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Duchenne muscular dystrophy (DMD) (& dystrophin &%
FOERIZE>THLS, MNEHIFEEDOH YA Pa7 4 —T
b oL DFEORVERTH 5. IR OME A 1E, &
JEICWH LA LWAEMGTFHOUWE & activity of daily living
(ADL) #iK, quality oflife (QOL) 1] k& 75 L729.
HAEDRKDIEHIZ AL TH 5HH, angiotensin converting
enzyme (ACE) FHEH]R B EWTHE 2 & OO PREH IO K <
HRWBRBEOZAL L EIZLD, DAEDOEEDHRLIIELL
DB B,

WEETIE 1967 EDF Y A b1 7 4 — kRS S AFED
THRERBL, YkBESORARE TRANZMNIGE B
T o TE7z A RNE 1984 4 8 HICHIgA L, 2010 4K &
TIZ 204 ZTHEIEL T 5. ORERHRIE 1992~1994 £ D%
Fi AT e % 22882 ACE BRI 25— fefl, BOlRT3E1
1990 4EARHE b & — Mo BFHITE A S, 2003~2007 dED %
MEEFFES % BRI 2\ RAHEA TS, 51k, WREIZEDO W
TIRHEERARIC L D R TR Es B S A BN T, &
NETORBEROIRE SHOMELYOPIITHI LD
ERIIKREVWEEZ, YlEe %@ L DMD B0 95 b, 1977
FEMH 5 2010 K T TOITHE & 2010 4K £ TONEEEE
HHERENGZIAFGN B LORRGHEB I ko,

MEBLVHE

REIT Yk E 2 L7 286 4 DMD BE T, WERIE 1977
SEWH S 2010 4K F TSI Z 2 IS L7282 %

BLORE %2 TIHE L7295 % & 2010 ERMER TE
R O 2575 B 109 % Td 5 (Fig. 1). FAARE I O RFA
M5, BEEDA(FELS - fbe) THE L MBIl h e o 72
B, 2010 R CTIHREHZ Z T T wEFIE S
DTWR, BRIRILE, FEEE DL < )% dystrophin D%
RUBNHCB SN TV 720, EIZT2HT69 %4, BizTE
SR THRIEARE T OBM (%W, VEH)HP 3T, £
DA OB L ERARFT . GEAL B O AT, TRRR IR R
OFAE, BATIEREADS 14 kR, V»H L% L\ CK i,
PP P DB IR 7 &) o — RO B TH 5.
W 177 2D FEIEHIE, AV 7 ik, BEEEY < 1) — 28
EOMEY R IR L7, HETRHCLZEHZIIONTD,
TR & C X 5 720 3N I LS &2 HE e L 7.

I B PRI AER CHUBR T & 7228, Lz a—PriidE
HIR.O o — 5EAM 2 BAE L 72 1993 SE LI DSETEH 95 %120
W, %72 brain natriuretic peptide (BNP) (3% [& Cill € %
FAAG L7 1997 AE MR DIECH 84 HI2DWTT— 2 2L L
7z

AN BN D 5720, MEIICPIREZ BIG L
721984 8 H&FEHE LT, 1977 M5 1984 FE7HFE T
ZHiY, 1984 4 8 A 205 1993 4EK T CT% T, fEB AT
#1%: (home mechanical ventilation : HMV) 7% {4 B 3 & &
o 72 1994 SE DSEF A 5 2003 4EK % TLHI, 2004 SEW 2 5
2010 45K (B SEWTIEASE K L2BE1) % TIT BN omF 72, #ist
FIIRNT I, A FE5HT 1 Kaplan-Meier 3 & Log-rank test %,
FELCHEE4r O LRI Student's ¢ test 2, LBEFET — ¥ D LLik
& Kruskal-Wallis rank test 2 & H W CHEHE L 7-.
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Fig. 1 The composition of object patients.

The number of deceased patients not receiving mechanical ventilation was 82, that of deceased pa-
tients receiving mechanical ventilation was 95, and that of alive patients receiving mechanical ven-
tilation at the end of 2010 was 109, respectively. Survival analysis was done for all patients (n: 286)
and cause-of-death analysis was done for deceased patients (honeycomb area, n: 177).
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EXRE (286 %) DHEAFHH

IFRAERZZ T TICRE L8240 b, MloReH
(Pre #) 13334, 1984 4E 8 AL#% (Post ) DIETHHD
9% QW34 U144, W14 THotz T,
W07 B A B R0E, TIA357 4 (I (+) #, non-invasive
ventilation : NIV T A 25 %, tracheal intermittent ventila-
tion: TIV T & A324), N 25794 (II (+) B, NIV
TEATS %, TIVTEA4%), IIHIL68 4 (I (+) A,
NIV TEA 67 %4, TIVTEA1%) Thorz. 1980 FH1E
TIV 25T —HEERITRZ 2 fH L 7225, 1990 4482
BII<Y A2 TONIV BSFAT, TIV id NIV TOE LA 3
o 7EBIIEEAETH B, 1992 49 5 HMV % B
L, 1998 4E DIFg X IR A P8 A % > 9 HIDL EASTEE~BAT L
TWwb. T HILEIC TIV IR A B A L7 5 £33 _T
ROIRER T, ke TOREVIR 2 £, SRABNIEIC L 5 5%
FisE 1 44, S REARTHRERHE 24 TH -7 (Fig.2). I
W RE D) B THEAZD 114, I HBEAZD 38 4,
I HIEE AR @ 60 4453 2010 4 RKFERCTHAELTBD, 959
1340w ETH o 72,

Kaplan-Meier {12 & 5 & #ED 50% HEAFH4ES (Fig. 3) 13,
Pre # 17610 %, Post # 19308, I (+) #E323+21
W, 11 (+) 330148 TH o7 (I (+) #2010 4K
WEpCONIARE) . F 72, I~TI1 BED 50% IR BILE A SE 401
I (+) #E201+365%, II (+) #E214+455%, 10 (+) &
195+49 % ThH o7, I~II (+) BTN d Pre B, Post
L D FHIC A TR L ()T p<0.001), II(+)#
DI 238 ASE4r 13 Pre B (p=0.020), Post # (p=0.014) ®
CAES L YV @ ol I~ (+) HEMTIR IIHEST (+)
B (p=0056), II (+) B (p=0262) & YICTIEESH TV
MERLZDDOFEERITE L, Pre L Post HOMIZ b 72
BREDLE o7 (p=0764).

ETHE (177 %) OGN

FHIM O CHERIIRH 33 44, THI 494, TTHI48 44, 10
47 %°C, PHIETES TR 18941 %, T200+45

e, 12524465, 1M1 31.1+54 /% & REEFICIER L 72
(Fig. 4). EZICHIE, AiHIZFPRALDS 49%, 23 EYLE
12%, A4 39%, THNIIFIA S 43%, MRS 8%, &
W 14%, OAEE 27%, 225R5E 8%, 11 HILIFIRAS: 10%,
I B RESAE 6%, S I 4%, O 42%, FENFIE 2 & ge
iE 8%, ZEIRIE 17%, Zfth 13%. TIT HHEIPIg&E: 9%,
OB 6%, A4 40%, BAG (PEERAL)13%, FEMFI%
PRI 4%, 225R56 19%, FDMh9% TH -7z (Fig.h).

OISR OB 2 Azl 25, TTHILL
BRI A IS L CIPIRAR 38T 2 EMIEEL 2 D,
2000 4E LI 22 HANPIR S b 5 7V (SHRFEICHE L) 2K
EIPAAEIEIE 22V, 2000 4E1R20 S OA SIS S IPIRZEA 2
HED72HERE, 2005 4E LU IZ B DI SR 2 2555 L T v
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IO B G HEH - 72 (Table 1).
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Hoie.

O e M Hcorae (FrRez s d) SBEHD DL
9% &, fractional shortening (FS) %% 10% i D BH D
EAIE 91% A5 68%, AEILEMLES 75mm Lo BE D
H413 62% 205 20% -, BNP 7% 1,000pg/m! L b o> B# 1
71% H 5 28% WA LTz (Fig.6). IIIHIZid FS10%
Pk, 7S PR 50mm A, BNP 100pg/ml il & Lo
BEIR RN LR 72 R T, BAREIC X W BT 5 B
256 Z4INBLL 72,
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Fig. 2 The number of patients initiated mechanical ventilation.
Abbreviations: TIV: tracheal intermittent ventilation, NIV: non-invasive ventilation, HMV: home

mechanical ventilation

Black bar indicates the number of patients initiated mechanical ventilation by TIV. White bar pre-
sented the number of patients initiated mechanical ventilation by NIV. Gray bar showed the num-
ber of patients who transferred respiratory managements from NIV to TIV. NIV until 1990 was

done by negative-pressure ventilator (iron lung). Black circle and line indicates total number of pa-

tients initiated mechanical ventilation. White star and line indicates the number of patients started
HMV. In Japan, HMV was disseminated after revision of medical insurance in 1994.
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Fig. 3 Longitudinal change of survival with or without
respiratory management.
Pre (heavy solid line): patients died between January
1977 and July 1984 without any respiratory management;
Post (thin solid line): patients died after August 1984
without any respiratory management; I (+) (heavy
dashed line): patients initiating respiratory management
between August 1984 and December 1993; I (+) (middle
dashed line): patents initiating respiratory management
between January 1994 and December 2003; III (+) (thin
dashed line): patients initiating respiratory management
between January 2004 and December 2010.
Log-rank test was utilized for statistical analysis.

B S, [P AR 3 A AR Tl e BRE R UE T 5 %
BlEZFIEdoNE L)k of BFETIE 1994 SELFE D
IR A B E ERIAIFIRAE 2 IR L CB 0, AR S 5t
4 1 @ desaturation % . i B PaCO.>45mmHg 7 & # H
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Fig. 4 Longitudinal change of life-span.
Mean age at death
Student’s t test was used for statistical analysis.
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Fig. 5 Profiles of cause-of-death for each term.
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Table 1 Longitudinal analysis of cause-of-death in each respiratory management at death.
PO, | periodofdeath | n | 82N | RE | RT | AB | HF | CF | O | SD | Others
none total 82 19.1+40 32 9 0 37 0 0 4 0

Jan 1977-Jul 1984 33 188+4.2 16 4 0 13 0 0 0 0
Aug 1984-Dec 1993 34 187+39 16 4 0 12 0 0 2 0
Jan 1994-Dec 2003 14 209+39 0 1 0 11 0 0 2 0
Jan 2004-Dec 2010 1 20.5 0 0 0 1 0 0 0 0
TIV total 57 301x72 8 5 12 15 4 4 3 5
Aug 1984-Dec 1993 15 231*46 5 0 7 1 0 0 1 0
Jan 1994-Dec 2003 16 29.0+3.6 3 1 2 4 0 2 0 4
Jan 2004-Dec 2010 26 349+65 0 4 3 10 4 2 2 1
NIV total 38 262+52 2 1 0 13 2 2 13 5
Jan 1994-Dec 2003 18 252+52 2 1 0 5 0 2 6 2
Jan 2004-Dec 2010 20 272+58 0 0 0 2 0 7 3

Abbreviations: RF: respiratory failure, RI: respiratory infection, AB: airway bleeding, HF: heart failure, CF: circulatory failure

(renal failure), OI: other organ infection, SD: sudden death

Table 2 Profiles of sudden-death patients.

D747

Period of death n inpatients n outpatients
Aug 1984-Dec1993 (n: 4) 1 disconnection of ventilator circuit 1 respiratory failure
1 unknown cause 1 heart failure
Jan 1994-Dec 2003 (n: 8) 3 asphyxia 1 asphyxia
1 shock 1 respiratory failure (%)
1 arrhythmia
1 unknown cause
Jan 2004-Dec 2010 (n: 9) 3 arrhythmia 1 disconnection of ventilator circuit
1 asphyxia
1 pneumonia (* %)
1 pneumothorax (3 3)
1 arrhythmia
1 unknown cause
(*¢): this patient refused respiratory management.
(% *): these patients refused admission for hospital treatment.
B C
100% 100%
90% 90%
80% 80%
70% 70% Il >=1000pg/ml!
60% B >="5mm 609 [] 500-1,000pg/ml!
B < 10% 50% ] 65-75mm  50% I E 100-500pg/m!
[] 1025% 40% [.] 55-65mm  40% =— [7{ 20-100pg/ml
[] >=25% 30% [] <55mm 30% T [ <20pg/ml
20% 20% R
10% 10% R
0% 0%
1994-2003  2004-2010 1994-2003  2004-2010 1994-2003  2004-2010
n: 21 25  p=0.026 n: 21 25 p<<0.001 n 17 25 p=0.092

Fig. 6 Comparison of cardiac indices.

A. Fractioning shortening (FS)

B. Left ventricular diastolic dimension (LVDd)
C. Brain natriuretic peptide (BNP)
Kruskal-Wallis rank test was used for statistical analysis.
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Abstract
A longitudinal cause-of-death analysis of patients with Duchenne muscular dystrophy

Tsuyoshi Matsumura, M.D., Toshio Saito, M.D., Harutoshi Fujimura, M.D.,
Susumu Shinno, M.D. and Saburo Sakoda, M.D.
Department of Neurology, National Hospital Organization Toneyama National Hospital

Mechanical ventilation (MV) and cardiac protective therapy have improved the prognosis and quality of life of
patients with Duchenne muscular dystrophy (DMD). To understand how these therapies have changed prognosis,
we performed a cause-of-death analysis in DMD patients.

Mean age at death before initiation of MV (January 1977- July 1984) was 189 =4.1 years. After the introduc-
tion of MV, from August 1984 to December 1993 (1" term), it was 20.0 £4.5 years, from January 1994 to December
2003 (2™ term), it was 25.2 £ 4.6 years, and from January 2004 to December 2010 (3" term), it was 31.1 =54 years.
Almost half of all deaths before MV were due to respiratory failure (RF). Because MV was performed by a tra-
cheostomy in the initial stage, some patients were reluctant to use it, and as a result, RF accounted for 43% of
deaths in the 1* term. Over time, patients started to accept non-invasive ventilation and home mechanical ventila-
tion, which became available in the 1990s. Consequently, no DMD patients have died from RF since 2000. Respira-
tory physiotherapy and risk management became important tools, because many patients undergo decades of res-
piratory managements at home.

Cardiac treatments for patients with DMD consisted mainly of diuretics and digitalis in the 1% term,
angiotensin-converting enzyme inhibitors (ACEI) in the 2™ term, and a combination of ACEIs and beta blockers in
the 3" term. Compared to the 2™ term, the ratios of severe cardiac dysfunction (fractional shortening <10%, left
ventricle diastolic dimension >75 mm, plasma brain natriuretic peptide >1,000 pg/ml) were reduced in the 3™
term. In the 3" term, 14% of patients died from renal failure nevertheless their cardiac indices remained mildly ab-
normal or normal. We should pay enough attention for cardio-renal association.

(Clin Neurol 2011;51:743-750)
Key words: Duchenne muscular dystrophy, cause-of-death analysis, respiratory management, cardiac protection, cardio-

renal association




