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Clinical study of rhabdomyolysis developed after the training

Kyong Gon Kim, M.D., Jun Hyung Kim, M.D., Song Min Kim, M.D.,
Gyu Rak Chon, M.D., Young Wook Kim, M.D., Ho Hak Lee, M.D,,
Sang Joon Park, M.D., Yun Kwon Kim, M.D., So Yon Kim, M.D.,

Young Jung Kim, M.D., Min Koo Cho, M.D. and Gwon Jun Lee, M.D.

Department of Internal Medicine, National Police Hospital, Seoul, Korea

Background : It is important to recognize rhabdomyolysis in clinical settings, because 10~30%
of rhabdomyolysis patients develop acute renal failure as a complication and patients with such
complication have risk of high mortality. Recently, there have been frequent reports about healthy
people who developed rhabdomyolysis after heavy exercise, but few prospective studies on
exercise-induced rhabdomyolysis have been reported.

Methods : To evaluate the degree of muscle cell necrosis during the regular combat—police
training, we examined the level of creatine kinase, plasma myoglobin and bone scan in 173
combat—police before the training and on fourth day after the training. Average ambient temperature
and humidity during the study were 25C and 78%, respectively.

Results : From the laboratory findings, 98 out of 173 combat—police were diagnosed as having
rhabdomyolysis. Upon regressional analysis, an increase in amount of exercise correlated with the
elevation of the levels of plasma creatine kinase and myoglobin. Among variables related to
rhabdomyolysis only the levels of myoglobin, aspartate aminotransferase were significantly elevated.
The level of plasma creatinine was elevated along with the elevation of plasma myoglobin. Bone scan
not only provided detailed information on the location and degree of muscle cell damage, but also
could be of diagnostic value in patients whose creatine kinase had been normalized.

Conclusion : In people who developed rhabdomyolysis after heavy exercise, the level of plasma
creatinine was elevated along with the elevation of plasma myoglobin. So early diagnosis of
rhabdomyolysis and early detection of acute renal failure may be useful with monitoring of plasma
myoglobin level.(Korean ] Med 63:675-681, 2002)
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Table 1. Laboratory findings before the training and on fourth day after the training

variable Before the training Fourth day after the training
CPK (IU/L) 238.1+352.7 2,2474+25819"

AST (IU/L) 20.9+6.5 65.6+580"

ALT (IU/L) 15.1+£10.7 38.5+26.7

BUN (mg/dL) 12.2£2.6 14.2+35

Creatinine (mg/dL) 1.0£0.0 1.1£0.1

Calcium (mg/dL) 9.4+0.3 9.3+0.2

Phosphorus (mg/dL) 3.3+0.4 3.2+0.4

Serum myoglobulin (ng/mL) 55.5+108.4 264.5+248.3"

. p<0.05 vs before the training

Table 2. Laboratory findings after the training and before the training in normal CPK group (n=131) and

elevated CPK group (n=42)

variable Normal CPK group Elevated CPK group p-value”
. Fourth days after - Fourth days after
Before training L Before training L
training training

CPK (IU/L) 127.8+30.8 2,031.4+2,562.7 582.3+598.8 2,921.3+2,555.1 0.3334
Serum myoglobulin (ng/mL) 29.2+84 248.4+239.5 137.7+200.0 315.0+271.0 0.3499
AST (IU/L) 18.8+3.5 61.2+58.8 26.6+9.6 79.2+54.0 0.3159
ALT (IU/L) 13.845.5 34.9+23.9 19.2+19.0 49.6+31.8 0.0399
BUN (mg/dL) 12.246.5 14.0+3.1 22425 14.8+4.3 0.1703
Creatinine (mg/dL) 1.0£0.0 1.1+0.1 1.0+0.0 1.1+0.1 0.2213
Calcium (mg/dL) 9.4+0.3 9.3+0.2 9.310.2 9.2+0.2 0.7342
Phosphorus (mg/dL) 3.4+04 32404 3.2+04 3.1+05 0.5392
" The changes of each parameters between normal CPK group and elevated CPK group

- : r

- = 5

Before the training

Fourth days after the training

Figure 1. In normal creatine phosphokinase group,
comparison of laborlatory results of between before the
training and after the training
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Figure 2. In elevated creatine phosphokinase group,
comparison of laborlatory results of between before the
training and after the training
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Figure 3. Correlation Between training amount PT number
and the CPK level on fourth day after training (p=0.085,
r=0.151)
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Figure 4. Correlation between training amount (PT
number) and the serum myoglobulin level on fourth day
after training (p<0.001, r=0.324)
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Table 3. Comparison of the changes of laboratory data after the training between rhabdomyolysis group and

no rhabdomyolysis group

variable Rhabdomyolysis group No rhabdomyolysis group
(CPK 21,000 IU/L)(n=66) (CPK 1,000 IU/L)(n=65) p-value

Serum myoglobulin (ng/mlL)} 3486+ 275.7 876*61.2 0.0001
AST (IU/L) 73.2+69.7 109*54 0.0001
ALT (IU/L) 3521260 69147 0.0001
BUN (mg/dL) 23+29 1.3£29 0.0565
Creatinine (mg/dL) 0.1+0.1 0.1+00 0.9537
Calcium (mg/dL) -0.1£0.3 -0.1%£03 0.8615
Phosphorus (mg/dL) -0.1£05 -0.1%05 0.8331
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Table 4. Comparison of the changes of laboratory data after the training between elevated serum creatinine

(21.21mg/dL.) group and no elevated group

After the training

After the training

variable elevated serum creatinine group no elevated serum creatinine group p-value
(=1.21 mg/dL) group(n=19) (<1.21 mg/dL) group(n-47)
Body Mass Index (kg/m’) 215%19 21.7t21 0.7522
PT exercise number 21687+ 2353.6 9R0+%H1.1 0.0615
CPK (IU/L) 46805147456 28701120525 0.1568
Serum myoglobulin (ng/mlL) 533.8+364.6 280.4%+2130 0.0201
AST (IU/L) 97.1%+102.1 6561549 0.2524
ALT (IU/L) 463%+309 31.6+236 0.0501
BUN (mg/dL) 3.0+28 21+29 0.2615
Calcium (mg/dL) 00t03 -0.1+0.3 0.0029
Phosphorus (mg/dL) ~-0.1%£0.7 -0.1%05 0.9351
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Figure 5. The change of AST, CPK and Serum myoglobulin

level after the training. ~, p<0.05 vs 13 day

A THLS L5 EFAA el Fdr 2% F
A BH949 F3 YL AE BTk £F HAL FA
CPK7F 1,000 IU/L ©|3t9 ™ 1898 & 119 M= FFA
oA AtzhZeluy Agx 28 Tl FHYLe §F3 @
AL FH 2738 2y

PESEAFez Add 989 F 2BHAA Azt
u}& CPK, % vlo|2 FEH, ASTSY ¥FE Bt}
YF ol 22We &% 497 42461299.2 ng/mLel
A &F F 99 olul 9561853 ng/mLE AU,
ASTE &% 494 10972907 IU/LAM &5 ¥ 9Y
o)W 41.8+363 IU/LE #2384t 182 CPKE &
5 497 425014,280.1 TU/LIA &% £ 99 oW
107471518 IU/LE #4sgcH2g 5).

] &

PYEIEEZe 141'd Bywater 570] 22 7e

gooldl 34 ARHY Fad dAew Q4FH st}
HETFHFo R AERo] MEJAOZ {5 7)o
FEY AxF AxTe HAg dedle 7HYd
793 AET &4eg He € ¢ Ut ol3%
AX HEEZE CPK, AST, LDH, rloled28 2 A
HAe BEH 9 5V AUk YEEHZY Ule
9 a veldd e s 1l i, BAdE 3
A AR EAo] FFo|R e Hide
¢F g, T gy, 4™ 59 1 9 EEAE A
Aol FEFE, 79 59 HPY 99%] BEHR
At

JESEHT A Wy A 2/KE 285 o
o] A% AW T AUAAE HolH HEA F
o H34 ASAAFo HEE A8 glol €5 CPKe
68} = 1,000 IU/L o1 Z7k517v 8% AST, LDH
o s €AY no] SM4E FHTeEH 1
F Art. B3] CPKE < &4 718 oglgt 84 (&
olit ®H CPKE #3717} 1592 8408 YEe
AAZE WA 7] @il Fab FAC F7HE JHE
dol o171 4ok, $9 WY i vlejeFawle A wid
# de|f#glo e AR B8 1~6A13F ol 83
S 2RE F43 AAH7] WEY FEZFHAIANME
FA7F X #E £ AF B AP E FHg v
9 ol A& HAMY CPKELT 85 vle]eggnle]
A ghE AAE BRIrt vpo] B2 nt vloled
2ylof 845 =7t 15 mg/dL oY W S35 uloj
2F3ve 2% AHAARE uF vloleFgHle] 100

- 679 -



— Korean Journal of Medicine : Vol. 63, No. 6, 2002 —

e ahA &

J| 7ol w2 Wskrt

A

S17] wiZell Wiwk 2559 7F HolA Hlgke]

A

3
&

o W olgAle] A

AR 1) vlo] . F =K 2]

oo
=)

| e A A =

35

Ao el E AF7F AAE A

9177} 5]

2]

I
o

Az

3
=

10]

T

# A2 2) vlo)

A= ¢

iok

]

= AAE & W, AST7F Ald

Nr
-

W

&

A =
T —

e ot

ZH =

(2" 5). o= AT BANA &

241 ferrihemate® 3l 2]

iy

Q1 37}

2 A7l

=
!

9lo] isoenzyme

|
N

o
~

4

oz}
=

b

Aow geld Ao,

2= ‘__
oel“l‘gj\*\:

L
L

RN

EREE

234 A}

Ao

o

olJ

ol @ A3} mannitol-sodium bicarbonate X %2 £

mJ
e
4

o]

&+
el
el
i

vl

X

)

o

s

=3
KU

7 el

Bzl gou® =

7R e

*+=

A7 7]

phosphate”}

%9

101 9o}, Mannitol & &3] 18] 31 A

=

Al

o
=

7} o] 2]o] = mannitol

=2

WA ol

Fatk dax ez 269 5 1890 A A

A &5

=
=

A

folm
o
o

o
o

5

A Aol ARA Bl

il

A el A

A= ARt g e 3l

=

CPK”7} 1,000 TU/L

=
o

o 4714 &

N
Xjo

Aol A 2

:Q'

7§ 496%, ¥4 A CPK7F 27H09 & 42

gk

A,

= A olth(p=0.003). ©]"]

o

o
g

AF
=

o

s

]

= £

o) wrA sl A e

=
(<}

3

A7} o] Fol Aok B

T

ol

of

fuy

o5
&

aa

00

Ho
of
K
~
e

Ho -
of) 7o
E S
Mo O
Wo T
ofy

oA &% vl

J

T

|

e wsstel 591 %

- 680 -



— Kyong Gon Kim, et al : Clinical study of rhabdomyolysis developed after the training —

%" o
E)
el
o\ oy
=
o,
to
u
fiu
il
o
oy

[0 o]y

oo 2
=
o~
ll
fr

o et

T
>
0%
)
Iz

REFERENCE

1) Gabow PA, Kaeny WD, Kelleher SP. The spectrum of
rhabdomyolysis. Medicine 61:141-152, 1952

2) Grossman RA, Hamilton RW, Morse BM, Penn AS,
Goldberg M. Nontraumatic rhabdomyolysis and acute
renal failure. N Engl J Med 291:807-811, 1974

3) Anderson RJ, Linas SL, Berns AS, Henrich WL,
Miller TR, Gabow PA, Schrier RW. Nonoliguric
renal failure. N Engl J Med 296:1134-1138, 1977

4) Koffler A, Friedler RM, Massry SG. Acute renal
failure due to nontraumatic rhabdomyolysis. Ann
Intern Med 85:23-28, 1976

5) Chugh KS, Singhal PC, Nath IV, Tewari SC,
Methusethupathy MA, Pal Y, Ubroi HS, Vishwanathan
S, Sharma L. Spectrum of acute renal failure in
North India. J Assoc Physicians India 26.147-154,
1978

6) TAE,

7) Danis DM. Exercise related rhabdomyolysis and
renal failure. J Emerg Nurs 17:171-172, 1991

8) Bywaters EG, Beail D. Crush injuries with impair—
ment of renal function. Br Med J 1:427-432, 1941

9) Gabow PA, Kaehny WD, Kelleher SP. The spectrum
of rhabdomyolysis. Medicine 61:141-152, 1952

10) Collins A]. Kidney dialysis treatment for victims of
the Armerian earthquake. N Engl J Med 320:1291—
1292, 1989

11) Better OS, Stein JH. Early management of shock and
prophylaxis of acute renal failure in traumatic
rhabdomyolysis. N Engl ] Med 322:825-829, 1990

12) Hess JW, MacDonald RP, Frederick RJ, Jones RN,
Neely ], Gross D. Serum creatine phosphokinase
activity in disorders of heart and skeletal muscle.
Ann Intern Med 61:1015-1028, 1964

13) Demos MA, Gitin EL, Kagen LJ. Exercise myo—
globinemia and acute exertional rhabdomyolysis.
Arch Intern Med 134:669-673, 1974

14) Koskelo P, Kekki M, Wager O. Kinetic behavior of
M- labelled myoglobin in human beings. Clin Chim
Acta 17:339-347, 1967

15) Edwards DH, Griffith TM, Ryley HC, Henderson AH.
Haptoblobin-hemoglobin complex in human plasma
inhibits endothelium dependent relaxation: evidence
that endothelium—derived relaxing factor acts as a
local autocoid. Cardiovasc Res 20:549-556, 1956

16) Halliwell B, Gutteridge JM. Free radicals in biology
and medicine. p.118, Oxford, Clarendon Press, 1985

17) Garcia G, Snider T, Felman C, Clyne DH. Nephro—
toxicity of myoglobin in the rat: relative importance
of urine pH and prior dehydration [Abstr]. Kidney
Int 19:200, 1981

18) Eneas JF, Schoenfeld PY, Humphreys MH. The effect
of infusion of mannitol sodium bicarbonate on the
clinical course of myoglobinuria. Arch Intern Med
139:801-805, 1979

19) Tanner GA, Steinhausen M. Tubular obstruction in
ischemia-induced acute renal failure in the rat.
Kidney Int Suppl 6:S65-S73, 1976

20) Guyton AC. Excitation of skeletal muscle: a neuro-
muscular transmission and excitation—contraction cou-
pling. In' Guyton AC, eds. Textbook of medical phy—
siology. 9th ed p87-93, Philadelphia, WB Saunders,
1996

2D A5 rpe] Ik 5. oA 3] A 44:883-
893, 2001

- 681 -



