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Carnitine palmitoyl transferase type 2 
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of the literature
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ABSTRACT - Carnitine palmitoyl transferase (CPT) defi ciency is a relatively rare disease of fatty acid oxida-
tion inherited autosomal recessively. CPT2 defi ciency presents frequently in adults with rhabdomyolysis and 
myoglobinuria triggered most oft en by prolonged exercise. Carnitine is required for the transfer of long-
chain fatty acids from the cytoplasm to the mitochondrial matrix for their oxidation. Strenuous exercise is 
known to increase serum creatine kinase (CK) in nearly all healthy people and can be elevated oft en over ten 
times the upper limit of normal. Rhabdomyolysis can be of inherited etiology (disorders of glycogenolysis, 
fatty acid oxidation, mitochondrial respiratory chain pathways) or acquired (trauma, compartment syn-
drome, drugs, caff eine, toxins, infections, infl ammatory muscle diseases, and exertion). Here we present a 
female patient with CPT2 defi ciency diagnosed aft er recurrent rhabdomyolysis upon physical exertion and 
carbohydrate-restrictive diet. With the implementation of dietary measures and lifestyle changes that in-
cluded more frequent but shorter interval exercise and avoidance of inappropriate physical exertion, the 
patient had a normal neurological status with only slightly elevated CK levels. Th is example illustrates the 
importance of careful monitoring of patients with increased levels of CK, even when there are no evident 
clinical, histopathologic or electromyoneurography (EMNG) indicators of myopathy.
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INTRODUCTION

Carnitine palmitoyl transferase (CPT) defi ciency 
is a relatively rare disease of fatty acid oxidation in-
herited autosomal recessively. CPT1 defi ciency 
presents with recurrent attacks of fasting hypoke-
totic hypoglycemia but not aff ecting the heart and 
the muscle. Th e more common of the two, CPT2, 
presents frequently in adults with rhabdomyolysis 
and myoglobinuria triggered most oft en by pro-
longed exercise. More severe forms will present 
during the neonatal period. Th is report will review 
the features of CPT2 defi ciency caused by exer-
tional rhabdomyolysis in a genotype-verifi ed adult 
patient.

Carnitine is required for the transfer of long-chain 
fatty acids from the cytoplasm to the mitochon-
drial matrix for their oxidation (1). For fatty acids 
to enter the mitochondria, they must undergo co-
njugation to carnitine, which will then accumulate 
inside the cell by the action of organic cation trans-
porter type 2 (OCTN2) carnitine transporter in 
the heart, muscle, and kidney. CPT, located in the 
inner part of the outer mitochondrial membrane, 
will induce the formation of a high-energy ester 
bond with long chain carboxylic acids. Acylcarni-
tine is translocated across the inner mitochondrial 
membrane via carnitine acylcarnitine translocase 
and cleaved by CPT2 in the inner aspect of the in-
ner mitochondrial membrane. Carnitine is then 
released to the mitochondrial matrix for the cycle 
to repeat itself. Consequently, fatty acids are conju-
gated back to coenzyme A (CoA) in order to enter 
beta-oxidation with the production of acetyl-CoA 
for oxidative phosphorylation or production of 
 ketone bodies in the liver (2). Defi ciencies can also 
arise in OCTN2 carnitine transporters and carni-
tine-acylcarnitine translocase, however, these will 
not be discussed here.

CPT 1 defi ciency

Th ree diff erent isoforms exist including the liver, 
muscle and brain, with only the liver-type showing 
defi ciency in humans. It usually presents itself in 
infancy with altered mental status, hepatomegaly, 
nonketotic hypoglycemia, elevated free fatty acids, 
elevated heart function tests, increased plasma car-
nitine levels, and mild hyperammonemia triggered 
by fasting or viral illness (2). Diagnosis is based on 
the elevation of free and short-chain acylcarnitine, 
with low levels of long-chain acylcarnitine, and 
confi rmed by the assay of CPT1 in fi broblasts 
whose activity is reduced to 5%-20% (2).

CPT2 defi ciency

CPT2 defi ciency is seen more frequently, and oft en 
presents in adolescents or young adults with evi-
dent muscle involvement. Presentation in infancy 
indicates a more severe form of the disease, usually 
with respiratory distress, seizures, altered mental 
status, hepatomegaly, cardiomegaly, arrhythmia, 
dysmorphic features, renal dysgenesis, and neuro-
nal migration defects (2). Th e myopathic form can 
present with or without myoglobinuria and elevat-
ed serum CK triggered by exertional exercise, cold, 
fever, infection, or prolonged fasting. Diagnosis is 
based on an abnormal acylcarnitine profi le ob-
tained from blood spotted on fi lter paper with in-
creased (C16 + C18:1)/C2 ratio (3). Regarding their 
genotype, most patients have at least one copy of 
S113L, P50H, or Q413fs-F448L mutation. Th is 
 creates an accumulation of fatty acids in fi broblasts 
(4). However, histologic analysis fails to show any 
myopathologic hallmarks.

Rhabdomyolysis

Strenuous exercise is known to increase serum CK 
in nearly all healthy people and can oft en be eleva-
ted oft en ten times the upper normal limit (5). 
However, there are diff erences in baseline between 
races and genders (6,7). Nevertheless, elevated 
 levels of CK indicate a breakdown of striated mus-
cle, otherwise known as rhabdomyolysis. Clini-
cally, rhabdomyolysis presents with features such 
as myalgia, tenderness, muscle weakness, swelling 
of involved muscles and myoglobinuria, manifest-
ing as dark or tea colored urine. It can be of inher-
ited etiology (disorders of glycogenolysis, fatty acid 
oxidation, mitochondrial respiratory chain path-
ways) or acquired (trauma, compartment syndro-
me, drugs, caff eine, toxins, infections, infl amma-
tory muscle diseases, and exertion) (8-10). Con-
sequently, recurrent rhabdomyolysis can lead to 
acute kidney injury, disseminated intravascular 
 coagulopathy, arrhythmias, hyperkalemia, and 
other metabolic disorders.

Elevated levels of CK aft er strenuous exercise typi-
cally occur in subjects who, besides the typical 
soreness aft er exercise, are otherwise asymptomat-
ic, although there is a wide variation between indi-
viduals engaged in the same degree of exertion. CK 
levels parallel the increase in myoglobin and are 
used clinically as a surrogate marker of muscle in-
jury to determine whether to administer treatment 
to prevent renal failure (11). Greater increases also 
occur aft er excessive muscle activity.
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CASE REPORT

Here we present a female patient with CPT2 defi -
ciency diagnosed aft er recurrent rhabdomyolysis 
upon exertion and carbohydrate-restrictive diet. 
First signs of myalgia due to physical activity oc-
curred at the age of ten and usually subsided within 
2-3 days. Upon subsequent recurrences, EMNG 
and immunologic testing were performed but pro-
duced normal results. Muscle biopsy showed in-
fl ammatory myopathy. Aft er yet another episode of 
physical exertion in 2010 (prolonged dancing), the 
patient described weakness in her legs, nausea, and 
renal insuffi  ciency was diagnosed with a CK of 
11000. Genetic analysis was performed, which 
demonstrated two gene mutations: c.338 C to C/T; 
p. S113S/L c.534-558 del 25 bp and ins T {del AA-
CCCTGCAAAAAGTGACACTATC ins T]. Both 
mutations have been previously described in the 
literature (4). Our patient is a heterozygote with 
two recessive mutations, which confi rm the diag-
nosis of muscle CPT2 defi ciency. With appropriate 
dietary measures (frequent smaller meals rich in 
carbohydrates), hydration, and antipyretics, our 
patient now shows no signs of the disease, with 
only slightly elevated CK levels.

DISCUSSION

Leg pains and exercise intolerance are common 
complaints in children and young adults. In most 
cases, the cause will be considered benign and 
 idiopathic, especially when symptoms occur at 
nighttime, aft er unaccustomed intense exercise, or 
in the course of a concurrent viral illness (12,13). 
Myopathic diseases presenting with leg pain and 
cramps carry a risk of either acute rhabdomyolysis 
or progressive muscle weakness and can be easily 
missed. Milder episodes of rhabdomyolysis pre-
senting with myoglobinuria can go unnoticed or 
be mistaken for hematuria and investigated by ne-
phrologist, leading to a delay in the correct diagno-
sis (12,13). When a history of dark urine in asso-
ciation with muscle aches is given, biochemical 
assessment of urine during an episode is essential 
to confi rm myoglobinuria. All neurologists, espe-
cially those dealing with neuromuscular diseases, 
are faced with elevated CK values in patients with 
an unknown muscle disease origin. Chronically el-
evated CK of unknown origin is otherwise known 
as benign hyper-CK-emia. In patients with muscle 
dystrophies, muscle aches usually occur aft er, but 
not during, exercise and myoglobinuria is usually 
mild with no severe rhabdomyolysis or renal fail-

ure (13). In Becker muscle dystrophy, exercise-in-
duced cramps and myoglobinuria may be the only 
symptoms before muscle weakness develops and 
the diagnosis is established (14,15). Exertional my-
algia and rhabdomyolysis may also be a presenting 
feature in female carriers of X-linked dystrophin-
opathies (16). Disorders of glycogen metabolism 
may also cause muscle pain and elevated CK values 
caused by exercise. McArdle disease is the most 
common disorder of glycogen metabolism and is 
caused by homozygous mutations in the PYGM 
gene, resulting in complete or almost complete ab-
sence of the muscle glycogen phosphorylase en-
zyme (17). Patients with this disease experience 
muscle fatigue followed by discomfort in the fi rst 
few minutes of aerobic activity and they are vul-
nerable to rhabdomyolysis following isometric 
muscle activity (weights lift ing, squatting) (18). 
Other, less frequent inherited metabolic diseases, 
including phosphorylase B kinase defi ciency, phos-
phoglycerate kinase defi ciency, phosphoglycerate 
mutase defi ciency, beta enolase defi ciency and lac-
tate dehydrogenase defi ciency, may also cause 
rhabdomyolysis aft er exercise (19). In rare cases, 
congenital myopathies such as malignant hyper-
thermia susceptibility, central core disease, centro-
nuclear myopathy or multi-minicore disease may 
cause rhabdomyolysis aft er exercise (20-25). Dis-
orders of fatty acid oxidation are rare and oft en 
present in infancy with episodes of hypoglycemia 
and liver and cardiac involvement but milder cases 
may cause fi rst symptoms (elevated CK values, 
muscle pain, exercise intolerance or rhabdomyoly-
sis) in adolescent age, usually provoked by exercise, 
prolonged fever or reduced food intake. CPT2 de-
fi ciency presenting in adolescents and young adults 
is characterized by recurrent myoglobinuria, high 
CK values, muscle aching, stiff ness induced by 
prolonged aerobic exercise, fasting, infections, 
emotional stress or cold (13). Th e condition may 
appear silent until the fi rst episode of rhabdomy-
olysis with CK value above 100000 IU/L (26). Very 
long-chain acyl-CoA defi ciency has similar pres-
entation to CPT2 defi ciency (27).

Th e value of CK, like myoglobin, may be elevated in 
various states and diseases (28) (Tables 1 and 2).

Myopathy, leg pains, exercise intolerance and ele-
vated levels of CK may also be a consequence of 
certain drug side eff ects. Statin-induced myopathy 
is a common side eff ect of these vastly prescribed 
drugs. However, it is important to mention that 
diff erent, oft en prescribed, drugs, or a combination 
of drugs (antiarrhythmics, antihypertensives, ben-
zodiazepines), which compete for the same meta-
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bolic processes, may burden or change the way of 
acquiring metabolic energy in muscle and in this 
way make the muscle more sensitive to external 
damage, like strenuous exercise.

Table 2. Diff erential diagnosis of increased CK value

Myopathies Muscle dystrophies
Congenital myopathy
Metabolic myopathy
Infl ammatory myopathy
Drug-induced myopathy
Healthy gene carriers 
for muscular dystrophy

Ion channel disorders
Motor neuron disorders 
(in case of muscle mass 
deterioration due to 
denervation)

Amyotrophic lateral 
sclerosis
Spinal muscular atrophy
Post polio syndrome

Neuropathy Guillain-Barré syndrome
Viral diseases Hepatitis C

Flu
Drugs Statins, niacin, gemfi brozil

Chloroquine
Colchicine
Cyclosporine
Zidovudine

Hypothyroidism
Hypoparathyroidism
Operative procedures
Trauma injections, 
EMNG
Increase in exercise
Increase in muscle 
mass
Racial diff erences
Gender diff erences
‘Idiopathic 
hyper-CK-emia’

Table 1. Diff erential diagnosis of myoglobinuria

Diff erential 
diagnosis 
of myoglobi-
nuria

Prolonged physical exertion
Viral and bacterial infections
Toxins (alcohol)
Neuroleptic malignant syndrome
Heat shock
Trauma
Prolonged febrile state
Infl ammatory myopathy
Limb girdle muscular dystrophy
Malignant hyperthermia
Metabolic myopathy

•
•
•
•
•
•
•
•
•
•
•

In this paper, we present a young woman with a 
long history of occasional elevations of CK with 
previously normal neurological and EMNG fi nd-
ings. Our patient suff ered a life-threatening condi-
tion consisting of renal failure and rhabdomyolysis 
provoked by exercise and minimal food intake. 
With further metabolic and molecular genetic 
analysis, the diagnosis of CPT2 defi ciency was 
made. Aft er the diagnosis, the patient was given 
 dietary recommendations that involved repeated 
intakes of small meals rich in carbohydrates, fol-
lowed by clinical recovery. Th is example illustrates 
the importance of careful monitoring a patient 
with increased levels of CK, even when there are 
no evident clinical, histopathologic or EMNG in-
dicators of myopathy. Every patient with elevated 
CK levels of unknown origin should obtain neuro-
logical monitoring and control when taking into 
account the diff erent conditions, diseases, or other 
external factors that could be causing this sign. 
Recognizing the exact causes of elevated CK may 
prevent the development of more severe forms of 
muscle disease, serious drug complications, or re-
lated diseases of other organs. Leg pain and elevat-
ed CK values are common symptoms with many 
causes; however, myalgia associated with exercise 
intolerance may be the presenting feature of un-
derlying metabolic or myopathic disease with po-
tentially serious consequences. Careful history and 
examination should point to the most appropriate 
fi rst-line investigations. Elevated CK values may 
refl ect diff erent disorders of energy metabolism in 
the demanding muscle cell and properly diagnos-
ing the muscle disease can prevent the develop-
ment of serious complications.
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Defi cit karnitin palmitoil transferaze tipa 2 
– prikaz bolesnice i pregled literature
SAŽETAK - Defi cit karnitin palmitoil transferaze (KPT) je rijetka autosomno recesivno nasljedna bolest u 
osnovi koje je poremećaj oksidacije masnih kiselina i dobivanje energije iz masti. Simptomi defi cita KPT tipa 
2 obično se javljaju u odrasloj dobi nakon redukcijske dijete, febriliteta ili značajnog fi zičkog opterećenja. 
Karnitin je neophodan za transport dugolančanih masnih kiselina iz citoplazme u mitohondrijski matriks za 
daljnju oksidaciju i proizvodnju energije. Iznimna fi zička aktivnost može dovesti do porasta serumske krea-
tin kinaze u zdravih osoba, pri čemu ta vrijednost može biti i višestruko veća od normalnih vrijednosti. 
Rabdomioliza može imati različite uzroke (toksini, lijekovi, infekcije, upalna bolest mišića), a nasljedni 
poremećaji metabolizma su važna skupina ovoga ponekad životno ugrožavajućeg stanja. U ovom radu 
prikazujemo bolesnicu u koje je tijekom života u više navrata dokumentirana visoka vrijednost kreatin kina-
ze pa je zbog tog nalaza neurološki pregledana, a učinjena je i elektromioneurografi ja koja je bila urednog 
nalaza. U naše je bolesnice došlo do naglog razvoja životno ugrožavajućeg stanja, odnosno rabdomiolize s 
akutnom bubrežnom insufi cijencijom, nakon redukcijske dijete i pojačanog fi zičkog napora. Nakon po-
stavljanja dijagnoze defi cita KPT tipa 2 i provođenja odgovarajućih dijetetskih mjera bolesnica je dobro, 
urednog neurološkog statusa s minimalno povećanom vrijednosti kreatin kinaze. Ovaj primjer ilustrira 
važnost praćenja i dijagnostičke obrade bolesnika s povišenim vrijednostima kreatin kinaze u kojih u pod-
lozi navedenog laboratorijskog nalaza mogu biti najrazličitiji uzroci pa i nasljedni poremećaj metabolizma.

Ključne riječi: palmitoil transferaza, rabdomioliza, karnitin


