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Abstract

Background: Severe infections are characterized by inflammation and oxidative damage. Ascorbic acid (vitamin C) administration
may attenuate oxidative damage and, in turn, reduce vascular endothelial injury in pulmonary and systemic vasculature.

Objective: We aim to describe a protocol for a living systematic review that will evaluate the effectiveness and safety of
parenteral vitamin C administration in adults with severe infections, including those with COVID-19.

Methods: We searched Ovid MEDLINE, Embase, CINAHL, the Centers for Disease Control and Prevention COVID-19
database, Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov from inception to March 30, 2021, for randomized
controlled trials evaluating parenteral vitamin C versus no parenteral vitamin C in hospitalized adults with severe infection.
Eligible studies will include at least 1 arm involving any dose of parenteral vitamin C alone or in combination with other
cointerventions and at least 1 arm not involving parenteral vitamin C. The primary outcomes of interest will include in-hospital,
30-day, and 90-day mortality. Title and abstract screening, full-text screening, data extraction, and risk of bias evaluation via a
modified Risk of Bias 2.0 tool will be conducted independently and in pairs. We will perform random effects modeling for
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meta-analyses, in which study weights will be generated by using the inverse variance method. We will assess certainty in effect
estimates by using the Grading of Recommendations Assessment, Development and Evaluation methodology. Meta-analyses
will be updated iteratively as new trial evidence becomes available.

Results: Among the 1386 citations identified as of March 30, 2021, a total of 17 eligible randomized controlled trials have been
identified as of September 2021. We are in the process of updating the search strategy and associated data analyses.

Conclusions: The results will be of importance to critical care physicians and hospitalists who manage severe infection and
COVID-19 in daily practice, and they may directly inform international clinical guidance. Although our systematic review will
incorporate the most recent trial evidence, ongoing trials may change our confidence in the estimates of effects, thereby necessitating
iterative updates in the form of a living review.

Trial Registration: PROSPERO CRD42020209187; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=209187

International Registered Report Identifier (IRRID): RR1-10.2196/33989

(JMIR Res Protoc 2022;11(1):e33989) doi: 10.2196/33989
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Introduction

Severe infections may be associated with intense inflammation
and oxidative stress, which result in endothelial damage.
Suspected or confirmed infection, together with a dysregulated
host immune response causing acute organ dysfunction, as
defined by the sepsis-related organ failure assessment (SOFA)
score [1], defines sepsis [2]. Recent estimates from the Global
Burden of Disease Study reported an estimated 48.9 million
(95% uncertainty interval: 38.9 million to 62.9 million) incident
cases of sepsis worldwide in 2017, along with 11.0 million (95%
uncertainty interval: 10.1 million to 12 million) related deaths
(19.7% of all-cause mortality worldwide) [3]. Interventions
targeting the dysregulated host immune response and endothelial
injury associated with severe infections and sepsis may improve
patient-important outcomes [3-5]. For example, corticosteroids
have been associated with improved survival in both sepsis
[6-8] and severe COVID-19 [9-11].

Ascorbic acid deficiency, or vitamin C deficiency, has been
reported in patients with severe infection [12,13], with
preclinical data lending credence to the use of vitamin C in
sepsis. Supplementation with vitamin C has been postulated to
reduce vascular endothelial injury in pulmonary and systemic
vasculature and reduce oxidative damage, and vitamin C has
been postulated to act synergistically with glucocorticoids to
suppress inflammation [14]. Due to the potential pulmonary
effects associated with parenteral vitamin C and the preliminary
evidence suggesting that vitamin C deficiency can occur in
patients with SARS-CoV-2 infection [15], the World Health
Organization (WHO) has prioritized parenteral vitamin C
administration as a candidate treatment for COVID-19 as well
[16].

Randomized controlled trials (RCTs) evaluating the
effectiveness of vitamin C supplementation, either alone or in
combination with other therapies such as corticosteroid and
thiamine therapy, have yielded varied results. A systematic
review in 2019 included RCTs of oral and parenteral vitamin
C administration as monotherapy or in combination with other
interventions in critically ill patients. The review found 9 RCTs

that showed no significant overall survival benefit (risk ratio
[RR] 0.72, 95% confidence interval [CI] 0.43-1.20) and no
significant differences in the risk of new infections, length of
intensive care or hospital stay, or duration of invasive
mechanical ventilation. The subgroup analysis revealed a
possible survival benefit with intravenous high-dose vitamin C
monotherapy (RR 0.21, 95% CI 0.04-1.05), but the certainty of
the evidence was limited by a small number of trials, patients,
and events [17].

Several recent RCTs have evaluated parenteral vitamin C in the
context of various populations of patients with sepsis [18-20].
Our systematic review and meta-analysis will aim to assess the
efficacy and safety of parenteral vitamin C administration as
monotherapy or in combination with other therapies in adult
patients with severe infection.

Methods

This protocol adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Protocols (PRISMA-P)
standards (Multimedia Appendix 1).

Search Strategy
With the aid of a medical librarian, we searched the following
electronic databases from inception to March 30, 2021: Ovid
MEDLINE Daily and MEDLINE (from 1946), Embase (from
1974), CINAHL (from 1984), Cochrane Central Register of
Controlled Trials, and ClinicalTrials.gov (Multimedia Appendix
2). A combination of keywords and medical subject heading
terms were used, as follows: ascorbic acid, vitamin C, sepsis,
septic shock, infection, multiple organ failure, critical illness,
intensive care unit, severe illness, respiratory distress syndrome,
parenteral nutrition, and intravenous administration. No
language restrictions were applied.

We also searched the US Centers for Disease Control and
Prevention COVID-19 database from inception to September
10, 2021. Specifically, we imported all Centers for Disease
Control and Prevention COVID-19–related articles into EndNote
(Clarivate Analytics) and conducted keyword searches with the
terms vitamin or ascorb*. We will screen these studies to
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identify eligible studies by using a predeveloped search filter.
We will also include additional eligible studies, which will be
identified by the review authors and clinical experts. We did
not search grey literature, but we will include the conference
abstracts and unpublished data that were retrieved in our
searches (eg, unpublished data retrieved from
ClinicalTrials.gov).

To maintain currency, we will adopt a living evidence
framework and will update the search every 2 months.

Eligibility Criteria
We will include studies meeting the eligibility criteria described
below.

Design and Population
We will include parallel-arm RCTs of adults aged ≥18 years
with severe infection. Severe infection will be defined as the
presence of suspected or microbiologically confirmed infection
for which hospital ward or intensive care unit admission would
be considered appropriate (ie, if feasible with available
resources). We intentionally chose a liberal characterization of
severe infection to include associated end-organ dysfunction
(ie, sepsis [2]) and other studies in which organ dysfunction is
not reported but patients are acutely ill and may still benefit
from early treatment. We also chose this approach to account
for the lack of intensive care units in many resource-limited
settings [21] and variability in clinical practices across settings.
Eligible studies may also enroll patients with severe infection
involving at least 2 quick SOFA (qSOFA) criteria [22] or those
meeting the WHO definition of sepsis (systolic blood pressure:
<90 mm Hg) and 1 or more of the following: a pulse of >100
beats per minute, a respiratory rate of >24 breaths per minute,
or abnormal temperature (<36 °C or >38 °C) [23]. We chose
qSOFA criteria given feasibility of application across settings
independent of laboratory criteria, despite imperfect
discrimination of mortality in infected patients [24]. We will
also consider the following studies to be eligible: (1) those in
which at least 80% of patients meet our inclusion criteria for
the population of interest and (2) those that include patients
with severe organ failure, such as acute respiratory distress
syndrome (ARDS), as long as outcomes are reported for the
population with severe infection as the risk factor for ARDS.

Intervention
Trials with at least 1 arm involving the administration of
parenteral vitamin C alone or in combination with other
micronutrients and therapies will be included. Eligible studies
will include those that administered doses of parenteral vitamin
C above the very small doses that are typically seen in parenteral
nutrition settings (100 mg/day), including high doses (>12
g/day), moderate doses (6-12 g/day), and low doses (<6 g/day).
These dose cut points are arbitrary, but the use of 6 g to define
the lower bound of high doses is consistent with a previous
scoping review of adverse effects [25]. For studies using a
weight-based regimen of vitamin C, we will use the mean patient
weight to calculate a total daily dose. If this is not provided, we
will assume that 70 kg is the mean weight. We will not exclude
studies on the basis of administered cointerventions.

Comparator
At least 1 arm in included trials must not receive parenteral
vitamin C; that arm may receive either placebo or active
treatment. We will exclude studies that compare the same
regimen of parenteral vitamin C with different cointerventions
across multiple arms and studies that compare different regimens
of parenteral vitamin C without an arm that lacks parenteral
vitamin C administration.

Primary Outcomes
The primary outcomes will include in-hospital mortality, 30-day
mortality, and 90-day mortality. We will include mortality data
that are reported closest to the time points of interest.

Secondary Outcomes
The secondary outcomes will include the need for and duration
of intensive care unit admission and invasive ventilation; the
duration of hospitalization; the time to clinical improvement
based on changes in the WHO 7-point ordinal scale for clinical
status [26] (or another severity measure); changes in SOFA
scores from baseline; stage 3 acute kidney injury, as determined
by the Kidney Disease: Improving Global Outcomes criteria
[27]; and the need for renal replacement therapy. Other
secondary outcomes will be serious adverse events that result
in the discontinuation of vitamin C, new hemolysis, new
nephrolithiasis or clinically important oxaluria, and
hypoglycemic episodes. The time point of interest for all
secondary outcomes will be the 30-day follow-up or the closest
available time point.

We will include studies meeting the eligibility criteria and
reporting at least 1 primary or secondary outcome of interest.
We will include grey literature and conference abstracts meeting
other eligibility criteria.

Study Selection
Paired reviewers will screen identified citations at the title and
abstract screening level based on predefined eligibility criteria.
Potentially eligible citations will subsequently be reviewed at
the full-text screening level by paired reviewers. Screening will
be completed independently and in duplicate. Disagreements
will be resolved by a third reviewer.

Data Extraction and Risk of Bias Assessment
We will extract data on study populations, interventions,
comparators, and outcomes of interest as well as conduct
prespecified subgroup analyses. Specifically, we will extract
data on the following variables:

• Study-level characteristics: publication status, study design,
and funding type

• Patient-level baseline demographic characteristics: country,
median or mean age, proportion of males, and proportion
of patients with renal disease

• Patient-level baseline clinical characteristics: primary
infectious source (pneumonia vs intra-abdominal vs
genitourinary vs other), proportion of intensive care
unit–admitted patients, proportion of patients with
confirmed COVID-19, illness severity score, proportion of
patients needing renal replacement therapy, proportion of
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patients needing vasopressors, proportion of patients with
ARDS, proportion of patients needing basic supplemental
oxygen modalities (including face masks, nasal prongs,
noninvasive ventilation, and high-flow nasal cannulas),
proportion of patients needing invasive mechanical
ventilation, and mean or median serum lactate level

• Study-level intervention arm characteristics: description of
regimen, number of patients randomized, total daily vitamin
C dose, dosing level (as defined in the Intervention section),
duration of treatment, cointerventions (including thiamine,
corticosteroids, and other therapies) and associated doses
and durations, route of administration, mean time from
presentation or enrollment to the initiation of the
intervention, mean fluid volume administered from
admission or sepsis recognition to randomization, and mean
fluid volume administered from randomization up to the
first 24 hours postrandomization and received in first 6
hours of therapy

• Study-level dichotomous outcomes: outcomes reported,
follow-up time (in days), number of participants analyzed,
and number of events reported

• Study-level continuous outcomes: outcomes reported,
follow-up time (in days), number of participants analyzed,
measures and estimates of central tendency, measures and
estimates of variability, and definitions used for time to
clinical improvement outcomes (if applicable)

• Study-level subgroup analyses (see Planned Subgroup and
Sensitivity Analyses section)

• Outcome-level risk of bias (RoB) assessment: dichotomous
or continuous outcomes (1 evaluation per outcome) and
assessment by domain, with justification

We will use a modified version of the RoB 2.0 tool, which was
implemented in a recent systematic review [11], for related
assessments in every eligible study. The RoB will be classified
as “low,” “probably low,” “probably high,” or “high” for the
following domains: bias due to randomization, bias due to
deviations from the intended intervention, bias due to missing
outcome data, bias in the measurement of the outcome, bias in
the selection of the reported result, and other biases. We will
rate the overall RoB based on the highest risk attributed to any
criterion.

Paired reviewers will extract data and evaluate the RoB of
eligible studies independently and in duplicate. Disagreements
will be resolved by consensus. Data extraction and RoB
evaluations will be conducted by using predetermined forms.

Assessment of the Certainty of the Evidence
We will assess the overall certainty of the evidence for each
outcome by using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) framework, based on
the following domains: RoB, imprecision, inconsistency,
indirectness, and publication bias. The overall certainty of
evidence will be rated as “very low,” “low,” “moderate,” or
“high.” We will consider rating down the certainty of evidence
for the RoB domain based on a lack of blinding for subjective
outcomes only. We will make judgments on imprecision by
using a minimally contextualized approach. We will consider

any CI encompassing the null effect to be imprecise while taking
into consideration important and trivial effects [28].

Statistical Analyses
We plan to conduct random effects modeling for our
meta-analyses. All analyses will be performed in RevMan 5.3
(Cochrane Collaboration). Study weights will be generated by
using the inverse variance method. We will present dichotomous
outcomes as RRs and continuous outcomes as mean differences
or standardized mean differences; these will all be presented
with 95% CIs. We will assume a normal distribution for
continuous outcomes and will convert interquartile ranges to
standard deviations, as per the guidance from the Cochrane
Collaboration [29]. We will use a web-based plot digitizer to
obtain estimates only when outcomes of interest are presented
graphically.

We will assess statistical heterogeneity among studies by using
the I² measure, and inconsistency will be judged with GRADE
assessments on the basis of the magnitude and direction of
heterogeneity. We will assess publication bias via the visual
inspection of funnel plots. This method will be supplemented
by a regression test if at least 10 studies contribute to an outcome
[30].

For each outcome, the primary analysis will include data from
all studies meeting the eligibility criteria and reporting the
outcome.

Planned Subgroup and Sensitivity Analyses
If sufficient data are available, we will plan the following
subgroup analyses: (1) high-dose vitamin C versus
moderate-dose vitamin C versus low-dose vitamin C (as
previously defined; hypothesis: greater effects in the high-dose
group), (2) vitamin C administration as monotherapy versus
vitamin C administration in combination with other interventions
(hypothesis: no differences in effects), and (3) treatment of
patients with COVID-19 versus treatment of other severe
infections (hypothesis: no differences in effects).

We will plan sensitivity analyses, which will be limited to (1)
peer-reviewed studies published in full text and (2) low RoB
studies.

Patient and Public Involvement
We do not plan to involve patients or public members in the
conduct of this systematic review.

Dissemination
We plan to disseminate our study results through national and
international critical care–focused and methodology-focused
conferences. We also plan to publish our findings in a
peer-reviewed journal.

Ongoing Updates
The review will be a living meta-analysis and will be iteratively
updated every 4 to 6 months to incorporate emerging
randomized trial evidence. Meta-analyses will be updated
iteratively with the same frequency. When new evidence
changes the certainty or direction of estimates for any primary
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or secondary outcomes, we will disseminate subsequent
iterations of our findings.

Results

Among the 1386 citations identified as of March 30, 2021, a
total of 17 eligible RCTs have been identified as of September
2021. We are in the process of updating the search strategy and
associated data analyses.

Discussion

Severe infections that result in hospital admission and organ
dysfunction in sepsis are associated with significant global
morbidity and mortality [3]. The COVID-19 pandemic has
resulted in over 251 million COVID-19 cases and 5 million
deaths [31]. Given the publication of recent trials and a variety
of tested vitamin C regimens, an updated evidence synthesis
regarding the efficacy and safety of parenteral vitamin C in this
context is warranted. Our findings will inform clinical practices
in hospitals for the management of severe infections, including
COVID-19.

Our planned systematic review has a number of strengths. First,
we will summarize evidence relevant to all severe infections
for which hospitalization is required. Our findings will therefore
be more applicable than those of recent reviews on vitamin C
in critically ill patients in general [17]. Second, we will
incorporate a number of recent landmark trials that have been
published in the interim, including the CITRIS-ALI (Vitamin
C Infusion for Treatment in Sepsis-Induced Acute Lung Injury)
trial [18], VITAMINS (Vitamin C, Hydrocortisone and
Thiamine in Patients With Septic Shock) trial [19], ATESS
(Ascorbic Acid and Thiamine Effect in Septic Shock) trial [20],

ORANGES (Outcomes of Metabolic Resuscitation Using
Ascorbic Acid, Thiamine, and Glucocorticoids in the Early
Treatment of Sepsis) trial [32], HYVCTTSSS (Hydrocortisone,
Vitamin C, and Thiamine for the Treatment of Sepsis and Septic
Shock) trial [33], and ACTS (Ascorbic Acid, Corticosteroids,
and Thiamine in Sepsis and Septic Shock) trial [34]. These trials
will provide higher certainty estimates for our primary and
secondary outcomes of interest. Third, we intend to create
regular updates to produce a living systematic review that will
provide updated estimates of effects as new trial evidence
becomes available. Fourth, we have used a comprehensive
search strategy that was developed with the aid of a medical
librarian; have incorporated both published and unpublished
data; have a predefined review, statistical analysis, and subgroup
analysis plan in place; and intend to use the GRADE
methodology to systematically evaluate certainty in effect
estimates. Fifth, our summary of ongoing trials, which will be
kept updated on an iterative basis, will provide a useful resource
that contains upcoming and emerging evidence. Finally, we
intend to share our data with any interested living network
meta-analysis teams, so that evidence on parenteral vitamin C
administration may be used to iteratively inform indirect
comparisons to other treatments for severe infection, sepsis,
and COVID-19.

In conclusion, this protocol describes the detailed methodology
of a planned living systematic review and meta-analysis that
will address the comparative efficacy and safety of parenteral
vitamin C administration in patients with severe infections. The
results will be of importance to critical care physicians and
hospitalists who manage severe infection in daily practice, and
they may directly inform international clinical guidance
regarding the management of sepsis.
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