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What are the next steps for vitamin C in sepsis?
Andrew Udy, Tomoko Fujii and Nora Luethi

Severe sepsis accounts for more than 10% of intensive
care unit admissions in Australia and New Zealand,1 and
although outcomes have improved over the past decade,
hospital mortality in patients with septic shock remains as
high as 22%.1 Indeed, ever since Hippocrates described
sepsis nearly 2500 years ago, clinicians and researchers
have relentlessly attempted to understand the underlying
pathophysiological mechanisms to provide more specific
therapies. As sepsis has been characterised by a dysregulated
host response to infection, numerous adjunctive therapies
targeting the inflammatory cascade have been explored.2-4
A recent before-and-after observational study comparing
standard care with a combination of vitamin C, thiamine
and hydrocortisone in patients with severe sepsis reported
a dramatic reduction in mortality and organ failure in
patients treated with metabolic resuscitation.5 These results
have created intense debate in both the lay and medical
community, sparking renewed interest in the role of vitamin
C in the treatment of critically ill patients with sepsis and
establishing a seemingly unrealistic therapeutic expectation.
Clearly, with the inherent limitations of this study design,
a large number of clinical trials are now underway in an
attempt to reproduce these data.
In the current issue of Critical Care and Resuscitation,
McNamara and colleagues6 present a brief review outlining
the biochemical roles of vitamin C in the human body,
the consequences of vitamin C deficiency, vitamin C
pharmacokinetics, and the possible dosage of parenteral
ascorbate (vitamin C) during acute inflammatory conditions.
The authors concisely summarise the underlying mechanisms
and provide a rationale for the potential use of parenteral
ascorbate. During critical illness and acute inflammation,
reduced intake and increased oxidative consumption can
lead to a rapid fall of plasma ascorbate levels, and a recent
study has found that more than 80% of patients with sepsis
have some form of hypovitaminosis C.7,8
Vitamin C is an essential water-soluble vitamin that
humans are not able to store or synthesise in vivo. It plays
an extensive role as an antioxidant, electron donor, and
cofactor for many enzymes and proteins.8,9 When depleted,
the interendothelial electrical coupling of nitric oxide
synthase is reduced, and this impairment accelerates the
inflammatory cascade, increasing microvascular dysfunction
and endothelial permeability.10-12 The authors suggest that,
due to the oxidative environment in acute inflammation,
greater parenteral doses of vitamin C might be needed to
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replace any deficit in ascorbate metabolism. Furthermore,
the synergistic effect of hydrocortisone and vitamin C
may also be partly explained by their capacity to reduce
the oxidative environment,13 with vitamin C helping to
restore the function of glucocorticoid receptors,14 and
glucocorticoids inducing the expression of a key vitamin
C transporter.15
However, despite having an appealing model of
pathogenesis, the effectiveness of vitamin C administration
in sepsis to restore intracellular ascorbate levels, counteract
the adverse inflammatory reactions and improve clinical
outcomes is yet to be determined.
What are then the next steps for vitamin C in sepsis? Any
clinical trial that aims to examine the efficacy or effectiveness
of an intervention should be based on an adequate
rationale and inherent clinical equipoise. Given that we still
have limited knowledge about vitamin C therapy in critical
illness, a systematic approach is clearly required before
considering a large pragmatic effectiveness trial exploring
any reduction in mortality. This would aim to clarify the
biological mechanisms supporting the utility of vitamin C in
critical illness, and the implications of organ dysfunction on
the pharmacokinetics and pharmacodynamics of this agent.
Gaining insight into the implementation and feasibility of
such an intervention in multiple different centres is similarly
a key step.
Fundamental logistic and practical issues concerning
vitamin C preparation and stability also need to be
addressed before moving to a large pragmatic trial. The
Technical Report by Carr and colleagues16 in this issue of
the Journal, describing the stability of vitamin C solutions
up to 96 hours after preparation, is therefore very timely. In
demonstrating that the prepared vitamin C infusions remain
stable in ambient light, the authors provide a crucial piece
of information for planning future blinded trials. In Australia
and New Zealand, a vital phase 2 study (the Vitamin C,
Hydrocortisone and Thiamine in Patients with Septic Shock
[VITAMINS] trial; ClinicalTrials.gov identifier: NCT03333278)
is actively recruiting. This randomised open-label controlled
clinical trial is comparing vitamin C (6 g/day), thiamine
(400 mg/day) and hydrocortisone (200 mg/day) with
hydrocortisone monotherapy in critically ill patients with
septic shock. The aim is to determine the synergistic effects
of metabolic resuscitation on vasopressor requirements
and organ dysfunction, while also informing future studies
about effect size and feasibility. A smaller substudy will also
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explore changes in vitamin C pharmacokinetics in these patients.
As outlined, numerous steps are required in preparing
for a definitive effectiveness trial of vitamin C in severe
sepsis in order to ensure that the intervention has biological
plausibility and is being delivered optimally and at an ideal
dose. The articles published in this issue of Critical Care
and Resuscitation promote this agenda and, along with the
future results of the VITAMINS trial, place the Australian and
New Zealand intensive care community in an ideal position
to ultimately answer this clinical question.
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