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Introduction
Carnitine membrane transporter deficiency 
or primary carnitine deficiency (PCD) is an 
autosomal recessive metabolic disorder of 
fatty acid oxidation, in which the transport 
of carnitine into cells is impaired. The 
incidence of PCD has reported to be 1 in 
100,000 live births.[1,2]

The disease is created by mutation 
hemozygot or compound heterozygot in 
SCL22A5 gene (on chromosome 5). This 
mutation leads to a dysfunction of OCTN2 
protein. This mutation causes reduction 
in serum carnitine level and increase in 
intracellular creatinine and and its urinary 
excretion.[3]

Carnitine is an essential cofactor for fatty 
acid metabolism and has an important 
role in transporting fatty acids into the 
mitochondria. Long‑chain fatty acids 
are important energy substrates for the 
myocardium and other muscles. Deficiency 
of carnitine blocks the mitochondrial 
oxidation of fatty acids. Since skeletal 
and particularly cardiac muscle depend 
on fatty acid oxidation for most of their 
energy, these tissues are severely affected 
by carnitine deficiency.[3] Thus, carnitine 
deficiency leads to heart and hepatic disease, 
myopathy, nonketotic hypoglycemia, and 
neurological complications.[1]
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Abstract
Carnitine membrane transporter deficiency or primary carnitine deficiency (PCD) is an autosomal 
recessive disorder of fatty acid oxidation, in which the transport of carnitine into cells is 
impaired. Carnitine plays an important role in transporting fatty acids into the mitochondria and 
carnitine deficiency block oxidation of long‑chain fatty acids in the mitochondria that leads to 
heart and hepatic disease, myopathy, nonketotic hypoglycemia, and neurological complications. 
PCD has a wide range of symptoms and can reveal itself as symptomatic cardiomyopathy or even 
asymptomatic. In this study, we reported twin brothers with PCD. One of them had symptoms 
of disease and cardiomyopathy and was under treatment with carnitine. Another twin was 
asymptomatic and was diagnosed during follow‑up period of his brother.
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The most common presentation of the 
disease is cardiac involvement with or 
without myopathy beginning at 1–4  year 
of age. The manifestation of PCD is 
varied from asymptomatic to lethal 
cardiomyopathy. Cardiomyopathy in PCD 
considered as the only preventable cause of 
cardiomyopathy. Cardiomyopathy includes 
dilated and hypertrophic types. Affected 
patients are often normal at birth and 
may be asymptomatic for several years. 
Their cardiac function does not respond 
to inotropes or diuretics. If the disease is 
not correctly diagnosed and no carnitine 
is supplemented, progressive heart failure 
and death will occur.[4] Another common 
presentation of PCD is cardiac arrhythmia 
which is reported in 12% of the PCD 
cases. It includes prolonged QT interval, 
short QT intervals, ventricular fibrillation, 
bradycardia, atrial arrhythmias, and bizarre 
T‑wave. The causes of arrhythmia have not 
been established yet.[5‑7]

The clinical diagnosis criteria of PCD are as 
follows; (1) severe reduction of plasma or 
tissue carnitine levels (free carnitine <5 mM, 
controls 25–50 mM), (2) evidence of impair 
fatty acid oxidation, (3) improvement of 
disease signs and symptoms by carnitine 
supplementation, (4) absence of other 
primary defects in fatty acid oxidation.
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Clinical diagnosis of the disease could be confirmed by 
demonstrating reduced carnitine transport in skin fibroblasts 
of the patient or by mutation analyses of the SLC22A5 
gene.

Recommended treatment for PCD is high‑dose L‑carnitine 
supplementation with a dose of 100–400 mg/kg/day.[8,9]

The prognosis depends on the age, presentation, and 
severity of symptoms at the time of diagnosis. Early 
detection of these disorders before the occurrence of 
irreversible organ damage may lead to more effective 
treatment and more favorable outcomes.[9]

In this study, we reported twin brothers with carnitine 
membrane transporter deficiency with different 
manifestations of the disease in Isfahan, Iran.

Case Report
A 6‑year‑old boy was admitted to the Pediatric Clinic of 
Imam Hussein Hospital, the referral hospital for pediatric 
disease in Isfahan, for the evaluation of his chronic 
abdominal pain and frequent vomiting. Abdominal pain 
was initiated 3  months before admission and did not 
respond properly to outpatient medical treatment.

In familial and past medical history, he was the second child 
of the family, a twin pregnancy born by cesarean section. 
Parents were second cousins. Mother and father were both 
healthy. They did not have a family background for certain 
disease. The patient had no history of any disease.

Clinical findings

The patient was examined clinically by a pediatrician. 
The patient had normal development. Weight and height 
of the patient were 17  kg  (below 5% percentile) and 
113  cm  (between 10% and 25% percentile), respectively. 
His systolic and diastolic blood pressures were 65 
and 40  mmHg, respectively. He had fast and deep 
respiration  (respiratory rate  =  60). A  heart systolic 
murmur (II/VI) was heard. Liver span was 13 cm.

Physical examination of other organs was normal.

Laboratory findings

Level of serum glucose, electrolytes, and thyroid function 
was in normal range. Renal function test and complete 
blood count were normal. Spot urine for ketones was 
negative.

Other laboratory findings and their normal range are 
summarized in Table 1. The patient had metabolic acidosis.

Paraclinical findings

Cardiomegaly was observed on chest X‑ray.

In echocardiography, dilated cardiomyopathy along with 
ejection fraction of 36% and mitral and tricuspid valves 
regurgitation were reported.

In the electrocardiogram  (ECG), tall peaked T‑wave and 
short QT interval were seen [Figure 1].

Complementary tests

To determine the underlying cause of cardiomyopathy, 
metabolic evaluation was carried out for the patient. This 
test was done by Spectrometry Tendem Mass Technique 
(Wagner Stibbe Laboratory, Hannover, Germany).

Reports on this test were as follows:
•	 Concentration of free carnitine was 0.4 μmol/L 

(normal range: 25–55)
•	 Serum total carnitine was 24.11 μmol/L 

(normal range: 33.8–77.5).

Based on the above results, carnitine transporter deficiency 
was strongly proposed for the patient.

The patient underwent treatment with oral 
levocarnitine (100 mg/kg/day) in three doses.

Within a few weeks, there was a dramatic resolution of 
heart failure. After 1  year treatment, the patient’s ejection 
fraction rate improved  (from 36% to 50–55%) and heart 
size decreased.

As the patient had a twin brother and they were homozygote 
twins, his brother was evaluated also. His brother did 
not have any symptom. He had normal development. He 
was examined clinically and had no abnormal findings. 
His weight and height were 18  kg  (between 5% and 10% 
percentile) and 113 cm (between 10% and 25% percentile), 
respectively. All laboratory measurements were in normal 
range.

In echocardiography, mild enlargement of the left 
ventricle and left atrium with an ejection fraction rate 
of 45–50% was reported. He was also evaluated for 
possible metabolic disorders, and the results were as 
follows:
•	 Concentration of free carnitine was 0.5 μmol/L 

(normal range: 25–55)
•	 Serum total carnitine was 26.8 μmol/L 

(normal range: 33.8–77.5).

According to the above results, carnitine transporter 
deficiency was also proposed for this patient.

Table 1: Laboratory findings of a 6‑year‑old boy 
diagnosed with primary carnitine deficiency

Biochemical measurements Normal 
range

Aspartate aminotransferase (U/L) 83 1-31
Alanine transaminase (U/L) 34 1-31
Creatine phosphokinase (U/L) 555 24-229
Lactate dehydrogenase (U/L) 695 5-850
Fasting serum ammonia (µm/L) 25 11-35
Bicarbonate (mmol/L) 11 21-33
pH 7.22 7.35-7.45
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He also underwent treatment with levocarnitine. A  few 
months after treatment with carnitine, the findings of 
echocardiography showed significant improvements.

It should be noted that a specific disease in these 
homozygote twin brothers is presented in two different 
forms (one symptomatic and another one asymptomatic).

Discussion
In this report, we presented two homozygote twin 
brothers with PCD and different manifestations of the 
disease. One presented by cardiomyopathy and the other 
was asymptomatic and was diagnosed during follow‑up 
evaluation of his brother.

Deficiency in carnitine transport from the plasma 
membrane  (PCD) is a condition, in which the body cannot 
use the fat for energy production, especially in conditions 
such as illness or fasting.[10]

Incidence of the disease has a great variability in different 
regions and different ethnic population. It was reported to 
be 1/40,000 in Japan and 1/1300 in   Island.[11,12] There was 
no report regarding its incidence in Iran.

As mentioned, the presentation of the disease and severity 
of symptoms vary among individuals.[11] There are some 
reports of PCD cases from different regions with different 
manifestations. The most common presentation of the 
disease is cardiomyopathy which is reported in most of the 
cases of PCD.[4,8,9,13]

Stanley et  al. have reported the clinical presentation of 15 
infants and children with abnormal carnitine uptake. Mean 
age of studied patients was 3 years, and the most common 
symptom of PCD was progressive cardiomyopathy. Other 

symptoms were weakness or acute coma and episodes of 
fasting hypoglycemia. Episodes of hypoglycemia were 
presented during the first 2  years of life and before the 
occurrence of cardiomyopathy.[13]

Shibbani et  al. have reported the characteristics of eight 
Lebanese patients with PCD from five different families. 
The most common symptoms were cardiac manifestations. 
Seven patients between 8  months of age and 10  years of 
age had heart failure. Forty‑two percent of patients had 
cardiac symptoms and 63% of them had cardiac symptoms 
along with other symptoms.[4] In this study, the first case 
had cardiomyopathy and another one had asymptomatic 
cardiomyopathy.

There are some similar studies which reported different 
presentations of PCD among children of a family. 
Mutlu‑Albayrak et  al. in Turkey have reported a case of 
9‑year‑old boy with PCD which presented by dysmorphic 
face and hypertrophic cardiomyopathy. In his familial 
history, he had a sister who died at 19  months because 
of sudden death. During follow‑up and family evaluation, 
his 4‑year‑old sister who was suffering from fatigue was 
evaluated, the hypertrophic cardiomyopathy was detected, 
and the diagnosis of PCD was confirmed for her also. He 
was from a family with parental consanguinity. His carnitine 
level was 0.92 µmol/L. ECG data showed cardiomyopathy 
pattern, and in echocardiography, concentric hypertrophy of 
the left ventricular with an ejection fraction of 82% was 
observed. In either cases, treatment by carnitine led to 
improvement in the symptoms and carnitine level increased 
for both patients.[14]

In another case report from Italy, two boys from different 
families with PCD were introduced. Both of them had 

Figure 1: Electrocardiogram findings in the studied case. (a) Before treatment. (b) After treatment

b
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myopathy, one with and another without cardiomyopathy. 
The case with no cardiomyopathy had also episodes of 
hypoglycemia, and in his family evaluation, his brother 
died during early life. Autopsy findings of his brother 
showed dilated cardiomyopathy and low level of cardiac 
carnitine. They concluded that PCD could be expressed 
with different phenotypes in a family and also among 
different families, especially in its autosomal recessive 
form.[15]

As mentioned, PCD is the one of the most important 
preventable causes of cardiomyopathy, and its proper 
management would prevent or reduce the progression of 
cardiomyopathy in affected patients. In a study, twenty 
children with PCD were evaluated. The most common 
symptom was progressive cardiomyopathy  (12  patients), 
the average age of cardiomyopathy was 2–4  years of age, 
and cardiac disorder in these patients has not responded to 
inotrope drug and diuretics, but treatment with carnitine in 
these patients responded well and prevented heart failure. In 
our case, similarly, cardiomyopathy significantly improved 
1 year after the treatment with carnitine.[3]

ECG presentations of PCD were first described by 
Tripp et  al. in 1981. They reported a bizarre T‑wave 
enlargement in midprecordial leads of girls with PCD, 
similar to the ones observed in the extensive posterior 
wall ischemia or hyperkalemia.[16] Thereafter, other 
studies also reported similar findings in patients with 
PCD.[17,18] In addition, Waber et  al. have showed that 
the ECG presentations will be reverted to normal after 
L‑carnitine administration.[18] Similarly, Tein et  al. have 
indicated that in three of four patients with PCD and 
cardiomyopathy who had mentioned ECG changes, 
the presentations disappeared after the treatment of the 
patients with L‑carnitine.[19] Another study from Korea 
showed similar results.[5]

Our findings in the ECG of the patient were similar to that 
reported in previous studies,[3] and the findings revert to 
normal after treatment with carnitine.

Lamhonwah et  al. have introduced a case of Saudi girl 
with PCD due to R254X mutation in the OCTN2 gene. The 
girl was hospitalized at 6  months of age due to recurrent 
infections, dilated heart, hypotonia, and motor delay. 
In laboratory findings, fatty acid oxidation disorder and 
reduction in carnitine uptake from skin fibroblasts were 
observed, and the patient was orally treated by carnitine. 
This treatment improved heart function, muscles tone, and 
exercise tolerance, and at the age of 3 years, she was quite 
normal.[20]

As we can see, in this study, the same as in our case, 
patients had dilated cardiomyopathy, a common symptom 
seen in patients with carnitine transporter disorder. 
Immediate diagnosis and treatment of these patients were 
successful similar to our case.

Conclusion
Carnitine transporter deficiency manifests with different 
clinical symptoms. Although cardiomyopathy is the most 
common symptom, they can be even asymptomatic in 
patients with primary carnitine disorder. Since the disease 
is autosomal recessive, checking family members regarding 
the presence of a disorder is important. Early diagnosis and 
treatment of patients with PCD prevent heart failure and 
sudden death. Evidences indicated that proper and long‑term 
therapy with carnitine could increase its level up to 10% 
of its normal level and those who stopped treatment, faced 
sudden death in the second and third decades, and this 
shows that treatment of PCD should be continued. Thus, 
long‑term treatment with carnitine and avoiding starvation 
and fasting and long and heavy exercises are required. 
On follow‑up of these patients, checking carnitine levels, 
ECG, and regular echocardiogram are reasonable. The 
prognosis depends on the age, presentation, and severity 
of symptoms, at the time of diagnosis. Early detection of 
these disorders before the occurrence of irreversible organ 
damage may lead to more effective treatment and more 
favorable outcomes.
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