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Carnitine plays a crucial role in energy metabolism by trans-

orting long-chain fatty acids into mitochondria for 𝛽-oxidation

nd removing waste metabolites.[ 1 ] Approximately 98% of the

ody’s total carnitine is stored in skeletal muscle, with blood

erving as the transport medium.[ 2 ] Carnitine is synthesized in

he liver and kidneys from lysine and methionine, but endoge-

ous production is limited. The body preserves carnitine levels

hrough renal reabsorption and stores in organs such as skele-

al muscles, the liver, kidneys, and heart.[ 3 ] However, carni-

ine deficiency is prevalent in approximately 95% of hemodial-

sis patients due to extracorporeal loss during dialysis and im-

aired renal synthesis.[ 4 ] L-carnitine replacement therapy can

itigate complications, including cardiac issues, anemia, and

uscle weakness.[ 5 ] 

hat Does Current Data Tell Us? 

A recent retrospective single-center observational study as-

essed carnitine deficiency in intensive care unit (ICU) patients

ndergoing continuous renal replacement therapy (CRRT) from

une 1, 2019, to March 31, 2020.[ 6 ] The study included adults

ged ≥ 20 years and measured carnitine levels in all CRRT pa-

ients during this period.[ 6 ] Deficiency was defined as a free

arnitine concentration < 36 𝜇mol/L or an acylcarnitine-to-free

arnitine ratio exceeding 0.4, following Japanese Pediatric So-

iety guidelines.[ 7 ] Notably, carnitine deficiency was signifi-
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antly associated with sepsis, a recognized risk factor for car-

itine depletion since its first documentation in 1989. This de-

letion is attributed to enzyme inhibition during the L-carnitine-

ediated transport of long-chain fatty acids into mitochondria

or 𝛽-oxidation.[ 8 ] Carnitine, a small molecule with a molecular

eight of 161 Da, decreases by 60%–70% after each hemodial-

sis session.[ 9 ] In this study, 52.3% of CRRT patients exhibited

arnitine deficiency, with higher dialysis flow rates correlat-

ng with greater depletion.[ 9 ] Carnitine deficiency impairs fatty

cid oxidation, leading to symptoms such as muscle weakness,

habdomyolysis, cardiomyopathy, and arrhythmias.[ 3 ] Further-

ore, sepsis –a primary reason for initiating CRRT in the ICU

is a major contributor to ICU-acquired weakness.[ 10 ] Alarm-

ngly, 40% of patients who underwent CRRT experienced such

evere muscle weakness that they struggled to stand upon ICU

ischarge.[ 6 ] 

Another study, a retrospective chart review at Duke Univer-

ity Hospital, examined serum micronutrient levels in ICU pa-

ients at high risk of malnutrition admitted between January

, 2017, and December 31, 2018. The study analyzed levels

f carnitine, copper, zinc, selenium, and vitamins B1, B6, B9,

nd C.[ 11 ] The findings corroborated those of Oi et al.[ 6 ] Among

06 ICU patients, 46% underwent CRRT, and 90% of these in-

ividuals had at least one micronutrient deficiency compared

o 61% of non-CRRT patients ( P = 0.002). Copper ( P < 0.001)

nd carnitine ( P < 0.001) deficiencies were more prevalent in

RRT patients, while zinc deficiency was more common in non-

RRT patients ( P = 0.001). The study emphasized the need for
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andomized controlled trials to define this emerging category of

alnutrition and optimize supplementation strategies.[ 11 ] 

A recent case report underscores the clinical challenges of

anaging metabolic complications in critically ill patients. A 60-

ear-old man admitted with progressive respiratory failure due

o severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

) developed acute kidney injury (AKI) necessitating prolonged

RRT. Despite appropriate nutritional management, the patient

xperienced profound amyotrophy and significant weight loss,

ltimately becoming unresponsive by day 85. A comprehensive

etabolic evaluation revealed hyperammonemia, hypertriglyc-

ridemia, and deficiencies in plasma free carnitine and copper.

emarkably, carnitine supplementation improved his neurolog-

cal status and corrected the metabolic abnormalities. Van de

yngaert et al.[ 12 ] similarly reported a marked reduction in

erum carnitine levels during hemodialysis, with 70%–80% of

irculating carnitine eliminated in a single session. While mus-

le pools can initially compensate, prolonged hemodialysis ex-

osure often leads to systemic carnitine deficiency, predisposing

atients to heart failure, anemia, sarcopenia, and malnutrition,

articularly in elderly individuals with end-stage kidney disease.

hese risks are frequently underestimated.[ 12 ] 

re These Findings Applicable in Clinical Practice? 

Routine monitoring of carnitine levels in ICU patients un-

ergoing CRRT is recommended, with supplementation initi-

ted when levels fall below the normal threshold of 20 𝜇mol/L.

lthough formal guidelines are lacking, some authors propose

n initial dose of 0.5–1 g/day.[ 13 ] Certain medications, includ-

ng pivampicillin, valproic acid, and verapamil, may exacerbate

-carnitine deficiency by inhibiting cellular transporters or in-

reasing renal excretion. Extended artificial nutrition, typically

evoid of L-carnitine, can further deplete endogenous stores.

ince L-carnitine is generally stored in sufficient quantities, de-

letion often occurs only after more than 14 days of interrupted

upply.[ 13 ] 

The mechanism linking reduced carnitine levels to higher

equential organ failure assessment (SOFA) scores remains un-

lear, though severe illness likely imposes significant metabolic

tress on mitochondrial function.[ 3 ] A randomized controlled

rial investigating L-carnitine infusion in vasopressor-dependent

eptic shock demonstrated a reduction in 28-day mortality, sug-

esting potential benefits without reported adverse effects, al-

hough carnitine concentrations were not directly measured.[ 14 ] 

Monitoring the acylcarnitine-to-free carnitine (A/F) ratio

ay guide supplementation, as elevated acylcarnitine lev-

ls reflect impaired mitochondrial metabolism, reduced re-

al clearance, or disrupted carnitine transport. These imbal-

nces can result in complications such as liver mitochondrial

ysfunction.[ 3 , 7 ] In hemodialysis patients, L-carnitine adminis-

ration has been shown to redistribute acylcarnitine, enhancing

ts clearance and mitigating toxicity risks.[ 12 ] 

onclusion 

In the absence of robust data from randomized controlled

rials specifically evaluating carnitine supplementation in CRRT

atients, initiating supplementation when carnitine levels drop

 20 𝜇mol/L is a prudent strategy. A starting dose of 0.5–1 g/day
250
ay help prevent severe muscle weakness, hyperammonemia

in patients without liver dysfunction), and coma in mechani-

ally ventilated individuals. 
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