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Introduction

C irculating free fatty acids are the major energy source for 
the muscle. Disorders of lipid metabolism can result in 
various metabolic myopathies and lead to muscle dysfunc-

tion. An example is lipid storage myopathy (LSM), which pres-
ents clinically as a globally progressive muscle weakness, some-
times accompanied by muscle atrophy. Pathologically, LSM is 

1 
Without typical symptoms, LSM is often misdiagnosed and mis-

-
aminations that may take much time. 

Here, we report the case of a 17-year-old woman with refrac-

and progressive muscle weakness history. The patient was empiri-
cally treated with carnitine before LSM was histologically con-

Based on our experience, we recommend early empirical treat-
ment with carnitine for patients suspected of LSM, prior to the 

respond poorly to treatment, but LSM can be effectively cured if 
diagnosed in a timely fashion. Timely treatment can effectively 
shorten the disease process, reduce complications, and decrease 
the economic burden of patients.

Case report

A 17-year-old female was admitted to our hospital after an 
8-month history of pitting edema and weakness in the lower limbs 

with muscle soreness and occasional palpitation, exacerbated 
since one week ago. During the eight months, her blood creatine 
kinase (CK) levels were consistently elevated. A myogram sug-
gested peripheral neurogenic damage, possibly resulting from 
polymyositis or Guillain-Barré syndrome. The patient was pre-

-
mide (Cytoxan) (2 months before admission to our hospital), as 
well as other supportive therapy. Her symptoms did not improve. 
She was slightly underweight, without coughing.

Physical examination revealed a heart rate of 125 beats/min, 
non-pitting edema of the lower limbs, slight edema of both hands, 
grade-4 strength in the upper limb muscles and grade 3 in the 
lower limb muscles. Lab tests showed lactic acid levels >12.0 
mmol/L (normal, 0.7–2.1 mmol/L), pH 7.235–7.405, HCO3 
8.2–14.7 mmol/L, CK 734 U/L (normal, 10–190 U/L), and lactate 
dehydrogenase 1274 U/L (normal, 109–255 U/L). The chest X-
ray was normal. The electrocardiogram showed sinus tachycardia 
and T wave changes. The ultrasonic cardiogram and cardiac func-

pulmonary arterial hypertension (48 mmHg), slight pericardial ef-
fusion, ejection fraction 60%, and normal contraction. The myo-
gram indicated neurogenic muscle damage. A diagnosis of poly-
myositis and bronchitis was made. 

Lab tests showed a NT-proBNP of 3294 pg/mL (normal, <155 
pg/mL) and refractory hyperlactatemia. Arterial blood gas anal-
ysis indicated metabolic acidosis and respiratory alkalosis with 
pH 7.32, PaCO2 18.9 mmHg, PaO2 121 mmHg, and HCO-

3 9.4 
mmol/L. Chest X-ray showed heart enlargement, pneumonia in 
double lower lobes of lung, pulmonary edema, and pericardial 
effusion. The patient was then transferred to the intensive care 
unit. Her muscle weakness, limb edema, and shortness of breath 
were aggravated. On admission to the ICU, physical examination 
revealed respiratory rate 30/min, heart rate 120–138 beats/min, 
SpO2 100% (mask oxygenation <4 L/min), moist rales in double 
lower lungs, and negative pathological signs. Neurological exam-
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ination revealed muscular atrophy of the limbs. The strength of 
the limb muscles declined to grade 2. The white blood cell count 
increased to 20 × 109/L. The patient was treated with antibiotics 
and non-invasive ventilation. The symptoms of muscle weakness 

swallowing, and lifting her head. 
The patient underwent endotracheal intubation and assisted me-

chanical ventilation after 14 days in the hospital and 9 days in the 
ICU. Her blood pressure slightly decreased during intubation, con-
comitant with oliguria. Because septic shock could not be ruled out, 

and fungal infection. One week after the start of endotracheal intu-
bation, the patient’s lung infection was shortly under control. Blood 

oxygen exchange improved after mechanical ventilation but muscle 
weakness persisted. Tracheotomy was performed because of the dif-

Considering the patient’s progressive muscle weakness, myo-
gram was performed and muscle biopsy was taken from the quad-
riceps. Histology of the biopsied muscle sections showed muscle 

well as any evidence of the connective tissue disease due to nega-
tive immunological results. Metabolic myopathy and LSM were 
suggested. The patient was then treated with L-carnitine (2 g, in-

5 consecutive days), a small amount of steroid (10mg/d of predni-
sone), and a carnitine-rich diet of meat.

Four weeks after admission to the ICU, the strength of the limb 
muscles improved to grade 4. The patient was able to lift her 

Figure 3.
mitochondria and glycogen are normal (A) B)

Figure 1. Quadriceps biopsy. A) -

B) -

Figure 2. Quadriceps biopsy. A)
B) 

Oil red O staining reveals accumulated lipid droplets, empty bubbles are 
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hands over her head and was released from the ventilator. Lab 
tests showed a blood lactic acid level of 7–8 mmol/L (normal, 
0.7–2.1 mmol/L), CK level of 277 U/L, and lactate dehydroge-
nase level of 501 U/L. 

The quadriceps biopsy indicated muscular atrophy (Figure 1A) 

Gmori trichrome staining showed white lipid-like empty bubbles 
(Figure 2A). Oil red O staining revealed increased lipid droplets 

Analysis of the ETFDH gene (electron-transferring- dehydroge-
nase) found no mutation.

The strength of the limb muscles improved to grade 5. The pa-
tient was able to move her limbs freely. The blood lactic acid level 
was maintained at 2-3 mmol/L and the patient was discharged af-
ter seven weeks of hospitalization.

Discussion

LSM is a metabolic disease characterized by abnormal lipid ac-

carnitine or related enzymes. Four types of LSM can be diagnosed 

ichthyosis, and neutral lipid storage disease with myopathy.1–4 The 
-

order resulting from mutations of SLC22A5 (solute carrier family 
22 [organic cation/carnitine transporter], member 5). SLC22A5 
encodes the carnitine/organic cation transporter OCTN2.5–7 De-
fective OCTN2 leads to accumulation of long-chain fatty acids in 
the cytoplasm of cells. Increased blood levels of hepatic enzymes 
and CK are very common. Muscle pathology reveals that both the 
number and size of lipid droplets are higher than normal in muscle 

-
opathy and damage to other organs.8,9

known as glutaric aciduria type II. It is caused by mutations in 
ETF) or ETFDH.10,11 In this 

form of LSM, the characteristics of muscle pathology are simi-

carnitine, acylcarnitines, and urinary organic acid is helpful for 

the clinical symptoms of patients. 
Neutral lipid storage disease with ichthyosis and neutral lipid 

storage disease with myopathy12–16 are very rare, and are caused by 
defects of an adipose triglyceride lipase (PNPLA2) or abhydrolase 
domain containing protein 5 (ABHD5). Systemic triglyceride de-
position in multiple tissues is a characteristic of neutral lipid stor-
age diseases with ichthyosis; tissues that include skin, muscle, liv-
er, central nervous system, and blood leukocytes. Conversely, neu-
tral lipid storage disease with myopathy is characterized by slowly 
progressive myopathy.16,17 Cardiac involvement is very common.18 
Lipid accumulation in leukocytes occurs in both of these neutral 
lipid storage diseases. There is no effective treatment.

In most cases, the diagnostic criteria for LSM consists of weak-

-
cal changes, the elimination of the possibility of all other metabol-
ic diseases, and no other organ damage.19 Differential diagnosis 
may require a process of elimination, as muscle weakness and 

elevated CK are also very common with other myopathies such as 
myasthenia gravis, progressive muscle atrophy, and polymyositis. 

-
acteristics. Myasthenia gravis requires a positive neostigmine test 
and normal blood CK levels. In progressive muscle atrophy, the 

Ruling out polymyositis are signs of neurogenic muscular damage 
that often accompany LSM, but are rarely seen in polymyositis—
because the myopathy of LSM involves both type I and II muscle 

The prognosis of patients with LSM is usually good. Most 
patients recover and resume normal daily life after timely treat-
ments. However, relapses can occur under circumstances such as 
fatigue or cold, and the patient’s condition can deteriorate rapidly 
with infection or overwork, eventually leading to multiple organ 
failure. Mechanical ventilation is required when patients have dif-

In this report, we presented a typical case of LSM. The patient 
had progressive muscle weakness and refractory hyperlactatemia. 
Thy symptoms deteriorated accompanied by middle infection. 
The function of the immune system was compromised, possibly 
associated with the previous administration of steroid and CTX in 

-
tation or aggressive treatments for septic shock. The lactate clear-
ance rate was zero. The patient suffered from shock accompanied 

-
ever, the concentration of arterial blood lactic acid in this patient 
remained high. Under these conditions, the possibility of hyper-
lactatemia should be considered. 

As we know, lactic acid is an intermediate product of glycoly-
sis. It is mainly produced in the skin, brain, skeletal muscle, red 
blood cells, and intestinal mucosa, and metabolized in the liver. 
There are many causes of hyperlactatemia, inlcuding global or lo-

-

to activation of anaerobic glycolysis and promote the production 
of lactate.20 In the present case, because the patient had normal 
liver function and the infection was rapidly controlled, a meta-
bolic disorder was considered. The patient’s condition improved 

of genetic etiology, we examined the ETFDH gene and no muta-
tion was found. For economic reasons, mutations in other genes 
were not studied.

The diagnosis of LSM depends on pathological examination of 
muscle obtained through biopsy, a process that is both long and 
complicated. Based on clinical experience, early empirical ther-
apy with carnitine is important for this type of patients, before 

myopathies, LSM usually responds well to treatment, when the 
treatment is timely.
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