficult to understand how pa-
tients with such small valves can do well clinically when
theit aottic valves atre actually severely stenotic. Rahim-
toola (1) noted that many such patients seemed to do
well. Kratz et al. (20) mentioned that there might be at
least three possible explanations.

The results of our data suggest that although no clin-
ically detectable short-term negative effects were noted
with simple implantation of the largest possible SJM
valve, in those with small valve implants, close observa-
tion is watranted. A small valve with a residual gradient
might adversely affect the incidence of heart failure dut-
ing long-term follow-up. Indeed, comparison of the pre-
operative and late postoperative MSG among the three
study groups showed the 19 mm valve implants to have
the greatest pressure gradient. There was also a clear dif-
ference in the degree of LVMI regression with the size
of valve implants in the current study, which showed the
19 mm valve to result in significantly less regression in
LVMI as compared to the other two larger valve sizes.
Thus annulat enlargement should be undertaken when
the annulus size is diminutive. This is especially impot-
tant in the patient with associated coronary artety disease
(21). Aottic stenosis in an ischemic myocardium may
place the patient in danger of oxygen supply/demand
mismatch with subsequent ventricular arthythmia and
sudden death (22, 23). Consequently, patients with con-
comitant coronary bypass wete excluded from the present
study. This may partially explain the good clinical results
that we expetienced despite the residual transvalvular
pressute gradients actoss the prosthetic valves. Our tre-
sults also showed the 19 mm SJM valve to be unsuitable
for patients even with a mean BSA as small as 1.48 m’,
since similar degrees of LVMI regression as in the 21 and
23+mm groups could not be attained.

The simplest annular enlarging procedute for the small
aortic annulus is a posterior annulus enlarging procedute,
i.e, a modified Nick’s or Manouguian’s procedure (24).
The only possible contraindication to these procedutes is
massive calcification in the non-coronary sinus ot the sut-
rounding aorta. However, no such cases were seen in our
study. Furthermore, it was always possible to avoid annu-
lar enlargement whenever heavy calcification of the aortic
wall was present. Sommers and David (24) demonstrated
the annulus-enlargement procedutes to be safe and accep-
table in tetms of operative mortality and long-term sut-
vival. Carpentier had mentioned that the surgical risk of
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adding an annulus enlarging procedure was negligible
and recommended its use whenever indicated (25).

As our study was retrospectively conducted on a
catefully selected group of patients, the number in each
group was small. Likewise, the follow up duration may
have been inadequate for any meaningful conclusions to
be drawn on the assessment of long-term complications
among the study groups. Nonetheless, the present study
was designed to see the effects of patient-prosthesis mis-
match on the regression of left ventricular hypertrophy,
as left ventricular hypertrophy is known to occur mainly
duting the eatly postoperative period and continue up to
the first six months postoperatively (18). Thetefore, the
patient population was restricted to those with aortic ste-
nosis only, excluding those with any other type of signifi-
cant associated cardiovascular diseases. However, due to
the limited follow-up duration, a conclusive assessment
on the results of LVH regression and clinical correlation
was difficult to make. As a further limitation, echocardio-
graphic studies of the SJM valves were performed only
in the resting state and exercise hemodynamic studies
were not petformed. Therefore, exercise hemodynamic
studies ate cuttently underway in out institution as part
of a long-term study of patients receiving aortic valve
replacement for aortic valve stenosis. In conclusion, this
intermediate-term study provides evidence to suggest
that the 19 mm SJM prosthesis, compated to larger SJM
prostheses, may delay ot hinder the regression of left ven-
tricular hypertrophy. Accordingly, in the patient with
aottic annulus less than 21 mm, we measures to seat lar-
get valves such as annular enlargement is warranted.

REFERENCES

1. Rahimtoola SH. The problem of valve prosthesis-patient mis-
match. Circulation 1978; 58: 20-4.

2. Sim EKW, Orzulak TA, Schaff HV, Shub C. Influence of
prosthesis size on change in left ventricular mass following
aortic valve replacement. Eur J Cardiothorac Surg 1994; 8:
293-7.

3. Arom KV, Nicoloff DM, Kersten TE, Northup WF III,
Lindsay WG, Emery RW. Ten years’ experience with the St.
Jude medical valve prosthesis. Ann Thorac Surg 1989; 47:
831-7.

4. Arom KV, Nicoloff DM, Kersten TE, Northup WF III,
Lindsay WG, Emery RW. Ten years’ experience with the St.
Jude medical valve prosthesis. Ann Thorac Surg 1989; 47:
831-7.

5. Czer LSC, Chaux A, Matloff JM, DeRobertis MA, Nessim SA,
Scarlata D, Khan SS, Kass RM, Tsai TP, Blanche C. Ten-vear
experience with the St. Jude medical valve for primary valve
replacement. J Thorac Cardiovasc Surg 1990; 100: 44-55.

11.

12.

14.

15.

16.

18.

19.

20.

JW. Lee, KJ. Choi, S.G. Lee, ef al.

. Wortham DC, Tri TB, Bowen TE. Hemodynamic evaluation

of the St. Jude medical valve prosthesis in the small aortic
annulus. J Thorac Cardiovasc Surg 1981; 81: 615-20.

. Gray RJ, Chaux A, Matloff, DeRobertis MA, Raymond M,

Stewart M, Yoganathan A. Bileaflet, filting disc and porcine
aortic valve substitutes: in vivo hydrodvnamic characteristics.
J Am Coll Cardiol 1984; 3: 321-7.

. Rashtian MY, Stevenson DM, Allen DT, Yoganathan AP,

Harrison EC, Edmiston WA, Faughan P, Rahimtoola SH. Flow
characteristics of four commonly used mechanical heart
valves. Am J Cardiol 1986; 58: 743-52.

. SPSS Inc. Chicago, IL 1996.
10.

Jaffe WM, Coverdale HA, Roche AH, Whitlock RML, Neutze
IM, Barratt-Boyes BG. Rest and exercise hemodynamics of 20
to 23 mm allograft, Medtronic Intact (porcine), and St. Jude
medical valves in the aortic position. J Thorac Cardiovasc
Surg 1990; 100: 167-74.

Foster AH, Cynthia MT, Greenberg GA, McIntosh CL, Clark
RE. Valve replacement in small aortic roots: serial hemo-
dynamics and long-term clinical outcome. Ann Thorac Surg
1986; 42: 506-16.

Sawant D, Singh AK, Feng WC, Bert AA, Rotenberg F.
Nineteen-millimeter aorfic St. Jude Medic heart valve pros-
thesis: up to sixteen vear’s follow up. Ann Thorac Surg 1997;
63: 964-7.

. Bikkina M, Larson MG, Levy D. Asymptomatic ventricular

arrhythmias and mortality risk in subjects with left ventricular
hypertrophy. J Am Coll Cardiol 1993; 22: 1111-6.
Krayenbuehl H, Hess OM, Monrad S, Schneider J, Mall G,
Turina M. Lefi ventricular myocardial structure in aortic valve
disease before, immediate, and late after aortic valve replace-
ment. Circulation 1989; 79: 744-55.

Christakis GT, Goldman BS. Do small aortic valves influence
long-term survival? Ann Thorac Surg 1997; 63: 933-4.
Dumesnil JG, Honos GN, Lemieux M, Beauchermin J. Valida-
tion and applications of indexed prosthetic valve areas calcu-
lated by Doppler echocardiography. J Am Coll Cardiol 1990;
16: 637-43.

. Gonzalez-Juantey JR, Garcia-Acuna JM, Fernandez MV, Cen-

don AA, Fuentes VC, Garcia-Bengoechea JB, Gil de la Pena
M. Influence of the size of aortic valve prostheses on hemo-
dynamics and change in left ventricular mass: implications for
the surgical management of aortic stenosis. J Thorac Cardio-
vasc Surg 1996; 112: 273-80.

Schaff HV, Borkon AM, Hughes C, Achuff S, Donahoo JS,
Gardener TJ, Watkins L Jr, Gott VL, Morrow AG, Brawley
RK. Clinical and hemodynamic evaluation of the 19 mm Bjork-
Shiley aortic valve prosthesis. Ann Thorac Surg 1981; 32:
50-7.

Jin XY, Zhang 7ZM, Gibson DG, Yacoub MH, Pepper JR.
Effects of valve substitute on changes in left ventricular func-
tion and hypertrophy after aortic valve replacement. Ann
Thorac Surg 1996; 62: 683-90.

Kirklin JW, Barratt-Boyes BG, eds. Cardiac surgery, 2nd ed.



Left Ventricular Mass Regression After AVR

21.

22.

24.

New York: Churchill Livingstone, 1993: 539.

Kratz JM, Sade RM, Crawford FA Jr, Crumbley AJ III, Stroud
MR. The risk of small St. Jude aortic valve prostheses. Ann
Thorac Surg 1994; 57: 1114-9.

He GW, Grunkemeier GL, Gately HL, Fumnary AP, Starr A.
Up 1o thirty-year survival after aortic valve replacement in the
small aortic root. Ann Thorac Surg 1995; 59: 1056-62.

. Alvarez L, Fscudero C, Figuera D, Castillo-Olivares JL.. Late

suddern cardiac death in the follow-up of patients having a
heart valve prosthesis. J Thorac Cardiovasc Surg 1992; 104:
502-10.

Czer LSC, Gray RJ, Stewart ME, De Robertis M, Chaux A,

25.

26.

519

Matloft JM. Reduction in sudden late death by concomitant
revascularization with aorfic valve replacement. J Thorac Car-
diovasc Surg 1988; 95: 390-401.

Sommers KE, David TE. Aortic valve replacement with patch
enlargement of the aortic annulus. Ann Thorac Surg 1997; 63:
1608-12.

Fiore AC, Swartz M, Grunkemeier G, Dressler F, Peigh PS,
Mcbride LR, Kaiser GC, Labovitz AJ, Barer HB. Valve
replacement in the small aortic annulus: prospective random-
ized trial of St. Jude with Medtronic Hall. Eur J Cardio
Thorac Surg 1997; 11: 485-92.



