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The relation of the bioprosthetic valve failure to its calcification

Yoo Sun Hong M.D.", Hae Kyoon Kim M.D.", Doo Yun Lee M.D.",
Bum Koo Cho M.D.", Sung Nok Hong M.D.", Sung Soon Kim M.D.*

In 1968, Carpentier and his associates introduced glutaraldehyde as a compound for prepar-
ing cardiac tissue valve, and this technique has provided a considerably more suitable and
durable tissue valve substitute.

To increase further durability of valve tissue, Reis and his colleagues designed a flexible
stent to reduce the stress on the heterogenous tissue valve mounted.

However with the advent of more innovative mechanical valve currently, many bioprosthetic
valves are being substituted by mechanical valves at our department of cardiothoracic surgery
because of bioprosthetic valve failure.

Main cause of bioprosthetic valves failure were calcification or/and tear of tissue valves.

The purpose of this retrospective study is to clarify the relationship between the patients’
clinical profile during implantation of tissue valves and pathologic features of the failed
bioprosthetic valve.

From March, 1982 through June. 1988, 53 bioprosthetic heart valves that had been ex-
planted from 45 patients at the department of cardiac surgery of Yonsei University Hospital
were subjected to this study.

The patients were 10 to 65 year-old (mean age: 30.3 yr) with 17 males and 28 females.
Re-replacements of prosthetic valves were carried out twenty nine in mitral position, eight in
aortic position and eight in both aortic and mitral position simultaneously.

The grading and location for calcification of valves were verified by radiograms. The
calcification of the explanted valyes leaflets was graded from 0 to 4 plus according to Cipriano
and associates’ method. The types of tear and perforation of leaflet were classified into four
types as Ishihara has adopted initially in 1981.

In younger age group under thirty three years, explanted tissue valves were significantly more
affected in terms of grades of sererity of valve calcification as compared with older age group
(p<0.035).
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Valve calcification appeared more severe in male as compared to female (p<0.002).

Ionescu-Shiley bovine pericardial bioprosthetic valves showed more severe calcification than

Hancock porcine tissue valves (p<0.035).

Calcium deposit was found very prevalent at the area of commissural attachment (86 % of

all).

Type I of valve rupture was shown to be related with simultaneous calcification.

However, the relation of explanted valve position, duration of implanted prosthetic valve,

atrial fibrillation and anticoagulant therapy to the severity of bioprosthetic valve calcification

were not significantly clear statistically (p>0.05).
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Fig. 1. Four locations of prosthetic heart valve used to
grade of calcification: 1=leaflet base: 2=body
of leaflet: 3=near free-edge of leaflet: and 4=
commissural attachment of leaflet.

Fig. 2. Diagram showing four types of tears and per-
forations in bioprosthetic valve according to
their location and the presence or absence of
involvement of the cuspal free edge.
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Table 1. Relation of Age and Calcification

Age(years) < =33 >33
\ (N=31)  (N=22) P

No.of calcified 30 19 NS
valve

Grade of 21x1.2 15+1.1 <0.05
calcification

Implant duration 76.5+25.8 88.7+24.1 NS
(month)

NS Non-significant,
Mean £ Standard Deviation

Table 2. Relation of Sex and Calcification

Male Female P
(N=21) (N=32)
No.of calcified 19 30 NS
valve
Grade of 22+1.2 1.6x1.2 <0.05
calcification

Implant duration 80.2+226 825+279 NS

(month)

NS; Non-significant,
Mean * Standard Deviation
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Table 3. Relation of Implant Duration and Calcification

No.(%) with

Implant : : Grade of

: Radiographic yrade
Duration Caleification Calcification
< 3 years 3/ 4(75%) 1.8%1.5
3—6 years 14/14(100%) 21+13
> 6 years 32/35(91%) 1.9+1.2

Mean + Standard Deviation

1.9+1.2
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Table 4. Calcification of Mital and Aortic Valve in
the same Patient

N Mitral Aortic P
(N=8) (N=8)
No.of calcified 8 7 NS
valve
Grade of 1.8£0.9 1.38+1.2 NS
calcification

NS; Non-significant,
Mean + Standard Deviation

Table 5. Species of Explanted Valve

Angell- Ionescu- Carpentier-

Shiley  Shiley Hancock Edwards
Mitral 1 6(1) 14(1) 16
Aortic 1 5 3 7(2)
Total 2 11(1) 17(1) 23(2)

( ); Non Calcified Valve
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Table 6. Grade of Calcification and Implanted Duration in Valve Species

Valve C—E(N=23) H(N=17) [—S(N=11) A—S(N=2)
No. of calcified valve 21 16 10 2
Grade of calcification 1812 1407 26+ 16 20+ 14
Implant duration(month) 82.8 + 256 86.8 + 27.2" 64.4 + 250 945 + 185

C—E: Carpentier-Edwards, H: Hancock, I-S: Ionesscu-Shiley

A-S: Angell-Shiley, *: p<0.035, **: p>0.07
Mean £ Standard Deviation
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Fig. 3. Gross and radiographs explanted tissue valves with 0 to 4+ calcification.
(A) O calcification: size 23 valve from a 34-year-old female, explanted from the mitral position after 112

months because of mitral stensis.

(B) 1+ calcification: size 31 valve from 47-year-old male expanted from the mitral position after 95 months
because of mitral insufficiency. Small amounts of calcium are present at commissural attachments.
(C) 2+ calcification: size 33 valve from 23-year-old female, explanted from the mitral position 118 months

because of mitral regurgitation.

(D) 3+ clcification: size 33 valve from 56-year-old female explanted from the mitral p;osition after 97
months because of mitral insufficiency. Note the linear deposits of calcium at the commissural attachments,
free-edge and base of the valve leaflet.
(E) 4+ calcification: size 25 valve from 20-year-old female explanted from the mitral position after 79
months because of mitral stenosis. Note calcification at the commissural attachment, freedge. body and base

of the valve leaflets.

Table 7. Grade of Calcification

1 1 i) N

No. of Valve 23 10 9
% 48 20 14 18

Table 8. Sites of Calcification
. Valve

Sites (N=49) %
Commissural attachment 47 96
Body of cusp 20 41
Base of cusp 12 24
Free edge 11 22
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Table 9. Calcification of Native and Explanted Valve

Native valve

positive negative
positive 12 37
Explanted
valve
negative 0 4
Total 12 41
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Table 10. Type of Tear and Perforation

I I Il| Y
(N=29) (N=3) (N=5) (N=2)
Related 28 2 5 1
calcification
No calcification 1
Non related 1 1
calcification
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Fig. 4. Photographs showing examples, indicated
lesions outlined in Figure 2

(A) type
(B) type
(C) type
(D) type

I lesion i
[l lesion 1
M lesion i
[V lesion i

-mitral bioprosthesis

mitral bioprosthesis
infected mitral bioprosthesis
mitral bioprosthesis
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1983; Gallo et al., 1985).
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Fig. 5. Macrophages and multi-deposit in connective
tissue layer (Hematoxylin-eosin stain, X100).

Fig. 6. Bioprosthetic calcium deposit in connective tis-
sue layer (Hematoxylin-eosin stain. X100).
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Fig. 7. Delamination and amorphous degeneration of cusp of bioprosthetic valve is characterized by
seperation and tearing of the connective tissue layers (Hematoxylin-eosin stain, A: X40, B: X

100).

— 1008 —



g efolglom of T 3F SRl ghabel] 4 f-4bak Hl
52 deftetslA, type & C—-Ua‘ ghebgol] 49
A dojubi, type ME o FH2babell 4 o8 @o
= T2 Al ekl Ata ol M%% Basgiel. type
N sbut Fokiglol sp579 27122 2L 9]
olel7] vhEp S E kol A w819 rh(Ishihara et
al.,, 1981). A z}2] 7% type I: 4 %2 gRrys

o] 7

2zt o, type Mol AL SEabol 374, ol
W ghel] 4 27 919l 0w o) F SEatoll 4 270, of Fm)
sholl 4 178 74 41 2hed o ol 4 wrAse] 60

%7} Awerelsh Aae] ogg BRI

ME §Z

v. d =

o%xﬂ:ﬂﬁL;E ] o] &
1988 64 7} F R ghubEg
459 ¢] Zh=jol] 4 1.2 5374 2 ia};&q% ol F Fhata}

o chezl 7+

LIRS Ry v M
1. &b=}e] odedo) 334 o] Abmrt 334 o] dtell 4 4

|
3|3t w7k A5kl 2md (p<0.045) 53] 154] o] sholl
A whE fade] A= gvk(p0.05).
2. Aol fg wlamell 4 @2} (2.2 £ 1.2)7F o32h
(1.4 £ 1.2)2.c} A3)3b49 571 A8k ch(p<0.002).

3. 3bake] 8o 9ol 4= lonescu-Shiley kot
(2.6 + 1.6)0] Hancock k2t (1.4 £ 0.7)el] wlsf A
318} A w7t Alshed ok p<0 035).

4. A3|g) 4 HolE w4 86 %E ALl A
Sl A Ly *43513401314.

5. sbdsk AEL type [ (74 %ol wkerd, o
B (939%) dszkel Aee] ik
6. sk=hel $1a], Abizl 7,
A g5k 4308 5 2 A5 FASA vt gl
ek p>0.05).

Al 5 22l

Ll

k-5 3L

REFERENCES
1. e}, o]Fad, 2HT, T55 1 Azt A5g
—29od] B— cojEHEEe}ulEks ]l 16 [ 498505,
1983
2. A% olFzARutel WA FE. g F el
k3l 7] 21 . 619—629, 1988
3 ol e, 47AR 1 ol FxAsutr s Sl o gt 9}

i0.

11.

12.

13.

14.

15.

1986

. Binet JP, Carpentier A, Langlois J, Duran C, Col-

vez P: Heterologous aortic valve tranplantation.
Lancet 2:1275, 1975

. Binet JP, Planche C, Weiss M: Heterograft replace-

ment of aortic valve. In Ionescu MI, Ross DN,
Wooler GH (eds): Biological tissue heart valve re-
placement. London, Butterworth, 1971 pp 409-444

. Bolooki H, Kaiser GA, Mallon SM, Palatianos GM:

Comparison of long-term results of Carpentier-
Edwards and and Hancock bioprosthetic valves.
Ann Thorac Surg 42:494-499, 1986

. Broom ND: Fatigue-induced damage in glutaral-

dehyde-preserved heart valve tissue. J Thorac Car-
diovasc Surg 76:202-211, 1978

. Campo CD: An editorial view on the reporting of

results in heart valve bioprostheses. J Cardiovasc
Sug 27:635-640, 1986

. Carpentier A: Principles of tissue valve transplanta-

tion. In Ionescu MI. Ross DN, Wooler GH (eds):
Biological tssue in heart valve replacement. Lon-
don, Betterworth, 1971 pp 49-82

Carpentier A, Nashef A, Carpentier S, Ahmed A,
Goussef N: Techniques for prevention of calcifica-
tion of wvalvular bioprostheses.  Circulation
70(Suppl. 1):165-168, 1984

Cipriano PR, Billingham ME, Miller DC: Calci-
fication of aortic versus mitral porcine bioprosthe-
tic heart valves: A radiographic study comparing
amounts of calcific deposits in valves explanted
from the same patient. Am ] Cardiol 54:1030-1032,
1984

Cipriano PR, Billingham ME, Oyer PE, Kutsche
LM, Stinson EB: Calcification of porcine prosthe-
tic heart valves: Radiographic and light microsco-
pic study. Circulation 66:1100-1104, 1982
Ferrans V], Boyce SW, Billingham ME, Jones M,
Ishihara T, Roberts WC: Calcific deposits in pro-
cine bioprostheses: Structure and pathogenesis. Am
J Cardiol 46:721-734, 1980

Ferrans V], Tomita Y, Hilbert SL, Jones M,
Roberts WC: Pathology of bioprosthetic cardiac
valves. Human Pathol 18:586-595, 1987

Fishbein MC, Levy R]J, Ferrans V], Dearden LC,
Nshef A, Goodman AP, Carpentier A: Calcification

of cardic valve bioprostheses: Biochemical, histolo-

- 1010 —



16.

18.

19.

20.

21.

22.

23.

24.

25.

gic and ultrastrucural observations in a sub-
cutaneous implantation model system. ] Thorac
Cadiovasc Surg 83:602-609. 1982

Gabbay S. Bortolotti U, Wasserman F, Tindel N.
Factor SM, Frater RWM: Long-term follow-up of
the Ionescu-Shiley mitral pericardial xenograft. |

Thorac Cardiovasc Surg 88:758-763. 1984

. Gallo 1. Nistal F, Revuelta JM, Garcia-Satue E,

Artinano E. Duran CG: Incidence of primary tissue
failure with the Ionescu-Shiley pericardial valve
preliminary results. J Thorac Cardiovasc Surg
90:278-280. 1985

Geha AS, Laks H. Stansel HC, Cornhill JF, Kilman
JW. Buckley M]J, Roberts WC: Late failure of por-
cire valve heterografts in children. | Thorac Car-
diovasc Surg 78:351-364, 1978

Hammond GL, Geha AS, Kopf GS, Hashim SW:
Biological versus mechanical valves. J Thorac Car-
diovasc Surg 93:182-198, 1987

Ishihara T, Ferrans V], Boyce SW, Jones M,
Roberts WC: Structure and classification of cuspal
tear and perforations in porcine bioprosthetic car-
diac valves implantated in patients. Am J Cardiol
48:665-678. 1981

Levy R]J, Levy JT, Scheon F: Prevention of biop-
rosthetic heart valve calcification (Abstract). Cir-
culation 68(Suppl. ll1):395, 1983

Levy R]J, Schoen F], Anne Lund S. Sue Smith M:
Prevention of leaflet calcification of bioprosthetic
heart valves with diphosphate injection therapy:
Experimental studies of optimal dosages and ther-
apeutic durations. J Thorac Cardiovasc Surg
94:551-557, 1987

Levy RJ, Scheon FJ. Levy JT..... Biologic determi-
nants of dystrophic calcification and osteocalcium
deposition in glutaaldehyde-preserved porcine aor-
tic valve lesflets implanted subcutaneously in rat.
Am ] Pathol 133:143, 1983

Levy R]. Zenker JA, Bernhard WF: Porcine biop-
rosthetic valve calcification in bovine left ventricle-
aorta shunts studies of the deposition of vitamin
K-dependent proteins. Ann thorac Surg 36:187-192,
1983

Levy R]J], Zenker JA, Lian ]B: Vitamin K-
dependent calcium binding proteins in aortic valve
calcification. ] Clin Invest 65:563-566, 1980

— 1011 —

26.

28.

30.

31.

32

34.

35.

36.

magilligan DJ Jr.. Lewis JW Jr., Jata FM, Lee
MW, Alam M. Riddle JM. Stein PD: Spontaneous
degeneration of the porcine bioprosthetic valve.
Ann Thorac Surg 30:259-266, 1980

. Marshall WG jR.. Kouchoukos NT. Karp RB. Wil-

liams JB: Late results after mitral valve replace-
ment with the Bjork-Shiley and porcine prostheses.
J Thorac Cardiovasc Surg 85:902-910, 1983
Milano A, Bortolotti U, Talenti E, Valire C. Arbus-
tinin E, Valente M, Mazzucco A, Gallucci V.
Thiene G: Calcific degeneration as the main cause
of porcine bioprosthetic valve failure. Am J Cardiol
53:1066-1070. 1984

. Morgan R]J. Davis T, Fraka TD: Current status of

valve prostheses, in Wetstein L. Myerowitz
PD(Eds): Latest advances in cardiac surgery. Surg
Clin North Am 65:699-720, 1985

Murray G: Homologous aortic valve segment trans-
plants as surgical treatment for aortic and mitral
Insufficiency. Angiology 7:446. 1956

Nistal F. Artinano E, Gallo 1: Primary tissue
valve degeneration in glutaradehyde-preserved pro-
cine bioprostheses: Hancock 1 versus Carpentier-
Edwards at 4- to 7- years' follow-up. Ann thorac
Surg 42:568-572, 1986

Nistal F, Garcia-Martinez V, Fernandez D. Artinano
E. Mazorra F, Gallo 1: Degenerative pathologic
findings after long-term implantation of bovine peri-
cardial bioprosthetic heart valves. | Thorac Car-
diovasc Surg 96:642-651, 1988

O'Brien MF: Heterogeous replacement of the aortic
valve. In Ionescu MI, Ross DN, Wooler GH (eds):
Biological tissue in heart valve replacement. Lon-
don, Butterworth, 1971 pp 445-466

Reis RL, Hancock WD, Yarbrough JW, Glancy DL.
Morrow AG: The flexible stent. A new concept in
the fabrication of tissue heart valve prostheses. |
Thorac Cardiovasc Surg 62:683-689. 1971
Rocchint AP, Weesner KM, Heidelberger K. Keren
D, Behrendt D, Rosenthal A: Porcine Xenograft
valve failure in children: An immunologic response.
Circulation 64 (supp! Il):162-171, 1981

Schoen FJ, Collins JJ Jr.. cohn LH: Long-term
failure rate and morphologic correlations in porcine
bioprosthetic heart valves. Am | Cardiol 51:957-
964, 1983



37.

38.

39.

40.

Scheon FJ], Levy R]: Bioprosthetic heart valve
failure: Pathology and pathogenesis. Cariol Clincs
2:717-739, 1984

Scheon FJ, Levy R], Nelson AC: Bioprosthetic
heart valve failure: Pathogenesis of calcific de-
posits (Abstract). J] Am Coll Cardiol 3:601, 1984
Stein PD, Kemp SR, Riddle JM, Lee MW, Lewis
JW Jr., Magilligan D] Jr.: Relation of calcification
to torn leaflets of spontaneously degenerated por-
cine bioprosthetic valves. Ann Thorac Surg 40:175-
180, 1985

Stein PD, Riddle JM, Kemp SR, Lee MW, Lewis
JW, Magilligan DJ Jr.. Effect of warfarin on calci-
fication of spontaneously degenerated porcine biop-

rosthetic valves. | Thorac Cardiovasc Surg 90:119-

- 1012 —

41.

42.

43.

125, 1985

Thiene G, Laborde F, Valente M, Bical O, Talenti
E. Bortolotti U, Gallix P: Experimental evaluation
of porcine-valved conduits processed with a cal-
cium-retarding agent (T6). | Thorac Cardiovasc
Surg 91:215-224, 1986

Thubrikar M]J, Deck JD, Aouad ], Nolan SP: Role
of mechanical stress in calcification of aortic biop-
rosthetic valves. J Thorac Cardiovasc Surg 86:115-
125, 1983

Walker WE, Duncan JM, Frazier OH Jr., Livesay
JJ. Ott DA, Reul GJ, Cooley DA: Early experience
with the Ionescu-Shilley pericardial xenograft
valve: Acceelerted calcification in children. J Thor-
ac Cardiovasc Surg 86:570-575, 1983



