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Rhabdomyolysis after High Intensity Resistance Training
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Abstract

Rhabdomyolysis, which is a characteristic occurrence in associated with muscle cell necrosis, develops due
to various causes. We herein report a rare case of a patient with rhabdomyolysis after high intensity resistance
training, in which markedly elevated levels of serum creatine kinase (CK) and urine myoglobin were ob-
served. A previously healthy 37-year-old man presented with severe myalgia and dark urine after performing
high-intensity exercise. The patient’s serum CK level was 95,100 U/L and his urine myoglobin level was
160,000 ng/mL. His symptoms and laboratory findings gradually improved with the intravenous administra-
tion of saline and no complications (including electrolyte imbalance and acute renal failure) developed.
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Introduction

Rhabdomyolysis is a serious condition that is character-
ized by the necrosis of muscle cells and which can be pro-
voked by a variety of causes, such as trauma, drug toxicity
(e.g., statins and fibrates), prolonged immobilization, and in-
fection (1-4). We herein report a rare case of rhabdomyoly-
sis after high intensity resistance training, in a patient with
extremely elevated levels of serum creatine kinase (CK) and
urine myoglobin.

Case Report

A 37-year-old man was admitted to Matsushita Memorial
Hospital due to myalgia and dark urine. The patient had
been well five days prior to his admission, when myalgia
developed in the chest and both upper limbs after intense
exercise training that included 100 pushups, 100 exercises
using a 20-kg dumbbell, 50 lifts using a 10-kg weight. The
resistance training was reportedly performed in a gym with
a new trainer. He stated that he had exercised regularly but
had never performed such intense training before. The next
day, he noticed dark urine. The muscle pain deteriorated and
he was forced to spend a few days resting in bed. The myal-
gia was gradually alleviated, but the dark urine continued.
He visited his physician four days after the intense exercise

and was found to have a serum CK of 65,900 U/L. His pre-
vious medical history was unremarkable. The patient did not
smoke, drink alcohol, or use illicit drugs and had no known
allergies. He was taking loxoprofen sodium, as needed, for
toothache. He had no history of statin use.

A physical examination revealed that the patient was 170
cm tall and weighed 89 kg (body mass index, 30.8), with a
blood pressure of 150/109 mmHg, pulse of 84 beats per
minute, body temperature of 36.9C, and an oxygen satura-
tion of 98% on room air. Muscle tenderness was observed in
the chest and upper limbs, with no specific change in the
appearance of the skin of the affected areas, such as swel-
ling or redness. Although a manual muscle test was not per-
formed due to severe myalgia, a grade of 3/5 or more was
expected. The other examination results were normal. An
electrocardiogram showed sinus rhythm, right axis deviation,
and flat T waves in leads V5 and V6. A chest radiograph
was normal. The patient’s level of serum CK was 95,100 U/
L with an MB fraction of 0.3% (reference value, <6). As
shown in Table, the levels of lactate dehydrogenase, aspar-
tate transaminase, and alanine aminotransferase were ele-
vated to 4,750 U/L, 999 U/L, and 443 U/L, respectively.
The patient’s renal function was normal, as were his com-
plete blood cell counts and electrolyte levels. A urinalysis
revealed light brown urine (Fig. 1), with 3" occult blood, 2*
protein, a specific gravity of 1.026, a pH of 6.0, and a myo-
globin level of 160,000 ng/mL (reference value, <10).
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Table. The Laboratory Data.
Variable Reference value ~ On admission ~ Day 2 Day4 Day7 Day9
Creatine kinase (U/L) <250 95,100 58,230 20,304  2.689 944
Lactate dehydrogenase (U/L) 110-220 4,750 2,134 617 262 274
Aspartate aminotransferase (U/L) <35 999 753 469 124 90
Alanine aminotransferase (U/L) <40 443 358 375 239 212
C-reactive protein (mg/dL) <0.25 1.90 1.55 0.70 0.38 0.27
Sodium (mmol/L) 135-147 142 139 142 142 142
Potassium (mmol/L) 3.6-5.0 4.2 4.3 4.1 3.8 3.8
Chloride (mmol/L) 100-110 105 105 107 106 107
Calcium (mg/dL) 8.2-9.8 9.4 8.7 9.0 9.0 9.2
Urea nitrogen (mg/dL) 8-20 15 13 9 13 13
Creatine (mg/dL) 0.66-1.07 1.05 1.01 1.02 1.03 1.06
eGFR (mL/min/1.73m?) 260 65.2 68.1 67.3 66.6 64.6

eGFR: estimated glomerular filtration rate

Figure 1. The color of the urine was brown but not dark.

A diagnosis of exertional rhabdomyolysis was made and
the intravenous administration of saline was initiated. Scin-
tigraphy with Tc-99m pyrophosphate, performed the day af-
ter admission, showed the increased uptake of the radioiso-
tope in the pectoralis major muscle and the biceps and tri-
ceps brachii muscles on both sides (Fig. 2). The myalgia
gradually improved with a steady decrease in the serum
level of CK. No renal dysfunction or electrolyte imbalance
was observed (Table). The patient was discharged on the 9th
day of hospitalization and he was advised to avoid intense
exercise. A follow-up examination at two weeks after dis-
charge revealed that the patient’s serum level of CK was still
slightly elevated to 280 U/L, possibly due to moderate mus-
cle training. The patient’s thyroid function, which was as-
sessed after discharge, was normal with a free T4 level of
1.3 ng/dL (reference value, 0.9-1.7) and a thyroid-
stimulating hormone level of 3.01 mIU/L (reference value,
0.50-5.00). The patient was later lost to follow up.

Figure 2. An anterior Tc-99m pyrophosphate scintigraphy

image (left panel) showing the increased uptake in the pectora-
lis major muscle and the right and left biceps brachii muscles.
The uptake of the radioisotope was found to be increased in the
triceps brachii muscles of both sides on the posterior image
(right panel).

Discussion

The triad of symptoms associated with rhabdomyolysis
includes myalgia, muscle weakness, and dark urine. Less
than 10% of the affected patients have all three symp-
toms (1). In the current case, the patient’s myalgia was se-
vere but muscle weakness was not obvious. The urine color
on admission was not typical; however, the level of urine
myoglobin was markedly elevated. The color of urine can be
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affected by many factors including the muscle mass, urine
concentration, and glomerular function (1). It is reported
that only 3.6% of patients with rhabdomyolysis (defined by
serum CK levels of >1,000 U/L) had a history of dark
urine (5). Furthermore, more than half of rhabdomyolysis
patients do not exhibit muscle pain or weakness (1). Taken
together, this suggests that the physicians’ suspicion (based
on the patient’s history), followed by laboratory confirma-
tion (serum CK levels of >5 times the upper limit of the
normal reference value or 1,000 U/L), is crucial for diagnos-
ing rhabdomyolysis (1, 6). As shown in our case, scintigra-
phy with Tc-99m pyrophosphate can be used to assess the
degree and extent of muscle damage (7, 8).

Given that serum CK is the most common marker for as-
sessing the degree of muscle damage, it is reasonable that
serum CK levels would increase after exercise according to
the intensity of the exercise (9). In a study of 15 marathon
runners who completed the official distance of 42.195 km,
the levels of serum CK increased from 161 U/L before the
race to 3,424 U/L at 24 hours after finishing the race (10).
In addition, the increased CK levels were significantly
higher in the runners who finished the race within 210 min-
utes than it was in runners who finished the race at over 210
minutes (on average, 4,433 U/L versus 1,432 U/L, respec-
tively). In an analysis of 36 runners who completed a 246-
km ultramarathon race within the 36-hour time limit (11),
the blood samples obtained within 15 minutes after the end
of the race showed a mean serum CK of 43,762 U/L; how-
ever, no significant correlation was observed between the
finishing times and the serum CK levels.

The incidence of exertional rhabdomyolysis remains un-
clear, probably because exercise varies in intensity and indi-
vidual tolerance. A study of military recruits who performed
basic training revealed that 22.2 cases of exertional rhabdo-
myolysis occurred per 100,000 individuals per year (ap-
proximately 0.022%; among 198,399 recruits) (12). It
should also be noted that the recurrence of rhabdomyolysis
in the same cohort was only observed in one case during the
mean follow-up period of 31.2 months. This may be ex-
plained by the fact that the onset of exertional rhabdomyoly-
sis is affected not only by the exercise intensity but also by
environmental conditions, including the temperature and hu-
midity during exercise (13).

Two mechanisms have been proposed to underlie the de-
velopment of exertional rhabdomyolysis: muscle membrane
injury and energy depletion (14). Given the relatively short
period of high intensity resistance exercise in our case, mus-
cle membrane injury is likely to have been the main cause
of the patient’s rhabdomyolysis. However, it remains contro-
versial whether the intensity of the exercise was consistent
with the markedly elevated levels of serum CK. It is also
noted that the patient’s serum CK levels peaked at five days
after the high intensity resistance training, despite the fact
that the half-life of serum CK is 1.5 days (1). These find-
ings might suggest the presence of other compounding fac-
tors, such as muscle ischemia due to muscle swelling, im-

mobilization due to severe muscle pain, and dehydration due
to prolonged immobilization. It has been reported that
breaching the integrity of the muscle membrane can lead to
a constellation of physiological changes: namely, an inflam-
matory, self-sustaining myolysis cascade (1, 14-17).

Among the potential complications associated with rhab-
domyolysis, acute renal failure, compartment syndrome, and
disseminated coagulation can be life-
threatening (18). Acute renal injury is estimated to occur in
approximately one third of rhabdomyolysis patients (18),
whereas the incidence of the other two complications re-
mains unknown but seems less frequent. Direct injury to the
kidneys by the accumulation of myoglobin is considered to
be the main cause of the acute renal failure associated with
rhabdomyolysis (1, 18). It is reasonable that higher serum
levels of CK, such as >5,000 U/L, would be associated with
the development of acute renal failure (1). When acute renal
failure is suspected in rhabdomyolysis patients, aggressive
fluid replacement as well as dialysis should immediately be
considered (1, 6, 19). In our case, no serious complications
occurred, however, there was a marked elevation in the pa-
tient’s serum level of CK and urine level of myoglobin. The
rate of acute renal failure among exertional rhabdomyolysis
patients has been reported to be lower than that among non-
exertional rhabdomyolysis patients (13).
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