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Long-term Clinical Results of the Xenograft Cardiac Valves*

Chong Whan Kim, M.D.**

A total of 1,239 patients had cardiac valve replacement using 1,514 substitute valves at Seoul National University
Hospital from 1968 to 1986. Of the total substitute vales, 84.9% were the glutaraidehyde-treated xenograft yalves.

Six hundred ninety-four patients who had 820 bioprosthetic tissue valves were studied for their clinical
characteristics. They were a total and consecutive cases to the ed of the study. Four hundred sixty-four patients
had the lonescu-Shiley pericardial valves: MVR 291, AVR 66 and MVR+AVR 107; 163 had the Hancock porcine
valves; 46 had the Angell-Shiley porcine valves; and 21 had the Carpentier-Edwards porcine valves. Five hun-
dred forty patients underwent single valve replacement: MVR 460, AVR 76 and TVR 4; 154 had multiple valve
replacement: MVR+AVR 141, MVR+TVR 12 and one triple valve replacement. Additional surgery was necessary
in 22.3% of the cases.

Operative mortality rate within 30 days of surgery was 6.77% for the total patients: 5.2% and 4.2% with MVR,
13.6% and 12.5% with AVR, and 7.5% and 7.4% with MVR+AVR using the lonescu and the Hancock valves respec-
tively. A linealized annual late mortality rate was 2.56%/patient-year.

Six hundred forty-three operative survivors were followed up for a total of 1482.7 patient-years (a mean
27.7 months), and the follow-up rate was 67.7%. The linealized complication rates were: 2.02% emboli/patient-
year, 0.94% bleeding/patient-year, 1.21% endocarditis/patient-year, and 3.84% overal valve failure/patient-year.
A linealized rate of primary tissue failure was 0.87%/patient-year.

Actuarial survival rates including the operative mortality were: 87 8+2.6%, 82.3+4.9% and 82.2+4.7% with
MVR, AVR and MVR+AVR using the lonescu valves at 4 years after surgery respectively; and they were 88.0+4.1%
with MVR at 8 years, 82.3+4.9% with AVR at 4 years and 84.9+7.0% with MVR+AVR at 6 years after surgery
using the Hancaock valves respectively. Probabilities of freedom from thromboembolism were 89.8+6.3% with
MVR using the lonescu valves at postoperative 5 years and 89.2+3.8% with MVR using the Hancock valves at
postoperative 7 years, and 93.3x3.9% with AVR using the lonescu valves at postoperative 5 years. None had
embolic complication after AVR using the Hancock valves. Probabilities of freedom from valve failure (accor-
ding to the Stanford criteria) were 81.0+7.1% with MVR using the lonescu valves at postoperative 4 years and
57.4+12.5% with MVR using the Hancock valves at postoperative 9 years.

These clinical resuits prove the excellent antithrombogenicity of the glutaraldehyde-treated xenograft substitute
valves and confirm the previously speculated rate of tissue failure. At the present situation, it may be concluded

) that there is a room for the further development of more durable bioprosthetic valves.
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1968 fE-6] 1986 K7k LREIRBRFRS KT
3 BEE 1,2398gon o|F 78.5% (928 = H
—WEERFHAC)L B 21.5% (267 F)E HEME
BRFRAGcH(Table 1). EEARBESRER: 1,514
fBoliL o]F 84.9% (1,286{#) 7} glutaraldehyde F&
B RMEEC gy #EF 19.3% = KABIRERER
Rolx B 80.7% v 4O TE@MMBo|sicl(Table 2).

lonescu-Shiley SIS AT A& FHERE &
BEEY] AXBRME -FREEE BRIBEX/xS 2

Table 1. Cardiac valve replacement: 1968 - 1986

Replacement Number %
Single valve: 972 78.5
MVR 786 80.9
AVR 166 17.1
TVR 20 2.0
Double valve: 259 20.9
MVR +AVR 224 86.5
MVR+TVR 35 13.5
Triple valve: 8 0.6
Total 1239 100.0

Table 2. Substitute valves: 1968-1986

Valves Number %
Prosthetic: 228 15.1
Starr-Edwards 11 4.8
Magovern-Cromie 5 2,2
Beall-Surgitool 24 10.5
Wada-Cutter 2 0.9
Bjork-Shiley 84 36.8
Smeloff-Cutter 4 1.8
St. Jude Medical 98 43.0
Bioprosthetic: 1286 84.9
Hancock 177 13.8
Angell-Shiley 48 3.7
Carpentier-Edwards 23 1.8
lonescu-Shiley 1038 80.7
Total 1514 100.0

BEIL FE% ABERY —8 EREE- BRE
€ 25 lonescu-Shiley Ko T BT WEHMRE
7kx1¢] 2@ &Y. Angell -Shiley # &, Carpentier
-Edwards ##f8 % Hancock WIES I BES
ol & MES A 2AEKlY M1 MES 3 #H
I BET magch

BRHBAES 6% flo)a HFHBBEE~ 820ME3o
o GEEFR-S BEHIE 1983~1986 4£2} 7 HEKE 3shgich
o] 52 1986 k7| o] MEERBE 2612 56.0%E
sl AT REBEEE 2MER] 54.2% =&
RAERIME e 63.8% glvl(Table 3).
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Table 3. Xenograft valves studid

Table 5. Pathology

Number of Duration of End of
Group Patient Valve *Study Follow-up
ISM 291 291 1978.10-1983.6 1983.7
ISA 66 66 1979.2-1984.6 1984.7
ISMA 107 214 1979.5-1984.6 1984.7
AS 46 48 1977.7-1980.3 1985.7
CE 21 24 1977.6-1979.8 1985.7
H 163 177 1976.3-1984 .4 1986.7
Total 694 820 1976.3-1984.6 1986.7

*ISM & ISA: Isolated MVR and AVR using lonescu-Shiley valve;
ISMA: MVR + AVR using lonescu-Shiley valve in both position;
AS: Angell-Shiley valve; CE: Carpentier-Edwards valve;

H: Handcock valve.

Bel= BBl wl2= Bakbte £7F Jdod 2EE
A= A ggich BEERS 3~63 %2 KR
Bl Al on BB ERTFHe 30~34 mo %
3 SBmEEe] At L MBI B 15 BAERYT MR

BEc 45412 2852 6.5% 5 43 ct(Table 4).

REBETR : 614 Gloll A B fEiBle] A2 B i
EXRRe] Baiso] b2 ot Tukett: fRIBER B
REe Rpetgon vz @e] RBE HAEREa
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40| T RAERE-L 3 fl NEIGCH 2EMACR &
%9 36.4%0H = BHREELIS IR KM
oluvt g LIERES MBI Gvh MhER A EIR e
2 =] AETEFRMa BREEC] ohd KB
o == fEiEme] mmolgioh ohE LWL Higs
EXH LB K%l oh(Table 5).

Pathology ~ Mitral valve _Aortic valve
Number % Number %

Stenosis 155 25.2 3 14

Insufficiency 136 22.2 112 53.1

Mixed 323  52.6 96 45.5

Total 614 100.0 211 100.0

Associated lesions: 36.4%

FMAR : 2009 77.8%4 4+ BRBEERFHS
wrstg od o$7 26 66.3% 7} fRiEmE—ER
BEgoh, 2EE 22.3%dd 4= {bEAL psl] e
Fr-g Emsigcl, EEBEERBEY 9.6%7 #&
ezl KBRS —EE&MA G c(Table 6).

Table 6. Surgery

Surgery IS AS CE H Total
MVR 291 37 14 118 460
AVR 66 1 1 8 76
TVR 1 3 4
MVR+AVR 107 5 2 27 141
MVR+TVR 3 6 12
MVR +AVR+TVR 1 1

Total 464 46 21 163 694

Combined surgery: %
25.0 6.5 95 209 223

Worh ESHERES AERE BRI Y THEL
Fotos WRMRE R ERS A AL 2004

Table 4. Xenograft valves studied

Group Sex Age(yrs) Children
Male Female Ratio Mean + SD Range Number %

ISM 136 155 1:1.1 3244125 3-63 32 11.0
ISA 49 17 2.9:1 31.1+13.1 9-61 6 9.1
ISMA 64 43 1.5:1 34.0+11.9 13-62 1 0.9
AS 19 27 1:1.4 33.1+£10.5 13-55 1 2.2
CE 9 12 1:1.4 29.8+ 9.5 17-50
H 72 91 1:1.3 34.3411.3 7-57 5 3.1

Total 350 345 1:1.01 29.8-34.3 3-63 45 6.5
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EORBRMFERF SEOEIERS 2 st L
& RSk of, R REEEY =7 f@Emarl
A F337)% Botl Angell-Shiley#fiio] AbilEiRro]
Axet e B (p0.001) b BERelE 2RI g
gich, KBHEERMA A= REMES] F¥5=7]7} Hanc-
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BEHERNA A o] KBRMe] THarvet e ¥(p
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(Table 7).

Table 7. Size of xenograft valves

of &% 12.5% 9} 13.6 % Gict. BEAEY 38617} 3
=3he] BEIFEICERS 5.48% %t} olv £RBEE B
o} 2.56 %/ #¥&%Eo]3ich(Table 8).

Bzere] b & RRS #YE MMl R
shed Lfifiifell Ao} Sl KMslRlob M Rl FET
T EOSHEBRRC 2 BIIFET-BES 72.3%4 %
Hel =glet, MARTY FROo v FHgREL A ELA
of 7b4 wiskon MEREAUHES HBENH ERoR
A3t WM &oHEe] oo HER R o]&
3K ZERC] BRHASET KL 57.9% % 43bg cl(Table
9).

G Mitral(mm) Aortic{mm) Tricuspid(mm)
aroup = Mean+SD n= Mean+SD n= Mean + SD Table 9. Cuases of death
ISM 291 28.8+2.7 Causes of death Number
ISA 66 22.9+3.2
Operative: 47
ISMA 107 289124 107 21.0+2.0
Low output 34
AS 44 265+15 1 21 3 29.0+1.0
Brain death 4
CE 18 278417 2 21.0+28 4 29.5+25
Cardiac arrest 4
H 148 283426 20 241428 9  317+2.0 R
Mediastinitis 3
Bleeding 2
ZEUE - fiitk 30 HBlwel oS FMACBEE # Late: 38
FEsFA ol 47 A7 FERETRED o FW xS Bacterial endocarditis 10
6.77% gt BIBRE-BREE] PR L Thromboembolism 7
o] Web 4.2~5.2%% o RIEH U ABIRES] BH Bleeding 5
BERE R AL o]uch o} 7.4~7.5%%ck 28 Congestive heart failure 4
ABRSGe] @l o) FATEHS Hacook g TS ;
Biggoluh lonescu-Shiley BRIl 41 o} o] W4l & cart bloc X
Valve failure 2
Table 8. Mortality Sudden death z
Sepsis 1
Operative Late mortality Hepatorenal syndrome 1
Group Number
Death % Death % Ye/pt-yr Coma 1
ISM 291 15 52 12 4.1  3.01
154 669 1362 3017 AERIFHE < SREke] B KBAolA LR
SMA om0 s T 6 e Aol Wskslel BEL MR S wgom N
AS 46 2 43 4 87 233 YHA g5 F#Class = 1.04~1.359ch il
CE 21 3 14.3 2 9.5 296 -
- FhERS BES AWH mRol 4 LIRS 1o
H 163 10 6.1 11 6.7 1.95
g Class 7} 2.29~2.86 o} gJc}( Table 10).
(HM* 118 5 4z 5 42 “41 WHEBHHE | FHEFASHE 64361300 8 B8
* 12.5 1 125  3.33 R
(HA 8 ; S yuy VI U827 @EECISIS B EAMNIE T
(HMA 27 : S k 17.5+12.2~46.831.1 E A et B KA 2
Total 694 47 677 38 548 256 sBEfo] WEESlE T BEL BIZ 33.3~77.8%% 0

*Subgroups of Hanco ck valves

ZREEA NS 67.7% 7} BEFE7IR S BERo] WHESHY
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Table 10. Symptomoatic improvement

Group Preoperative Postoperative
Mean + SD* Mean + SD*
ISM 2.80+0.60 1.21+0.46
ISA 2.29+0.67 1.04+£0.19
ISMA 2.86+0.54 1.12+0.33
AS 2.70+£0.47 1.35+0.58
CE 2.71£0.56 1.19.40.40
H 2.73+0.56 1.26+0.57

*Mean + SD of NYHA functional classes.

o BES) £ ol BEMRROl BHl4 K%}
olcf(Table 11).

mRREAHES 3067t KBRSt o|F 7Hio) 4 3E
Fol Si3ich. FRMES ¥ RERERS 2.02%8H
o)yl HEMmB= coumadin < BE == Humd

EBIBIQ] persantin 3} HHASEE o BBl =l BE
2] 97~100%¢°l A RRAES 3t o BEKBZE ik
mEE AR BEL BB BEK = B¥e 22~
8%t BREBLER BEY 53.3%7} HBROAE
B ol o3 36.7 %= 1 4ERAS] HURmMIARAS 2%
o k3 EBY SN 3G it 22 HRmAE
wAska] steivh. REASHES BAREE BE
56.7 %A A itk 1SELING R Kl 5 43.3 %0 A<
# lapsdc REERY BES LA 194
(63.3%)0l 4 LEMBIFT Rl gl ot B 1141(36.7 %)
ol 4 EXMES 2gslch REB= BE 834
%ol 4 MRE =t SBK BEolgo & 564
o RESE KA W 7 Mikge] 3l ch(Table 12)

Hgm A2 KW EAY HlAGHE-S 146
A gl ERHMAPHE FET 0.94%/BEE G
oo 4 gl 4 FEEo| = 3Tk

Table 11. Postoperative complications

Group ISM ISA ISMA AS CE H Total

Early survivors: 272 67 99 44 18 153 643
Follow-up:

Patient-years 398.2 114.2 166.1 171.6 67.5 565.1 1482.7

Mean(months) 17.5 24.0 20.1 46.8 45.0 44.3 27.7

+SD 12.2 16.0 16.1 31.1 32.0 27.1

Follow-up rate(%) 72.5 75.4 77.8 38.6 33.3 60.1 67.7
Thromboembolism:

Number(Fatal) 10(4) 4 2 4(1) 10(2) 30(7)

Percent 3.68 7.02 2.02 11.36 7.19 4.67

%/pt-yr 2.51 3.50 1.20 2.91 1.95 2.02
Bleeding:

Number(Fatal) 7(2) 1 1(1) 5(1) 14(4)

Percent 2.57 2.27 5.56 3.27 2.17

Yolpt-yr 1.76 0.58 1.48 1.24 0.94
Endocarditis:

Number(Fatal) 3(2) 1 5(1) 1 1(1) 7(6) 18(10)

Percent 1.10 1.75 '5.05 2.27 5.56 4.58 2.80

Yo/ pt-yr 0.75 0.88 3.01 0.58 1.48 1.24 1.21
Overall valve failure:

Number 12 4 4 10 3 24 57

Percent 4.41 7.02 4.04 22.73 16.67 15.69 8.86

Yolpt-yr 3.01 3.50 241 5.83 4.44 4.25 3.84
Primary valve failure:

Number 4 2 7 13

Percent 1.47 4.55 4.58 2.02

Yo/pt-yr 1.00 1.17 1.24 0.87
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Table 12. Thromboembolism

Table 13. Overall valve failure

Number % Number %
Anti¢oagulation: Number of patients: 57
Number of early survivors 643 Mode of failure:
Started- coumadin 97-100 Regurgitant murmur 31 54.4
Coumadin at the end of follow-up 22-23 Endocarditis 10 17.5
Thromboembolism: Rereplacement 9 15.8
Number of patients(Fatal) 30(7) Restenosis 4 7.0
Time of embolism Congestive failure 3 5.3
<one year 17 56.7 Location of failure:
>one year 13 43.3 Mitral 43 75.4
Location of embolism Aortic 5
Cerebral 25 83.4 Mitral & aortic 6
Peripheral 5 16.6 Mitral & tricuspid 2
Rhythm at embolism Triple 1
Regular sinus 11 36.7 Failed valve:

Atrial fibrillation 19 63.3 Hancock 24 of 153 patients 4.25%/pt-yr
Coumadin at embolism [onescu 20 of 438 patients 2.95%/pt-yr
on 16 53.3 Angell 10 of 44 patients 5.8%/pt-yr
Off 11 36.7 Carpentier 3 of 18 patients 4.44%/pt-yr

None 3 10.0

HEWEOREL BB MBS OHEC R EHEE
T 0.94%/BEEoIg ot 186IF 104I(55.6 %) 7+ JE
=3kl ok

PR B : MRS SIEHEES Oyer %9 w3 Y
= MEIG e 57 Gl A EBMERE T WELKIT BE
=o] ity MIEAKS FMEEE 3.84%/BEEY
o}, SkfgkEsETh JHA B A R =c KBIE
WERfrol) 4 BEF B HEAOHEToIglo 574
o] fam MELKAEEL 54.4%E Gk o5
OEEES BARDV & B4 BEgRFel I,
—FBREA A= W FHYe] olv] BEEEE syl
o] w3k BEL Kool A LEHER] ot E#ESH
o BFERHS BEY EEc oMo mKHEEN HE
FHe Tk ¥3 glvh LOEEEC] BESEA K
o WESH BROR A= LARMRC] A
ub Mk BB KA FHE MESR 22 BEV}
341(5.3%) g}t (Table 13).
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o,

WA 7L ol MFEERAE (EiEHo] 712 ol 2
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Foll Al E 4 glglon] ME BENE B FMBEA

= 2.95~5.83%/BEF]I g o,

—RE SERESKE 136l 4 BEEsgon ofF
9Bt H#E b EFMol A —keERERE PIEST &
oo oh e 4 fi LNERKS Rkl Slol LEBTIE
D AR o] BHSYoV FME
| ik BEG olE 13ME Bt W Bk
—&f MRERA R Bistg o £ BER 0.87%
/RBEEL] —Re AMARES gl oebd BEY
Filiz mAEE —ky SRKMRHE BET KRBT o
Bl gol FRMSEEE 0.61 %/ BEFE| ol

£ - ROl Bl RUIEFES BRI
o}, BERIE ShE fHiRM 2 ABMRMES] B-EH Y B
FERES BB Htgd ey BEBRY HE
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o B AFES 2 4 Udgls Polo MAEE P A
IRl B -BRAEER A &% WKAES] AfEo| 878
+2.6%9 82.3+4.9% %3 MBS FRE & A
= 82.2+4.7% ¢}, Hancock #iEo 2 fapEm2e B
—BH3 BERY WK 453 SE] AEHEE &K
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Mo 2 KBRS B—ER BEN A Mk 4
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7.0%9 4FFEE 2gch Angell WEo 2 fBiEmE
S B -BHT BEHAA AFERE M 94 73.2
+14.5% ¢ c+(Fig. 1).
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Fig. 1. Actuarial survival curves. Vertical lines denote
one standard deviation.

BRESUHES ¢+ HES MK eR S
drh, BER-S B-FRs BEdAde BREEYE H
B+ lonescu JERE 4 #5486 5 4Fol] 89.8+6.3% o)
31 Hancock S B A flitd 7 %ol 89.2+3.8% %2
o Angell #ER A+ Witk 74 78.1+£10.5%%]
o}, ABRES BB s o BREAIES 8
BB o B4o] o] lonescu MIFEHk A itk
54l 93.3+3.9%09l 4 RESHHE] glgl.2w Han-
cock MEIRE B &A= RZiEo] glgict EAMMal X
BIER-S BEHEHERYT &AL RE SOUES. BEE
B—E&EE A B} BEEESL ol itk 643} 7
4£2] lonescu M EEE 3l Hancock M 4] BEsE
UE HEE &% 97.5£1.7%2 92.6+7.1%%c}
(Fig.2).
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Fig. 2. Probability of freedom from thromboembolic
complications. Vertical lines denote one standard
deviation.

kREH MIERNCL dv BET KRBT g =et
#rdte] Bgkrl, lonescu WiEC = fAIEHES B—E
Bt Bl A MIELNI = BB W 44 81.0
+7.1% vt Hancock SES HRAS AiERE -Hi
BER Ao MBEAKIE HEC WHE 4453 545
K% 9N.2+3.1%2} 79.3£5.3% o M 9 4R
= ZA yhol 57.4+12.5%% . Angell WIE-S
3 RIEME - BERE AR A= M 5ES I K
% 80.3%+7.3%%} 55.3+11.6% 31tk lonescu HyRE
3} Hancock MRS AT ABHEM B B8 &R
Aol mMEkKE s HES £%& itk 740 80.1+58
%}t 100%+0% 9 o thER A= Wtk 842 B
PRl 50.0+£35.4% 2 vrobzi ot #IHEBAIH R MO
agich KBRS REES] BEHERAEN AT lo-
nescu At 3} Hancock MR 4 itk 6 3 74
of %4 88.6+7.6%%F 95.8+4.2%9 c}(Fig.3).
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Fig. 3. Probability of freedom from overall valve failure.
Vertical lines denote one standard deviation.
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