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Angiocardiographic Evaluation of Left Ventricular Volumes and
Wall Motion in Infants and Children:
Determination of Normal Values and Analysis in Diseased Hearts

Sachio Kuribayashi
Department of Radiology, Tokai University School of Medicine

Research Code No. : 507.4

Key Words : Left ventricular function, Angiocardiography,
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Normal values of left ventricular (LV) function were determined angiographically in 50 normal
infants and children. With these normal control data, LV function was assessed in 44 patients with a
variety of cardiac diseases.

LV volumes were calculated from 30° right anterior oblique cineangiograms using area-length
method. Normal values for LV end-diastolic volume (LVEDV) was expressed as a function of body
surface area (BSA): LVEDV=72.4 (BSA)!16, The ratio of measured value to predicted normal value was
calculated in the evaluation of diseased hearts. Mean LV ejection fraction (LVEF) in the normal group
was 58.9 + 5.7%. There was no apparent correlation between LVEF and BSA or age of the patients. For
the objective analysis of regional wall motion, the most adequate method was Area method which
divides left ventriculogram into 5 regions. Mean ejection change in each region in the normal group
was as follows; segment 1 (anterobasal) 52.4 + 6.9 (SD)%, segment 2 (anterolateral) 42.6 + 7.8%,
segment 3 (apical) 46.3 + 6.7%, segment 4 (diaphragmatic) 37.0 & 7.0% and segment 5 (posterobasal)
29.0 £ 5.6%.

In the group of congenital heart disease with L-R shunt, 16 of 20 patients showed apparent
increase of LVEDV. It remained within the normal range in 3 patients who had small shunt. There
was no case which showed decreased LVEF or impaired regional wall motion. Both of the 2 patients
with congestive cardiomyopathy showed increased LVEDV and decreased LVEF. Generalized
hypokinesis of LV was recognized in one of them. In the group of Kawasaki disease with abnormal
coronary arteries, which consisted of 27 ventriculograms in 22 patients, increased LVEDV and
decreased LVEF were recognized in patients with coronary artery occlusion or large aneurysm.
Decreased wall motion was observed in the territories of abnormal coronary arteries presenting
occlusion or large-to-medium-sized aneurysm.
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Fig. 1 Techniques used for wall motion analysis
A : Radial method with 20 radial line- or area-measurements. Four regions involv-
ing aortic and mitral valve orifices were excluded. B: Area method with five
area-measurements. In each technique, percent change of measurements from
end-diastole to end-systole was calculated in segments 1~5, corresponding to the
classification proposed by American Heart Association (C).
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Table 1 Methods of wall motion analysis

Method
Radial Method-1
Radial Method-2
Radial Method-3
Radial Method-4

Area Method

Ejection Change Superimposition

Length of axis Center of gravity

Length of axis  Midpoint of long axis

Regional area Center of gravity

Regional area Midpoint of long axis

Regional area

Tsegment 1 ~ 51247, %4 ® segment IZ 5
Thd 4 ROWMROHERERD S\ 4 FIKOEE
DG NRONEHE KD, ThF o segment DEE
EENOIREE & Uiz, Radial #i%, 2L L CE#E
DREFER L EROMPEOCTHER BT 2
BRI bh, ShiczhehE¥BoERE
HEDOHRT2EECTFTONAEDOT, FH4HEEA
OFHiiE s E & h D (Table 1),

Area ¥ (Fig. 1B)Ci¥, Gelberg H20HEkic
EULESEMY IS5 T80 0EREYI X, £
B 6 SOBFBILH T, I HILEREO 2 KikE
ERT—o0FKE LTRSS C Lic X HAERIFHL
Bx 5 onFEBICTE L, £HEE % Radial ¥
LEHEIC segment 1 ~ 5125 L, ThEhDE
BomBEOM/NERY RS, BEFHOFEL L,

Radial i, Area k& b segment 1 ~5ix%h
Zh AHA 438 Anterobasal, Anterolateral,
Apical, Diaphragmatic, Posterobasal (Fig. 1C)
T 5,

2) BB A B O
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S 3 L A EBES segment & & W IEH RHR
5041 X b kb e FHAMED o Hoo BE & il L
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TERHIh, ThiZatRE (Coefficient of vari-
ation) & U CRHIlEME O lZ OB i 7o,
COREDONENS O EHEED S s
<, LhFHE@E L AHEL VLS, 0I5
LT 5 EHOFHIEE DR L RE DN e 2
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Fig. 2 Left ventricular end-diastolic volume as a
function of body surface area in normal infants
and children.
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Fig. 3 Left ventricular end-diastolic volume (ratio to normal values) on the
ordinate versus body surface area on the abscissa in patients with diseased
hearts. The solid and dashed lines represent the mean=+2SD in the normal

group.

A Congenital heart disease with left to right shunt and congestive car-
diomyopathy. B : Kawasaki disease presenting abnormal coronary arteries.
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Fig. 4 Left ventricular ejection fraction as a fune-
tion of body surface area in normal infants and
children.
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Fig. 5 Left ventricular ejection fraction in diseased hearts. The solid and dashed
lines represent the mean®2SD in the normal group.
A: Kawasaki disease with abnormal coronary arteries. B: Congenital heart
disease with left to right shunt and congestive cardiomyopathy.
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fo. BLEX b/NREOESEEEEE R © M I 1T
Area ¥R b LIcFHEiE & & 2 b,

2) [E¥fE

Area $% B\ o BATIC X B EHS06 0 2 EEE
£ I 31 5 EEHE/ZE D mean+SD X, seg-
ment 1 (anterobasal) 52.4+6.9%, segment 2
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Fig. 6 Normal mean ejection change for each left ventricular wall segment with
five different methods. Percent change of the length of axis or regional area is
expressed as ejection change on the ordinate. All values represent the mean-+
1SD.
A: Radial method-1, B: Radial method-2, C: Radial method-3, D: Radial
method-4, E: Area method
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Table 2 Segmental ejection changes in normal patients (n=50)

Method Superimposition LV Wall Segment EjECtﬁg‘,ﬁ];?g%E(%) Coefficient of Variation

1, Anterobasal 32.1+4.6 0.14

. 2, Anterolateral 23.0+4.9 0.21
?Iigri;}:hMo?z(p}:iié% Center of gravity 3, Apical 21.2+3.3 0.16 ; mean 0.18

4, Diaphragmatic 29.1+6.5 0.22

5. Posterobasal 26.1+4.6 0.18

1, Anterobasal 34.6+6.9 0.20

. _ 2, Anterolateral 29.6+7.5 0.25
?Iig;;}ghMoefﬂ:‘;?;% Midpoint of long axis 3. Apical 23.9t4.4 0.18 } mean 0.26

4, Diaphragmatic 25.1+8.6 0.34

5, Posterobasal 22.3£7.2 0.32

1, Anterobasal 51.4+6.1 0.12

. . 2, Anterplateral 41.9+8.0 0.19
l%ﬁ_glg.aiégftgg;' Center of gravity 3. Apical . 35.4+4.5 0.13 { mean 0.15

4, Diaphragmatic 50.2+9.0 0.18

5. Posterobasal 47.1+7.2 0.15

1. Anterobasal 54.7+10.1 0.18

i 2, Anterolateral 51.1+10.3 0.20
l%ﬁg;gggf?;g} Midpoint of long axis 3, Apical 41.8+5.9 0.14 } mean 0.22

4, Diaphragmatic 44.5+12.7 0.29

5, Posterobasal 40.7+11.8 0.29

1, Anterobasal 52.4%6.9 0.13

: o 2, Anterolateral 42.6+7.8 0.18

\rea Metho .

(Regional area) 3. Apical 46.3+6.7 0.14 { mean 0.16

4, Diaphragmatic 37.0£7.0 0.19

5, Posterobasal 29.0+5.6 0.19

Table 3 Detectability of the 17 abnormal segments by Radial method-3 and Area method

LV Wall Segments

Abnormal Segments

Antero- Antero- . Diaphrag-  Postero- Detected
basal lateral "&pfg)] matic basal (n=17)
(n=1) (n=4) i n=3) (n=3)
Radial Method-3 1 2 4 3 3 13(76%)
Area Method 1 3 6 3 2 15(88%)

7.0%, segment 5 (posterobasal)29.0+5.6% T
H b, segment 4 ~5DI% 5 A segment 1 ~ 3 X
b fiaRAMEWCER 2R Lc (Fig, 61), EEE®)
DOEFEEHE Ll meant2SD o &% R E L
7=,

3) EBRFC R A

FEEFOBETHOFMICERL, BRICIIES)
ETAELLMELE L EXERL, ZOAK
DOHEB LTH LI, AreaBkic X 5 ESEL

(76)

segment @ [E /N A EH FF O mean—2SD A
ToboEEERETE L, k25
t oA X B &, EEEHH mean—2SD LA TFic 4
T EHEREIBLUTTHS.
BHHEBIRE AT 5 )BREIC R 5 EEEE)
DAL Fig. TR Lic, THIREAZE D 5 13
%L EDOFBMELXE LI 9 Hl TR EEELS
segment #7110 segment (22.2%) THEEBHE
FTaRL, BRE—AZE L5 HTIE25 seg-

HAERSE $49% HT5
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Fig. 7 Left ventricular wall motion in Kawasaki disease with abnormal coro-
nary arteries. Variations of wall motion from the normal means are expressed
as the number of normal standard deviations on the ordinate for each left
ventricular wall segment on the abscissa. Dashed line represents lower limit of
normal which is the mean—2SD in the normal group.
A: Occlusion or over 75% stenosis, B: Large aneurysm, C: Medium-sized
aneurysm, D : Small aneurysm or localized dilatation

ment 4 segment(16.0%), BIRBE—F%EL 1 FIcek, EEEE 2R L o EEEE segment 134T
5 BT 125 segment 12 segment (8.0%) »Fh REYHTHEBROTEFARC—F L, Zh
FIEEE T 2R L (Fig. TA~C)., Zh b o b L EXBENT, BIRE-—/ND 5 W IZRBEIEA
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100 e—-e |nitial exam.
o—-0 9m later
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Ejection Change (% Area)
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Fig. 8 Objective long-term follow-up of left ventricular wall motion in a case with Kawasaki disease.
A : Initial angiogram of a 15-month-old boy revealed large aneurysms in both the right (RCA) and the
left (LCA) coronary arteries. Flow delay was noted in the left anterior descending coronary artery
(LAD).
B: The patient suffered inferior myocardial infarction at two month of illness. Follow-up angiogram
9 months after the acute illness showed total occlusion of RCA with collaterals. Mural thrombus was
formed in the large aneurysm of LAD.
C: The third study at 2 years 1 month of illness demonstrated occlusion of proximal LAD in the
aneurysm (arrow), with filling of distal LAD (arrowheads) via collaterals.
D: Serial change of left ventricular (LV) wall motion assessed by objective method. Gray zone
represents mean:£23D in the normal group. Segmental wall motion was in the normal range on the
initial examination. However, asynergy of segment 3~5 appeared on the second study. Particularly,
segment 4 showed negative value of ejection change, indicating dyskinetic motion at the infarcted area.
On the third study, wall motion at segment 1~2 decreased compared with the second angiogram,
reflecting the effect of LAD obstruction.
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Fig. 9 Left ventricular wall motion in congenital heart disease with left to right
shunt and congestive cardiomyopathy. Variations of wall motion from the
normal means are expressed as the number of normal standard deviations on
the ordinate. Dashed line represents lower limit of normal which is the mean

—2SD in the normal group.

A: Congenital heart disease with left to right shunt. B: Congestive car-

diomyopathy.
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