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Abstract. Primary carnitine deficiency (PCD) is a disorder of 
the carnitine cycle that results in defective fatty acid oxidation. 
When carnitine cannot be transported into the cells, fatty acid 
oxidation is impaired, resulting a variety of symptoms, such as 
chronic muscle weakness, cardiomyopathy, hypoglycemia and 
liver dysfunction. The clinical manifestations and outcomes 
of different cases with PCD vary among patients. The present 
case report focused on two sisters with PCD. The younger 
sister presented with intractable epilepsy, and the older sister 
presented with reversible metabolic cardiomyopathy. Potential 
mutations in the SLC22A5 gene were investigated within the 
family, and a nonsense mutation [c.760C>T (p.R254X)] was 
identified in four family members. The two sisters harbored 
homozygous mutations, whereas their parents presented 
heterozygous mutations. Metabolic disease screening revealed 
low plasma free carnitine levels (<5 µmol/l) in the two sisters. 
The plasma free carnitine levels of their parents were normal, 
and they were asymptomatic. PCD in the two patients was 
managed using oral levocarnitine. The metabolic cardiomy-
opathy of the older sister improved following 3 months of 
treatment. However, the epilepsy of the younger sister was 

recurrent with oral antiepileptic therapy lasting one year and 
eight months, and epilepsy was finally controlled following 
right cerebral resection. The present case report demonstrated 
that the clinical manifestations presented by patients with 
PCD within the same family were different. The results 
indicated that treatment with levocarnitine supplementation 
should be initiated as soon as possible before irreversible 
organ damage occurs. In addition, metabolic decompensation 
and cardiac muscle functions were improved following carni-
tine supplementation. The resection of the severely diseased 
unilateral brain combined with carnitine supplementation and 
antiepileptic therapy may be an effective treatment for PCD 
with intractable epilepsy complications.

Introduction

Primary carnitine deficiency (PCD) is a fatal autosomal 
recessive disorder of fatty acid oxidation resulting from the 
defective transportation of carnitine into the kidney, heart and 
muscles (1). The SLC22A5 gene was originally identified in 
these tissues (1). PCD is typically characterized by episodes 
of hypoketotic hypoglycemia, hepatomegaly, elevated trans-
aminases and hyperammonemia in infants; skeletal myopathy, 
high levels of creatine kinase and cardiomyopathy in child-
hood; or fatigability in adulthood (2‑4).

Case report

A 15‑month‑old girl was admitted to Zhongshan Hospital 
Affiliated to Sun Yat‑Sen University (Zhongshan, China) in 
November 2015 due to cough that had lasted for 3 days and 
a seizure, which lasted for 5 h. She did not present wheezing, 
cyanosis, fever or vomiting and exhibited no notable symp-
toms. No abnormalities were noted at birth, with a birth 
weight of 3.1 kg and a body length of 50 cm. The physical 
and motor development was normal. The patient exhibited 
recurrent forced clonic convulsions 4‑5 times/day following 
admission and suffered from a coma with convulsions. No 
abnormalities were observed in the cardiopulmonary and 
abdominal physical examination, and physiological reflexes 

Primary carnitine deficiency in two sisters with 
intractable epilepsy and reversible metabolic 

cardiomyopathy: Two case reports
XIU‑FANG YANG1,  GUO‑SHENG LIU2  and  BING YI3

1Department of Pediatrics and Neonatology, Zhongshan Hospital Affiliated to Sun Yat‑Sen University, 
Zhongshan, Guangdong 528400; 2Department of Neonatology, The First Affiliated Hospital of Jinan University, 

Guangzhou, Guangdong 510630; 3Molecular Inspection Center of Clinical Laboratory, Zhongshan Hospital 
Affiliated to Sun Yat‑Sen University, Zhongshan, Guangdong 528400, P.R. China

Received September 8, 2019;  Accepted July 29, 2020

DOI: 10.3892/etm.2020.9246

Correspondence to: Dr Xiu‑Fang Yang, Department of Pediatrics 
and Neonatology, Zhongshan Hospital Affiliated to Sun Yat‑Sen 
University, 2 Sunwen Road, Zhongshan, Guangdong 528400, 
P.R. China
E‑mail: 1104539484@qq.com

Dr Guo‑Sheng Liu, Department of Neonatology, The First Affiliated 
Hospital of Jinan University, 613 Huangpu West Road, Guangzhou, 
Guangdong 510630, P.R. China
E‑mail: tlgs@jnu.edu.cn

Abbreviations: PCD, primary carnitine deficiency; HPLC/MS/MS, 
high‑performance liquid chromatography tandem mass spectrometry

Key words: PCD, encephalopathy, cardiomyopathy, gene mutation



YANG et al:  PCD: TWO SISTERS WITH INTRACTABLE EPILEPSY AND REVERSIBLE METABOLIC CARDIOMYOPATHY2

were present with Babinski sign. The white blood cell count 
in the peripheral blood was 16,160 cells/mm3. The results of 
serum c‑reactive protein, lactic acid, blood ammonia biochem-
istry and cerebrospinal fluid analyses were normal. The results 
of an electroencephalogram indicated large and slow waves 
originating from multiple right occipital areas and large parox-
ysmal wave rhythms in the left occipital area (Fig. 1; arrows). 
Echocardiography revealed a normal internal structure and 
heart functions. Brain MRI (November 2015) indicated a low 
signal in the right cerebral hemisphere on the T1‑weighted 
image and a high signal on the T2‑weighted image, which were 
primarily localized in the parietal occipital temporal lobe. 
The ventricular system was symmetrical with no enlargement, 
and the midline did not shift (Fig. 2). The disease manage-
ment included treatment with ceftriaxone (100 mg/kg/day), 
immunoglobulin (1 g/kg/day for 2 days), methylprednisolone 
(2 mg/kg/day), mannitol (1 g/kg/day) and airway nursing, 
as well as a symptomatic treatment with oxcarbazepine 
(15 mg/kg; twice/day) as an antiepileptic drug. The screening 
for metabolic diseases revealed that plasma free carnitine level 
was low (1.3 µmol/l; normal range, 25‑50 µmol/l), indicating 
that the patient suffered from PCD. The patient was treated 
with levocarnitine at a dose of 50‑400 mg/kg/day divided into 
three doses and a low‑fat and medium‑chain triglyceride‑rich 
diet. The plasma free carnitine levels of the patient returned to 
normal levels after 1 month. Brain MRI (February 2016) indi-
cated atrophy in the right cerebral hemisphere and an enlarged 
cortical lamellar necrosis (Fig. 3). The patient suffered from 
intractable epilepsy despite oral oxcarbazepine administra-
tion for 8 months. Subsequently, the antiepileptic therapy was 
altered to oral sodium valproate (5 ml; twice/day) and oral 
levetiracetam (0.375 g; twice/day). Despite these treatments, 
the epileptic symptoms remained recurrent. In order to control 
the epilepsy, the patient was subjected to a right cerebral 
resection to excise the severely diseased lateral brain area in 
June 2017, following which the epilepsy was controlled. Brain 
MRI scans (August 2017) demonstrated alterations following 
right cerebral hemisphere resection and right cerebral basal 
ganglia resection, with compensatory hydrocephalus in the 
right frontotemporal occipital lobe and chronic hematoma and 
local crescent subdural effusion in the left frontal lobe (Fig. 4). 
The muscle strength and tension of the right limbs and the left 
upper limb of the patient were normal, but the muscle power 
of the left lower limb was grade 4 according to the grading 
system of muscle power (5), and the muscle tone was deter-
mined as paratonia of hypertonia (5). In addition, the language 
ability of the patient was normal.

The older sister of the proband, aged 3 years and 10 months, 
complained of malaise and fatigue that lasted for 1 week, and 
was admitted to Zhongshan Hospital Affiliated to Sun Yat‑Sen 
University in February 2016. She did not present with cough, 
chest tightness, shortness of breath, cyanosis, vomiting, fever, 
diarrhea or convulsions. Her appetite and urine were normal. 
The physical and auxiliary examinations indicated that she 
exhibited PCD with cardiomyopathy complications, but 
without damage to the other organs. Echocardiography indi-
cated a left atrial and left ventricular enlargement, as well as 
cardiac insufficiency. The left atrial diameter was 24 mm, and 
the left ventricular diameter was 40 mm. In addition, the left 
ventricular ejection fraction was 48%. Brain MRI presented 

no abnormalities. The blood amino acid and acylcarnitine 
spectrum analysis of inherited metabolic diseases indicated that 
free carnitine (0.66 µmol/l; normal range, 25‑50 µmol/l) and 
a variety of acylcarnitine compounds (e.g. succinylcarnitine, 
butyrylcarnitine and propionylcarnitine, among others) were 
low, suggesting PCD. She was immediately treated with levocar-
nitine (100 mg/kg daily) and a low‑fat and rich‑medium‑chain 
triglyceride diet, and the symptoms improved after 3 months. 
The size and function of her heart were restored to normal with 
the left atrial diameter of 21 mm, the left ventricular diameter of 
35 mm, the left ventricular ejection fraction of 75% and normal 
physical development following 3 months of therapy.

Four members of the family were screened for congenital 
genetic metabolic diseases and SLC22A5 gene mutations using 
high‑performance (HP) liquid chromatography (LC) tandem 
mass spectrometry (HPLC/MS/MS) and Sanger sequencing. 
For the HPLC, the following systems and conditions were 
used: HPLC system (LC20ADXR; Shimadzu Corporation); 
column, Agilent Zorbax SB‑C18 3.5 µm, 2.1ⅹ100 mm (Agilent 
Technologies, Inc.); environment temperature, 25±2˚C; environ-
ment humidity, 35‑80%; sample quantity (15 µl); composition 
of mobile phase, one solvent of formic‑and‑methanol solution 
from NeoBase Non‑derivatized MSMS kit (PerkinElmer, 
Inc.); and flow rate, 0.235 ml/min for sample injection before 
0.20 min; 0.017 ml/min for ionization from 0.21 to 1.10 min; 
0.7 ml/min for flushing the pipe from 1.15 to 1.45 min; and 
0.235 ml/min for equilibrium to the end. For the LC/MS/MS, 
in order to improve the sensitivity, the analytical measurements 
were performed in the multiple reaction monitoring mode 
(MRM). The MRM parameters were set according to the oper-
ating manual provided by Neobase Non‑derivatized MSMS 
kit (MRM transition masses, CO 162.20 m/z >103.10 m/z, 
CO IS 171.20 m/z >103.10 m/z, C2 241.10 m/z >85.10 m/z, 
C2 IS 207.10 m/z >85.10 m/z, C3 218.10 m/z >85.10 m/z, C3 IS 
221.10 m/z >85.10 m/z; Dwell time, 0.025 sec; collision energy, 
14‑18 V). The following systems and conditions were used: 
LC/MS/MS system (AB SCIEX API 3200 MD; AB Sciex 
LLC); ionization mode, positive; nitrogen gas temperature, 
400˚C, nebuliser pressure, 30 psi; and flow rate, 0.235 ml/min. 
For Sanger sequencing, after informed consent of the subjects' 
guardians, 2 ml venous blood (with EDTA anticoagulation) 
were collected from the four members of the family. Genomic 
DNA was extracted via routine phenol chlorine method. The 
primers were designed with Primer Premier version  5.0 
software (Premier Biosoft International) to amplify all exons 
and introns of the SLC22A5 gene. A PCR machine (C1000; 
Bio‑Rad Laboratories, Inc.) was used to amplify the extracted 
DNA. The PCR reaction volume was 25 µl, including Takara La 
Taq premix (Takara Biotechnology Co., Ltd.) 12.5 µl, upstream 
and downstream primer mixture 0.75 µl (10 pmol/µl), genomic 
DNA 100 ng and deionized water to 25 µl. The PCR reaction 
conditions were as follows: Pre‑denaturation at 95˚C for 3 min; 
denaturation at 94˚C for 30 sec, annealing at 60˚C for 30 sec, 
extension for 40 sec at 72˚C for 38 cycles; and final extension for 
8 min at 72˚C. The amplified PCR products were identified by 
1.5% agarose gel electrophoresis (Bio‑Rad Laboratories, Inc.), 
and the sequencing results were compared with the SLC22A5 
gene sequences of the human genome in GenBank (http://www.
ncbi.nlm.nih.gov/Genbank). One nonsense mutation [c.760C>T 
(p.R254X)] was identified. The two sisters exhibited homozygous 
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mutations, whereas their parents exhibited heterozygous muta-
tions (Fig. 5). The plasma free carnitine levels of the parents were 

normal. Electrocardiogram, ultrasound, biochemical and brain 
MRI examinations of the family members were performed; the 
results demonstrated that all family members had not developed 
episodes of hypoketotic hypoglycemia, hepatomegaly, elevated 
transaminases or hyperammonemia. The parents were asymp-
tomatic.

Discussion

PCD is an autosomal recessive disease caused by a functional 
defect in the carnitine transporter, which is encoded by the 
SLC22A5 gene (6). The incidence rate of PCD in Japan and 
Europe is 1:40,000‑1:120,000  (7,8). The principal function 
of levocarnitine is to assist in the transport of long chain 
fatty acids into the mitochondria to undergo β‑oxidation (9). 
High‑performance liquid chromatography tandem mass spec-
trometry (HPLC/MS/MS) is one of the methods that are used 
to test for metabolic disorders (10,11); therefore, HPLC/MS/MS 

Figure 1. Electroencephalogram of the patient with primary carnitine deficiency and intractable epilepsy recorded in November 2015. The electroencephalogram 
indicated large and slow waves originating from multiple right occipital areas and large paroxysmal wave rhythms in the left occipital area, indicated by arrows.

Figure 2. Brain MRI scans of the patient with primary carnitine deficiency 
and intractable epilepsy in November 2015. The brain MRI indicated a low 
signal in the right cerebral hemisphere on the T1‑weighted image (right) and 
a high signal on the T2‑weighted image (left), indicated by arrows.

Figure 3. Brain MRI scans of the patient with primary carnitine deficiency 
and intractable epilepsy in February 2016. The brain MRI indicated atrophy 
in the right cerebral hemisphere and an enlarged cortical lamellar necrosis, 
low signal in the right cerebral hemisphere on the T1‑weighted image (right) 
and high signal on the T2‑weighted image (left), indicated by arrows.

Figure 4. Brain MRI scans of the patient with primary carnitine deficiency and 
intractable epilepsy in August 2017. The brain MRI indicated a compensatory 
hydrocephalus in the right frontotemporal occipital lobe on the two different 
levels on the T2‑weighted image (left and right image), indicated by arrows.
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screening was applied in the present case report. Carnitine 
deficiency has been indicated to result in a reduction of energy 
generation and the accumulation of long chain fatty acids in 
the cytoplasm, as well as a number of biochemical abnor-
malities (hypoglycemia, liver dysfunction, etc.) and organ 
damage (12,13). The principal clinical manifestations include 
hypoketotic hypoglycemia, encephalopathy, cardiomyopathy 
and skeletal muscle weakness. The diagnoses of PCD in the 
present case report were based on the low levels of plasma free 
carnitine (<5 µmol/l). Lin et al (14) investigated the potential 
mutations in the SLC22A5 gene in patients with PCD, and 
the diagnosis of eight patients with PCD was confirmed at 
the gene level. A total of six mutations were identified in the 
SLC22A5 gene, including one novel mutation, which expanded 
the existing mutation spectrum of the SLC22A5 gene (14). In 
the general population, the incidence of heterozygous muta-
tions ranges between 0.5 and 1%, and most frequently occurs 
between 1 month and 7 years of age (7). The SLC22A5 gene is 
localized in chromosome 5q31 and contains 10 exons (15). The 
reported mutations are localized in exons 1‑9 and introns 3, 
7 and 8, and exonal mutations have been indicated to be the 
most frequent (16). The low levels of plasma free carnitine 
are an indirect effect of the dysregulation in glucose aerobic 
oxidation, gluconeogenesis and ketogenesis, as well as other 
metabolic pathways, which has been reported to result in 
metabolic disorders and organ damage (15). When carnitine 
concentrations in the plasma are 10‑20% lower than normal 
levels, carnitine deficiencies may induce a number of clinical 

symptoms in the liver, heart, muscles and brain (15). In 1975, 
the first case if PCD was reported, since which the disease has 
received increasing clinical attention (17). Over the last decade, 
owing to the use of MS/MS analysis of dried blood spots, the 
acylcarnitine spectrum and improvements in the determination 
of amino acid chromatography and urine organic acid gas mass 
spectrometry for genetic metabolic disease detection, a greater 
number of children have received timely diagnosis (18,19).

The therapeutic dose of levocarnitine should be adjusted 
according to alterations in its concentration in the blood of indi-
vidual patients, as well as the blood alkalinity and the degree of 
the disease in order to maintain the stability of the tissues and 
blood. A high dose levocarnitine treatment may cause diar-
rhea, nausea and other gastrointestinal discomforts; however, 
the dose can be reduced and once the adverse reactions have 
improved, it can be gradually increased to the initial treatment 
dose (20). Patients with PCD require a lifelong treatment with 
levocarnitine, and a sudden withdrawal may result in a rapid 
drop in the plasma carnitine concentration, causing recurrent 
Reye syndrome and even sudden death (21). For asymptomatic 
patients with PCD, treatment with levocarnitine has been 
indicated to be effective in preventing morbidity and sudden 
death (22). In the present case report, although the two sisters 
with PCD exhibited a homozygous mutation in SLC22A5 
[c.760 C>T (p.R254X)], their clinical manifestations varied. 
Following treatment of the proband with levocarnitine and 
internal medical therapies (including antiepileptic therapy and 
rehabilitation), the serum free carnitine levels were restored to 
normal levels, but the clinical symptoms recovered slowly, and 
sequelae in the nervous system remained. A 3‑year pilot study 
in the Zhejiang province in China has suggested that mental 
retardation and motor delay were difficult to reverse in the 
majority of symptomatic patients with PCD following a late 
diagnosis (23). In the present study, although the older sister 
of the proband exhibited cardiac complications, following 
oral administration of levocarnitine, the clinical symptoms 
improved rapidly. It has been reported that oral carnitine 
supplementation in infants with PCD‑related cardiomyopathy 
result in improved clinical outcomes with the ejection fraction 
reaching 75% following 3‑month treatment (24,25). Previous 
reports have also suggested that excising the severely diseased 
lateral brain may be used to treat refractory epilepsy, with 
epilepsy and functional outcomes being improved following 
surgery (26‑28), which was in agreement with the treatment 
results observed in the proband in the present case report.

In conclusion, the two cases and the pedigree analysis 
revealed that clinical manifestations of PCD within the same 
family were specific to each individual. The results also 
demonstrated that treatment with levocarnitine supplementa-
tion should be initiated as early as possible before irreversible 
organ damage occurs. In addition, metabolic decompensation 
and cardiac muscle functions were demonstrated to improve 
after carnitine supplementation. The resection of the severely 
diseased unilateral brain combined with carnitine supplemen-
tation and antiepileptic therapy may be an effective treatment 
strategy for PCD with intractable epilepsy.
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