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1.  INTRODUCTION 
 

Sepsis is a constellation of physiological, pathological and biochemical abnormalities, 

induced by an infection. Sepsis is currently defined as “a life threatening Organ 

Dysfunction secondary to a dysregulated host response to infection (1)”. It is a major 

healthcare concern, leading to substantial healthcare costs. Although it is difficult to 

find the exact incidence, good statistical estimates deduce that sepsis is a leading cause 

for mortality and critical illness around the world (1). Sepsis survivors also have chronic 

psychological, physical and cognitive disabilities (2). 

 

According to current understanding, it’s not just the infection, but also the body’s 

uncontrolled response to it , that manifests as a sepsis syndrome (1). It causes an 

overwhelming inflammatory response, endothelial dysfunction and microangiopathic 

response, and can affect almost all organ systems. Although a number of interventions 

have studies in Sepsis, the backbone of current therapy is still comprised of only 

antibiotics and supportive care. The mortality from Sepsis remains to be high (3). 

Ascorbic acid or Vitamin C is an essential micronutrient that has significant reducing 

property. It has a number of biological functions including role in norepinephrine 

synthesis and synergism with glucocorticoids (4). A number of pre-clinical and clinical 

studies have thrown light to the possible benefits of Vitamin C in Sepsis. Vitamin C is 

cheap and largely safe.  Despite a strong biological plausibility and promising data from 

observational studies, we lack robust evidence for routine use of Vitamin C in sepsis(5). 

If the benefit of Vitamin C in sepsis is proven, this could potentially be a cheap by 

effective intervention that can prevent a substantial number of deaths. 
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This single centre randomised control trial was conducted to evaluate the effect of 

Vitamin C administration in preventing Sepsis related mortality. To the best of our 

knowledge, there are few published randomised control trials till addressing this 

research question. This study is hence expected to bridge a large knowledge gap in this 

regard. 
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2. AIMS & OBJECTIVES 

2.1 AIM 

To study the effect of high dose intravenous Vitamin C administration in adult patients 

with sepsis 

2.2 OBJECTIVES 

a) To evaluate the effect of high dose intravenous Vitamin C administration on all 

cause in-hospital mortality in adult patients with sepsis 

 

b) To evaluate the effect of Vitamin C administration on time to ventilator 

independence, time to vasopressor independence, length of ICU stay, length of 

hospital stay and new onset organ dysfunction in adult patients with sepsis 

 

c) To identify the adverse effects of Vitamin C administration in sepsis 
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3. REVIEW OF LITERATURE 

The review of literature was done through a comprehensive search of available literature 

indexed in PubMed till 1/10/2019 and is discussed under 18 subheadings 

3.1 HISTORICAL PERSPECTIVES OF SEPSIS 

A syndrome of fever and suppuration produced by a disease-producing entity that 

originated in the intestine and later spread to the rest of the body was first outlined in 

the Ebers Papyrus (1550 BC) (6). The word sepsis is derived from Greek and is first 

noted in the Epics of Homer and denotes rotting of flesh(7). 

Eventually, Celsus identified the cardinal features of inflammation, the pathogenetic 

mechanisms of which are now known to play a key role in sepsis as well. The first 

definition of Sepsis is usually attributed to Hippocrates (460-370 BC). He defined 

Sepsis as “the process of death and decay associated with illness, putrefaction and a foul 

smell.” (8). 

 

Schottmueller, in 1914 postulated that systemic symptoms and signs are caused by the 

release of pathogenic organisms into the blood (9). Pfeiffer demonstrated that the 

syndrome caused by experimental infection can be seen in the absence of a viable 

organism as well, proposing that some toxic factor of the organism or released by the 

organism could be responsible for the same. This lead to the concept of endotoxin and 

exotoxin (10). 
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Subsequent preclinical and clinical experiments helped to elucidate the role of 

Microbial endotoxins and exotoxins and host cytokines and chemokines in Sepsis. 

Histopathological changes in various organs and their molecular mechanisms were 

studied. The insights into the pathogenesis of Sepsis also helped pin-point possible 

targets of therapy. The story of sepsis in last 100 years, thus, has been a fascinating tale 

of discovery and man’s never-ending attempt to conquer it(9) . Although there has been 

remarkable progress in our understanding and management, the adverse outcomes 

remain unacceptably high. 

 

3.2 THE EPIDEMIOLOGY OF SEPSIS 

The incidence of sepsis as reported by publications from around the world is increasing, 

probably due to increased lifespan leading to increase in aged population with multi-

morbidities, and increased recognition of the syndrome(1) .From the data available from 

the Global Burden of Disease studies(11) , Adhikari et al estimated the global burden 

of sepsis to be between 15 and 19 million cases per year, of which approximately 5 

million are in East Asia, 4 million in South Asia, and 2 million in sub-Saharan 

Africa(12) . According to this estimation 23% of Deaths in the world can be attributed 

to Infections. Numerous studies have tried to estimate the incidence of Sepsis around 

the world and have reported the incidence of severe Sepsis to be 51 cases per 100,000 

population in England, Wales, and Northern Ireland, and 135 cases per 100,000 

population in Taiwan. Of every 100,000 men in Spain, 114 develop sepsis during their 

lifetime. 9% of all ICU admissions in China are due to Sepsis (13). In the United states, 

Martin et al concluded that the population-adjusted incidence of Sepsis had increased 
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by 8.7% per year between 1979 and 2000, in an analysis of hospital discharge data for 

750 million hospitalizations in the country. The analysis estimated a rate of about 

1,665,000 case per annum events of sepsis between these years(13) . 

 

An analysis of 1794 patients from 62 countries, of which 70 were from India, showed 

that 39% of patients who presented to the hospital with sepsis, progressed to septic 

shock. 86% of these patients required ICU admission(14) . In a study from 150 ICUs of 

16 Asian countries, 10.9% of all ICU admissions were for Sepsis(15) . In another study 

that included 10,069 patients requiring ICU care, 29.5%(2973 patients) had sepsis on 

admission or during ICU stay(16) . Another retrospective analysis of an international 

database including the countries of the United States, Australia, Germany, Norway, 

Taiwan, Sweden and Spain found a global incidence of 437 per 100,000 person-years 

for sepsis between 1995 and 2015. However, this rate was not representative of the 

scenario in middle and low-income countries (17). 

 

According to the ‘Intensive Care in India: The Indian Intensive Care Case Mix and 

Practice Patterns Study’(INDICAPS(18)), that looked at the case mix among 4209 

patients from 120 Indian ICUs, 28.3% of patients admitted to the ICU developed severe 

sepsis or septic shock during ICU stay.  Of the 3115 patients admitted to Medical ICUs, 

404 were admitted primarily for the management of sepsis. About 12.2% of patients of 

the INDICAPS cohort developed an infection in the ICU. In a multivariate regression 

analysis, severe sepsis or septic shock during ICU stay was found to be an independent 

risk factor for mortality. In another single-center Indian observational study, of 4711 
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admissions to ICU over a 5-year period, 282 were with severe sepsis. The predominant 

infection site was the respiratory tract and most common pathogens were Gram-

negative microbes, among which Acinetobacter baumanni was the most common. ICU 

mortality, hospital mortality, and 28-day mortality in this cohort of 282 patients with 

severe sepsis were 56%, 63.6%, and 62.8% respectively (19). 

 

The severity of sepsis has also increased over the years. In the US in 1993, an estimated 

72.4% with Sepsis had only a single organ dysfunction, as compared to 58.2% in 2003. 

There was a 1.3, 1.9 and 2.7-fold increase in the proportion of patients with 2,3 or 4 

organ dysfunction, respectively. The age-adjusted mortality rate related to severe sepsis 

increased at an annual rate of 5.6% from 1993 to 2003. It is, however, reassuring to note 

that the fatality has dropped and there is increased survival(20) . Another notable US 

based retrospective population-based analysis reported increased rates of sepsis and 

septic shock from 13 to 78 cases per 100,000 between 1998 and 2009 .The age-adjusted 

hospital mortality during this time associated with septic shock dropped from 40.4% to 

31.4% (21). Possible reasons for increased rate of sepsis include advancing age, 

immunosuppression, and multidrug-resistant infection. 

 

The incidence of sepsis is reported to be greatest in the winter, and is postulated to be 

due to increased prevalence of respiratory tract infections. The case fatality rate of 

sepsis was also seen to be 13% greater in winter as compared to summer, despite similar 

severity of the illness(22). The geriatric age group (≥65 years of age) seems to account 

for 60 – 85 % of all sepsis episodes across various publications. With an increase in 
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aging population worldwide, it is expected that sepsis incidence will continue to rise. 

Females had lower age-specific incidence and mortality, but this difference could be 

explained by the differences in site of infection and underlying disease (23–25).  

 

The organisms causing sepsis vary. While gram-positive infections like Staphylococcus 

spp. , seem to contribute to a large proportion of Sepsis in the west, gram-negative 

infections probably predominate in the Indian scenario(19,25) . Sepsis can also be 

caused by polymicrobial infections. This trend is increasingly seen in elderly 

individuals. 

 

The emergence of multi-drug resistant (MDR) organisms has posed another significant 

challenge in the management of sepsis. A study reported a rise from 1% to 16% of MDR 

gram-negative bacteria over an 8.5 year period(26). Elderly patients are at particularly 

high risk of harboring multidrug-resistant, gram-negative bacteria(27). The incidence 

of fungal sepsis, especially Candida spp., has also been on the rise(28). 

 

3.3 OUTCOMES OF SEPSIS 

 

Although estimation of the outcomes of Sepsis in patients is difficult due to paucity of 

worldwide data of representative population, there is a general consensus among the 

medical fraternity that, this condition is associated with significant adverse outcomes – 

which may be death, organ dysfunction or disability. 
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Studies from the United States project sepsis to be one of the top 10 leading contributors 

to mortality. The number of deaths from Sepsis have nearly tripled from 1979 to 2000, 

notably in parallel to the increase in incidence of sepsis (24). Studies have also looked 

at pitfalls in management being cause of sepsis mortality and concluded that mortality 

is due to the disease severity itself, and was possibly not preventable by any known 

intervention. For example, in a study from the US, 264 of the 300 deaths due to sepsis 

88.0% were concluded to be unavoidable(29). 

 

In India, with the available evidence, it is reasonable to conclude that more than a fourth 

of patients with Sepsis die, despite care in critical care units. In the ICON audit, the ICU 

and Hospital mortality rates of patients with Sepsis were 25.8% and 35.3% , 

respectively in patients with sepsis as compared to 16.2% and 22.4% in the whole ICU 

population (16). This indicates that our battle against Sepsis is not as effective as it is 

in other critical illnesses. In a cohort of 1285 patients from 150 ICUs of 60 Asian 

countries with severe sepsis, there was 36.7% and 44.5% ICU mortality and  in-hospital 

mortality, respectively (15). 

 

In the INDICAPS Study, the mean APACHE score at admission was the notably the 

highest (21.9+/-9.5) among patients who were admitted to ICU for primary 

management of sepsis. Of these 29.7% did not survive through the ICU course and the 

in-hospital mortality was 32.2% (18). The mortality from severe sepsis(34%) was 

similar to the mortality described in a study from 150 Asian ICUs(15)(15), but higher 

than the mortality rates from the IMPRESS study (Global – 28.4% , Asia – 30.8%)(14), 
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and ICON Study(25.8%)(16). In a multi-variate regression analysis of the INDICAPS 

Cohort, severe sepsis or septic shock during ICU stay was found to be an independent 

risk factor for mortality. 

 

In another single-center Indian observational study, of 4711 admissions to ICU over a 

5-year period, 282 were with severe sepsis. ICU mortality, hospital mortality, and 28-

day mortality among these patients were 56%, 63.6%, and 62.8%, respectively(19).One 

also needs to assume that the actual mortality from Sepsis in developing countries 

including India is underreported, as a lot of patients with Sepsis are managed in hospital 

wards, and not in critical care units. The mortality in Nosocomial Sepsis has been 

reported to be 14.6% to 33% from around the world(30–33). In a single-centre 

prospective study from a south Indian tertiary hospital, the mortality  of nosocomial 

sepsis was 22%(33) 

 

The long term physical and psychological disabilities and cognitive problems in 

survivors of sepsis have also come to light in recent research. These have significant 

social and health care implications. In a large American cohort of sepsis survivors, that 

aimed at addressing this issue, incident severe sepsis caused statistically and clinically 

significant rise in moderate to severe disability. For instance, the prevalence of 

moderate to severe disability increased from  6.1% among eventual Sepsis survivors 

just before severe sepsis, to 16.7% (95% CI: 13.8%, 19.7%) after severe sepsis(2) . 

Patients who survived sepsis are also known to have a lesser lifespan, worse physical 
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function, worse health related quality of life and poorly perceived general health after 

sepsis(34,35). 

 

Follow up studies done in cohorts of sepsis survivors have also shown up to tripling in 

odds of moderate or severe cognitive impairment after surviving an event of severe 

sepsis. In one such American studies done in an older cohort of sepsis survivors, severe 

sepsis was found to be associated with accrual of 1.5 new functional limitations in 

individuals with no, mild or moderate pre-existing functional limitations. These new 

disabilities were also significantly larger than those seen after hospital admissions for 

other conditions. It was also demonstrated that these disabilities translate to significant 

burden in terms of care-giver time, nursing home admissions, depression, and long term 

mortality (2). In addition, sepsis has been identified as a major risk factor leading to 

discharge to hospice facilities and 30—day readmissions in the west(36).  

 

3.4 THE ECONOMICS OF SEPSIS 

 

Sepsis is not only a challenge to the patients and the doctors, but also the hospital and 

health care system(37). The direct cost of caring for patients with sepsis has been shown 

to be 6-fold higher than caring for ICU patients without sepsis(38). According to data 

from the US, each septic patient consumes, during hospitalization, about US$ 25,000, 

corresponding to approximately $ 17 billion annually(23). A systematic analysis of 37 

studies on  cost and cost effectiveness analysis in Sepsis, estimated the median of mean 

ICU cost of Sepsis to be $27,461 per patient and the median of the mean hospital-wide 
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cost of sepsis per patient to be $32,421 (2014 dollars)(39). A study from the Christian 

Medical College Hospital, Vellore has also noted that Hospital acquired infections, a 

proportion of which leads on to sepsis, causes significantly increased length of stay in 

hospital and significantly higher hospital costs, although mortality was not changed(40). 

As Silvia and Araujo rightly conclude, management of sepsis is not only challenging, 

but also costly(41). The presence of co-morbid illnesses, and acuity and severity of 

illness play a large role in deciding the healthcare cost in sepsis(37). 

 

Many newer modalities that have stood the test of scientific analysis in Sepsis care have 

failed the test of cost effectiveness analysis(13). Usage of newer modalities, with either 

good or limited data on benefit in Sepsis on a routine basis in Indian ICUs, is limited 

by the economic constraints. It is in this setting that the need for inexpensive and novel 

treatment modalities in Sepsis arises. Vitamin C is such an inexpensive drug that has 

the potential to bridge the gap for a safe, effective, and cheap intervention in Sepsis.  

 

The impact of Sepsis is so profound that September 13th of every year is commemorated 

as ‘The world Sepsis Day’ since 2012, to raise awareness about this deadly illness(42). 

 

3.5 PATHOPHYSIOLOGY OF SEPSIS 

The understanding of the pathophysiology of Sepsis, its molecular mechanisms and 

microbe specific mechanisms are ever evolving. The normal response of human body 

to infection attempts localizing and controlling the microbial invasion, while initiating 

the tissue repair, through a complex cascade of mechanisms. This mechanism involves 
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recruitment of phagocytes – both fixed and circulating, as well as release of chemical 

mediators - both anti-inflammatory and pro-inflammatory. These normal responses may 

be able to successfully fight off infections and localize them – hence not all infections 

progress to sepsis.  According to our current understanding, sepsis sets in when the host 

response to fight an infection becomes so overwhelming that these response 

mechanisms damage normal host tissue(1). In other words, when the response to 

infection becomes generalized and involves the normal organs and tissue remote to the 

site of infection, sepsis ensues.  

3.5.1 Normal Host Response To Infection 

When a microbe enters the body, the components of the microbe are recognised by the 

body’s innate immune cells, especially the macrophages. This is made possible by 

several mechanisms including recognition of Pathogen specific molecular patterns 

(PAMPs) and endogenous danger signals (Alarmins or Danger associated Molecular 

patterns-DAMPs) by Pathogen recognition receptors (PRRs) present on host immune 

cell surface; and binding of various myeloid receptors (TREM-1, MDL-1) to microbial 

components. The most widely known PRRs are toll like receptors (TLRs) (43,44). 

Microparticles from circulating and endothelial cells also participate in an inflammatory 

response. 

This binding of immune cell receptors to microbes leads to a cascade of effects like: 

• NF-κβ (cytosolic nuclear factor-kb) activation by TLRs results in induction of 

large sets of genes that code for cytokines, chemokines (ICAM-1, VCAM-1) and nitric 

oxide. 
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• Activation of Polymorphonuclear leucocytes (PMNs), which express adhesion 

molecules causing their aggregation and margination to vascular endothelium. The 

PMNs then go through rolling, adhesion, diapedesis, and chemotaxis , and move to the 

injury site(45).  

• PMNs release chemical mediators at the injury site causing the cardinal signs of 

local inflammation, in an attempt to fight the infection. 

• Pro-inflammatory mediators like TNF-α and IL-1; and anti-inflammatory 

mediators like IL-10 and IL-6 secreted by macrophages regulate the process of local 

inflammation(46). 

If this process is successful and well regulated, the infectious insult is overcome and 

homeostasis is restored. Tissue repair and healing begin. 

3.5.2 Progression Of Infection To Sepsis 

Sepsis ensues when the release of pro-inflammatory mediators, as a response to 

infection, exceeds the boundaries of local injury. It is often conceptualized as malignant 

intravascular inflammation(47). The cause for this overspill of inflammation is likely 

multifactorial, including the effects of the microorganism, excess secretion of pro-

inflammatory mediators and dysregulated complement activation. 

• Microbial Factors: Bacterial endotoxins(cell wall components) and 

exotoxins(secretory products) may lead to progression of a local infection to sepsis as 

exemplified by the observations that endotoxin is present in the blood of septic patients, 
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the levels of plasma endotoxin correlates with severity of sepsis and organ dysfunction, 

and infusion of endotoxin to humans reproduces many features of sepsis (48). 

• Pro-inflammatory mediators: Cytokines like TNF-α and IL-1, if secreted in 

large quantities, may spill in the bloodstream contributing to progression to sepsis. This 

can cause pyrexia, shock, leucocytosis, induction of other cytokine secretion, and 

activation of coagulation and fibrinolysis. It is known that patients with Sepsis have 

higher levels of circulating TNF-α, infusion of the same reproduces clinical features of 

septic shock, and antibodies against the same protects animals from endotoxin mediated 

damage(49) .    

• Activation of the complement system:  The complement system is activated by 

the cytokines released in sepsis. This may lead to enhanced inflammatory response, 

vascular leak, and add to sepsis related mortality. Inhibition of Complement system in 

experimental models of sepsis has led to decreased inflammation and mortality(50) .  

• Genetic susceptibility: Various single nucleotide Polymorphisms (SNP), 

especially the ones involving genes coding for cytokines, cell surface receptors, 

lipopolysaccharide ligands etc. have been associated with increased susceptibility to 

infection and poor outcomes. Thus genetic factors may play a role in determining 

progression to sepsis(51).  

3.5.3 Cellular Injury And Organ Dysfunction 

In sepsis, cellular injury precedes organ dysfunction. The cellular injury is postulated 

to be caused due to factors like(52)  
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• Tissue Ischemia: Microcirculatory and endothelial dysfunction may contribute 

to this. 

• Alteration of mitochondrial function and cytopathic effect: There is direct 

cytokine mediated inactivation of respiratory enzyme complexes, oxidative stress 

damage, and mitochondrial DNA breakdown that has been demonstrated ins sepsis 

• Accelerated apoptosis: The cell and tissue damage in turn translates into 

clinically relevant organ dysfunctions.  

 

The organ specific manifestations of Sepsis briefly include the following: 

• Circulation: There is systemic vasodilation, that may result in 

shock.  Prostacyclin and nitric oxide (NO) are the major mediators causing vasodilation. 

Impaired compensatory secretion of antidiuretic hormone (vasopressin) may contribute 

to this effect. Hypotension may also be due to redistribution of intravascular fluid. 

Sepsis causes a decrease in the number of functional capillaries, thereby causing 

inability to extract oxygen maximally at tissue level (53). 

• Heart : Sepsis can cause decreased myocardial contractility, and that can add an 

element of cardiogenic shock(54). 

• Respiratory system: There is endothelial injury, disturbed capillary blood flow, 

and enhanced microvascular permeability in the pulmonary vasculature causing 

interstitial and alveolar pulmonary edema. This causes ventilation-perfusion mismatch 

and hypoxemia manifesting as an Acute Respiratory Distress syndrome(53). 
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• Gastro-Intestinal Tract: The circulatory compromise may depress the normal 

barrier function of the gut, allowing translocation of bacteria and endotoxin into the 

systemic circulation and possibly extending the septic response(55). 

• Renal System:  An acute Kidney Injury is the end result of all the Sepsis related 

insult to the Kidney, and is caused by numerous mechanisms. Acute tubular necrosis 

due to hypoperfusion and hypoxemia is probably the major mechanism. Other 

mechanisms include direct renal vasoconstriction, cytokine mediated damage, systemic 

hypotension, neutrophil mediated injury etc.(56). 

• Nervous system: Sepsis induced neurological disturbances are attributed to the 

changes in alterations in cell signaling and metabolism. Blood brain barrier disruption 

and mitochondrial disruption may also contribute. Clinically, this is manifested as  

Septic encephalopathy(57). 

• Immune System : early pro-inflammatory state in severe sepsis often develops 

into a later and prolonged state of immune system dysfunction(46). 

• Hematopoietic system: Sepsis is known to cause bone marrow suppression, and 

marked cytopenia. The mechanisms are yet to be fully elucidated(58). 

 

3.6 CLINICAL PRESENTATION AND DIAGNOSIS OF SEPSIS 

Patients with sepsis present with both infection site -specific features (e.g.: Cough, 

Expectoration, Crepitations and bronchial breath sounds in case of pneumonia), and 

features of multiple organ dysfunction (hypoxemia, oligo-anuria, encephalopathy etc.). 

They may have hyperthermia or hypothermia, tachycardia, tachypnoea, and often 

shock.  
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There are no laboratory parameters specific to sepsis. Leucocytosis, left shift, 

hyperglycaemia, elevated CRP, arterial hypoxemia, elevated creatinine, coagulation 

abnormalities, thrombocytopenia, hyperbilirubinemia, features of adrenal insufficiency, 

and sick euthyroid syndrome can be present, depending on the severity and organ 

systemic involved(59). 

 

Hyperlactatemia is a marker of organ hypoperfusion and has been included as an 

important variable to define severity of sepsis(3). Procalcitonin is the latest addition to 

the diagnostic armamentarium in sepsis. Elevated procalcitonin has been shown to be 

associated with bacterial infection and sepsis. However a large metanalysis has shown 

that procalcitonin may not readily distinguish systemic inflammation due to infection 

from other causes (60). The gold standard to diagnose the etiological agent would be 

culture of the blood or affected body fluid/tissue.  

 

 A constellation of clinical, physiological, microbiological, laboratory, and radiological 

data is thus required for the diagnosis of sepsis. The diagnosis is made empirically at 

the bedside upon presentation more often than not. This is later confirmed 

retrospectively when follow-up data returns (e.g. positive blood cultures), or there is 

evident response to antibiotics(59). 
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3.7 NEW DEFINITION OF SEPSIS & IMPLICATIONS IN THIS STUDY: 

Sepsis is immediately recognizable however unusually challenging to define(8). The 

first definition of Sepsis is usually attributed to Hippocrates (460-370 BC). He defined 

Sepsis as “the process of death and decay associated with illness, putrefaction and a foul 

smell”(8). 

 

It was in the 1980s, when a ‘Sepsis syndrome” based criteria was introduced and all the 

trials started using these criteria for patient recruitment(61). Dissatisfaction with 

the sepsis syndrome criteria and an emerging need articulated by several 

pharmaceutical companies planning trials of novel mediator-targeted therapy prompted 

the American College of Chest Physicians and the Society of Critical Care Medicine to 

host a consensus conference outside Chicago in August 1991(62).The aim of the 

conference was to develop new definitions for sepsis and organ failure, and criteria for 

the use of novel therapies. The concept of SIRS emerged after this and sepsis was 

considered to be SIRS caused due to an infection. 

 

The 2001 definitions conference reaffirmed the concepts and terms from the 1991 

conference, but proposed an expanded set of criteria to define SIRS, and presented a 

template for a novel stratification system for sepsis—the predisposition, insult, 

response, organ dysfunction (PIRO) model (63). In view of the ease of use, the 1991 

SIRS based criteria remained the standard inclusion criteria for most trials done in 

sepsis(8,64–66). 
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The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) 

initiative introduced a new definition for sepsis, defining it as “life-threatening organ 

dysfunction caused by a dysregulated host response to infection”(1) .  This definition 

identifies the organ dysfunction as the clinical phenotype of Sepsis, and eliminated the 

need for the terminology of Severe Sepsis. In addition, by describing the host response 

as dysregulated, the definition acknowledges the apparent paradox that manifestations 

of over-activation and suppression of the immune response could coexist and that the 

resulting syndrome was neither hyperinflammation nor immunosuppression, but rather 

something more complex(8). Whereas the SIRS based criteria included presence of 

 
  Table 1: A Comparison of Sepsis 1,2 and 3 Definitions of Sepsis (40) 
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organ dysfunction as a mandate for severe sepsis, according to Sepsis 3 definition, organ 

dysfunction as defined by an increase in SOFA score as a prerequisite for Sepsis itself. 

Septic shock was recognized as a subset of Sepsis, where underlying cellular and 

metabolic changes, and circulatory abnormalities are profound enough to increase 

mortality substantially. This is identified when Sepsis is associated with persisting 

hypotension requiring Vasopressors to maintain MAP ≥ 65 mm Hg and having a serum 

lactate of > 2mmol/L despite adequate volume resuscitation.  

 

Multiple validation studies have suggested that the SOFA based definition of Sepsis is 

superior to the SIRS based definition as it better correlates with the outcome(67–70). In 

contrast with the original consensus definition, which was created purely from expert 

opinion, the Sepsis-3 Task Force sought to use a data-driven approach to support their 

criteria(71). However, there are concerns regarding the use of the same in clinical 

research(72,73).We used the Sepsis 3 definition for defining the inclusion criteria in our 

trial. 

 

This has a few implications. Firstly a direct comparison with other studies that used 

other interventions in Sepsis may not be possible(72). Secondly, the retrospective study 

based on which the sample size for this study is calculated uses the 1991 consensus 

criteria of sepsis, severe sepsis and septic shock. This study has only included patients 

with severe sepsis and septic shock(74). However , the presence of organ dysfunction, 

which was the defining entity for severe sepsis in the earlier definition(62), is currently 

a prerequisite for the definition of sepsis itself(1). Hence it seems reasonable and logical 
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to assume that our future cohort of patients with sepsis (as defined by Sepsis 3) are more 

likely to match the definition of ‘severe sepsis’ and ‘septic shock’ as per the 1991 

consensus criteria(62); a sample size calculation based on this could be valid.  

3.8 CURRENT MANAGEMENT OF SEPSIS AND STUDIED INTERVENTIONS: 

The early management of patients with sepsis centres on the administration of 

antibiotics, IV fluids, and vasoactive agents, followed by source control. Unfortunately, 

there is no high-quality evidence (from one or more randomized controlled trials) 

demonstrating that any of these interventions alters outcome(75).It is, however,  likely 

that the early detection of sepsis with the timely administration of appropriate 

antibiotics is the single most important factor in reducing morbidity and mortality in 

sepsis(76). It has become increasingly apparent that in many patients there is a long 

delay in both the recognition of sepsis, and the initiation of appropriate therapy. This 

has been demonstrated to translate into an increased incidence of progressive organ 

failure and a higher mortality(77,78). 

 

The consensus guidelines based on current evidence recommend IV crystalloid 

resuscitation; early administration of IV antibiotics; source control measures; 

appropriate Vasopressor use; Corticosteroid use (in case of septic shock refractory to 

vasopressors); Judicious use of blood and blood products; and other supportive 

measures as indicated like Renal replacement therapy, ulcer and DVT prophylaxis. 

Therapies like IVIG, Glutamine and Arginine supplementation, and Omega 3 fatty acid 

supplementation are not recommended in the guidelines. Anti-oxidants are also not a 

part of consensus guidelines in Sepsis(3). 
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A number of Immune modulators have undergone Phase 2 or 3 clinical trials during the 

past 30 years and have either failed to show any clinical benefit, or have shown an initial 

benefit but failed to show consistent benefit in later larger trials(79). A list of 

interventions in Sepsis that have undergone the test of research and failed is compiled 

in table 2 (79) . 

 

It is evident that the evidence-based options available for Sepsis are limited.  Rapid fluid 

resuscitation, Vasopressor and Ventilatory support, and antibiotic therapy form the 

integral part of sepsis care; they are administered using a “do no harm” strategy(80)(80). 

Newer interventions are the need of the hour, considering the high incidence and 

mortality of the condition . 

Table 2: Interventions Studied in Sepsis with Negative Result (79) 
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3.9 VITAMIN C IN HEALTH AND DISEASE 

Vitamin C is an essential micronutrient and has a number of biological functions in 

human body (81). Most mammalian species synthesize ascorbic acid de novo from 

glucose in the liver, through a biosynthetic pathway involving gulono-gamma-lactone 

oxidase for the terminal step. But primates and guinea pigs are absolutely dependent on 

exogenously supplied dietary vitamin C due to inactivation of the gulono-

gammalactone oxidase gene by mutation(82). Consequently, when humans do not 

ingest vitamin C in their diets, a deficiency state occurs that manifests as scurvy. 

 

The Recommended daily intake of Vitamin C is in the range of 75–110 mg/day(83).  

Critically ill patients probably require significantly higher intakes of ascorbate due to 

enhanced metabolic turnover of vitamin C during the severe inflammatory response. In 

healthy fasting humans, circulating levels of ascorbate are typically in the range of 50–

70 μmol/l, whereas levels <23 μmol/l are considered marginally deficient (or 

hypovitaminosis C), and levels <11 μmol/l are considered severely deficient and 

potentially scorbutic (84). 

 

Severe vitamin C deficiency has been known for many centuries as the potentially fatal 

disease —  scurvy. By the late 1700s the British navy was aware that scurvy could be 

cured by eating oranges or lemons, even though ascorbic acid would not be isolated 

until the early 1930s. Symptoms of scurvy include subcutaneous bleeding, poor wound 

closure, bruising easily, hair and tooth loss, and joint pain and swelling (85).The 

response of scurvy to Vitamin C supplementation Is dramatic.  It is, in fact, interesting 

http://lpi.oregonstate.edu/mic/glossary#scurvy
http://lpi.oregonstate.edu/mic/glossary#subcutaneous
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that the probable first known clinical trial in history was performed by James Lind in 

Scurvy(86). 

 

Apart from Scurvy, Vitamin C has been postulated to be of use in prevention and 

treatment of several other diseases. Prospective cohort studies and randomized control 

trials have shown preventive benefit of Vitamin C supplementation in heart failure, 

strokes, Hypertension, multiple cancers, Alzheimer’s disease, Gout and 

cataract(Reviewed in 85).There have been propositions that genetic factors may 

contribute to Vitamin C deficiency and Scurvy, in addition to dietary deficiency(87). 

 

Effect of Vitamin C supplementation on mortality has also been studied. In the Vitamins 

and Lifestyle Study; 55,543 participants were followed up for 5 years; it was found that 

Vitamin C supplementation was associated with  a small decrease in mortality — 

although there was no association with cardiovascular or cancer specific mortality(88).  

In the EPIC-Norfolk multicenter prospective cohort study, there was a strong inverse 

association between plasma ascorbic acid level and mortality from all-causes, CVD, 

and ischemic heart disease (89). A dose-response decrease in cancer and overall 

mortality risks with higher vitamin C levels was observed in  NHANES III that studied 

16,008 adults (90). 

 

With respect to disease treatment, there is evidence of benefit from Vitamin C to various 

extents through various mechanisms in a number of diseases – Heart failure, 

hypertension, Diabetes Mellitus, multiple cancers, common cold, asthma and lead 

http://lpi.oregonstate.edu/mic/glossary#plasma
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toxicity to name a few (Reviewed in 85). For example, a meta-analysis of 29 short-term 

trials indicated that vitamin C supplementation at a median dose of 500 mg/day for a 

median duration of eight weeks reduced blood pressure in both healthy, normotensive 

and hypertensive adults(91). 

 

Thus, Vitamin C, through its various biological functions and actions on multiple 

biological pathways, has preventive and curative role in multiple conditions. The 

possible role of Vitamin C in sepsis and the evidence so far is discussed below. 

3.10  VITAMIN C STRUCTURE AND METABOLISM 

3.10.1 Vitamin C Structure 

Vitamin C is the L -enantiomer of Ascorbate, with a chemical formula C6H8O6 and a 

molecular mass of 176.14 grams per mol. Its IUPAC name is (2R)-2-[(1S)-1,2-

dihydroxyethyl]-3,4-dihydroxy-2H-

furan-5-one(92) (92). Vitamin C can 

assume 3 redox forms in the body as 

shown in Figure 1 .More than 99% 

of Vitamin C in the body occurs in 

the form of Ascorbate anion in 

normal physiological conditions(4).   

  

 

 

 Figure 1:Structure of Ascorbic acid and its three redox 

States 

(ascorbate, fully reduced form; SDA, monooxidized form; 

DHA, fully oxidized form) (92,93) 

http://lpi.oregonstate.edu/mic/glossary#meta-analysis
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From a structural point of view, it is also one of the rare compounds containing a 

hydroxyl group that is so acidic as to be completely dissociated at neutral pH (carbon‐

3 hydroxyl pKa=4.2)(93). 

 

The electrons present in the ascorbate molecule possibly account for all its physiological 

effects. Vitamin C is a donor of electrons, making it a reducing agent.  Vitamin C is 

generally termed as an anti-oxidant as the electrons from the molecule can reduce 

oxidized species. However this terminology is not entirely correct. Electrons from 

Vitamin C can reduce metals such as Iron and Copper leading to superoxide and 

hydrogen peroxide formation, and subsequent generation of ROS. Thus ascorbate, in 

special circumstances, generates oxidants(4).  

 

3.10.2 Vitamin C Synthesis – Evolutionary Perspectives 

Vitamin C is synthesised in many vertebrates. All plant species studies so far also 

synthesise Vitamin C. Yeasts form a C5 analogue of ascorbate, D‐dehydroascorbate. 

However, animals, plants, and fungi produce Vitamin C through different 

pathways(94). Vitamin C synthesis in animals has been well elucidated in Sea Lamprey, 

suggesting its evolution in early vertebrates. However the ability to biosynthesise 

Vitamin C was subsequently  lost in  a number of species — including certain species 

of fishes and birds, bats, Guinea pigs, and primates including humans(93). Fish, 

amphibians, and reptiles produce Vitamin C in the kidney; mammals synthesise it in the 

liver. The biosynthetic pathway and enzymes involved in Vitamin C biosynthesis in 

animals are illustrated in Figure 2. 
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Enzymological studies have identified GLO (L‐gulonolactone oxidase, Enzyme No 10 

in the pathway shown in Figure) deficiency — due to a mutation in the coding gene — 

as the reason for the inability of certain animals including man to synthesize their own 

vitamin C(95).  

 

Figure 3: Vitamin C bio-synthesis in animals (93) 

aa The reactions are catalyzed by the following enzymes: 1, UDP‐glucose 

pyrophosphorylase; 2, UDP‐glucose dehydrogenase; 3, nucleotide pyrophosphatase; 

4, UDP‐glucuronosyltransferase; 5, UDP‐glucuronidase; 6, phosphatase; 7, β‐

glucuronidase; 8, glucuronate 9, gulonolactonase; 10, L‐gulonolactone oxidase; 11, L‐

gulonate 3‐dehydrogenase; 12, decarboxylase; 13, L‐xylulose reductase; 14, xylitol 

dehydrogenase; 15, D‐xylulokinase 

 

Figure 4: Vitamin C bio-synthesis in animals (93) 
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3.10.3 Absorption And Transport Of Vitamin C 

As discussed earlier, Ascorbic cannot be biosynthesized in human beings, making it an 

essential micronutrient or a Vitamin. Ascorbic acid and dehydroascorbic acid (DHAA 

or oxidized vitamin C) are dietary sources of vitamin C in humans(96). 

 

Vitamin C uses 2 groups of transporters(96)  

• Sodium dependent Vitamin C transporters (SVCT) 1 and 2 which are specific 

transporters for Ascorbic acid for intracellular influx. SVCT 1 is seen in small 

intestinal epithelium and PCT of Kidneys, and SVCT 2 is seen in other tissues. 

• Glucose transporters (GLUTs) – that transport the ascorbate oxidation product 

DHA into the cells. Intracellularly, DHA is immediately reduced to ascorbate. This 

process of intracellular transport of Vitamin C is called Ascorbate recycling. 

 

Gut absorption of Vitamin C occurs through SVCT1 from the small intestine. Some 

Ascorbic acid may be oxidized to DHA in the gut and transported by GLUT.  After 

absorption, the highly soluble Vitamin C is distributed from blood throughout the 

extracellular fluid (ECF) (4,96) .  

Tissue uptake of Vitamin C occurs mostly via SVCT 2. The tissue concentrations of 

Vitamin C depend on the concentration gradient, and in turn the Vitamin C intake. 

Tissue concentrations of vitamin C, are usually in milli molars and far higher than the 

concentration required for its action as a coenzyme.  The major portion is in liver, brain 

and Kidneys(4,96).  
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Other than Saliva, red blood cells is the only body compartment that has lower Vitamin 

C levels as compared to plasma. RBCs obtain vitamin C via a DHA pathway(ascorbate 

recycling) since mature RBCs do not contain SVCT2(4). There is also constant efflux 

of Vitamin C from cells to plasma to maintain an equilibrium. The mechanism of 

Vitamin C efflux is unknown. SVCT 1 is also responsible for re-absorption of Vitamin 

C from the renal Proximal convoluted tubule(4). 

3.10.4  Vitamin C Metabolism 

Under normal physiological conditions, more than 99% of Vitamin C in the body occurs 

in the form of Ascorbate anion. From the double bond between Carbons 2 and 3 , it can 

sequentially donate two electrons, giving rise to ascorbate radical and Dehydroascorbic 

acid(DHA) respectively(4). DHA undergoes hydrolysis and irreversible ring rupture to 

form 2, 3‐diketogulonic acid. The 

metabolic products of 2, 3‐

diketogulonic acid include oxalate, 

threonate, and possibly xylose, 

xylonic acid, and lynxonic acid —

of which oxalate is clinically 

significant. DHA may be reduced 

back directly to ascorbic acid by 

enzyme‐dependent mechanisms or 

sequentially to ascorbate radical and ascorbic acid by glutathione. The electron donor 

property of Vitamin C leads to its various physiological effects.  

Figure 5: Vitamin C Structure and Metabolism(4) 
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3.11  FUNCTIONS OF VITAMIN C 

Most function of Vitamin C in vivo can be attributed to its electron donating capacity. 

Ascorbate acts as an electron donor for 15 mammalian and three fungal enzymes(4).  

 

These enzymes play an important role in Norepinephrine biosynthesis, amidation of 

peptide hormones – predominantly hypothalamic and gastrointestinal, Collagen and 

HIF hydroxylation, Tyrosine metabolism, Histone demethylation, and Carnitine 

Table 3:Well described Biological Actions of Vitamin C in mammals(4) 
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biosynthesis.  The reducing property of Vitamin C helps in Iron absorption. The electron 

donating property of Vitamin C can help the molecule function as an anti-oxidant or a 

pro-oxidant as discussed above – both these properties are demonstrated to have 

biological functions in-vitro, of which some are proven in-vivo. The well elucidated 

functions of Vitamin C in human body are summarized in Table 3 (4)  

3.12  VITAMIN C IN SEPSIS – EVIDENCE FROM ANIMAL MODELS 

The preliminary data on the benefits and potential mechanism of action of Vitamin C 

in Sepsis comes from experimental animal models of sepsis.  

 

3.12.1  Stress Induces Vitamin C Production In Lower Animals 

In animals that are able to synthesize Vitamin C, there is increased ascorbic acid 

production in liver when the animals are exposed to stress(97,98). So it is reasonable to 

assume that there is an increased need for Vitamin C in stressful conditions (this is 

probably a reflex protective mechanism) and that Vitamin C has a beneficial role in 

coping with stress. Enhanced mRNA expression of the ascorbate synthesizing enzyme 

gulonolactone oxidase in lipopolysaccharide-treated mice has also been 

observed(81).  Other studies have shown up to an eight-fold enhancement in the 

synthesis of ascorbate in animals exposed to drugs, including hypnotics (sedatives), 

analgesics and muscle relaxants probably as a compensatory mechanism for the 

enhanced metabolism of ascorbate following drug administration (99). In a caecal-

ligation and perforation model of rats compared against time matched controls, there 

was a 50% decrease in serum ascorbate levels and a 1000% increase in urinary ascorbate 
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levels associated with hypotension(100).  Therefore, it is conceivable that patients with 

severe infection in intensive care may have enhanced ascorbate requirements, not only 

due to the infectious disease process, but also because of the concurrent administration 

of sedatives and other drugs(81). 

3.12.2  Vitamin C Reverses Sepsis Induced Damage In Experimental Models Of Sepsis 

In a caecal-ligation and perforation model of rats compared against time matched 

controls, there was a 50% decrease in serum ascorbate levels and a 1000% increase in 

urinary ascorbate levels associated with hypotension. This manifested as decreased 

perfused capillary density in skeletal muscles, indicating microvascular 

dysfunction(100).  A bolus of IV Vitamin C was also shown to reverse these changes. 

It could thus be hypothesized that Sepsis induces urinary loss of Ascorbic acid and the 

clinical manifestations of Sepsis can, at least partially, be reversed by prompt 

supplementation of the same. Another CLP model has shown improved microvascular 

circulation even with delayed administration of Vitamin C(101). From  CLP and feces 

injection into peritoneum (FIP) polymicrobial sepsis models in rats, there is also good 

evidence to show that Vitamin C improves arteriolar responsiveness, capillary blood 

flow, blood pressure, LFT, and overall survival in Sepsis (102–104). The findings were 

further hypothesized to be mediated by iNOS and eNOS dependent mechanisms. 

 

In sepsis experimental models using sheep, IV Vitamin C was shown to prevent E Coli 

endotoxin induced lung injury(105). In another experimental model that evaluated 

benefit of various anti-oxidants in Lipo-polysaccharide induced sepsis in rats, 

antioxidants including Vitamin C were found to reverse hypotension induced after LPS 
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injection, reduced the quantity of exhaled NO & Plasma nitrate concentration, and 

prevented lung injury. There was an in-vivo attenuation of LPS induced oxygen radical 

release by WBCs of rat and mRNA expressions of inducible nitric oxide synthase 

(iNOS) and manganese superoxide dismutase (MnSOD) genes. A finding peculiar to 

Vitamin  C was inhibition of expression of IL1-beta — which was also found with 

administration of superoxide dismutase (SOD) and Catalase(106).  Another model 

using rat and mice also demonstrated the significant anti-inflammatory, hypotension 

reversing and radical scavenging role of Vitamin C in Sepsis(107).  

3.12.3  Vitamin C Sufficient Animals Perform Better In Experimental Models Of Sepsis 

In a study which looked at outcomes in ascorbate depleted and replete mice deficient  

in L-gulono-gamma-lactone oxidase (Gulo(-/-)) — the rate-limiting enzyme in 

ascorbate synthesis — infected with K. pneumoniae, the ascorbate depleted mice were 

found to be 3 times more likely to die from infection as compared to ascorbate  replete 

mice(108).In FIP mice models, the 24 hour survival was 50% in mice which received 

10mg/kg IV Vitamin C as compared to 19% in mice which received saline vehicle 

injection(104). 

 

From the data from animal models of Sepsis that clearly demonstrated — decreased 

amount of serum Ascorbate in Sepsis (which could directly be attributed to the sepsis 

itself), decreased survival in Vitamin C Deficient Septic models, and improved 

outcomes with Vitamin C supplementation —it is rational to hypothesize that Vitamin 

C deficiency does correlate with Sepsis outcomes, and supplementation of the same 

may have a beneficial role in Sepsis. 
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3.13  POSTULATED MECHANISMS OF ACTION OF VITAMIN C IN 

SEPSIS  

Multiple mechanisms have been postulated to explain the observed effects of Vitamin 

C in sepsis. The first and foremost theory is that Vitamin C is a powerful anti-oxidant 

and exerts effects to reverse the chemical medicated changes in Sepsis. Vitamin C, 

through its anti-oxidant effect  is thought to induce an immediate as well as a delayed 

response in Sepsis(109). Data from animal models and pharmacological experiments 

have been used to elucidate the mechanisms of these effects. Other possible mechanisms 

are by exerting a synergistic effect with glucocorticoids, helping replenish 

catecholamines, and by exerting a bacteriostatic effect. These have been discussed 

below. 

3.13.1  Anti-Oxidant Effects Of Vitamin C & Microvascular Changes:  

As an immediate response to parenteral Vitamin C supplementation, reversal of 

hypotension, improvement in arteriolar responsiveness and prevention of microvascular 

redistribution of blood flow away from muscles (Non-vital organs) have been observed. 

The proposed mechanisms are 

 

a) Prevention and reversal of tetrahydrobiopterin oxidation causes an increase in 

THB levels. This, in turn, causes increased NO levels in endothelial cells via THB 

dependent synthesis of NO by eNOS. This causes reversal of the maldistribution of 

capillary blood flow effected by decreased NO levels in Sepsis(104,109) 

b)  Scavenging of Superoxide and other ROS that would otherwise react with NO, 

decreasing its vasodilatory effect(109,110). 
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c) Prevention of Platelet aggregation, microthrombi formation and impaired blood 

flow by Vitamin C is observed in other prothrombotic patients. Ascorbic acid possibly 

inhibits expression and activation of NADPH oxidase, preventing local deficiency of 

NO; possibly has a similar action against Sepsis induced prothrombotic state and 

resultant microcirculatory changes(109,111). 

3.13.2  Microvascular Changes Causing Persistent And Delayed Response  

capillary perfusion defects in experimental sepsis have been prevented for up to days 

by a single dose of Vitamin C, even after the serum Ascorbate levels return to 

baseline(104). The postulated mechanisms are as follows 

a) Higher retention of Intracellular ascorbate as compared to extracellular 

ascorbate(112). 

b) Ascorbate inhibits induction of the p47phox subunit of NADPH oxidase enzyme 

in endothelial cells, causing decrease superoxide and ROS synthesis in long 

term(109,112). 

c) Inhibition of hypoxia mediated induction and stabilization of HIF-1 alpha, 

thereby inhibiting the expression of HIF-1 sensitive genes, such as GLUT1 and iNOS 

(103,109,110). 

d) Inhibition of Superoxide production and of Superoxide mediated expression of 

cell surface intercellular adhesion molecule 1 (ICAM-1). This in turn prevents ICAM-

1 induced leukocyte adhesion and microcirculation alterations(109,112) . 
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3.13.3  Synergistic Role With Glucocorticoids 

It is known that there can be a relative glucocorticoid deficiency in Sepsis and other 

critical illnesses; there is  some evidence to suggest that Glucocorticoid 

supplementation may have a beneficial role in sepsis(113) Vitamin C may act 

synergistically with endogenous or exogenous glucocorticoids to prevent excessive 

activation of nuclear factor-κB (NF-κB). NF-κB has been implicated in the generation 

of “cytokine storm” in the early stages of sepsis. One theory even state that the observed 

benefit of glucocorticoids in sepsis is because it drives Vitamin C inside the cells by 

activating sodium-dependent vitamin C transporter, consequently increasing intra-

cellular Vitamin C levels. Vitamin C is also shown to increase Glucocorticoid receptor 

function, and has been postulated to increase glucocorticoid binding — causing more 

glucocorticoid responsiveness in Sepsis. This may be because of the fact that oxidizing 

molecules decreases the binding of glucocorticoids to its receptors; Vitamin C, being a 

reducing molecule, reverses this(114,115) . Another interesting observation in this 

regard is a modest glucocorticoid sparing effect with Vitamin C in asthmatics(116). A 

study has shown that Vitamin C attenuates the serum cortisol reduction after induction 

of Anesthesia with etomidate(117).Vitamin C could also exert a similar mechanism in 

preventing sepsis related relative glucocorticoid deficiency. 

3.13.4  Vitamin C And Vasopressors  

Vitamin C has been linked with a decrease in the need for resuscitation fluids and 

exogenous vasopressors in various cohorts of critically ill patients(118,119). 
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Catecholamines are synthesized in the sympathetic nervous system and adrenal 

medulla. Interestingly, tissues that synthesize catecholamines have the highest 

concentration of Vitamin C(83). Catecholamines increase arterial pressure by binding 

to and activating α-adrenergic receptors on the smooth muscle cells of the vasculature, 

and can promote increased cardiac contractility and heart rate by binding to beta-

adrenergic receptors of the cardiac muscle. Downregulation of beta-adrenergic 

receptors is an important mechanism for sepsis induced myocardial dysfunction.   

 

Ascorbic acid is essential for 2 steps in synthesis of Catecholamines. It is a cofactor for 

the copper containing enzyme dopamine β-hydroxylase(120). Ascorbic acid also  helps 

in the rate-limiting step of the synthesis of dopamine via recycling the enzyme cofactor 

tetrahydrobiopterin(121). Tetrahydrobiopterin is required by Tyrosine hydroxylase to 

hydroxylate amino acid L-tyrosine to form L-dopa (dopamine precursor ). Ascorbic acid 

may also increase the synthesis of Tyrosine hydroxylase enzyme itself.  

 

Vitamin C also binds to alpha and beta adrenergic receptors, and enhances their 

activity(122,123). Vitamin C increases potency and duration of beta-adrenergic 

agonistic effects in asthma and COPD, prevents tachyphylaxis, and reverses fade. These 

effects are probably caused by a novel mechanism involving phosphorylation of 

aminergic receptors, and have clinical and drug-development applications(123). Thus, 

appropriate supplementation of ascorbate in sepsis may support endogenous synthesis 

of vasoactive catecholamines, and possibly also facilitate adrenergic receptor 

binding(81). This may translate to clinically significant decrease in exogenous 
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vasopressor requirement in sepsis, prevention and early reversal of shock, and improved 

survival. 

 

Vasopressin is a peptide hormone synthesized in the hypothalamus; stored and secreted 

from the posterior pituitary in response to decreased blood volume, decreased arterial 

pressure, or increased plasma osmolality. It acts via receptor mediated mechanisms to 

cause vasoconstriction and water retention (124). Circulating vasopressin levels 

increase dramatically during the initial phase of septic shock, but this is followed by a 

significant decline in the latter phase. Patients in late-phase septic shock have 

significantly lower levels of circulating vasopressin compared with patients in 

cardiogenic shock, despite similar severity of hypotension. This decline in circulating 

vasopressin levels after the onset of septic shock is due to depletion of pituitary stores 

and possibly impaired vasopressin synthesis as well  (125,126) . Ascorbate is a cofactor 

for the copper-containing enzyme peptidyl glycine α-amidating monooxygenase (PAM 

that is required for the endogenous synthesis of vasopressin(127). Also, ascorbic acid 

is present in highest concentration in the pituitary gland where PAM is abundantly 

expressed(83). Thus, it seems possible that the Vasopressin depletion in sepsis is linked 

to lower ascorbic acid levels. An animal study supported the presumed link between 

ascorbate and Vasopressin biosynthesis by showing that centrally administered ascorbic 

acid enhances circulating levels Vasopressin and vasopressin mediated anti-

diuresis(128). 
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Ascorbate enhances the synthesis of the vasopressors norepinephrine and vasopressin 

by acting as a cofactor for their respective biosynthetic enzymes. It may be hypothesized 

that administration of high-dose ascorbate in conditions of ascorbic acid deficiency (in 

sepsis) may support the endogenous synthesis of these vasoactive compounds and thus 

ameliorate the need for exogenously administered vasopressors, prevent or reverse 

shock, and improve outcomes. Ascorbate-dependent vasopressor synthesis represents a 

plausible physiological mechanism whereby ascorbate could act as an adjuvant therapy 

for severe sepsis and septic shock(81).  

 

3.13.5  Vitamin C Mediated Inhibition Of Bacterial Replication  

Vitamin C has been shown to prevent the growth of Staphylococcus spp. in vitro(129) 

.Vitamin C is also shown to inhibit growth of both — drug susceptible and drug resistant 

Mycobacterium tuberculosis , possibly by driving the Fenton reaction and  generation 

of highly reactive hydroxyl radicals(130). 

 

 It is possible that the bacteriostatic mechanism may involve production of hydrogen 

peroxide during oxidation of ascorbate in culture medium(131). Although vitamin C 

itself is a powerful antioxidant, its aerobic metabolism increases oxidative stress on 

bacterial cells. Ascorbate reduces the valence of free transition metals, and then the 

reduced metals catalyze the production of hydrogen peroxide, which is a potent 

antibacterial agent. For instance, E. coli replication is inhibited by 25–50 μM hydrogen 

peroxide (bacteriostatic action) and significant killing of the bacteria occurs at 500 μM 

hydrogen peroxide (bactericidal action). It remains to be determined if the amount of 
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hydrogen peroxide generated during ascorbate oxidation is sufficient to explain the 

vitamin's bacteriostatic effect(131). Whether the bacteriostatic activity is present in-

vivo is not clear. 

3.13.6  Other Mechanisms 

a) Prevention of increased endothelial permeability: Endothelial dysfunction in 

Sepsis causes increased capillary permeability. This may be caused by increased 

endothelial apoptosis. The preventive role of Vitamin C in endothelial cell 

apoptosis(132) could have a beneficial role in preventing endothelial dysfunction and 

tissue edema. 

 

b) Reversal of arteriolar hypo -responsiveness to vasoconstrictors (norepinephrine, 

angiotensin, vasopressin), a major pathogenic mechanism (other than myocardial 

dysfunction) in septic shock. Animal and human studies have shown that infusion of 

ascorbate reverses this hypo responsiveness to vasopressors in inflammatory 

conditions/LPS induced sepsis models(102,104,133,134). 

 

c) Promotion of endothelial cell function, proliferation, and survival; thus 

maintaining the barrier function of endothelium, and preventing endothelial dysfunction 

mediated syndromes like capillary leak and ARDS(135). A recent study, that used the 

electric cell-substrate impedance sensing method to assess the barrier function 

of endothelial cell monolayers after introducing Vitamin C and Hydrocortisone, found 

that the lung endothelial barrier function  is preserved when both Vitamin C and 

Hydrocortisone are introduced(136). 



 

 
42 

 

d) Enhanced Neutrophil Function 

Neutrophils activated by pathogenic organisms accumulate Vitamin C intracellularly. 

The Vitamin C concentrations in activated neutrophils increase upto 10-30 fold(137). 

This increased Vitamin C uptake, likely via ascorbate recycling, is possibly a defense 

mechanism to protect the neutrophil from Oxidative damage caused by products of 

Oxidative burst. There could also be a pro-oxidant role of Vitamin C in place here; 

helping increase oxidant generation, and ensuring oxidative killing of the microbe(4). 

The various postulated molecular mechanisms of beneficial action of Vitamin C in 

Sepsis are schematically represented in figure 4 

 

 

Figure 7:Suggested mechanisms for the efficacy of Ascorbic acid in sepsis(115) 

PDH pyruvate dehydrogenase, ATP adenosine triphosphate, NADPH nicotinamide adenine dinucleotide phosphate, PP2A 

protein phosphatase 2, ROS reactive oxygen species, BH4 tetrahydrobiopterin, ICAM intercellular adhesion molecule. A 

circled minus sign indicates an inhibitory action; arrows indicate an activating action; green-outlined boxes indicate a 

beneficial effect of the medication combination; red-outlined boxes indicate a potentially harmful effect attenuated by the 

medication combination; The sites of action of Ascorbic acid is highlighted with an ‘aim’ sign 
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3.13.7  Role Of Thiamine Co-Administration 

 Thiamine pyrophosphate is a key coenzyme necessary for the function of glyoxylate 

aminotransferase, which catalyzes the breakdown of glyoxylate to carbon dioxide 

instead of oxalate. Thiamine deficiency states, therefore, may predispose to increased 

oxalate excretion(115). This was the biological rationale of adding Thiamine to Vitamin 

C in many studies using high dose Vitamin C(74). 

 

3.14  VITAMIN C IN SEPSIS – EVIDENCE FROM HUMAN STUDIES 

3.14.1  Vitamin Levels Are Lower In Septic And Critically Ill Patients 

Vitamin levels are significantly lower in patients who are critically ill, more so in 

patients with sepsis as compared to healthy individuals(138–140). In an observational 

study, the median concentrations of total Vitamin C (Ascorbic acid + DHA) and 

Ascorbic acid were significantly lower(up to <25%) in critically ill patients than both 

healthy controls and participants with diseases like Diabetes and Gastritis (140). 

 

In a prospective study of 56 patients with sepsis or severe sepsis and 6 healthy 

volunteers, it was observed that there was a sharp and persistent decrease in Vitamin C 

levels once sepsis sets in(141). A phase 1 trial assessing safety of Vitamin C in sepsis 

also noted that low plasma ascorbic acid levels are “a predictable feature in patients 

with severe sepsis”(142).The Vitamin C levels are often so low that Vitamin C levels 

are undetectable in septic patients(109) 
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Wilson et al, in a review article, postulate 2 causes which could contribute to low 

Vitamin C levels in Sepsis(109): 

a) Degradation of Ascorbate or DHA while preparation and storage of TPN bags 

used to feed the critically ill. 

b) Intracellular Vitamin C depletion – This may be due to:  

• Inflammatory cytokine mediated inhibition of Uptake of Vitamin C by SVCT 2 

expressing cells 

• Acute hyperglycemic episodes (which are common in septic patients), and 

resultant competitive inhibition of DHA uptake by glucose or  

• Oxidization of Ascorbate to DHA and irreversible oxidization of the latter, 

mediated by excessive reactive Oxygen species.  

 

There are even case reports of scurvy, the disease caused by florid Ascorbate deficiency, 

in patients admitted to intensive care (143–145), indicating that the magnitude of 

Vitamin C deficiency can be as severe. 

 

3.14.2  The Low Levels Of Vitamin C In Sepsis Co-Relate With Outcome 

In a prospective analysis of 16 critically ill Surgical ICU patients at risk of developing 

multi organ failure, circulating Vitamin C levels were low in all patients who developed 

multi organ dysfunction syndrome (MODS)(146). Another observational study also 

concluded that the levels of total ascorbic acid(Ascorbic acid + DHA) and Ascorbic 

acid correlated with the severity of illness(140). 
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3.14.3  Critically Ill Patients Who Are Administered Vitamin C Have A Better 

Chemical Milieu 

In a prospective, randomized, double-blinded placebo controlled clinical trial that 

compared 20 septic abdominal surgery patients, half of whom who received 3 IV doses 

of 450mg/day of Vitamin C and the other half placebo, there was a reduction in caspase-

3 and poly(ADP-ribose) polymerase levels and the increment of Bcl-2 levels, which 

translates to an antiapoptotic effect on peripheral blood neutrophils. In light of evidence 

showing that Reactive oxygen species play a role in neutrophil apoptosis and MODS 

development, this finding takes relevance (147). 

 

3.14.4  Vitamin C Supplementation Improves Outcomes In Sepsis And Related 

Conditions In Clinical Trials And Observational Studies 

 

A randomized, double-blind, placebo-controlled trial studied the supplementation of 

500 mg/d of vitamin C and 400 IU/d of vitamin E through enteral feeding in critically 

ill patients, and showed significant reduction in mortality in the Intervention arm(148) 

 

 Accordingly, in another prospective, randomized trial, supplementation with vitamin E 

(1 000 IU, 3 times a day per naso or orogastric tube) and vitamin C (1000 mg, 3 times 

a day, intravenously) was associated with a reduction in the occurrence of pulmonary 

morbidity and multiple organ failure, and with the duration of mechanical ventilation 

and length of ICU stay (149) 
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A single report (published as abstract only) of a clinical study of large intravenous doses 

of ascorbic acid and other antioxidants (tocopherol, N-acetyl-cysteine, selenium), in 

patients with established ARDS showed a 50% reduction in mortality(150) 

 

A phase 1 clinical trial that primarily looked at the safety of Vitamin C in sepsis also 

showed prompt reduction in SOFA score, reduction in CRP and Procalcitonin levels, 

and reduction in thrombomodulin levels as compared to patients who received 

placebo(142) . All these have been found to be associated with better outcomes in sepsis 

in various studies(151–153). Moreover, administration of Vitamin C IV was found to 

be safe in doses up to 200 mg/kg/24 h. 

 

In a study that randomized 28 patients in septic shock — who required a vasopressor 

drug to maintain mean arterial pressure >65 mmHg — to receive either 25 mg/kg 

intravenous ascorbic acid every 6 h or matching placebo for 72 h, mean dose and 

duration of vasopressors (primary outcome) and 28-day mortality (secondary outcome) 

was significantly lower in the ascorbic acid group (14.28% vs. 64.28%, 

respectively; P = 0.009). The duration was ICU stay was not significantly different in 

this study(154). 

 

A Cochrane analysis that looked at preventive and therapeutic role of Vitamin C in 

pneumonia, found some benefit of Vitamin C in the treatment of Pneumonia, especially 

in those with low Vitamin C levels, based on 2 clinical trials that included a total of 197 
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patients. The authors concluded that supplementing pneumonia patients who have low 

plasma vitamin C levels may be reasonable because of its safety and low cost. Further 

superior quality evidence is required to recommend its routine use in the treatment of 

pneumonia and prevention. None of the five trials reported any noteworthy adverse 

effects of vitamin C(155). 

 

The most recent publication that drew the attention of medical fraternity towards the 

beneficial role of Vitamin C in sepsis was published by Marik et al in Chest in 2017(74). 

This retrospective before-after clinical study compared the outcome and clinical course 

of consecutive septic patients treated with intravenous vitamin C, Hydrocortisone, and 

thiamine during a 7-month period (treatment group) with a control group treated in a 

single ICU during the preceding 7 months. There were 47 patients in both treatment and 

control groups, with no significant differences in baseline characteristics between the 

two groups. They showed a whopping 31.9% decrease in Sepsis related mortality with 

this cocktail (8.5% (4 of 47) in the treatment group and 40.4% (19 of 47) than in the 

control group (P < .001)). The propensity adjusted odds of mortality in the patients 

treated with the vitamin C protocol was 0.13 (95% CI, 0.04-0.48; P <.002). The SOFA 

score decreased in all patients in the treatment group, with none developing progressive 

organ failure. There was also a significantly decreased mean duration of weaning from 

Vasopressors in the treatment group (18.3 ±9.8 h after starting treatment with the 

vitamin C protocol vs 54.9 ± 28.4 h in the control group (P < .001)). The incidence of 

Acute Kidney Injury was also significantly decreased. 
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However, another similar retrospective analysis done in 94 patients, the “Triple 

Therapy” failed to show any significant mortality benefit. There was also no beneficial 

trend in ICU Length of Stay, need for vasopressors or need for RRT(156) .  Thus most 

of the randomized control trial and observational data shows a trend towards benefit 

with Vitamin C, although the evidence is largely equipoise.  

 

3.14.5  Metanalyses Have Supported Use Of Vitamin C In Critically Ill 

Individuals And Patients With Sepsis 

 

Over the past 1 year, after Marik et al’s before - after study(74), at least 6 published 

meta analyses have assessed the usefulness of Vitamin C administration in Sepsis and 

critically ill individuals(157).  

 

Putzu et al analysed 44 RCTS; 16 done in General ICU setting, and 28 in Cardiac 

surgery ICUs, including a total of 6455 patients. This analysis  failed to show any 

mortality benefits with different regimes of Vitamin C supplementation , as compared 

to no supplementation(158). 

However, another review of 8 RCTs and 4 observational studies that looked at 1210 

participants with a mixture of conditions including burns, sepsis, other critical 

illnesses, critical injury, trauma and critical injury showed that IV Vitamin C 

administration at doses of 3-10 g per day decreased mortality, whereas doses beyond 
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this had no effect. The subgroup analyses also showed a trend towards decreased 

vasopressor and ventilator requirement(159). 

Langois et al noticed a trend towards improved mortality in critically ill patients, 

including those with sepsis in his review, with high dose Vitamin C supplementation 

(160). Hemila and Chalker observed decreased ICU LOS and need for mechanical 

Ventilation with Vitamin C supplementation in the Critically ill(161) . Zang and 

Sativa, in their review, observed that in critically ill patients , Vitamin C 

supplementation decreased the need for Vasopressor support and mechanical 

ventilation . He also observed a trend of decreased fluid requirement and increased 

urine output(162).   

 

 

Table 5:Summary of metanalyses of Vitamin C use in critically ill and septic patients(129) 

ICU intensive care unit, IV intravenous, LOS length of stay, PICO patients, intervention, comparator, outcome, RCT randomized 

controlled trial, vitC vitamin C 
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Li et al performed a meta-analysis of 3 studies that looked at the use of Vitamin C, 

specifically in patients with sepsis and concluded that there was a positive correlation 

between Vitamin C administration and good clinical outcomes — including mortality 

and decreased Vasopressor use. This study observed good consistency of evidence, 

but concluded that the inadequacies in study design and small sample size made it 

difficult to prove causal relationship(163). Lin et al also observed a significant 

mortality benefit with the use of high dose Vitamin C in patients with Sepsis(164). 

The results of these reviews have been summarised in Table 1. 

 

3.15  VITAMIN C IN SEPSIS -DOSAGE & ADMINISTRATION  

Having considered the possible role of Vitamin C in patients with sepsis, the ideal route 

of administration and dose needs to be decided as well. This decision requires an 

understanding of the pharmacokinetics and metabolism of Vitamin C , in the setting of 

critical illness(165). 

3.15.1  Parenteral Vs Enteral Administration  

Administering ascorbate parenterally rather than orally increases its plasma ascorbate 

concentration and its effects on microvascular function(109). For instance, when oral 

and intravenous routes of ascorbate administration (500 mg/day for 30 days) are 

compared in sedentary men, only intravenous ascorbate improves endothelium-

dependent arteriolar function — as indicated by flow-mediated vasodilation(166).  
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Vitamin C plasma concentrations are tightly controlled when the vitamin is taken orally, 

even at the highest tolerated amounts. This is likely due to saturation of the active 

transport involved in Vitamin C absorption. It is to be noted that even a normal 

volunteer, taking 3 g of Vitamin C fourth hourly may reach a plasma level of only ~200 

μM (4,167) . By contrast, intravenous administration bypasses tight control and results 

in concentrations as much as 70-fold higher than those achieved by maximum oral 

consumption. Both findings have clinical relevance(167). High concentrations of 

vitamin C are produced in extracellular fluid only with intravenous or parenteral 

administration of ascorbate(167). 

 

Dosing and bio-distribution data in humans show that pharmacological concentrations 

of ascorbic acid can only be attained following intravenous administration. Parenteral 

rather than enteral nutrition may be required for optimal ascorbate status in critically ill 

patients because intravenously administered ascorbate bypasses the rate-limiting 

intestinal uptake of orally administered ascorbate(167). 

3.15.2  Dosing Of Vitamin C In Sepsis 

The Recommended daily intake of Vitamin C is in the range of 75–

110 mg/day(83). However, critically ill patients probably require significantly higher 

intakes of ascorbate due to enhanced metabolic turnover of vitamin C during the severe 

inflammatory response(81). Vitamin C levels remain low in critically ill patients despite 

supplementing the recommended daily allowance(168). However, high dose 

intravenous administration was shown to replete Vitamin C levels within minutes(167). 
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The amount of vitamin C provided in standard parenteral nutrition multivitamin 

preparations (nominally 200 mg/day)is not adequate to normalize plasma vitamin C 

levels in critically ill patients, even when administered for 7 days(169). In a study that 

studied the therapeutic response to ascorbic acid supplementation in TPN in increasing 

doses to critically ill patients and those with infections, the initial mean ± SEM baseline 

plasma ascorbic acid concentration was depressed (0.11 ± 0.03 mg/dl) and unresponsive 

following 2 days on 300 mg/day supplementation (0.14 ± 0.03; P = 1.0) and only 

approached low normal plasma levels following 2 days on 1000 mg/day (0.32 ± 

0.08; P = 0.36). A significant increase was noted following 2 days on 3000 mg/day (1.2 

± 0.03; P = 0.005). Hence maximal early repletion of this vitamin requires early rapid 

pool filling using supraphysiologic doses for 3 or more days(139). Long et al. 

demonstrated that up to 3000 mg/day ascorbate was required to return plasma levels of 

critically ill patients to normal (i.e. 68 μmol/l(139)). 

 

It may hence be concluded that, for any meaningful pharmacological effect in Sepsis to 

occur, Vitamin C needs to be administered parenterally. The dose required is supra-

physiological, and is likely to be > 15-20 times the EDA.  

3.16  VITAMIN C - SAFETY  

A study of intravenous ascorbate in patients with advanced malignancies reported that 

injection of 1.5 g ascorbate/kg body weight three times weekly is well tolerated(170). 

A Phase 1 safety trial conducted in Septic Patients showed that doses up to 

200 mg/kg/24 h were well tolerated by septic patients with no serious adverse events 

(142). Nathens et al. administered 1 gram of ascorbic acid every 8 hours for 28 days to 
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surgically critically ill patients with no ill effects(149). Tanaka et al. administered 

66 mg/kg/hour for 24 hours to patients with 50% surface area burns with no adverse 

events(118). Hoffer et al. intravenously administered up to 90 grams of ascorbic acid 3 

times weekly to patients with advanced malignancy with no adverse events (170). 

 

However, there are a few concerns with the use of high dose Vitamin C. Ascorbate is 

metabolized to oxalate, which accumulates as nephrotoxic calcium oxalate crystals 

(nephrolithiasis) in the kidneys of susceptible individuals, as reported in a recent case 

study(171) . Two large prospective cohort studies, one following 45,251 men for 6 

years and the other following 85,557 women for 14 years, reported that consumption of 

≥1,500 mg of vitamin C daily did not increase the risk of kidney stone formation 

compared to those consuming <250 mg daily(172,173) . On the other hand, two other 

large prospective studies reported that a high intake of ascorbic acid was associated with 

an increased risk of kidney stone formation in men(174,175) .We know that only <0.5% 

of the intravenously administered ascorbic acid is recovered as oxalate in the urine of 

humans with normal renal function (176).  Septic patients may require high-dose 

vitamin C therapy for only a few days, until source control and antibiotic therapy have 

eliminated virulent bacteria and the adverse effects of bactericidal antibiotics have 

ceased. Such a brief course of ascorbate therapy may not elevate the risk of oxalate 

stone formation. This is validated by the experiences from the previous trials 

(118,142,149,177). From Marik et al’s experience, the incidence of Sepsis related Acute 

Kidney Injury , in fact, decreased with Vitamin C supplementation(74). Although Marik 

used Thiamine along with the Vitamin C, due to its biological plausibility in decreasing 



 

 
54 

 

the Oxalate load, data from other studies show that administration of Vitamin C alone 

is also safe. 

 

Another concern is that ascorbate exerts prooxidant effects as it donates electrons to 

transition metals (e.g., iron)(131), which then catalyze the synthesis of hydrogen 

peroxide. Hydrogen peroxide is generated in the interstitial fluid by oxidation of large 

amounts of exogenous ascorbate (178)and this may alter the function of some cells. 

Indeed, ascorbate kills cancer cells in culture and the underlying mechanism involves 

promotion of hydrogen peroxide formation in the culture medium, as evidenced by 

suppression of cell killing by extracellular catalase(179). However, these concerns have 

not been supported by observations in human studies. Repeated intravenous injections 

of 750–7,500 mg/day of ascorbate for 6 days did not induce pro-oxidant changes in the 

plasma in healthy volunteers(180). 

 

Another concern with the use of Vitamin C in critical care setting is the possibility of 

Fictitious hyperglycemia. It has been noted that in-vitro, Ascorbic acid interferes with 

the blood glucose measurements of Hand-held glucose analyzers – often showing a 

higher than the correct value, and at times a lower value(181). 

 

A direct comparison of Point of Care and laboratory reference glucose values in the 

patients receiving vitamin C infusion revealed that all the patients receiving Vitamin C 

infusion demonstrated falsely elevated POC glucose values during and/or immediately 

after the infusion period, with discrepancies ranging from 10 to 200 mg/dl. These 
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findings were irregular, unpredictable and unrelated to hemoglobin levels(182). In the 

trial that explored the usefulness of high dose Vitamin C infusion in burns victims also, 

a similar phenomenon of fictitious hyperglycemia was noted(183). This may result in 

unnecessary correction using Insulin, leading on the Iatrogenic hypoglycemia and 

associated adverse effects. 

 

 However, this phenomenon of false high glucose measurements with POC devices has 

been observed with higher doses of Vitamin C [66 mg/kg/h for 18-24 hours] and with 

Infusions. Once the infusion was over the POC value and the laboratory value of Plasma 

glucose was not statistically different (183). Hence caution will be advised regarding 

complete reliability on POC devices for glucose measurements, while the patient is 

being administered Vitamin C and immediately following this (184). We also believe 

that this phenomenon is less significant with bolus doses of Vitamin C, as in our study, 

and is unlikely to cause clinically significant harm from iatrogenic hypoglycemia since 

tight glycemic control is not a standard of care in our ICU, and some level of 

hyperglycemia is accepted in critically ill patients.  

 

Even though the risk of adverse effects does exist, as with any other drug, the safety 

profile of Vitamin C to the best of our current knowledge can be labelled excellent. 

Compared to the potential benefit of Vitamin C, the potential harm is negligible. 
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3.17  VITAMIN C IN SEPSIS – KNOWLEDGE GAPS 

Our knowledge regarding the usefulness of Vitamin C in sepsis is essentially derived 

from a group of animal studies that explains the biological plausibility, small 

observational studies that prove the validity of the idea, and a few clinical trials that 

shows some temporal relation and coherence. There is a significant deficiency of 

evidence to conclusively prove its efficacy in sepsis and support its routine use. 

 

One postulated mechanism of possible beneficial role of Vitamin C in Sepsis is via a 

synergistic action along with glucocorticoids. A recent study by Marik et al. showed 

that Vitamin C and Hydrocortisone synergistically prevented LPS induced pulmonary 

endothelial barrier dysfunction (136) .However, it is of note that the preventive effect 

was not evident when Vitamin C was administered alone. Whether the beneficial role 

of Vitamin C is seen only in the presence of Hydrocortisone or if the endogenous 

steroids have the same synergistic effect along with Vitamin C is something that is not 

evident from the current knowledge(113) . 

 

In Marik et al’s before-after study(74), patients were also administered Hydrocortisone 

along with Vitamin C. Whether the benefits seen were due to individual effects of these 

two drugs or a synergistic action is not clear. This study is aimed to address the 

independent role of Vitamin C in Sepsis. A limitation of the study will be the fact that 

it won’t address the synergistic role of Steroids and Vitamin C in Sepsis. This will 

require a factorial design, and may be planned after the completion of this trial and when 

more evidence is available from other studies. 
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After Marik et al’s publication, a number of scientific forums, newspaper articles and 

letters to editors have discussed the concept widely(185–192). The study was small and 

the design poor, but it cannot be ignored that the treatment was cheap, the concept very 

much rational, the current evidence corroboratory, and the results magnanimous. In fact, 

even before the study was published, some experts had recommended Vitamin C 

supplementation in septic patients who are Vitamin C depleted(193). 

 

There are no studies that compare ascorbate and DHA for efficacy in treating sepsis. 

Maximal uptake rates are higher for DHA than ascorbate in most mammalian cell types, 

when studied under glucose-free conditions(109) The most effective dose and ideal 

duration remains unknown. A number of Phase 2 and 3 randomized clinical studies with 

the aim of providing more evidence with respect to use of Vitamin C, with or without 

Hydrocortisone have been planned or are already enrolling participants(194–201) 

 

3.18  RELEVANCE OF THIS STUDY 
 

As of today, sepsis remains a major cause of mortality and morbidity despite use of an 

array of strategies that are proven to be helpful. Ascorbate depletion, poor arteriolar 

reactivity and capillary leak as well as plugging are associated with poor outcome in 

sepsis. The repletion of ascorbate levels in Sepsis occurs only when the disease resolves 

or with parenteral administration of the same at higher doses (131). From the available 

evidence, Vitamin C seems to be largely safe with no significant risk of major adverse 

events. 
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Based on the current available evidence, which is not generally considered “strong” by 

the medical fraternity, many ICUs are currently administering Vitamin C or a 

combination of Vitamin C and Steroids to patients with sepsis. Even in our ICU there 

is difference in practice among physicians and Units and some patients are being 

administered Vitamin C, usually along with Hydrocortisone and Thiamine. A 

conclusive answer regarding the usefulness of Vitamin C in sepsis can only come from 

Randomized Controlled Trials. The effect of interactions between Vitamin C and 

Glucocorticoids should be studied using a factorial design. 

 

As Oudemans-van Straaten et al rightly summarize, “pragmatic multicentre trials are 

needed to confirm the benefit and to exclude unforeseen harm as was seen in previous 

sepsis trials using promising drugs. Studies should also determine optimal dose and 

treatment duration, whether normal or temporarily supernormal plasma concentrations 

should be obtained, whether intermittent (high peak concentrations) or continuous 

dosing (less renal excretion of vitamin C and oxalate) performs better, whether co-

administration of Thiamine reduces oxalate excretion, and finally whether the 

combination with Hydrocortisone acts synergistically”(188). 

 

Worldwide, this topic has become a matter of discussion and there is an urge for better 

study designs to address the issue from both proponents and opponents of the concept. 

In the current situation — where there is biological plausibility for benefit of Vitamin 

C in sepsis and some preliminary evidence and coherence of the concept from animal 

and observational studies regarding benefit of Vitamin C in sepsis, but at the same time 
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lack of compelling evidence to support its use a Standard of Care — a Randomized 

Control Trial to clarify the same is the need of the hour, especially taking into 

consideration the low cost and safety of the intervention and the large potential benefit 

as suggested by observational studies. This study is an attempt to bridge such 

knowledge gaps.  To the best of our knowledge, this is the first trial planned to assess 

the use of Vitamin C in Sepsis in India. Along with data from other clinical trials from 

around the world (194–201), this trial is expected to bring significant clarity to the 

conundrum, and unveil the efficacy of a potential ‘cure to sepsis’.  

. 
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4. METHODOLOGY 
 

4.1 STUDY DESIGN 

The study design chosen to address the question of efficacy of Vitamin C administration 

in Sepsis was a double-blind, placebo-controlled randomized control trial. It was a 

Phase 3 trial conducted in a single centre. This was an investigator initiated pragmatic 

trial.  

4.2 ETHICAL APPROVAL & FUNDING 

The study was approved by the Institutional Review Board – Silver of the Christian 

Medical College Vellore: IRB - 11125 dated 24/01/2018. The funding was from the 

Institutional Fluid /Major Research Grant (Fund number: 22Z469). There was no 

external funding. The study was registered with the Clinical Trial Registry of India 

(CTRI/2018/05/013994) and WHO International Clinical Trials Registry Platform's 

(ICTRP)(UTN  U1111-1207-5230) . An amendment of the protocol was submitted to 

the IRB and approved on 28/8/2019 (A 28 – 28/08/2019). (IRB Approval, Amendment 

and Fund letter attached in Appendix). 

 

4.3 SETTING 

The study was undertaken in a 2,500-bed, private teaching hospital in India. The 

original protocol aimed at conducting the study in the Intensive care unit. The Medical 

Intensive Care unit has a total of 24 beds with 12 in the high dependency section and 
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12 in the intensive care section. The I.C.U follows a semi-open model. However, due 

to slow accrual of participants, a protocol amendment was requested and approved by 

the IRB on 28/8/2019, to include patients admitted to the medical wards as well.  

4.4 STUDY PARTICIPANTS AND ELIGIBILITY CRITERIA 

4.4.1 Inclusion Criteria: 

Patients who are admitted under the Department of General Medicine of Christian 

Medical College, Vellore and met all the following criteria and are willing to consent 

for the study were included in the trial. Consent was taken from the patient or the 

closest relative if the patient cannot provide consent. Randomization and initiation of 

agent administration was done within 24 hours of admission to the ICU. Patients who 

develop sepsis while in hospital was also included and randomized within 24 hours of 

identification of sepsis. The inclusion criteria were 

 

1) Completed the age of 18 years 

2) Has the diagnosis of Sepsis. Sepsis was defined in accordance with the “Sepsis 

3” Criteria as “as life threatening organ dysfunction due to a dysregulated host 

response to infection(1)”. Sepsis was hence identified if there is organ dysfunction 

and a suspected or proven infection. 

 

2a. Organ dysfunction is defined as an increase in SOFA Score of 2 or more(1). If 

there is no known pre-existing organ dysfunction, the baseline SOFA Score was 

assumed to be zero. This is also in accordance with the “Sepsis 3” definition(1). 
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2b. Suspected infection was defined when all of the below 3 criteria were 

met(59,68)(59,68)  

• Clinical syndrome consistent with infection  

• The diagnosis of sepsis was made by the treating physician  

• Blood culture(s) is drawn and antibiotics initiated. 

2c. Proven infection was identified using standard diagnostic criteria described for 

various infectious syndromes. The various infectious syndromes are defined as 

follows 

• Primary blood stream infection was diagnosed when the patient has a growth of 

recognized pathogen in one or more blood cultures, or growth of a common skin 

contaminant in 2 or more blood cultures, in the absence of a recognized source or 

in-situ intravenous catheters(202) 

• Catheter related blood stream infection was diagnosed, according to the IDSA 

guidelines(203), if any of the following three criteria is satisfied 

o The growth of an organism from a percutaneous blood culture as well as from 

a quantitative (>15,000 CFU) culture of the culture tip. 

o The growth of an organism from a simultaneous percutaneous and a catheter 

lumen blood culture, with the growth in the latter, at least 2 hours sooner. 

o The growth of an organism in quantitative percutaneous and a catheter lumen 

blood culture, with 3-fold greater CFU in the latter  

 

• Community Acquired Pneumonia was diagnosed if the patient has the 

characteristic clinical syndrome (any 2 of the following : fever or hypothermia, 
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rigors, sweats, new onset cough, sputum production, chest discomfort/pleuritic 

chest pain, new onset breathlessness, focal crepitation, bronchial breath sounds) 

along with a demonstrable infiltrate on lung imaging( Chest Radiograph, CT 

Thorax or lung Ultrasound done by a trained radiologist or Critical Care 

Physician) (204). We decided to use Lung Ultrasound as a reliable imaging 

modality to identify lung infiltrates as it is commonly performed in our hospital, 

often available before Chest X-Ray and CT (more so in case of VAP/HAP as 

described below) and there is good evidence to suggest high accuracy of Lung 

Ultrasound in diagnosis of pneumonia as compared to Chest X Ray and CT 

Thorax (205,206) 

• Hospital Acquired pneumonia was diagnosed if the patient develops, a new lung 

infiltrate on imaging (Chest X-Ray, CT Thorax or Lung Ultrasound performed by 

a trained Radiologist or Critical Care Physician) along with clinical evidence for 

infective origin of the infiltrate (new onset fever, purulent sputum, leukocytosis 

and decline in the oxygenation) at least 48 hours following hospital 

admission(207,208). 

• Ventilator associated Pneumonia was diagnosed if a patient develops the same 

syndrome as HAP, at least 48 hours after Endotracheal Intubation(207,208) 

• Urinary Tract Infection was diagnosed according to the 2008 CDC guidelines if 

any 1 of the following criteria is met(209)(209) 

o Patient has at least 1 sign/symptom of UTI with no other recognized cause 

(fever, urgency, frequency, dysuria, or suprapubic tenderness) and patient has 



 

 
64 

 

a positive urine culture, that is, 105 microorganisms per cc of urine with no 

more than 2 species of microorganisms.  

o Patient has at least 2 signs/symptoms of UTI with no other recognized 

cause (fever, urgency, frequency, dysuria, or suprapubic tenderness) and at 

least 1 of the following:  

a. positive dipstick for leukocyte esterase and/ or nitrate  

b. pyuria (urine specimen with >10 white blood cell [WBC]/mm3 or 

>3 WBC/high-power field of unspun urine)   

c. organisms seen on Gram’s stain of unspun urine  

d. at least 2 urine cultures with repeated isolation of the same uro-

pathogen (gram-negative bacteria or Staphylococcus saprophyticus) with 

$102 colonies/mL in non-voided specimens   

e. >105 colonies/mL of a single uro-pathogen (gram-negative 

bacteria or S saprophyticus) in a patient being treated with an effective 

antimicrobial agent for a urinary tract infection  

f. physician diagnosis of a urinary tract infection  

g. physician institutes appropriate therapy for a urinary tract infection 

• Catheter Associated Urinary Tract Infection was diagnosed when there is 

“Growth of ≥103 colony forming units (cfu)/mL of uro-pathogenic bacteria in the 

presence of symptoms or signs compatible with UTI without other identifiable 

source in a patient with indwelling urethral, indwelling suprapubic, or 

intermittent catheterization.” The compatible symptoms include fever, 

suprapubic or costovertebral angle tenderness, and otherwise unexplained 
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systemic symptoms such as altered mental status, hypotension, or evidence of a 

systemic inflammatory response syndrome(210). 

• Meningitis was diagnosed if the patient meets either of the following 2 

criteria(211). 

o Patient has organisms cultured from cerebrospinal fluid (CSF). 

o Patient has at least 1 of the following signs or symptoms with no other 

recognized cause: fever (38.8C), headache, stiff neck, meningeal signs, 

cranial nerve signs, or irritability and at least 1 of the following: 

a. increased white cells, elevated protein, and/ or decreased glucose in 

CSF  

b. organisms seen on Gram’s stain of CSF  

c. organisms cultured from blood  

d. positive antigen test of CSF, blood, or urine  

e. diagnostic single antibody titer(IgM) or 4-fold increase in paired sera 

(IgG) for pathogen and if diagnosis is made antemortem, physician 

institutes appropriate antimicrobial therapy 

• An Intracranial infection (brain abscess, subdural or epidural infection or 

encephalitis) was diagnosed if  

o there is positive culture form brain tissue or dura, 

o if there is direct visual (during surgery) or histopathologic evidence or  

o if there is least 2 of the following signs or symptoms with no other 

recognized cause: headache, dizziness, fever, localizing neurologic signs, 

changing level of consciousness, or confusion along with either evidence of 
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microorganism on microscopic examination of the tissue, positive blood or 

urine antigen of a compatible organism, radiographic evidence of an organism 

or  there is serological evidence of a compatible organism(211) 

• Skin and soft tissue infections are diagnosed, based on clinical observation using 

the following criteria(212). 

o Cellulitis: any spreading infection involving the dermis and subcutaneous 

tissues. 

o Abscess: any collection of pus within the dermis or subcutaneous tissues 

o Necrotizing soft tissue infections: a necrotizing infection involving any 

of the soft tissue layers, including the dermis, subcutaneous tissue, superficial 

or deep fascia, and muscle 

 

• Infective Endocarditis is diagnosed as per modified Duke’s criteria (213). 

• Spontaneous bacterial peritonitis (SBP) is diagnosed in the presence of an 

elevated ascitic fluid absolute polymorphonuclear leukocyte (PMN) count (i.e., 

≥250 cells/mm3 [0.25 x 109 /L]) without an evident intra-abdominal, surgically 

treatable source of infection(214). 

4.4.2 Exclusion Criteria: 

1) Pregnant and lactating women 

2) Patients who are enrolled to other interventional trials 
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3) Past or present of renal stones according to history, medical/laboratory records 

from elsewhere or hospital electronic medical records. Patients will not be 

screened for renal stones or oxaluria 

4) Patients who were receiving Vitamin C for another indication (e.g.: Wound 

healing, Burn Injuries, along with Inj. Doxycycline). Patients who are enrolled 

to the trial will be allowed to be initiated on Doxycycline if indicated and will be 

included in the ITT analysis. Such patients will be specially mentioned while 

reporting the results. 

5) Patients with known allergy to Vitamin C 

6) Patients with known G-6-PD deficiency and Hemochromatosis (193,215) 

7) Patients with KDIGO 3 Acute Kidney Injury or Class 4 or 5 CKD(193,216,217) 

8) Patients who are receiving warfarin or related drugs, bortezomib or cyclosporine 

(215,218) 

9) Patients who were once enrolled in the trial and has received at least one dose of 

the drug were excluded if they are readmitted to ICU with a new onset sepsis 

4.5 INTERVENTION AND COMPARATOR AGENTS 

4.5.1 Intervention Agent:  

Standard Care and Intravenous Vitamin C 1.5 g every 6 hours for 4 days (16 doses) 

The drug was  purchased from Liv-Biopharma (Inj. Livocee(219)). The drug was 

packed in 20 ml single-dose vials, which contained 20 ml of Vitamin C solution for 

IV Administration at a concentration of 250 mg per ml. 1 dose of 1.5 g will hence 

require injection of 6 ml of the solution. 6 ml of the solution was reconstituted in 100 
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ml of Normal Saline or 5% Dextrose (decided by the ICU physician as per the 

electrolyte status of the patient) and administered immediately over 30 to 60 minutes 

as a slow infusion. In case of patients on fluid restriction, reconstitution in 50 ml of 

the solvent was allowed.  

The dose of Vitamin C was adapted from the study of Marik et al, which is the most 

accepted and cited original research  publication regarding the use of Vitamin C in 

Sepsis(74). Marik et al has used current evidence to estimated that IV Vitamin C at a 

dose of more than 3g/day is required to correct Vitamin C levels in septic patients, in 

whom the Vitamin C levels are predictably low. The group then decided to administer 

Vitamin C at 6g/day in 4 divided doses based on pharmacokinetic models, available 

clinical data etc. 

4.5.2 Comparator Agent:  

Standard Care and Intravenous Distilled Water based placebo every 6 hours for 4 days 

(24 doses)  

An inactive compound, with similar appearance and consistency as the Intervention 

agent; which was packed in similar vials, each vial containing 20 ml of the solution 

and administered in a similar way as the Intervention agent. The placebo was prepared 

in the Pharmacy of Christian Medical College, Vellore and packaged in a sterile 

manner like that of the drug in 20 ml vials procured from the same company. 

4.5.3 Standard Care : 

Both the arms received standard care including IV fluids, antibiotics, vasopressors 

and other medications as per the treating team’s decision. The treating physicians were 
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encouraged to follow the Surviving Sepsis Campaign (3)guidelines. The treating team 

was free to use Thiamine and Hydrocortisone according to individual preferences and 

unit policies. The trial was pragmatic in nature and the investigators did not interfere 

in the treatment decision other than administering the trial drug according to 

randomization. 

4.6 RANDOMISATION AND ALLOCATION CONCEALMENT 

4.6.1 Method Of Randomisation: 

Computer generated block randomization in blocks of 2 & 4 

 Permutated block randomization of sizes 2 and 4 was done for treatment allocation 

using SAS 9.4. Randomization was done according to computer generated block 

randomization generated by an independent investigator who is not involved in 

enrollment of the participants or collecting data. The drug and placebo were coded in 

identical containers as A or B and the coding was known only to the independent 

investigator and the pharmacist preparing the drug and placebo. The random allocation 

sequence and coding was stored in a secure place and decoded only after data analysis. 

4.6.2 Method Of Allocation Concealment: 

Sequentially Numbered Sealed Opaque Envelopes 

The investigator who generated the random allocation sequence prepared allocation 

card with the sequence of participant and the code A/B. The allocation cards were sealed 

in opaque envelopes. The envelopes had only the sequence number written on top. The 

envelope was opened after recruitment, and the preparation A/B was be administered to 
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the patient as per the allocation. The analysis was be done using the codes for each arm 

and A/B was be replaced with the drug/placebo only after analysis of primary outcome. 

4.6.3 Blinding And Masking: 

The patient, investigator, nurse administering the drug, and investigator conducting the 

statistical analysis were blinded to the intervention. The decoding of codes A/B for the 

intervention and placebo preparations was be done only after the statistical analysis of 

primary outcome. Masking was ensured by preparing the Placebo in similar vials as the 

drug (purchased from the same company) and ensuring similar packaging 

4.7 OUTCOMES 

4.7.1 Primary Outcome: 

The primary outcome assessed was in hospital all-cause mortality, which is considered 

to be one of the most important sepsis outcomes(220) 

4.7.2 Secondary Outcomes: 

The following secondary outcomes were analyzed (220) 

1) ICU Length of Stay (LOS) 

2) Hospital Length of Stay (LOS) 

3) Time to Ventilator independence in survivors who required mechanical 

ventilation/NIV at the time of randomization 

4) Time to vasopressor independence in participants who survived and required 

vasopressors at the time of randomization 
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5) New onset organ dysfunction(221) 

a) Cardiovascular system failure: Systolic blood pressure ≤90 mmHg or mean arterial 

pressure ≤70 mmHg for at least 1 h despite adequate fluid resuscitation, or the use of 

vasopressors to maintain arterial pressure above these levels or unexplained metabolic 

acidosis (pH ≤ 7.30 or base deficit ≥5.0 mmol/L) with plasma lactate greater than 1.5 times 

the upper limit of normal. 

b)  Renal failure: Urine output <0.5 mL/kg/h for 1 h, or serum creatinine levels greater than 

2.5 times the upper limit; 

c) Respiratory failure: PaO2/FiO2 ≤250 in the presence of other dysfunctional organs or 

≤200 if only lung 

d) Hematologic dysfunction: Platelet count <80,000/mm3 or 50 % drop in preceding 3 days  

e) Liver dysfunction: Serum bilirubin ≥2.0 mg/dL when bilirubin was <2.0 mg/dL at 

baseline 

f)  Central nervous system failure: Glasgow coma scale (GCS) ≤10 after randomization in 

patients who had baseline GCS >10. 

Although the initial trial protocol aimed at looking at days alive and independent of 

dialysis, ventilator and vasopressor, this was not analyzed in view of non-availability 

of data. 

4.8 SAMPLE SIZE CALCULATION 

Based on the study by  Marik et al(72) , the mortality in patients with sepsis in the 

intervention group and control group were  8.5% and 40.4% respectively. By assuming 



 

 
72 

 

power of 80% and 2- sided alpha error of 5%, applying the formula given below, 27 

patients should be studied in each arm to prove the hypothesis. 

It must be noted that in the study used to 

calculate the sample size, the intervention 

group received Vitamin C, Thiamine and 

Hydrocortisone. For sample size 

calculation, we assumed that Vitamin C 

contributed to the entire mortality benefit 

shown in the study. We aimed to recruit 

30 patients in each arm – i.e. a total of 60 patients in our study. The study was able to 

recruit 51 patients. 

4.9 MONITORING AND SAFETY 

4.9.1 Interim Analysis 

No interim analysis was performed 

4.9.2 Withdrawal Of Participants 

Participants were withdrawn of the trial in the following situations 

a) Voluntary withdrawal of consent by the patient or the closest relative 

b) Anaphylaxis to the agent. 

c) Renal calculi detected while the participant is receiving the agent. Participants were 

not routinely screened for renal calculi. However, it is a standard of care in our ICU 

that patients are screened for obstructed urinary system in case of an acute kidney 

 Equation 1: Sample Size Calculation Formula 
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Injury that cannot be attributed to any other cause, or out of proportion to the obvious 

cause. If renal calculi are detected in such screening or abdominal imaging performed 

for any other indication, the participant was planned to be withdrawn from the study. 

No participants were withdrawn due to this indication.  

d) If the patient was started on bortezomib, cyclosporine or warfarin or related drugs 

for any indication during the drug administration period 

e) Discharged against medical advice or limitation of care decided after enrollment into 

the study. However, such participants were included in the intention-to-treat analysis 

In case consent is not obtained for inclusion of the withdrawn patients for analysis, the 

participants were excluded from the analysis and their medical records were not 

accessed further for the purpose of the trial. 

4.9.3 Data Safety Monitoring Board 

The Institutional Data Safety Monitoring Board was requested to monitor the trial and 

was informed of the progress of trial and Serious Adverse events at regular intervals as 

instructed by the IRB 

4.10  DATA COLLECTION AND STATISTICAL ANALYSIS 

Data was collected by the primary investigator using printed Clinical Research Forms, 

by daily review of the participants, In patient chart and Electronic Medical records and 

laboratory database. The data was entered using Microsoft Excel software and analysed 

using SPSS 25.0. The data was screened for outliers and extreme values using Box-Cox 

plot and histogram (for shape of the distribution). Summary statistics was used for 

reporting demographic and clinical characteristics. t-test was used for analysis of 
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continuous data with Normal distribution and Mann-Whitney U test for data with non- 

Normal distribution with groups (intervention and placebo). Chi-square test was 

performed for categorical variables with groups (intervention and placebo). Differences 

were considered significant if p Value is <0.05. Multivariate analysis was performed 

based on the variables which are significant at Bivariate levels.  

 

Subgroup analysis was done as decided a priori for patients for the following group of 

patients  

• Patients with and without septic shock at the time of enrolment. Septic shock was 

diagnosed as per the Sepsis 3 criteria (6) 

• Patients with and without ARDS at the time of enrolment. ARDS was defined 

according to the Berlin definition (179) 

• Patients with age groups of 18-30 years, 31-50 years and more than or equal to 51 

years 

• Males and females 

• Patients with duration of symptoms of less than 48 hours before admission and 

more than 48 hours before admission 

• Patients with blood or other usually sterile fluid culture (urine, sputum, CSF, ascitic 

or pleural fluid) positivity and patients who do not have a positive culture. 

• Patients who received concomitant Hydrocortisone, Thiamine, both or none 
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Ad hoc subgroup analyses were also performed for the following groups 

• Patients with or without AKI on presentation 

• Patients with Pneumonia. This was because a Cochrane metanalysis had shown a 

possible beneficial effect of Vitamin C in treatment of Pneumonia(155) 

• Patients with predicted mortality according to APACHE 2 score less than 50% and 

more than or equal to 50% 

• Patients who received 1st dose of Vitamin C before or at 48 hours of symptom onset 

and more than 48 hours of symptom onset 

 

Analysis of the secondary outcomes was done only in the participants who were alive 

and well at discharge (with the exception of days till death) and had the outcome data 

available. 
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4.11 DIAGRAMMATIC ALGORITHM OF THE STUDY 
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5. RESULTS 

5.1 TRIAL OVERVIEW AND PATIENT RECRUITMENT 

The trial was conducted from 21.09.2018 to 13.10.2019 and was recruited patients from 

the medical ICU for one year. From 08.09.2019, with an approved amendment of the 

trial protocol from the IRB, the trial started recruiting patients from the medical wards 

as well. This was due to slow accrual of participants.  

 

A total of 224 patients were screened for eligibility to be included in the trial, of which 

26 declined consent to participate and 173 did not meet the eligibility criteria. Further, 

1 patient was excluded as the patient was initiated on PLEX, and Vitamin C kinetics is 

not well studied in patients on PLEX.  The trial recruited a total of 51 patients – 26 were 

randomized to the Vitamin C arm and 25 to the placebo arm. Of these, 10(41.7%) and 

13(59.1%) patients from intervention and control group respectively were recruited 

from ICU. Consent for participation was withdrawn by 2 patients from the intervention 

arm and 3 from the control arm at various stages. All these 5 participants declined 

consent for inclusion of their data in analysis as well. 24 patients in the intervention 

group and 22 in the control group were included in the intention-to-treat analysis. 

 

A per-protocol analysis was also conducted by excluding the patients who were 

discharged against medical advice, whose life supports were withdrawn, who were 

planned for non-escalation of care, and who discontinued the study (but consented to 

use the data for analysis). The per protocol analysis included 17 patients in each arm. 
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The results are published in accordance with the CONSORT (Consolidated Standards 

of Reporting Trials) 2010 guidelines(222). 

5.2 CONSORT FIGURE 
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5.3 PROTOCOL VIOLATIONS & STUDY DISCONTINUATION 
 

There were 2 protocol violations in the included participants 

• One patient who was randomized to the placebo group received therapeutic 

ascorbic acid for 2 days after the study period was over. This was due to a 

miscommunication between the investigators and the treating team. The patient 

was, however, included in intention-to-treat analysis. The patient was also 

planned for non-escalation of care, and was hence excluded from the per-

protocol analysis. 

• One patient assigned to the placebo group was on doxycycline. Patients on 

doxycycline were planned to be excluded from the study, as doxycycline 

injection is usually co-administered with ascorbic acid. However, the brand of 

doxycycline that this patient received did not contain ascorbic acid. The patient 

was included in the intention-to-treat and per protocol analysis. 

 

A total of 2 patients, who were randomized and assigned to a group, withdrew consent 

to participate and include data in analysis before the first dose was administered. Two 

patients, with one patient assigned to Vitamin C and control arm each, withdrew consent 

for participation and inclusion in analysis during the study period. One patient in 

placebo arm was withdrawn from the study by the primary treating team with the 

consent of the patient.  4 patients were discharged against medical advice during or after 

the study period; life supports were withdrawn in 4 patients in the Vitamin C arm with 

family’s consent. Three patients were later planned for non-escalation of care – 1 in 

Vitamin C arm and 2 in control arm. 
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5.4 BASELINE CHARACTERISTICS OF THE STUDY GROUPS 

The general demographics and known prognostic factors of mortality in sepsis, were 

compared between the groups at baseline. The mean age of the study population was 

50.43(SD: 17.23) years. The intervention group had a higher mean age as compared to 

the placebo group (54.41 vs 46.09 years).  

Table 6: Baseline characteristics of the study population: Demographics and diagnosis 

VARIABLE VITAMIN C  

GROUP 

(n=24) 

PLACEBO 

GROUP 

(n=22) 

STUDY 

POPULATION 

(n=46) 

Mean Age (in years) 54.41 ± 15.68 46.09 ± 18.15 50.43 ± 17.23 

Admitted to     

 ICU 10 (41.7%) 13(59.1%) 23(50%) 

 Ward 14(58.3%) 9(40.9%) 23(50%) 

Gender     

 Males 14 (58.3%) 9(40.9%) 23(50%) 

 Females 10(41.7%) 13(59.1%) 23(50%) 

Diagnosis at enrolment    

 Pneumonia 11(45.8%) 7(31.8%) 18(39.1%) 

 UTI 4(16.7%) 5(22.7%) 9(19.6%) 

 CAUTI 0(0%) 1(4.5%) 1(2.2%) 

 Cellulitis 3(12.5%) 1(4.5%) 4(8.7%) 

 Meningitis 2(8.3%) 4(18.2%) 6(13%) 

 IE 0(0%) 1(4.5%) 1(2.2%) 

 VAP 1(4.2%) 1(4.5%) 2(4.3%) 

 Liver Abscess 1(4.2%) 0 1(2.2%) 

 AGE 2(8.3%) 2(9.1%) 48.7%) 

Final Diagnosis     

 Pneumonia 10(41.7%) 6(27.3%) 16(34.8%) 

 UTI 4(16.7%) 3(13.6%) 7(15.2%) 

 CAUTI 0(0%) 1(4.5%) 1(2.2%) 

 Cellulitis 3(12.5%) 1(4.5%) 4(8.7%) 

 Meningitis 2(8.3%) 4(18.2%) 6(13%) 

 IE 0(0%) 1(4.5%) 1(2.2%) 

 SBP 0(0%) 1(4.5%) 1(2.2%) 

 VAP 1(4.2%) 1(4.5%) 2(4.3%) 

 Liver Abscess 1(4.2%) 0(0%)  

 Others + 0(0%) 1(4.5%) 2(4.3%) 

 AGE 2(8.3%) 2(9.1%) 4(8.7%) 

 Acute Cholecystitis 0(0%) 1(4.5%) 1(2.2%) 

 Non-Infectious* 1(4.2%) 0(0%) 1(2.2%) 

Hospital acquired infection 1(4.17%) 1(4.55%) 2(4.35) 

Median days from symptom onset^ 3 4 3 

Median time from admission# 13 15 14 

• Values are expressed a mean(percentage) 

• + One patient in placebo group had viral myocarditis 

• * One patient in intervention group was diagnosed to have Carcinoma lung 

• ^ Rounded off to the nearest whole number 

• # In hours – rounded off to the nearest whole number 
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The intervention group also had more male patients as compared to the placebo group 

(58.3% vs 40.9%). The most common diagnosis at enrolment as well as the final 

diagnosis was Pneumonia in both groups. However, the proportion of patients with 

pneumonia was more in the Intervention groups as compared to the control. One patient 

in each group had a hospital acquired infection (both ventilator associated pneumonia). 

Overall the baseline characteristics of age, gender and diagnosis were not very well 

matched. 

Table 7: Baseline characteristics of the study population: Physiological variables 

VARIABLE VITAMIN C 

GROUP 

(n=24) 

PLACEBO 

GROUP 

(n=22) 

TOTAL 

POPULATION 

(n=46) 

Mean Physiological Variable at recruitment 

 Heart Rate 112.13 ± 16.163 113.50 ± 24.291 112.78±20.33 

 Systolic Blood Pressure 107.75 ± 15.607 110.36 ± 20.355 109.00±17.878 

 Diastolic Blood pressure 62.75 ± 8.502 63.55 + 9.028 63.13+8.668 

 MAP 74.96 ± 17.863 77.27 ± 9.161 76.07±14.269 

 Rectal Temp 100.467 ± 1.369 101.055 ± 1.276 100.748±1.344 

 Respiratory rate 26.38±6.612 29.14±7.173 46±6.950 

On Invasive Ventilation at recruitment 7(29.2%) 8(36.4%) 15(32.6%) 

On NIV at recruitment 4(16.75) 5(22.75) 9(19.56%) 

On Inotropes at recruitment 9(37.5%) 10(45.5%) 19(41.3%) 

Number of inotropes at recruitment    

 1 6(25%) 6(27.3%) 12(26.08%) 

 2 2(8.3%) 2(9.1%) 4(8.69%) 

 3 1(4.2%) 2(9.1%) 3(6.52%) 

Inotropes used at recruitment    

 Noradrenaline 9(37.5%) 10(45.4%) 19(41.3%) 

 Adrenaline 3(12.5%) 4(18.2%) 7(15.2%) 

 Vasopressin 1(4.2%) 2(9.1%) 3(6.5%) 

 Dobutamine 0 1(4.5%) 1(2.1%) 

Mean Inotrope doses at recruitment    

 Noradrenaline(mcg/min) 17.11 ± 10.018 12.10±12.741)  

 Adrenaline (mcg/min) 9.50±8.347 15.25±16.641  

 Vasopressin (units/min) 1.5 ± 0.7071 2.6±0.849  

 Dobutamine (mcg/min) - 5  

Septic Shock at recruitment 9(37.5%) 10(45.5%) 19(41.3%) 

ARDS at recruitment 19(19.2%) 12(54.5%) 31(67.3%) 

AKI at recruitment 9(37.5%) 11(50%) 20(43.48%) 

AKI Grade    

 KDIGO1 5 (20.8%) 7(31.8%) (26.09%) 

 KDIGO2 4(16.6%) 4(18.1%) (17.4%) 

• Values are expressed as n (%) or mean ± SD 

• mcg = microgram 
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The physiological variables at baseline are shown in Table 6. Heart rate, systolic and 

diastolic blood pressures, and mean arterial pressures were well matched between both 

groups. The patients with septic shock and AKI were comparable between both groups, 

however the Intervention group had more patients with ARDS at enrollment.  

 

The mean creatinine at recruitment was higher in the placebo group. Hemoglobin, 

platelet counts, and WBC counts were not significantly different between groups. The 

lab variables are shown in Table 7. 

Table 8: Baseline characteristics of the study population: Laboratory parameters 

    

VARIABLE VITAMIN C 

GROUP 

(n=24) 

PLACEBO 

GROUP 

(n=22) 

TOTAL 

POPULATION 

(n=46) 

Lab Variables at recruitment 

 Creatinine 1.31±0.74 1.54±0.82 1.42±0.78 

 Total Bilirubin 1.52±2.6 1.05±0.73 1.29±1.57 

 pH 7.38±0.11 7.36±0.19 7.37±0.15 

 Lactates 4.01±4086 3.26±2.66 3.65±3.94 

 Hemoglobin 11.16±2.57 11.87±1.97 11.49±2.30 

 Platelets 2.31±1.06 2.17±1.15 2.24±1.09 

 WBC Counts 19200±11393 17627±10173 18447±10737 

• Values are expressed as mean ± SD 

 

 

 

The most common co morbidities present among the groups were hypertension and 

diabetes. Prevalence of diabetes was comparable among both groups, whereas 

hypertension was more common in the placebo group. Placebo group also had higher 

prevalence of other co morbidities as described in Table 8.   One patient in the placebo 

group was admitted with organo-phosphorus poisoning and developed a VAP in the 

hospital.  The Charlson co-morbidity Index was higher in the intervention group as 

compared to the placebo group, but with overlapping 95% CIs.  
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Table 9 : Baseline characteristics of the study population: Co-morbidities 

 

VARIABLE VITAMIN C 

GROUP 

(n=24) 

PLACEBO 

GROUP 

(n=22) 

TOTAL 

POPULATION 

(n=46) 

Diabetes Mellitus Type 2 12(50%) 17(77.3%) 29(63/04%) 

Hypertension  14(58.3%) 17(77.3%) 31(67.39%) 

Others  12(50%) 14(63.6%) 28(60.86%) 

 CVA 5 2  

 Smoking 2 2  

 Hypothyroidism 2 0  

 Cancer* 1 1  

 Hepatitis B 0 1  

 COPD 2 2  

 OP Poisoning 0 1  

 CKD 2 1  

 Depression 1 0  

 Heart Failure 3 3  

 Parkinsonism 0 1  

 Type 1 Diabetes 0 1  

 Paraplegia 0 1  

 CLD 1 1  

 Asthma 1 0  

 Seizure 1 1  

Charlson Co Morbidity Index 2.63±2.58 1.82±2.44 2.24±2.523 

• Values are expressed as n (%) or mean ± SD 

• * Both the patients had Multiple Myeloma 

 

 

The SOFA and APACHE 2 scores of both the groups at recruitment were similar. The 

predicted mortality by APACHE 2 score, of the entire study population was 31.76 % 

(SD: 19.178). 

 

Table 10:Baseline Characteristics of the Study Population: Prognostic Scores  

VARIABLE VITAMIN C 

GROUP 

(n=24) 

PLACEBO 

GROUP 

(n=22) 

TOTAL 

POPULATION 

(n=46) 

SOFA Score  6.75±3.365 6.95±3.273 6.85±3.286 

APACHE-2 Score  18.46±7.644 17.82±6.919 18.15±7.233 

Predicted mortality by APACHE-2(%) 32.17±20.708 31.32±17.834 31.76±19.178 

• Values are expressed as mean ± SD 

 

 

The number of participants with a body fluid positive for culture or PCR was 37.5 % 

and 45.5 % in the intervention and control groups respectively. Most cultures were 

positive in blood samples followed by sputum or ET aspirates. The most common 
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organism cultured were Acinetobacter baumannii followed by Escherichia coli. 

Concomitant influenza infection was present in 2 patients in the intervention and 4 in 

the control group (tested by PCR in Nasopharyngeal swab).  

 

Over all the baseline characteristics were not satisfactorily matched. Among the most 

important baseline characteristics that did not match were the age and Charlson 

comorbidity index. The Vitamin C group had a higher age and a higher comorbidity 

index at the baseline, which puts them at a higher risk of adverse outcome at baseline 

itself.   However, the SOFA and APACHE 2 scores at baseline were well matched. 

 

  

Table 11 : Baseline characteristics of the study groups: Culture positivity 

VARIABLE VITAMIN C 

GROUP 

(n=24) 

PLACEBO 

GROUP 

(n=22) 

Culture/PCR positivity 9(37.5%) 10(45.5%) 

Organism cultured/detected   

 Escherichia coli 1(4.2%) 2(9.1%) 

 Klebsiella pneumoniae 1(4.2%) 1(4.5%) 

 Pseudomonas aeruginosa 1(4.2%) 1(4.5%) 

 Acinetobacter baumannii 3(12.5%) 1(4.5%) 

 Streptococcus pneumoniae 0 1(4.5%) 

 Streptococcus pyogenes 0 0 

 Staphylococcus aureus 1(4.2%) 1(4.5%) 

 Neisseria meningitides* 0 1(4.5%) 

 Enterobacter spp. 0 1(4.5%) 

 Haemophilus parainfluenza 1(4.2%) 0 

 Citrobacter spp. 0 1(4.5%) 

 Entamoeba histolytica* 1(4.2%) 0 

Body fluid that showed culture positivity   

 Blood 4(16.7%) 5(22.7%) 

 Sputum/ETA 3(12.5%) 2(9.1%) 

 CSF 0 1(4.5%) 

 Pus 1(4.2%) 1(4.5%) 

 Urine 1(4.2%) 1(4.5%) 

Concomitant Influenza infection 2(8.4%) 4(18.2%) 

• Values are expressed as mean (%) 

• * PCR positive 



 

 
85 

 

5.5 TREATMENT RECEIVED BY THE STUDY GROUPS 
 

The patients in both the groups were treated according to the discretion of the ICU team 

and the primary treating team. All the doctors were encouraged to use the Sepsis 3 

guidelines. The initial antibiotics were chosen based on the most likely site of infection 

and the local antibiotic resistance pattern, or based on a previous culture if available. 

The antibiotics were changed once culture reports were available, at the discretion of 

the treating team. Both groups received comparable initial antibiotics at the time of 

recruitment. However, more patients in the Placebo group were on meropenem as 

compared to intervention group. Meropenem was the most commonly used antibiotic.  

More patients in the Intervention group received thiamine, glucocorticoids or both 

compared to the placebo group. 2 patients in the intervention group who were recruited 

from the ward were shifted to ICU during the study period. 

 

Table 12: Treatment received by the study groups 

VARIABLE VITAMIN C  

GROUP 

(n=24) 

PLACEBO 

GROUP 

(n=22) 

Received Thiamine 16(66.7%) 12(54.5%) 

Received Glucocorticoids 20(83.3%) 12(54.5%) 

Hydrocortisone 18(75) 10(45.5) 

Dexamethasone 2(8.3) 2(9.1) 

Received both thiamine and glucocorticoids 15(62.5%) 8(36.4%) 

Antibiotics at enrolment 

 Azithromycin 9(37.5%) 8(36.4%) 

 Piperacillin - Tazobactam 5(20.8%) 6(27.3%) 

 Ceftriaxone 2(8.3%) 5(22.7%) 

 Meropenem 17(70.8%) 11(50%) 

 Colistin  1(4.5%) 

 Vancomycin 5(20.8%) 5(22.7%) 

 Metronidazole 2(8.3%)  

 Doxycycline 1(4.2%) 1(4.5%) 

 Amoxicillin-Clavulanic Acid 1(4.2%) 1(4.5%) 

Shifted from ward to ICU 2(8.3%) 0(0%) 

• Values are expressed as mean (%) 

• Patients could have been on multiple antibiotics 
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5.6 PRIMARY OUTCOME 

As 3 patients who were included in the analysis were lost to follow up (Discharged 

against medical advice), for the intention-to-treat analysis, the worst-case scenario was 

assumed i.e. the DAMA patients from the Vitamin C group die and from the placebo 

group survive. Analyses were also conducted assuming the following scenarios 

• Best-case scenario: Assuming the DAMA patients from Vitamin C group survive 

and Placebo group die 

• Analyzing all DAMA patients as alive at hospital discharge 

• Excluding the DAMA patients from analysis 

A per protocol analysis was also performed as detailed above. The results are given in 

Table 12 

Table 13: Primary Outcome: In-hospital mortality 

 

VITAMIN C PLACEBO RR 95% CI 
PEARSON 

CHI 

SQUARE 

p 

VALUE+ 

Intention-to-treat 

analysis* 

13/24 

(54.16%) 

5/22 

(22.72%) 
2.383 1.015 – 5.598 4.763 0.038 

Assuming best 

Case Scenario  

11/24 

(45.83%) 

6/22 

(27.27%) 
1.681 0.748 – 3.775 1.697 0.233 

DAMA assumed as 

alive at discharge 

11/24 

(45.83%) 

5/22 

(22.72%) 
2.017 0.832-4.885 2.701 0.129 

Excluding DAMA 

patients 

11/22 

(50%) 

5/21 

(23.81%) 
2.100 0.878-5.021 3.154 0.116 

Per protocol 

Analysis 

6/17 

(35.29%) 

2/17 

(11.76%) 
3.000 0.702– 12.818 2.615 0.225 

- Values are expressed as ratio (percentage) 

- + Fisher’s exact test 

- *Assuming worst-case scenario 

- RR = Relative risk 

- CI = Confidence interval 

- DAMA = Discharged against medical advice 
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In the intention-to-treat analysis (assuming worst case scenario), Vitamin C group had 

a higher in-hospital mortality (54.16%) as compared to the placebo group (22.72%), 

and the results were statistically significant (RR 2.38; 95% CI 1.015 – 5.598; p value 

0.038) . In all other analyses and the per protocol analysis, there was a trend towards 

higher mortality with Vitamin C, but the results were not statistically significant. 

 

The observed mortality was much higher than the mean predicted mortality by 

APACHE 2 scores (31.76% ± 19.178 in the study population) in the Vitamin C group 

(54.16%), but was lower in the Placebo group (22.72%). This indicates the fact that the 

harmful effect of Vitamin C seen in the study, might in-fact be a true observation. 

5.7 SECONDARY OUTCOMES 

 

The secondary outcomes analysis was performed only in the patients where the outcome 

was available. Most of the secondary outcomes analyzed were decided a priori, and a 

few chosen de novo. 

 

There was higher incidence of new onset organ failure, new onset AKI and ARDS in 

the Vitamin C group, however the results were not statistically significant.  Similarly, 

the placebo group had a trend to higher time till ventilator independence in patients on 

ventilator, with statistically insignificant results. The hospital length of stay and ICU 

length of stay were longer in the placebo group. None of the secondary outcomes 

analyzed showed statistically significant results.  
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Table 14: Secondary Outcomes 

Outcome Vitamin C Placebo 
RR/ 

𐊣Mean 
95% CI 

Pearson Chi 

Square 
p 

value* 

Dialysis 0/24 
1/22 

(4.5%) 
  1.115 0.478 

New organ failure 
8/24 

(33.3%) 

6/22 

(27.3%) 
1.222 0.504 to 2.966 1.99 0.754 

New onset CVS failure 
3/24 

(12.5%) 

4/22 

(18.2%) 
0.688 0.173 to 2.735 0.287 0.694 

New onset AKI 
4/24 

(16.66%) 
0/22   4.016 0.110 

New onset ARDS 
6/24 

(25%) 

2/22 

(9%) 
2.750 0.618 to 12.227 2.022 0.247 

New onset CNS failure 0/24 
1/22 

(4.5%) 
  1.115 0.478 

Time till Ventilator 

independence 

6.67±4.16 

(3) 

8.50±12.61 

(10) 
-1.833 -12.140 to 8.474  0.710 

Time till vasopressor 

independence 

2.75±2.36 

(4) 

2±20 

(10) 
0.750 -1.953 to 3.453  0.573 

ICU LOS 
7±5.20 

(3) 

8.89±8.21 

(9) 
-1.889 -13.327 to 9.549  0.432 

Hospital LOS 
11.7±9.92 

(10) 

12.81±8.42 

(16) 
-1.113 -8.609 to 6.384  0.391 

Days till death 
8.08±5.57 

(12) 

11±11.68 

(5) 
-2.917 -17.168 to 11.335  0.959 

• Values are expressed as ratio(percentage) or mean ± SD(n) 

• * Fisher’s exact test 

 

 

 

5.8 SUBGROUP ANALYSIS 
 

Subgroup analyses were performed within the subgroups decided a-priori. Few de novo 

analyses were also performed. In all the subgroups except Age 31-50, Vitamin C 

showed a higher trend to in-hospital mortality, however outcomes in none of the 

subgroups were statistically significant. Notably, even in the patients who were co 

administered thiamine, hydrocortisone or both, there was a higher trend to in-hospital 

mortality in the Vitamin C group.  
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 A Cochrane metanalysis(155) had shown beneficial effect of Vitamin C in patients with 

pneumonia. In the subgroup of patients with a final diagnosis of pneumonia in this 

study, Vitamin C showed a trend towards harm.  

 

Table 15  :Sub-group Analysis 

Subgroup Vitamin C Placebo 
Study 

population 
RR 95% CI 

Pearson 

Chi 

Square 

P value 

Patients initially 

admitted to 

ICU 

7/10 

(70%) 

4/12 

(33.33%) 

11/22 

(50%) 
2.100 0.856-5.150 2.933 0.198 

Age 18-30 
1/2 

(50%) 

0/3 

(0%) 

1/5 

(20%) 
  1.875 0.400 

Age 31-50 
2/6 

(33.33%) 

4/11 

(36.36%) 

6 

(17) 
0.917 0.232-3.627 0.016 1.000 

Age >50 
8/14 

(57.14%) 

1/7 

(14.28%) 

9/21 

(42.86%) 
4 0.616-25.964 3.500 0.159 

Days from 

symptom onset 

<48h 

3/9 

(33.33%) 

0/7 

(0%) 

3/16 

(18.75%) 
  2.872 0.213 

Days from 

symptom onset 

>48 hours 

8/13 

(61.53%) 

5/14 

(35.71%) 

13/27 

(48.15%) 
1.723 0.756-3.927 1.801 0.257 

Pneumonia 
5/9 

(55.55%) 

2/6 

(33.33%) 

7/15 

(46.66%) 
1.667 0.466-5.956 0.714 0.608 

        

Septic shock at 

Admission 

6/9 

(66.66%) 

2/9 

(22.22%) 

8/18 

(44.44%) 
3 0.812-11.081` 3.600 0.153 

ARDS at 

admission 

9/18 

(50%) 

3/12 

(25%) 

12/30 

(40%) 
2 0.677-5.909 1.875 0.260 

AKI at 

admission 

3/9 

(33.33%) 

3/10 

(30%) 

6/19 

(31.58%) 
1.111 0.296-4.171 2.24 1 

Received 

thiamine 

9/15 

(60%) 

3/11 

(27.27%) 

12/26 

(46.15%) 
2.2 0.770-6.285 2.735 0.130 

Received 

glucocorticoids 

11/18 

(61.11%) 

5/11 

(45.45%) 

16/29 

(55.17%) 
1.344 0.638-2.832 0.677 0.466 

Received 

thiamine and 

glucocorticoids 

9/14 

(64.28%) 

3/7 

(42.85%) 

12/21 

(57.14%) 
1.500 0.586-3.841 0.875 0.397 

Culture positive 
4/9 

(44.44%) 

4/10 

(40%) 

8/19 

(42.10%) 
1.11 0.387-3.186 0.038 1 

Blood Culture 

Positive 

2/3 

(66.67%) 

3/5 

(60%) 

5/8 

(62.5%) 
1.11 0.380-3.251 0.36 1 

Predicted 

mortality >50% 

by APACHE2 

3/5 

(60%) 

2/4 

(50%) 

5/9 

(55.55%) 
1.2 0.357-4.038 0.90 1 
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5.9 ADVERSE EFFECTS AND SAFTEY 
 

No immediate infusion related adverse effects were reported with study drug 

administration. As shown in Table 14, the incidence of new AKI and ARDS was higher 

in the Vitamin C group, however none of the patients developed new onset AKI / ARDS 

unexpectedly. In all these cases the AKI/ARDS were attributed to the severity of the 

disease. Study drug was not discontinued in any of these patients. The treating team 

discontinued the study drug in one patient after 2 days due to the anticipation of 

worsening AKI as the Creatinine clearance was markedly low. As this was a pragmatic 

trial, the same was allowed and discussed with the patient. The patient was however on 

a placebo.  

 

Within the context of a pragmatic trial, data was collected only on adverse events that 

had been judged by the treating team to be related to the trial drug, and this judgement 

was not adjudicated by the investigators. This approach may weaken the inferences 

about adverse events 
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6. DISCUSSION 

6.1 INTRODUCTION 

Sepsis is a heterogenous syndrome which is very common in the day to day clinical 

practice of a general physician. Despite good understanding about its pathophysiology, 

the therapeutic armamentaria available is limited, and the mortality and morbidity 

remain high. 

 

Vitamin C is an essential micronutrient that is known to have significant anti-oxidant 

properties. Its role in sepsis has been studied in detail in pre-clinical models. Recent 

human studies have shown promising results with therapeutic results of IV Vitamin C 

in sepsis. However, the generalizability of these studies was limited due to the poor 

methodology and confounders.  

 

This Randomized clinical trial was undertaken to study the usefulness of high dose 

Vitamin C in sepsis, assessing in-hospital mortality as the primary outcome, and was an 

attempt at bridging the knowledge gap in this area. This being a randomized control 

trial would provide high quality evidence, easing the clinical decision making regarding 

its use. This pragmatic trial was designed with statistical power to detect a clinically 

plausible effect on in-hospital mortality. To reduce bias, a central randomization 

process was used and concealment and blinding of trial-group assignments were 

ensured. The statistical analysis was done before unblinding, further limiting the chance 

of bias. 
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We chose in-patient mortality as a patient-centered primary outcome, which is one of 

the most relevant outcome assessments in clinical management of sepsis.   The inclusion 

criteria were based on the latest Sepsis 3 definition.  The trial was successful in enrolling 

~ 80% of the intended population. Most enrolled patients received the trial intervention 

as planned, and lost to follow-up was negligible. An intention-to-treat analysis was 

performed, only the patients who refused consent to be included in the analyses were 

excluded. The study protocol was approved by the institutional IRB and the trial was 

registered in CTRI before starting recruitment. 

6.2 FINDINGS OF THE STUDY 
 

This study found that administration of high dose Vitamin C was associated with an 

increase in the in-hospital mortality compared to placebo among patients with Sepsis. 

The trend towards harm was consistent in all the methods of analysis and among all the 

subgroups analyzed, making it likely that this is a true observation. In the ITT analysis 

(assuming the worst-case scenario), Vitamin C administration was associated with a 

31.44 % increase in mortality (RR: 2.383. 95% 1.015 – 5.598), and the results were 

statistically significant. Even in subgroups who received thiamine, glucocorticoids or 

both, and in subgroup of patients with pneumonia, Vitamin C showed trend towards 

harm. 

 

 There were no significant between-group differences with respect to secondary 

outcomes of ICU length of stay. Hospital length of stay, time to ventilator and 

vasopressor independence, or new onset organ dysfunction. Patients who had been 

assigned to receive high dose Vitamin C had more incidence of new onset AKI and 



 

 
93 

 

ARDS as compared to placebo, but these were not statistically significant, and not 

attributed by the treating team to the intervention.    

 

The recently published CITRUS-ALI trial (223) had failed to show any benefit of 96-

hour infusion of Vitamin C compared with placebo in  improving organ dysfunction 

scores or altering markers of inflammation and vascular injury. However, to the best of 

our knowledge, this is the first study showing harm of Vitamin C in sepsis. A phase 1 

clinical trial had shown prompt reduction in SOFA score, reduction in CRP and 

Procalcitonin levels, and reduction in thrombomodulin levels as compared to placebo 

in patients with sepsis(142). In another small randomized trial that included 28 patients 

in septic shock intravenous ascorbic acid reduced mean dose and duration of 

vasopressors (primary outcome) and 28-day mortality (secondary outcome) as 

compared to the placebo(142).  

 

This study revealed results contrary to the hypothesis. Few causes that could explain 

this were identified. First, the Vitamin C group in the trial had a higher Charlson co-

morbidity index and higher mean age, which may have adversely affected the outcome. 

More patients in the Vitamin C group underwent withdrawal of life supports as 

compared to placebo group. The lack of effect of Vitamin C could be because it was 

given too late. In the study, the median number of days after symptom onset when the 

1st dose of the study drug was administered was 3 days. One may assume that the 

biological pathways through which Vitamin C acts, may have undergone irreversible 

damage by then. However, this is usually the case in a real-world scenario.  
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Although the above factors could have affected the results of the study, the fact that the 

intention to treat, per protocol and all subgroup analyses shows a consistent trend 

towards harm, leads one to believe that the study findings are in fact true. Vitamin C 

showed trend towards harm in all major clinically relevant secondary outcomes as well. 

If these findings were to be believed, Vitamin C may be harmful in Sepsis. 

 

6.3 STRENGTHS OF THE STUDY 

This study has considerable strengths.  

• This represents one of the first, few and larger randomized, placebo-controlled 

clinical trials of Vitamin C administration in patients with sepsis.  

• The trial protocol was pre-decided and registered in CTRI. The protocol 

adherence was very good, with excellent follow-up. 

• The enrolled patients appear representative of the target population. The baseline 

characteristics were comparable to that of the population of sepsis, described in 

various studies 

• Considerable clinical and laboratory data were collected. 

• The outcomes were representative of a real-world scenario and clinically 

meaningful. The ITT analysis showed a statistically significant outcome. 

• The trial was pragmatic in nature, thus making the results more generalizable 

6.4 LIMITATIONS OF THE STUDY 

The study also comes with a number of limitations.  

• Sample size calculation was based on the assumption that the mortality benefit 

of Vitamin C in sepsis is huge, resulting in a small sample size. Smaller benefits 

will not have been picked up. For the sake of sample size calculation, it was also 
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assumed that the mortality difference showed in a previous study was due to 

Vitamin C alone (74), whereas the intervention group in that study had received 

Vitamin C, hydrocortisone and thiamine . We know that these three agents 

interact with each other, and thiamine and hydrocortisone may have independent 

benefits in sepsis, making the above assumption false. 

• This was a single centre trial, thus limiting its generalizability. 

•  The baseline characteristics of the two study groups were not perfectly matched. 

For example, the Charlson co-morbidity index was significantly high in the 

Vitamin C group as compared to the Placebo. This may have contributed to the 

higher mortality seen in the Vitamin C arm. Other clinical confounding factors 

may also be present. We did not do a stratified randomization to match the groups 

to known prognostic variables. 

• There were 2 protocol violations as described earlier. However as discussed 

above, these are unlikely to have affected the study results.  

• No interim analyses were performed, due to the small sample size 

• The study protocol was amended after recruiting 20 participants to include 

patients from the ward as well. This may have led to the inclusion of a less sick 

cohort of patients in the trial. However, the other inclusion criteria were not 

altered.  

• We did not measure the baseline Vitamin C concentrations in the study 

population. There may have been significant benefit of administering Vitamin 

C, in Septic patients with low Vitamin C levels.  
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• We did not screen actively for renal oxalate stones, a known complication of 

High dose Vitamin C supplementation. 

• The study attained only 85.32 % of the calculated 76.67% of the targeted sample 

size, due to time constraints. 

• The appropriateness of antibiotic therapy was not adjudicated. 

6.5 IMPLICATIONS IN CLINICAL PRACTICE 
 

This study showed that Vitamin C administration was harmful in preventing in-hospital 

mortality in Sepsis. All the analyses showed a consistent trend towards harm. Although 

limited by a small sample size and possibility of confounders, based on this study, the 

use of Vitamin C in Sepsis should not be adopted to clinical practice. A lot of institutions 

worldwide are using IV Vitamin C in sepsis, with or without thiamine and 

hydrocortisone based on evidence from pre-clinical and retrospective studies. As this 

randomized clinical Trial and another recent RCT(223), provides a better quality of 

evidence against use of Vitamin C, this practice should be discouraged, till better 

evidence is available from large well conducted multi-centre randomized control trials. 

6.6 IMPLICATIONS IN FUTURE RESEARCH 

Despite this rigorous clinical trial, a lot of questions remain unanswered in the area of 

use of Vitamin C in Sepsis. The difference in mortality is tantalizing and likely to spur 

much debate. Due to conflicting evidence, and the fact that most of the human studies 

include only a small sample size of patients, large well conducted randomized control 

trials are the need of the hour to provide robust evidence regarding the use of Vitamin 

C in sepsis.  
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Co-administration of thiamine and hydrocortisone also should be explored due to the 

biological agonism and interactions of the three. A factorial design would be best suited 

for this. 

 

The optimum dose of Vitamin C, also needs to be explored through a dose finding study. 

Whether Vitamin C administration is more beneficial in Vitamin C deficient septic 

patients also needs to be explored, by measuring baseline Vitamin C levels. Thus, in 

future studies, it would be helpful to reconsider optimal dosing and timing, as well as 

the likelihood that any potential benefits may only accrue to subsets of patients, given 

the underlying heterogeneity of sepsis. The search for an effective therapy for sepsis 

has thus far been elusive, and it’s time we further strengthen our efforts to conquer this 

lethal entity.  
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7. CONCLUSION 
 

 

• This single centre placebo-control randomized clinical trial conducted in a single 

centre in South India showed harmful effect of high dose intravenous Vitamin C 

administration in all cause in-hospital mortality as compared to placebo. Vitamin C 

administration also showed a trend towards harm in all sub groups analyzed.  

 

• The trial also did not show any statistically significant benefit of Vitamin C 

administration on any of the secondary outcomes - time to ventilator independence, 

time to vasopressor independence, length of ICU stays, length of hospital stay and 

new onset organ dysfunction, in adult patients with Sepsis. 

 

 

• The incidence of new onset Acute Kidney Injury and Acute Respiratory Distress 

Syndrome in patients with sepsis was more in patients who were administered high 

dose IV Vitamin C as compared to placebo, but this difference was not statistically 

significant. 

 

• Overall, the findings of the study advice against the use of Vitamin C in sepsis. Large 

well conducted multi-centre clinical trials are required to further consolidate the 

evidence in this area. 
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9.1 ABSTRACT 

 
Department: Department of General Medicine  

University Registration Number: 201711452  

Degree and Subject: MD General Medicine  

Institution: Christian Medical College, Vellore 

Name of the Guide: Dr O C Abraham  

 

Title of the abstract:  

High dose intra-venous Vitamin C administration to prevent mortality in 

patients with sepsis - a randomized, double blind, placebo-controlled trial 

(The ViCS trial) 

 

Background: 

Sepsis is a syndrome of “life threatening organ dysfunction secondary to a 

dysregulated host response to infection”. Despite a myriad of interventions 

that have been tried in its management, the mortality remains high. Vitamin 

C is a drug that has antioxidant properties and acts as a co-factor in synthesis 

of important biomolecules like catecholamines. Along with biological 

plausibility that is evident from biochemical and animal studies; multiple 

observational studies have shown potential benefit of this agent in Sepsis. 

The benefit of Vitamin C in Sepsis, however, has not been conclusively 

proven in randomized clinical trials. 

 

Aim and objectives: 

This study aimed at assessing the effect of high dose intravenous Vitamin C 

administration in patients with sepsis. The objectives included evaluation of 

the effect of High dose intravenous (IV) Vitamin C administration on all-

cause in-hospital mortality, time to ventilator independence, time to 

vasopressor independence, length of ICU stay, length of hospital stay, and 

new onset organ dysfunction in adult patients with sepsis and to identify its 

adverse effects. 
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Methods: 

This randomized, double-blind, placebo-controlled, parallel group, 

investigator initiated, pragmatic clinical trial was conducted in a single 

centre in South India. After informed consent, in-patients admitted with a 

diagnosis of sepsis were randomly assigned to receive IV Vitamin C 1.5g 

every 6 hours or a matching placebo for 4 days, along with the standard of 

care.  The allocation was concealed and intervention was blinded. The 

primary outcome was in-hospital all-cause mortality. Data was collected by 

the primary investigator through structured questionnaire, entered through 

Microsoft Excel and analysed using SPSS 25.0. 

 

 

Results: 

Through 21.09.2018 to 13.10.2019, 224 patients were screened for 

eligibility and 51 patients were randomised according to the eligibility 

criteria. 24 patients in the intervention group and 22 in the control group 

were included in the intention-to-treat analysis. The baseline characteristics 

were imperfectly matched, but prognostic scores at baseline (SOFA and 

APACHE 2) were well matched. In the ITT analysis Vitamin C administration 

was associated with a 31.44 % increase in mortality (RR: 2.383, 95% 1.015 

– 5.598, p=0.038), and the results were statistically significant. The per 

protocol and all subgroup analyses showed a trend towards harm, all though 

the results were not statistically significant. There were no unexpected, 

significant complications with Vitamin C administration. 

  

Conclusions:  

Among patients with sepsis, administration of high dose intra-venous 

Vitamin C was associated with an increased risk of in-hospital mortality, as 

compared to placebo.  
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