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Highlights

® L -carnitine is reported to reduce muscle cramps in patients with liver cirrhosis, dialysis,
and diabetes.

® Our patient diagnosed with cerebral infarction experienced nocturnal leg cramps in the
affected side with sleep disturbance.

® L-carnitine supplementation reduced the number of nocturnal leg cramps and alleviated
sleep disturbance.

® This case suggests that stroke may cause localized carnitine deficiency, and L-carnitine

supplementation might be effective for muscle cramps induced by stroke.
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Abstract

L-carnitine, a compound responsible for transportation of acyl groups across cell

membranes and modulating intracellular acyl-CoA levels, is reported to reduce muscle

cramps in patients-with liver cirrhosis, dialysis, and diabetes. A 79-year-old man with

right-sided paralysis was admitted to our hospital and diagnosed with cerebral infarction.

Nocturnal leg cramps (NLC) appeared in the affected side and caused sleep disturbance.

L-carnitine supplementation reduced the number of NLC and alleviated sleep disturbance. It

also plays an important role in nerve protection and treatment for carnitine deficiency.

Patients with stroke-induced paralysis experience muscle wasting, which might reduce
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pooled carnitine in the affected side. This case suggests that stroke may cause localized
carnitine deficiency, and L-carnitine supplementation might be effective for muscle cramps
induced by stroke. To the best of our knowledge, this is the first case of L-carnitine

supplementation for muscle cramps triggered by cerebral infarction.

Key words: carnitine; cerebral infarction; muscle cramps; nocturnal leg cramps; stroke

Introduction

Nocturnal Leg Cramps (NLC) is defined as muscle cramping in the calf, hamstring, or foot
muscles at night [1]. The prevalence of NLC is reported in 30% of the general population in
United States [2]. NLC is seldom located in the thigh or hamstrings, and is characterized by
intense pain (lasting seconds to minutes), persistent subsequent pain, sleep disturbance, and
distress [1]. Patients with NLC report reduced quality of sleep and poor quality of life [3].
Medical pathologies associated with NLC are reported to be chronic liver, heart, and renal
failure (hemodialysis), vascular diseases, hypertension, stroke, arthritis, respiratory disease,
cancer, magnesium or calcium deficiency, and dehydration [2, 4, 5]. L-carnitine, a compound
facilitating transportation of acyl groups across cell membranes and modulating intracellular

acyl-CoA levels [6], is reported to reduce muscle cramps in patients with liver cirrhosis [7],
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dialysis [8], and diabetes [9]. We report a case of NLC induced by cerebral infarction

improved by L-carnitine supplementation.

Case presentation

A 79-year-old man with a history of untreated hypertension was admitted in the
emergency department because of right-sided paralysis after the patient’s wife found him
lying on the floor at home and called the ambulance. An accurate onset time was unknown.
He drank socially and never smoked cigarettes. On physical examination, his blood pressure
was 209/105 mmHg. We also found right-sided paralysis and right facial paralysis. His chest
X-ray and electrocardiogram showed no abnormality. Computed tomography of the head
revealed no signs of bleeding or broad range of ischemia. Diffusion-weighted images and
apparent diffusion coefficient, both of which were evaluated using magnetic resonance
imaging, indicated that restricted diffusion in the left putamen extending to left corona radiata
suggested branch atheromatous disease. T2-weighted images and magnetic resonance

angiography exhibited no abnormality (Figure 1A-1D).
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We diagnosed cerebral infarction and started treatment with aspirin, cilostazol,
argatroban, apixaban, and edaravone. One week after cerebral infarction, the patient
experienced NLC only in the affected lower leg. NLC occurred 5 times per day, accompanied
by severe pain of numeric rating scale 5 to 6 (maximal pain score 10) [10]. At the same time,
the patient complained of sleep disturbance due to intense pain. Since there was no
improvement in the symptoms of NLC after a week of observation, L-carnitine was
administered orally in a daily dose of 1500 mg. Supplementation of L-carnitine reduced the
frequency of NLC to 2-3 times/week. Improved pain also reduced sleep disturbance. We
thereafter reduced L-carnitine supplementation to 750 mg/day and no exacerbation was
observed in the frequency of NLC (Figure 2). We attempted removal of L-carnitine
supplementation, but the patient experienced recurrence of muscle cramps. Hence, we
continued L-carnitine supplementation 750 mg/day until he was transferred to a rehabilitation

hospital on day 16 of L-carnitine treatment.
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Discussion

There are two findings implicated in this case. First, carnitine deficiency may cause
NLC in patients who have had a stroke. The second is that L-carnitine might reduce the
occurrence of NLC after a stroke.

The first cause of stroke-induced muscle cramps is neurological disorder. Cramps
may result from spontaneous discharges of motor nerves or abnormal excitation of the
terminal branches of motor axons [11]. In addition, cramps are affected by a positive
feedback loop from spinal nerves [12]. Therefore, both central and peripheral nerves
contribute to the generation and development of muscle cramps. L-carnitine is essential for
[-oxidation, glucose metabolism, and the urea cycle [6]. L-carnitine can serve as a reservoir
of the acetyl groups, which can be utilized in many pathways including synthesis of lipids,
glycogen, and acetylcholine [13]. L-carnitine is also found to promote anti-inflammation [14],
anti-oxidative stress [15, 16], anti-apoptosis [17], stabilization of membranes [18], activation
of nerve growth factor [19], and improvement of mitochondrial function [20] (Table 1). As
described above, L-carnitine has several neuroprotective effects, and nerve protection may

improve muscle cramps.
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The second cause of muscle cramps in patients with stroke might be associated with
carnitine deficiency, as in patients with liver cirrhosis [7], dialysis [8], and diabetes [9].
L-carnitine content in the human body is about 300 mg/kg and approximately 98% of
L-carnitine is intracellular, predominantly in muscles and the liver [6]. Patients with
stroke-induced paralysis also experience muscle wasting, which may reduce pooled carnitine
and lead to carnitine deficiency in the affected side. L-carnitine is crucial for production of
adenosine triphosphate via B-oxidation (Figure 3) [6, 21, 13]. Adenosine triphosphate
exhaustion caused by carnitine deficiency might be associated with muscle cramps [22].
There is a reported case of a patient with chronic stroke demonstrating improved walking
endurance from L-carnitine supplementation [23]. In our case, muscle weakness and muscle
cramps were observed in the affected side, but there was no other symptom associated with
systemic carnitine deficiency (e.g. muscle weakness, recurrent hepatic encephalopathy) [24].
In addition, L-carnitine supplementation reduced NLC in the affected side. These findings
support the possibility that strokes may cause carnitine deficiency in the affected side,
although there is no evidence to prove carnitine deficiency in patients with stroke and further
research is warranted.

L-carnitine is reported to reduce muscle cramps in patients with liver cirrhosis [7],
dialysis [8], and diabetes [9]. According to these sources, the dose of L-carnitine

supplementation was between 600 to 2000 mg/day [7-9]. Regarding safety, there was no
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adverse event reported in these studies [7-9], although long-term and high-dose
supplementation in end-stage renal disease is not recommended [25].

This case suggests the potential of L-carnitine supplementation for patients with
stroke; however, several limitations of this report should be acknowledged. Our study lacks
the external validity of the results. Second, we did not measure serum and muscle
concentration of carnitine. Thus, large sample size and measurement of carnitine are required
in future studies.

In conclusion, we reported a case of L-carnitine supplementation for NLC induced
by cerebral infarction, which was identified as a first report to the best of our knowledge.
This case implies that patients with stroke might experience muscle cramps and L-carnitine

may be effective for treatment.
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Figure 1. Magnetic resonance imaging of head on admission. A, B: Diffusion-weighted
imaging and apparent diffusion coefficient showed restricted diffusion in the left putamen

extending to left corona radiata (arrow). C, D: T2-weighted imaging and magnetic resonance

angiography showed no abnormality.
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Figure 2. The clinical course of our case. After one week from the onset of cerebral infarction,

the patient experienced NLC accompanied by severe pain only in the affected lower leg, 5

times per day. Supplementation of L-carnitine reduced the frequency of NLC to 2-3

times/week.
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Frequency of S 2-3
Affected lower dﬂy week
leg cramps
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Figure 3. The role of carnitine in fatty acid metabolism. Fatty acids transported inside a cell
are converted to fatty acyl-CoAs. Acyl-CoAs are converted to acyl-carnitines by carnitine
palmitoyltransferase |1 (CPT1), which exists on the outer mitochondrial membrane.
Acyl-carnitines are transported to the inner mitochondrial membrane via
carnitine/acylcarnitine translocase (CACT), exchanged with free carnitine. Carnitine
palmitoyltransferase 11 (CPT2) converts acyl-carnitines back to acyl-CoAs in the
mitochondrial matrix. Acyl-CoAs provide carbons, which are oxidized through B-oxidation
and metabolized via the tricarboxylic acid (TCA) cycle and electron transport chain for

adenosine triphosphate (ATP) production.
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