
Abstract
Background: Carnitine deficiency is a common condition in hemodialysis patients. There-

fore, abnormalities in fatty acid metabolism and organic acid metabolism are also common 

in dialysis patients. Tandem mass spectrometry is a standard technique in pediatric and neo-

natal medicine. However, it could be a new powerful tool in other fields for estimating the 

state of intracellular fatty acid metabolism. Summary: Tandem mass spectrometry has re-

cently revealed the relationships between carnitine profile and dialysis patients’ anemia, 

reduced physical function, and survival rate. Fatty acid and organic acid metabolism, which 

could previously only be evaluated qualitatively, can now be quantitatively assessed. Key 

Message: The applications of tandem mass spectrometry are expected to expand not only 

in the field of dialysis but also in clinical medicine in general. © 2019 S. Karger AG, Basel

Introduction

Carnitine deficiency occurs due to aberrations in carnitine regulation in disor-
ders such as diabetes, sepsis, cardiomyopathy, malnutrition, cirrhosis, and en-
docrine disorders and with aging [1]. In hemodialysis patients, carnitine is con-
stantly removed due to dietary restrictions and decreased kidney function, 
which results in carnitine deficiency and reduced L-carnitine biosynthesis [2].
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Carnitine has 2 main functions in vivo. Its first function is the promotion of 
β-oxidation. Its second function is the detoxification of mitochondria by remov-
ing cytotoxins derived from organic acids. L-carnitine transports long-chain fat-
ty acids that are absorbed into the cytoplasm from the blood into the mitochon-
dria, adjusts the acyl-CoA: CoA ratio in mitochondria, and eliminates harmful 
acyl-CoA. Acyl-CoA accumulates in the mitochondria of patients with abnor-
mal organic acid and fatty acid metabolism; therefore, L-carnitine plays impor-
tant roles in these metabolic processes [3].

The determination of the carnitine profile can aid in estimating the dynamics 
of acylcarnitine organic acid and fatty acid metabolism in cells. Acylcarnitine 
comprises an acyl group, such as an organic acid or fatty acid, bonded to free 
carnitine. When analysis reveals a profile containing acyl groups, it aids under-
standing of the state of intracellular organic acid and fatty acid metabolism.

Using tandem mass spectrometry, amino acids and acylcarnitine can be ef-
ficiently analyzed in a short time in a small amount of blood with high sensi-
tivity.

Tandem Mass Spectrometry

Mass spectrometry is a method of measuring the mass and abundance of charged 
molecules (ions) during their flight through a vacuum; it detects behavioral dif-
ferences to determine mass. A mass spectrometer is composed of a sample in-
troduction device, an ionization device, a mass spectrometer, an ion detector, 
and a computer for controlling the components.

Among the groups that can be measured by a tandem mass spectrometer are 
various types of acylcarnitine and amino acids. The technology was developed 
by Millington et al. [4] in the early 1990s. Dried blood spots or serum can be used 
as samples. It is a highly valued mass screening tool, and tandem mass spectrom-
etry is used instead of the Guthrie method in newborn mass screening in each 
country.

Factors Influencing Tandem Mass Spectrometry Results

Researchers must be cautious when analyzing tandem mass spectrometry re-
sults, as acylcarnitine and amino acid values fluctuate due to various factors [5]. 
Depending on total parenteral nutrition and peripheral parenteral nutrition, 
amino acids and components similar to octanoylcarnitine (C8) and dodecanoyl-
carnitine (C12) may be detected and affect tandem mass analysis measurements. 
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In addition, the ingestion of medium-chain triglyceride oil increases the mea-
sured values of hexanoylcarnitine (C6), octanoylcarnitine (C8), decanoylcarni-
tine (C10), and dodecanoylcarnitine (C12). Furthermore, some antibiotics cause 
increases in acylcarnitine levels. For example, antibacterial drugs containing 
pivoxil increase ovalerylcarnitine (C5) values [6].

If patients have a history of blood transfusion within the past 3 months, their 
measurements must be carefully evaluated. Red blood cells lose nuclei and mi-
tochondria as they mature from erythroblasts but maintain their levels of acyl-
carnitine and free carnitine. Erythrocyte lifespan is usually approximately 3 
months. Host and guest erythrocytes retain the acylcarnitine produced by me-
tabolism as erythroblasts. In particular, 3-hydroxyisovalerylcarnitine (C5-OH) 
accumulates in red blood cells due to its difficulty exiting the cells, so it correlates 
with erythrocyte lifespan. Therefore, blood transfusion affects the measured val-
ue of 3-hydroxyisovalerylcarnitine (C5-OH).

Dialysis Patients and Carnitine Profiling

There have been numerous reports with differing views on the efficacy of  
L-carnitine therapy in hemodialysis patients. The findings include improved 
cardiac function [7–9], alleviation of muscle spasms [10, 11], effects on renal 
anemia [12, 13], anti-arteriogenic effects [14], and inhibition of dialysis hypo-
tension [15] caused by L-carnitine therapy. The mechanisms of action have only 
been qualitatively estimated based on the mechanism of L-carnitine action and 
have not been quantitatively evaluated for abnormal organic and fatty acid me-
tabolism.

However, using tandem mass spectrometry, negative correlations have been 
reported between acylcarnitine chain length and Short Form-36 physical com-
posite score, sit-to-stand count, and 6-min walk distance [16]. In our study using 
tandem mass spectrometry, the erythropoiesis-stimulating agent resistance in-
dex positively correlated with long-chain C18 acylcarnitine and negatively cor-
related with short-chain C5-OH acylcarnitine [17]. In addition, 4-year all-cause 
mortality negatively correlated with the acetylcarnitine/(palmitoylcarnitine+ 
octadecenoylcarnitine; C2/[C16+C18: 1]) ratio [18]. We also found that amelio-
ration of the impaired β-oxidation state after L-carnitine administration may 
improve prognosis. In fact, the C2:(C16+C18: 1) ratio of the L-carnitine admin-
istration group (n = 8) was 124.0 ± 48.2 and only 42.8 ± 15.3 in the control group 
(n = 114; Student t test, p < 0.001). The ability to quantitatively evaluate carnitine 
has confirmed the possibility of improving β-oxidation through carnitine ad-
ministration.
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Conclusion

Tandem mass spectrometry is a powerful method of identifying and measuring 
minor components in living bodies. It is already used as a standard technique in 
pediatric and neonatal medicine. In other fields, tandem mass spectrometry is a 
potent new tool that can help to estimate the state of intracellular fatty acid me-
tabolism. It is facilitating the discovery of novel findings in the dialysis field. In 
the future, applications of tandem mass spectrometry are expected to expand for 
dialysis and other clinical medicine fields.
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