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Table 1. Causes of early death after cardiac valve

replacement
Cause Number of patients
Homorrhage 6 (35.3%)
Low output syndrome 6 (35.3%)
Brain infarction 2 (11.8%)
Sepsis 1 (5.9%)
Unknown 2 (11.8%)
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Table 2. Univariate analysis of risk factors of early death after cardiac valve replacement

Entire population
Factor Pop

Early death group

Surviving group .
p value

mean=SD mean+SD (n=17) mean=+SD (n=289)
Operation time 302.3+83(min) 411.8+113 295.7+76 0.0000
Intraoperative hemorrhage 1.25+1.1(1) 2.82+2.8 1.16+0.8 0.0000
NYHA class 2.76%0.7 3.59+£0.5 2.71+£0.7 0.0000
PCWP 18.85+10.1(mmHg) 27.43%9.2 18.32+9.9 0.002
CTR 61.424+7.1(%) 66.47+8.1 61.11+6.9 0.0048
MPAP 25.61+11.2(mmHg) 34.00+£12.3 25.10%11.0 0.0076
LADD 48.60+11.0(mm) 57.00+15.0 48.21x10.7 0.0266
Duration of symptoms 7.86=7.0(vears) 11.12+10.0 7.66%+6.8 0.0976
LVEDP 12.36+6.5(mmHg) 15.90%5.2 12.16+6.5 0.1552
LvDD 53.69+9.6(mm) 56.90+11.7 53.54+9.5 0.5668
Obesity index 101.2+12(%) 100.4+12 101.2+12 1.00
Age 48.02+11.2 48.53+10.7 47.99+11.3 1.00

* Comparison between early death and surviving groups by Student’s t-test
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Table 3. Univariate analysis of risk factors of early death ater cardiac valve replacement

Number of Number of

Factor early death survival p value®
Liver dysfunction (+) 11 (64.7%) 41 (14.2%)
i 6 (35.3%) ... 248 (85.8%) . 0.0000
""Renal failure (+) 12 (70.6%) 40 (13.8%)
______ (=) . 5(9.4% _ 24986.2%)  0.0000
""Respiratory failure (+) 11 (64.7%) 49 (17.0%)
i 6.(35.3%) 240 (83.0%) 0.0000
" Hepatomegaly (+) T (64.7%) 64 (22.1%)
)] 6.(35.3%) .. 225 (77.9%0) .. 0.0000
" Atrial fibrillation (+) 16 (94.1%) 145 (50.2%)
______ (=) 1(5.9% 144 (49.8%)  0.0002
" Tricuspid regurgetation (+) (41.2%) 33 (11.4%)
....................... (=) 10 (58.8%) 256 (88.6%) 0.0004
""Type of replacement ; AVR 3 (17.6%) 113 (39.1%)
MVR 8 (47.1%) 136 (47.1%)
DvrR . 6(53%) . 40 (13.8%6) . 0.0323
“"Year of operation ; 1974—77 4 (23.5%) 20 ( 6.9%)
1978 —83 7 (41.2%) 138 (47.8%)
198488 . 6 (35.3%) ... 131 (45.3%) . 0.0461
" Concomitant heart surgery (+) 8 (47.1%) 187 (64.7%)
. U St SO 9 (52.99%8) ... 102 (35.3%) . 0.1931
“Concomitant TAP (¥) 4 (23.5%) 23 ( 8.0%)
. ) 13 (76.59%8) ...} 266 (92.0%) .. 0.2504
“‘Rereplacement (+) 3 (17.6%) 15 (5.2%)
. SR S S 14 (82.49%) 274 (94.8%) 0.4157
““Type of prosthesis; Bioprosthesis 8 (47.1%) 120 (41.5%)
Mechanical 9 (52.9%) 169 (58.5%) . 0.6529
T Gew: Male T 9 (52.9%) 155 (53.6%)
Female 8 (47.1%) ... 134 (46.4%) 0.9556
“'History of heart surgery (+) 2 (11.8%) 15 (5.2%)
S 15 (88.296) .. 274 (94.8%) 1.0000
" Cause of disease; Rheumatic fever 10 (71.4%) 190 (69.3%)
.................. Others  4(8.6%) 8 30.7%)  1.0000
IE or PVE 2 (14.3%) 32 (11.7%)
Others . 12 85.7%) .. 242 (88.3%) 1.0000
""" Primary tissue failure 1 (7.1%) 10 ( 3.6%)
Others 13 (92.9%) . 264 (96.4%) 1.0000
Aorfitis T 0 ( 0%) 5 ( 1.8%)
Others .. 14 (100%) . 269 (98.2%) - 1.0000
" Mitral tendon rupture 0 (" 0%) 19 ( 6.9%)
Others 14 ( 100%) 955 (93.1%) 0.6094

* Test of homogeneity between early death and surviving groups by x? or Fisher’s exact
probability test




BALEAS BRI FRIERF 257

NYHA OBREDE, FEE, B1re, MBI, fFE
X, DEHE, SRAPHTE, HEREAE, O
ik, UEBRBIRE, LROEEAERE, Bas
fi, FMH, THholr. REEERBWETI -0
W, BT -KREBITOKR D EN0.2K Lk - 72 3H
BRWY L5, FHEM, HihHmE,
NYHA LR E, HEE, B14, WEAE, FE
K, ZRAMSETE, LDEME, MBIREAE, O
i, DUEEIARE, IRMEENER, BRA
i, FMH, WIHM, ESTRKEE, RRLER

DIBHETH-7z. TOIbHEWEIEEL, £8
R LEZONLERHZ VTR, UTO k3 E
HEBERL . FFEXE FSEEESRIED TROIED
B bhZ Z s, MBIk 3FEARL D WAL
FHRREMEOFTNEBN»OERTH S &L,
BREEERZ T 2D LT, MBREARE, [5G
BIRE, EEERAHE S B cHBE RT3, LE
AT — T VRERCIEREAE, EXHBRRBEL
FETELWEGNDHZ Z LSBT — s HDH W
INRERBIARE 2B i 7. OMEE IR EEEN

Table 4. Risk factors of early death after cardiac valve replacement determined by
multivariate analysis (discriminant analysis)

Factor

Linear discriminant

coefficienct F value P value
1) Intra operative hemorrhage —1.655 47.76 0.0000
2) Respiratory failure —1.952 14.51 0.0002
3) Renal failure —2.086 8.30 0.0043
4) NYHA class —1.057 6.08 0.0144
5) Liver dysfunction —1.049 2.29 0.1314
Total 17.15 0.0000
100 100y
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0 50 120 180
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Fig.1. Long-term survival of entire population
estimated by Kaplan-Meier method.

Table 5. Causes of late death after cardiac valve
replacement

Cause number of patients

Brain infarction

(Thromboembolism) 8 (27.6%)
Cardiac failure 6 (20.7%)
Sudden death 4 (13.8%)
Primary tissue failure 3 (10.3%)
Anticoagulant related

hemorrhage 2 (6.9%)
PVE 2 (6.9%)
Aortitis 1 ( 3.4%)
Unknown 3 (10.3%)

0 80 120 180
MONTHS AFTER OPERATION

Fig. 2. Estimated effect of age on long-term

survival of the population excluding early
death. «----- , age=60; —, age <60.
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e o o
S S R=3
n I L

n
=3
1

0 60 120 180
MONTHS AFTER OPERATION
Fig.3. Estimated effect of obesity index on
long-term survival of the population excluding
early death. --+- , obesity index=100%; —,
obesity index <100%.
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Fig. 4. Estimated effect of sex on long-term

survival of the population excluding early
death, <= , female ; ——, male.
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Fig.5. Estimated effect of type of valve repla-
cement on long-term survival of the populat-
jon excluding early death. ==, AVR; —,
MVR; - , DVR.
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Fig. 6. Estimated effect of type of prosthesis
on long-term survival of the population
excluding early death, - , bioprosthesis;
——, mechanical valve.
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Fig. 7. [Estimated effect of concomitant heart
surgery on long-term survival of the populat-
ion excluding early death. <=+ , with any type
of concomitant heart surgery; — without
concomitant heart surgery.
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Fig.8. Estimated effect of concomitant TAP

on long-term survival of the population

excluding early death. - , with concomitant

TAP ; —, without conco mitant TAP. **, p<

0.01 vs. group without concomitant TAP by
generalized Wilcoxon test.
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0 50 120 180
MONTHS AFTER OPERATION
Fig.9. Estimated effect of operation time on
long-term survival of the population excluding
early death. ===+ . operation time<300 minut-
es; ——, operation time = 300 minutes.
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Fig. 10. Estimated effect of intraoperative

hemorrhage on long-term survival of the

population excluding early death, -+ , volume
of bleeding<2.0 L; ——, volume of bleedin-
g=2.0 L.
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Fig.11. Estimated effect of year of operation on
long-term survival of the population excluding
early death.—— 1974-77 ; ——, 1978-83; «----
1983-88.
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Fig. 12, Estimated effect of NYHA funcional

class on long-term survival of the population

excluding early death. ———, NYHA 1 ; .

NYHA II; - , NYHA III----- NYHA 1v. *,

P<0.05 vs. groups of NYHA Il or less by
generalized Wilcoxon test.
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Fig. 13. Estimated effect of cardiothoracic ratio
on long-term survival of the population
excluding early death. -+ , CTR<70% :
CTR=70%. ** vs. p<0.01 vs. group of
CTR=70% by generalized Wilcoxon test.
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Fig. 14. Estimated effect of LVDD on long-term

survival of the population excluding early

death, «----- , LVDD<60mm ; ——, LVDD=60-
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Fig. 15. Estimated effect of LADD on long-term
survival of the population excluding early
death, -+ , LADD<60mm ; —, LADD=60-
mm. **, p<0.01 vs. group of LADD<60mm.
by generalized Wilcoxon test.
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Fig. 16. Estimated effect of tricuspid regurgita-

tion (TR) on long-term survival of the
population excluding early death. -+ , witho-
ut TR ; ——, with TR. **, p<0.01 vs. group

with TR. by generalized Wilcoxon test.
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Fig.17. Estimated effect of duration of sympt-
oms on long-term suvival of the population
excluding death. - , duration <10 years;
——, duration=10 years.
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Fig. 18. Estimated effect of MPAP on long-term
survival of the population excluding early
death, - , MPAP<35mmHg; ——, MPA-
P=35mmHg. **, p<0.01 vs. group of MPA-
P=35mmhg by generalized Wilcoxon test.
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Fig. 19. Extimated effect of PCWP on long-term
survival of the population excluding early
deatn.s++-++ , PCWP<30mmHg ; —, PCWP=-
30mmHg.
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Fig. 20. Estimated effect of LVEDP on long-term
survival of the population excluding early
death. ---+--+-, LVEDP<20mmHg; A
LVEDP=20mmHg. **,p<0.01 vs. group of
LVEDP=20mmHg by generalized Wilcoxon
test.
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Fig.21. Estimated effect of atrial fibrillation
(af) on long-term survival of the population
excluding early death. < , without af; —
with af. **, p<0.01 vs. group without af by
generalized Wilcoxon test.
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Fig.22. Estimated effect of hepatomegaly on

long-term survival of the population excluding

early death. ----- , without hepatomegaly ;

——, with hepatomegaly. **, p<0.01 vs. group

without hepatomegaly by generalized Wilco-
xon test.
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Fig. 23. Estimated effect of liver dysfunction on
long-term survival of the population excluding
early death. -« , without liver dysfunction;
—, with liver dysfunction. **, p<0.01 vs.
group without liver dysfunction by generalized
Wilcoxon test.
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Fig. 24. Estimated effect of renal failure on
long-term survival of the population excluding
early death. ------ , without renal failure; ——
with renal failure.
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Fig. 25. Estimated effect of respiratory failure

on long-term survival of the population

excluding early death. «+-- , without respirato-

ry failure ; ——, with respiratory failure. **,

p<0.01 vs. group without respiratory failure
by generalized Wilcoxon test.
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Fig. 26. Estimated effect of re-replacement on
long-term survival of the population excluding
early death. -+ , primary replacement ;
re-replacement.

100

.........

o
k=
n

@
3
)

PERCENT SURVIVAL
a
=3
:

~
S

0 50 120 180
MONTHS AFTER OPERATION

Fig. 27. Estimated effect of history of heart
surgery on long-term survival of the populat-
ion excluding early death, - ,  without
history of heart surgery ; ——, with history of
heart surgery.



ELEDOITEE e ot FDDbALICELHE
L., sEEGE L Ez shEBC L TE, BEST
TORN T - - EEEE RO EE CEE £ BH
L. TabbSERBRETOILOILIITRY E
FHER RSSOt LERE, FES,
=ahBERS, WBRGERE, NYHA L#8ES
5, R, B, FWEHE, BRR, Ak
Bo1I2EETH->72. Z12EEF T2V T Cox LAl

60

40

PERCENT SURVIVAL

I~
=

0 80 120 180

MONTHS AFTER OPERATION
Fig. 28. Estimated effect of cause of disease on

long-term survival of the population excluding

early death. (Rheumatic fever) - , rheumatic
fever ; ——, others,
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Fig. 29. Estimated effect of cause of disease on
long-term survival of the population excluding
early death. (IE or PVE) - , IE or PVE;
——, others.
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Fig. 30. Estimated effect of cause of disease on
long-term survival of the population excluding
early death. (Primary tissue failure) -« ,pr-
imary tissue failure; ——, others.
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Fig. 31. Estimated effect of cause of disease on

long-term survival of the population excluding

early death. (Aortitis) - ,aortitis; —,
others.
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Fig. 32. Estimated effect of cause of disease on
long-term survival of the population excluding
early death. (Mitral tendon rupture) - mitr-
al tendon rupture ; —, others.

Table 6. Risk factors affecting long-term survival
after cardiac valve replacement determined by
univariate analysis (generalized Wilcoxon test)

Factor p value
Respiratory failure 0.0001
Cardiothoracic ratio 270% 0.0002
Atrial fibrillation 0.0004
Liver dysfunction 0.0006
Concomitant TAP 0.0012
Hepatomegaly 0.0016
LADDz60mm 0.0019
Tricuspid regurgitation 0.0019
LVEDP z20mmHg 0.0035
MPAP = 35mmHg 0.0045
NYHA class 0.0475
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Table 7. Multivariate analysis of risk factors affecting long-term survival after cardiac
valve replacement (Cox proportional hazard model)

Factor Coefficient F value p value
1) Liver dysfunction 1.837 10.69 0.0013
2) Type of valve replacement 1.062 5.68 0.0180
3) Atrial ﬁprillation ) ) 2221 5 67 _________________ 00181 ______
""" 4) Respiratory failure ~ 1.102  3.69 T 0.0562
5) MPAP ~2.635%107° 1.11 0.2939
6) Cardiothoracic ratio 3.459 %1072 0.99 0.3216
7) NYHA class —2.515%107? 0.36 0.5467
8) Tricuspid regurgitation 3.459x 1072 0.27 0.6055
9) Duration of symptoms 1.444%x1072 0.21 0.6455
10) Renal failure ~1.853x107! 0.14 0.7036
11) Year of operation -2.103x 107! 0.14 0.7040
12) Operation time —-5.258 x107* 0.02 0.8888
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Analysis of Determinants of Prognosis after Cardiac Valve Replacement in
Adults Eiji Kanehira, Department of Surgery (I), School of Medicine, Kanazawa
University, Kanazawa 920—J. Juzen Med. Soc., 99, 253—-270 (1990)
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Abstract

A total of 306 consecutive adult patients underwent cardjac valve replacement at the
Department of Surgery (1), Kanazawa University Hospital from 1974 through 1988. There
were 116 isolated aortic valve replacements, 144 isolated mitral valve replacements, and 46
double valve replacements. The influence of 27 variables on the early mortality and
long-term survival of these patients was assessed by univariate and multivariate analyses.
There were 17 (5.56%) early deaths. Intraoperative hemorrhage, low output syndrome, and
brain infarction accounted for 82.4% of the early fatalities. Univariate analysis identified
the operation time, intraoperative hemorrhage, NYHA functional class, liver dysfunction,
renal failure, respiratory failure, hepatomegaly, atrial fibrillation, tricuspid regurgitation,
pulmonary capillary wedge pressure (PCWP), cardiothoracic ratio (CTR), main pulmonary
artery pressure (MPAP), left atrium diastolic diameter (LADD), type of replacement, and
year of operation as variables assocjated with significantly (p<{0.05) increased or decreased
early mortality. Multivariate analysis identified intraoperative hemorrhage, respiratory
failure, renal failure, NYHA functional class, and liver dysfunction as significant (F>2.0)
risk factors for early death. The linear discriminant function was as follows :

Z (x)=—1.65x,—1.95x,—2.08x,— 1.06x,— 1.41x,+6.07
(X1, X2 X3, X, X are intraoperative hemorrhage, respiratory failure, renal failure, NYHA
functional class, and liver dysfuncion, respectively) percentage survival at 5 and 10 years
after surgery was 94.4% and 82.3% respectively, according to the Kaplan-Meier method.
Brain infarction due to thromboembolism, cardiac failure, and primary tissue failure
accounted for 58.6% of the late mortalities. The generalized Wilcoxon test identified
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respiratory failure, CTR=Z=70%, atrial fibrillation, liver dysfunc:ion, concomitant TAP,
hepatomegaly, LADD=60mm, tricuspid regurgitation, left ventricular endodiastolic
pressure=20mmHg, main pulmonary artery pressure=35mmHg, and NYHA functional
class NV as significant (p<0.05) risk factors affecting long-term survival. The cox
proportional hazard model identified liver dysfunction (p=0.003), type of replacement
(p=0.018), atrial fibrillation (p=0.018) as powerful determinants on long-term survival.
These risk factors, independent of other factors, should be considered as significant clinical
indexes in the follow up of the patients undergoing cardiac valve replacement.




