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Table 1. Background of patients with tetralogy of Fallot

Age (years)

Case BSA The content of
number (m’) T Atthe study At the last op. the operation

1 0.35 0.4 0.2 1-BTY

2 0.42 1.8 0.2 r-BT "

3 0.73 73 6.5 Radical

4 1.03 8.0 2.8 Radical

5 1.42 14.3 3.6 Radical

6 1.44 18.8 4.8 Radical

7 1.50 16.3 4.8 Radical

8 1.57 159 2.6 Radical

9 1.57 14.9 5.0 W, 1-BT?
10 1.68 19.0 4.6 Radical
X*=SEM 1.17£0.16 11.7£2.2 3.5+0.7

a) Left Blalock-Taussig operation.

operation; Radical, radical operation.

b) Right Blalock-Taussig operation. c¢) Patient received Waterston
procedure when 0.2 years old and left Blalock-Taussig operation at 5 years old. BSA, body surface area; op,

Table 2. Background of patients with mucocutaneous
Iymphnode syndrome

Case BSA Age atthe Years after catching
number (m7) study (years) the disease (years)
It 0.56 2.5 0.8

12 0.60 33 2.8

13 0.64 4.2 1.1

14 0.70 4.8 1.9

15 0.73 4.4 1.8

16 0.81 6.3 4.9

17 0.82 6.8 4.6

18 0.95 84 5.7

19 1.25 12.4 9.4

20 1.31 11.6 6.2

21 1.43 13.1 10.5

22 1.50 11.5 10.1

23 1.50 15.8 13.4

24 1.69 15.6 10.0

25 1.70 16.4 15.8

26 1.70 15.9 13.0

27 1.74 15.9 14.9

28 1.78 15.3 13.1

X+ SEM 1.19+0.11  102%1.2 7.8%1.2

BSA, body surface area..
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Fig. 1. Anteroposterior and lateral projection of right ventricle
and right ventricular free wall by simultaneous right
ventricular and right coronary contrast cardioangiography

Lateral view

Anteroposterior view

Fig. 2. Schematic diagram of anteroposterior and lateral view
of right ventricle
Based on contour tracings of cardioangiographic films of the
right ventricle in the diastole, the right ventricular volume and
mass were calculated as follows;
1) divide RV images into 10 segments of width h;
2) segment volume = 7 /3 X x, X y, X h;
3) total chamber volume = 7 h/3 {1/4 (XeYo+X10¥10)
+(RIY1+XsY3t... +Xoyo)+1/2 (Xoya+Xaya+...Xays) } X 0.649

4) divide RV external mass images into 10 segments of width
h;

5) segment volume = /3 X (X’y +2dy) X (¥’ +dn) X h;

6) total external chamber volume = 7 h/3[{1/4(y's+X'10y"10) }
+H(X'1+2d1) (" 1+d ) + (X'3+2ds) (v 3+ds) +...+ (X'e+2d0) (¥o+ds) |
+1/2{(X'2+2dy) (y'o+de) + (X' 4+2ds) 7 s+da) +...+ Ks+2dg) (s+ds) }]
X 0.649

7) RV mass = 1.05 X {(B)-(A)}
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Fig.3. Cross-sectional cardiac magnetic resonance images
(MRI) in a patient with tetralogy of Fallot
IVS, interventricular septum; LV, left ventricle; RV, right
ventricle
Diastolic short axis images of the heart from apex (A) to base
(F) were obtained with cine MRI (A ~F). Contour tracings of
each slice of the heart were partitioned into 5 segments (C):
left ventricular chamber, right ventricular chamber, left
ventricular free wall, interventricular septum and right
ventricular free wall.
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LTHEHRBEOARFERL, (HEELSEELTHEER
BARof. FEEICE T OFOERDKFEREGEER
MEOZTE»P L EENER~ER LT AGRENES ZHIEL
fr. BETEESES LAKDOEEFAENEE G| S HEE
DELEFHUEL:. G B»HOLEREED ) bREAMICE
F52 0 ik HHEE (outflow), kD4 » Bk HHEE (free wall),
KO3 7 T LRER (apex), THEID 4 % BT % TEE (inferior) & L,

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
BSA (m?%)

Fig.4. Right and left ventricular mass measured by MRI
TOF, tetralogy of Fallot; MCLS, mucocutaneous lymphnode
syndrome
O, RV Mass of TOF (n=7) by MR]; @, RV Mass of MCLS
(n=6) by MRI; &, LV Mass of TOF by MRI; &, LV Mass of
MCLS by MRI
Regression equations: RV Mass (MRI) = — 27.7 + 78.0 X BSA,
r=0.78 (TOF); RV Mass (MRI) = — 1.46 + 32.1 X BSA, r=0.95
(MCLS); LV Mass (MRI) = 69.4 + 47.5 X BSA, r=0.38 (TOF);
LV Mass (MRI) =2.61 + 83.5 X BSA, r=0.98 (MCLS).
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Fig.5. Comparison of MRI and simultaneous right ventricular
and right coronary contrast cardioangiography
O, RV Mass of TOF (n=7); @, RV Mass of MCLS (n=6)
Regression equations: RV Mass (cardioangiography) = 1.2 +
0.83 X RV Mass (MRI), r=0.92 (TOF and MCLS); RV Mass
(cardioangiography) = 25.5 + 0.58 X RV Mass (MRI), r=0.72
(TOF); RV Mass (cardioangiography) = — 1.4 + 0.83 X RV
Mass (MRI), r=0.95 (MCLS).
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Fig. 6. Right ventricular mass estimated by simultaneous right
ventricular and right coronary contrast cardioangiography
O, RV Mass of TOF (n=10) by cardioangiography; @, RV
Mass of MCLS (n=18) by cardioangiography
Regression equations: RV Mass = — 3.3 + 53.0 X BSA, r=0.88
(TOF); RV Mass = — 6.5 + 29.9 X BSA, r=0.99(MCLS).
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Fig. 7. Comparison of right ventrlcular mass in tetralogy of
Fallot and MCLS
Open dots (O) represent right ventricular mass / BSA
estimated by simultaneous right ventricular and right coronary
contrast cardioangiography; closed dots (@) and bars
represent X &= SEM. TOF group (n=10) versus MCLS group
(n=18) compared and analysed by Mann-Whitney test.
*, p<0.0001
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U. ABEEEORE

1. BEZELHEE

FREREICC, FRLMGERY, 77 0-—NUENGEEE
T14.2 ~ 100.4g (58.7 £9.5), JIIHEE T10.3~ 45.3g (29.0+

Table 3. Ventricular mass and right ventricular wall thickness of patients with tetralogy of Fallot measured by cardioangiography

Case LV mass LV mass index RV mass RV mass index RV wall thickness (mm)
number ® (&/m") ® (g/m’) Outflow Free wall Apex Inferior
1 38.4 109.9 16.0 45.6 34 2.1 24 5.0
2 56.9 135.6 14.2 337 8.7 5.4 1.9 3.1
3 62.8 86.0 304 41.7 7.6 4.3 5.6 4.6
4 114.6 112.6 56.7 55.1 54 6.1 7.1 35
5 127.0 89.4 72.8 51.3 4.5 5.2 . 4.7 53
6 156.1 108.4 94.9 65.9 6.3 5.0 5.4 5.4
7 158.1 105.0 73.8 49.2 5.0 6.1 4.2 6.7
8 157.5 100.3 67.6 43.0 6.8 4.4 3.0 4.7
9 177.3 112.9 100.4 64.0 8.3 5.7 3.1 57
10 139.9 83.2 60.1 359 42 4.4 4.1 4.9
XL SEM 118.9t15.6 104.31+4.9 58.7+t9.5 48.5+34 6.0+0.6 49104 42405 49403

LV, left ventricle; RV, right ventricle; LV mass index, LV mass/body surface area; RV mass index, RV mass/body surface area.

Table 4. Ventricular mass and right ventricular wall thickness of patients with mucocutaneous lymphnode syndrome measured by

cardioangiography
Case LV mass LV mass index RV mass RV mass index RV wall thickness (mm)
number @ (g/m?) @ (g/m? Outflow Free wall Apex Inferior
11 723 129.1 12.4 22.1 1.8 33 4.9 39
12 424 70.6 10.3 17.2 1.1 1.2 1.1 32
13 39.0 61.0 1.1 17.3 2.2 1.9 25 2.8
14 61.1 87.3 13.4 19.1 2.5 2.8 1.6 2.9
15 69.0 94.6 13.3 18.2 1.9 1.7 22 2.8
16 71.8 88.7 20.5 253 33 2.5 37 4.8
17 94.7 115.5 19.3 235 3.5 2.4 2.0 29
18 86.8 914 17.4 18.4 2.4 1.8 1.1 2.8
19 111.6 89.3 335 26.8 5.2 3.8 2.1 5.8
20 120.0 92.4 33.6 25.6 33 3.0 23 3.8
21 137.3 96.0 40.5 28.3 4.4 4.5 29 5.7
22 131.9 88.0 38.1 25.4 1.4 3.1 2.2 39
23 168.7 112.5 38.4 25.6 4.6 2.8 29 4.2
24 . 173.0 102.4 442 26.1 4.7 5.4 3.6 52
25 1515 89.1 43.7 25.7 5.2 3.4 1.3 6.6
26 154.8 90.5 44.4 259 4.0 4.9 2.4 4.9
27 143.2 82.3 - 428 24.6 5.5 37 3.8 72
28 191.0 109.2 453 25.5 32 2.1 29 3.9
X+ SEM 112.2+11.1 93.9+3.7 29.0+3.2 23409 3,3+0.3 3.0+03 25+02 43+03

LV, left ventricle; RV, right ventricle; LV mass index, LV mass/body surface area; RV mass index, RV mass/body surface area.
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Fig.8. Ventricular mass measured by simultaneous right
ventricular and right coronary contrast cardioangiography
O, RV Mass of TOF (n=10) by cardioangiography; @, RV
Mass of MCLS (n=18) by carioangiography; A, LV Mass of
TOF by cardioangiography; A, LV Mass of MCLS by
cardioangiography.
Regression equations: LV Mass = 9.5 + 93.4 X BSA,
r=0.95(TOF); LV Mass = — 4.4 + 98.0 X BSA, r=0.95 (MCLS).

3.2), p=0.0096 DEEXEFZ D, (M6) KETEYU/VOA
BLHERBI 7 70— UBEMBEE T33.7~65.92/m?
(48.5£3.4) (23t LJIISHEE T17.2 ~28.3g/m® (23.4 £0.9)
p<00001DEEZETH-/z. (’7) (&3, 9

2. ERELHER

EELGEEIT Y 70— UBEMBEESE T38.4~177.3g
(118.9 + 15.6), JIIIEH%HEE T39.0~191.0g (112.2£11.1)
p=0.701, EEEEY /Y 77 0 — UBEMBELBRESS.2~
135.6g/m? (104.3 +4.9), JIIW%EE61.0~129.1g/m? (93.9 +
3.7) p=0.150 TEM o 72, (H8)

3. WIREKHETE (5, 6)

EEIEREARIE 7 7 0 — WBERBEE TIZ14.7~
168.0ml (106.5 & 20.3), JIIIEF7 & & 31.4 ~ 194.0ml (103.3 £
13.0) Tp=0.848 L HEZE I h o 7. HEWBKPERLII 7 7
O — B FE AT B % T 23.3 ~ 263.6ml (137.3 + 26.8), JIIIEHH
FT30.2~182.5ml (95.2+£11.9), p=0.231Tdho7z. (F9) JI|

Table 5. Results of cardiac catheterization of patients with tetralogy of Fallot

Case EDV EF PSP
number LV RV LV RV LV RV PA-index
1 14.7 233 0.81 0.54 76 80 290
2 177 240 0.84 0.72 86 82 244
3 36.9 50.3 0.65 0.67 96 32 145
4 68.9 106.9 0.56 0.61 108 30 468
5 160.0 184.0 0.68 0.62 108 28 338
6 168.0 236.6 0.70 0.50 106 2 663
7 139.2 148.9 0.68 0.65 120 40 483
8 163.8 158.0 0.66 0.50 100 40 245
9 156.9 263.6 0.67 052 128 120 88
10 138.9 177.1 0.75 0.56 110 3 —a)
T+SEM 10654203  137.3+26.8 0.70+0.03  0.59£0.02 104£5 5241

a) Lack of data, EDV, end diastolic volume (ml); EF, ejection fraction; PSP; peak systolic pressure (mmHg); LV, left ventricle; PA, pulmonary
artery; RV, right ventricle; PA-index, [right PA area+left PA area (m*] /body surface area (m®). PA-index was calculated before their last

operation, the other values were obained during the study.

Table 6. Cardiac function of patients with mucocutancous lymphnode syndrome

Case EDV EF

PSP

Cardiac
number LV RV LV RV LV RV index
1 314 302 0.64 057 92 18 46
12 37.8 359 071 051 82 20 49
13 024 377 0.79 071 92 14 47
14 45.1 490 0.76 072 94 18 45
15 437 489 0.71 0.67 120 2 48
16 572 51.0 0.68 0.64 94 18 45
17 592 554 0.76 0.56 100 20 50
18 67.6 504 0.72 0.68 94 2 47
19 105.5 917 0.73 0.72 100 16 46
20 1153 95.1 0.60 0.51 100 18 46
21 131.8 118.8 071 0.67 116 28 49
2 1363 134.1 0.68 0.73 102 18 47
23 1428 115.1 075 0.81 120 2 41
24 154.6 158.8 0.63 0.56 100 18 3.1
25 1562 1507 0.59 0.77 102 20 30
26 164.5 138.1 074 0.57 106 28 4.1
27 194.0 162.0 0.60 059 106 24 33
28 173.9 182.5 0.61 057 104 20 32
X:£SEM 103.3£130 952119 0.69+0.02  0.64£002 10142 201 43202

LV, left ventricle; RV, right ventricle; EDV, end diastolic volume (ml); EF, ejection fraction; PSP, peak systolic pressure (mmHg); cardiac index
(1/min/m®), cardiac output (I/min)/body surface area (m”); Cardiac output was measured using thermodilution method.
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Fig. 9. Ventricular end diastolic volume measured by
simultaneous right ventricular and right coronary contrast
cardioangiography
EDV, end diastolic volume; O, RV EDV of TOF (n=10) by
cardioangiography; @, RV EDV of MCLS (n=18) by
cardioangiography; &, LV EDV of TOF by cardioangiography;
A, LV EDV of MCLS by cardioangiography
Regression equations: RV EDV = — 39.2 + 150.7 X BSA, r=0.89
(TOF); RV EDV = —34.8 + 109.3 X BSA, r=0.98 (MCLS); LV
EDV =-36.8 + 122.4 X BSA, r=0.96 (TOF); LV EDV = —39.0 +
119.7 X BSA, r=0.99(MCLS).
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Fig. 10. Relationship between right and left ventricular end
diastolic volume estimated by simultaneous right ventricular
and right coronary contrast cardioangiography
EDV, end diastolic volume; O, ventricular volume of TOF
(n=10) by cardioangiography; @, ventricular volume of MCLS
(n=18) by cardioangiography
Regression equations: RV EDV = 6.7 + 1.2 X LV EDV,
r=0.93(TOF); RVEDV = 2.2 + 0.90 X LV EDV, r=0.98 (MCLS)

Table 7. Normal right ventricular free wall weight in present series compared with that reported in

previous studies

Author Number of cases Age (years) Average weight (g) Weight/BSA (g/m’)
Fulton 1952 43 (ave) 49 46.0 25.7
Kinare 1986 »” 25 18-65 34.1 20.0
Mackey 1990 * 3 0-3 8.4 22.6
8 17-77 56.3 28.9
Present series 18 2-16 29.0 234
BSA, body surface area; ave, average.
Mean values of right ventricular weight and weight/BSA were indicated.
When BSA was not written, it was expected useing age and body weight.
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Simultaneous Right Ventricular and Right Coronary Contrast Cardioangiographic Method for Estimation of Right
Ventricular Mass : Usefulness of this Estimation for Patients with Tetralogy of Fallot Harue Tsuji, Department of
Pediatrics, School of Medicine, Kanazawa University, Kanazawa 920-8640 — J. Juzen Med Soc., 108, 475 — 485 (1999)

Key words right ventricular mass, cardioangiography, right coronary angiography, magnetic resonance imaging (MRI)
Abstract

In the clinical course of congenital heart diseases such as the tetralogy of Fallot, such symptoms as right ventricular
pressure and/or volume overload are usually seen. Likewise, in diseases such as ventricular septal defects and patent ductus
arteriosus which cause left ventricular volume overloads, an increase in left to right shunting causes pulmonary hypertension
with the added complication of right ventricular pressure overload also likely. The ability to estimate alterations in the right
ventricular mass should prove helpful for following up patients suffering from congenital heart disease, and for judging the
effectiveness of treatment. Cardioangiography has gained in popularity as a method which yields direct as well as intuitive
information. In spite of its invasive nature, this method is routinely used for patients with congenital heart disease because it
allows an exact morphologic diagnosis, and obtains pressure and oxygen saturation measurements from both chambers.
However, it is difficult to quantify the right ventricular mass by means of cardioangiography. This study evaluated a new
cardioangiographic method for estimating right ventricular mass in vivo. We visualized the right ventricular free wall by
simultaneous right ventricular and right coronary contrast cardioangiography using ordinary cardiac catheterizations in 10
patients with tetralogy of Fallot and 18 patients with mucocutaneous lymphnode syndrome. We then estimated the right
ventricular mass, and compared the results with those obtained with magnetic resonance imaging. Right ventricular mass
estimated by means of simultaneous cardioangiography showed close agreement (r=0.92) with that obtained with magnetic
resonance imaging. The right ventricular mass as established by simultaneous cardioangiography ranged from 14.2 to 100.4 g
in patients with tetralogy of Fallot versus from 10.3 to 45.3 g in patients with mucocutaneous lymphnode syndrome
(p=0.0096). The range of right ventricular mass index (right ventricular mass / body surface area) was 33.7 ~65.9 g/m?
(48.5 = 3.4 SEM) in patients with tetralogy of Fallot versus 17.2 ~28.3 g/m* (23.4 = 0.9) in patients with mucocutaneous
lymphnode syndrome, a significant difference (p=0.0001). Since our simultaneous cardioangiography method enables us to
estimate right ventricular mass during ordinary cardiac catheterization, we consider this method is very promising for studies
of congenital heart diseases.



