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INTRODUCTION

Rhabdomyolysis was first described in the victims of
crush injury during bombing raids of World War 1II
(1940-1941) in London, England.™

Rhabdomyolysis is a syndrome caused by injury
to skeletal muscles and with leakage of potentially
toxic cellular contents into the systemic circulation.
Myoglobinuria is the most significant consequence of
the muscle breakdown and is reported to cause acute
renal failure (ARF) in 15-33% of cases.” Rhabdomyolysis
is the cause of 5-25% of all cases of ARF.?* The overall
mortality rate for patients with rhabdomyolysis is
approximately 10%. It is higher in males than in
females.”®! The triad of muscle weakness, myalgia, and
dark urine indicate rhabdomyolysis. However, all 3
symptoms are rarely observed simultaneously.

Detection of myoglobinuria is the gold standard test
for diagnosis of rhabdomyolysis. However, because
of rapid clearance of myoglobin, it does not have high
sensitivity.>”! Serum creatine kinase (CK) is the most
practical diagnostic test for rhabdomyolysis. A level

more than five-fold or greater increase in CK (above 975
U/L) in the absence of stroke or myocardial infarction
should be considered as rhabdomyolysis.[>%%°!

Complications of rhabdomyolysis include hypovolemia,
hyperkalemia, metabolic acidosis, disseminated
intravascular coagulation and ARF.[ Electrolyte
abnormalities are prominent features of rhabdomyolysis.
The hyperkalemia may be due to both muscle injury
and renal failure. This abnormality may cause life-
threatening cardiac arrhythmias, which must be treated
immediately.!'”

The etiologies of rhabdomyolysis may be divided
into traumatic, toxicologic, environmental, metabolic,
infectious, immunologic, and inherited disorders.
More recently, as noted in one published series, drugs
and alcohol have become frequent causative agents
in up to 81% of cases with rhabdomyolysis."! Drug-
induced rhabdomyolysis can be divided into primary
or secondary myotoxic effects.”! Primary toxic-induced
rhabdomyolysis is caused by a direct insult on the
skeletal myocyte function and integrity. Secondary
effects of toxins are due to predisposing risk factors such
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as local muscle compression in coma, prolonged seizures,
trauma, and metabolic abnormalities.!'!

In the present study, we aimed to investigate rhabdomyolysis
in a large population of hospitalized patients with acute
poisonings.

MATERIALS AND METHODS

The investigation was a prospective cross-sectional study
carried out in the Medical Toxicology Center of Mashhad
University of Medical Sciences, located in Imam-Reza
Hospital of Mashhad which is one of the largest specialized
referral Poisons Treatment Centers in the world covering
more than 6 million populations. The center consists of a
toxicologic emergency clinic with 8 beds, a ward for adults
with 30 beds, a ward for poisoned children with 10 beds, a
toxicologic Intensive Care Unit (ICU) for adults with 6 beds,
a shared ICU for poisoned children with 18 beds and a24 h
toxicology laboratory.

Serum creatine phosphokinase (CPK) was first measured
on hospital admission and afterwards on a daily basis. The
diagnosis of rhabdomyolysis was defined as serum CPK values
>5 times the upper limit of normal (195 IU/L), which is 975.0114
The patients included in the study during the hospitalization.
For all patients, complications of rhabdomyolysis including
ARF and death during hospitalization were recorded. ARF
was defined as an increase in serum creatinine above 2 mg/
dL that had no response to initial hydration. Patients
with recent evidence of myocardial infarction, stroke or
cardiopulmonary resuscitation were excluded.

In addition to specific and intensive care therapy, 6 L of
half-saline solution containing 50 mEq sodium bicarbonate
per liter were infused for hydration and treatment of
rhabdomyolysis.

Diagnosis of poisonings was made based on the history
of poisons and drug taken as well as clinical findings.
Poisons were confirmed by the relevant toxicological
analyses in most cases. Opioids (morphine, tramadol, and
methadone), benzodiazepines, tricyclic antidepressants, and
amphetamines were identified by Immunochromatography
(First Sign, ELMonte, USA). Phenotiazines were qualitatively
assessed by a color test (FPN reagent, USA). Methanol
levels were analyzed by Gas Chromatograph (Varian
CP-3800, USA). Carbon monoxide and red blood cell
cholinesterase were detected by UV-vis Spectrophtometry
(550 standard error [SE] Perkin-Elmer, USA). Percents
of pseudocholinesterase enzyme were determined by
titrometry and acetyle cholinesterase activity by modified
Ellman method. Gabapentin and beta-blockers were
measured by high-performance liquid chromatography
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(KNAUER, Platin Blue, Germany) in the toxicology
laboratory of the center.

Data are expressed as mean values * standard deviation.
Chi-square and Pearson correlation tests were undertaken
for statistical analysis using Statistical Package for Social
Sciences (SPSS Inc. Chicago, Illinois, USA) at a significant
level of P < 0.05.

RESULTS

During 12 months (March 21, 2009- to March 21, 2010),
around 12,000 patients were referred to this center, of
which 3555 were admitted to the poisoning ward, of which
114 cases revealed rhabdomyolysis.

Of 114 studied patients, 82 and 32 were men and women,
respectively. Their ages ranged from 15 to 85 (32 + 14) years.
Most patients were in the age group of 20-30 years old (48%).
Thirteen patients (11%) had an underlying disease at the time
of hospitalization. The most common underlying disease was
a psychological disorder (5.5%). Only two patients (1.8%)
had a history of trauma, and 11 patients (9.6%) had a seizure.
Hematological and biochemical tests results are summarized
in Table 1. The levels of CK (mean + SE) had a wide range
from 980 to 66,500 TU/L (5996 + 892 IU/L).

The most common acute poisonings associated with
rhabdomyolysis included: Opioids (31%), benzodiazepines
(18.6%), and antipsychotics (10%). In five patients (4.6%),
the cause of acute poisonings was not diagnosed. ARF was
present in 11 (8.7%) patients. Five patients with methanol
poisoning went under hemodialysis, and nine patients
succumbed to poisoning.

Table 1: Hematological and biochemical tests results
of 114 poisoned patients with rhabdomyolysis

Parameter Value in patients Normal values
WBC 14,079+5656 4.4-11.3x10°/L
Hb 14.07+1.89 12.5-15.5 g/dL
CPK 5996+9408 Up to 195 U/L
LDH 1596+1558 100-500 U/L
AST 2144311 5-40 U/L
ALT 3164638 5-40 U/L
ALP 92+35 64-306 U/L
Bilirubin 1.15£0.74 0.3-1.3 mg/dL
Bilirubin (direct) 0.31+0.33 0.0-0.3 mg/dL
BUN 43.50+53.52 6-22 mg/dL
Creatinine 1.91£2.10 0.6-1.5 mg/dL
Na 140+5.53 135-145 mmol/L
K 4.15+0.82 3.5-5.3 mmol/L
ESR 79.4+41.7 Varies with age

WBC = White blood cells; Hb = Hemoglobin; CPK = Creatine phosphokinase; LDH =
Lactate dehydrogenase; AST = Aspartate transaminase; ALT = Alanine transaminase;
ALP = Alkaline phosphatase; BUN = Blood urea nitrogen; ESR = Erythrocyte
sedimentation rate
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The most common drugs that induced ARF in the patients
were opioids. There was a significant positive linear
correlation between CPK and creatinine (P <0.001, r=0.313)
as shown in Figure 1. The average serum level of CK in
patients with ARF was 17099.82 (+ 22743) that showed
a significant difference compared with patients without
ARF (P < 0.05). Moreover, ARF had a significant positive
correlation with death (P <0.05).

The causes of acute poisonings associated with
rhabdomyolysis are listed in Table 2. In all acute poisonings,
men were affected more frequently than women.

DISCUSSION

The most common causes of rhabdomyolysis in this
study were overdoses of opioid, benzodiazepines, and
antipsychotics. All patients received sodium bicarbonate
for management of rhabdomyolysis with or without
metabolic acidosis. Due to controversies on the effects
of mannitol,[™ we did not use it for the treatment of
rhabdomyolysis.

We found 12 types of acute poisonings associated
with rhabdomyolysis. Few large population studies
on rhabdomyolysis have been reported thus far.[>>'6!7
Comparison between the present study and previous
reports in terms of case numbers, sex, age, ranges of CK
and illicit drugs involvement are summarized in Table 3.
In the majority of the studies, ARF and the biochemical
changes were the main concern. The different types in our
study can explain the larger number of toxic etiologies that
have been considered. Similar to our investigation, three
previous studies have shown illegal drugs abuse as the most
frequent causes of rhabdomyolysis.5'8!% This result is also
confirmed by a recent publication on the annual incidence

of ARF due to rhabdomyolysis associated with drug abuse,
which showed a 3-fold increase in the period 1987-1997 in
an urban area of Scotland.®!
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Figure 1: Correlation between peak serum creatine kinase (IU/L) and serum
creatinine (mg/dL)

Table 2: Causes of acute poisonings associated with
rhabdomyolysis and the principle treatment in 114 patients

Drug/poison Number of  Treatment
patients (%)

Opioids 63 (28) Activated charcoal, sorbitol,
naloxone

Benzodiazepines 41 (18.6) Activated charcoal, sorbitol

Antipsychotics 22 (10) Activated charcoal, sorbitol

TCA 12 (5.45) Activated charcoal, sorbitol,
NaHCO,

Methanol 9 (4) Ethanol, folic acid, Nahco,,
hemodialysis

Carbon monoxide 9 (4) Oxygen therapy

Clonidine 8 (3.63) Activated charcoal, sorbitol

Organophosphates 6 (2.72) Atropine, pralidoxime

Gabapentin 6 (2.72) Activated charcoal, sorbitol

Amphetamine 5 (2.27) Activated charcoal, sorbitol,
haloperidol

Beta-blockers 4 (1.81) Glucagon, atropine

Bite and sting 3 (1.36) Antivenoum

Unknown 5 (4)
TCA = Tricyclic antidepressant

Activated charcoal, sorbitol

Table 3: Comparison of data between the present study and previous reports of rhabdomyolysis

Reference study Number of Male Age in year, Ranges of Causes of ARF lllicit drugs and Unknown
patients (%) mean (range) CK (IU/L) rhabdomyolysis (%) alcohol (%) (%)
The current report 114 72 32 (15-85) 980-66,500 Acute poisonings 8.7 23 4.6
Mousavi et al. (2006) 165 72 32 (14-78) 977-98,400 Acute poisonings 15 39 1
Melli et al. (2005) 475 68 47 (4-95) 2975-250,000 Multiple factors, exogenous 46 34 7
toxins and medical drugs
Blanco (2002) 52 80 60 (16-93) NR* Infectious and noninfectious NR* 15 NR*
causes
Veenstra et al. (1994) 93 81 NR* 5000-25,000 Ischaemia, drugs, alcohol 51 30 1
and/or coma
Gabow et al. (1982) 77 86 48 (21-85) 500-238,000 Alcohol, seizure, drugs, 33 82 3
trauma, cold exposure,
infection
Eneas et al. (1979) 20 90 36 (19-63) 1000-95,000 NR* NR* 65 NR*
Koffler et al. (1976) 21 90 34 (22-63) 2608-24,000 Overdose of ethanol, heroin, 100 85 5
or other depressant drugs
Grossman et al. (1974) 15 86 40 (18-77) 370-120,000 Nontraumatic 100 20 13
*NR = Not reported; CK = Creatine kinase; ARF = Acute renal failure
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The demographic distribution in our study is generally
similar to those previously reported. Men are predominantly
affected, and the mean age of patients is also similar
[Table 3]. Differences in the reported studies may be due
to dissimilarities in the inclusion and exclusion criteria.
The current study differs from previous studies in term of
the association of rhabdomyolysis with ARF. This study
includes patients who developed rhabdomyolysis with and
without ARF, while previous series were usually collections
of patients with rhabdomyolysis-induced AREF.[1%21
Another novel finding in our study was antipsychotics as
the commonest nonillicit drug-induced rhabdomyolysis.

Acute renal failure, the most serious complication of
rhabdomyolysis, was developed in 15% of patients, which
is similar to what have been previously reported (15-33%)
in general reviews.?! The exact mechanism(s) of ARF in
rhabdomyolysis are not completely obvious. Some of the
proposed mechanisms include mechanical injury to the
tubules caused by myoglobin precipitation, direct toxic effect
of free chelatable iron on tubules, and hypovulemia.l** It
has been shown that the amount of myoglobin released in
the blood correlates with serum CK and consequently to
ARF.®I Therefore, higher levels of CK should be present in the
setting of ARF.™ Indeed, our findings of the highly significant
positive correlation between serum creatinine values (as a
marker of renal function) and CK values are compatible with
this explanation. However, further studies are required to
find out the clear mechanism of rhabdomyolysis.

LIMITATIONS

1. Since some of our patients were unconscious on
admission, obtaining a reliable history of symptoms
and assessment of signs was very difficult and thus the
causes of acute poisonings remained unknown in 5 of
the patients.

2. Nine patients needed dialysis due to the severity of
intoxications and not because of the ARF being induced
by rhabdomyolysis. They received hemodialysis before
or during ARF. However, differentiation between the
two conditions was sometimes difficult. For instance, in
five patients with severe acute methanol poisoning and
raised creatinine levels, hemodialysis was performed
due to the clinical severity of the poisoning and high
levels of blood methanol, but all of them expired. In
this patients, the discrimination between methanol
intoxication and renal failure complications as the
etiology of death was unknown.

CONCLUSIONS

Rhabdomyolysis was found as a common complication
in severe acute poisonings. The most common poisons
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were opioids, benzodiazepines, and antipsychotics.
ARF was a frequent complication of rhabdomyolysis,
which was developed in a similar frequency as reported
previously.
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