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RHABDOMYOLYSIS FOLLOWING CRUSH INJURY IN THE TAIWAN
CHI-CHI EARTHQUAKE
Ming-Ju Wu*,**,*** , Jong-Da Lian**, Ming-Chang Lee*,
Horng-Rong Chang**, Cheng-Hsu Chen *, Chi-Hung Cheng *,
Kuo-Hsiung Shu*,**

Background: On September 21, 1999, the Chi-Chi Earthquake, measuring 7.3 on the Richter scale, struck
central Taiwan, resulting in 2329 deaths and 8722 casualties. Among the severely injured, rhabdomyolysis
was a common occurrence, often resulting in acute renal failure. The purpose of this study was to define
the clinical picture of rhabdomyolysis secondary to crush injury in a local area close to the epicenter of a
major earthquake.
Methods: We retrospectively identified patients with traumatic rhabdomyolysis, defined as a peak level of
serum creatine kinase (CK) over 1000 U/L within 2 weeks of the earthquake, diagnosed at the major
medical centers in central Taiwan. Patients with elevated serum CK of etiologies other than crush injury
were excluded.
Results: A total of 95 cases were recruited from six hospitals. There were 60 males and 35 females with a
mean age of 37.6 ± 17.3 years. The median time from the earthquake to the time of rescue (T-rescue) was
6.0 h (range: 0.1 to 31 h) and median time to emergency room was 11.0 h (range: 2 to 144 h). The median
peak level of serum CK (pCK) was 20000 U/L (range: 1040 to 351540 U/L). Acute renal failure (ARF),
defined as a serum creatinine level over 1.3 mg/dl, was found in 52 cases (54.7%). Dialytic therapy was
performed in 32 cases (33.7%). Among them, 29 (90.6%) were oliguric with a mean oliguric phase of 11.0
± 9.5 days (median: 9, range: 1-36 days). Most patients (88 cases, 92.6%) also suffered from at least one
of the following associated injuries: fracture (41.5%), neuropathy (29.8%), head injury (10.8%), chest
injury (7.5%), abdominal injury (7.4%), and thermal burn (1.1%). Fasciotomy for compartment syndrome
was performed in 35 cases (36.8%). Oliguric patients were associated with longer T-rescue (9.85 vs. 5.04
hours, p < 0.01), higher pCK (79204 vs. 30495 U/L, p < 0.01), higher LDH (4110 vs. 1498 U/L, p < 0.02)
and lower serum calcium (6.53 vs. 7.46 mg/dl, p < 0.001) when compared with nonoliguric patients. The pCK
positively correlated with BUN, Cr, AST, LDH, and phosphate (all P < 0.005). Besides, the pCK also negatively correlated with serum calcium, blood pH, and urine volume in the first 48 hours (all p < 0.05).
Although the pCK correlated well with the presence of oliguria and the need for dialysis, there was no
correlation between pCK and mortality. Those patients with ARF were associated with a higher mortality
(17.3% vs. 0%, p < 0.02). Mortality (9 cases, 9.5%) did not correlate well with age, sex, presence of
oliguria, need for dialysis, or pCK.
Conclusion: The pCK of patients with rhabdomyolysis following crush injury is a reliable prognostic
indicator of renal outcome and correlates well with most biochemical parameters. Renal failure was
associated with a significantly higher mortality rate. (Acta Nephrologica 2005; 19: 62-67)
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INTRODUCTION
Rhabdomyolysis and acute renal failure have been
known to follow massive destruction of skeletal muscle cells. 1-3 The precipitation of myoglobin in the renal
tubules with secondary obstruction and/or tubular toxicity constitutes the primary cause of acute renal failure (ARF) during myoglobinuria. 4-6 Another important
enzyme released into the bloodstream from injured muscle tissue is creatine kinase (CK, creatine phosphokinase).
CK is a widespread enzyme that catalyzes the phosphorylation of creatinine into creatinine phosphate. It
is predominantly found in the skeletal muscle, cardiac
muscle, smooth muscle, and brain, and is classified as
three different isoenzymes, CK-MM, CK-MB and CKBB. The skeletal muscle has a very high CK content,
around 98% CK-MM and 2% CK-MB. The peak level
of serum CK (pCK) is an excellent marker for the diagnosis of rhabdomyolysis. 5-8 It is present in the serum
immediately following muscle injury, peaks at about
12 to 36 hours, and has a half-life of about 48 hours.
However, a crush injury does not necessarily result in
rhabdomyolysis. Similarly, rhabdomyolysis does not
always lead to ARF. 5,6 Dehydration and sepsis are also
common causes of acute renal failure following a crush
injury or prolonged entrapment after a major earthquake.
Moreover, crush injury related to rhabdomyolysis,
hyperkalemia, ARF, and hypovolemic shock are the
major medical causes of mortality in earthquake injury
victims. 3 The link between rhabdomyolysis and mortality is hyperkalemia at the beginning and acute oliguric renal failure and sepsis later.5-7
The Chi-Chi Earthquake struck central Taiwan at
1:47AM on September 21, 1999. It registered 7.3 on
the Richter scale and resulted in 2329 deaths and 8722
injuries.9 Most of the injured were crushed or trapped
in collapsed buildings. Among those with severe and
prolonged limb compression, there were high incidences
of rhabdomyolysis, acute renal failure and mortality,
despite advanced critical care. The purpose of this study
was to define the clinical picture of rhabdomyolysis
secondary to crush injury in a local area close to the
epicenter of the earthquake. The relationship between
the severity of rhabdomyolysis and clinical outcome
was also studied.
MATERIALS AND METHODS
Within three months of the Chi-Chi Earthquake, we
retrospectively identified all of the patients diagnosed
with traumatic rhabdomyolysis (defined by a pCK of
more than 1000 U/L within 2 weeks following the
earthquake) in most of the nearby reference hospitals
(three medical centers and five local hospitals). Patients
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with elevated serum CK of etiologies other than crush
injury were excluded. We analyzed the dimensions of
the nephrologic problem, including patients' general demographic data, time to rescue (T-rescue), time to emergency room (T-ER), anatomical injury sites, associated
injuries, management and complications during admission,
type of surgical interventions, total volume of fluid given in the first hours after admission, first day urine volume after admission, development of oliguria (urine volume < 400 mL/day), need for dialysis, discharge, transfer,
mortality, morbidity, and laboratory data. The laboratory data included pCK, creatinine (Cr), blood urea nitrogen (BUN), asparate aminotransferase (AST), lactate dehydrogenase (LDH), potassium (K), phosphate (P), and
nadir serum levels of calcium (Ca), bicarbonate, and
blood gas pH. ARF was defined as a serum Cr concentration over 1.3 mg/dl in a previously healthy person
and/or acute oliguria (urine volume < 400 mL/day).
STATISTICAL ANALYSIS
Statistical analysis was performed using commercially available software for this purpose (SSPS, version 10.0 [SPS Inc, Chicago, IL]). Descriptive statistics for clinical and laboratory data are presented as
mean ± standard deviation (SD). Statistical significance
was tested using student's t-test, Mann-Whitney U-test,
chi-square test, one-way ANOVA and linear regression analysis when appropriate. Statistical significance
was defined as P value less than 0.05.
RESULTS
Clinical characteristics of patients with rhabdomyolysis following crush injury in the Chi-Chi Earthquake
are listed in Table 1. Six hospitals returned completed
questionnaires within the first six months of the disaster,
and 95 sets of data were collected for analysis. Sixty
patients were male and 35 were female. The age ranged
from 1 to 75 years, with a mean age of 37.6 years (SD
17.3). The median time from the earthquake to rescue
(T-rescue) was 6.0 hours, with a range of 0.1 to 31
hours. The median time to emergency room (T-ER)
was 11.0 hours (range: 2 to 144 hours). The median
CK level was 20000 mg/dl (range: 1040 to 351540
mg/dl). Fifty-two (54.7%) patients developed acute renal failure, defined as a serum Cr level > 1.3 mg/dl.
Thirty-two cases (33.7%) received emergent dialytic
therapy, including hemodialysis and/or continuous venovenous hemodiafiltration. Among them, 29 (90.6%)
were oliguric (24 hour urine amount < 400 ml). The
average duration of oliguric phase in these 29 patients
was 11.0 ± 9.5 days (median: 9, range: 1-36 days).
None developed chronic renal failure. A total of 88

64

M. J. WU, J. D. LIAN, M. C. LEE, et al.

cases (92.6%) also suffered from at least one of the
following associated injuries: fracture (41.5%), motor
or sensory neuropathy (29.8%), head injury (10.8%),
chest injury (7.5%), abdominal injury (7.4%), and thermal
burn (1.1%). Fasciotomy was performed in 35 cases
(36.8%) due to compartment syndrome. Eight patients
developed superficial infection and another 16 patients
suffered deep infection following fasciotomy. Six patients underwent amputation and one patient died of
sepsis due to uncontrolled infection of the fasciotomy
wound. The laboratory data for patients enrolled in this
study are listed in Table 2.
The pCK correlated positively with serum levels
of BUN (r = 0.33, p = 0.001), Cr (r = 0.34, p = 0.001),
AST (r = 0.47, p < 0.0001), LDH (r = 0.68, p < 0.001)
and P (r = 0.39, p < 0.005). The pCK correlated negatively with serum calcium (r = -0.46, p < 0.0001), blood
pH (r = -0.29, p < 0.02), urine volume in the first 48
hours (r = -0.27, p < 0.05), age (r = -0.28, p < 0.008),
and serum bicarbonate (r = -0.41, p < 0.001) (Fig. 1).
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However, the pCK did not correlate with serum potassium level. Moverover, pCK level was well correlated
with the presence of oliguria and the requirement of
dialysis, but not with mortality, T-rescue, and T-ER
(Table 3).
Most patients in our series received vigorous fluid
supplement (median: 5240.0 ml, range: 500 to 15381
ml in 48 hours). Various drugs were used in different
combinations, including mannitol (18.9%), dopamine
(36.8%), sodium bicarbonate (43.2%), and furosemide
(55.8%). Sixty-five (68.4%) of the 95 patients were administered more than one drug in addition to hydration therapy. The initial emergency room management
included mannitol, dopamine, sodium bicarbonate and
furosemide. However, none of the above managements
were associated with a shortening of the oliguric phase
in oliguric patients. In comparison with nonoliguric
patients, oliguric patients showed a longer T-rescue
(9.85 vs. 5.04 hours, p < 0.01), higher pCK (79204 vs.
30495 U/L, p < 0.01), higher LDH (4110 vs. 1498 U/L,

Table 1. Clinical characteristics of patients with rhabdomyolysis following crush injury in the Chi-Chi Earthquake
Range
Total Number
95
Male : female
60:35
Age (years)
37.6 ± 17.3
1-75
Time to rescue (hours)
6.0 (median)
0.1 - 31
Time to emergency room (hours)
11.0 (median)
2-144
Mortality
9 (9.5%)
Time to mortality (days)
7.0
1-32
Associated injury
88 (92.6%)
fracture: 39 (41.5%), motor or sensory neuropathy: 28 (29.8%),
head injury: 10 (10.8), chest injury: 7 (7.5%), thermal burn: 1 (1.1%)
Fasciotomy
35 (36.8%)
Acute renal failure
52 (54.7%)
Dialytic therapy
32 (33.7%)
Oliguria
29
Oliguric phase (days)
11.0 ± 9.5
1-36

Table 2. Biochemical data of patients with rhabdomyolysis following crush injury in the Chi-Chi Earthquake
N
Median
Range
CK (U/L)
95
20,000
1,040-351,540
Cr (mg/dl)
95
1.62
0.8-12.4
BUN (mg/dl)
95
31.2
8-252
GOT (U/L)
94
344
18-5,300
K (mEq/L)
92
4.8
2.9-8.6
LDH (U/L)
79
921.1
6-23,868
P (mg/dl)
58
4.9
1.2-13.3
Ca (mg/dl)
87
7.1
3.7-9.4
pH
84
7.36
6.93-7.51
Bicarbonate
78
18.9
6.7-26.7
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p < 0.02) and lower serum calcium (6.53 vs. 7.46 mg/
dl, p < 0.001). Mortality occurred in 9 cases (9.5%) at
a median duration of 7.0 days (range: 1 to 32 days).
The causes of mortality were sepsis (5 cases), multiple
organ injury (3 cases), and head injury (1 case). Mortality did not correlate well with age, sex, presence of
oliguria, need for dialysis or pCK level. Those patients
with ARF had a higher risk of mortality (17.3% vs.
0%, p <0.02) (Table 4).
DISCUSSION
In a major earthquake, such as the Chi-Chi
Earthquake, rhabdomyolysis following crush injury is
a major concern. The early detection of life-threatening signs allows for immediate life-saving therapy. Although there are some limitations to this retrospective
analysis, its value is that it provides information for
improving the prognosis of crush victims in future
disasters.
The pCK can reflect the degree of muscle damage
following crush injury. In fact, we found that pCK is a
good prognostic indicator of renal outcome and correlates well with most of the clinical manifestations and
laboratory data (Fig. 1 and Table 3). In accordance
with previous findings of Veenstra et al. 6 our study
demonstrated that the pCK in most patients with traumatic rhabdomyolysis are only moderately elevated
(median pCK = 20000 U/L). Those patients with only
mild to moderately elevated pCK had a lower incidence of ARF and severe electrolyte disturbances when
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compared with patients with highly elevated pCK. We
also found that oliguric patients were associated with
longer T-rescue, higher pCK, higher LDH and lower
serum calcium, when compared with nonoliguric patients.
However, mortality was not related to pCK, but was
related to the presence of renal failure (Table 3 and
Table 4). Many previous reports regarding pCK in patients with traumatic rhabdomyolysis show similar mortality rates. 5,6,10 Indeed, using the same criteria (pCK
levels > 1000 U/L) in this present study, Ward et al.
reported mortality rates of 42% in their ARF and 8%
in their non-renal failure groups.5
Another aim of this study was to investigate the
relationships between pCK, clinical manifestations and
laboratory data. In support of previous reports, the pCK
positively correlated with serum levels of BUN, Cr,
AST, and serum P. The pCK also negatively correlated with urine volume in the first 24 hours, serum calcium,
serum bicarbonate, and blood pH. Again, the pCK did
not correlate well with serum potassium level in this
study. 6
Rhabdomyolysis induced renal injury is associated
with direct renal tubular toxicity, renal vasoconstriction,
and luminal obstruction. 11 This is mainly due to myoglobin related renal injury. Results from in vivo animal studies have shown that the pathogenesis of myoglobin related renal injury is physical blockage of renal tubules induced by the precipitation of hematin. 12
In addition, there is now accumulating evidence that
renal injury, caused by lipid peroxidation, is important
in the pathogenesis of renal failure. 13-16 The heme cen-

Table 3. Relationship between CK, clinical manifestations
CK (U/L)
≥ 100,000
50,000~99,999
10,000~49,999
(n=31)
(n=33)
(n=16)
T-rescue (hrs)
9.2
7.3
6.3
T-ER (hrs)
18.2
27.8
17.0
Male (%)
42.9
60.0
70.6
Mortality (%)
7.1
10.0
9.1
Oliguria (%)
57.1
60.0
32.3
Dialysis (%)
64.3
70.0
25.7

<10,000
(n=12)
7.1
20.2
61.8
9.1
19.4
14.7

P value
NS
NS
NS
NS
0.0265
0.0003

Table 4. Serum creatinine level predicts mortality
Serum Cr (mg/dl)
Time to rescue (hours)
Time to emergency room (hours)
First 48 hours urine volume (ml)
Ratio of male (%)
Mortality (%)

> 1.3
9.2
21.8
804
66.7
17.3

< 1.3
4.9
17.6
2436
57.1
0

P value
0.006
NS
0.001
NS
0.017
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Fig. 1. Correlation of peak level of serum CK and serum levels of BUN, Cr, AST, LDH, P, Ca,
blood pH, urine volume in first 48 hours.
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ter of myoglobin may initiate lipid peroxidation and
renal injury without invoking the release of free iron.
This process is due to redox cycling of the heme group
from ferrous to ferric and ferryl oxidation states.
Early management of crush victims using vigorous
hydration with forced solute alkaline diuresis is very
important for reducing the degree of acute renal failure and preventing severe acidosis or hyperkalemiarelated mortality. It is clear that vigorous fluid resuscitation can improve renal blood flow and prevent renal
failure. 7,8,15,17,18 Moreover, another report demonstrated
that alkalinization of urine reduces the injury of
myoglobulinuria. 16 Since the alkalinization of urine can
stabilize reactive ferryl myoglobin complex by reducing the precipitation of hematin, it may also reduce
myoglobin-induced lipid peroxidation.13 Alkaline solute diuresis can be achieved using sodium bicarbonate
and mannitol. 16,19,20 However, bicarbonate may also have
potential negative effects. It consists of venous hypercapnia with an increase in mixed venous CO 2, leading
to a decline in tissue intracellular pH, a decline in the
pH of the cerebrospinal fluid, and finally tissue hypoxia.
In this regard, once appropriate saline expansion is
provided, the administration of mannitol and bicarbonate seems to be unnecessary.21 However, this study failed
to support the beneficial effect of bicarbonate.
In summary, the serum level of CK is a good prognostic indicator for renal outcome in rhabdomyolysis
following a crush injury and correlates well with most
biochemical parameters. The development of ARF was
associated with a significantly higher mortality rate.
The lessons learned from the Chi-Chi Earthquake will
help to improve our practical approach in the case of
future disasters.
ACKNOWLEDGMENTS
The authors would like to thank Miss Nien JJ for
assistance with statistical analysis.
REFERENCES
1.Bywaters EGL, Beall D: Crush injuries with impairment of
renal function. Br Med J 1994; 1: 427-432.
2.Kantarci G, Vanholder R, Tuglular S, Akin H, Koc M, Ozener
C, Akoglu E: Acute renal failure due to crush syndrome
during Marmara earthquake. Am J Kidney Dis 2002; 40:
682-9.
3.Erek E, Sever MS, Serdengecti K, et al: (Turkish Study
Group of Disaster): An overview of morbidity and mortality

67

in patients with acute renal failure due to crush syndrome:
the Marmara earthquake experience. Nephrol Dial Transplant 2002; 17: 33-40.
4.Michaelson M: Crush injury and crush syndrome. World J
Surg 1992; 16: 899-903.
5.Ward MM: Factors predictive of acute renal failure in
rhabdomyolysis. Arch Intern Med 1988; 148: 1553-7.
6.Veenstra J, Smit WM, Krediet RT, Arisz L: Relationship
between elevated creatine phosphokinase and the clinical
spectrum of rhabdomyolysis. Nephrol Dial Transplant 1994;
9: 637-41.
7.Vanholder R, Sever MS, Erek E, Lameire N: Acute renal
failure related to the crush syndrome, towards an era of
seismo-nephrology? Nephrol Dial Transplant 2000; 15: 151721.
8.Better OS, Stein JH: Early management of shock and prophylaxis of acute renal failure in traumatic rhabdomyolysis.
N Engl J Med 1990; 322: 825-9.
9.921 Chi-Chi Earthquake The official report of the National
Center for Research on Earthquake Engineering, ROC 2000.
10.Gabow PA, Kaehny WD, Kelleher SP: The spectrum of
rhabdomyolysis. Medicine 1982; 61: 141-52.
11.Better OS: Post-traumatic acute renal failure: pathogenesis and prophylaxis. Nephrol Dial Transplant 1992; 7: 2604.
12.Paller MS: Hemoglobin- and myoglobin-induced acute renal failure in rats: role of iron in nephrotoxicity. Am J Physiol
1988; 255: F539-44.
13.Moore KP, Holt SG, Patel RP, et al: A causative role for
redox cycling of myoglobin and its inhibition by alkalinization in the pathogenesis and treatment of rhabdomyolysisinduced renal failure. J Biol Chem 1998; 273: 31731-7.
14.Minigh JL, Valentovic MA: Characterization of myoglobin
toxicity in renal cortical slices from Fischer 344 rats. Toxicology 2003; 184: 113-23.
15.Salahudeen AK, Wang C, Bigler SA, Dai Z, Tachikawa H:
Synergistic renal protection by combining alkaline-diuresis
with lipid peroxidation inhibitors in rhabdomyolysis: possible interaction between oxidant and non-oxidant mechanisms.
Nephrol Dial Transplant 1996; 11: 635-42.
16.Holt S, Moore K: Pathogenesis and treatment of renal dysfunction in rhabdomyolysis. Intensive Care Med 2001; 27:
803-11.
17.Abassi ZA, Hoffman A, Better OS: Acute renal failure complicating muscle crush injury. Semin Nephrol 1998; 18: 55865.
18.Zager RA: Rhabdomyolysis and myohemoglobinuric acute
renal failure. Kidney Int 1996; 49: 314-26.
19.Eneas JF, Schoenfeld PY, Humphreys MH: The effect of
infusion of mannitol-sodium bicarbonate on the clinical course
of myoglobinuria. Arch Intern Med 1979; 139: 801-5.
20.Heyman SN, Greenbaum R, Shina A, Rosen S, Brezis M:
Myoglobinuric acute renal failure in the rat: a role for acidosis?
Exp Nephrol 1997; 5: 210-6.
21.Homsi E, Barreiro MF, Orlando JM, Higa EM: Prophylaxis
of acute renal failure in patients with rhabdomyolysis. Ren
Fail 1997; 19: 283-8.
22.Hwang SJ, Shu KH, Lian JD, Yang WC: Renal replacement therapy at the time of the Taiwan Chi-Chi Earthquake.
Nephrol Dial Transplant 2001; 16: 78-82.

