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Abstract:
BACKGROUND: Heart valve diseases are considered a com-

mon disease in human and animals, and valve replacement is 
an option for treatment of valvular diseases. OBJECTIVES: In 
this study efficacy of a tissue engineered valve in thoracic aorta 
was evaluated with transthoracic echocardiography. METHODS: 
This study was undertaken on 6 male sheep. Echocardiogra-
phy was performed on all sheep 24 hours before surgery and 
repeated  24 hours (D1), 2 weeks (W2) and 4 weeks (W4) af-
ter surgery. Right parasternal long axis view of left ventricular 
outflow tract (LVOT) was used to assess hemodynamic across 
new valve. RESULTS: Velocity time integral (VTI) significantly 
decreased from 18.98±2.88 before surgery to 12.55±2.48 one 
day after surgery (D1) (p<0.05). Mean Velocity (Vmean) de-
creased significantly from 52.56±12.01 to 39.72±12.30 at D1 
(p<0.05). But maximum velocity (Vmax) was constant during 
study. There was not any statistical difference between mean 
Pressure gradient (Pgmean) or maximum pressure gradient 
(Pgmax) in comparison with pre-surgery and D1, W2 and W4. 
At D1, W2 and W4, time to peak (TTP) differed significantly 
from previous time. CONCLUSIONS: Our results demonstrated 
that this tissue engineered aortic valve (TEAV) could change 
some hemodynamic parameters, but heart could compensate 
some of them. Valve movement remained normal but the ma-
jor complication was aneurism which seems to be the result of 
poor scaffold.
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Introduction

Prosthetic valve (PV) replacement is a com-
mon procedure in patients with cardiac valve 
dysfunction. Valvular replacement is the most 
prevalent method of treating advanced cardiac 
valves dysfunction. Over 80 models of pros-

thetic valves have been introduced and ap-
plied since 1950 (Cebotari et al. 2002). PVs 
are mainly mechanical or bioprosthetic. Me-
chanical valves are the oldest and long-last-
ing prosthetic valves. Biological prostheses 
span a range from porcine or bovine trileaflet 
valves and homografts (processed human ca-
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daveric valves (Tobias and Frank 2010). One 
of the main concerns about prosthetic valve 
dysfunction is their life threatening potential. 
Transthoracic echocardiography (TTE) is a 
noninvasive diagnostic method for PVs evalu-
ation. The accuracy, noninvasive nature, broad 
availability, and absence of exposure to ion-
izing radiation have established echocardiog-
raphy/Doppler as the standard for the clinical 
assessment of heart valve function (Bonow 
et al. 2006; Vahanian et al. 2012) including 
the assessment of hemodynamics after aortic 
valve replacement (Bach 2010). This enables 
immediate evaluation of replaced valve soon 
after surgery and provides critical and specific 
information about hemodynamic status of the 
valves. Color Doppler and spectral Doppler 
are the main echocardiographic procedures 
for hemodynamic assessment. Flow veloci-
ties across PVs and peak and mean gradients 
should be assessed by continuous wave Dop-
pler (CWD) as in a native valve (Tobias and 
Frank 2010). PVs may cause obstruction, es-
pecially in patient-prosthetic mismatch which 
will cause functional obstruction despite its 
good mechanical performance (Rahimtoola 
1978). Regurgitation is another complication 
after PVs replacement which is often difficult 
to assess particularly in mechanical prosthetics 
(Tobias and Frank 2010).

The purpose of this study was TTE evalua-
tion of tissue engineered aortic valve (TEAV) 
placed in thoracic aorta of sheep model and 
assessment of post-operative hemodynamic 
values TEAV.

Materials and Methods

All of the procedures were performed in 
Critical Care Center of Experimental Medicine 
Institute of University of Tehran and approved 
by Research Council of Veterinary Faculty. 

Animals: This study was undertaken on 6 
male sheep between 45-55 kg in weight and 
2-3 years of age. All sheep were considered 

normal on clinical examination. 
Echocardiography: Echocardiography was 

performed 24 hours before surgery. Sheep were 
prepared for echocardiography by clipping the 
region between 3rd and 5th intercostal spaces, 
washing with surgical spirit and covering the 
clipped area with acoustic coupling gel. Echo-
cardiography was done in standing position. 
For aortic valve evaluation echocardiography 
(Micro Maxx: SonoSite Inc, Bothell, WA, 
USA with a phase array transducer 1-5 MHz). 
was  performed from right parasternal window 
and  left ventricular outflow tract (LVOT) view 
was used for assessment of both native aortic 
valve and TEAV. To evaluate hemodynamic 
status, color Doppler and pulse wave Doppler 
were used. Gate was placed distal to the na-
tive valve and TEAV. Echocardiography was 
repeated using the same procedure at 24 hours, 
2 and 4 weeks after surgery. Echocardiograph 
machine  with a phase array transducer (1-5 
MHz) was used. Velocity time integral (VTI), 
time to peak (TTP), mean and maximum ve-
locity (V¬mean¬ and V¬max) and mean and 
maximum pressure gradient (PGmean and PG-
max) were measured and data was compared 
statistically at the four mentioned times. 

Statistical analysis. Repeated measures 
analysis and paired t test with 95% Confidence 
Interval were done by General Linear Model 
(GLM) procedure of the SPSS version 16.0. 
Data was expressed as Mean ± SE. A P-value 
of less than 0.05 was considered statistically 
significant.

Results

VTI significantly decreased from 
18.98±2.88cm before surgery to 12.55±2.48cm 
one day after surgery (D1) (p<0.05). Two 
weeks after surgery (W2) this value increased 
and again 4 weeks after surgery (W4) de-
creased  none of which was statistically signif-
icant (Table1).

The mean value of Vmax was constant 
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during the study and there were no significant 
changes at D1, W2 and W4 in comparison 
with previous time and pre-surgery. Vmean 
decreased significantly from 52.56±12.01cm/s 

to 39.72±12.30cm/s at D1 (p<0.05). At 
W2 and W4 the Vmean value increased to 
41.26±8.78cm/s and 52.26±4.40cm/s respec-
tively, that was not significantly different from 

Mokhber Dezfouli, M.R.

Figure 1. Collor (left) and spectral (right) Doppler of native aortic valve.

Figure 2. Tissue engineered aortic valve placed in thoracic aorta (arrow). A) Native valve B) Tissue engineered valve.

Figure 3. Aneurism 2 weeks after surgery in graft (arrow). Figure 4. Aneurism 2 weeks after surgery in our graft which is 
shown on CT angiograph (arrow).
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pre-surgery time and their previous time.
PGmax had a decreasing trend, but there 

were not any statistical differences between 
specific times. PGmean had the same pattern 
as PGmax but at W4 its value increased from 
0.84±0.28mmHg at W2 to 1.12±0.17mmHg 
which was not significant.

At D1, W2 and W4 TTP differed sig-
nificantly from previous time. The value 
increased from 195.40±58.73ms (pre-sur-
gery) to 431±32.57ms (D1) and decreased to 
128±28.53ms at W2, it increased significant-
ly again to 138±37.07ms at W4. Just at D1 
was the TTP value  significantly higher than 
pre-surgery time.

Color Doppler finding was normal in our 
study and there was not any stenosis or regur-
gitation along any valves (Figure 1). Valves 
movement was normal and their morphology 
was maintained during the study (Figure 2),the 
only abnormal finding was aneurism in our 
graft; After 2 weeks 3 sheep and after 4 weeks 
another 2 sheep showed aneurism in acellular 
grafts (Figure 3). Finally CT angiography was 
done to evaluate the aneurism (Figure 4).

Discussion

Previous studies focused on echocardio-
graphic assessment of mechanical prosthetic 
valves (Vitarelli et al. 2004; Sadoshima et al. 
1992) This study is the first one in veterinary 
medicine that has tried to evaluate the efficacy 
of TEAV placed in thoracic aorta. The aim of 
this case control study was evaluation of spec-

tral Doppler parameters to determine the prac-
ticality of this type of valve. 

The early postoperative echocardiography 
is important in predicting the late outcomes 
(Corti et al, 2001). During the first week and 
months of valve replacement significant re-
duction of left ventricular size and myocardial 
function improvement appears (Gaasch et al. 
1983; Fioretti et al. 1985). The general princi-
ples for evaluating the prosthetic valve func-
tion are similar to those of native valve steno-
sis (Parnell and Swanevelder 2009; Quiñones 
et al. 2002). The best parameter for assessment 
of AV hemodynamic is transvalvular gradient 
(Bach 2010). Increase in gradient across the 
replaced valve represents valvular stenosis 
and, according to Bernoulli equation, pressure 
gradient is in relation to velocity. So, when a 
constant volume of blood flows through a nar-
rowed valve its velocity must increase, and in-
creasing pressure gradient is  expected.
Bernoulli equation: ΔP=P1-P2=4 (V_2^2-V_1^2)

The greater the obstruction the greater the 
pressure difference between chamber and re-
ceiving vessel and also the greater the veloc-
ity. The peak difference between pressures is 
the maximum gradient, and average difference 
over the duration of flow is the mean gradient.  
Gorlin equation PG and valve area have a re-
lationship. For constant valve orifice area, PG 
increases in high flow state like pain, anxiety, 
fever or anemia (Bach 2010) and decreases in 
low flow state, like dehydration. Systemic hy-
pertension in patient with aortic stenosis may 
lead to decreasing left ventricle output follow-

Doppler echocardiographic findings in tissue Mokhber Dezfouli, M.R.

Table 1-Hemodynamic parameters before surgery, one day (D1), 2 weeks (W2) and 4 weeks (W4), after surgery. Data are shown 
as mean ±  SE. § p<0.05 versus pre-surgery values. ‡ p<0.05 versus previous time. VTI, velocity time integral; Vmax, maximum 
velocity; Vmean, mean velocity; PGmax, maximum pressure gradient; PGmean, mean pressure gradient; TTP, time to peak.

Before D1 W2 W4
VTI (cm) 18.98±2.88 12.55±2.48 § ‡ 16.23±3.60 14.50±2.30

Vmax (cm/s) 103.56±11.80 98.02±14.71 94.46±12.07 100.12±5.58
PGmax (mmHg) 4.20±1.16 4.19±1.40 3.96±0.84 3.57±0.16

Vmean (cm/s) 52.56±12.01 39.72±12.30 § ‡ 41.26±8.78 52.26±4.40
PGmean (mmHg) 1.19±0.67 0.87±0.52 0.84±0.28 1.12±0.17

TTP (ms) 195.40±58.73 431±32.57 § ‡ 128±28.53 ‡ 138±37.07 ‡
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ing reduction in transvalvular PG (Little et al. 
2007; Bermejo 2005). 

Gorlin equation:   Aortic valve area= (car-
diac output)/(systolic ejection period ×Heart 
rate×44.3√(mean gradient))

PGmax is less reliable in comparison with 
PGmean because it is highly dependent on 
left ventricle contractility and transvalvular 
flow. Severe aortic stenosis in a native valve 
is defined as flow velocity more than 4.5 m/
sec, PGmean more than 50 mmHg and PGmax 
more than 80mmHg. However, in newly im-
planted prosthetic valve Vmax, PGmean and 
PGmax more than 3.5 m/sec, 30mmHg and 50 
mmHg respectively would be considered sig-
nificant (Parnell and Swanevelder 2009).

The aortic VTI is an echocardiographic 
tool used to estimate cardiac output (Pees et 
al. 2013) and is independent of body surface 
area, inversely related to heart rate and not sex 
related (Evangelista et al. 1996). VTI is direct-
ly proportional to stroke volume (Darke 1992, 
Hatle 1985) and is representative of the dis-
tance a volume of blood travels through inflow 
or outflow tracts. 

This study showed that TEAV placed in tho-
racic aorta at D1 caused significant reduction 
in VTI and Vmean and increased in TTP. PG-
max and PGmean were not significantly dif-
ferent from pre-surgery values. There was a 
significant difference in TTP at W2 and W4 in 
comparison with their previous time but there 
was not a statistical difference from pre-sur-
gery values.  According to our finding, surgery 
VTI decreased one day after surgery as a re-
sult of new obstacle in flow path, in fact, it was 
an outcome of diminished  velocity, so blood 
traveled a lesser distance in comparison to 
pre-surgery time. But this condition alleviates 
after 2 and 4 weeks, and could be a compen-
satory response of left ventricle by increasing 
contractility. PG was constant during the study, 
meaning  that our TEAV did not cause any ste-
nosis in aorta. TTP increased significantly one 
day after surgery and undoubtedly was a sub-

sequence of new obstacle in thoracic aorta that 
increased time span to reach the peak velocity; 
it decreased after 2 and 4 weeks, which could 
be the result of compensatory response of left 
ventricle by increasing contractility again.

Steinhoff used allogenic acellular valve in 
pulmonary artery of sheep model, the valves 
morphology remained normal in 5 sheep of a 
total 6 sheep, in echocardiography subvalvular 
calcification was seen in all sheep, and pulmo-
nary regurgitation was seen only in one sheep 
(Steinhoff et al. 2000).  

In another study valves produced from ab-
sorbable polymer were placed in 6 lambs. In 
echocardiography all valves were normal and 
there was  no stenosis, thrombosis and aneu-
rism, their movement was normal as well (Ho-
erstrup et al. 2000).

In another research a cellular valve was used 
in sheep model and all echocardiographic find-
ings were normal after 7 and 10 days and 3 
months after surgery (Elkins et al. 2001).

Conclusion: According to the mentioned 
results the TEAV used in this study was func-
tional except aneurism that appeared after two 
weeks, probably it was a result of weak scaf-
fold, and we recommend using a durable scaf-
fold in next study to obtain better results.
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یافته های داپلر اکوکاردیوگرافی داپلر پس از کارگذاری دریچه آئورت مهندسی بافت 
شده، در آئورت پیوند شده در آئورت توراسیک مدل گوسفندی

محمدرضا مخبر دزفولی1، 4 حمید توانایی منش1،4* محمدمهدی دهقان2،4 فرزاد حیاتی2 سیروس صادقیان چالشتری1،4 حسام الدین اکبرین3 پویا پورنقی5

1( گروه بیماریهای داخلی، دانشکده دامپزشکی دانشگاه تهران، تهران، ایران
2( گروه جراحی و رادیولوژی، دانشکده دامپزشکی دانشگاه تهران، تهران، ایران

3( گروه بهداشت و کنترل مواد غذایی، دانشکده دامپزشکی دانشگاه تهران، تهران، ایران
4( پژوهشکده تحقیقات زیست پزشکی، دانشکده دامپزشکی دانشگاه تهران، تهران، ایران

5( گروه زیست شناسی، دانشگاه پیام نور، تهران، ایران

 )  دریافت مقاله: 21 دی ماه 1394،  پذیرش نهایی: 26 اسفند ماه 1394(

 چكیده 
زمینه مطالعه:  بیماریهای دریچه از معمول ترین مشکالت قلبی هستند و پیوند دریچه گزینه اصلی درمان در موارد پیشرفته به 
حساب می آید. هدف: در این مطالعه از دریچه مهندسی بافت شده در آئورت توراسیک استفاده شد و کارایی آن با هدف ارزیابی خواص 
مکانیکی دریچه ها با اکوکاردیوگرافی ارزیابی شدند. روش کار: این مطالعه بر روی شش رأس گوسفند نر انجام شد. اکوکاردیوگرافی 
در همه گوسفندان 24 ساعت قبل از جراحی پیوند دریچه، 24 ساعت بعد )D1(، دو هفته بعد )W2( و چهار هفته بعد )W4( از جراحی 
انجام شد. از نمای طولی بطن چپ در سمت راست بدن برای ارزیابی وضعیت همودینامیک در طول دریچه آئورت استفاده شد. نتایج: 
انتگرال زمان سرعت )VTI( از 2/88±18/98 پیش از جراحی به 2/48±12/55 یک روز پس از جراحی رسید که تفاوت معنی داری را 
نشان داد. سرعت میانگین هم در روز اول کاهش معنی داری نسبت به پیش از جراحی نشان داد. ولی حداکثر سرعت در طول مطالعه 
ثابت باقی ماند. در هیچ زمانی گرادیان فشار تفاوت معنی داری را نشان نداد. نتیجه گیری نهایی: نتایج مطالعه حاضر نشان داد که دریچه 
مهندسی شده در این مطالعه بعضی از فاکتورهای همودینامیک خون را تغییر داد ولی حرکت دریچه طبیعی طبیعی بود و عارضه معمول 

پس از استفاده از این دریچه آنوریسم بود که علت آن اسکافولد ضعیف دریچه بود.
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