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Table 1. Subjects

No. Sex Age
Normal 15 M ;15 33.1+4.1
PMD 12 M ; 12 15.549.1
DCM 7 M; 7 52.6+74

PMD ; progressive muscular dystrophy
DCM ; dilated cardiomyopathy

Table 2. Characteristics of patients group

case | age type stage | CHF | others
1 44 | Limb Girdle 1 — | VT
2 20 | Becker 1 -
3 14 | Becker 4 — | MR
4 13 | Duchenne 6 + | MR
B 14 | Duchenne 6 +
6 10 | Duchenne 4 -
7 12| Duchenne 3 — | mother: DC)I
8 15 | Duchenne 4 -
9 12 | Duchenne 2 -
10 9 | Duchenne 3 —
11 14 | Duchenne 6 — | MR
12 9 | Duchenne 4 -
mean| 15.5
SD| 9.1

\'T ; ventricular tachycardia MR ; mental retarda-
tion
DCM ; dilated cardiomyopathy

F—— F  #P-MRS, heart, progressive muscular dystrophy, cardiac function, ISIS
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Table 3. Measurements

case PCr/y-ATP Pi/y-ATP PCr/Pi PDE/y-ATP EF % FS | mean Vcf wall motion
1 1.59 2.14 0.74 1.14 18.1 6.45 0.25 diffuse hypokinesis
2 1.62 1.38 1.17 1.18 35.6 13.64 0.42 diffuse hypokinesis
3 1.28 0.70 1.83 0.73 78.9 40.48 1.40 normal
4 0.61 2.18 0.28 1.03 23.7 6.10 0.22 diffuse hypokinesis
5 1.18 3.15 0.37 1.22
6 1.25 1.55 0.81 1.27 69.2 32.43 0.90 normal
7 1.27 1.26 1.01 1.06 73.9 36.11 1.13 normal
8 1.08 0.75 1.43 0.76 56.7 24.32 0.81 PL-hypokinesis
9 1.11 1.21 0.92 0.94 54.8 23.26 0.98 PL-hypokinesis
10 1.30 1.20 1.08 0.97 65.3 27.73 0.99 normal
11 1.09 1.22 0.89 0.82 52.1 21.74 0.75 IVS-hypokinesis
PW-dyskinesis
12 1.30 1.20 1.08 0.97 7.7 39.39 1.64 normal
mean 1,22 1.50 0.97 1.01 55.1 24.70 0.86
SD 0.25 0.66 0.40 0.17 20.2 11.58 0.43

PL ; posterolateral wall of the left ventricle IVS

; interventricular septum

PW ; posterior wall of the left ventricle
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1% Bonferroni filE% 8 27> 7z,

1) 05 P-MRS

E ¥ % oL Tl ATP, PCr, PDE,
PME+Pi 0% ¥ — 7 B RIFICH sz (Fig.
1), F#EEITOE— 78S OFIE + R
#13 PCr/y-ATP=2.03+0.34, Pi/y-ATP=
111 + 027, PCr/Pi =190 + 037, PDE/ y -
ATP=097+0.15 Th - 7.

Zhizw L, PMDEFIOANRZ baRAatE—
<1z (Fig2), PCr/y-ATP=122+0.25, Pi/
y-ATP=150-+066, PCr/Pi=097+040, PDE/
y - ATP =101 £ 017 T & Y, PCr/ y -
ATP, PCr/Pi 0FERET»RD SN (P<
0.025, P<0.05). O PMD BT, OAEIE
WoHzbDIE, BubDELBL TPCr/y-
ATP (0.09 + 0.40, 129 + 0.19), PCr / Pi
(0.33£0.06, 1.10+0.32) 3 {& <, Pi/y-ATP
(2.6740.69, 1.26+0.40) HSEWERANIC &> 7
(Table 4). % 7-BoA, Becker B TILELERIY
PCr/y-ATP 2IEH ST BRI T,

EFMEARELOED AR h B A3 =T
HIEEM &N, PCr OBFEOE T & Pl DR
O EREMED SN (Figd). DCM #o PCr/
y-ATP=1.72+052, Pi/y-ATP=145+0.45,
PCr/Pi=128+052, PDE/y-ATP=1.16+
0.31 Th-7:. PCr/y-ATP, PCr/Pi31FH &
H~(&fEi %2, Pi/y-ATP 3@tz n Lz, %
O¥EE PMD 0 MRS BEIZEF L { Ao
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7z.

SEEHE oK TlE, PMDIZBWTPCr/y-
ATP, PCr/Pi BIEH LKL TERICEME%
& L 7z (P<0.025, P<0.05). Pi/y-ATP,
PDE/y-ATP IZ=FfICZ 2RO o 7253,
Pi/y-ATP iz, PMD, DCM iZBWTIEFIZH
NEEERTERS HoTe (Figd)., 7z,
PMD, DCM #& bR OA2DH 55T PCr/
y-ATP NE(E % & 2 M2 H-> 72 (Fig.h,
Table 4). & 5z, PMDEFITIX, EGKBEH
WL PCr/y-ATP O EE L HE #5880
7z (Fig.6).

2) LEERE & DBAMR

Fig.5 & PMD, DCM fEfl %, A2 OHHK

WCED TSI TENNT A=Y —m KL T

Normal
PCr

Pi a-ATP

7-ATP

R-ATP

M A0 0 500 N0 500
(ppm)

B0 00 50

Fig.1. The phosphorus-31 MRS of the myocardium
of a normal volunteer.

There are six clear peaks of £, a, y-adenosine
triphosphate (ATP), phosphocreatine (PCr), phos-
phodiester (PDE). and inorganic phosphate (Pi).
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Fig.2. The phosphorus-31 MRS of the myocardium
of a patient with progressive muscular dystrophy
(PMD). (case 5)

The PCr peak is markedly decreased, and the Pi
peak is prominently increased. This case needed
hospitalisation because of severe cardiac failure and
died after four months due to acute cardiac failure.

bOTHD, LAEDERICED, F1XT7 XA —
Y —DEIZEN DD brotz, PCr/y-
ATP L T, LA &edk { PCr/y-ATP
&> 7 113 Duchenne B 2 s a7 4 —fETH
D, LEEEBREEODL bDIREVWL DL
WL TERICPCr/y-ATP »MEETH - 7o (B
EEE T ; 1.09 +0.15, BEE &) EH 4§ ;
1.284+0.02, P<0.01), ZDELDH PMD Oxih
THRMIZE D AR MRy = 2ED D B
DRI T,

PMD FEFID/ 8T 2 —& — & UIEEBE R TR
D ILHEREDTERE L OBfR % Fig7, 8, 91I/m
T, LARLEIEE < PMDEFIDIZFLEAYT, &
o OUBEREDIRIZIXIER S Ch > 72, T4

DCM

RN )

(ppm)

R

Fig.3. The phosphorus-31 MRS of the myocardium
of a patient with dilated cardiomyopathy (DCM).
The PCr peak is slightly decreased and the Pi peak is
increased compared to that of normal heart. The
chief complaint of this patient was arrhythmia which
was difficult to control. It showed left ventricular
dilatation and hypokinesis especially of the inter-
ventricular septum by echocardiography. The ejec-
tion fraction was 349 and his coronary angiography
was normal.

B, OIS TIRIER QMR L Sl s h
5bDIIBWTH, Lfif MRS ZE OO SN2
Blhs b - 7.

EERHSE (EF) Pi/y-ATP, PCr/Pi
DOz, ZhZFhr=—0.76(P<0.01), +0.60
(P<0.05) OFESHER2RD 2, EESEE
#a (%FS) & Pi/y-ATP, PCr/Pi oz
zhzhr=—0.73 (P<0.01), +0.62 (P<0.05)
OB ® - 7z, YL ZE DR IHEHE (mean
Vef) & Pi/y-ATP, PCr/Pi Ofziy, #ihZ
nr=-—0.71 (P<0.01), +0.59(P<0.05) DFF
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Fig.4. The peak height ratio of PCr/y-ATP, Pi/y-ATP, PCr/Pi and PDE/y-ATP.
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Fig.5. Congestive heart failure and the peak height ratio.

In PMD, open circles and open triangle showed normokinesis in echocardio-
graphy. Closed circles, triangle and a star showed hypokinesis.
CHF ; congestive heart failure

Table 4. Measurements from patients with congestive heart failure
(CHF) and without congestive heart failure

N | PCr/y-ATP | Pi/y-ATP | PCr/Pi
PMD CHF (+) 21 090 2.67 0.33
CHF (=) | 10 1.29+0.19 1.26+0.40 | 1.104+0.32
Total 12 1.22+0,25 1.50+0.66 | 0.97+0.40
DCM CHF (+) 5 1.514+0.47 1.55+0.56 | 1.06+0.48
CHF (—) 2| 225 1.21 1.86
Total 7 1.72+0.52 1.45+0.45 | 1.28+0.52
Normal 15 2.034+0.34 1.114+0.27 | 1.90+0.37

HEINDFRD 50, %72 PDE O Y — 2|2 serine
ethanolamine phosphate (SEP) & %h, =
NOAE TR S 5 L bE ST
219710 B D MRS £ OTFED S, AE
DLFIIZDOWTH, MRS BHE OIFEET 5 Al Felk:

MWEZLNBEIN, LB

L MRS @

BENC DV TIRAIFFEOMIC i3 E PREG ST
Wiz, =7, Bl ORI OBAMBRF I
£D, SF TRILHTICRE S LT3 P-MRS

PCr/ v - ATP
2.0
15
o §
1.0
0.5

1 23 45 6 7 8 stage

Fig.6. The peak height ratio of
PCr/y-ATP and the clinical stage
of the patients of progressive mus-
cular dystrophy.

The PCr/y-ATP decreases in
patients with progressed stage.
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Fig.7. The peak height ratio of PCr/y-ATP, Pi/y-ATP, and PCr/Pi and ejection
fraction (EF). There are correlations between EF and Pi/y-ATP, and EF and PCr/Pi.
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Fig.8. The peak height ratio and % fractional shortening (%FS). There are
correlations between %FS and Pi/y-ATP, and %FS and PCr/Pi.
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Fig.9. The peak height ratio and mean Vcf.
There are correlation between mean Vcf and Pi/y-ATP, and mean Vcf and Per/Pi.
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To investigate myocardial metabolism of the patients with progressive muscular dystrophy
(PMD), myocardial phosphorus-31 magnetic resonance specroscopy was performed. Image
selected in vivo spectroscopy (ISIS) was performed using Gyroscan S15 (Philips, 1.5T) in 12
patients with PMD, 15 normal volunteers and 7 patients with dilated cardiomyopathy (DCM).
We got six peaks of 8, @, y-adenosine triphosphate (ATP), phosphocreatine (PCr), phos-
phodiester (PDE), and inorganic phosphate (Pi). The peak height ratio of PCr/ y-ATP, Pi/
yATP, PDE/y-ATP, and PCr/Pi in normal volunteers were 2.03+0.34, 1.11+0.27, 0.97+0.15,
1.90+0.37 (mean+SD), respectively.

There were significant decreases of PCr/ y-ATP (1.22+0.25, p <0.01) PCr/Pi (0.9740.40,
p <0.01), and a tendency of increase of Pi/y-ATP (1.50+0.66) of the myocardium of patients
with PMD compared with data of those with normal healthy condition. These abnormalities
were found in patients who had normal echocardiographic findings. But were found with more
changes in patients with congestive heart failure. There were significant correlations between
Pi/ y-ATP and left ventricular ejection fraction (EF), %fractional shortening (%FS) and mean
velocity of circumferential fiber shortening (mean Vef) (r=-0.76, —0.73, —0.71, respectively).
In 8 patients with Duchenne dystrophy, there were better correlations between PCr/y-ATP and
EF (r=0.97), %FS (r=0.93), and mean Vcf (r=0.84) than in all 12 with PMD. In DCM patients,
there were milder abnormalities of MRS, and more severe cardiac dysfunction comparing with
patients with PMD.

These results show that MRS abnormalities of the myocardium in patients with PMD are
found before cardiac dysfunction occurs. The high sensitivity of phosphorus-31 MRS has
allowed to detect abnormalities which echocardiography did not detect.
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