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Abstract Rhabdomyolysis is an uncommon finding in the
emergency department. However, the clinical implications of
rhabdomyolysis are important, with a significant minority of
patients developing acute renal failure and multiorgan
failure. When present, the cause of elevated aminotrans-
ferases in the setting of rhabdomyolysis is often unclear. We
sought to determine the incidence of abnormal amino-
transferases (defined as aspartate aminotransferase (AST) or
alanine aminotransferase (ALT) >40 U/L) in the setting of
rhabdomyolysis and how the aminotransferases decrease
relative to the creatine phosphokinase (CPK) concentration
as rhabdomyolysis resolves. A retrospective chart review of
215 cases of rhabdomyolysis with CPK of ≥1,000 U/L was
performed. The incidence of an abnormal AST in the setting
of rhabdomyolysis was 93.1% (95% confidence interval,
88.7% to 95.8%). An abnormal ALTwas much less common
and found in 75.0% (95% confidence interval, 68.7% to
80.2%) of patients with a CPK of ≥1,000 U/L (p<0.0001).
In only one instance was the ALT>40 U/L while the AST
was <40 U/L. Furthermore, AST concentrations (and not
ALT) fall in parallel with CPK during the first 6 days of
hospitalization for patients with rhabdomyolysis. Amino-
transferase abnormalities, particularly AST, are common in
the setting of rhabdomyolysis. AST concentrations decrease

in parallel to CPK, suggesting skeletal muscle may be a
significant source of AST elevation in these patients.

Keywords Aspartate aminotransferase . Alanine
aminotransferase . Rhabdomyolysis

Introduction

Background and Importance

Rhabdomyolysis (rhabdo—striated, myo—muscle, and
lysis—disintegration) is an uncommon clinical condition
first described in English victims of crush injuries suffered
during the German military blitzkrieg bombings [1]. Since
then, the metabolic and end organ consequences of
rhabdomyolysis have been fully recognized, although best
treatment strategies are not well defined.

Rhabdomyolysis begins with simple muscle injury. This
injury is generally due to exertion, medication effects,
trauma, prolonged immobilization, illicit drug abuse, or
infection [2]. If this muscle injury is severe enough, cellular
proteins such as creatinine phosphokinase (CPK) accumu-
late in the circulation and eventually are deposited in renal
tubules and other organs. A minority of patients with
rhabdomyolysis develop acute renal failure (due to acute
tubular necrosis) and multiorgan failure [3, 4].

The clinical history obtained from patients with rhabdo-
myolysis is often limited, particularly in the elderly or when
there has been recent substance abuse. We have encoun-
tered a number of cases presenting with elevated amino-
transferases (aspartate aminotransferase [AST] and alanine
aminotransferase [ALT]) in the setting of oral opiate–
acetaminophen combination abuse, rhabdomyolysis, and a
minimally detectable acetaminophen concentration. In this
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scenario, it is difficult to determine if the elevated amino-
transferases are due to acetaminophen ingestion or another
cause. All of these cases were treated with N-acetylcysteine
and the aminotransferases quickly returned to the normal
range, but we suspect that the aminotransferase abnormal-
ities in these patients may not be solely a result of
acetaminophen-mediated liver injury.

Goals of this Investigation

This investigation was undertaken in order to obtain
additional insight into the potential cause of AST and
ALT elevations in patients with rhabdomyolysis. Specifi-
cally, we sought to describe the incidence and extent of
abnormal AST or ALT concentrations in the setting of
rhabdomyolysis and determine the relationship between
CPK concentrations and aminotransferase concentrations in
these patients.

Materials and Methods

Study Design and Setting

We performed a retrospective chart review and descrip-
tive case series study of hospitalized patients with an
ICD-9 code of rhabdomyolysis from September 2003 to
September 2007. The study was considered exempt from
IRB review by our institutional human subjects research
office. The study was conducted in an urban, tertiary
care, university teaching hospital in central Massachu-
setts with annual emergency department patient visits of
approximately 85,000, an emergency medicine residency,
a toxicology fellowship, and a toxicology consult
service.

Selection of Participants

Inclusion criteria included at least one serum CPK
concentration of ≥1000 IU/mL, at least one AST or ALT
measurement, and age ≥18. A CPK of ≥1,000 IU/mL was
chosen because that value appears most often in the
literature in discussions of clinically meaningful rhabdo-
myolysis [2, 5]. Exclusion criteria included diagnoses of
acetaminophen overdose by history or laboratory confirma-
tion, myocardial infarction, the current use of a statin drug,
the development of rhabdomyolysis while hospitalized,
acute or chronic hepatitis B or C infection, or chronically
elevated aminotransferases (as determined from primary
care or subspecialist’s notes). Because we were interested in
the acute aminotransferase and CPK concentrations during
rhabdomyolysis, we abstracted data from the first 6 days of
hospitalization.

Methods of Measurement and Data Collection

Data were abstracted in a structured format by two of the
authors (MD, KW) and subsequently entered into a
customized data form on an Excel spreadsheet (Microsoft
Corp, Redmond, WA, USA) using described methodol-
ogies [6]. Demographic data collected included age,
gender, admission/discharge dates, duration of hospital
stay, admission medication use, and discharge diagnoses.
Key lab values (up to and including the sixth hospital day)
obtained included serum CPK, AST, ALT, creatinine,
international normalized ratio (INR), and troponin. All
laboratory samples were analyzed using a Unicell DXC
800 clinical analyzer (Beckman Coulter Inc, Brea, CA,
USA).

Primary Data Analysis

Data were analyzed and graphed using either GraphPad
Prism for Mac (GraphPad Software, Inc., La Jolla, CA,
USA) or Excel. Descriptive statistics and aminotransferase
means and medians were calculated. The peak aminotrans-
ferase concentrations were analyzed for normality with the
D’Agostino–Pearson omnibus test and were stratified
according to CPK (CPK<10,000, CPK 10,000–20,000, or
CPK>20,000) and subsequently compared by the Kruskal–
Wallis test.

Results

A total of 673 patients were identified. From the 673
patients, several were excluded as follows: 223 did not have
a CPK measurement ≥1,000; 125 had no AST or ALT
measured during hospitalization; 53 were on a statin
therapy; 34 had myocardial infarction; 11 had known
hepatitis infections; eight were diagnosed with acetamino-
phen poisoning; one had chronically elevated aminotrans-
ferases; one patient could not be identified from medical
records; one patient was present twice in the database; and
one patient was less than 18 years old. Therefore, a total of
215 patients remained for analyses.

Patient demographics are presented in Table 1. Most
patients had three or more CPK measurements during the
6 days; only 36 patients (16.9%) had less than three CPK
measurements. Mean CPK, AST, and ALT measurements
for all 215 patients for hospital days 0 through 5 are
presented in Fig. 1. Mean CPK and AST concentrations
fell in parallel to each other, while ALT concentrations
fell more slowly and not in parallel with either CPK or
AST. The mean CPK fell by 74.5% from day 0 to 5 while
the mean AST values fell by 78.9%. However, mean ALT
concentrations decreased by just 57.8% during that time.
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Of the 215 patients, 15 did not have an AST>40 U/L,
yielding an incidence of an abnormal AST in the setting of
rhabdomyolysis of 93.0% (95% confidence interval, 88.7%
to 95.8%). An abnormal ALT was much less common and
found in 161 (75.0%) (95% confidence interval, 68.7% to
80.2%) of patients with a CPK of ≥1,000 U/L. In only one
instance was the ALT>40 U/L and the AST<40 U/L. The
peak CPK and AST or ALT values for each of the 215
patients are presented in Figs. 2 and 3, respectively.

The peak aminotransferase concentrations were not
normally distributed. Therefore, when patients were
stratified according to peak CPK (CPK<10,000, CPK
10,000–20,000, or CPK>20,000) and compared using
the Kruskal–Wallis test, the median peak AST was found
to increase linearly (Fig. 4). The three CPK groups were
found to have statistically significant different medians,
except for the CPK 10,000–20,000 vs CPK>20,000
groups. An analysis of peak ALT vs peak CPK demon-
strated identical findings (Fig. 5).

The relationship between peak CPK and peak serum
creatinine for all patients is presented in Fig. 6. The data are
not perfectly representative of each case because the

clinical laboratory most frequently listed the CPK concen-
tration as “45,100” whenever the value exceeded 45,000.
There was not a change in laboratory methods during the
study period, but rather a change in the reporting of results.
Despite this bias, as evident from Fig. 6, there is a weak
correlation between peak CPK and peak creatinine (R2=
0.0997). Acute renal failure requiring hemodialysis
occurred in 11 (5.1%; 95% confidence interval, 2.8% to
9.0%) of the 215 patients.

Just 141 of the 215 patients had the INR measured during
the first 2 days of hospitalization. In these patients, the mean
(± SD) INR was 1.35±0.86. Of the 12 (5.6%) patients on
Coumadin at the time of presentation, their mean INR (± SD)
was found to be 2.2±1.1. Excluding the patients on
Coumadin, the mean INR of all patients decreased to 1.2±0.8.

In the 15 patients who did not have any AST value
>40 U/L, the mean (± SD) CPK and AST values were
2,282±3,135 and 30±7, respectively. This CPK concentra-
tion is significantly lower than the CPK in the group with
any AST>40 U/L (p<0.002).

Nine patients died within 6 days (and one suffered a
cardiac arrest but was resuscitated) yielding a mortality of
4.2% (95% confidence interval, 2.1% to 7.9%). One patient
in this group was promptly made “comfort measures only”
by family and had limited lab testing performed. The eight
other patients in this group had a higher mean peak AST
(4,145±4,210), ALT (2,197±1,933), CPK (21,130±
17,948), creatinine (6.1±4.3), and INR (4.5±4.0) values
compared to survivors (p<0.002 for all).

Limitations

There are several limitations to this study. Firstly, like any
retrospective chart review, missing data could not always be
retrieved. However, this study relied on a relatively limited
number of data, which could usually be accounted for by
the structured chart review we performed.

A second limitation to this study is the lack of a strict
diagnosis for each patient. One of the most common
presenting complaints of patients in this study was “found
down.” This group of patients often was found to have
sepsis, generalized weakness, to have used one or more
drugs of abuse, or to have some other medical condition.
We believe that it is impossible to assign a primary or
causative diagnosis in such cases. Furthermore, some
contribution to the aminotransferase abnormalities in a
subset of patients (such as those with septic shock) was
likely due to poor perfusion and ischemic hepatitis (shock
liver). However, there are no specific criteria to prospec-
tively define shock liver [7], and it is impossible to
determine the relative contributions of rhabdomyolysis or
shock liver to the observed aminotransferase abnormalities.
Because of these limitations, we do not feel that even a

Fig. 1 Cohort mean CPK, AST, and ALT over 6 days. Filled diamond
represents CPK; filled square represents AST; and filled triangle
represents ALT

Table 1 Patient demographics

Number 215

Age [years (mean+SD)] 54+23

Number of Male (%) 130 (60.5%)

Number with 6 CPK data (%) 63 (29.3)

Number with 5 CPK data (%) 43 (20.0)

Number with 4 CPK data (%) 39 (18.1)

Number with 3 CPK data (%) 35 (16.3)

Number with 2 CPK data (%) 28 (13.0)

Number with 1 CPK datum (%) 7 (3.2)

6-day mortality [number (%)] 7 (3.2)

Number requiring dialysis (%) 11 (5.1)

Number on Coumadin (%) 12 (5.6)
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prospective study of rhabdomyolysis could adequately
address the problems inherent in assigning a cause of the
rhabdomyolysis or assigning the contribution of other medical
conditions to the degree of elevated aminotransferases.

Interestingly, despite a diagnosis of rhabdomyolysis with
abnormally elevated aminotransferases, a minority of
patients did not have serial CPK or LFT measurements.
While the argument could be made that such serial

laboratory values would not have changed medical man-
agement, we find this interesting in light of the frequent and
large volume of laboratory testing that often takes place for
hospitalized patients—including an average of nearly five
tests and up to 50 mL of blood per patient per day [8, 9].
There is likely little selection bias in our cohort of patients
who had aminotransferase concentrations measured and
followed. When faced with a patient with a medication

Fig. 2 Scatter gram of
individual peak CPK and peak
AST values

Fig. 3 Scatter gram of
individual peak CPK and peak
ALT values
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ingestion history, a patient “found down,” or similarly
unclear history, it is our experience that most clinicians tend
to obtain more laboratory tests. Thus, it is to be expected
that these complicated patients would have more amino-
transferase concentration determinations.

Additionally, blood for the laboratory tests were not
always drawn at the same time and some patients had
several blood draws done each day. In an effort to control
for this, we collected the maximum laboratory values for
each 24-h period for each patient. Lastly, the different
serum clearance rates, methods of elimination, and half-
lives for the various serum markers add a further degree of
uncertainty with regards to interpretation. Because CPK,
AST, and ALT continue to be produced by organs and
released into serum with rhabdomyolysis, it is impossible to
calculate the half-lives of any of these biomarkers.

Discussion

Rhabdomyolysis is an uncommon, but important, clinical
condition encountered in the emergency department and is

often associated with elevations of aminotransferases. In
this study, we found that AST concentrations decrease in
concert with CPK concentrations during hospitalization for
rhabdomyolysis. This suggests that extrahepatic causes
(i.e., skeletal muscle) may be a significant source of AST
elevations in patients with rhabdomyolysis.

AST exists as two isoforms in humans: one localized to
the cytosol of cells (roughly 20% of measured AST) and
one localized to mitochondria (80%) [10, 11]. The two
isozymes have different kinetic properties and plasma
clearances [10]. Most clinical laboratories do not differen-
tiate between these isozymes. AST is located primarily in
the liver, heart, skeletal muscle, kidney, brain, pancreas,
lungs, leukocytes, and erythrocytes, in decreasing order of
concentration [11, 12]. Plasma clearance of AST is
performed primarily within hepatocytes [13, 14] and
sinusoidal cells [10].

In contrast, ALT is a cytosolic enzyme isolated mostly to
the liver [11]. As with AST, virtually no ALT is excreted in
urine, and only a minute amount is found in bile [12]. Unlike
AST, plasma clearance of ALT is effected by hepatocytes
with no apparent contribution by sinusoidal cells [10].

It is generally accepted that ALT is a more specific
marker of hepatic injury [15]. However, there is evidence of

Fig. 5 Peak ALT values in all patients stratified according to peak
CPK value

Fig. 4 Peak AST values in all patients stratified according to peak CPK
value
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ALT production outside of the liver as demonstrated in a
study from 1958 [16]. This study showed that overall, ALT
exists at lower concentrations in all organs studied
compared to AST. For instance, there was ten times as
much ALT in the liver as compared to skeletal muscle.
Similarly, cardiac tissue contained only 15% of the ALT
concentration found in the liver. Interestingly, the concen-
tration of ALT found in the kidney is 40% of what is seen
in the liver. However, we would not expect this to
contribute significantly in rhabdomyolysis given that the
renal injury is due initially to tubular dysfunction rather
than an ischemic insult.

It may be intuitive that AST would rise with rhabdo-
myolysis. A small study done by Nathwani et al. supports
this [17]. Over a 27-year period, they identified 16 patients
who had elevated aminotransferases following muscle
injury, and in all cases, AST elevations were greater than
ALT elevations [17]. In clinical practice, it is often unclear
as to the source of elevated aminotransferases, particularly
in the setting of rhabdomyolysis, and as such it may lead to
inappropriate or dangerous testing. Korones et al. described
two cases of children with elevated aminotransferases who
underwent extensive testing, including liver biopsy. No
liver disease was identified, and they were ultimately
diagnosed with forms of muscular dystrophy after eleva-
tions in CPK were found [18]. It is important to bear in
mind that while our data demonstrate aminotransferases
(particularly AST) are increased in the setting of rhabdo-
myolysis, there is no means to determine if an observed
AST or ALT is solely due to the rhabdomyolysis.

Although there appears to be some consensus that
1,000 U/L defines rhabdomyolysis [2, 5], there is no
consensus as to what serum concentration constitutes
significant rhabdomyolysis. Some authors have stated that
a CPK>10,000 U/L is a marker of clinically significant
rhabdomyolysis [19], while others believe that significant
muscle injury and other end organ effects occur at levels as

low as 5,000 U/L [20]. However, our goal in this study was
not to determine what other clinical effects are caused by
the rhabdomyolysis, but rather to determine the incidence
and relationship between CPK and aminotransferase abnor-
malities with rhabdomyolysis.

Because some patients with rhabdomyolysis develop
multiorgan failure (including liver failure), we chose to
follow INR as a marker of significant liver injury. We chose
the INR because both AST and ALT elevations correlate
poorly with the degree of liver cell damage [21], although
ALT concentrations are more specific for the liver [22]. In
our patients, the mean INR for patients not on Coumadin
during the first 2 days of hospitalization was just 1.2. Thus,
the mild to moderately elevated aminotransferases seen in
our patients with rhabdomyolysis were unlikely due to prior
or concomitant significant liver injury, although some
contribution of shock liver in the most critically ill patients
is likely. This confounder is more clearly evident when
looking at the subset of patients with the highest peak ALT
(data not shown). Of six patients with the highest peak
ALTs (mean 3,854 U/L; range 2,684–5,250), four died or
suffered a cardiac arrest within 2 days of hospitalization
despite modest degrees of rhabdomyolysis (mean 20,790 U/L;
range 1,838–45,100).

Our aminotransferase data could be further skewed by
contributions from additional confounders such as ethanol
use. This could be relevant because the ratio of AST/ALT
seen with alcohol use is typically greater than 2.0 [23]. In
fact, in the setting of elevated AST and ALT, if the AST/
ALT ratio is greater than 2.0, 90% of the time it is due to
alcohol [24]. The population in Cohen’s study was limited
to those with liver disease confirmed with histopathology
[24], whereas most of the patient with rhabdomyolysis will
not fit that criteria. However, the aminotransferase eleva-
tions seen with alcohol abuse decrease over a period of
weeks following cessation [23, 25], not over a period of 3–
4 days as we found. Furthermore, our patient population is

Fig. 6 Correlation between
peak CPK and peak serum
creatinine
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likely more heterogenous than the group used to generate
the AST/ALT ratio [24]. Therefore, we feel that alcohol use
is unlikely a significant confounder in this study. In
addition, at least one previous study found that coffee
ingestion was a better predictor of serum ALT than was
alcohol [26].

In summary, we found that in the setting of rhabdo-
myolysis, elevated AST is common (occurring in 93% of
patients) and serial serum AST concentrations fall in
parallel to CPK concentrations. Furthermore, there is a
trend toward peak AST concentrations increasing linearly
with peak CPK concentrations. In contrast, ALT elevation is
less common (occurring in 75% of patients), does not fall as
rapidly as AST, and does not fall in parallel with peak CPK.
Therefore, in the context of rhabdomyolysis, abnormal
aminotransferases may not be indicative of hepatic injury.
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