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Metabolic Myopathy
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Metabolic myopathy+ glucose/glycogen, lipid, mitoch-

ondriatA}tel] FE-S 7)1 R|= F-HHe AHES 550 AH

3}, 32 metabolic myopathy©l|&= mitochondrial myaop-
thy, fatty acid oxidation defect(FAOD), glycoen storage
disease(GSD)5©| 9J.2™(Table 1), Z%52% 22 myoaden-
ylate deaminase (AMPD1)E}= 47} 35221 7|Ad &
ofgicha Azte)

T3} o] 2 metabolic myopathy©ll J3S 7| X]= eHEE9]
gJ=d), E22] Zlo] 3-hydroxy-3-methylglutaryl-coenzyme
A (HMG-CoA) reductase inhibitor (statins) 24, rhabdo-
myolysis7} 2kz}F2] 0,1%0l4 A& &= T}, Statin-asso-
ciated myopathy2] $1¢1-2 B85} A7}, coenzyme Q102]
Agol 714Y & o, stating E-83h= SAEL &
=0 o8t ZS<EA A creatine kinase (CK)7}F S8t
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The metabolic responses to exercise
5o 7k 5HE g dae 5] e} 717t

. =, &% 4°=], adenosine triphosphate (ATP)7} hy-
drolysis (7153l =|o] 2ol thaFst ATPaseE Uo7
o}, AlEZY oflul#] S 2] W= inorganic phosphate, pro-
tons, adenosine monophosphate (AMP), calcium3} 732 uf|
MAE &3l 7148 Z2e GAstE dotit) FAldl, <
$-oll4 adenosine diphosphate (ADP)2] 22 adenylate
kinase®} AMP deaminase system< %3l ATPE A5l
Ay R Yole} g 4ks AATTHTable 2).

= E

Exercise testing in metabolic myopathy

UukA 0 Z exercise testing2 genetic myopathy ol =
@3}, nonspecific fatigue S 3 48= 3HAFE 9|4 meta-
bolic myopathyE #i#l3}7] Jsir = F sttt e}, o
719z 919 2Alsl ok shedl, olE 9, 3] el
oA} 28 S} wehe 717 Agtola] 277k im-
mobilizationg-o}| mitochondrial enzyme®] 30067+2~7} &2+
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Table 1. Genetic metabolic myopathies affecting skeletal muscle

Mitochondrial myopathy
Fat oxidation defect

65D lactate dehydrogenase deficiency

MELAS syndrome, complex IV deficiency, cytochome b mutations, complex | deficiency, Kearn-Sayre syndrome,
chronic progressive external opthalmoplegia

CPT2 deficiency, trifunctional protein deficiency, VLCAD deficiency, glutaric acidura type 2
mycophosphoylase deficiency (McArdle disease), PFK deficiency (Tarui disease), phosphorylase b kinase deficiency,

Table 2. The anarobic energy pathways in skeletal muscle

N

. Adenylate kinase/myoadenylate deaminidase

. ATP>(ATPase>)>ADP+ADP>(AK)>ATP+AMP>(AMPD1)>IMP+
_NH3>>(X0)>uric acid

Phosphocreatine/creatine temporal energy buffering
. ATP>(ATPase>)>ADP+Pcr+H+>(cCK)>Cr+ATP

. Anaerobic glycogenolysis/glycolysis

Q

N

w |

. Glycogen>(myophophorylase)>glucose-6-phosphate (see glycolysis)

o @

glucose>(hexokinase)>gluse-6-phosphate+ATP>fructose-6-
phosphate+ADP>(PFK)>fructose1,6-biphosphate>glyceraldehyde-3
-phosphate+NAD>1,3-biphosphoglycerate+NADH+H++ADP>3
—phosphoglycerate+ATP>>>phosphoenylpyruvate
+ADP>pyruvate+ATP+NAD+H+>(LDH)>lactate+NADH

Note: the key enzymes are in italics

AK, adenylate kinase

AMPD1, myoadenylate deaminase

ATP, adenosine triphosphate

cCK, cytosolic creatine kinase

LDH, lactate dehydrogenase

NAD, nicotinamide adenine dinucleotide
PFK, phosphofructokinase

X0, xanthine oxidase

El, ol g o] HojA aah= o)y
glo} 715040 2 Holol sk}

EoM o] 71A] exercise testZ7} 27N E o] 3L, con-
sensus7} HA|H 02 o] Fo| A 2] AN, AWHA 0 2 met-

ksl 2714 exercise”} T}, Forearm

¢l MEEE

abolic myopaty &

exercise testing@} aerobic exercise testing®] ZZ3o|c}. !

1. Forearm exercise test

o] HhHLE #5022 McArdle disease] H7}ollA 7]& 5
it o] B]Z~E anaerobic exercise® glycogenolysisth
glycolysisZ 2= A o] lactated] 715 4o 7)|a1 Lo}
WSS IAIITRE 7P SkollM Al 2kglt), A=, Adenylate
kinase/AMPD1S E3l 24RS- S71A7]3L(myogenic hyper-
uricemia), F(gou)S Lo 4 ot Yol sphyg-
momanometerS ARE3E Qo] HHHE 259 3 (ische-

_4

4
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Figure 1. Forearm exercise testing. 7}E|E{(225E= 20A|0|X[)7t

antecubital vein0f| ¢JX|=ICt. 3-way stopcoks AF26H0] sam-

pling= 2/l Luer-Loc caps AF2EICT

o] A|ut AL o]&t rhabdomyoly51s°ﬂ -‘d'?ﬂ' EJJ} %E%
AHEA, 1|38 (nonischemic), B 382 (semi-ische-
rie) A4S0l ARSI A2, WISl okt 3%
& Wololtt, RE AR 252
2 WAL o] B Ghe BE ARELS 28555 Szl
TEFFF(compartment  syndrome)¥} rhabdomyolysisS
S % gleke e olot 5], FEo] FaE 2 5
A 7S Fesiok gk

o] Arl= Zek~H JHEEE 25412 Z] antecubital
veinoll 43k gy ol(green top with heparin)ﬂ- lac-
24817) 98
Ho| 15 ¥ Ao ARkglth(Figure 1), o]2H 0%,

S HBZ O Z anaerobic’El

tate(gray top with glycolysis inhibitor)&

5 2084 TEFe QRO 7 lactate X E 2 4 L,
TEoE FEEE lactated] BAS Lo 5 AR, A

r
o

2 254 glucose/sucrosei= aerobic 7AA} F<F A= 9
Qpagst o Pelo] Slek’ Al ol@ B2} Feldle] w3t
s7] Aol 2212 wolehe, A4k Al o] Hol 1A
7Iekelok spAlRt, ti7le SxbECdlA 271 241 Aol 54
710, 2042 1, 0025 £ ATRA, 9
F5 11 oK 911 FF/0|¢k Al E)E 2k

mlo
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Figure 2. Aerobic exercise testing. 7
HMHE EfALE treadmilS oFHA A|SHSHC

R

AldEHH, ZREZ webA Hrl 5] 50-100%2] 7
Z ARG} dibdo s W AL TREF| viZtE,
o|&=7} H|5=Ek] wlie o= A& ARSI = Fkaict.
42, 27} 8-9% %52} Jamar dynamometerS =2 ,
1-2283F 7] 3kaL o] AlolES YExt ¥HEE 5= TH6
3] 9] 9:1 exercise squeezes/rest = 60 seconds). ©] wj A}
A= QoM 7Fsst GAls] ateF Aejstal, s dEe U
7 peake] 90%oA] AJFFSFAL WA AFO]E7HA] peakd]
3SR FAE G T AT, 5 18 38l g2
How FH 9E Heth ddREe dilde
2 s el AT R AFAER o]
Folah G0 ol th(&2e] AN S AB3
o] FasITE, FEulol S AT ALE Wl
G glons, S0CIIN WEAIAG s Sel WA
A3HA| k=t 5 33Eo] A & AR HE 3= Ao
Aol R Bolmg A ererk dHow
baseline T} 3H] ©]/d9] lactate] F71e} FRijole] 3u)
ool F7h= A Wkgolth. Glycogenolytic/glycolytic
defectE 712 A= 7] lactatee] Z717} m|n|she
({30% increase), PEUo} ¥hg-2 A gl 1081571714
)

AMPD1 AL rhabdomyolysise] ¥21-& o}y #|qt obr
Yole] SA2 AL Al v 2714 F83%F o7t Qlvk A
HAY, ¥ So]XQ] ¥ 21§55 Hols Sk S1% &5
FE= glycogenolytic B glycolytic A2E5 2311714
5 A Bart vl F 7HA] tiabEo] ZAtel] theh sub-
optimal ¥h-g-5 BRITHH, 423l FFolu 55 #lgkat

i
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tHettl B eke] 20164 = M35 FAstste] - Z9= -

+ supratentorial issue”} §JS 7FsAdo] ok, w3 A
o2 AMPD1 E<WHolo] ™3k homozygousZ &<l

McArdle diseaseE- 7171 EA}ol| A suboptimaldl &k ook
lactateRF-8-& HQITHH, o] 3kal= 7} oA 4= 2}l ] 1L
A= 250 #=EE rhabdomyolysis, A& E= hyper-
CKemia, second-wind phenomenon& 7}Al= A7} =
4 Ut} Anaerobic &2 olA 2712]¢] QR o] B}
31 McArdle diseaseZ 717 278¢] FAERT Z4bo] T ¢l
S Aot} ¢ &3} AU 2= myofascial pain®]u sup-
tratentorial fatigue issue-2 B-5 Aol thgk 2212421 sub-
optimal 7AA}e]t}, McArdle diseasett TF2 glycolytic dis-
ordere] WIFt=E Atz A FAAMEIR=  glyco-
genolytic/glycolyltic disorder& WiAISHA| 11, 1= 25
ol 2J&k ¥ A}-¢| 2] rhabdomyolysist second wind?-&
@ 270} ok, o o] Zpl Heskae e
Glycogenolytic, glycolytic disorderdl]] 3l Eo|=% =
v dxbdTE 57 AARE st fred Clels
phosphorylase b kinase 233 ¢14|, 7= forearm exercise
testol] thal Hk-g-o] AAko 2 WA EM aerobic testol| A%k
FeEleitt. Gspe| 7t AE Fele shuE, ov|ds
metabolic myopathy$1A] obdA]of| gt == 9t} 17
o] 2F59A] rhabdomyolysis7} YU}, forearm ex-
ercise tests= A+l =& 99 aerobic test© & FAOD &
+ mitochondrial diseaseZ vAIs|oF st} =&EA|, pho-
phorylase b kinase deficiencyZ 7}3 #A}i= exercsieol] tf

3l suboptimal lataseRH-5-0] e 4= S)t},

i 2

:

i

=

2. Aerobic exercise testing

o|¥ ZAAFe] 23} 7}A]= aerobic energy systemol] 22E
) ~E £ 24, FAODS} mitochondrial myopathy2] o]
< 3eldl= Ao|t}, Phosphorylase b kinase?} RE thE
glycogenolytic, glycolytic defectsol] th3} lactate¥F-2-& sub-
optimal lactate ¥-3-& B Aot} 2l o|z3t HE
(phosphorylase b kinaseAl| )2 ti7ff o=z o=
forearm exercise testingol|A] WA <21 o)A aerobic test
gt a7} gltk. McArdle diseaseZ 717l A7) 2|45
Eollr 373 (e, 23 A9} 4 thabdomyolysis)
A == A7 A3, HEgL FAOD E& mitochon-

drial disease® AAFE 7FsAo] ok 28 = WA

o rir

245



e
A
Oon

aerobic testingS A3 & = A},

UulA © 2 aerobic test cycle ergometerf=+ treadmill
2 A1 5 glar, ool 257 CK, lactate, fFH ok}
SEF(FA] = 15T lactate, Y o}e} acylcarnitineS
Shlght(Figure 2). -5l 93k CKd5S B ARto] 2l
7] wZell 7l 2% § CKe 574314] g+t Endurance
exerciseFSF2] exercise intensityi= A2 AR (Vo) 2 &
At A= #Goa] Vo= cardiac output(hear rate *
stroke volume)¥}, ZZ](arterial-venous oxygen content of
blood)el] oJ&k Wz ellx o] 4k 35 5ot} Vor= room
oxygen (20.93%)7} expire gasito]e] zfol& £ EHT
2 37 o3 U %2 AlRtElRE total oxygen con-
sumption®|t}, Veoy= o]ksleha TS S48 Ao]
H, Vcoy/Vo,2] H|(ratio)S respiratory state exercise(RER)
2k =1, steady state exerciseF¢t AR EE XS vk
oJ3ic}, Maximal Vo, (Voymax) exercise testzsQF &= (3
3he} S (treadmille] 74-9)E 27} maximal capacity$;
Vo, plateauol] =8-S Az} S7hETh o7 RER
Vomaxol|A] 1,122t} g},

RERO| Aoz Z7Is7] uiol aerobic test & o]
T 2/ 5218 oF gt URHA 2 2 overnight fast$-
ofzloll AALE AldetaL, AN HT SA] aehrstE 29
< AlEgtt, vk, 27} S8l 9§ rhabdomyolysis 5=
TEo 2J3} pigmenturiat== FAODE AlAVsh= 743k
S 7}R| 2L JQThH, overnight fastS @3FA] a1, 7AR
b

4 20 HEs b, G Folis dratES A

f

J

o o
a1

>
o 2

o

o

Mitochondrial disorderel] thallA B2 ZAAFE0] A A= o]
shedl, dutEo g F2719] high lactate7} oA E= mi-
tochondrial myopathyollA $FE=2] WAE(60-70%)S B
oJA|FH, EF3 5o|=()90%)E Helth 5 A 255
lactate2] YIZAEE ARG v$- =& RER(1.4), &
2 Voymax, & %% lactatex mitochondrial diseasedl|
gk F7HAARE sl Alrkhs A27dolt) Absolute®t
relative 2573}l 8l debateZ} AT}, Absolute testing-
o] Aol AL B2t ST T PakE Fu
2 B3} tigk ¥k-3-(Vo,, RER, HR, ventilation)©] 715 7]
wjEol] FHHECh v, relative testing(symptom-limited

Vomax, or Vomax 2] 70%)2 573 #Aeks Ar=, E718}
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(motivation), %, B ThE ZHHA| &= 24050] A}
of] &S 712 = Aok Maximal test®] 52 Vo,max 7}
AARE 4 3, metabolic stress7} T ZHth= AHold},
Testing mode<} Fa}le], A7d<lol tgh A5 &4
&haL, kztol] thsiA] AARSFE Aol 8351t} Mitochondrial
myopathy9l|4] exercise testing2 0.63-0.75AF0]2] RIS
AUH 0.7-0.940] 9] Sol=g HofFErt

HE2] cardiopulmonary testing laboratorys= symp-
tom-limited Vo,max testZ AR&-3}3L, nonmetabolic genetic
exercise laboratory= 1 FAAE B3l A4 E SRdgic)
ol E EW, resting acylcarnitine profile®] 7’421 FAOD2]
A5, 5 F IR1E 5 vk Low Vo;max €} high RER]|
] high resting response2} 25l thél exaggerated lactate
responset= mitochondrial myopathyZS AJAFsH 4= Qlch 1
2]u}, high postexercise lactatet™= 32 71743+ AlgHEo] 4
A EE3= AS 22 FEEA, lactated] A5E mi-
tochondrial 3x}=-ol|A F&E &= lo], ZAALe] sensitivity ol
Agko] o}, o)A 749, peak powerdl] 3+ 25 - lactate
£ extrapolatingst7u} 0131 H-atol] thgh A 942 car-
diovascular response’} E2©°| HA|Z= REr}
Glycogenolytic == glycolytic defectz} oJAlEE =& H
G, &5 lactate®] 7P} HolA] &= AL F7} A
[ght},

2 2]e]l mitochondrial myopathy7} &%= A9, 2t
o) WF L, Eo]=E E=o]7]| 93} aerobic exercise testings

o] ¥ 7}A] ¢ 3t} o]& HIWH, near-infrared spectroscopy,

B

=
=

venous blood gas measurements, MR spectroscopy, car-

diac output measurementsg-©Jt}.

Disorders of glycogen metabolism with predominately
dynamic features

Myophosphorylase deficiency) McArdle’s disease (GSD V)

McArdle’s disease= "3 HAA H/d ko] 167000783 1
ol fHE-S 717 muscle glycogenolysiss 7174 &3 2%k
o]t}.* Myophosphorylaset= glycogen breakdowne] 394
2®lo|tH(Table 2). Exercise intolerance?} exercise-induced
myalgia, cramp (or contracture)7} 7V &3 S0 2 A
& A © 2+ anaerobic (high density) exerciseZ-ol A7]4]

9k w23 prolonged moderate activity F<tel] A7]7]= 3t

ChertlEntetel 2016 % M35 = ef=TH 2]
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ok’ The 28 QPP Lot Hadrlel Sl
A7), CK7} 1000U/10)40 2 Sejzith= Ho|tK(Table 1
— Table 3)./176 %o a7} second wind phenomenonS
olalEl=], o]l R&E= 6-88719] low or moderate in-
tensity exercise3-o] A&} > Myoglobinurial BFEA]
o PFFEE ofym, olH A-p-olli= ghate] whojaut
1 317} e} Dynamic symptoms? 3], progressive irre-
versible weakness7} 29| 1/3004 Fzr=|a1, izl 404
oot} ZelRe] A, i vt ol 71E H
ol9)a, Htol= axial weakness® Hu¥ w} o}’
Forearm exercise testol|A] lactatel} pyruvate®] S7F7} ¢l
ot A¥A] FEZAHAL A= subsarcolemma glyco-
gen blebs¥} myophosphorylase©]] T3} absent staining®]
o}, ZZF7AR= rhabdomyolysis 3oy} =50l AJgd ]
ojM= QbE=dl, 2 o= AL = 24R7F non-
muscle-specific isoforms2] enzymeS &0 24 9S4
< doZ 4 7] uEo|t}. McArdle's disease’} LA o
2 73H A== 79, myophosphorylase gene (PYGM)
& WA AlFstaL 2AARE VI 5 )T PYGM fr3dAt
|4 1007H0]7d¢] pathogenic variants7} Ge#] g}, En
= fHolA 7 &3 WHol= pArgS0X € pGly205Sero]
o} QB @alolx p F710del Wol7} &4 o Esjc} " 7}
Z H2e] A=k elelld A8 E AuE, i 60mg/kg
9] creatine®] E-& 2579l oral sucrose drink(75g) £-&
L= carbohydrate-rich diet (65% carbohydrates, 20%fat,
15% protein)g-o] ot &3, vi Ramipril 2.5mg2 E-&
3l=A E43 polymorphism (D/DACE)E 717 3kz}oj|A]
SAAFG HaH v} o}, A 231 consensuse &
A7} b gH(aerobic) &0l #gF nH-E Wolof ghrl= A
=g

Phosphofructokinase (PFK) deficiency /
Tarui's disease (GSD Vi)
Phosphofuctokinase (PFK) AH-& 2
colysis SO 2 o {3 wle =i FAMA Fdgdsto s
AA7A] 100 Aol LA AUek” 7P Ed F
McArdle disease2} H]s=5}R|9F T2 &S PFK deficiency S
712 A= free glucoseE AR 471 §lojA, second
o] BAEL glucose

FUA S2do] ofslE o] E out of wind phenomenon©]

wind phenomenong ZA] ¢

tHettl B eke] 20164 = M35 FAstste] - Z9= -

Z}a 225y olx £7149 free glucose?} free fatty acid
availabilityg eFs}Al 4= Q7] whigolt). & e SH2
reticulocytosis, hyperuricemia, hyperbilirubinemia, anemia
S2ld], o]= phosphofructokinase”} PFKM(muscle), PFKP
(platelet), PFKL(liver)o]EA] A7]<] subunite 2 o]Fo]4
ol7] wizoleh ? Aol the =7 oS juvenile-late on-
set proximal weakness, very rare severe infantile pre-
sentation, ¥} &5 glo] YEh = hemolytic anemia©|
ok 22 PAST} wIAEA R A, g
T glom, FelEA A e #EEA| ¢ PFK en-
zyme activity®} histochemical staining®] £7% 01‘4.16 =+
oko] nAH A9, ZAHAE S| EH, vacuolar myopathy
with polyglucosan deposito] #2-gc}

Disorders of glycogen metabolism with predominately
dynamic featuresolli= McArdle disease®} Tarui’s disease 2]
o=, Phosphorylase b Kinase (PHK) Deficiency (GSD
Type IX), Phosphoglycerate Kinase (PGK) Deficiency,
Phosphoglycerate Mutase (PGAM) Deficiency (GSD X),
Lactate Dehydrogenase (LDH) Deficiency (GSD XI),
Aldolase A Deficiency (GSD XII), B-Enolase Deficiency
(GSD XiI), Phosphoglucomutase 1 Deficiency (PGM1;
GSD XIV)5°] it

Disorders of Glycogen Metabolism with Static
Presentation

Acid Maltase Deficiency / Pompe Disease (GSD /i)
Pompe diseaset= AGAA] dAdo g ZE|F A degrada-
tiono]] #&J8H= lysosomal enzyme 2] o-1,4-glucosidase 2]
Ao w doful= Agtolt}, Infantile onset H]S52gh 9%
e Hol=d|, A <2k, hypotonia, cardiomyop-
athy, Wjwl2 FH|tie} 8] vzt 5o, fataldbct. o]
FAE2 enzyme activityZ} obell gl 719 {ivt F71E
H& Pompe diseaser= (LOPD) Ao}, HAd7], A4¢] wfo]
AL, Ao Tkt Bas Helt o A Uit
A0 2 residual enzyme activityS Hol=d|, 7} &3k &R
3RS Hsl=, dAAQ] limb girdle weaknesso|t},
A 9= axial weakness®} B-2HA3) rigid spine with sco-
liosis 7} 1= Qt}, thabdomyolysis §lo] %53} 925
Hol) §}. mak, ehdeke sle] sleke Hasg]

iz rlo
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1 =&/ myalgiaZ} SREEAY FHEEA] 4= CK9] 45
vt AFAEE B35 FRER Y 385715 FHox I
Q

Al Fzte] 17304 B ELL =27 A S4L = 3

Nocturnal hypoventilationS 818} sitting, supine posi-
R e
B A A2l supine FVCE Holt}

tionA]¢] forced vital capacity (FVC)S
shet, ko] 80%¢llA
({80% of predicted).
T3} B3R 8 ol ajokak=Rell = Bl Wolf-Parkinson_
White syndrome (WPW)= &ef#] it} $kxje] A& o]
21 s, dERAR] BhAS Qon, 745D do
lichocctasiash 2 Eushele] f3go] Zrhgcns 1
sl vk gle. el Ehslat Atkglo] B4l 90%elA
o) 15100 8] Rl Aol i 9ok, ool
SAZ0] MAAAY SRR £0E 1olT, A my-
otonia”?} §l¢] myotonic discharges7} EAul], xl&o =
s Eotol gt A7HE©] Pompe
AIBICHH GAA enzyme activity©l] th3} blood-
based assay’} ZA3gtd]|, dried blood spot®i= whole
blood% tF 7hssitt, vk fdolebd, &3l AALRM,
GAA gene sequencing®= Z2] o] 7|¥Fsl GAA enzyme ac-
tivityS Al gtct, A ZARE B2l
mulation®} PAS G H vacuoleS 3Helst 4= 9l o v, 1A
¢l 2AAWL e viAlSAlE ekt 2007 oo
GAA F71A} Ho |7} 484 9l AFH R predominant H
ol= itk A human recombinant GAA(Lymizyme)©]
& A infantile-onset, late-onset Pompe disease®l| &7} ¥k
t} A LOPDE AN X|Eof B3 consensuss S40]
D RE FAE e AR ATE AT e A
e Ans W 2 Anad, Y 448 A9 B0

scoliosis, EFel & ol AR ool B3t

Pompe diseaseE

diseaseZ 9]

glycogen accu-

[}

q)

2YE g2l the consensus treatment recommendations 60
A - Yt BE 3kAlollA 21d0)te] Enzyme re-
placement therapy ¢] &3} t A%+ LOPDEFR}ol|A 2] &
S ob 4] e

Debrancher Deficiency / Cori-Forbes Disease (GSD 1lf)

Debrancher (amylo-1,6-glucosidase) 232 A2 A]
HAme 2 Tabe] oF s} WS ol bk
FA, AAES G40 &4 7)Z8A4] GSDIas LF—’

248

r/} GSDIaZ 717 tF5-2] S22 infancyol] 7H| ), A
W%, 2oy we Ado = vehn, 4ele] Htka 545
| oren) o] e Aadsl Ale) BAE o,
AzApo] ol A48 Aabal slektold. Solg 1zt
718 intrinsic hand weakness, distal leg weaknessE== pes
cavuso|t}, Es}A| 3] AL 3 v 24} fEel )
3t LH/\q < Ho]i, myoglobinuriat® Ho|X| k=), o
AR o 2] e A9 EA) ke AR
g2 7HIAE metk ckot 5% 3o 10 o

N

l"

82 4 i), SRAN BHE 2708 £, WIS
ollA prolonged latency®+= slowing®]| H&}2] 30-500014]
Y, I Holn,
membrane bound¥A] ¢k abnormal glycogen accumula-

P ke 250

< Boru, A
Aol AGL2] mutation analysisS 2218t 24 71535t} H]
2 A2y} 2Aulo] =27 B 7% o] O]X]U]— FH o 7}o]

T

=epele Azt Adelehd sdF v

&3} vacuolar myopathy &
oy
tion®] F9HE M, lipid vacuoles®=

] debranching enzyme activity 238

Sk, A]xh:

I 9Jo|%=, Brancher Enzyme Deficiency / Anderson
Disease (GSD IV) 5-¢] It}

Disorders of Lipid Metabolism with predominately
Dynamic Features

Carnitine Palmitoyltransterase Il (CPT 1l) Deficiency

Carnitine palmitoyltransferase T (CPT 1I) AH-L vHE-%]
3l myoglobinuria®] 7} &5 1lelc}, o] Hgte] 71} &
St S Y FRon, $xke] 15-20%0014] my-
oglobinuria?} §1& &= Yt} CPT 11 G4+ nEZ=go}
matrixQH&of $]X|a}
yl-CoA derivatives2 HZFA]7|
H}(Figure 2).

McArdle diqease-‘i]- 2], CPT 11 deficiency &A=
#2204, S8 1454 2Ed] o8
myoglobinuriaE ®Relt} &gk, o]H =L 3
okS Holdw Bsla, AAZQ] Zojeke wle
CKe= dHHE o 2 attackAto]olli= AAFo|al, cramp
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E5FA] e Ao 2 dysmorphic featuresE 717 fatal
neonatal onset¥} 7t} ZATE, AT oS Hol=
infantile-onseto] ¢Jt}. 84 dlo|g]o]x|qt A acylcar-
nitine profile CPT II 2 o] ¥Iz}s}al o4 o2 Hlr},

< e Y ATES
attack-free 7|7l AAEHS A3, o] W17A3kA] gt 77]
Wels AAR ) Aol At vl Holek, CPT2 441
ZAHchromosome 1p32) AAR= ks &R1st7] gk 717
&35} vy o)}, 3hAke] 65-95%9lA p.S113L mutant allelo]
srolglch. Aol gk AEsh 254, A F recom-
mendationa long chain fatty acid®] A|gle]t}, Bezafibrate
£ CPT I ZRE 7K1 6% Alox Folgls ),
rhabdomyolysis®] W=7} SAvkal BugA|RE, < 127
o] CPT II = VICAD deficiencyS tho= A8k

Acylcarnitine  profile

randomized, double- blinded, placebo-controlled crossover
study ol|X] bezafibrate”} B WS I 7 1A= Z3T.
1 2]ol%=, Disorders of Lipid Metabolism with Pre-

dominately Dynamic Features o] Disorders of B-Oxidation

o] itk

Disorders of Lipid Metabolism with Predominately
Static Presentation

Primary Carnitine Deficiency (PCD)

Systemic primary carnitine deficiency B-3= carnitine
transporter deficiency 2 @## 3= Primary carnitine
deficiency (PCD)+= infancy = o] @A A o] Yeh+= A4
A A 2A38Lo 2 carnitine transporter (OCTN2)2] Z3F o]
)& 4] EAISHH, carnitine wastingS Z 231t}

Carnitine2 P|EFEgo}l vg 7[2X|2%= long chain
fatty acidE transportsli=t] 2 23}t}. Infantile presentation
< Ad7, 7, H8S $ 1keA], LDH, hyole]
S7P7F S4oltt. o ofolgelM= AEHT, AT,
Z9lok} W7l CK7b eI SR=A| Solch. Primary
carnitine deficiencys= 53] AY H|E0]%Q] I2EE
7171 ZgRl o g el HE 7] = g,

Acylcarnitine profile2 wj-§ & A carnitine F3|&

Holt} vre 83 carnitine2 valproic acidy} cyclosporin

tHettl B eke] 20164 = M35 FAstste] - Z9= -

3} 72 oF=o]u} renal tubular dysfunction, carnitine®] -
Z3} parenteral feedingol|A] o|x}& o & YePd 4= o}, &
SZZL type I ZAH-ol14] lipid droplets Ho]al, e
Scarnitine FX]& RH2It}, chromosome 5q23.3°1 $|%|3F
OCTN2-ZA}] SLC22A59] gene sequencings F3f|A4] %
o] 7Fssltt,

3zl2] 30%014 sequencing®] S4Y 4= orm 2 o]yl
73-%-, deletion, duplicationol] t3+ ZHAZ} A|@) E|ojo} st}

B S Aoy g1 g5l dasit A7l A
2 AT L-camitined-go| a3slc},

The term “muscle carnitine deficiency” or “primary my-

o N

opathic carnitine deficiency” 2= 8917} proximal muscle
weakness or pain with exercise, who have lipid accumula-
tion on biopsy and low muscle carnitine levels < 7} 3k
Aol A B3l L-carnitine 3522 A E LY.

Mitochondrial Myopathies

nEZ=gol ZHFL dysfunction of the electron
transport chain, reduction of mitochondrial DNA (mtDNA)
copy number (i.e., mtDNA depletion), impairment of
mitochondrial protein translation or assembly, or abnor-
malities in the composition of the mitochondrial membrane
of ofsf A7IH, vhkek PR FE HRth Keams- Sayre
syndrome, mitochondrial encephalopathy lactic acidosis
and stroke-like episodes

(MELAS), and myoclonic epilepsy with ragged red fibers
(MERRF)9} #o] 5513k e Hole SF=°] 3
3 a9 Feells FA AARE vk AldEw it O
e, thie] A AR Sl 3o 2ol it
ofglE o 3tk the thiHd S5 TRV AR nEZE
o} THFL dynamic symptom©|} fixed weaknessE
AT} o] YERY] = 3t} Dynamic symptoms< 539]
AR 5 3, HEA LFERUATY 25T W)
myoglobinuria} FYkE7 % BRI S}, Sl 413
A 5ol o3 FEEE TFoly thabdomyolysis

7} & &= Q) Fixed or progressive muscel weakness?l
Wi

73%-, weakness 2] distribution®| proximal, distal, YT}
G 9T, AAle] A AN S Qe vERs

O

F o] el bk B lactate®] 352 §l& 5% 9L
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HISTORY AND PHYSICAL
EXAMINATION

NORMAL PHYSICAL MUSCULAR DYSTROPHY

EXAMINATION OR MITOCHONDRIAL
DISEASE PHYSICAL
“CLASSICAL PATTERN" FEATURES

OR+VE FAMILY HISTORY:

TARGETTED MUTATION ? MUSCULAR DYSTROPHY:

ANALYSIS. CK, EMG, BIOPSY,
FOREARM EXERCISE TARGETTED GENETICS-
“PSEUDO-METABOLIC
TEST
PATTERN"”

GOOD TEST AND NO OR
SUB-OPTIMAL LACTATE:
+ SECOND WIND = likely
McArdle’s.
- SECOND WIND = PFK or
other glycolytic defect

? MITOCHONDRIAL
DISEASE:
LACTATE, ALANINE, CK,
URINE ORGANIC ACIDS,
BIOPSY (MITOCHONDRIAL

ENZYMES), TARGETTED

GOOD TEST AND NORMAL LACTATE: GENETICS.

GSD = ruled out (except ? P-b-k)
AEROBIC EXERCISE TESTING:
1. No lactate rise = P-b-k deficiency.
2. Abn. acyl-carnitine = FAOD tests.
3. All normal but high RER/low VO.
and/or abnormally high lactate
response > mitochondrial testing.

2max

Figure 3. Metabolic myopathy”7} 2J&El= 2tKKrhabdomyolysis,
exercise intolerance, positive family history, and symptoms)0f|
M proposed diagnostic pathway. Tt = ZAZ HAO|2HH,
2tXt2| rhabdomyolysis7} 0|2{gt Z2tof] 2JshA LMgE 7tHsH
0| ®C}. O™ W= CK, creatining, acylcarnitine, FFA, ketone,
lactate, 2H myoglobin, liver function test, thyroid stimulat-
ing hormone, viral serology, hemolysis screenS2 0= 0t0f
HCY.

, o5 231X = H]50]F 2] dystrophic featureE B

= gt

4 K

(i3

=

o] ek WHo g RE 2t 1% 5ol
Bl = cramp, pigmenturias= glycolysis/glycogenolysisoll
Ao] Agks ojnfatar, 3EA] e AR EH A o3 717k
9] %% el myalgia, cramp, pigmentruiat= FAOD
=+ mitochondrial diseaseS ¢Jn|eh X = 22T} Exercise
testingS o|#3t A= 23t AL wiAlEH= F
83}, oz Mde] BN FAHE 2 BAE
& ™A forearm exercise testZ A|3Y3oF 3}aL, mitochondrial
myopathy5== FAOD7} ]3] &= 3kA}oll A= aerobic exer-

cise testE A]3Yslo} 3t} Exercise testingS W&} 21zHo]
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Fdolt, xicto] uf-9- ghilgh B9 vheA] FashA] o
th & E9, B YA, 28 B, HEFT 22
NEEE 71K SAE 2EEH AT 243895 AdE
3l MELASZE XIebe A-e-ef, FashA] o}, vl = ofd
uf, 73712} ¥4 pigmenturia] H

o] = A7} 3AIRE A}
g 3 259 ]38t rhabdomyolysisE Hol= 7
WA acylcarnitine profile (f4F §lo|= Setd &= a1, uj
U|= VLCAD, TFP, CPT2¢} 2 3% A%S on|d
Aehell haix HAaksfiof gkt mEAIE S 2| metabolic myo-
pathy7} &JA == EExlol|A] exercise testing®l] thk 24|
Ql Ao BATE v23 Zoh(Figure 3).
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