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Summary

To assess the factors which may initiate and accelerate degenerative senile calcification of the
aortic valve, two-dimensional echocardiograms and the clinical characteristics of 259 consecutive cases
with senile calcification of the aortic valve were studied. The results were compared with those of
similar studies among 186 consecutive cases with the normal aortic valves. An aortic cusp with an area
of increased echo greater than 3 mm in width and with decreased pliability was regarded as calcified.

Among patients with calcification of one aortic cusp, 114 exhibited calcification of a noncoronary
cusp, 17 calcification of the left coronary cusp and 3 calcification of the right coronary cusp (p<
0.001). Among patients with calcification of 2 aortic cusps, 39 had calcification of a noncoronary and
left coronary cusps, 3 calcification of the left and right coronary cusps and 16 calcification of the
right and noncoronary cusps (p<0.001).

In patients with calcification of their aortic valves, the end-diastolic angle between the inter-
ventricular septum and the ascending aorta was 102+10 degrees; whereas, it was 89+10 degrees
in the control group (p<0.001). There were no differences in frequency of aortic root calcification,
mitral annular calcification, hypertension, ischemic heart disease, hyperlipidemia, hyperuricemia, or
hyperglycemia, between patients with and without calcification of their aortic valves.

Of the female patients ranging in age from 65 to 74 years, 88%, in those with calcification of 3
cusps and 30% in those with calcification of one cusp (p<0.05) had mitral annular calcification. Of
the male patients ranging in age from 50 to 64 years, those with calcification of 3 cusps had pulse
pressure of 68+18 mmHg, and those with calcification of one cusp (p<0.05) had pulse pressure of
54+13 mmHg. Other factors did not differ between cases with calcification of one cusp and those with
calcification of 3 cusps.

Mechanical stress by left ventricular systolic blood flow was suggested as one of the factors which
causes senile degenerative aortic valvular calcification. It was suggested that the direction of systolic
left ventricular blood flow to the aortic valve determines the site of aortic valvular calcification.
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HE, BEE BT 5 KERFREORE &L L
T, InisicfE 5 KBIARFAIKAL (senile degenera-
tive calcification) DJEEERHER LTW 3. i
> TREIRF IR IKILBE T, EITT 581,
BRE AT I X 5 Fr oSk, 1815 (tear and wear)
ThdLERhTWBNER, Yok ) ARk
BEL B0, REARICOBECBEELD 3
DHIRFETH 5. FRPOKBIRFBHNTIEE L
THE LN, YIREADORRICES S KBIRAA
RALDFEM X EE T 5 5 25, ARG BEICHEST
LTWBHEANEL, BRILHBROEF 2m5 7
O ICHE A RGBT ORIB Iz > WTRE
3ZLiAHNEETHE. FAFECEBIBLT =K
HRick v, HBEOI# 0 KBRS B IRILH 5 o,
3SKOFRCARIEBRALEFECEZBEL, M
ic X 2 KRBIRFAKALNHE, ETT 585
SWTHET L7,

bl *

SR IEKBIIRFEE OWE L= = — X T KER
FRIFRELHARCBE S M5 TH 5.
DTk <R3 BHEICEET 5 KBRFA KL 238
0 1ol & RBIRFR IKILEE 259 #), Wil =
— X TREIRS IIEEE OIEIR-CBRAMHIRR 234 < 58
»ohT, Fils, MR L TKBIRSA RILEE
LABEERD RV &3t REE (186 4) & L 7.
KEMRFA RACEE B X O FRBE i34, 4R (50-64,
65-74, 75-89 %) P MHA A DbREICEL Y ThEh6
BizhE Uiz, BARBUCE L RO = —
AT R o & & FER o KBIARFA RILB], tiflz
NEZRICD W THEFER 2k 1%, ERIR+2
e lixpr Wiz,

WiE L= = — B TREBIARS O S LRG> S I

23 TiE 3mm LU EOEEE DR AED bh,
POZDORROFFHENET LT 3858 2 K8
MRFAKL, fEEFEICE 3mm Pl oS
MERDBGELMERRAKILEEE L. A
RILDOFEEHIET 5 2B LTix, KBRS,
B L bEMG S L OEEFRICAF v Lt
Rl omi 5 #53& L, WHicRRES T = —1&
EEHER SR b, »OoZOMEBER—KT BT L
R L. IERICY v~FHOBLERED S
Bl, KEBARFORIKIEHE L, 3OFLRNRHA
BRICK R & h R W, KBRS O SSE I I EE R
AIRILERD Y U~ FHEMLBETE 2 WH,
EZEBERPMGHEER S ik ) LERFICER
EUTB, BAMIHT 25207 Bli3BRs Lz, E1,
KBRS ZSEER AT D B DR KL R B OR
RIE, Wig.O= = — Kk TREIRFA RIL» K
BIREERIRIL 2B T 5 LR TH 7D
T, ZOX )RR ERD T KEBIRFTHEIK
1L, HBFOWTFhicb D hholk. EEE
R ic RN T, IERKHICDEFREELNIER
ERBINRD 72+ B/ NAE 2 #HIL 7 (Fig. 1).
FEHE R s T O0LR» & 0 Bz B v
T, Wi Ky 7" —kick b IEREIR M LLE
IS 5 KBRS 2 580 1B & 2 FEKRBINR
W E Lic. BB Ry 7S5 —BATEERETH -
T B RBIARFRIEHE 0 FF 5> & 1RV 72
BRIFMICEEGE L v > s U BRI
T, KBRS ICBT 2 KBIREERIKILOFEEX A
RAGICHIE Liz. 26 CEBATTRER (treadmill
TEGHA B & /21X Master 2 PEEkatEr 340) &
2ol IRPRBRETEREROREZ, &
B RIEETBERENS2 » AUAO LD 2V
iz,

WEEHLEE 1213 t-test, x2 test, Fisher's exact
test 2V, MHIRETHERR 5% UToHEAEE
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Fig. 1. Measurement of end-diastolic angle between the interventricular septum and

ascending aorta.

RV =right ventricle; LV=left ventricle; LA=left atrium; AO=aorta; IVS-AO =end-diastolic

angle between interventricular septum and AO.
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Table 1. Distribution of calcification in one

cusp
Sex Age Calcified cusp
(yrs) NCC LCC RCC
Male 50-64 33 3 3%
65-74 19 1 0*
75-89 13 4 0*
Female 50-64 15 3 0*
65-74 20 3 0*
75-89 14 3 0*
Total 114 17 3*
* p<0.001.

NCC=noncoronary cusp; LCC=left coronary
cusp; RCC=right coronary cusp.

A 85.1%, AR 12.7%, AR 2.2%
Th otz (p<0.001) (Table 1). Z ofFEFEIZTVT
hott, EREZBVWTLRETH 2. 2HRA
RALBI&E i 81T 3 FRABRIEOHEAE b ¥ 1T,
EHER L EERDB 67.2%, MEFE R L AT RN
27.6%, EEREEAERN 52% Thoie (p<
0.001) (Table 2). *7-, 50-64 &, 65-74 &%, 75-
BIBEENIT B 1T 5 ARKILE T D 3 FRARKIL
FloBi&ix Btk 8, 31, 49%, &k 15,

Table 2. Distribution of calcification in 2 cusps

Calcified cusps

Sex Age
(yrs) NCC+ LCC+ RCC+
LCC RCC NCC
Male 50-64 3 1 3
65-74 12 0 3*
75-89 4 1 1
Female  50-64 10 0 o*
65-74 4 1 4
75-89 6 0 5
Total 39 3 16*
* p<0.001.

Abbreviations are the same as in Table 1.
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Table 3. Comparison of clinical and echocardiographic characteristics between patients
with and without calcification of the aortic valve

Sex Male Female
Age (yrs) 50-64 65-74 75-89 50-64 65-74 75-89
Calcification of the
aortic valve —/+ —/+ —/+ —/+ —/+ —/+
N 34/50 30/51 32/45 31/33 30/40 29/40
IVS-40
>90° 14/47 13/44 10/35 13/29 10/38 9/31
=<90° 20/3** 17/7%* 22/10** 18/4** 20/2%* 20/9*+*
Mitral annular calcification
(+) 3/4 2/7 6/16 7/6 9/19 9/21
(=) 31/46 28/44 26/29 24/27 21/21 20/19
Aortic calcification
(+) 10/13 15/17 14/29 9/5 14/19 14/26
(-) 24/37 15/34 18/16 22/28 16/21 15/14
Aortic regurgitation
(+) 3/11 6/14 13/25 3/13 3/12 3/22
(=) 31/39 24/37 19/20 28/20* 27/28 26/18**
Hypertension
(+) 11/24 13/21 19/22 12/15 15/19 12/16
(=) 23/26 17/30 13/23 19/18 15/20 17/24
Ischemic heart disease
(+) 17/22 17/26 12/23 7/4 10/16 11/12
(=) 17/28 13/25 20/22 24/29 20/24 18/28
Hyperuricemia
(+) 2/11 3/7 2/9 3/2 1/0 1/3
(=) 32/39 27/44 30/36 28/31 29/40 28/37
Hypercholesterolemia
(+) 7/9 4/5 2/7 6/13 9/15 5/11
(=) 27/41 26/46 30/38 25/20 21/25 24/29
Hyperglycemia
(+) 4/11 7/14 6/12 2/4 5/7 5/7
(=) 30/39 23/37 26/33 29/29 25/33 24/33

* p<0.05; ** p<0.001.

N=sample size; IVS-AO=end-diastolic angle between the interventricular septum and ascending aorta ; aortic
calcification=calcification of the aortic arch detected by chest radiograph; aortic regurgitation=aortic regurgi-
tation detected by color flow mapping; hypertension=systolic pressure higher than 150 mmHg and/or diastolic
pressure higher than 90 mmHg or under treatment; hyperuricemia=serum urate>8mg/d/ or under treat-
ment; hypercholesterolemia=serum total chelesterol>250 mg/d/ or under treatment; hyperglycemia=fasting
blood glucose>120 mg/d! or under treatment of diabetes mellitus. Other abbreviations are the same as in
Table 1.
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2. KRBRFAERCE & 3TREIO LS

PERERH I RBINRATEE L DEFRO 2T AR
KEMRFR IR(LEER AT 102+10°, tRBLAET
89+10° (p<0.001) T& »7-. WRIEICIXEERIZE %
B o1 (Table 4). = OAE % 90° T4
+5 L&, RERAARIEBETIE, ZoB[ER 90°
AT 0B 259 il 35 B¢ & v, HFREET i 186
Bl 117 T & - 7= (p<0.001). {EIEFrdmA K
&, KBAREEA KL, WAEMIE (=2 L2757 r—
MiE 250 mg/dl DA b, F 72X 7RET), & RERMLE
(REEME 8mg/dl LLE, FiidipET) BIME
ORFEHIME 150 mmHg LA E, %73 imig i E
90 mmHg LI F, %/idEMEREP), BTG
BESWINEOBEI AT Eh TV Y, EBHAR
RERG TR ORR & B S h i, FERR
TP ¥ 7o (X RERR MRS 120 mg/dl LA E 0B8R
ECRKBRFARKRICOBE L 2HEEIRD
bhihoic. U Loz vwThot, FT
LRI TH o7z, KBINRFEFOMEE 13, 50-64
Emokt (p<0.05), 75-89 Z o4 (p<0.001)
iZBWT, AK{LEEDT & - 7= (Table 3).
3. 1 RRARH & 3 FRABKALHIDLE

DN & RBIIR O %2+ BB 75-89 %o Bk
BT 1IREAREFADFENKT & - 7= (p<
0.05). 50-64 %D Bk Tk 3 FRARILHIORE
PRTH o7 (p<0.05) (Table 6). {igHiHA
KAt 65-74 otk iz s W T 3 HRF RS I
£ B bl (p<0.05). KEMRF ARSI,
65-74 £ (p<0.05) 3 X 18 75-89 % (p<0.05) »
ZHET, IFRBRIBICEL S EBD bhi. 65-74
PO T 3 RRARILFIC BT 5 & ME DI
BEWMEA o 7 (p<0.05). EARMLAE, W RERILAE,
FERIR B L EERBEE LR, BifteiR S,
KEAREER IRILZE D BERI2IX, BRI LicFdn
I THE13KTHBENICL ZHEDER 2
-7z (Table 5).

KBRS AMERR{L

Table 4. Comparison of IVS-AO angle and
pulse pressure between patients with
and without calcification of the aortic
valve

Age  Calcifi- 1vS-AQ  Pulse
Sex (yrs) cation (degrees) pressure
(mmHg)

Male 50-64 (=) 90+9 50+12

(+) 103 +9* 54+14

65-74 (=) 90+11 57+15

(+) 101+10* 6018

75-89 =) 88+10 6617

) 100+11% 63+13

Female 50-64 =) 92+12 49+13

) 102+9* 58423

65-74 =) 90+11 58+16

) 107 +9* 65+15

75-89 (=) 87+8 64+24

(+) 98+12* 61+22

Total (=) 89+10 5717

(+) 102+10* 59+18

* p<0.001.

Abbreviations are the same as in Tables 1 and 3.

z 2

BEEICRB T 2TRBRTIX, HilkE OKBINR
FPEOFA L LT, MEIZHED BREBREZ N
LARENRTWBY. KEIRFEBRNE T2 o7
KERFAREORHICO>WTHRELREICL S
&, T iz > ARILOEIE X, 1965 Fizix 0%
TholeDickt L, 1970 iz 7%, 1975 Fizix
8%, 1980 £E iz 1% 23%, 1985 4Eizix 46% & Hahn,
& iz 1981 % & 1985 4 iz KEIARFP BT % 5%
72 646 Bl 5 B, 70 R 0 324 T i hniw ic
I B2RFID EDBBIEM 18% Thotedizkt
L, 70 LA ko 322 fFlCix 7z 0B & A 48% L7
S>TW3Y. Zokdiz, Ebicek > KEIRFE
Ribv B HE O DEBICBWT 5 aAEIX, £
2B TR o TETWS. et > AR{LIcER
T 5 KEIIRFIRZE 13 4th 0 R iz & 5 KEWIRF PR
IVETBRRNEWIBRE LD Y, EEFEAD
BT 5iIcohT, NS BRI CEER
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Table 5. Comparison of clinical and echocardiographic characteristics between patients
with calcification of one cusp and those with 3 cusps

Sex Male Female
Age (yrs) 50-64 65-74 75-89 50-64 65-74 75-89
Number of calcified
cusps 1/3 1/3 1/3 1/3 1/3 1/3
N 39/4 20/16 17/22 18/5 23/8 17/12
IVS-A0
>90° 36/4 17/13 15/15 15/5 22/8 13/8
<90° 3/0 3/3 2/7 3/0 1/0 4/4
Mitral annular calcification
(+) 2/0 3/3 4/10 3/1 717 9/8
(=) 37/4 17/13 13/12 15/4 16/1* 8/4
Aortic calctfication
(+) 12/1 4/9 12/13 2/3 7/6 10/9
(=) 27/3 16/7 5/9 16/2 16/2 7/3
Aortic regurgitation
(+) 6/3 5/6 8/14 6/3 2/5 5/9
(=) 33/1* 15/10 9/8 12/2 21/3* 12/3*
Hypertension
(+) 18/2 9/4 8/10 8/2 13/0 6/7
(=) 21/2 11/12 9/12 10/3 10/8* 11/5
Ischemic heart disease
(+) 18/1 10/6 9/11 31 12/2 6/4
(=) 21/3 10/10 8/11 15/4 11/6 11/8
Hyperuricemia
(+) 10/0 3/3 2/5 1/0 0/0 2/1
(=) 29/4 17/13 15/17 17/5 23/8 15/11
Hypercholesterolemia
(+) 7/0 2/1 5/1 5/4 8/4 7/3
(=) 32/4 18/15 12/21 13/1 15/4 10/9
Hyperglycemia
(+) 7/2 5/7 3/7 3/0 4/3 4/2
(=) 32/2 15/9 14/15 15/5 19/5 13/10
* p<0.05.

Abbreviations are the same as in Tables 1 and 3.

T 5 RERFIRAEER LN+ 5 Z LB TFRl&sh
5.
IS IS BIRIER ED X 5 e filicHE L+
WHhIZOWTRE T 2 2o icix, BRERKRLE »
SLEHREBERITAIEER SRV, LT a—
HiEic X VIRERKBIRFAARIRKILZHEST 256

X, RIRILOEMIT2B5Z LR EETH 3,
KEBRFABRIGIZOWTHBLT = — TR L F
HOIRELRD v b7 5% B L 1 BF%E T i3,
MHEICBFRR—HEIED L3 LBEShTVS
DT, AFETE—EOEMELFZE L kT,
W= 2 —REko iz X Y BRILZHE L.

462 —



Table 6. Comparison of IVS-AO angle and
pulse pressure between patients with
calcification of one cusp and those
with 3 cusps

Sex 8]5:) Cal {Xesg-r?:s)) pf:slsssre
(mmHg)

Male 50-64 1 103+10 54+13
3 106 +7 68+18*

65-74 1 101+11 61+20

3 101+10 61+15

75-89 1 104+10 63+13

3 96+10 62+11

Female 50-64 1 102+9 5015

3 103+6 52+18

65-74 1 107+9 66+16

3 109+7 56+16

75-89 1 94+13 62+11

3 97+11 58+37

Total

—

100+11 59+16
3 100+10 60+20

Cal=number of calcified cusp(s). * p<0.05.
Other abbreviations are the same as in Tables 1
and 3.

el2 L, RROFBMHEE T 24E> & & 2AKEH
BOFME Licled, b 5BREETLEAKILT
BRIFhERHBEATVWRWLFHREL S, ik
BIRFBIRILD SN F — v izid, BR L KBROA
EErLPLRANI NE -k, RROERK
DOIREBANAZ—URBLBILARESLTWS
20, SEZFRE, FORICARILERD 256
Y RIRAL LHIE Lo, KBIIRF R X 0RO
ARIKRIEPEL TWE R, ARIELEFEETIIR
A TORWERBREDE RS> HBE L TV 5.

Snts i 5 KREIRFAA KL | RRICHES 5
BA, HEBMIZ—EH»2H L1 RIFE D BED S
Nic. ZoHEEE, gtk > KElRARIK{ED
HB iz d s BELET 3HFELHFEL TR Y,
DOZOWFENREHIR LD THBEREMERL
TW3. KBRS 2 BRAT 2 IRE T 5
FRERLEXLAD LD, WEHIBIT3E

KBRS E N EH KL

ERHMBEOM & LHENH 5. KBIRFEKL
Bl L RBI 2l Lic & 25, KBRFAIKILD
B L fEPRE O BEIEER» bk - 7o 25,
BRI L KEAROMBRER & RBIKILOFEICZ
HMOBLE AR bhie. ERFEHMEO PIciE
FRICIR - THNASIERA R H 3 L RET S L, K
BIRFBIRILBI DS  Tix Z DA EEREIR
REEFR B B VT EFRICEH» 5 DicwtL, FEA
RAEBI D % < Tixk Z DR KEIRFIC 75 b 72
W, R D—ERD BB KBIIRFIC R O LHEE
Ehd. ZhXb, SEOFBRILEZRH MG D
M & RKEBRFAKIELOMBREZ RES 5 —ERFT
bHAREEE XELTWE LEx bR, 1235,
2 RKBRBICBVTIRFOBEREOLDITK
BRAFRESBEHcHRAT 3 LEZBIZLATE
v, 3RKBARFICEWTY, HdictE > KEINR
RARNMBIRROKE ERTBEETHIHBRICE
L3Ln@ERHBY. Lrl, FROKEED
S cARICHAORE 2R o 2R, K&
SORYERRRP—E ORI E LTWARVR
Y, SEE LR L > RARESFORY #3HH
FTHZLIETERY. Led»>T, RROkES
DOREEUBKBRFAKILEES 2ERTH
BRREMHRBETCE RV, PR EL1IRLHE
Bz B Wik, ARIELHBEOERTH 3 L%
2B LIIRETHB.
KENRFERIRILBNIC B 1T 5 3 Fo R RALE 0El
A, B IcEVENL TWe. 2L, 4RO
HEOPIIT DT ERN TREE LIBELE
FRTWVWB0T, IFRRARILOBENERLY
BWAEERSHSD. LhrL, TORBRIZ, £LD
EGICIRBRILS L FRIZEEE Y, 3FRAKRE
~NLEITT BRI E TR TR LD Th 7. FH
—fFlORBBE TR > TWRVWDT, 3FHFRHRN
R BRI T 2652 5 2 ATREMIRBETE 20
s, FERICBIT 5 1 RRARIEH L 3 FRAK
fehlx g+ sz Lick v, KBRPAR{ILOHE
TREB2RETER S HHE N3 L#FE S h
5.
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1 RARIH] & 3 FRBIRACH] & Hole L7 #
B, DEPE L KBIRO R+ AEX, 58U LD
BT IRLARMBIOFRE LB/ TH -7
2, ARIEOBECL35ZE23ZD bhkh
ofc. LiedioT, LEPE L RENRN 2+ A
DRI, KBRFARILERESELERTH
2Th, ARILEETSEIERTCRAVWEEZ
bz, WREZ 50-64 500 Bk © 3 H I/ RILH
DHERKTHY, EFEHE TRIREHKSBIRHE
TOERTH MRS hic. EBOEH
BRERIFEEZITOOR L o7k,

{818 FiA IR1L 2 & 0F L 72 KB IRk F2 F BK 1L 41
X, FEEGHHIL D VERE, »oElTh B LWE
ERTVBEY. ZoHIZ>NWT, hoTLOFRK
L RBMRFBEIRIL L OB E Iz oS L L =
%, THEIZBWTIX 65-74 2% 3 LB RILH 0
7R EIERERAIRIL O APFRE Er o, Lk
L, 75 BB E Tk 1 LR RS @I HEE K
fLEHRLELRY, AHFRoERIMELEL. &
DI Lb, BETRRBIRAEIK & EIE R
AR BOFIC X W EITL, KEIRFPFIK
L DEST B BT iR A KA b B8 i MR
THAEEIRE . LAL, DIEOWE, m
E, WRE, MEMMEERE, BRERILE, &i50iE
RIOEFOWFTHEZ L XH+3EEILE
bhT, KEWRFAKI & KREIREER IR{L o B
LR LN o,

¥

EEHRHMITO A & KBRS O AL BRI,
Ins it 5> KEIARFE KL HBEL 2k ET 5
—EEThBLEZLNTI.

3

£ #

s iz X 5 KBINRSAA RALBERE 259 4, K8
WRF B L 2 3B 72 v 3} R HIEGE 186 f i1z 35
T, AKAEOFHEHELT o — Kk & VS
L, JEsicfE > REIRFAKILD HIR L T o

Rz oW TIRE Lz, KENRFICIE 3mm DL ko
T o —EEHEEREY, RROFSEE T2 RT
BEERBIRAAKIL LHE L.

ARIEBTFRIZEC TV IHETIR, ETLA
Ribw 114 7, EmimRers 174, HERE
JRAE2: 3BT & - 7z (p<0.001). FHK{LAS 2 Fp2
WAECKBETIE, EEREETLRD AR
B, R LBEBROBRIH I, AR LE
FERDOFKALIZ 16 #1T H - 7= (p<0.001).

KWK & OEFRREIIERKHIC 2+ A, K
BIIRFAIKILEE DT 30t BB L Y KT dh » 72 (102
+10 vs 89+10°, p<0.001). KEHIREER K{L, &
EFERA KL, BILE, Btk iREE, BIEME,
FRERILEE, $ERROBEER L UIRE X, BIK
EOFEIC L Z2ERID ORIz,

AR VFpRIZAEC 7261 & 3 FRicE T 4]
FHELIZL 2B, 65-TA Bz WT, 34
RAKAH] 12313 5 EiEFlmA KO HEE S, 1
FRAKH 23T 2 BHE XY Er o7z (88 vs
30%, p<0.05). L»L75&UETIRzDE R
WERLTWE. 50-64 ZoBM:TIX 3 HLERI
BlOFHIRENLKTSH > i (68+18 vs 54+
13mmHg, p<0.05).

UEXY, EERH0TECE 58AEE 3 M
e S KBIRFAAKILEELZ—BER T H Y,
AIRACHBIBALOR » X EZBRHMBE O & &k
R L OMEBRICL VEREERZ LEZIOL
7z.
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