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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 fried 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)
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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 valve
Anterior cusp .
e Fig. 3. Trieaflet of the aortic and
pulmonary valve in the top view
@ (A) Aortic valve. (B) Pulmonary val
ve
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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 21.8843.29 (16.63~29.08)  24.58+2.30 (20.33~29.91)
3 25214414 (1929~36.34)  22.74+2.02 (19.59 ~26.46)
4 22.9443.65 (16.76~32.79)  20.83+1.72 (17.71~23.55)
5 20.6442.72 (16.13~2691)  24.61+2.26 (20.29 ~29.42)
6 23714338 (19.07~32.46)  20.47+1.92 (17.39~24.72)
7 15.98+3.13 (12.28~24.59)  13.99+1.88 (10.85~ 17.02)
8 14.39+2.79 (9.31~20.64) 14.58+1.90 (11.79~ 18.68)
9 16.40+3.49 (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 (2.42~7.60) 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)
22.1242.31 (17.33~26.67)
24.95+2.82 (22.32~35.97)
23.67+1.74 (21.07~27.74)
21.1542.28 (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)

5.31+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)
19.64+2.17 (16.67~24.32)
21.83+2.65 (17.28~26.69)
19.53+2.06 (16.85~23.86)
13.40+1.79 (11.10~ 18.66)
13.702.09 (10.28 ~20.46)
13.27+1.78 (11.02~ 18.76)
2.84+0.81 (1.77~4.56)

3.0540.79 (1.94~4.88)

3.0640.73 (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.

Table 104 73k 7} Auke] Zo| & vigto & GAR I
A3t A ds et #5 W getol A
= 7R 7t 79 vleg 7F T vk (Table 2).

\;HEUH iLuLQ,] uﬂzq.% _?_2‘5 3 xl-%uﬂ
2~20%) 7} 714 33, Al ge
wl Hgto] HAF 725% 2~15%) 7}eF o2 ghet dslo
vlsl Zlck ko] zol& Fhubel el = 7)ol wlHlsSich

GAZ AT =iA dlE stale] LCC : NCC : RCCO)
vl &2 AR et W (base)o] ZF b 7F Aol €] w]=
0.35 : 0.31 : 0.340]a1, &4 b 7+l Zo]9] v]= 0.34 :
0.31 : 0.350]9, AlA) 2+ H3PH e ZA
o] Zolo] v](GA AT Fute] Z-$)= 034 : 031 :
0355 A=Ak 9 Al 7EA 7352 Al #e] Zold tf
& u)o] HFS FohH 034 1 031 : 0358 1}ow, ghute]
stent post®] 7+AS Ft7] $J3l 2wz} 3w ] w9 HFE
T v 9A] 034 : 031 : 0352 AAE )

ulgbA] 2ElE AAFe] B343kE AlAsT] $ske] S
€% LCC :NCC :RCC=1.00:092: 1002 v|Z H3vlo]
HA] s Fhehg 2ElEof| AJMA] AlFsleleich
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Table 2. Porcine heart valve geometry

GA fixed porcine
pulmonary valve

GA fixed porcine
aortic 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

Pericardial Actual Commissural Actual
Stent O.D. . Valve length Valve height . . commissural
thickness valve height height .
height
919.00 0.25~0.30 19.00 mm 13.30 mm 14.00 mm 3.80 4.00
920.00 0.25~0.30 20.00 mm 14.00 mm 14.00 mm 4.00 5.00
921.00 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
925.00 0.30~0.35 25.00 mm 17.50 mm 18.00 mm 5.00 6.00
926.00 0.30~0.35 26.00 mm 18.20 mm 18.00 mm 5.20 6.00
927.00 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
929.00 0.35~0.40 29.00 mm 20.30 mm 21.00 mm 5.80 6.00
%30.00 0.35~0.40 30.00 mm 21.00 mm 21.00 mm 6.00 7.00
931.00 0.35~0.40 31.00 mm 21.70 mm 22.00 mm 6.20 7.00
932.00 0.35~0.40 32.00 mm 22.40 mm 23.00 mm 6.40 7.00
833.00 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.

ahebd] 545 o] gstol Wut A7o] wal et olk
A7 oo 07, ZAY Foli 0242 Adkelalet ekl
2)73E 19 mmollA 33 mm7tA] Asla ABIES FAE
WA et WA T8 5 e ol HiA hetoll4) A
& ul g, Bk WA, AR e o 52 mEe
gl o] 9 442 QekAriFg 4).
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Fig. 5. Stent and stented aortic valve with bovine pericardium.

Table 4. Porcine aortic valve stent of nitinol plate

Plate Actual
Stent O.D. . Stent I.D. LCC RCC Valve ID.  Valve height manufacture

thickness .
stent height
219.00 0.18 mm 018.64 20.05 mm 18.45 mm 20.05 mm 015.64 12.37 mm 14.00 mm
920.00 0.18 mm 919.64 21.13 mm 19.44 mm 21.13 mm 916.64 13.16 mm 14.00 mm
221.00 0.18 mm 920.64 2221 mm 20.43 mm 2221 mm 017.64 13.95 mm 15.00 mm
@22.00 0.18 mm 721.64 23.28 mm 21.42 mm 23.28 mm #18.64 14.74 mm 16.00 mm
223.00 0.20 mm 922.60 24.32 mm 22.37 mm 24.32 mm 919.60 15.50 mm 17.00 mm
924.00 0.20 mm 923.60 25.39 mm 23.36 mm 25.39 mm 920.60 16.29 mm 17.00 mm
225.00 0.20 mm 924.60 26.47 mm 24.35 mm 26.47 mm 921.60 17.08 mm 18.00 mm
326.00 0.20 mm %25.60 27.54 mm 25.34 mm 27.54 mm 222.60 17.87 mm 19.00 mm
227.00 0.20 mm 926.60 28.62 mm 26.33 mm 28.62 mm 923.60 18.66 mm  20.00 mm
928.00 0.20 mm 927.60 29.69 mm 27.32 mm 29.69 mm 924.60 19.45 mm 20.00 mm
229.00 0.25 mm 928.50 30.66 mm 2821 mm 30.66 mm 925.50 20.16 mm 21.00 mm
%30.00 0.25 mm %29.50 31.74 mm 29.20 mm 31.74 mm 226.50 20.95 mm 22.00 mm
231.00 0.25 mm 930.50 32.81 mm 30.19 mm 32.81 mm 927.50 21.74 mm  23.00 mm
932.00 0.25 mm 931.50 33.89 mm 31.18 mm 33.89 mm 928.50 22.54 mm 24.00 mm
233.00 0.25 mm 932.50 34.97 mm 32.17 mm 34.97 mm 929.50 23.33 mm 24.00 mm

Stent I.D.=Stent O.D.—(2%plate thickness)=valve O.D.; LCC : NCC : RCC=1.00 : 0.92 : 1.00; Valve I.D.=Stent L.D.—3 mm (valve
thickness); Valve height=Valve L.D.xRCC (0.7907); O.D.=Outside diameter; 1.D.=Internal diameter; LCC=Left coronary cusp, NCC=

Non coronary cusp; RCC=Right coronary cusp.

7ol AAE Agl: LCC : NCC : RCC=1.00 : 0.92 : 1.00
A=
2HE A2 gkl zolE A HdFE A thel

(stent post){w 718]= LCC : NCC : RCC=1.00 : 0.92 :
1009 Ml &5 S8eto] AlFeAch(Fig. 6).

Table 4= ’%Xﬂ *E“E/l A 8 3" A by
detoluh FH H(ortic wall) S5 aPste] Al bt
TAE etk FehEol(valve height)= 7HE 2 A<l

RCCE 7|Eo & sto] et WA flollA] 3 vlE&
o] &ste] Alibsidct. AA AFsle 2HIE Fol(actual
manufacture stent height)yx= &5 4] Ae|7FA] Z4s}o]
AR Baeslol $05 sl A% AdE
o A AA 71ed ARt Fole &4 olstE
AHEHE I HE2 1.40~ 1.450] o] &t

Table 5% FA AQH oz Agsta e =24 dute]
A5 ZA43 Tableo]t}.
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Table 5. Total height and internal diameter of the commercial
xenograft valve stent

Valve  Total
size  height

Internal Total

Group diameter  height/L.D.

Medtronic (T510) 29 20.50 N/A (2429) 0.82

(19.96)

St. Jude 23 1600 N/A (2022) 0.78
(ESP100-23) (15.70)

St Jude (B10-33M) 33 2000 N/A (2728) 073
(19.97)

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

Edwards (6900P) 33 2000 N/A (29.72)  0.65
(19.27)

Polystan (930020) 20 1500 20.00 (19.62) 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.

& urZ7] 9siA = stent post9]
b AgHeE gulEa Qe AEFE AdE
£ A 7ol ek stent post E2] H]7} Hancock®™ 1I Mitral
Valve 29 mm (T510)2] 7%= <k 026, Epic'™ Supra
(Aortic) Valve 23 mm (ESP100-23)¢] 7A$& <F 030|9
SIM Biocor® Mitral Valve 33 mm (B10-33M)2] 7-$-=
024 Eolt}. 18|30 base height= A7l tisA 27
ok 0.26, 0.27, 0.212] H]Eo]t}

Fig. 6. Stent and stented porcine
aortic valve.

Table 501149} ZFo] total height/LD. (internal diameter)=
ATF 07 AFER 2 AAZel T8 dolelsh T Aol B
2] 2] okgh

4 AYS 0128 HESY BY TBO| o 5K
4

oFF A2l kA k2 A AF ek, GA
AT ool A AT kel 24 AT Sl

Table 63} 7Z+o] #H|%wl ghuto|i} gt =248 7|2}y

Slal Zztel et el wek FEEmldel A7, E

&), F(sinus)2] Eo], F(sinus)?] A 5= 4

A A7) I8 2R ET Al Detelst fA% A5
1

Y gl el S1% AelE £ A4 WAl v
g} Zekslginh Aeld 22 Adeldes FYPs e ¥
1 Qhol] ol Z7 ZX(epolene wax)E Hol 23 A

t}(Fig. 7).

|
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T2 Agste 2 A etk 29
E A elo|H, 7 7}A EF g
A - Rl B B R I i g
Zololl A Zpo] & HolA|uk LV mass regressionoll= T
ol7} gle Ao & &ulA Slviel.

ARt A= AgT) g2A 4l AE SEEA
Afo] Agke] Z gl W ejol Hlste] Hr}l (transverse) o E
AA e, Aot F49 4EE vh2a, e e W
v} olslar okor w3t T o2 vH $ 7] wE
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Table 6. Pulmonary valved conduit design parameter
Aiit;ie‘gve Mold diameter circuI:/In?:ence Sinus height 0};;3:3;:;;:;?2) Sinus length (D) ds

%13.00 18.36 57.66 9.43 18.20 2.60 11.92
%15.00 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
321.00 29.65 93.14 15.23 29.40 4.20 19.02
323.00 32.47 102.01 16.68 32.20 4.60 20.84
325.00 35.29 110.88 18.13 35.00 5.00 22.65
@27.00 38.12 119.75 19.58 37.80 5.40 24.46
329.00 40.94 128.62 21.03 40.60 5.80 26.27
»31.00 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=2); Mold circumference=Circumference of (@); Sinus height=Radius of
valve x1.45; O=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)

Rc H ®° a’ Cc Hs Lf LR ds hs Authurs
Man 1 1.42 32 22 0.34 0.71 2.48 1.4 1.46 1.76  Swanson and Clark
Man - 1.34 33 - - - 2.42 - - - Sands et al.
Man 0.9 - - - - - - - 1.12 - Lozsadi and Arvay
Man 0.75 - - - - - - - 1.71 2.02 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 - - - - - - 1.04 1.71 1.32  Reid
Calf - 1.16 - - - - 2.18 - - - Sands et al.
Sheep - 1.08 - - - - 2.13 - - - Sands et al.
Sheep 0.67 - - - - - - 0.93 1.6 1.15 Reid
Dog 0.83 1.17 34 20 - 0.5 - - - - Thubrikar et al.
Dog 0.7 - - - - - - 1 1.74 1.4  Reid
Ox 0.75 - - - - - - 1.01 1.56 1.4  Reid
Rabbit 0.71 - - - - - - - 1.74 142 Reid
Range of values 0.7~1.1 1.1~14 28~34 20~22 034 05~07 213~26 1~14 11~17 12~2
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Fig. 8. Dimensions of the aortic valve in varius species.
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