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Primary Tissue Failure of Bioprosthetic Valves

Chong Whan Kim, M.D.*

Bioprpstjetoc cardiac vasves fail from biological and metabolic as well as mechanical reasons, and
the limited durability is the main factor of marked withdrawal in their clinical use. Starting the use of
bioprosthetic valves in 1976, up to the end of 1992, the consecutive 178 patients have undergone re-re-
placement of glutaraldehyde-treated xenograft valves for primary tissue failure (PTF)among the patien-
ts who had initial valve replacement at Seoul National University Hospital. The explanted valves were
69 porcine aortic (51 Hancock, 12 Angell-Shiley and 6 Carentier-Edwards) and 141 bovine pericardial
(129 standard-profile and 12 low-profile ITonescu-Shiley) valves, with an overall incidence of PTF of
15.2%. The operative mortality rate of re-replacement was 5.1 %.

Calcific degeneration and tissue damage in relation to calcification were the most frequent modes of
PTF on gross examinatin of the explanted valves resulting hemodynamically in valvular regurgitation.
The number of Hancock porcine and the standard-profile lonescu-Shiley valves in mitral position
were comparable to stady the characteristics of pattern of PTF. While the Hancock cahes in mitral
position failed more often from tissue damage (tears, holes, and loss or destruction of cuspal tissue)
than calcification (68.3 % vs. 39.0%, p<0.01) with resultant regurgitation in 61 %, the Ionescu-Shiley
valves in the same position did more frequonthy from caleification the tissue damage(71.3% vs, 33.3
% :p<0.001) with stenosis in 53 %. The tendency of more calcification than tissue damage (71.3 % vs.
33.3%, p<0.001)with stenosis in 53 %. The tendency of more calcification and immobility of cusps in
the latter group was partly explainable by the inclusion of patients of pediatric age.

Observation made in this study suggest:many of bioprosthetic valves would fail from calification
and tissue damage:some fail prematurely because of mechanical stress probably owing to the valve
design in construction;and even those valves escaped early damage would be subjected to calcify in
the prolonged follow-up period. In conclusion, at the present time, the clinical use of bioprosthetic xen-
ograft valves seem to be quite limited until further improvement in biocompatibility and refinement in
valve design in manufacture are achieved.

(Korean J Thoracic Cardiovas Surg 1993;26:667-76)
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Table 1. Cardiac valve replacement from 1968 to 1992
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Table 3. Re-replacement of xenograft valves

Valves Number of patients(%) - Number of valves(%) Re-replacement Number of patients
Mechanical 1101 (49.7) 1417 (50.6) Single: 135
Xenograft 1115 (50.3) 1381 (49.4) Mitral 113
Total 2216 (100.0) 2798 (100,0) Aortic 20
Tricuspid 2
Multiple : 43
L . 3
Table 2. Indication of re-replacement of xenograft valves M?"dl & AOII‘IIC ) 3
Mitral & Tricuspid 10
Indication Number of patients (%) Mitral, Aortic & Tricuspid 2
Primary tissue failure 178 (90.4) Total 178
Prosthetic valve endocarditis 11 ( 5.6) o
Periprosthetic leakage 5(4.5)
Valve thrombosis 1(0.5)
Other valve replacemtnt 2 ( 1.0) b = sha w A meh apgbate o
Total 197 (100.0)
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Table 5. Sex, age and size of re-replaced valves

Table 4. Xenograft valves of re-replacement/primary surgery

Valves Mitral Aortic. Tricuspid - Total
Hancock (H) 41/41 78 3/3 51/52
Angell-shiley (AS) 11/11 1/1 12/12
Carpentier-Edwards (CE) 4/4 1/1 1/ 6/6
Tonescu-Shiley, standard(ISU) 87/89 38/42 4/9 129/140
lonescu-Shiley, low-rpofile (ISL) 10/11  2/2 12/13
Total 153/156 48/53 9/14 210/223
ul
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Valves Number Sex(M:F) Age(Range), yrs Size(Range), mm
Mitral :
H 41 21:20 31.6 + 9.4(15-53) 28.1 +£2.7(21-33)
AS 11 3:8 355+ 9.3(23-53) 26.3 +1.1(24-28)
CE 4 2:2 32.5+ 2.9(29-36) 29.0 £ 1.6(27-31)
ISU 87 44:43 29.3 +12.9( 7-60) 28.3 +2.5(23-33)
ISL 10 2:8 41.7 £ 9.7(28-56) 30.8 + 0.6(29-31)
Aortic:
H 7 7:0 36.6 +12.6(17-53) 23.9 £ 2.3(21-27)
CE 1 0:1 29 19
ISU 38 26:12 304 £ 10.9(11-58) 21.8 +2.8(17-29)
ISL 2 1:1 44.0 £ 9.9(37-51) 22.0 £1.4(21-23)
Tricuspid :
H 3 2:1 23.3 +17.4(10-43) 32.3 + 1.2(31-33)
AS 1 1:0 37 29
CE ] 1:0 29 29
ISU 4 2:2 26.3 £ 16.5( 5-45) 31.5 £ 1.9(29-33)
Total 210 2:98

H:Hancock, AS;Angell-Shiley, CE:Carpentier-Edwards, ISU;lonescu-Shiley, standard,
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Table 6. Hemodynamic lesion of failed xenogratit valves

Valves: Stenosis . Mixed Insufficiency Normal Total
Porcine: 16 15 37 I 69
MV H 8 8 25 41
AS 6 5 11
CE 1 1 2 4
AV H 1 4 2 7
CE 1 i
TV H 2 1 3
AS 1 1
CE I 1
Bovine: 53 27 55 6 141
MV ISU 46 18 21 2 87
ISL 1 1 7 i 10
AV ISU 4 8 24 2 38
ISL 2 2
TV ISU 2 1 1 4
Total 69 42 92 7 210

MV Mitral valve, AV:Aortic valve, TV Tricuspid valve

Table 7. Pathology of failed xenograft valves

Valves Calcified lesion Tissue damage Cuspal immobility Pannus formation ?ﬁg Total
+ - ” + - ? + - ? + -

Porcine: 29 34 6 42 12 15 18 46 5 14 48 7 3 69
MV H 16 23 2 28 2 11 12 28 | 7 31 3 1 41
AS 6 4 1 6 4 1 4 6 | 4 6 1 1 11
CE 3 - 1 2 1 1 _ 3 1 1 2 1 - 4
AV H 3 4 - 4 3 - | 6 - 2 S - - 7
CE 1 - - - 1 - B | - - i - - 1
TV H - 2 1 1 1 1 _ 5 1 - 2 1 1 3
AS - 1 - 1 - - | N - - I - - 1
CE - - I e L= - - !
Bovine : 96 34 11 60 70 1 57 73 1 5 128 8 6 141
MV ISU 62 17 8 29 50 8 42 37 8 1 78 8 2 87
ISL 5 4 1 6 3 1 3 6 1 - 10 - | 10
AV ISU 24 12 2 22 14 2 11 25 2 4 34 - 3 38
ISL 1 1 - 2 - - - 2 - - 2 - - 2
TV ISU 4 - - 1 3 - 1 3 - - 4 - - 4

Total 125 68 17 102 82 26 75 119 16 19 176 15 9 210

* Description was incomplete, H:Hancock, AS;Angell-Shiley, CE:Carpentier-Edwards, ISU:lonescu-Shiley. standard.
ISL ; Ionescu-Shiley, low profile, MV:Mitral valve, AV:Aortic valve. TV.Tricuspid valve
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Table 8. Explant period

Valves Number Explant period(Range) years
Porcine:
MV 56 10.30 + 2.45(4.58-14.58)
H 4] 9.68 +2.35
AS 11 12.09 £ 2.03
CS 4 11.77 £ 1.73
AV 8 10.55 + 1.80(8.08-13.25)
AS 7 10.17 £ 1.55
Cs 1 13.25 v
TV 5 9.87 + 3.28(4.83-13.75)
H 3 8.08 £ 2.85
AS 1 11.33
CE 1 13.75
Bovine:
MV 97 7.67 £ 2.35(1.67-12.25)
ISU 87 7.88 £ 2.36
ISL 10 5.78 £0.95
AV 40 8.18 + 1.88(4.00-12.58)
ISU 38 8.28 + 1.86
ISL 2 6.13+1.12
TV 4 8.98 + 4.20(4.08-13.42)
ISU 4 8.98 +4.20
Total 210

H:Hancock, AS:Angell-Shiley, CE:Carpentier-Edwards,
ISU ; Ionescu-Shiley, standard, ISL:lonescu-Shiley, low profile,
MV Mitral valve, AV:Aortic valve, TV:Tricuspid valve

249 f7ol upel BT v)Eo] FEHY w)
o} 2 FEEs1tH(Table 7). A 518} W4 o) 5o v}
42%¢°l X BglGel wlste] Az sdatela] X3
whato] Fate] 68 %ol 4] = QTH(P<0.001). Hute
of mE= A sty o] AN e FRANAAM TFE
ol vl AFaato] 71 E9ko v (71.3%), kA Ake) %
I (54.5%), D3 o] LU AF A (50.0%) 2 PF
#1H(39.0 %)) =o)L EFEH o] Qul| AfFTutn) of F bt
Zrell vt f-9 3k Wl w27} Q) A = 9o (P<0.001). ¥ o) 5
) Kol L EFH ol QulAFde] sha) o A3
WA TS By o} (63.2%) T2 FH9 oA KB
= lxes} fol g xlo] = bt

B A& M3z gagdon LA
A Fbel 4] (42.6 %) Rt Eoi 5ol 2hetol A (60.9%) t}
ubsh= Wol <ok (P<0.001). 53] SR x| 42 &
Fyol vt zalEAre) WES) 333%E Wt
ot G FFe) B SR RF A A o 4]

rrﬂJ

45

Eﬁloﬂ A E’—E} o 5+ ﬁM zl
7—%— bl W E7} f-o)3hA FUoH(P<0.025).
4L T2 A3 3 4ol pubE gl e £
2ol nlsle] AlGzA el A 1 wlxr) Egit)
(P<0.05). 53] A3]3pd st chidgl SR#HAe IF
Hol v AFHdutel A B4 WEst Fohoh w2
5 @A Dbl ”“36% AFAD T2 L
WAl = vl Yo} dRdEs o wubgx
o] AIE op7|ghc}. o]’ WAL G EA R
whol] vzl Eo F gt Aol A 3] vhisll e
o (P<0.001), 53] FFrAI} Fo|2vlaFd &
o hol] A b Ml w7} =)t

o x| fete] e RE X FpE7iA] Al -
717be HE717 e 2 Aoty o fAHE 4
stglc} (Table 8). 2o} E= A=A c} 7o)
Eo 5 gato] Aldz A whutel v|slo] H&7]Zke) A%
4 2gon (P<0.001, P<0.01) =3+ s ZHato] F 53
o] M| A~ Futo| H]3le] fo]gk A&7k AAE B
t}h(P<0.001, P<0.05). t3jo) o] Afdate SR g
2ol Avt 53 @t vlsle] ghEE g} (P<0.01).
et Atz lolvt g Rr 2E welle #ehgl A6l
2= A F7|7ke] 2o & B %iait}

O

3 gotA) el 1] 5ol zﬂ AREEAAE F 3ot
A@sged 7} 2obetdc & oﬂxu REEES
et 825 128 o) A %s-w o) ngebul g %)
e whalo] A A BEEAAE 60217} FERUA 5
SRR DA ARSI uTh X getsr) 2o}
a}3c} (Table 9). R5%ol 412] 22370 ] o 2] b3 2107)
2 4257 4709 AR ALESle] A BEEE

Alaf gkl om A x| Fpgol AFERE i dete 6Fom
2367 (95.5%)7} 71AA XA d2te) gl (Table 10). &%
30do| o] AlukE FEo 2 JF WA AME-S 5.1 % (99)
g} (Table 11).

1] &t

FEgYd st e AR LARNE Yl A
457] AlzbspH A FE = gute] As)r} o ZAE 9l o 10
Aol 0% A2 2y, 1F 7)ol R ol 4]

= 295 o] Bubywd o] Fekx)7} oF 13ndo] gt} Lele)
AYNME fAFske] £ 1381709] A5 ahx wad w ok
3t 2 ATl A A=A A A dete] v &2 15.2%

—671 —



Table 9. Re-replacement surgery
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Primary surgery MW AVR TVR R R +AVR ot
+TVR
Re-replacement surgery:
MVR 89 5 4 98
AVR 15 3 18
TVR 2
MVR+AVR 19 5 21 1 46
MVR+TVR 5 5
MVR+AVR+TVR 5 2 1 1 9
Total 113 20 31 10 2 178
MVR, AVR, TVR ; Mitral, aortic, tricuspid valve replacement
= . T+ 5 5
Table 10. Substitute valves in re-replacement A ghaete) A wete] Rl R Tt
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Table 12. Incidence of primary tissue failure (PTF)
Vel Number of PTF/implant{(%) Duration of
alve - .
MVR AVR ) BPVR Total ~ surgery
Porcine: 56/210(26.7) 8/23 (34.8) 5/15(33.3) 69/248 (27.8) 1976-1984
H 41/148(27.7) 7/20 (35.0) 3/9 (33.3) 51/177(28.8) 1976-1984
AS 11/44 (25.0) =1 (0.0 1/3 (33.3) 12/48 (25.0) 1977-1980
CE 4/18 (22.2) 1/2 (50.0) 1/3 (33.3) 6/23 (26.1) 1977-1979
Bovine: 97/759(12.8) 40/329(12.2) 4/43( 9.3) —{2(0.0) 141/1133(12.4) 1978-1992
ISU 87/525(16.6) 38/244(15.6) 4/40(10.0) 129/809(15.9) 1978-1992
ISL 10/234( 4.3) 2185 ( 2.4 —{3 ( 0.0 -2/(0.0) 12/324( 3.7) 1984-1992
Total 153/969(15.8) 48/352(13.6) 9/58(15.5) —/2(0.0) 210/1381(15.2) 1976-1992

H:Hancock, AS:Angell-Shiley. CE:Carpentier-Edwards, ISU:lIonescu-Shiley, standard, ISL :lonescu-Shiley, low profile,
MVR :Mitral valve replacement, AVR:Aortic valve replacement. TVR: Tricuspid valve replacement. PVR : Pulmonary valve replacement
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Table 13. Calcification and tissue damage of mitral explants

Calcification(% of implants;  Tissue damage (% of implants;

Number of

Valves ; value
Implants  Explants (%) % of explants) % of explants) R
Porcine aortic:
HM 148 41(27.7) 16(10.8; 39.0) 28(18.9; 68.3) <0.05; <0.01
ASM 44 11(25.0) 6(13.6: 54.5) 6(13.6; 54.5) n.s.
CEM 18 4(22.2) 3(16.7;  75.0) 2(11.1;  50.0) n.s.
Subtotal 210 56(26.7) 25(11.9; 44.6) 36(17.1; 64.3) n.s.; <0.05
Pericardial:
ISUM 525 87(16.6) 62(11.8; 71.3) 29( 5.5; 33.3) <0.001; <0.001
ISLM 234 10( 4.3) 5(2.1; 50.0) 6( 2.6: 60.0) n.s.
Subtotal 759 97(12.8) 67( 8.8; 69.1) 35( 4.6; 36.1) <0.005: <0.001

HM ; Hancock Mitral, ASM; Angell-Shiley Mitral,
[SLM ; lonescu-Shiley low profile Mitral

CEM :Carpentier-Edwards Mitral, ISUM : Jonescu-Shiley standard Mitral,

Table 14. Primary tissue failure of the lonescu-Shiley valve : UOHI(University of Ottawa Heart institats)" " and SNUH (Seoul Na-
tional University Hospital)

Standard-profile Low-profile
UOHI SNUH UOH1 SNUH
Duration of Surgery 1977-1986 - 1978-1986 1981-1988 1984-1992
Year of report 1992 1993 1992 1993
Mitral Aortic Mitral Aortic Mitral Aortic Mitral Aortic
Number of implant 190 357 525 244 130 237 234 85
Number of explant 35 90 87 38 11 14 10 2
(%) (18.4) (25.2) (16.6) (15.6) (8.5) (5.9) 4.3) (2.4)
Tears or damage (%) 76.0 89.5 333 57.9 81.8 57.1 60.0 100.0
Calcification (%) 40.0 303 71.3 63.2 9.1 7.1 50.0 50.0
Age at surgery(yrs) 54.5 50.6 29.3 30.4 52.6 56.3 41.7 44.0
Explant period (Mos) 73.8 78.0 94.6 99.4 52.2 45.1 48.1 73.6
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