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Summary

Cardiac involvement in patients with Duchenne progressive muscular dystrophy (PMD) was stud-
ied by means of systolic time intervals (STI). STI was calculated from measurement of simultaneously
recorded carotid pulse tracing, electrocardiogram and phonocardiogram.

These recordings were repeatedly taken once a year on each patient for the study period of three
years. This study was based on 54 hospitalized patients. These were classified into eight stages ac-
cording to the degree of the musculoskeletal dysfunction (stage I-VIII). Correction was made in
ejection time (ET) and pre-ejection period (PEP) according to the heart rate (HR), because of their sign-
ificant correlation to HR in 42 normal control subjects.

HR in PMD was found to be higher in all the stages, especially in the advanced, than in the con-
trol. Corrected ET (ETi) showed gradual abbreviation as the stage advanced. Corrected PEP (PEPi)
and PEP/ET exhibited a marked prolongation and increment, respectively, even in early stages. These
findings suggested the presence of a close relation between the impairment of left ventricular function
and the progression of musculoskeletal dysfunction.

During the observation, progressive alteration in PEPi and PEP/ET was observed. The alteration
was marked in PMD above the stage VI as compared to that in the lower stages. The marked alteration
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of the same degree also occurred in PMD who showed no progression of musculoskeletal dysfunction
during the period. These findings suggested the untoward effect of prolonged bedrest on left ventri-
cular function, in addition to the impairment due to cardiac involvement itself.
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Table 1. Stage of musculoskeletal dysfunction
in patients with progressive muscular dystrophy

F L oI
HEFFHERF Y R b v 7 4 —E (PMD) 28T, _
5 PA
B L ER O ALE, TR b5 6 h L|same o RRRRAE
z1~?. L ¢ iz Duchenne % (D # PMD) n & L
#0132, 7 ODBBOEENE. BER O I |samE HERARICTEH
Ek LT, ﬁmﬁsﬁ)v ﬁ/" @Z“ﬁmﬁz’s’a’v ‘L‘HE*»
= B B FRE R HE

HERDERELA ST Hh 55280, KA I [ Fe5ITAIRE BFEHSOISE EOATHE
12 I PRI SR RYLE DIE AT, ZER D - Mt LARE
PBILTEET3ZEbH5M. BEKEREL N | Fib51TATRE BFNHDI B EOFHE
DREEEERTRERCIZ b 2hbbT, L7
o VRECEEMLTREOEER B b b i & Vv |sexe g;fxgﬁﬁﬁn
izl DMELZ WS, X 5z PMD &
FoLMTEENCEBE, BEAEFEEHERLE B vlsasxe f9 D38 (VR &k
IO EESRORE, THROHEEINSELEH E#%FEADLICENE
3. i |mexe B TR RRFTTEE

iz D& PMD BEFoLDHEEL FFH M BRNRE(ERIHLE
HicTR 3 BT, DR E - TAEEINERAE )
(systolic time intervals) DT &1T-o7c. &b W | ErETRABRONBZLELETS

CR—RHRT, Fic—F, 3FEEROERE TR

L, BRREOERIC LY ET S AR AR E Table 2. Materials of progressive mus-
OREE L, ERIKERE & ORBIE ZRE L. cular dystrophy classified according to
the musculoskeletal dysfunction
8 p Number A
N EHE Stage 1973 L1“)74 1975 ‘Total mean (ngnge)
1.
" a2 I 6 4 2 12 10.3 ( 6~14)
PMD #H R ZORFEEEOBEEEIC LY, I 10 6 5 21 118 (7~16)
Table 1 DEABHESFNMEO L, 8008 m 1 3 0 4 11.8 ( 8~15)
z . DY b, I~IV v 1 1 244 4+@) 12.5 (19~16)
B (stage) & 53“?’_“93‘16 D 5L, stage v u ; - MRS
DEREGANBTNTLTHY, stage V LLED VI 23 24 24 71 13.5 (10~22)
BETIHNFITAREL LY, &bicstageV] vii 1 8 9 18 16.3 (10~24)
PlEpBEREoE b RERREL 25, 4H vir 1 1 4 6 16.2 (10~18)
SR & Ul B E SRR B B 1o A BE R Total 54 54 54-+(4) 1624(4) 13.0 ( 6~24)
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» D E PMD ## <, 1973,1974,1975 £ o E#E
3 2 ER—REHIC DM E BHR LM 405
FT#H5 (Table 2). 1973 &6 1975 £ 2 48
fliz stage OHEIT L7 BEFIT 304 7T, 1 stage
YeATEE 144, 2 stage 74, 3 stage 64, 4
stage 34 Tholc. BEMNBLLT, LOLER
CEREOED LRV 6~21 F0 BT 42 4 (FY
RS 121 5) 2.

2. BEOAH®

ORI ORI 7 7 FETREERLFE
EMR 60SD, 7 7 #¥EFH TY 302,303 35>~
27 2 —HF 2T, EEML, FERIFIERICLE
X 7FE, £%3pEcolk, F, HFFELFR
L L iz 100 mm/sec DHLE Y EE TRk L.

3. E=IRHERE (ST DOEtHAl

STI oflE I, LEM, LEFR L RRTES
NI SHBNARARE shAR OERE T 5 SO E A v .
BRHERRT (ET) &, SEMMRIRE O LY X Y8R
¥T%, LEX Q EoMthk v I EFXHNRES
xco QI B~ s, ET #5vT AiBRHE:
R (PEP) & L7-. &5ic PEP & ET oob, PEP|
ET %kwi-.

4. STI OILMEHBIE

STI BOHECEET S LR3I HMONA T

ET(msec)

310+

r=-0.795

. P<0.001
S Y=-1.168X+361.7
(SD;s £14.9)

290

270} e

250+
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Fig. 1. The relationship of ejection time (ET)
to heart rate (HR) in normal subjects.

BTG Y 2 b v 7 4 —IEBE OEZIVHERAE

PEP (msec)
120
s r=-0.692
See Ll P<0.001
100} °* L ¥=-0.692X+134.7
T (SD3 £10.1)
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60}
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Fig. 2. The relationship of pre-ejection period
(PEP) to heart rate (HR) in normal subjects.

B, 42 £ 0 ET, PEP o0 Ekicxt
+5E%RE, EcOhEkE Lo F T R
vy PLTHRE L. ET @O e offic r=
—0.795 (p<0.001) DHDOHEEERICHY, ZTD
EHERXE Y=—117xHR+361.7 T& - 7=
(Fig. 1). PEP % Rl# iz r=—0.692 (p<0.001)
T, DL AOHBEERD, Y=—069xHR+
1347 oEH#ERX 28 (Fig. 2). ZofEEH»
5 PMD ##, @¥# o ET, PEP o lEiRs
i3, EREE 087z index, ETi=1.17x HR+
ET (msec), PEPi=0.69 x HR+PEP (msec) #f
Wiz,

& g

1. vag

3T OBRI & L7z D B PMD B4,
HE~ 166 il LiA¥ B & stage T Licoriy, &
BELWBTS L, Yo stage OBEFTH LM
BEEE XY £, stage LIV 0 BEERE
FOEZEETHo. BEDOPFTIE, stage
BITIC Lic v Emy 2 mic » - 7o
2B, YA S stage BIc3BEERERE L - I
(Fig. 3).
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e«  P<001
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Fig. 3. Heart rate (HR) in patients with pro-
gressive muscualr dystrophy (PMD) and age-
matched normal control subjects.

PMD is classified into eight stages according to
their musculoskeletal dysfunction. Each circle shows
mean value and one standard error.

2. HREEREE (stage) & STI

ETi i3 stage L I, Il o i, BEHE L=
3423, stage IV o BFE 5 53, stage DE/L
izohT ETi 38E#EL, &<z stageV & VI
DBEEDOHTIE, TDERZFEETH - (Fig. 4).

PEPi 2fg## LEBRENICKRE REROE
stage I 0BET, TTCRBEELVLIAERE
R LTz, Stage Froo#iime & iz PEPi i3
WL, »Ty stage VI & VII o BERoZE X
BEETH o (Fig. 5).

PEP/ET 4, PEPi & [F#kofHA T, stagel o
BECICICBEE LEEL CEREAEMERL,
stage VI 55 VII o BEM cEHLZEMEZED
7= (Fig. 6).

ETi

(msec)
o . riom
wl 1 {/}\
3501 \}/i\g
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Fig. 4. Corrected ejection time (ETi) in patients
with progressive muscular dystrophy (PMD) and
age-matched normal control subjects.

ETi shows gradual abbreviation as the stage ad-
vances. Significant difference is present between
normal control and above stage IV. Difference between
stage V and VI is also significant.

3. STI ORES(E

1973 g0 5 1975 I 3 iF T O BREE o STI
DREEFL L, stage DETOFEIZO VT DY
HEERF L. 24EFL stage 12k Y& - @B
L, stage DEITLIZBED ETi X & b IcHbT
BIRMICH - 72 h, METO ETi OB oRE
ICEZERIED 20 7z (Fig. 7).

Stage DT L7-HBE 30 L4mrhizix, 1 stage
HAZ LD 144, 2 stage 74, 3 stage 64, 4
stage 3ZANEEN TV 528, stage DT L
ETi 0@ L ofic—EDOBRIIED & h 7 H
-7z. PEPilz2WTid, #HITARED stage [~IV
NOHET LIBFICHRT, stage VI oA R
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PEPi

(msec)
K
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140 F eae P<0.001
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Fig. 5. Corrected pre-ejection period (PEPi) in
patients with progressive muscular dystrophy
(PMD) and normal control.

A marked prolongation in PMD is found to be
present even in early stages.

#% o PEPi oz k&<, R stage VI
Lo BE M ADESENEIZIZ, Z h
I RT EF s o7 (Fig. 8). PEP/ET i1
stage VI DL LB Tk, Z o stage L VBFED
stage D BFE L ik LT, PEP/ET omoRE
I3k & <, stage VI 225 o stage EfT D H T H
pbo¥, RULBECELEFLE (Fig. 9).

£ E3
DB X Y SR I ESEINKERAR (STI) i3, JE8
ME i EDBREZ FET 2 <O DEEL LT, &
BHEOHES, BIVBELFALGIABZZLLHY,
eI EL v oh Ty s, STIREREES
LR, HICLVERDD, ML & b IiTH
ML, Dk oflicEACHBEEERICSS -

EITHER Y 2 b w7 1 —ERE OEEINFERE

PEP/ET
0.500 -
0.450 F {Q}
oaon| .
- — }\*/ [
0.350 | {/}/
. = b loom
0.300 ¢ '
—_ 1 1 1 1 1 1 J

Normal I nm m v Vv vi vi vl
(N=42) (12) (21) (&) (7) (28) (71) (18) (®)

Fig. 6. PEP/ET in patients with progressive
muscular dystrophy (PMD) and normal control.

A marked increment in PMD is found to be pre-
sent even in early stages.

LABESR TR, He NBEEHOBI
ERHiRERA (ET), aiBRtiesR (PEP) L.04E%LH
EnA0HEE RL, STI #HiEo Ekatici
DEECHELEL B, Effiic X 5 STI #fE
DERVELTBEDIC, WHE LD PMD
BELUER e TREE LA, I
1, 34 Ee UK 0 21T - < DR PMD
BEE~ 166 N\ o =ERHFEE (ET), Rk HiRR
(PEP) #.[Ma%THIELK ETi, PEPi, 8X W
PEP : ET ot PEPET %k, HEREE
(stage) THEL, BEH B LI ETi, PEP],
PEP/ET ! Higseat Lic.

ZORER, ARABREEOREN R 15 (F
bbb stage BT 3) i Lz ETi 38
#¥1L, PEPi 3EEL, PEPET @KL iz
CORBRERLOBMEL—H LT3, ik
<3 PEPi, PEPET 3, BRHEEDO VL v
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Fig. 7. Individual alteration in corrected ejec-
tion time (ETi) during the study period of three
years in patients with progressive muscular
dystrophy.

No difference is found in alteration on each value
in patients who show progression of the stages
(solid line). Similar tendency is found in patients who
show no progression of the stages (dotted line).
Solid circle and bar indicate mean value and one
standard error.

stage | DBETT CIBEEFELOENFETDH
Y, stage VI & VIl 0 BE OB THRADER
»ohic.

STI t.OHHEOBRIZoVTIX, Weissler
L EVEEL OBREND VIO, HREREE
DEBICRE LIHEE, eI a2
rER T3, PEP i ET X 9 % cardiac in-
dex, stroke index & E\fHEERIZH 3. PEP/
ET 430 REEOBRICH 32, £%E perfor-

PEPi
(msec)
200

180
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L 1 1 1 1 1 | ]

I oI m v v vI vl vl

Fig. 8. Individual alteration in corrected pre-
ejection period (PEPi) during the study period of
three years in patients with progressive dys-
trophy.

Progressive alteration is found to be present (solid
line), which is marked in PMD above stage VI as
compared to PMD in lower stages. The marked altera-
tion of the same degree is also present in PMD above
stage VI who show no progression of the musculo-
skeletal dysfunction during the period (dotted line).
Solid circles and bars indicate mean value and one
standard error.

mans #RTEED Y LTI, EBHASE (EF) &
BBz RTEERATY3Y, PEno AL Y,
D#I PMD g% <o ETi o&fE, PEPiI 0iEE,
PEP/ET mn#kix cardiac index, stroke index
DIET, BHABE OB % e b ELMEREN K
T&TRRTZ2LDOTHY, BRGEEEDOET L
ELDBIEDIET & ORI 5 20T+ 5 B%
DHBZELNREXLND. FEENIZ PMD &
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Fig. 9. Individual alteration in PEP/ET in pa-
tients with progressive muscular dystrophy dur-
ing the study period of three years.

The tendency similar to PEPi in Fig. 8 is also
present. See Fig. 8 for abbreviations.

FHCXERG, U, R OSFICENE, i
LEOBELDRENR L BN, JHEAZHASKRD
KBLEZZLATVS. HRTHEUMEILEIESED
BEED B RIBEIC T TH B h, AEBEOKRMEILIT
BELBRESATV3D. LEX-T, Hxnf
7z STI i & 2 EDHEEDIRT 27 5T R,
EEBEOEM, Bibick sERELEX LA
5.

—7%, fExzao D #H PMD #F >\ T stage
DT E STI offREA 5 &, ETi 2 2 £/ic
stage %L, HEAFBBEEORENLHE A
FHLRU stage itk FE-BE LTI, EHb
bEICRE A L. PEPi, PEP/JET T<#3%
L, B b HEREE D stage VI 0 B i3,

ETHERS S 2 b 7 4 —ERE DL

2 o stage HITOFEICE{R <, PEPi ©
iR, PEPET oM@ bhiz. ok
i, FIEECEEREIC stage V ITFTh oz BEIC
HRTE Lo, ZORE, stage VI 25 H
BAERERE FEEOBE OLELBER T 3,
BREEOEIT L ALBRECKT L iR
SN S DT T BEFRDIENIC, BHOER
DEEREX bz,

PMD BF 3B ICEHRFREE ORE »5# <
29, BERICIENBITARTH-ER, K
BIZHEOEFREAGHIREh, Ry FEETO
EFE2REBELLENBIIICRS. Z0E5BE
Hlicbles Ry FEEIRZ, BHEOARLE~0RITE
BFTw5 L HEZIEL N,

—%, ZoRHICbiza Xy FEEREEE
DIETE2&ELTLORERD Y, PDM BEH 0L
DESEEDFHO S Wiz, ZoRELTEERH
SVENRD B, WMOEVHAEEL stage VI L
ET, ZhI VEBEQBREICES, ELEEDK
TREFELWZ LSRRI N, stage VI o 0 EH
ChblsxRy FEEDEMEECRIETHELZR
BmLTWwW3EEX I,

Thbb, DEI PMD BFizAbhi-EO#E
EORTOERL LT, 1 o3& EEDEARNR
BRI BZELEFH~ORBETHY, it KE
EBE TH LN D RYITHIC X 5 BRAMLOBER
TeELBNS.

E %

Duchenne BIEFTHRF SR b e 7 4 —E (D&
PMD) 54 &, 6~241% (F#13.0%) 255 L L
T, i 13 FEERET, \ERE, OFR, O
BH & RIRFEEE L, L5 (HR), BEHRERE (ET),
AIERHRERE (PEP), PEP/ET L. 424
DEEE 6~21 5% (FH1215%) » ok ET,
PEP iz, zhZh.{ %L r=—-0.795 (p <0.001),
r=—0692 (p<0.001) ©, HOHEEBEKELRL,
ETi=1.17xHR+ET, PEPi=0.69x HR+PEP
DZELBWEEZ LIfETHE L. D & PMD
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