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Abstract

The administration of ascorbic acid (vitamin C) alone or in combination with thiamine (vitamin 

B1) and corticosteroids (VCTS) has recently been hypothesized to improve hemodynamics, end-

organ function, and may even increase survival in critically ill patients. There are several clinical 

studies that have investigated the use of vitamin C alone or VCTS in patients with sepsis and 

septic shock or are ongoing. Some of these studies have demonstrated its safety and potential 

benefit in septic patients. However, many questions remain regarding the optimal dosing regimens 

and plasma concentrations, timing of administration, and adverse effects of vitamin C and 

thiamine. These questions exist because the bulk of research regarding the efficacy of vitamin C 

alone or in combination with thiamine and corticosteroids in sepsis is limited to a few randomized 
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controlled trials, retrospective before-and-after studies, and case reports. Thus, although the 

underlying rationale and mechanistic pathways of vitamin C and thiamine in sepsis have been well 

described, the clinical impact of the VCTS regimen is complex and remains to be determined. This 

review aims to explore the current evidence and potential benefits and adverse effects of the VCTS 

regimen for the treatment of sepsis.
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Introduction

Ascorbic acid (Vitamin C) and thiamine (Vitamin B1) are naturally occurring water-soluble 

micronutrients that may hold potential as adjuvant therapies in critically ill patients.1 The 

early physiology, pathology and laboratory measurements associated with these two 

vitamins and their deficiencies are described primarily through old diseases such as scurvy, 

beriberi and Korsakoff syndrome and Wernicke’s encephalopathy.1–3 Nevertheless, there is a 

large and current body of basic science, preclinical and clinical studies that has evaluated the 

role of both vitamins in patients with sepsis, acute respiratory distress syndrome (ARDS), 

and other inflammatory states. Both vitamin C and thiamine have broad physiological and 

immunological functions. Similarly, deficiencies of both vitamins have been treated 

empirically, with or without measuring levels, and with variable dosing regimens. Moreover, 

deficiencies of vitamin C and thiamine occur rapidly in critical illness, and since these 

deficiencies are not so prevalent, their diagnosis requires a high level of suspicion.

Recent studies have generated keen interest in the use of vitamin C, thiamine, and 

corticosteroids (VCTS) to treat sepsis.4,5 The context of this new approach is the decades of 

costly failures of new targeted agents to mitigate sepsis. One of the most exciting advantages 

of the VCTS regimen is the generic availability of these agents, the paucity of reported side-

effects and the low cost of both the intravenous (IV) and oral forms of vitamin C and 

thiamine and the corticosteroids.

In this review, we address vitamin C and thiamine as relates to the knowledge base required 

of bedside ICU clinicians, and ICU associated pharmacists and laboratorians. We include a 

brief overview of biochemical properties and then dwell upon the practical aspects of 

vitamin C and thiamine with a focus on historical perspectives, physiological mechanisms of 

action, metabolism, route of administration, laboratory testing, and the current evidence 

supporting these agents alone or in combination, as well as their potential limitations. 

Considering the abundant literature on the use of corticosteroids during critical illness in 

general, and sepsis in particular, our focus on corticosteroids will only be addressed within 

the context of its role within the VCTS regimen for sepsis.

How did vitamin C come about?

The history of vitamin C spans across the centuries beginning with James Lind’s discovery 

of scurvy treatment in the 1700’s to the isolation of vitamin C in 1928 by Albert Szent-
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Gyorgyi.6 Vitamin C was called by the letter “C” because it was the third “vital mineral” 

isolated. Vitamin C was also named ascorbic acid because of its antiscorbutic (anti-scurvy) 

properties.

Why do humans require vitamin C supplementation?

Humans, unlike most animals, are unable to synthesize vitamin C due to the absence of 

functional L-gulonolactone oxidase, an enzyme required for the final conversion of glucose 

to ascorbic acid.7 Hence, humans depend on dietary sources of vitamin C. Failure to 

generate vitamin C makes humans very susceptible to dysfunction in various vitamin C 

dependent biochemical pathways necessary for surviving a critical illness.8

How is vitamin C obtained and stored in the human body?

Ascorbic acid and dehydroascorbic acid (DHAA or oxidized vitamin C), components of 

fruits and vegetables or marketed as vitamin supplements, are the primary dietary sources of 

vitamin C for humans. Both ascorbic acid and DHAA are absorbed from the lumen of the 

intestine and renal tubules by enterocytes and renal epithelial cells, respectively, and then 

circulate in the blood and enter all body cells (Figure 1A).9 Vitamin C is also secreted into 

the gastric juice, cerebrospinal fluid, and aqueous humor, all of which have higher 

concentrations than those in plasma. Additionally, vitamin C is rapidly secreted by the 

adrenal gland in humans in response to adrenocorticotropic hormone (ACTH). The latter 

would imply that adrenal vitamin C secretion is an integral part of the stress response (like 

cortisol) and acts to reduce the oxidants released during steroidogenesis, facilitate nitric 

oxide synthesis to promote cortisol release, modify ACTH receptor sensitivity, and allow 

synthesis of norepinephrine.10

The maintenance of whole-body vitamin C levels and distribution to different compartments 

is mediated by two families of transport proteins: sodium-dependent vitamin C transporters 

1 (SVCT1) and 2 (SVCT2) and glucose transporters (GLUT1, GLUT3, and GLUT 4).
9, 11, 12 Vitamin C is excreted by the kidneys.

What are the physiological functions of vitamin C?

The numerous physiological roles of vitamin C are all dependent on its ability to be an 

electron donor, or reducing agent. In this capacity, Vitamin C serves as a potent antioxidant 

directly scavenging oxygen free radicals and also prevents the generation of new free 

radicals via its suppressive effects on the NADPH oxidase (NOX) pathway (Figure 1B). 4, 13 

Vitamin C is a co-substrate for the biosynthesis of endogenous vasopressors (e.g., 

norepinephrine), cortisol, and vasopressin.12 Endothelial function and microcirculatory flow 

are preserved through vitamin C’s promotion of collagen synthesis and its effect on 

tightening the junctions between endothelial and epithelial cells.14 Vitamin C also has 

immune effects including regulation of macrophage bactericidal activity and inhibition of 

the activation of the transcription protein nuclear factor-κB, thereby downregulating the 

production of proinflammatory mediators (e.g., tumor necrosis factor alpha).15, 16 Finally, 
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vitamin C prevents sepsis-induced immunosuppression likely by reducing apoptosis of 

lymphocytes and monocytes.4, 12, 17

What are the clinical manifestations of chronic vitamin C deficiency?

Scurvy, the most well-known disease caused by severe and long-term vitamin C deficiency 

is manifested by swollen and bleeding gums, poor wound closure, easy bruising, hair and 

tooth loss, joint pain and swelling.15 These symptoms appear to be related to impaired 

collagen biosynthesis leading to the weakening of blood vessels, connective tissue, and 

bone.

What happens to vitamin C in critical illness and what acute deficiencies 

result?

Vitamin C levels become abnormally low within 24 hours of acute injury, critical illness, 

multiple organ failure and sepsis, and is related to the patient’s severity of illness.1, 4, 12, 18 

Animal studies have demonstrated that the decrease in vitamin C levels is associated with a 

fall in intracellular levels. In humans, the rapid decline in vitamin C levels is likely 

secondary to a combination of decreased vitamin C intake and absorption, increased 

metabolism and distribution, increased urinary losses, and the oxidation of ascorbic acid by 

excess oxygen free radicals that occur during critical illness.18, 19 An estimated 40% of 

critically ill patients with septic shock have vitamin C serum levels suggestive of scurvy 

(<11.3 µmol/L).8 Since vitamin C is an essential element in the generation of endogenous 

vasopressors and also a potential mediator in the maintenance of vascular vasopressor 

responsiveness, an acute deficiency may contribute to hypotension, exaggerated 

inflammation, capillary leakage, and microcirculatory compromise.19

How did thiamine come about?

Thiamine was first discovered in 1910 by Umetaro Suzuki in Japan when researching how 

rice bran cured patients afflicted with beriberi.20 It was first crystallized by Jansen and 

Donath in 1926.21 Thiamine was the first B vitamin discovered hence its name carries the 

number 1. To date, much of what is known about thiamine originates from studies of alcohol 

abuse and nutritional deficiency disorders.

How is thiamine obtained and stored in the human body?

Humans cannot synthesize thiamine and obtain thiamine through dietary intake of cereal 

grains, beans, nuts, and meat.22 Thiamine is also commercially available in combination 

with other B vitamins (vitamin B complex). Thiamine is largely absorbed in the upper 

jejunum and to a lesser extent in the duodenum and ileum. Absorption is highly influenced 

by overall nutritional status and alcohol consumption.

Thiamine exists in four forms due to the addition of one or more phosphate groups: non-

phosphorylated or free thiamine, thiamine monophosphate, thiamine diphosphate (TPP), and 

thiamine triphosphate.22 Approximately 30 mg of thiamine can be stored by the human body 
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primarily in skeletal muscles and the rest in the liver, kidney and heart. The cellular transport 

of thiamine is mediated by two thiamine carrier transporters: human thiamine transporter 

(hTHTR-1) and hTHTR-2. Like vitamin C, thiamine is renally excreted.23

What are the functions of thiamine?

Thiamine, specifically the TPP form, is an important cofactor for enzymes utilized in 

multiple biochemical reactions for carbohydrate metabolism and energy production. These 

include pyruvate dehydrogenase, which catalyzes the conversion of pyruvate to acetyl 

coenzyme A, α-ketoglutarate dehydrogenase, which converts α-ketoglutarate to succinyl 

coenzyme A in the Krebs cycle, and transketolase of the pentose phosphate pathway that 

generates NADPH for reductive biosynthesis (Figure 2).24 Thiamine also is involved in 

optimal function of the central nervous system and repair of myelin nerve sheaths.25

What are the clinical manifestations of chronic thiamine deficiency?

Thiamine deficiency occurs through a largely carbohydrate-based diet with limited vitamin 

and mineral intake, as well as in patients with history of alcohol abuse, dialysis, diabetic 

ketoacidosis, chronic diarrhea, and consumption of high doses of diuretics.26, 27 Prolonged 

thiamine deficiency results in beriberi with cardiovascular symptoms (wet), or neurologic 

symptoms (dry), or a combination of the two variants. Neurologic deficiencies may present 

as Wernicke’s encephalopathy with ophthalmologic manifestations and Wernicke-Korsakoff 

syndrome with the addition of psychiatric symptoms.24, 28, 29

What happens to thiamine in critical illness and what deficiencies acutely 

result?

Similar to vitamin C, the hypermetabolic state that occurs during critical illness in the adult 

patient may be associated with the rapid depletion of thiamine stores.1, 3, 4, 24, 26, 29 

Thiamine deficiency may also occur due to sudden or aggressive nutrition delivery to 

malnourished patients (refeeding syndrome) or excessive removal (during prolonged 

continuous renal replacement therapy [CRRT]).3 Inadequate thiamine levels can lead to 

cellular metabolic and bioenergetic failure with the inability to generate adenosine 

triphosphate (ATP) (Figure 2).

The critically ill patient with thiamine deficiencies may not present with the classic cardiac 

and neurologic syndromes observed in beriberi. Instead, thiamine depletion may contribute 

to or worsen symptoms of common ICU disorders and lead to blunted responses to standard 

supportive ICU treatments. Patients may manifest with broad non-specific symptomatology 

including delirium, hallucinations, encephalopathy, polyneuropathy, high output cardiac 

failure, and gastrointestinal system dysfunction (i.e. nausea, vomiting, and abdominal pain).
24, 29
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How are vitamin C and thiamine levels measured?

Vitamin C

The invigorated interest in vitamin C has highlighted the fact that clear measurement 

guidelines and cut-offs for vitamin C in critically ill patients are absent. This is partly due to 

the technical challenges involved with the laboratory measurement of vitamin C.15 Vitamin 

C can be measured in plasma (or serum), leukocytes and urine. Plasma or serum vitamin C 

measurements reflect metabolic turnover and do not correlate well with tissue vitamin C 

levels.30 High performance liquid chromatography (HPLC) with electrochemical detection is 

one of the most reliable and accurate methods for determining “plasma” vitamin C levels 

compared to older methods using radiolabeled vitamin C.31 A fasting specimen is preferred. 

The adult fasting reference range of vitamin C is 23–114 µmol/L (0.4–2.0 mg/dl). Values of 

<11.3 µmol/L (0.2 mg/dl) indicate significant deficiency.32

Unfortunately, most hospital laboratories are unable to measure plasma or leukocyte vitamin 

C concentrations due to the lack of adequate instrumentation and technical expertise. 

Therefore, specimens, hopefully collected into the correct tubes, are sent to reference 

laboratories for analysis with results not readily available for daily practice. Moreover, there 

is no uniformity of practice regarding the specimen type [plasma (or serum), leukocytes and 

urine] analyzed by the reference laboratories. Hence, based upon laboratory challenges, it is 

not surprising that vitamin C therapy in the ICU setting is often based upon the assumption 

that vitamin C stores are depleted in critical illness.

Of note, vitamin C can potentially affect laboratory tests that rely on oxidation-reduction 

reactions. High plasma concentrations of vitamin C (15 and 30 mg/dl) may cause false 

elevations of whole blood glucose measurements with certain point-of-care glucometers 

(e.g., Roche Accu-Chek).33 False increases in serum sodium, potassium, calcium, and 

creatinine as well as false decreases in serum chloride, total bilirubin, uric acid, total 

cholesterol, triglyceride, ammonia, and lactate have been reported with serum vitamin C 

concentration of 12 mmol/L even on standard laboratory analyzers.34 False negative fecal 

occult blood testing may also occur with ingestion of vitamin C.35

Thiamine

Thiamine may be measured in plasma (or serum), whole blood, red blood cells and urine. 

Plasma thiamine contains < 10 % of blood thiamine and reflects recent intake. Whole blood 

samples contain thiamine diphosphate (TPP), the biologically active form and is the current 

specimen of choice. HPLC is the most reliable and accurate method for measuring whole 

blood TPP levels.29, 36, 37 In whole blood, the reference range of TPP is 70–180 nmol/L. 

Values of < 70 nmol/L are suggestive of thiamine deficiency.38 However, this data may not 

be directly applicable to critically ill patients because thiamine measurements historically 

were performed primarily to identify patients at risk of developing Wernicke’s 

encephalopathy.

Similar to vitamin C, specimens for thiamine analysis in the correct tubes, are sent to 

reference laboratories. Thus, thiamine results too are not available for daily practice and the 
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decision to treat a patient prophylactically or to make a presumptive or definitive diagnosis 

of thiamine deficiency is commonly based on clinical judgment.

How are vitamin C and thiamine restored in critical illness?

Vitamin C

In healthy individuals, vitamin C deficiency is readily restored with vitamin C 200 mg/day 

IV or 500 mg/day orally for seven days. Vitamin C plasma and tissue concentrations are 

tightly controlled by saturable enteral absorption by SVCT-1 (Figure 1), tissue transport, and 

renal reabsorption and excretion. In critically ill patients, variations in timing, dose, and 

administration route of vitamin C plays a role because direct radical scavenging depends on 

plasma concentrations > 175 mg/L (1,000 mmol/L).39 Oral regimens cannot increase plasma 

concentrations to normal levels because transported-mediated enteral uptake is rate-limited 

and possibly impaired in critical illness.40 Thus, intravenous administration is the preferred 

route in critical illness where levels of vitamin C must be acutely raised.41, 42

It has been suggested that due to increased metabolic demands in critically ill patients with 

sepsis, restoring low levels of plasma vitamin C (i.e., < 23 µmol/L) may require 

approximately 6 g/day, a 30-fold higher total daily dose than healthy subjects.18 However, 

the details of the optimal dosing approach are still being studied. In a recent 

pharmacokinetic trial, 20 critically ill patients with multiple organ failure were randomized 

into four-groups to receive either 2 or 10 g/d vitamin C administered as a twice daily 15-min 

bolus infusion or continuous infusion for 48 h. Two grams per day resulted in normal plasma 

concentrations (29–50 mg/L), and 10 g/d resulted in “supranormal” concentrations as well as 

increased oxalate excretion, and metabolic alkalosis.40

Vitamin C should be diluted either in sodium chloride 0.9% or dextrose 5% water prior to 

administration and should be infused no faster than 250 mg/min. An infusion rate of 33 

mg/min has been recommended43 as more rapid infusion may result in faintness, lethargy, 

flushing, dizziness, and headache.

Addressing vitamin C deficiency in patients receiving renal replacement therapy is 

complicated. Vitamin C is dialyzable with up to 50% of the vitamin C dose cleared during a 

4-hour intermittent hemodialysis session.44 Significant clearance is observed with CRRT. An 

optimal dosing strategy in patients with renal insufficiency and those requiring CRRT is 

unknown and requires further study.45

Thiamine

Like vitamin C, thiamine can be administered both enterally and parenterally. IV 

supplementation is preferred in symptomatic patients and those with impaired absorption 

due to changes in gastrointestinal structure or function associated with malnutrition and 

alcoholism. 46, 47 Thiamine dosing recommendations vary because of an absence of 

consensus on dose, frequency, or duration of therapy.36 Recent literature recommends 200–

500 mg IV thiamine every 8 hours on the first day of ICU admission for patients with a 

chronic alcohol use disorder who have symptoms that may mimic or mask Wernicke’s 

encephalopathy.48 In the published and ongoing clinical studies of patients with sepsis and 
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septic shock, the dose range of thiamine was lower at 100–200 mg IV thiamine every 6 or 12 

hours for 4 days.

Thiamine is renally excreted. Its elimination may be doubled when administered with loop 

diuretics.49 Like vitamin C, thiamine is also dialyzable with CRRT removing an estimated 

4–5 mg of thiamine per day.50 While this clearance warrants supplementation, the best 

dosing regimen is largely based on expert opinion and requires further study.

Intravenous thiamine is overall well tolerated; however, on occasion patients may experience 

infusion related hypersensitivity or rarely anaphylaxis. Therefore, parenteral doses of 

thiamine greater than 100 mg are diluted with 100 ml of 0.9% sodium chloride or dextrose 

5% and administered by slow infusion over 30 minutes to minimize the risk of a 

hypersensitivity reaction.51 Parenteral thiamine doses of 100 mg to 500 mg have not been 

found to cause toxic effects. There is no established upper limit for the total daily dose.

What do the prior studies of vitamin C and thiamine administered alone in 

critical illness show?

Vitamin C

Vitamin C alone has been studied in a variety of critical care conditions (sepsis and septic 

shock, acute respiratory distress syndrome, major burns, trauma, and cardiac surgery) with a 

variety of dosing regimens (2–10 g/day IV) sometimes described as “low to high” doses by 

various investigators. Outcome parameters have included vasopressor- and ventilator-free 

days, organ failure scores, biomarker levels, fluid resuscitation volumes, occurrence of 

postoperative atrial fibrillation, acute kidney and stroke, risk of infection, ICU and hospital 

length of stay and mortality.12, 52–56

Four systematic reviews and meta-analyses recently summarized the vitamin C studies in 

critically ill patients.57–60 A consistent finding in studies of non-cardiac surgery ICU 

patients with sepsis and/or respiratory failure was that the administration of IV vitamin C 

alone was associated with a decreased need for vasopressor support, decreased duration of 

mechanical ventilation and reduced length of ICU stay, but no differences in incidence of 

AKI, mortality or hospital LOS.

Fowler et al in a recently published multicenter study not included in the above meta-

analyses, randomized 167 patients with sepsis and acute lung injury (ALI) present for less 

than 24 hours to receive IV vitamin C infusion (50 mg/kg) or placebo every 6 hours for 96 

hours.61 Of note, 65% of the patients were on corticosteroids at study entry. The 

investigators did not find any significant differences between the vitamin C and placebo 

groups in the primary endpoints of change in mean Sequential Organ Failure Assessment 

(SOFA) score from baseline to 96 hours or in the levels of biomarkers of inflammation (C-

reactive protein) and vascular injury (thombomodulin) at 168 hours. However, the patients in 

the vitamin C group had a lower mortality rate during the first 96 hours (at which time the 

SOFA score was calculated) compared to the placebo group (~4% vs. ~23%) and more ICU- 

and hospital-free days.

Obi et al. Page 8

J Crit Care. Author manuscript; available in PMC 2021 July 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Overall, the quality and quantity of evidence for the use of vitamin C alone in critically ill 

patients especially those with sepsis remains inconclusive and warrants further investigation.

Thiamine

Thiamine has commonly been administered empirically in a variety of conditions including 

sepsis, lactic acidosis, cardiac failure, neurological and psychiatric disorders, delirium, 

alcoholic withdrawal and refeeding syndrome.24, 27, 29 To our knowledge, there are a few 

observational studies focused on treating lactic acidosis and reversing shock with 

inconsistent results62–64 and one RCT that evaluated the treatment of septic shock with 

thiamine as a single agent. This RCT involved 88 patients with septic shock, who received 

either thiamine 200 mg IV twice daily or placebo for 7 days or until hospital discharge and 

showed no difference in lactate levels, shock reversal, or mortality.65 A post-hoc analysis of 

this study found that patients who received thiamine had decreased requirement for CRRT 

suggesting thiamine may decrease the risk of AKI in sepsis.66 Overall, the evidence for use 

of thiamine supplementation to improve outcomes in sepsis is inconclusive.

How did the vitamin C and thiamine cocktail with corticosteroids for sepsis 

come about?

Experimental studies have shown that both vitamin C and hydrocortisone have multiple and 

overlapping beneficial pathophysiologic effects in sepsis.5 Vitamin C helps to reverse the 

oxidation of the glucocorticoid receptor and restore its function.4, 12 Hydrocortisone 

increases the expression of the sodium-vitamin C transporter-2 (SVCT2) (Figure 1), which 

actively transports vitamin C into the tissue cells, but is downregulated in sepsis.67 In 

addition, hydrocortisone works synergistically with vitamin C to inhibit nuclear factor-κB , 

downregulating the production of proinflammatory mediators; increase tight junctions 

between endothelial and epithelial cells; preserve endothelial function; increase 

catecholamine synthesis; and increase vasopressor sensitivity.4, 5, 18, 68 Thiamine is thought 

to act synergistically with vitamin C and hydrocortisone to promote aerobic metabolism and 

reverse the mitochondrial dysfunction and oxidative stress observed in sepsis.19, 24, 26 The 

VCTS regimen is thus hypothesized to provide a multipronged approach to reduce organ 

dysfunction and improve outcomes in sepsis.

Based on the experimental and emerging clinical data,49, 51 vitamin C pharmacokinetic 

modeling and the package insert40, and dramatic recovery of three patients with fulminant 

sepsis at a university medical center, Marik et al described their experience with the vitamin 

C, thiamine and hydrocortisone (VCTS) regimen in 47 patients with severe sepsis and septic 

shock in 2017.5 Vitamin C was administered at 1500 mg IV every 6 h (6 g/day), thiamine 

200 mg IV every 12 h and hydrocortisone 50 mg IV every 6 h). This combination was found 

to be effective in preventing progressive organ dysfunction, including AKI, and in reducing 

mortality. However, this study had several limitations including the small study size, before-

and-after study design, single center, and lack of blinding. Nevertheless, the positive 

outcomes noted by Marik et al were supported by another study of VCTS therapy in 53 

critically ill patients with severe pneumonia.69 Although there were baseline imbalances in 

the control and treatment groups in the latter study, the mortality benefit persisted after 
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propensity-adjustment and propensity-matching. However, in a recent retrospective before-

and-after cohort study of 229 septic shock patients who received vitamin C (3 g every 12 h 

or 1500 mg every 6 h) and thiamine 200 mg every 12 h) within 6 hours of shock recognition 

and for the initial 24 h resuscitation period, Shin et al failed to show any survival benefit.70

Are there safety concerns with using the vitamin C and thiamine cocktail in 

combination with corticosteroids?

While vitamin C is largely considered a non-toxic vitamin, safety data is limited for the 6 

g/day IV vitamin C doing that is administered as part of the VCTS regimen in the ongoing 

or completed clinical trials. Known side effects of vitamin C from past studies include 

gastrointestinal disturbances, hypersensitivity reactions, oxaluria, kidney stones, and 

glycosuria.71 There were no unexpected adverse events reported in the most recent trial of 

vitamin C infusions in patients with sepsis and ALI.61 However, large doses of vitamin C 

should be used with caution in patients with renal impairment and those prone to kidney 

stones.71 Thiamine minimizes the risk of vitamin C associated calcium oxalate kidney stone 

formation and oxalate nephropathy.4 Another safety concern pertains to patients with 

glucose-6-phosphate dehydrogenase (G6PD) deficiency; vitamin C may cause hemolysis in 

these patients.4, 72

There have been no reported adverse events directly attributed to the use of thiamine in the 

VCTS studies published to date.5, 69 Corticosteroid use is well known to be associated with 

hyperglycemia, but this has never been translated to worse or adverse outcomes.

What does the future hold for the VCTS cocktail?

The VCTS cocktail appears to be a promising adjuvant therapy for sepsis. Vitamin C and 

thiamine have favorable side effect and cost profiles. These vitamins are usually readily 

available; however, recent occasional shortages of the IV formulations have been reported. 

As of November 2019, there are 14 completed and/or ongoing clinical trials with the VCTS 

regimen for the treatment of adult patients with sepsis and septic shock listed at Clinical 

Trials.gov (Table 1).73 Five of these RCTs involving a total of 1137 patients have completed 

patient accrual including 3 in the US, 1 in Australia, New Zealand and Brazil, and 1 in 

China. The primary outcome parameters have included vasopressor- and ventilator-free 

days, change in organ failure scores, and hospital mortality. A recent fiscal analysis 

comparing standard sepsis care to the early adoption of the VCTS regimen showed that the 

VCTS regimen, if proven safe and effective in ongoing high-quality RCTs, has the potential 

to save billions of dollars and millions of life-years in the US.74

Even if the preliminary positive results of the VCTS trials are not replicated, the new RCTs 

may help provide a better understanding of the possible role of vitamin C and thiamine in 

critical illness. For instance, one of the trials (Vitamin C, Thiamine, and Steroids in Sepsis, 

VICTAS), that was completed in October 2019 with 501 patients, will create a biorepository 

which will be used to characterize vitamin C pharmacokinetics and to measure standard and 

emerging markers of sepsis severity in general and in the setting of high concentrations of 

vitamin C.75
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However, these trials have potential limitations and may lead to further perplexity because 

the optimal dosing regimen for vitamin C is not known. Thus, a negative study could be 

consistent with an ineffective therapy or dosing regimen. It is also unclear how the results of 

the recently published (Vitamin C Infusion for Treatment in Sepsis Induced Acute Lung 

Injury, CITRIS-ALI) trial of vitamin C infusion alone in patients with sepsis and acute lung 

injury61 will impact the continuation of the currently ongoing VCTS studies or their 

interpretation. The clinical benefit of the VCTS cocktail in sepsis will likely depend on 

several factors including the patient’s underlying severity of illness, comorbidities and 

attributable mortality from sepsis being a highly heterogenous clinical syndrome, and the 

heterogeneity of sepsis treatment (e.g., fluid management, antimicrobial selection, source 

control, dose and timing of intervention with VCTS) and certainly the dosing ranges and 

timing of administration of the drugs.

In conclusion, the potential of the VCTS regimen for sepsis has generated a fair amount of 

interest and hope. However, the question of acceptable effective dosing and measurement 

techniques for vitamin C and thiamine may become a significant issue if ongoing clinical 

trials testing vitamin C alone or in combination with thiamine and hydrocortisone in patients 

with sepsis and septic shock confirm the promising findings of the published studies to date.
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Highlights

• Recent studies have generated keen interest in the use of vitamin C, thiamine, 

and corticosteroids (VCTS) to treat sepsis.

• Many questions surround the mechanisms of action, laboratory 

measurements, monitoring, dosing regimens and side effect profiles of 

vitamin C and thiamine.

• This review aims to explore the current evidence and potential benefits and 

adverse effects of the VCTS regimen for the treatment of sepsis.
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Figure 1. 
A: Transport of vitamin C

Ingested ascorbic acid is actively transported from the intestinal lumen into cells through 

sodium-dependent vitamin C transporter 1 (SVCT1) found in small bowel epithelial cells. 

Dehydroascorbic acid (DHAA) uptake is carried out by facilitated diffusion through glucose 

transporters (GLUTs). DHAA is then reduced to ascorbic acid intracellularly. Ascorbic acid 

is ultimately transported into the plasma from the epithelial cells by diffusion.

B: Vitamin C as an antioxidant

Sodium-dependent vitamin C transporter 2 (SVCT2) is responsible for non-epithelial cell 

uptake and delivery of ascorbic acid in tissues of the brain, eye, bone, heart, lung, adrenal 

gland and skeletal muscle. Ascorbic acid scavenges reactive oxygen species (A) and 

diminishes free radical formation by nitric oxide synthase (B) and NADPH oxidase (C) that 

are activated in response to sepsis.
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Figure 2. Carbohydrate metabolism pathways that rely on thiamine
Thiamine in the form of thiamine diphosphate (TPP) is an important cofactor for three key 

enzymes of the carbohydrate metabolic pathways. The first is transketolase of the pentose 

phosphate pathway, which converts glucose metabolites to pentose nucleic acids for 

nucleotide synthesis and generates NADPH for reductive biosynthesis including that of fatty 

acids, cholesterol, and steroid hormones. The second is pyruvate dehydrogenase in the 

glycolysis pathway that converts pyruvate to acetyl coenzyme A (acetyl CoA) with 

subsequent entry into the Krebs cycle. During thiamine deficiency, conversion of pyruvate to 

acetyl CoA is blocked and pyruvate is converted to lactate. This may result in lactic acidosis 

that can be reversed with repletion of thiamine. The third enzyme is α-ketoglutarate 

dehydrogenase, which catalyzes the conversion of α-ketoglutarate to succinyl coenzyme A 

in the Krebs cycle and produces NADH utilized for ATP synthesis. Thiamine deficiency 

compromises NADPH, NADH and ATP production as well as reductive biosynthetic 

reactions, which together ultimately leads to organ dysfunction.

NADP+, oxidized nicotinamide adenine dinucleotide-phosphate; NADPH, reduced 

nicotinamide adenine dinucleotide-phosphate; NAD+, oxidized nicotinamide adenine 

dinucleotide; NADH, reduced nicotinamide adenine dinucleotide
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Table 1.

Completed and Ongoing Clinical Trials of Vitamin C, Thiamine, and Corticosteroids in Sepsis and Septic 

Shock (adult only >18 yrs)*

Trial name Centers Location #of 
Subjects

Study design Entry 
diagnosis

Primary 
outcome

Trial 
identifier

Ascorbic acid, 
Corticosteroids, and 
Thiamine in Sepsis 
(ACTS) Trial

Multicenter US 200 (C) Randomized, 
double-blind, 
placebo-
controlled trial

Sepsis/septic 
shock

Change in 
Sequential Organ 
Failure 
Assessment 
(SOFA) score at 
72 hours

NCT03389555

Vitamin C, 
Thiamine and 
Steroids in Sepsis 
(VICTAS)

Multicenter US 501 (C) Randomized, 
placebo-
controlled, 
double-blind, 
adaptive trial

Sepsis with 
acute 
respiratory or 
cardiovascular 
organ 
dysfunction

Vasopressor and 
ventilator-free 
days at 30 days 
after 
randomization

NCT03509350

Metabolic 
Resuscitation Using 
Ascorbic Acid, 
Thiamine, and 
Glucocorticoids in 
Sepsis (ORANGES)

Two centers NJ, US 140 (C) Randomized, 
double-blind 
placebo-
controlled trial

Sepsis/septic 
shock

Time to 
vasopressor 
independence 
(hours) through 
study completion; 
Change in SOFA 
score at 4 days 
post-
randomization

NCT03422159

The Vitamin C, 
Hydrocortisone and 
Thiamine in Patients 
with Septic Shock 
Trial (VITAMINS)

Multicenter Australia, 
New 
Zealand, 
Brazil

216 (C) Randomized, 
placebo-
controlled trial

Sepsis/septic 
shock

Time alive and 
free of 
vasopressors at 
day 7 (168 hours) 
after 
randomization.

NCT03333278

Thiamine, Vitamin 
C and 
Hydrocortisone in 
the Treatment of 
Septic Shock

Single 
center

Michigan, 
US

60 (T) 
(R)

Placebo-
controlled trial

Septic shock Mortality rate 
compared to 
Marik’s 2017 
study5

NCT03540628

Hydrocortisone, 
Vitamin C, and 
Thiamine for the 
Treatment of Sepsis 
and Septic Shock 
(HYVCTTSSS)

Single 
center

Guangdong, 
China

80 (C) Randomized, 
placebo-
controlled trial

Sepsis/septic 
shock

Hospital survival 
at 14 days

NCT03258684

Pilot Study on the 
Use of 
Hydrocortisone, 
Vitamin C and 
Thiamine in Patient 
with Sepsis and 
Septic Shock

Single 
center

Girona, 
Spain

40(T) (R) Placebo-
controlled trial

Septic shock 
and multiorgan 
failure

28-day mortality NCT04111822

Outcomes of Septic 
Shock Patients 
Treated with a 
Metabolic 
Resuscitation 
Bundle Consisting 
of Intravenous 
Hydrocortisone, 
Ascorbic Acid and 
Thiamine)

Single 
center

Wisconsin, 
US

80 (T) 
(NR)

Placebo-
controlled trial

Sepsis/septic 
shock

Duration of 
vasopressors at 
study conclusion, 
up to 3 months

NCT03913468

Vitamin C, 
Thiamine and 
Hydrocortisone for 

Single 
center

Yangzhou, 
China

406 (T) 
(R)

Placebo-
controlled trial

Sepsis/septic 
shock

90-day mortality NCT03872011
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Trial name Centers Location #of 
Subjects

Study design Entry 
diagnosis

Primary 
outcome

Trial 
identifier

the Treatment of 
Septic Shock

Effect of IV Vitamin 
C, Thiamine, and 
Steroids on 
Mortality of Septic 
Shock

Single 
center

NY, US 130(T) 
(R)

Placebo-
controlled trial

Sepsis/septic 
shock

30-day mortality NCT03828929

Evaluation of 
Hydrocortisone, 
Vitamin C and 
Thiamine for the 
Treatment of Septic 
Shock (HYVITS)

Single 
center

Doha, Qatar 216 (T) 
(R)

Prospective, 
randomized, 
two-arm 
parallel-group 
trial

Sepsis/septic 
shock

60-day mortality NCT03380507

Vitamin C, 
Hydrocortisone and 
Thiamine for Septic 
Shock 
(CORVICTES)

Single 
center

Athens, 
Greece

400 (T) 
(R)

Placebo-
controlled trial

Septic shock Cerebral 
autoregulation 
24–78 hours after 
randomization; 
Cerebral blood 
flow 24–78 hours 
after 
randomization

NCT03592693

Vitamin C, Steroids, 
and Thiamine, and 
Cerebral 
Autoregulation and 
Functional Outcome 
in Septic Shock 
(CORVICTES-ϒM)

Single 
center

Athens, 
Greece

100 (T) 
(R)

Placebo-
controlled trial

Septic shock Cerebral 
autoregulation 
24–78 hours after 
randomization; 
Cerebral blood 
flow 24–78 hours 
after 
randomization

NCT03649633

Therapy With 
Hydrocortisone, 
Ascorbic Acid, 
Thiamine in Patients 
With Sepsis

Single 
center

Tanta, Egypt 80 (T) 
(NR)

Placebo-
controlled trial

Sepsis/septic 
shock

Change in SOFA 
score at 28 days 
and procalcitonin 
level

NCT04160676

C-Completed, T-Target, R-Recruiting, NR-Not Recruiting
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