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Summary

Ozet

This study was designed to examine the effects of pros-
thetic and homograft aortic valves on ventricular hemodynam-
ics and structure, in a comparative manner.

The hemodynamic evaluations were performed in 32 pa-
tients, who had undergone aortic valve replacement with either
a homograft (n=16) or a prosthetic valve (19-23mm, n=16).
Pressure gradient (PG), aortic valve area, diameters of left
atrium, posterior wall (PW), interventricular septum (1VS),
ejection fraction (EF), left ventricular mass (LVM) and mass
index (LVMI) were evaluated by using M-mode, two-dimen-
sional and Doppler echocardiography examinations.

Although LVM and LVMI measurements of both groups
had showed significant reductions postoperatively (p<0.001)
there was a significant difference favoring homograft group in

comparison of two groups (p<0.05). IVS and PW diameters of

homograft group reduced significantly at postoperative period
(p<0.05) and the difference between two groups was also sig-
nijicant (p<0.01). The improvement in EF of homograft group
was significant (p<0.05).

The more favorable results of LVM, LVMI, PG, IVS, and
PW thicbiess measurements in homograft group suggest that
homograft valves in aortic position have better hemodynamic
effects on ventricular performances than the prosthetic ones.
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The degree of improvement in left ventricular
(LV) structure and function after aortic valve re-
placement (AVR) is closely related to stage and

Received: 10.12.1999

Correspondence: Fatih ISLAMOGLU
Dept. of Cardiovascular Surgery,
Medical School of Ege University,
35100 Izmir, TURKEY

T KlinJMed Res 2000, 18

Bu ¢alisma protez ve homogreft aortik kapaklarin ven-
trikiil hemodinamisi ve yapisi iizerine olan etkilerini karsilagtir-
mali  bir sekilde degerlendirmek amaciyla yapilmistir.

Hemodinamik degerlendirmeler esit sayida hasta igeren
homogreft ya da mekanik aortik kapak replasmam (19-23 mm)
uygulanmus iki gruptan olusan 32 hasta iizerinde yapimistir. M-
mode, iki boyutlu ve Doppler ekokardiyografi kullanilarak
basing gradiyenti, aortik kapak alani, sol atrium ¢api, arka du-
var kalinligi, ventrikiiller arasi septum kalinligi, ejeksiyon frak-
siyonu, sol ventrikiil kitlesi ve kitle indeksleri hesaplanmugstir.

Her iki grubun sol ventrikiil kitle ve kitle indeksleri post-
operatifdonemde anlamli derecede azaldiysa da (p<0.001), iki
grubun karsilastiriimasinda bu azalmanin homogreft grubun-
da daha anlamli oldugu bulunmustur (p<0.05). Homogreft
grubunun ventrikiiller arasi septum ve arka duvar ¢aplarinda
dapostoperatif donemde azalma olmus (p<0.05) ve bu azalma
mekanik protez grubuna kiyasla anlamli  bulunmustur
(p<0.01). Ejeksiyon fraksiyonunduk! gelisme homogreft
grubunda daha beliigindir (p<0.05).

Homogreft grubunun sol ventrikiil kitle ve kitle indeksi,
ventrikiiller arasi septum veposterior duvar kalinliklari ile ejek-
siyon fraksiyonu olgtimlerindeki iistiin performansi, aort kapak
replasmaninda homogreft kapaklarin mekanik protezlere gore
daha iyi hemodinamik etkilere sahip olduklarint gostermektedir.

Anahtar Kelimeler: Ekokardiyografi, Homogreft,
Aortik kapak replasmam
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type of secondary cardiomyopathy at the operation,
intraoperative myocardial damage, preoperative
etiology of valvular insufficiency or stenosis, and
type of valve prosthesis which is always a debated
matter.

Ifthe aortic stenosis is the dominant lesion, the
functional response of LV might be faster than the
morphologic changes of'it. Left ventricular end di-
astolic (LVEDV) and end systolic volume
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(LVESV) levels fall and ejection fraction (EF) in-
creases significantly within 6 months after the AVR
(1). The LV systolic function indices return to nor-
mal or supranormal levels in most of the patients.
There are similar but somewhat less improvements
of EF, LVEDV, and LVESYV indices after the AVR,
in patients with dominant aortic regurgitation.
However, 60% of such patients with preoperative
dysfunction remain as having dysfunction at post-
operative term.

The pressure gradient between the LV and aor-
ta was detected as minimal after the homograft
AV R and more considerable after the mechanic or
biologic prosthesis valve replacement (2). Type of
prosthesis, the compatibility of native annulus with
prosthesis size, cardiac output in rest or exercise,
the evolving process around or within the prosthe-
sis, all effect the degree of pressure gradient.
Almost all mechanic and biologic prostheses small-
er than 23 mm in size are obstructive when the car-
diac output (CO) increases, whereas ones greater
than 21 mm can provide adequate performance in
most of adult patients. However, some 19 mm in
size prostheses can be used safely in patients hav-
ing smaller BS A, due to their relatively low CO
levels (3).

The selection of a prosthesis with favorable he-
modynamic features is an important matter for car-
diovascular surgeons. Especially, the replacement of
small prosthetic valves in aortic position has a con-
siderable risk of transaortic valvular pressure gradi-
ent (4). The use of homographs with previously
proved better clinical results, and without any
complication of thromboembolism, hemorrhage,
and sudden death, has gained a recent revival of in-
terest by the advent of cryopreservation technique.

The purpose of this study was to compare the
hemodynamic effects of homograft and various
prosthetic valves, irrespective for its types, in
somewhat small aortic annuli. Different prosthetic
valve types were studied rather than one, to con-
clude a common concept regarding some current
prosthetic valves.

Materials and Methods

Thirty-two patients who had undergone aortic
valve replacement between 1991 and 1998 were
hemodynamically evaluated. Patients were allocat-
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ed into two groups who received either a homograft
(n=16) or prosthetic (n=16) valve. In selection of
patients, prosthesis sizes of prosthetic group
matched and comparable to those of homograft
group were taken into account. The patients with
preoperatively diagnosed renal failure, diabetes,
hypertension, evidence of ongoing ischemia (angi-
na and ST changes), taking antiarrhythmic therapy,
undergoing reoperation or emergent operation were
excluded. There was no concomitant surgery such
as coronary artery bypass (C A BG) or another valve
replacement. The preoperative aortic lesions ofho-
mograft group were aortic regurgitation in
11(68.8%), and combined aortic stenosis and regur-
gitation in 5 (31.3%) patients, whereas the preoper-
ative lesions of prosthetic group were isolated aor-
tic regurgitation in 6 (37.5%), and combined aortic
stenosis and regurgitation in 10 (62.5%) patients.
There were 7 (43.8%) women and 9 (56.3%) men
in each group. The following homograft valve sizes
were replaced: 19 mm (n=2), 21 mm (n=10), 23
mm (n=4), being the mean valve size as 21+0.6
mm. The sizes and types of replaced prosthetic
valves were: 19 mm St. Jude Medical (SIM)
Hemodynamic Plus (HP) (n=2), 21 mm SJM-HP
(n=2), 21 mm SJM (n=5), 21 mm Sorin Biomedica
(1=2), 23 mm SJM (n=2), 23 mm Sorin Biomedica
(n=2), 23 mm Dura Medics(n=1) and the mean size
was 21+l.1lmm.

There were 1 and 2 patients in atrial fibrillation
in homograft and prosthetic groups, respectively at
preoperative period, however, all patients returned
to normal sinus rhythm postoperatively. There was
not any significant difference between two groups
regarding preoperative lesion, age, sex, and body
surface area (BSA). The operative and demograph-
ic data of patients are shown in Table 1.

The work was approved by ethic committee of
this hospital and informed consents were obtained
from all patients. A1l operations were performed
through median sternotomy incision. The mem-
brane oxygenator was primed with 2 L of lactated
Ringer's solution. CPB was established via stan-
dard aortic and single venous cannulation. During
bypass the hematocrit was maintained between
20% and 25%, nonpulsatile pump flow between 2.0
and 2.5 L/min/m’ and mean arterial pressures
between 50 and 65 mmHg. After the aortic cross-
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Table 1. Basic operative and demografic data of the patients. (AR: aortic regurgitation, A S: aortic stenosis,
cp: standard deviation, BS A: body surface area, CPB: cardiopulmonary bypass time, X Clamp: cross

clamping time.)

Homograft Prosthetic
n % n % P
Sex *
Female 7 43.8 7 43.8
Male 9 56.3 9 56.3 NS
Disease
AR 11 68.8 37.5
AR+AS 5 31.3 10 62.5 NS
Mean+=SD Mean+SD P
BSA (m) 1.73 £0.15 181 £0.12 NS
Age (year) 39.34 + 13.19 45.09 + 10.21 NS
CPB (min) 170.94+25.38 86.94 + 15.08 <0.01
X Clamp (min) 14221 + 1941 69.38 + 12.15 <0.01
Hospitalization(day) 11.25 £5.09 6.52+ 4.34 NS
Follow up (month) 30.07+26.37 24.10+15.84 NS

clamping, all patients received intermittent, mode-
rately hypothermic blood cardioplegia. Topical hy-
pothermia was also used in all operations. Body
temperature was maintained between 28 and 30°C
during CPB. Any cell-saver application was not
needed along the course of study.

Homograft valves were obtained with in-
formed consent from the families of donors and
prepared, thawed and preserved according to proto-
col of Royal Brompton Hospital. The homograft
valve replacement was performed by subcoronary
implantation technique in all patients but one for
whom mini-root replacement was applied because
of endocarditis. Standard surgical technique was
used for all prosthetic aortic valve replacements
and no patient had annular enlargement. The mean
cardiopulmonary bypass (CPB) and aortic cross
clamping (X-clamp) times of homograft group
were significantly longer than those of prosthetic
group. The mean postoperative hospitalization pe-
riods of both groups were similar. Although the in-
terval between operation and follow -up echocar-
diographic evaluation of homograft group
(30.07+26.37 months) was longer than that of pros-
thetic group (24.10+15.84 months) the difference
was not statistically significant.

Both preoperative and follow-up transthoracic
echocardiographic evaluations were performed us-
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ing a Hewlett-Packard Sonos ultrasound imaging
system (Hewlett-Packard Company, Palo Alto, CA)
with a 2/2.75 MHZ phased array transducer. A1l
measurements were performed as M-mode and 2-
D, and Doppler echocardiography based on stan-
dard calculations established by American Society
of Echocardiography (5, 6).

Aortic valve area (AVA=EOA) was calculated
by the continuity equation as Gorlin formula of
echocardiography, by the simplified peak velocity
method as AVA=CSA(PkV,,0./PkV,,T) (5). It is
based on equality of in and out flows (F1=F2).

The modified Bernoulli equation was used to
calculate the transaortic pressure gradients:
AP=4(V.,) (5, 6).

Left ventricular end diastolic (LVEDd) and
end systolic diameter (LVEDs), left atrium diame-
ter (LAD), interventricular septum thickness (IVS),
posterior wall thickness (PW), aortic root diameter,
ejection fraction (EF) measurements were per-
formed both preoperatively and postoperatively.

Left ventricular mass (LVM), and mass index
(LVMI) were calculated by formulas of Devereux and
Reichek: LVM (g/=i.04 ([ LVID+PWT+IVST]3-LVID3)'0.8+0.6

LVMI=LVM / BSA gm2 (7).

Aortic regurgitation was classified by a pro-
portional index to diameter of left ventricular out-
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flow tract (LVOT): < 25%: mild (1°), 25% to 46%:
moderate (2°), 47% to 64%: moderate to severe
(3°), > 65%: severe (4°) (8).

Statistical analyses were performed by
SPSS/PC+ (ver 5.01) computer program. The prob-
ability (p) less than 0.05 was considered signifi-
cant. The mean and standard error of mean values
of all parameters were calculated and indicated.
The consistency of proportional data was deter-
mined through chi-square test, corrected for conti-
nuity by "Fisher's Exact Test". "Mann Whitney U
Test" and "The Wilcoxon Matched Pair Signed
Rank Sum Test" were performed to compare the
mean values of groups and to compare the differ-
ences between preoperative and postoperative val-
ues of parameters in each group. "The Spearman
Correlation Analysis" was performed to evaluate
the relation among variables.

Results

There was not any mortality or significant
morbidity in both groups.All patients were in N'Y -
HA class I and symptom free at the follow up.

ECHOCARDIOGRAPHIC EVALUATION OF HOMOGRAFT AND PROSTHETIC VALVES IN THE AORTIC POSITION

Echocardiographic Evaluations

There was no statistical difference regarding
all echocardiographic examinations between corre-
sponding sizes of different prosthetic valve types
(p>0.05, paired t test).

The LVEDd, LVEDs, LVM and LVMJ meas-
urements of both groups showed significant reduc-
tions postoperatively (pO.0OOIl). Moreover, the re-
ductions in LVM (247.3+£76.7 g versus
330.51+103.0g) andLVMI (144.8+40.9g/m’ versus
179.74£50.9 g/m’) values of homograft group were
more significant than those of prosthetic group
(p<0.05) (Table 2 and Figure 1).

There was not any significant difference in
L AD measurements of both groups. Likewise,
heart rates (beats/min) of both groups were similar
(85.75£11.85 and 83.44+16.80 for homograft and
prosthetic groups, respectively).

The IVS thickness (1.20+0.29 mm preopera-
tive” versus 1.09+0.2 mm postoperatively,
p<0.05), PW thickness (1.18+0.29 mm preopera-
tive” versus 1.084+0.16 mm postoperatively,
p<0.05), and aortic root diameters (3.26+0.58 mm

Table 2. The preoperative and postoperative hemodynamic variables of patients at rest. The mean and stan-
dard error of mean (SEM) values of parameters were indicated. (Preop: preoperative, Postop: postoperative
follow up, LVEDd: left ventricular diastolic diameter-cm, LVEDS: left ventricular systolic diameter-cm,
L AD: left atrium diameter-cm, IVS: interventricular septum thickness-cm, PW: posterior wall thickness,
Max. PG: maximum transaortic valve pressure gradient-mm Hg, LVM: left ventricular mass-g, LVMI: left
ventricular mass index-g/m’, AR : aortic regurgitation, Acc: MR : accompanying mitral regurgitation, HR:

heart rate-beats/min)

Homograft Prosthetic Intergroup p

Preop. Postop. P Preop. Postop P Preop. Postop.
LVEDd 5.58+0.84 4.63+ 0.50 <0.001 6.56+ 848 528+ 1.84 <0.001 NS NS
LVEDs 3.86+ 0.96 3.08+0.50 <0.001 6.00+ 111 4.81+ 0.70 <0.001 NS NS
LAD 3.70+ 0.75 3.65+0.75 NS 4.47+ 161 4.44+ 0.73 NS NS NS
VS 120+ 0.29 1.09+ 0.20 <0.05 0.24 131+ 021 NS NS <0.01
PW 1.18+0.29 1.08+0.16 <0.05 1.26+0.18 125+ 0.15 NS NS <0.01
Aortic root 3.26+ 0.58 2.99+ 043 <0.05 3.64+0.54 3.71+0.56 NS NS <0.001
Max. PG 27.3+ 148 15.0+£ 9.7 NS 46.4+ 429 17.06+7.22 0.05 NS NS
Mean PG 12.3+ 9.7 6.9+ 6.03 NS 18.6 791+ 534 <0.05 NS NS
EF 52.8+ 55 56.1+5.1 <0.05 56.3+ 10.5 56.87+ 5.02 NS NS NS
LVM 386.3+ 1614 247.3+ 76.7 <0.001 476.9+ 167.6 330.51+ 103.0 <0.001 NS <0.05
LVMI 226.5+ 160.2 144.9* 40.6 <0.001 260.3+ 87.9 197 50.9 <0.001 NS <0.05
AR 3.13+ 0.50 0.81+ 111 <0.001 2.94+0.93 0.25+ 024 <0.001 NS NS
Acc. MR 0.94+ 1.06 031+ 0.60 <0.05 1.00+ 0.73 0.38+ 0.62 <0.01 NS NS
HR 89.94+ 15.26 85.75+ 11.85 NS 85.00+11.85 83.44+ 16.80 NS NS NS
38 T KlinJMed Res 2000, 18
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Figure 1. Alterations in echocardiographic parameters showing significant intergroup differences.(Preop: preoperative, Postop:
postoperative, LVM: left ventricular mass-g, LVMI: left ventricular mass index-g/m’, IVS: interventricular septum-cm, PW: poste-

rior wall-cm.)

preoperatively versus 2.99+0.43 mm postoperative-
ly, p<0.05) of homograft group were showed sig-
nificant reductions with significant improvements
in EF measurements (52.8%=+5.5% preoperatively
versus 56.1%=5.1% postoperatively, p<0.05) at
postoperative follow up , whereas prosthetic group
did not show such important changes (Table 2 and
Figure 1).

The observed reductions in maximum systolic
transvalvular pressure gradient (27.3+14.8mm Hg
versus 15.0£9.7mm Hg) and in mean systolic pres-
sure gradient (12.3+£9.7 mm Hg versus
6.9+6.03mm Hg), of homograft group were not sta-
tistically significant, whereas those of prosthetic
group (46.4+42.90 mm Hg preoperatively versus
17.06+7.22 mm Hg postoperatively; p<0.05 and
27.9+18.6 mm Hg preoperatively versus 7.91+5.34
mm Hg postoperatively; p<0.05 as maximum and
mean PGs, respectively) were significant (Table 2).
However, mean PGs of both groups were similar
(6.9+6.03mmHg versus 7.91+5.34mmHg).

There were no significant intergroup differ-
ences in cardiac index (CI) (2.71+1.54 L. min-1.m-
2 and 2.58+1.49 L.min-1.m-2 for homograft and
prosthetic groups, respectively) Likewise, cardiac
output (CO) measurements were similar (4.59+2.66

T Klin J Med Res 2000, 18

L.min-1 and 4.73+2.70L.min-1 for homograft and
prosthetic groups, respectively).

Mean AV A measurements of both groups did
not show a significant difference (2.0+0.74cm2 and
1.92+1.07 cm2 for homograft and prosthetic
groups, respectively).

Although the mean degree of aortic regurgita-
tion reduced significantly at follow up in compari-
son with preoperative values, and trivial aortic re-
gurgitation was detected in both homograft
(3.13+0.50 versus 0.81+1.11, pO.001) and pros-
thetic group (2.94+0.93 versus 0.25+0.24,
p<0.001), there was not any significant difference
between two groups (Table 2).

We also detected the degree of concomitant
mitral regurgitation of both groups reduced signifi-
cantly at follow up (0.94+1.06 versus 0.31+0.60 at
follow up; p<0.05 and 1.00+0.73 versus 0.38+0.62
at follow up; p<0.02 for homograft and prosthetic
groups, respectively). However, intergroup differ-
ence was not significant (Table 2).

Discussion

Because of its clearly demonstrated superiori-
ties, such as excellent hemodynamic performance
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without thromboembolic complications and longer
durability, cryopreserved homograft valve replace-
ment has gained widespread acceptance (4). In this
echocardiographic comparative study, we investi-
gated whether the homograft valves had more fa-
vorable effects than the mechanic prosthetic ones in
somewhat small aortic annuli. Since it was indicat-
ed by former trials (9, 11) that there was an obvious
improvement in left ventricular performance with
reversal of hypertrophy commencing six month af-
ter the surgery, the follow up echocardiographic
evaluations were performed up to six years but not
earlier than six-month.

Aortic valve disease lead left ventricular hy-
pertrophy through both volume load and pressure
gradient. The proper and early operative manage-
ment of disease enable to reverse the increase in
ventricular mass after aortic valve replacement (10,
11). Krayenbuehl and colleagues showed that the
decrease of muscle mass at the intermediate time
after valve replacement is mediated by regression
of myocardial cellular hypertrophy in patients with
aortic stenosis and aortic insufficiency, and in addi-
tion by a decrease of fibrous content in patients
with aortic insufficiency. Late after surgery, left
ventricular fibrous content also decreases in pa-
tients with aortic stenosis (11). A similar reduction
in ventricular mass and mass indices occurred in
both homograft and prosthetic valve replaced
groups was demonstrated in this study, also (Table
1). However, the mean reduction in both ventricu-
lar mass and mass indices of homograft group was
more significant than that of prosthetic group. This
conclusion suggests that homograft valves have
more favorable effects on ventricular hypertrophy
than the prosthetic ones.

Bonow and coworkers demonstrated that there
was a progressive decrease in LVEDd measure-
ments from postoperative 2nd week up to 6 to 8th
months (12). Our echocardiographic evaluations al-
so showed significant decreases of LVEDd and
LVEDs measurements of both groups, however,
there was not any significant difference between
two groups. Moreover a significant regression in
thicknesses of IVS and PW subsequent to aortic
valve replacement was also indicated some former
studies (13, 14). However, in our study only homo-
graft group showed such desired reversal in consid-
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erable amounts at postoperative follow up, whereas
prosthetic group did not and the postoperative in-
tergroup difference was significant, favoring homo-
graft group.

Morris and colleagues demonstrated that the
aortic valve replacement improved significantly the
ejection fraction, and also asserted that the better
the preoperative ejection fraction of patients, the
longer the postoperative survival (15). Kennedy
and colleagues suggested that there was an im-
provement of ejection fraction in patients with pre-
operative” low ejection fraction, but not in patients
with normal ejection fraction (16). Although there
was not a significant intergroup difference at follow
up, we observed that the postoperative improve-
ment in ejection fraction of homograft group in
comparison with preoperative one was more signif-
icant than that of prosthetic group. However, pre-
operative relatively lower ejection fraction of ho-
mograft group must be considered in interpretation
of this result, as indicated by Kennedy and col-
leagues.

Some authors found that no pressure gradient
through the homograft valve exists at rest at post-
operative period (2, 17), whereas a pressure gradi-
ent, somewhat trivial, changing between 1.5 to 4.2
mm Hg was remained after mechanic valve opera-
tions (18). In our study both groups had similar
pressure gradients after the operation (6.9+6.03
mm Hg and 7.91+5.34 mm Hg for homograft and
prosthetic groups, respectively). However, only
prosthetic group showed significant reduction of
pressure gradient at postoperative period in com-
parison with preoperative values that were higher
than those of homograft group. Because of lacking
of a significant intergroup difference, this result
could not be interpreted as superiority of prosthetic
valves.

The results of former studies regarding pres-
sure gradients of homograft valves were in a wide
range, between 0 and 10 mm Hg. Using Doppler
echocardiography, Jaffe and colleagues (2) reported
that the mean pressure gradient for homograft
valves was 5.9 to 6.7 mm Hg at rest and 8.1 to 9.7
mm Hg during exercise. Using cardiac catheteriza-
tion, Hasegawa and colleagues (18) demonstrated
that the mean pressure gradient for homograft
valves was 0+0 mm Hg at rest and 0.5+2.0 mm Hg

TKlin J Med Res 2000, ;8
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during exercise by the pressure manometer method.
Detailed comparison of last two studies was con-
sidered as difficult, because the interpretation ofre-
sults of two different techniques might also be dif-
ferent. The mean pressure gradient was higher for
prosthetic valves than for homograft valves
(14.94+6.22 mm Hg versus 7.29+3.22 mm Hg).
Hasegawa and colleagues were also found that the
mean pressure gradient of small sized (<23 mm)
Bicer (9.5+7.6 mm Hg) and SIM (6.2+4.2 mm Hg)
valves was higher than that of homograft valves
(0£0 mm Hg)(18).

There were no significant intergroup diffe-
rences in heart rate, cardiac output, cardiac index as
compatible with results of other studies (18).

Our study suggests that homograft valves in
aortic position have better hemodynamic effects on
ventricular performances than the prosthetic ones,
irrespective for prosthesis type, especially in pa-
tients with small aortic annuli.
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