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Exertional rhabdomyolysis leading to acute kidney injury: 
when genetic defects are diagnosed in adult life

David Cucchiari1  · Irene Colombo2 · Ottavia Amato1 · Manuel Alfredo Podestà1 · Francesco Reggiani1 · 
Rossella Valentino1 · Irene Faravelli2 · Silvia Testolin2 · Maurizio Moggio2 · Salvatore Badalamenti1

Received: 9 August 2017 / Accepted: 6 December 2017 / Published online: 12 December 2017 
© Japanese Society of Nephrology 2017

Abstract
Rhabdomyolysis is a common cause of acute kidney injury (AKI) that is usually triggered by trauma. However, less common 
causes of rhabdomyolysis may precipitate AKI as well, possibly representing a diagnostic challenge even for the experienced 
nephrologist. Genetic defects of muscle metabolism represent one of these causes and can be overlooked in adults, since 
these diseases usually become apparent in childhood. We present here a case in which an adult patient with severe exertional 
rhabdomyolysis leading to AKI was finally diagnosed with a genetic defect of lipid metabolism. A 41-year-old patient was 
brought to our attention because of AKI and pigmenturia after strenuous physical effort. At admission, the patient was over-
hydrated with a weight increase of 3 kg in few days. Laboratory examination showed creatinine of 8.7 mg/dl, along with 
increased myoglobin and CPK. Urinalysis was positive for haemoglobin and proteins, while urinary sediment analysis did 
not demonstrate any red blood cell but rather “muddy-brown” casts and tubular cells. Urine output was forced and the patient 
completely recovered renal function. Genetic analysis later demonstrated the presence of a common mutation of Carnitine 
Palmitoyl-Transferase II (CPTII). When facing rhabdomyolysis of obscure origin, nephrologists must keep in mind the 
possibility that even adult patients may have a genetic defect of energy metabolism. In these cases, patients usually experi-
ence rhabdomyolysis during exertion, fasting, or infection. CPTII deficiency often has a subtle presentation and might be 
unrecognized until AKI develops. Therefore, it is important to consider a genetic defect of muscle metabolism even in adult 
patients when a history of rhabdomyolysis of unclear origin is present.
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Background

Nephrologists usually face rhabdomyolysis in the setting 
of the so-called crush syndrome, in which trauma and/or 
limb compressions lead to the release of a massive amount 
of myoglobin, potassium, and intracellular organic acids. 
This may precipitate acute kidney injury (AKI), hyper-
kalemia, and metabolic acidosis that can be life-threatening 

and often require urgent hemodialysis [1, 2]. Other causes 
of rhabdomyolysis include seizures, delirium tremens, idi-
opathic inflammatory myopathies, compartment syndromes, 
and some drugs, such as statins [1]. Anyway, less common 
causes of rhabdomyolysis may lead to AKI as well, possi-
bly representing a diagnostic challenge even for the expert 
nephrologist. Among these, inherited metabolic myopathies 
represent a diagnosis that should be considered also in adult 
patients with rhabdomyolysis-induced AKI. Oliguria may be 
the presenting complaint of them and the eventual develop-
ment of renal impairment poses a threat to their lives, so 
they should be educated to recognize symptoms and signs 
of ongoing AKI. We present here such a case, in which a 
man brought to our attention for oliguric AKI was finally 
diagnosed with a carnitine palmitoyl-transferase II defi-
ciency, which caused massive rhabdomyolysis upon strenu-
ous physical exertion.
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Case presentation

A 41-year-old Caucasian man was admitted to our Emer-
gency Department (ED) following the finding of serum 
creatinine 8 mg/dl at laboratory tests performed for marked 
asthenia, nausea, and low urinary output with the appear-
ance of “dark urine”. Eight days before the access to our 
ED, the patient had taken part to a bicycle race, cycling 
over 100 Km. He was used to such physical efforts, even 
though since childhood, he needed to ingest huge amounts 
of carbohydrates and fluids on the day before and during 
the effort, to avoid the development of myalgias and mus-
cle stiffness following physical exercise. However, in this 
last occasion, he had not followed such precautions. On his 
access to our ED, his vital parameters were normal. Upon 
catheterization, the patient was oliguric. He reported a 
weight increase of 3 kg in the last days. Physical examina-
tion was remarkable for dependent edema. His blood tests 
showed serum creatinine levels of 8.7 mg/dl, BUN 107 mg/
dl, creatine phosphokinase 1737 IU/l, and myoglobin lev-
els of 2832 ng/ml. Blood pH at arterial blood gas analysis 
was normal as well as serum electrolytes. Additional blood 
analyses revealed: Hb 12.7 g/dl, leukocytes 10.200/mm3 
with a slight left shift, aspartate aminotransferase 30 IU/l, 
alanine aminotransferase 201 IU/l, lactate dehydrogenase 
349 IU/l, normal bilirubin values, creatine kinase MB iso-
enzyme 15.1 ng/ml, and CRP 2.29 mg/dl. Troponin I levels 
were not raised. He underwent an abdominal ultrasound, 
showing kidneys of normal size, with bilaterally slightly 
increased cortex width and hypoechoic pyramids. No evi-
dence of calyces dilation nor nephrolithiasis was found. He 
was given intravenous saline and furosemide and admitted 
to the nephrology Unit to undergo further investigations. 
On urinalysis, we found a pH of 5.0, albumin 30 mg/dl, 
haemoglobin 0.2 mg/dl, and 75 WBCs/μl. Specific gravity 
of patient’s urine was 1.010. We performed microscopic 
urinary sediment analysis, showing pigmented granular 
“muddy-brown” casts and the presence of several tubu-
lar cells (3–5/high power field), a finding consistent with 
ongoing acute tubular necrosis (ATN) secondary to rhab-
domyolysis, as suggested by elevated myoglobin and CPK 
levels (Fig. 1).

On thorough history taking our patient referred a child-
hood history of diffuse muscle pain following prolonged 
or intense physical exercise. In 1995, while he was serv-
ing in the army, he experienced a similar episode of sick-
ness after prolonged marching, for which he had to rest 
in bed for 2 days to recover. He reported that, after this 
episode, he was diagnosed as an unspecified myopathy 
after EMG exam and neurologic evaluation. After this 

episode, the patient learned how to mitigate these symp-
toms, by the assumption of a high-carbohydrate diet and 
an increased water intake on the day before and during 
physical efforts. He reported also that during his bicy-
cle competitions, he was the only member of the team 
that had not to urinate during the race, and when finally 
had to urinate at home, urine output was poor with the 
appearance of “black” urine. The patient was then treated 
with intravenous hydration, alkalizing therapy, and diu-
retics, which yielded a progressive recovery of oliguria 
and renal function in approximately 1 week. On discharge, 
blood tests of the patient were almost completely normal-
ized. His BUN was 25.2 mg/dl and creatinine 1.35 mg/dl. 
Myoglobin and creatine kinase levels had come back to 
the normal, 43.3 ng/ml and 92 IU/l, respectively. He was 
discharged with the recommendation of drinking at least 
2 L of water per day, avoiding any kind of physical exer-
cise in the following month and avoiding strenuous physi-
cal exercise thereafter. After discharge, the patient was 
referred to the local highly-specialized unit of neuromus-
cular diseases for further evaluation. A muscular biopsy 
was performed: histologic examination was unrevealing, 
but on further enzyme analysis, a Carnitine Palmitoyl-
Transferase 2 (CPT2) deficiency [isotype 54.3 pmol/min/
mg (normal values 452 ± 160); forward 136 (normal values 
367 ± 110)] was found. In addition, the patient underwent 
genetic analysis and tested homozygous for a common 
mutation (p.S113L9) in the CPT2 gene, providing us the 
final diagnosis.

Fig. 1  Urinary sediment analysis with light microscopy shows the so-
called “muddy-brown” cast (×200). Top right: higher magnification 
(×400)
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Discussion

Carnitine Palmitoyl-Transferase (CPT) II deficiency 
is an autosomal recessive inherited disorder, of which 
some hundreds cases have been reported at present [3, 
4]. Long-chain fatty acids (LFAs) represent the most 
important form of energy storage in muscle cells in the 
setting of prolonged exercise and different stress condi-
tions. However, to undergo beta-oxidation, the process 
in which energy is produced from them, LFAs need to 
pass from the cytoplasm, in which they are stored, to the 
inner side of the mitochondrial inner membrane, where 
the beta-oxidation enzymes are present. Crossing of the 
mitochondrial membrane is possible only when long-chain 
fatty acids are trans-esterificated to acylcarnitine, a pro-
cess enabled by CPT I in the cytoplasm. This acylation 
allows long-chain fatty acids to cross the mitochondrial 
membrane, where, on the inner side, are converted back 
to acyl-CoA by CPT II to start beta-oxidation. Such a pro-
cess of transport becomes crucial in those conditions in 
which β-oxidation of long-chain fatty acids is required to 
meet energy demands in muscles, i.e., during prolonged 
exercise, fasting, fever, exposure to cold, drugs, and emo-
tional stress [5]. CPT II deficiency is characterized by an 

abnormal regulation of the CPT II enzyme, whose activity 
has been shown to be abnormally inhibited when fatty acid 
metabolism is stressed [6]. Three different phenotypes of 
the disease have been reported: a lethal neonatal form, 
a severe infantile hepato-cardio-muscular form, and the 
most prevalent mild myopathic (“adult”) form [5]. The first 
signs and symptoms of mild myopathic CPT II deficiency 
become evident between a mean of 6 and 20 years of age 
(range 8 months to 50 years) [4]. The clinical picture con-
sists of recurrent attacks of rhabdomyolysis with myalgia, 
muscle weakness, or stiffness and myoglobinuria, most 
commonly triggered by exercise or infection; in interven-
ing periods, patients are asymptomatic [7]. Rare but alarm-
ing complications may result from rhabdomyolysis, such 
as respiratory insufficiency, paroxysmal heart arrhyth-
mias, or AKI [8]. However, only few cases of CPT II defi-
ciency leading to AKI have been reported so far [9–12]. In 
our case, the patient presumptively had different episodes 
of AKI before presentation: upon asking, he reported the 
usual appearance of “black urine” after strenuous physical 
efforts. Usually, patients learn to manage their symptoms 
by changing their diet before and during exercise, as our 
patient did. This has a biochemical rationale: muscles that 
cannot account on lipid oxidation to produce energy can 

Table 1  Main causes of rhabdomyolysis

Muscle injury or extreme exertion Trauma, crush syndrome, prolonged hours without changing position, physical torture, hypothermia, 
hyperthermia, seizures, delirium tremens, overexertion, compromise of major vessels leading to 
muscle ischemia (surgery, compartment syndrome), electric shock (e.g. from cardioversion, light-
ning, high-voltage electrical injury)

Toxic exposures and substances of abuse Alcohol, cocaine, amphetamines, lysergic acid diethylamide, heroin, methadone, phencyclidine, 
isopropyl alcohol, ethylene glycol, toluene, quail that feed on hemlock, buffalo fish, mushrooms, 
pesticides, heavy metals, snake or insect bites, wasp stings

Medications Antipsychotic medications that may trigger the neuroleptic malignant syndrome: (e.g. clozapine), 
tricyclic antidepressants, benzodiazepines, barbiturates, antihistamines (e.g. diphenhydramine), 
anti-retrovirals (tenofovir, raltegravir), interferon alpha, pentamidine, amphotericin B, azathioprine, 
penicillamine, colchicine, quinidine, terbutaline, theophylline, daptomycin, levofloxacin, ofloxacin, 
succinylcholine, strychnine, vasopressin, abuse of laxatives or diuretics (e.g. thiazides), paraceta-
mol or salicylate overdose, HMG-CoA reductase inhibitors in individuals with important risk 
factors or in association to other medications

Metabolic and electrolyte disturbances Hypokalemia, hypophosphatemia, hypo-/hypernatremia, hypocalcemia, diabetic ketoacidosis, hyper-
osmolar states, infection (e.g. infectious mononucleosis, tetanus, legionnaire’s disease, coxsackievi-
rus, malaria, HIV), inherited or acquired renal tubular dysfunction

Endocrine disease Diabetes, thyroid dysfunction, primary hyperaldosteronism, primary adrenal insufficiency, central 
diabetes insipidus, postpartum hypernatremia, pituitary dysfunction

Autoimmune disease Polymyositis, dermatomyositis
Inherited metabolic myopathy Disorders of glycogen metabolism e.g. phosphorylase deficiency, McArdle disease

Disorders of fatty acid oxidation: e.g. carnitine palmitoyl-transferase II deficiency
Mitochondrial disorders: e.g. coenzyme Q10 deficiency
Structural myopathies: dystrophinopathy, limb-girdle muscular dystrophy 2I, dysferlinopathy, anoc-

tamin-5 myopathy, sarcoglycanopathy, fascioscapulohumeral muscular dystrophy
Channelopathies: RYR1 gene mutations, SCN4A gene mutation
Lipin-1 gene mutations
Adenosine monophosphate deaminase deficiency

Other conditions Sickle-cell disease, benign exertional rhabdomyolysis
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rely on calories given by carbohydrate consumption to sus-
tain the effort. Our patient decided to seek medical advice 
this time, because he developed oliguria. Probably, the fact 
that on the day before the bicycle race, he did not follow 
the high-carbohydrate diet and he was used to may have 
precipitated this oliguric episode of AKI. Rhabdomyoly-
sis is not an uncommon cause of AKI [9] and commonly 
complicates the victims of earthquakes, building collapses 
and trauma in general. Muscle cell necrosis releases a huge 
amount of myoglobin into circulation, which is the culprit 
of rhabdomyolysis-induced AKI [1]. Myoglobin precipi-
tates in combination with Tamm–Horsfall protein in renal 
tubules, producing the characteristic “muddy-brown” casts 
that obstruct urine outflow in tubules (Fig. 1). Cast produc-
tion is also favored by low urinary pH and slow urinary 
flow: this provides the rationale to aggressively hydrate 
and alkalinize these patients [2, 8]. AKI is also favored by 
the toxic effects of iron-induced production of free radicals 
by the heme moieties of myoglobin that damage epithelial 
tubular cells [1]. Moreover, the development of a third 
space in the injured muscles activates the renin–angioten-
sin–aldosterone and antidiuretic hormone systems which 
favor oliguria [1, 2]. Apart from the development of AKI, 
muscle cell necrosis triggers hyperkalemia, hyperphos-
phatemia, and metabolic acidosis through the release of 
intracellular electrolytes and organic acids [2]. In the care 
of these patients, nephrologists have to understand what 
triggers rhabdomyolysis in the absence of trauma. Most 
common causes include drugs, muscle hypoxia, limb com-
pression, compartment syndrome, seizures, alcohol, and 
drug abuse [13] and can be easily identified by careful 
history taking and physical examination (Table 1). Genetic 
defects are usually evident as well but when they have 
milder phenotypes, such as in this case, they may repre-
sent a challenge even for the experienced physician. In 
conclusion, rhabdomyolysis-induced AKI complicates 
the course of patients with CPT II deficiency [7]. Some 
of these patients have a mild phenotype and may have a 
late referral and diagnosis of their condition, so nephrolo-
gists must consider this eventuality when treating adult 
patients with unexplained effort-related rhabdomyolysis 
with a really suggestive past medical history.
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