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EY  FIREEP/OHREAEICEY, Duchenne BFFI X bO7 4 —DEHFHRIEVELBLHEL /P,
DEEEEEOBEICL Y ERBEORBFMIEEE LS. bhbhil, B OEREESEBNRANAEEER
STHRCELEHE 6 BIIRER L, AEEICH T2 BHEEESICROEAV . BHERIER T creatinine PETT 3
-0, HEICEEIhEWVcystatin C 265UV T DMD 103 Fl& L =& 2 5, 30 U EDEETIE 3B LS
EHEERL, BMEEHERTORELTRREIN - FEOEHRTECIHOBEMERICEEINET, @Y%
KANZ 2 ZREMICH T EBEELESDEEEDNS.

(BEPR##H#% 2012;52:211-217)
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Duchenne ##5 ¥ 2 b2 7 4 — (Duchenne muscular dys-
trophy : DMD) 1%, FFREFHOBAIZL D WwE Lo LAy
THROWENZ SN0 BE, AFTld DMD EH DR
DORPEEBOAETHEO LN TE Y, LHhEERZES DMD
DI KDEHERETH 575, angiotensin converting enzyme
inhibitor (ACEI)*/angiotensin receptor blocker (ARB) ¥ &
OF B EEITEES % vl & L 72D IREETR IR O T2 12 & 1 Lo
EOHRELENLODOH LY. A FHROYHEITHFT LI L
7285, AR IR O EPMLIIAEBR O AL E S NS¢
LRGN D A WL, DIvb IR AR RE TR AT LB Y £/
72N T2l 2 b o TEAEEE L T LT L7z DMD jiE
B % 6 FlHEER L 7= (Table 1). FE4E, (LEREREE & B RERE &,
HMAMENERE L B LT T LERMEN»EE ShTn
%953, 2N F T DMD OBRBE T ERiEREICH T 58
DR eh ol 2O—WE LT, BBk cH
% creatinine (Crnn) &, &% OEE % %\F % 728 DMD
TIRMEHEE IS 2 LTSNS, SHlbivbiud, Bk
DB Z T R VB REIREE T 5 cystatin C (CysC)” %
b BT DMD OB HREZ FHili L7z, Z 0%, DMD A& T
(IIiEIZ & B v CysC OFIIMEA EAT 2 2 &, Fil &
HEREDHBE S 2 Z L 2%k S iz, iR E A% RE2S DMD 0
TEBREIRE 2 LT B4R & LTEETH L2 TR L, LF
HIMERE 2 ik LB FNEMRSBREREICRL EEDbNS
72HE 5.

MR - Tk

BAREIE B OME
REAL, M BET A BEME 2 fractional shortening (FS)

15% LLE, left ventricular diastolic diameter (LVDd) 50mm
i, brain natriuretic peptide (BNP) 100pg/m! i (2 /Coh
REDMR7-N T2 b 22 ST R4CTHEL L7: DMD &
% 6% (Table 1). A NTHSHEFHMIC, FPRE R KEE
B, C R R 0D PN R0 R R SR S AT B o0 B RIRIAC
DWTHGES L7z,

DMD &2 BT 5 B E 0BG

LB A 2o DMD BE T, BRI L D IEa
T 112 CysC % M % L 72 DMD & % 103 4. “F 35 4F #5 1%
262+92 5% (75~49.7 %) T, WA HD 8T 44, MO0
O EEMIE (ACEI/ARB, BEWEE, FlRH#, ¥4
YR, PIAERAD) 05227 T2 BERN8I B TH-
7z

[d] —$R 1L 7 — % @ hemoglobin (Hb), blood urea nitrogen
(BUN), Crnn, BNP, CysC, B2-microglobuline(b2MG),
Muits 3 7 ARO.LTa—57—% (1004) 2°5 LVDd, FS
Z i L CysC & o] % Pearson’s correlation index % %
HLWTHRELE. T2, EMEEREONEZMEETAHN
T, MHE 20 AR (29 4), 20~30 % (40 %), 30 L
(34 44) \2431F, Student’s ¢ test 12 & 1) 2 BRI bR % M) L
7z

w R

AL B o Mgt

AR 6 % OFHER I 373136 7% (28~41 %)
T, EHPWREEEE ST, RSB EIE Y 156537
i (8~224F) TH o7z, WEB HEOWNIRIL non-invasive

ventilation (NIV) 2 4, tracheal intermittent positive pres-

*Corresponding author: 7 17 B A FE 7% Be bl AR 19w BedifR AL (T560-8552  RFRHF & drii JIAR I 5—1—1)
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Table 1 Clinical profiles of patients died from acute renal failure.
Case A B C D E F

Age (years old) 39 36 39 41 31 28
Body weight (kg) 38 24 35 39 34 23
Respiration TIV TIV NIV TIV NIV TIV
Duration of ventilation (years) 17 17 18 22 10 11
Nutritrion CNC 10C GF 10C 10C Oral
Energy intake (Cal/day) 1,200 900 850 1,000 1,000 1,100
Water intake 1,170 720 1,610 970 1,150 unknown
Cardiac therapy

angiotensin conveting enzyme inhibitor Yes Yes Yes Yes Yes Yes

beta-blocker No No No No No No

digitalis Yes Yes Yes Yes Yes Yes

diuretics Yes Yes Yes Yes Yes Yes

antiarrhythmic agents Yes No Yes No No Yes
Duration of cardiac therapy (years) 22 14 18 21 10 11
Ultrasound cardiography

left ventricular diameter (mm) 40 37 30 49 385 29.8

fractional shortening (%) 17 21 17 13 18 22
Laboratory data

brain natriuretic peptide (pg/ml) 35 10.7 22 326 54.3 90.8

hemoglobin (g/dI) 10.6 89 94 104 136 85

blood urea nitorogen (mg/dl) 62.3 159 817 1125 783 789

creatinine (mg/dl) 0.27 1.19 0.55 047 0.6 0.68
beta 2-microglobulin (mg/L) 112 14
Symptoms RC AD RC AD AD RC
Survival duration (days) 84 35 108 129 3 127

Arreviations: TIV: tracheal intermittent ventilation, NIV: non-invasive ventilation, CNC: continuous nasogastric catheterization, GF: gastric

fistula, IOC: intermittent orogastric cathetrization, RC: regular check, AD: abdominal discomfort.

sure ventilation (TIV) 4 % CTd - 7z, LHFEEIC T 5 Nk
BN 16236 4 (11~224F) T, 4H»¥ACEL FlR
Fleyxs) AxRBL, PIAERA L 348 RHA LW
A, BEMEAZRA L T2DR 1 BZDOATH - 72 KERS
Fd 1 AL, 5 AVREERET, BEREONIULE
B (gastric fistula : GF) 1 44, RIREFEITRE 4% (intermit-
tent orogastric catheterization : IOC) 3 %4, HibtHUFR SRR
€3 (continuous nasogastric catheterization : CNC) 14T
o7z AKEIL 32+6kg(23~39kg) T, SRFAEHPEIT 1,033+
44Cal/day (850~1,200Cal/day) TdH 7. REREEFS
2 D—HAKGPG-R1E 1,060+ 90ml/day (720~1,610ml/day)
T, 9b 4KIFARE YY) OxGHG A 40ml/day Rili T
Hoi.

B ORI, BEIHARD3 4T, %) O 3 Ak EY
BEIZ X 2BRDERTH > 7. SO BUN 34 Bl
TH-727%% Crnn iEF3 058 +0.08mg/dl T, LLaiDfEIC
LREH LTV b OOIEH LR (11mg/d) & bl 7z01k
1 #BOHRIZo72. —7, b2MG DSFREZHIE S N72DIE 2 %D
ATHo720%, EH5H 10mg/L YL EIEFHEER (1.9mg/
L5 U EOEMETH > 72, BALOERE LT, ks
W2k 255 R 724 (B, D), TH» 14 (F),
3 HLUHNOFRAEEN 24 (A, F) do72h%, HREEH
WTExLWIERD 24 (C, E) otz BAERIENLOE

FHMIE 3~129 HEFHEARTH - 72,

2% F TIUER B OEREE 2R, 36 B 19 /%05
NIV jif7 LZEMICERINTEBY, =557 )V 10mg/
day, AF VY ITF T ¥ 005mg/day WAk, B L FAE R 3
7 B o E B KA 1d Hb 12.1g/dl, total bilirubin (T.Bil)
045mg/dl, BUN 89mg/dl, Crnn0.lmg/dl, b2MG 1.6U/L,
BNP 10.7pg/m/, LVDd 37mm, FS21% & %5 LT/, —82
H BICAR S - IR D 72 & KBS, HOFHIRIERR L, —76
HHICKEWR BT Hb8lg/dl L HilLE A& D708k
Hl - U ZARRIF COBEEMG L. —64 HHD»HRE
REMHBLZDDOOEIARO - DM ERETH - 72
T =T IVIEGL ) 7oA -54 H BicHub RSz IE. LiE
5 & KRR ETRS L 72 d 0D —48 HE L L, fENsEs
RETHEI A O L 7225, #K-EIR X 720ml/ H AR & A7
Moz, LIEs K ZEMIHREE LT/, 38 H I A
AR Z, BHOIMEKA T Hb 89g/dl, BUN 19.6mg/dl,
Crnn 1.19mg/dl, CRP 02mg/d! £ & W 7% Crnn ® L 5% Ak
W7z, 78€ 3 FIZX ) —HREHEI L BUN, Cronn 32 L
7275, 10 HH® b2MG 1 11.2U/L L EfETH -7z, IRED R
PR TEIMASEST L, 24 H BIZIZIEEARIER 4 AT % dm L
72. ZOEMSEE BUN, Crnn EA-A & D 30 H H2 5 134
REZD 36 HHIHE Lz AEFITIIBFAEIESRDLT
T—IB % 2TV, BNP IZBEAEIAER M IEF#
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methylprednisolone (1,000mg/day) T T T
Fig. 1 Clinical chart of patient B (see Table 1).

DMD (251 % /LB £ 1L B

Abbreviations: Hb, hemoglobin, BUN: blood urea nitrogen, Crnn: creatinine, BNP: brain natriuretic
peptide, b2MG: B2-microglobuline, d: days before (=) or after (+) onset of renal failure, Abd dis-
comfort: abdominal discomfort, CRC: concentrated red cells, EPA: erythropoietin, CV: central ve-
nous nutrition, div: intravenous drip.

In the graph of In/Out, solid lines and circle represent water intake. A dash line means urinary
output.

This patient was 36years old man and had received NIV for 17years. The clinical data at three
months before the onset of renal failure were stable (left ventricular diameter 37mm, fractional
shortening 21%, BNP 10.7pg/ml, b2MG 1.6U/L, Hb 12.1g/dl, BUN 89mg/dl, Crnn 0.1mg/dl). Despite
severe renal dysfunction and anemia, BNP remained mild abnormalities (maximum BNP 76.2pg/
ml) during the clinical course. No severe cardiac enlargement or lung edema were detected by the

chest X-rays.

PAC, BT d 762pg/ml Th -7z, R, Kk Xp =i
W7 — 2 TR BT RIZEEE T4 <, TBild lmg/dl
K CHERT L0 O0BRBBEIRERTEICEEES
(Fig. 1).

DMD BHIZ BT 2 BHreIREE O BT

Crnn 13F3 016 £0.10mg/d! (0.06~068mg/dl) T2 %%
B & IEH T BR (0.6mg/dl) #ii Td - 725%, CysC & 0.81 =059
mg/L (042~4.79mg/L) T 18 #%»%1EH LR (09mg/L) % #
2Tz, b2MG X 24 ZDADT— 5 TH DA, 247+2.69
mg/L (09~126mg/L) T7%HIEH ER (19mg/L) %8B 2
Tz BRI OB OB 2 5 A BEcmER L7z
L ZA, CysC & b2MG 12 r=0954 & EWAHBE %278 L7228,
CysC & Crnn ®#HBH X r=0.623 T CysC & BUN @ r=0.720

XY HEH o7 (Fig 2).

CysC B LU b2MG 25l % /R L7z D 1d 4 H 20 kP kT,
CysC BfEE OEE 1L 20~30 OBETIX 175%, 30 ELL ED
HETIE324% THo7z. FEEM CTTHME KT S &,
CysC O FIMEITmERc & b v ER L7225, Cron 13%&1b%
o 72 (Fig. 3).

EARE & B O MBI T, CysCH X #ME & Hbldr=
—0519 L B OMBEZ R L, Hb10g/dl Rit D BFIZ T T
CysC"EETH -7z, T2, TNOHOEBH T TR TIEERMIE
BFRERMTH o 72, —77, BHkiE & ORI DO Tid, BNP
X EAE (r=0319) BLOFS (r=-0250) %% CysC #H
SHEE LRV A L w72 b DD, LVDd & CysC IZidM
&AL DRh o7 (Fig. 4).
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Fig. 2 Cross-correlation analyses among parameters of renal functions.
Abbreviations: B2-MG: beta 2-microglobulin, BUN: blood urea nitorogen
Each bar indicates the upper limit of normal value.
Statistical analyses were performed by Pearson’s correlation index.
(A) The correlation between logarhythsm of cystatin C and that of B2-MG
(B) The correlation between logarhythsm of cystatin C and that of creatinine
(C) The correlation between logarhythm of cystatin C and that of BUN
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Fig. 3 Comparison of cystatin C and creatinine among each age-group.
Student’s t test was used for statistical analysis.
(A) The mean value of cystatin C elevated along with age. Significant differences were observed
between <20 and 20-30, and <20 and > =30 groups.
(B) Creatinine was not obviously influenced by aging.

BEECIE 2005 4E2 5 2010 4E F T2 LVDA % FS, BNP %
% = EDOORRBEFREIZ LRz TwW izl b 53, BR
EERELIBTT HEMNT 6 MLz 2o 0BFHIX10
DMD TIEMA A & RS PR BlE T 5K SEDL LRI ) MR R LB EREZ 2T Tw
DEPHET, BIETIHOAEER I KOERNFETD 7z EROFEIZ 2L O TEAERBBOFHRIIZEDDT
5. INFE T, OEREREICN T 5 AR R IR DML - 72 RETHo7zZ &b, EMMAEICL 5 FMBRAIEE L H
728, DS IA#IE ACEI/ARB % Bl 2 &12 & B0 bNBH, DMD BHOEREGEETN %2 — iy B iR <8
iR L, BIPGIE, CRBEERE P OICB I b TE Naltr s Wl A 4 153 /e AT
720 IS ORI LY, SRELGHIEOWGE BT 5 EH 29 L7, Lkecidg@ImAic CysC Z i) A
IR EIANC B 2908, BT HROKEIZE b %2 ) Boiaik b2MG b BEFRHAIE LT\ 5. CysC I3 SR SE, AR IS
BOEIMLIIERBEONZEMEZED TS LN S WEIN R WREIREOBHERETERE T, GFR#EREX D H 57,
5. b2MG b BT R OB % 2T 2 WS, S EEIEE 7 &
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Fig. 4 Correlation among renal function, anemia and cardiac function.

Abbreviations: BNP: brain natriuretic peptide

Statistical anslyses were done by Pearson’s correlation index.

(A) Hemoglobin was negatively correlated to logarhythm of cystatin C. All patients with their He-
moglobin<10g/d! showed elevated cystatin C values.

(B) There was no correlation between left ventricular diameter and logarhythm of cystatin C.

(C) A weak positive correlation was seen between logarhythm of BNP and cystatin C.

(D) A faint negative correlation was found between fractional shortening and logarhythm of cys-

tatin C.

AN S 2 720, AWM ORI IZEE ¥ 5. 4
o], FEEPERIC CysC & b2MG # A BHIC I L 22D 1d 24 %4
DR TH o 7205, WHIIEE AR L b & i ZEiERE R
HCTOHLFEHANREELEDbNA. —7F, Crnn 3L A ED
DMD HE A% R L, CysC a3 2HBb BUN L 0 b
Bho/zZ &, MZEMMESE T Cron 12 & 2 B HERERTE
I EEA UL T L A TR L7z, L L, HEIIERE L
LT Crnn OEEMIZE , BIFNEICAET 22 L, #H
CysCICX 2 HiREBI RS ZEHLEE Bbhz.
SO T, DMD BEHE TIE#E & & b1 CysC DFH
A LR L, 30U EORETIZ3EY EASEEEZR L. &
D LHs, DMD H#ATH CIL BRI E ) S (A AE S
% LEbihs. DMD TEHEEICEEL B I3 RKIZBN
SCTIEABIZESS, Ry TR EIC L 2 08K T 2588 —12
P S, ZNPAHNT S OKGFEIEA R RLRIRA, TR e
2 X BIEBRIMBEREACT, OF 2+ DML T 02, OR
PG JAE R IR IEAE AT, @OPLSIER R L ] (ACEL/
ARB % B lEMiIE) 7% EEYOZE L ESEN I NS,
GO F— % Tix, CysC L OBEREREE L OMHBIZL3 L
LB AR, M LERBIEISIE L 22 5 2 LAVR S L.

ZHZ, DMD Tid BNP % FS 7% & OB REFS L o) [ AVE:
W2 (M BB AME T L 227 gk & OB A B 5 DAL o
PRI L T AR & ST 5 5. OBEfRE
BEEDSOEN E LT, BREILTH DS ILHFEKS
Be 5w s 7e < SHERNCH P L R FURA B =, TR &A%
G HONTZZ L0, WAMBAWEELRER L Ebhi:.
— IR ER I M A VIEE S § 7D KRGERIUE O 2
MH T, FERBBE TIIAMEAHES—ORS-REORA D S
E S IRGFHGHIRD LR g v, KRS EIUR R SREH =
REBEGD—HIZH 2 Y, ZOHDH D BRI ELB X
TR D B, DA E T B L RGHIRZ Eik LA
L7205, WY BRSNSV ADHMFZHICRETRETH A
9.

DR BRI 2 B XIT TR OV TII B
HTIIAYITH 5%, DMD BEIIHETMES KD D Z &
WLV, DHFRERNICE ) MERS SIKTF LZEH
MG T AWML BETE RV, FER 2T
L, MERICBYTOIMERREICHEICTHERZIA) 2R
KEEZ 5.
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H, Hb 10g/dl Kili D BFH 13§ X TIEERMEIEAEEE 1 T
WEORFZATRE S N72A, B MO FE K IEHILE B = e 52
B (k- ¥ I v RE) B EBRANBREENEEGL) %, »
TSR L, B MU IR0 R R A 1 R o1& AL 7%
CIZE D LAMEMEE 572 00ETNETHL. AllD
YOG ORI N A, SHIY ) AuRTF VY EK
D OARICHHTE2MENDH AL L MEI N TS, 20O
—hiT, BECRMAEVIAERIDVIHS I & HHES
NTHYD®  FIMAEHIE Hb 11~12g/dl 45 £ )
RIANTBY CHICHERTREEEZ 5.

N E T, DMD TRIFFEAS, LOAEIIH LT A
b TEH, FHEREELHMISHT % B.0x 5Tl
Loz, L L, OERERENREIICH22 DMD TlLE
AMAER 2 B L EHSSBRERE LD L TFHENS.
DMD DB HREREEORER T - ko Tk Iy
LOMETHY), ZOFBHOF—F 2EMTHI L CHEYA
BHGESH LN LR, BEOAGFHE - QOL I Rico%
MHZEEMETS.

R L ARWESR I AR S AR - AR BT SEZREC R T P R
b7 1 — OB ABRGE R TIRES B 2 5] (20 Z-12) O
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Abstract

Renal dysfunction is a frequent complication in patients with advanced stage
of Duchenne muscular dystrophy

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

Mechanical ventilation and cardioprotective therapy have significantly improved the prognosis and quality of
life of patients with Duchenne muscular dystrophy (DMD). The incidence of congestive heart failure is on declin-
ing trend by meticulous care. Meanwhile, elongation of decreased cardiac function can provoke instability in circu-
lation. Recently, we experienced six DMD patients who died from acute renal failure with preserved cardiac func-
tion (brain natriuretic peptide: BNP <100 pg/ml, fractional shortening: FS >15% and left ventricular diameter:
LVD <50 mm). In some patients, hypovolemia induced by low water intake, diarrhea or dose-up of diuretics was
thought to be a trigger of renal failure. Since the value of creatinine (Crnn) decreased in amyotrophic patients, we
evaluated renal function in 103 patients with DMD using cystatin C (CysC), which is a sensitive renal marker and
unaffected by muscle volume. In addition, we assessed B2-microglobulin (b2MG) in 24 patients, because it is also
unaffected by muscle volume. The correlation between logarithm of CysC (LogCysC) and logarithm of b2MG was
quite high (r=0.954), though that between LogCysC and logarithm of Crnn was not adequate (r = 0.623). The aver-
age of CysC increased along with age, and more than 30% of patients over 30 years old showed abnormal values.
Hemoglobin and logCysC was also negatively associated (r = —0.519), and patients with hemoglobin less than 10
g/dl showed elevated values of CysC. Cardiac indices such as FS (r = — 0.250) and logarithm of BNP (r = 0.319)
showed weak correlations with logCysC, though significant correlation was not detected between LVD and Log-
CysC. Since renal dysfunction is a common complication in advanced stage of DMD patients, proper manage-
ments of water balance and anemia is important. In the medical managements for DMD, we should pay attention
to cardiac-renal-anemia association.

(Clin Neurol 2012;52:211-217)
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