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Measurement of Porcine Aortic and Pulmonary Valve Geometry
and Design for implantable Tissue Valve

Sung-joon Park, M:D.*, Yong-Jin Kim, M.D.*; Jinhae Nam, M:D*,
Soo-Hwan Kim, B.S.*, Chang-Ha Lee, M.D*, Hong-Gook: Lim, M.D*

Background: As life expectancy has been increased, the cardiac valve disease has been increased. In past, me-
chanical valve for valve replacement surgery was used widely, but it has many weaknesses, such as hemorrhage,
teratogenic effect caused by warfarin, acute mechanical failure, taking warfarin during life, etc. So, the tissue valve
is used widely and researches for durability of tissue valve are in progress. Tissue valves being used are all im-
ported in Korea, and there is a lack of information on its geometry and design. So, we studied the geometry of
porcine aortic and pulmonary valve, and tried to suggest theoretical basis for making the aortic and pulmonary
valve. Material and Method: We harvested aortic and pulmonary valves of 25 pigs and measured the geometry of
valve at fresh and glutaraldehyde (GA) fixed state. In each group, we measured the diameter of the base, diame-
ter of commissure, valve height, commissural height, etc. Also, for making implantable porcine and bovine peri-
cardial valve, we designed the valve stent form, thickness, height, and leaflet size, form, thickness by different size
of valve. Result: The aortic and pulmonary valve geometry and ratio were measured in each group. The right cor-
onary cusp of aortic valve and right facing cusp of pulmonary valve was bigger than other cusps and non coro-
nary cusp was smaller than others (RCC : NCC : LCC=1:0.88 : 1). Valve height was correlated to the leaflet
size. We designed the outer diameter of stented porcine aortic valve from 19 mm to 33 mm and designed stent
height and width, using previous measured ratio of each structure, stent thickness, working thickness (for making
valve). Also, we designed the size of stent and form for stented bovine pericardial valve, considering diameter of
valve, leaflet length, height and leaflet minimum coaptation area. Conclusion; By measuring of 25 pig’s aortic and
pulmonary valve geometry and ratio, we can make theoretical basis for making implantable stented porcine valve
and bovine pericardial valve in various size. After making implantable valve using these data, it is necessary to do
in vivo-and in. vitro researches, furthermore.

(Korean J Thorac Cardiovasc Surg 2010;43:602-613)

Key words: 1. Tissue engineering
2. Valve
3. Design

Aoty F-el T
Department of Thoracic and Cardiovascular Surgery, Seoul National University Hospital
S RAAEER F3e) 3
Department of Thoracic and Cardiovascular Surgery, Sejong General Hospital, Sejong Heart Institute
=AY 120109 6% 1Y, =AY 201049 119 169, AAEFHY - 20104 119 169
APAL LA (110-744) *1?*] FTEA A F 28WA, A gty FHlH
(Tel) 02-2072-3638, (Fax) 02-745-5209, E-mail: kyj@plaza.snu.ac.kr
o= AR g AR AHERES Ul el 9k
@ This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (hitp://creative-

commons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

— 602 —



OB A FEE & e, 71A e FA VA 2

o FY 2 $AFo] Hauw g1 2Aete) &
wel 71Al kol uls) g wel YA, 717

LB

Hlg g oz dgaAE 7 HEsls Al 3

)
E1-S
2
=2
i
r o)
o
¥ o
ofN
N
N
¢
o,
K
X0,
M
o
oS
e
2
4
N
XL
2
O%

p B
werE A7 WA e Al Y,

2 sukel] gk Qdtrt wlwlgk A o|c).

A2 Agste =27 gehe 24 =iz ) &9 A
= o] &3 AtoF, ofu] Fulo] LA Al o}
2 A& H w7l ¢t} Rakesh So] B nlol oshd F
Aetoll A ghakzk ok ket o A Q) WA (aortic
valve orifice area)oll VAt 27} EAslx|qk, 32 24
FAA A8 E ALV mass regression) B]523F ok
o] A cHel.

olel] & AL 4A 78 F J& A ™ 3
2t HllE W gakat 49 Ahde o)8sted et Aol o

& ATE st shgleh A B Bt 5 B
g ZRebEBOIEGA) 34 A% 17 ¥ 244 A
7, gkl 2 Aol, BEW el Zol, Buiae] Fol, A
A FolE HAstel 4 P2 $H 9 WET AR
speha, of ul &} 49 A, ZHES o fatel 1%
A€ 19 mm¥E 33 mm7bA vhekdt 3719 Behe A%
A7) 9% Eke SR seieh

o, A5 Huel 2, 3394 AsA T
=% FA, HRAE 54 olalstel Bt 4y Al
A%A BTk e ARE F F U8 Ao st

EME Q)
o, S5 Bk S9N S4e B9 A 29
Filled with
GA solution

Valve

Fig. 1. Schematic view of frame for GA fixation.
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Fig. 2. Drawing of the porcine aortic and pulmonary valve (semilunar valve and tubular portions}. (A) Aortic valve. (B) Pulmonary vaive.
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Table 1. Dimensions measured in the porcine aortic and pulmonary valve

Fresh aortic valve

Fresh pulmonary valve

GA fixed aortic valve

GA fixed pulmonary valve

1 24.66+4.44 (18.66~36.61)  22.35+1.73 (18.28~25.50)
2 21.88+3.29 (16.63~29.08)  24.58+2.30 (20.33~29.91)
3 25.21+4.14 (1929~3634)  22.74+2.02 (19.59~26.46)
4 22.94+3.65 (16.76~32.79)  20.83+1.72 (17.71~23.55)
5 20.6412.72 (16.13~2691)  24.61:2.26 (20.29~29.42)
6 2371338 (19.07~3246)  20.47+1.92 (17.39~24.72)
7 15.9843.13 (12.28~2459)  13.99+1.88 (10.85~17.02)
8 14.39+2.79 (9.31~20.64) 14.581.90 (11.79~ 18.68)
9 16404349 (12.32~24.16)  13.37£1.59 (10.77~16.28)
10 5.17+1.48 (3.12~9.33) 3.83£0.66 (2.79~5.23)
11 4.82+1.19 (2.42~17.60) 3.84+0.61 (2.88~4.78)
12 5.34+1.68 (2.57~10.44) 3.84+0.63 (2.86~5.00)
13 N/A N/A

14 N/A N/A

15 N/A N/A

25.25+2.43 (22.27~33.77)
22.12+2.31 (17.33~26.67)
24.95+2.82 (22.32~35.97)
23.67:1.74 (21.07~27.74)
21.15+2.28 (15.65~24.21)
24.04+2.36 (21.68 ~32.98)
16.72+2.06 (13.68~21.90)
14.75+2.04 (12.11~20.32)
18.29+3.41 (14.16~28.90)
5.82+1.35 (3.48~8.27)

531+1.34 (2.68~8.47)

5.64+1.45 (3.37~8.82)

16.89+2.12 (13.82~20.80)
15.63+2.18 (11.60~ 18.97)
17.46+2.58 (13.27~22.43)

21.05:2.12 (17.94~25.13)
22.41:2.67 (18.07~28.45)
21.34%2.16 (18.58 ~26.59)
19.6442.17 (16.67~24.32)
21.83+2.65 (17.28 ~26.69)
19.53+2.06 (16.85~23.86)
13.401.79 (11.10~ 18.66)
13.70£2.09 (10.28 ~20.46)
13.27+1.78 (11.02~ 18.76)
2.84+0.81 (1.77~4.56)

3.05:0.79 (1.94~4.88)

3.06+0.73 (1.96~4.37)

14.80+2.61 (10.76~19.78)
14.95+2.91 (10.33~22.21)
14.55%2.33 (10.40~20.20)

Measurement value (mm) represent the meantSD (range); Sample size is respectively 25; Number 1~ 15=Measured values as

shown in Fig. 2, 3.
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Table 2. Porcine heart valve geometry

GA fixed porcine
aortic valve

GA fixed porcine
pulmonary valve

Db 1.00 1.00

Dc/Db 0.95 0.94

H (mean)/Db 0.72 0.65

Hs (mean)/Db 0.24 0.14

H (RCC)/Db 0.79 (highest leaflet)

H (NCC)/Db 0.64 (lowest leaflet)
LCC (mean)= LFC (mean)=
0.35 (1.00) 0.32 (0.92)
NCC (mean)= RFC (mean)=
0.31 (0.88) 0.35 (1.00)
RCC (mean)= NFC (mean)=
0.35 (1.00) 0.32 (0.92)

M.LCC=0.34 (1.00)
M.NCC=0.32 (0.92)
M.RCC=0.34 (1.00)

M.LFC=0.33 (0.93)
M.RFC=0.35 (1.00)
M.NFC=0.33 (0.93)

Db=Diameter of the base; Dc=Diameter of the commissure;
H=Valve hight; Hs=Commissural height; LCC=Left coronoary
cusp; NCC=Non coronary cusp; RCC=Right coronary cusp;
LFC=Left facing cusp, RFC=Right facing cusp; NFC=Non
facing cusp; M=Modified.
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Table 3. Dimension of leaflet

N . Actual
Stent O.D. Pefmardwl Valve length Valve height Actua.l Comssmal commissural
thickness valve height height .

height

219.00 0.25~0.30 19.00 mm 13.30 mm 14.00 mm 3.80 4.00
120.00 0.25~0.30 20.00 mm 14.00 mm 14.00 mm 4.00 5.00
221.00 0.25~0.30 21.00 mm 14.70 mm 15.00 mm 420 5.00
922.00 0.25~0.30 22.00 mm 15.40 mm 16.00 mm 4.40 5.00
923.00 0.30~0.35 23.00 mm 16.10 mm 16.00 mm 4.60 5.00
924.00 0.30~0.35 24.00 mm 16.80 mm 17.00 mm 4.80 5.00
¢25.00 0.30~0.35 25.00 mm 17.50 mm 18.00 mm 5.00 6.00
@26.00 0.30~0.35 26.00 mm 18.20 mm 18.00 mm 5.20 6.00
227.00 0.30~0.35 27.00 mm 18.90 mm 19.00 mm 5.40 6.00
928.00 0.30~0.35 28.00 mm 19.60 mm 20.00 mm 5.60 6.00
229.00 0.35~0.40 29.00 mm 20.30 mm 21.00 mm 5.80 6.00
230.00 0.35~0.40 30.00 mm 21.00 mm 21.00 mm : 6.00 7.00
231.00 0.35~0.40 31.00 mm 21.70 mm 22,00 mm 6.20 7.00
©32.00 0.35~0.40 32.00 mm 22.40 mm 23.00 mm 6.40 7.00
%33.00 0.35~0.40 33.00 mm 23.10 mm 24.00 mm 6.60 7.00

Valve length=Rx2=stent O.D; Valve height=Rx1.4=valve lengthx0.7; Commissural height=Valve height—R. Actual valve height and
actual commissural height=Excluded working and suturing site (1~2 mm); O.D.=Outside diameter; R=Radius of the stent O.D.
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Fig. 5. Stent and stented aortic valve with bovine pericardium.

Table 4. Porcine aortic valve stent of nitinol plate

Actual

Stent OD. Plate Stent LD. LCC RCC Valve LD,  Valve height manufacture
thickness stent height

219.00 0.18 mm %18.64 20.05 mm 18.45 mm 20.05 mm 215.64 12.37 mm 14.00 mm
220.00 0.18 mm 219.64 21.13 mm 19.44 mm 21.13 mm 16.64 13.16 mm 14.00 mm
921.00 0.18 mm 220.64 22.21 mm 20.43 mm 22.21 mm 317.64 13.95 mm 15.00 mm
322.00 0.18 mm 921.64 23.28 mm 2142 mm 23.28 mm »18.64 14.74 mm 16.00 mm
223.00 0.20 mm @22.60 24.32 mm 22.37 mm 24.32 mm 219.60 15.50 mm 17.00 mm
¢24.00 0.20 mm 223.60 25.39 mm 23.36 mm 25.39 mm 220.60 16,29 mm 17.00 mm
92500 0.20 mm 224.60 26.47 mm 24.35 mm 26.47 mm @21.60 17.08 mm 18.00 mm
#26.00 0.20 mm #25.60 27.54 mm 2534 mm 27.54 mm @22.60 17.87 mm 19.00 mm
727.00 0.20 mm #26.60 28.62 mm 26.33 mm 28.62 mm 223.60 18.66 mm 20.00 mm
228.00 0.20 mm 227.60 29.69 mm 27.32 mm 29.69 mm 224.60 19.45 mm 20.00 mm
229.00 0.25 mm 328.50 30.66 mm 28.21 mm 30.66 mm 225.50 20.16 mm 21.00 mm
230.00 0.25 mm #29.50 31.74 mm 29.20 mm 31.74 mm 326.50 20.95 mm 22.00 mm
231.00 0.25 mm @30.50 32.81 mm 30.19 mm 32.81 mm 27.50 21.74 mm 23.00 mm
32.00 0.25 mm 31.50 33.89 mm 31.18 mm 33,89 mm #28.50 22.54 mm 24.00 mm
233.00 0.25 mm #32.50 3497 mm 32,17 mm 3497 mm $29.50 23.33 mm 24.00 mm

Stent 1.D.=Stent O.D.

-(2xplate thickness)=valve O.D.; LCC : NCC : RCC=1.00 : 0.92 : 1.00; Valve LD.=Stent 1LD.—3 mm (valve

thickness); Valve height=Valve LD.xRCC (0.7507); 0.D.=Outside diameter; LD.=Internal diameter; LCC=Left coronary cusp; NCC=

Non coronary cusp; RCC=Right coronary cusp.
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Table 5. Total height and internal diameter of the commercial
xenograft valve stent

Internal Total
diameter  height/LD.

N/A (2429) 082

Valve  Total

G
Toup size  height

Medtronic (T510) 29 20.50

(19.96)

St. Jude 23 1600 N/A (2022) 0.8

(ESP100-23) (15.70)

St Jude (B10-33M) 33 2000 N/A (27.28) 0.73
(19.97) ‘

Edwards (6900P) 29 1900 N/A (27.63) 067
(18.65)

Edwards (6900P) 33 2000 N/A (2972  0.65
(1927

Polystan (930020) 20 1500 2000 (1962) 0.76
(14.83)

Polystan (930022) 22 1600 22.00 (22.16) 0.75
(16.73)

Values in round brackets=Measured values; Values without
round brackets=Values from manufacturers’ data; N/A=Not
available.
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Fig. 6. Stent and stented porcine
aortic valve.
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Table 6. Pulmonary valved conduit design parameter

I e e L
#13.00 18.36 57.66 9.43 18.20 2.60 11.92
215.00 21.18 66.53 10.88 21.00 3.00 13.59
17.00 24.00 75.40 12.33 23.80 3.40 15.40
©19.00 26.82 84.27 13.78 26.60 3.80 17.21
221.00 29.65 93.14 15.23 29.40 4.20 19.02
@23.00 3247 102.01 16.68 32.20 4.60 20.84
@25.00 35.29 110.88 18.13 35.00 5.00 22.65
227.00 38.12 119.75 19.58 37.80 5.40 2446
229.00 40,94 128.62 21.03 40.60 5.80 26.27
231.00 43.76 137.49 22.48 43.40 6.20 28.08
¢33.00 46.59 146.36 23.93 46.20 6.60 29.89

Valve diameter (V.D.)=Diameter of red part; Mold diameter=@); Mold circumference=Circumference of ); Sinus height=Radius of
valve x1.45; (D=D={(valve diameterx1.4)—valve diameter}/2; ds (radius of the outermost wall of the sinus)=(mold diameter/2)-+
@

Fig. 7. Pulmonary valved conduit designs & mold made of silicone and naturally fixed pericardial conduit & leaflet.
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Table 7. Dimensions of the aortic valve in varius species (for Rb=1)

Re H p° a® Ce Hs Lf LR ds hs Authurs
Man 1 1.42 32 22 0.34 071 2.48 14 1.46 1.76 Swanson and Clark
Man - 1.34 33 - - - 2.42 - - - Sands et al.
Man 09 - - - - - - - 1.12 - Lozsadi and Arvay
Man 0.75 - - - - - - - 1.71 202 Reid
Man - - - - - - 2.65 1.2 - - Silver and Roberts
Pig - 1.3 28 - - - 22 - - - Sands et al.
Pig 1.1 - - - - - - - 1.12 Lozsadi and Arvay
Pig 0.69 - - - - . - 104 171 132 Reid
Calf - 1.16 - - - - 2.18 - - - Sands et al.
Sheep - 1.08 - - - - 2.13 - - - Sands et al.
Sheep 0.67 - - - - - - 093 1.6 1.15 Reid
Dog 0.83 1.17 34 20 - 05 - - - - Thubrikar et al.
Dog 0.7 - - - - . - 1 174 14 Reid
Ox 0.75 - - - - - - 1.01 1.56 14  Reid
Rabbit 0.71 - - - - - - - 1.74 142 Reid

Range of values 0.7~1.1 1L.1~14 28~34 20~22 034

05~0.7 213~26

1~14 11~17 12~2
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