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CORRESPONDENCE
Vitamin C in acute critical illness: don’t confuse pharmacotherapy and nutrition!
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Two important, large, randomized trials recently showed that high-dose intravenous vitamin C administered during the acute phase of critical illness is at best ineffective and may even be harmful. In the VICTORY trial, patients with major burns received vitamin C 50 mg/kg every 6 h for 96 h after admission [1]. In the VITaCCA trial, resuscitated cardiac arrest patients received 3 g/day (supplementary dose) or 10 g/day (high dose) of intravenous vitamin C for 96 h [2]. The adverse effects on organ dysfunction and/or mortality observed in both studies are consistent with the findings of the LOVIT trial, in which septic patients received vitamin C 50 mg/kg every 6 h for up to 96 h [3]. It is now increasingly clear that high dose of vitamin C should not be administered to patients suffering sepsis, cardiac arrest, or major burn injury, still pending are the results of the ongoing French LOVITARDS trial (NCT04404387).
These findings may be understood as arguing against any vitamin C administration. This interpretation would be inappropriate. Importantly, the doses evaluated in recent trials were 10 to 100-fold higher than standard repletion doses and should therefore be viewed as a separate therapeutic strategy. Rather than contradicting existing guidelines [4], these findings reinforce the cautious position of the European Society for Clinical Nutrition and Metabolism (ESPEN) guidelines discouraging the use 
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of high-dose micronutrient monotherapy, including vitamin C [5].
As investigators of the VICTORY and VITaCCA trials and contributors to nutritional guidelines, we wish to emphasize that the reported harms relate specifically to the pharmacological high-dose regimens tested and should not be extrapolated to vitamin C administration aimed at meeting nutritional requirements or correcting deficiencies, which represent three distinct clinical concepts (Fig. 1).
First, nutritional doses aim at covering daily physiological requirements (≅ 100–200 mg/day), commonly expressed as dietary reference intake and generally covered by standard medical nutrition providing 1500 kcal/ day.
Second, repletion doses are required in patients with documented or suspected deficiency, excessive losses, or markedly increased metabolic rate, as frequently occurs in critical illness, intense inflammation, chronic oxidative stress, malabsorption, major burns, chronic significant wounds or continuous renal replacement therapy. In these circumstances, doses in the range of 1–3 g/ day may be necessary, based on evidence of losses or consumption. More insight is needed into the individualized optimal repletion and is currently investigated (BIO-MICRO- Advancing micronutrient diagnostics for personalised ICU care; https:// bio- micro. eu/). In the meantime, we recommend that clinicians continue to follow ESPEN guidelines for repletion [4, 5].
Finally, pharmaconutrition refers to the administration of supraphysiological doses (high doses) aiming for modulation of biological pathways rather than correcting a deficiency. The recent trials specifically evaluated such pharmacological strategies.
While the results from VICTORY and VITaCCA argue against pharmacological high-dose vitamin C, they should not distract from the need to identify and correct increased vitamin C requirements in selected patients. While the era of pharmacological vitamin C trials may be ending, this should not obscure the ongoing need for adequate nutritional support.Fig.
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Three distinct concepts of vitamin C administration in critical illness. 
DRI
 dietary reference intake, 
EN
 enteral nutrition, 
PN
 parenteral nutrition. 
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