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Summary

There are few systematic reports of the regression equation for humans, for estimating left atrial
volumes from the anteroposterior left atrial dimensions measured by M-mode echocardiography
(LADAP). In addition, several pitfalls were inherent in the M-mode method.

In view of these pitfalls, we estimated the anteroposterior left atrial dimensions by directing the
ultrasonic beam toward the  center’’ of the left atrium under the guidance of two-dimensional
echocardiography. Simultaneously, we estimated left atrial volumes from anteroposterior and left la-
teral biplane left atrial angiocardiograms using a film changer at three frames per sec. The maximum
elapsed time between the echocardiographic and angiocardiographic studies was two days. Left atrial
volumes were calculated using the method of Sauter et al. Maximum left atrial volume was calculated
at the end of the T wave.

The results were as follows:

1. For phantom experiments, a cylindrical container with varying amounts of contrast material
was tested by biplane angiography using a film changer. The actual volume (x) and the calculated volume
(y) were in good agreement with the regression equation; y=1.05x—0.1 (r=0.99, p<0.001, n=6).

2. The anteroposterior left atrial dimension in M-mode echocardiography (LADAP: x axis) and
left atrial volume (ml) angiocardiographically obtained (y axis) showed the curvilinear regression equa-
tion; y=1.4x3+23 (r=0.83, p<0.01, n=19).

3. The relation between the left atrial cross-sectional area (cm?) obtained from the left ventricular
long-axis view by two-dimensional echocardiography (x axis) and the left atrial volume (ml/) by angio-
cardiography using a film changer (y axis) showed the regression equation; y= 1.2x15417 (r=0.82, p<
0.01, n=14).

As a preliminary study, we calculated left atrial volume (LAVcine) for five patients by perform-
ing biplane cineangiocardiography at 50 frames per sec. The results were nearly the same as those
obtained using a film changer.

In summary, the derived equation predicts left atrial volume using M-mode echocardiography
with considerable accuracy.
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Table 1. Clinical data for the 20 patients studied

No. Case Age Sex Diagnosis PAW(naHg)  CI( ¢ /min/M?) cardiac cath.finding
1 T.K. 42 F MS 14 5.0 MVA  2.6cm?
2 O.H. 53 M MS 12 3.8 MVA 0.9cm?
3 M. 49 F MS+af 1 3.4 MVA  1.0cm?
4 K.lI. 49 F  MS+af 1 3.4 MVA 1.0cm?
5 S.N. 51 F  MS+af 17 2.5 MVA 1.6cm?
6 Y.lI. 53 F  MS+af 18 3.6 MVA  0.9cm?
7 H.B. 54 F  MS+TR+af 15 2.7 MVA  0.8cm?
8 M.s. 5 F  MS+af 14 3.4 MVA 1.0cm?
9 O.1. 60 F  MRS+af 10 2.9 MR (II*)

10 M.K. 48 M  ARS 1" 3.9 AR (III')

11 N.S. 19 M II°A-V block 5 6.6 HBE : AH 150msec HV 50msec
12 1.s. 51 F wPw - 6.1

13 N.K. 56 M transient af 10 3.8

14 K.N. 63 M af - 2.3

15 K.G. 58 M M n 2.7

16 Y.K. 34 M M 30 4.1

17 H.T. 56 M M 6 5.3

18 R.I. 4 M AP 8 5.6

19 S.K. 32 F  ASD 8 -

20 S.G. 16 M ASD 8 -

MS=mitral stenosis, MRS=mitral regurgitation and stenosis, ARS=aortic regurgitation
and stenosis, af=atrialfibrillation, MI=myocardial infarction, AP=angina pectoris, ASD=atrial
septal defect, MVA=mitral valve area, HBE =His bundle electrogram, PAW =pulmonary artery

wedge pressure, Cl=cardiac index.
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Fig. 1. Left atrial angiocardiograms using a film changer in anteroposterior and left lateral
views.

The case with the sharpest delineation is shown in A (patient No. 12), and the one with the poorest
in B (patient No. 15). The margins of the left atrium are outlined by arrows. Calculation of left
atrial volumes was done using the method of Sauter et al, while correcting X-ray magnification and

image distortion.

La=longest dimension in the anteroposterior view; LLl=longest dimension in the lateral view.
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Fig. 2. Representative echocardiograms in a patient (No. 16).

The angulation and positioning of the ultrasonic beam for the left atrium in the left ventricular
long-axis view are adjusted using the two-dimensional echocardiogram (top). M-mode echocardiogra-
phic left atrial dimension in the anteroposterior direction (LADAP) is shown in the bottom figure.
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Fig. 3. Comparison of the left lateral view of left atrial angiocardiogram (left) and the
cross-section of the left atrium in the left ventricular long-axis view of the two-dimen-
sional echocardiogram (right) (patient No. 16).

In the angiocardiogram, APD angio=4.5 cm, CCD angio=6.0 cm, and LAA angio=23.0 cm®. In
the echocardiogram, APD echo=4.2 cm, CCD echo=6.7 cm, and LAA echo=24.4 cm?*.

APD =anteroposterior distance; CCD =craniocaudal distance; LAA =left atrial area.
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Table 2. Angiocardiographic data in 20 patients

Lxa—[iz X 3 ERSHEE

physiologic data

calculated data

No. Aa(en’) Al(ed Lalem) Li(em) LlI'(ecm) CFm CFs | APDangio(cn) CCDangio(ecn) LAAangio(ew) LAVrc(me)
1 64.9 49.7 10.2 10.1 6.9 0.81 0.76 5.2 7.7 28.8 135
2 69.8 53.6 10.9 10.2 6.5 0.82 0.78 5.1 8.0 32.7 163
3 94.2 53.3 12.6 9.6 7.1 0.83 0.77 5.5 7.4 32.0 235
4 135.7 67.8 15.1 11.0 1.7 0.81 0.76 5.9 8.4 40.0 354
5 9.8 77.9 12.3 12.2 8.3 0.81 0.77 6.4 9.4 46.0 265
6 84.4 58.0 12.1 10.6 7.2 0.81 0.77 5.5 8.2 34.8 198
7 64.3 40.2 11.0 8.8 6.1 0.83 0.75 4.6 6.6 22.9 129
8 105.0 59.7 12.0 11.8 6.2 0.78 0.74 4.6 8.7 32.8 203
S 1206 721 13.8 1.1 8.2 0.84 0.76 6.2 8.4 41.8 356
10 64.8 41.5 10.0 9.4 5.2 0.81 0.76 4.0 7.1 24.1 121
n 41.6 211 9.5 6.9 3.8 0.85 0.79 3.0 5.5 13.2 62
12 345 20.0 7.9 6.2 3.9 0.83 0.77 3.0 4.8 12.0 50
13 31.1 23.9 9.6 9.6 3.6 0.82 0.77 2.8 7.4 14.1 34
14 70.4 48.2 9.9 9.7 5.8 0.78 0.74 4.3 7.2 27.0 134
15 439 245 9.0 7.1 4.3 0.85 0.70 3.0 5.0 12.0 74
16 43.6 41.8 8.1 8.1 6.1 0.83 0.74 4.5 6.0 23.0 97
17 47.9 36.4 9.4 8.6 5.3 0.83 0.76 4.0 6.5 21.1 90
18 52.4 31.1 8.7 8.1 5.0 0.84 0.72 3.6 5.8 15.9 87
19 43.8 25.4 9.1 7.4 4.5 0.84 0.72 3.2 5.3 13.2 65
20 43.8 16.8 8.1 8.1 2.3 0.84 0.73 1.7 5.9 9.1 40

Aa=area of the projected image in the AP view obtained by planimetry. Al=area of the
projected image in the lateral view obtained by planimetry, La=longest measured lengthin the
AP view, Ll=longest measured lengthin the lateral view. LI'=anteroposterior lengthin the
lateral view, CFm=correction factor for the projection with the greater major axis. CFs=cor-
rection factor for the other projection, APDangio=anteroposterior distance of the left atrium in
the lateral view(LI'XCFs), CCDangio=craniocaudal distance of the left atrium in the lateral
view(LIXCFs), LAAangio=left atrial area in the lateral view(AIX (CFs)2), LAVrc=left atrial

volume by means of film changer(3/sec).

Hay RLUEEREIC X 5 EERBOREER
TR o, ThbbEF 50 frames TERI=F
MERER 21772 v, FIRFICEES L 2 BIIREA
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Hi##E (LADAP) % bR L /.
g =&
APD angio=EE#ER D Efifitk L Y 2 bh3ERE
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APD echo=W¥ig.0ot a2 —HikD AR E i L v
2 b B EREDRF#%IR (anteroposterior
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CCD angio=KEE#ERED EflfikL Y 2 bh3E5E
DIARIE (craniocaudal distance)
CCD echo=Wig.{= o —[XE: o £ Bl L v
2 bNBEEDIHEREA (craniocaudal dis-
tance)
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DiffE (left atrial area)

LAA echo=Hig 0= a2 — Xk £ Rihiim & »
Z 6N BEEDWIEFE (left atrial area)

LADaP=iiifg.bx a2 —RE & AT, EED “f.i
B ICHEERE—LAR AH LTS L A
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Ko w5 (AP direction) o £ &%
(left atrial dimension)

LAYV cine=IEfll=J5[% cineangiocardiography (50/
sec) 1 H X b BEFEAEM (et atrial
volume)

LAVFc=film changer (3/sec) #{FfH L T, FfI=F
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AF (left atrial volume)
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Fig. 4. Results of phantom experiment using a
cylindrical container.

A cylindrical container with known values of
radius and height was filled with contrast material of
varying amounts (40, 80, 130, 170, 220, 280 ml), and
the volumes were estimated by biplane angiography
(same method for determining human left atrial
volume). The calculated volume (y) is in good
agreement with the true volume (x) with a regression
equation; y=1.05x—0.1, r=0.99.

magnification » image distortion {234 BHHIE
BT o TRME k2. ERMEI 40, 80, 130,
170, 220, 280 ml T& b, ZhicwhisT 3 FHHEE
ZEh#Fh 45,137,173,233,297 ml Th - 1z. &
BEhiARE (v) LEORHE (x) o,
y=1.05x—0.1 (r=0.99, p<0.001, n=6) DR
BhHY, MEIFEFCI—FELE.

2. BEERF—9—BLUVREXMR

Table 1 iz &GEF OFEH, %, 2W, DY 7
—FVREFRRETRT.

Table 2 iz film changer #fFH L Tx bhiz
EREER B+ 5#&, + 7% b b physiologic
data & LT, ERBOHI#%ES X OENEGHICR T
ZEEOEK (Aa, Al), E& (La, L), ZfIE&

Table 3. Echocardiographic data in 20 patienst

No. LADap(ecm)  APDecho(em) CCDecho(cm) LAAecho(e?)
1 5.1 5.1 6.9 29.0
2 5.5 - - -
3 5.2 5.1 7.6 37.5
4 5.2 5.0 8.4 34.2
5 5.6 5.5 8.6 39.3
6 4.9 5.1 7.9 30.8
7 4.5 4.8 7.1 21.7
8 4.8 4.8 6.4 25.9
9 - 4.6 8.1 32.2
10 4.2 4.2 1.9 18.2
1 3.1 - - -
12 3.2 3.2 4.2 12.4
13 3.5 - - -
14 3.6 3.5 5.2 13.7
15 3.0 - - -
16 4.0 4.2 6.7 24.4
17 4.2 4.1 5.5 18.8
13 3.2 - - -
19 3.2 - - -
20 2.1 1.9 6.2 9.7

LADar=left atrial dimension in anteroposterior direction,
determined by M-mode echocardiography. APDecho=antero-
posterior distance of the left atrium in the left ventricular long axis
view by two-dimensional echocardiography.CCDecho=craniocaudal
distance of the left atrium in the left ventricular long axis view by
two-dimensional echocardiography. LAAecho=left atrial area in
the left ventricular long axis view by two-dimensionol echocardio-
graphy by means of planimetry,

BT 3 EEORI#E (L), WME#hio correction
factor (CFm, CFs), calculated data & L CEfR
iz B 5 EBORI#%E (APD angio), R
(CCD angio), w7 (LAA angio), EE &AM
(LAVFC) »fix sk L7-. Table3iziz M £—F
D a—RoEE%HZE (LADAP), WiEL ==
—RoLEREH%E (APD echo), gHE& (CCD
echo), WiE# (LAA echo) DfE# R L 7.

3. EREEROLERLOBHE

EBRAEM (LAVFC) i3, HFEDOHETHRRZLD
1z, DEIFERR (end-systole) 2B WTHIEL
o eLed, DERTEIKRT T2RR, +72
bbOERIRFEKBIZ film changer (3/sec) DS
EBERATZLDROFDOHRTH T, =D 64
<, Q-T (LER LD Q Ehd T B TRE
ToOR) - Q-EX [(LER ED Q Hah o X-ray
exposure (EX) ¥ ¢ ] & —0.03+0.04 sec
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Fig. 5. Schematic illustration of the interval
between the Q wave and the X-ray exposure
signal (Q-Ex) and the end of the T wave (Q-T).
Q-T and Q-Ex intervals are nearly the same in 6
patients. In the case with indiscernible termination of
the T wave (n=10), corrected Q-T interval (Q-Tc)

is used to compare with corrected Q-EX (Q-EXc).
The time difference is 0+0.13 sec.

(mean+SD) THo7-. o 10 Hl<cizLER T
BT APHRICED 5T, Lo TEE
ELTOEE»SHIELR Q-T B/, +4hbb
Q-Te ZFHHEL, FLRAULKWELEL Q-EXc
LolE» S, Q-Tc — Q-EXc =0+ 0.13 sec
(mean+5D) nEEMBFRE x 7= (Fig. 5). %V
D4 HITIRERBREED DT, VEBIBR L E
FEINFEAE S OREFIM—EMER £< s h TR,
RFSNLEFBRD > bEBREBRLKREND
DERALT, ThERitsEe L.

4 EEOLEMERIZHITE FLEH: EEEY;
LHBOT 3 —-BED L

EREOWMBEICEAL T, EEEIC X 5 MR
(APD angio) # vy iz, L= 2 —KEEIC X 5 b
£ (APD echo) # x #ifiic & o 72324, y=12x—
0.3 (r=0.87, p<0.01, n=14) OEERH Y, HH
B EShs LBy, HEME<—KLx (Fig
6A).

Dx a—[ic k 3 EERMERIE

(A) 10;
W
*
g Y
-1
S .
g 0 ’
<
4 ° y=12x-03
¢ r =087
® P<0.01
24 n=14
0 T v v ¥ J
0 2 4 6 8 10
APD echolcm)
(2)) 10
[ ] ,,*
b A
8
°
B . °
g 6 % ®
o
8 °
4 y=07x+24
r=073
) P< 001
n=14
0

0 2 4 6 8 10
CCD echo(cm)

Fig. 6. Relationships between APD angio (y)
and APD echo (x) (upper), and CCD angio (y) and
CCD echo (x) (lower).

Both regression equations show fairly good agre-
ement.

FHRFEICHELT, &I X 5 b o (CCD
angio) ¥ y iz, L= a—Kick s 3 o (CCD
echo) # x #ifick > 7244, y=07x+24 (r=
0.73, p>0.01, n=14) OBIEA D Y, FHELTH
Shd LBy, LML —BL 7k (Fig. 6B).

RCWGHBIC L 2 EFEERICEL T, Bk
X% b0 (LAA angio) # y #fiiz, Oz a—[X
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50,
. A
. A Y
401 °
< « *
[ [ ]
g 301
Ccl’ [ J
< * s +36
y=xXx A
3 20 r=088
P< 001
104 £ n=14
0

0 10 20 30 40 50
LAA echolcm®)

Fig. 7. Relationship between LAA angio and
LAA echo. '

The left atrial areas from the angiocardiogram
(LAA angio) and the echocardiogram (LAA echo)
are in good agreement.

LAA angio=Ileft atrial area in the left lateral view
by angiocardiography. LAA echo=left atrial area in
the left ventricular long axis view by two-dimensional
echocardiography.

Bz k3 3o (LAA echo) # x difjic L 57234,
y=x+3.6 (r=0.88, p>0.01, n=14) OEFZE1DH
D, W& FHIOML ki X —8 L% (Fig. 7).
5. EREEFICLP EREME M E—Fioxa—
HoOEEFREORFR

EEERIC X 5 EEAE (LAVFC, BfL m)) %
y @i, M E—FLhxza—MoEFEw%E
(LADaAP, Hifif cm) % x #ifiic& o 72BA, y=
1.4x3+23 (r=0.83, p<0.01, n=19) PERH
% bhie (Fig. 8).
—HTFHERE LTHR 2 LER=HIAY Fil>
MgEE I X3k, EBAEME (LAV cine)
M =— Kbz a—RoERE%E (LADAP)
BRI, SHoRIRERETIIH 52, Fig. 8 ic
AT iZh o, ThbbEREZAVT, v
BMOBHOZA IV 7% X ) ERICAEDLETHIE
Lic FEEicRiF 3 EBAHEO vy ME, 1BE
film changer # V&P ERRICEWIEE

y=14x"+23 .
r=083
P<0.01
3001 n=19
3 a
e
>
<
— 200§
1007 | ® LAVFC
l a LAV cine
% 1 2 3 4 5 6 7

LAD AP(cm)

Fig. 8. Relationship between left atrial volume
by angiocardiography (LAVrc) and anteroposteri-
or left atrial dimension by M-mode echocardio-
graphy (LADaP).

Solid circles indicate the volumes determined by a
biplane film changer. Symbol squares are left atrial
volumes determined by biplane cineangiocardio-
graphy (LAVcine) (50 frames a sec), which is per-
formed as a preliminary study.

LT

6. EEREXICLDP EREME WELTI-RED
EZERGEICRS NS EFEHEBEORER

EREER I X 5 EEAE (LAVFC, Biff m)) %
y Bz, BBOT 2 —Xic k 3 EEREE (LAA
echo, Bifif cm?) # x #ifjlc & - =34, y=12x15
+17 (r=0.82, p<0.01, n=14) O EFRB 2 b H
7= (Fig. 9).

z 3

1. EERABATDOESR
EEOKREER2HET I DICEL ORA R
ShT&k. 20OWRIPBVBERIC X 5EHE
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HPHIETH Y, EROILKIMERREEIC X <R
» oI KEHBFTRTH - 1. ZORERR
Br ERAT 3 e LEERER EDh TE
F2 49,10

EEZOL0O0FRIE “H=DRE” LER
Eh3Xoic, fibrokEiPETEREREZE
ZrrpEEETHELEDRS. LA LAENDL
Sauter %%, film changer # FlvwToOZ=H ML
MEEZECLI-TEZEREL Rk D 3 o,
Dodge & »%42M8 L7- #§Mfk L LT o BEIRKY %
ERBIEHAL, ZoBERR26 2k EBREED,
HBLTRHLEEERHEICREF -8+ 5 L BE
L.

Hirata 593, M £— Rz a—ROEER
(F#HLTWH LADAP, R b LREIESFRTOLE
BR) LABISMIO ¥ 2 LILEEFIC RERDE
BEEORBZITR, L a—REEAWTH
BIMCERORESEHEL LD LT 2RO
KRB FFT R o7 ThiZHEWT ten Cate 51273
ERECHALTREOBREEZ LTS, Zhbo
LT, M £— bz a—-KoEBEE, L,
BERIICEEDOKE S LEERMICRDDZ LD
LTI E N

DTa—ErbEENCERREEHEL LD
Lozmpr LTit, Yabek 5212k 340, T
bLERELESRE LHOTEH4RO/NEEERA
HERY, EEFEAMBYICHT, M - Fb=x
a—oEER» MY X OMEERICL S
EREAHE #ET5 BRROBERDH . 1,
FRIZBWTE, KEFLY, PELPIZE 5T, K
AxstgeLT, M =—Fbxza—-RoEREE
POERAREHEL XD LT TRIRRED
5.

2. KHRIZETIEERROHEE

1) EEEEGLERLT 2 —RGo—EkE

EREEZOENEGIOR & h 3 EROHIRE
(APD angio), FEE& (CCD angio), mHi (LAA
angio) L WO = = —REDEZREWIEICR &
hBEEOHI%E (APD echo), FEE (CCD

Dxa—Ei X 3 EEAEH L

y=12x154+17

4004 r =082
_ P< 001 .o
£ n=14
£ 300
>
<
-

200

100

e
%% 10 2 0 ) 20

LAA echo(cm?)

Fig. 9. Relationship between left atrial volume
by angiocardiography (LAVFc) and the area of
the left atrium in the left ventricular long-axis
view by two-dimensional echocardiography
(LAA echo).

echo), Wimfg (LAA echo) m—&ix, L bic
FHsha LzATHY, EE, BERECEIZE
E#& (APD angio, CCD angio) ZBffg.lr= =2 —
Hikic X 5 ZEFERE (APD echo, CCD echo) & iz
F—% L (Fig. 6), koL RErH (LAA
angio) WL T 2 —REIC X 5 &£ & Wi il
(LAA echo) L iziF—% L7 (Fig. 9).

2) M - Fbh=a—RoERER%E (LAD-
AP) IZ X B3 EERHEOHEE

M =—Fbhxza—Ko EEE» L, ERER
rk ERAEEEELEL LTHRALLT,
rRoEFRICXZEBRROBENHB. chbo
EREXD S b, RAERHRE LI TRIIFERICE
WTiE, R, Fik, EREOEMESLTLLH
ez, EiZ M E— Fbza—Koa»o
EREERD IO L LEBEOHETIE, BFEK
=42, EEDOLOEMCHLTEDI > S
BTAHLTWE 2 2HERT S LRIARARETDH
St L L RKETE WiBEeHRATsZ LT,
CoORBERBERYEMIMATWS. ZDXSIZL
<, WiEkicky, BEEE—2BREROHRLE
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Fig. 10. Previously reported regression equa-
tions and that of the present study.

Previously reported regression equations in estimat-
ing left atrial volume by M-mode echocardiography
are presented, plotting left atrial dimension by
echocardiography on the x axis and left atrial volume
by angiocardiography on the y axis. Regression line
reported by Mizuno et al is shown by dashed line, and
that derived from the present study is shown by solid
line and solid circles. Regression line reported by
Yabek et al for the patients with left atrial volume
overload in children is presented as a straight line by
connecting solid triangles and for the patients free from
left atrial volume overload is presented as a straight
line by connecting blank triangles.

KEEICAHLTWS Z L 2RHERTIIEZ 0FM
» M ®— Kbz a—RoEEH#EE (LADap)
o, ZHFMEEEFIYV 2 b h EEAM
(LAVFC) IR WEHIMEZ 5 3 = L2 Aliic i 5
LEZLID.

HROWME L TV s ERRE, Be oERH#E
Kbl V5 7L F—o EBERiZz Fuy b+ 5
&, Be OERBRIZHEBHETY ICMHBLTWE
(Fig. 10).

3) WiEL==a—R koK FE K EK (LAA
echo) iz X 2 EERMO#E

EERREHET 558, IEAHNREREXR
ERTHIRERERETRTHlicB VTR, BFE
o single beam Iz X 2EOHLMLHET B LD
b, WBRIOEHE» SHET A HFREELVEN
bhTwp4®, —%  Schabelman 5103, —
FREBREF L M £— bz a—HoEEED
BN, 2,3 oBiEL T = — [XWiE & o
B <ChTwatBELTWS. LihLEsD
SEOHEIZBWTIE, BIBLT 2 —RITESH
5 EEWER (LAA echo) 2 b EEAM (LAV-
FC) 2#ET B L L, ME—Fhza—Rok
BEHit%E (LADAP) k b EEAME#HET 5 = L
Lid, RKEFBECHETHY, LikoT, £
BAEEMET S FERLLTO M £— bz
—RoEFEI#E (LADAP) i3, WiERIDEEN
¥ (LAA echo) Li2ER%Ic ERTHE LE
bhie.

E-3 #

t VEBAHE M T — Pz a—RoEEN
BE»OHET ZEURRS, RAEZMHRLEL, &
REHIRIE I E S W TR S h T v B STt
BEAERW. £FEHRE ME—Fhza—
KD &5 b EFEMHESE #5075 fEko FEET
13, BERE — b DEFE~D AR AERT
Bl bDREND 5.

Bxeix, AERHRLE LT, EERMFHH O
Blxa—REicXy, BEEE—LAREEDOH
DMCEEIZAS T3 H5MO M £— Fihza—
Hick-S&, EBf#EEZ R, chiiziEq
Keiz film changer # T, EfI=HFROEERE
ERETRV, EEAHERD, M £— Flhxa
—Hk L ERERORR LR L (n=19).
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SWTEZEEMFROWELT 2 — K& ) EFEET
EHEEHAL, EEEEZC I EERHOBRE
BatLe n=14). Zzh oML LROFERE
z 7.

1. FHERC BWT, b o EBEEERE,
BEao 1% L T & 2 A T 2 HERA RN OERA
B () &, ER=FRAOBEG»EELL.
oy LEORTEE x) officd, y=105x—
0.1 (r=0.99, p<0.001, n=6) DEFEEH Y, W
Fix X< —HKLI.

¥-EREERCELT, ODER T BEREDT,
+hbbEZRNEKHIC TEERHEM RO S
LEBLRVWI LIZOWTHRE L.

2. M ®— bz a—RoEER#E (LAD-
AP, Bifiy cm) % x #fiic, film changer (FC) % {&
ALToERERIC X 2 EBEEH (LAVFC, BfL
ml) % y @l k% HE, y=14x3+23 (r=083,
p<0.01, n=19) DEIFXISZ bh iz

3. WLz —RECEBRIFEICRI L
3 EEWEHE (LAA echo, Bifii cm?) % x §ijic,
EREGER L 3 EERH (LAVFC, Hftml) & y
iz L 384, y=12x15+17 (r=0.82, p<0.01,
n=14) OEIFERH® x Hhic.
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