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How does it work?
• Antioxidant

• Reduces inflammatory response

• Improves the function of immunocompetent cells 

• Inhibits the growth of bacteria

• Improves wound healing

• Cofactor in  catecholamines and cortisol synthesis 

• Increases sensitivity to catecholamines

• Maintains endothelial function

• Boosts the mood

• Reduces sensitivity to pain



N Duration Dose Adjuvants ΔSOFA Mortality Time off pressors

Marik’s study 2017 94 96 h 6 g/d Thiamine
Hydrocortisone

Improved Improved Improved

VITAMINS 2020 216 Until shock resolved 6g/d Thiamine
Hydrocortisone

Improved No difference No difference

ACTS 2020 205 96 h 6g/d Thiamine
Hydrocortisone

No difference No difference Not reported

VICTOR 2020 88 96 h 6g/d Thiamine
Hydrocortisone

No difference No difference Improved

ORANGES 2020 137 96 h 6g/d Thiamine
Hydrocortisone

No difference No difference Improved

Wani 2020 100 96 h 6g/d Thiamine
Hydrocortisone

Not reported No difference Improved

HYVCTTSSS 2020 80 96 h 6g/d Thiamine
Hydrocortisone

Improved No difference No difference

VICTAS 2021 501 96 h 6g/d Thiamine
Hydrocortisone

No difference No difference No difference



N Duration Dose Adjuvants ΔSOFA Mortality Time of 
pressors

Phase I 
safety trial
2014

24 96 h 50mg/kg/d
200mg/kg/d

Improved Not reported Not
reported

CITRIS-ALI 
2019

167 96 h 200mg/kg Improved Improved Not 
reported

ATESS 2020 111 48 h 100mgkg Thiamine
Hydrocortisone

No difference No difference Not 
reported



N=23
Dose 200mg/kg/d divided in 4 doses for 96 
hours
Conclusion:
High-dose parenteral ascorbic acid tends to
increase the proportion of perfused
microvessels in the early period of sepsis
and septic shock.

Improved PPV at 
the early phase
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IVVC administration given alone (monotherapy) 
was associated with signi!cantly reduced overall mor-
tality (RR, 0.64; 95% CI, 0.49–0.83; p = 0.0006; test for 
heterogeneity I2 = 0%) (Fig. 5), whereas there was no 
e"ect on overall mortality in the studies of IVVC in 
combination with thiamine and hydrocortisone (RR, 
1.0; 95% CI, 0.85–1.18; p = 0.99; test for heterogeneity 
I2 = 0%) (Fig. 5). Test for subgroup di"erences was sig-
ni!cant (p = 0.004), but there was high level of hetero-
geneity (I2 = 87.9%) (Fig. 5).

Meta-Analysis of Secondary Outcomes

$ere was no di"erence in secondary outcomes of 
duration of ICU and hospital stay (Figs. S4 and S5, 
http://links.lww.com/CCM/G803). Due to varying 
methods of reporting MV, duration of vasopressor 
use, and organ dysfunction, aggregation of the data 
was not possible. See supplemental data (http://links.
lww.com/CCM/G803) for details of secondary out-
come results.

DISCUSSION
We performed the most current systematic review 
of trials that have evaluated whether IVVC improves 

clinical outcomes in critically ill patients and, where 
possible, statistically aggregated results and explored 
sources of heterogeneity to highlight the possible ben-
e!cial e"ects of IVVC. $e primary outcome anal-
ysis found IVVC was associated with a trend toward 
improved overall mortality in a mixed group of crit-
ically ill patients. $ere was no signi!cant di"erence 
in treatment e"ect in septic versus nonseptic patient 
populations. High-dose IVVC (≥ 10,000 mg/d), com-
pared with low dose (< 10,000/d), was associated 
with improved mortality. IVVC monotherapy, com-
pared with combination therapy, was associated with 
improved overall mortality. In a subset of trials evaluat-
ing septic patients, IVVC monotherapy demonstrated 
a signi!cant reduction in mortality, whereas IVVC 
combined with thiamine and hydrocortisone had no 
e"ect on mortality. Our meta-analyses found no di"er-
ence in secondary outcomes of ICU LOS and duration 
of MV. Insu&cient and variable reporting of change in 
SOFA score and duration of vasopressor use prevented 
meta-analysis of these outcomes and was limited to 
qualitative reporting. Except for one trial that reported 
increase rates of hypernatremia (23), no other trial re-
ported any increase adverse event rates with the use of 
IVVC.

Figure 4. Meta-analysis and forest plot of overall mortality: high-dose IV vitamin C (IVVC) (≥ 10,000 mg/d) versus low-dose vitamin C  
(< 10,000 mg/d). df = degrees of freedom, M-H = Mantel-Haenszel.
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OBJECTIVES: To conduct a systematic review and meta-analysis to evaluate the 
impact of IV vitamin C on outcomes in critically ill patients.

DATA SOURCES: Systematic search of MEDLINE, EMBASE, CINAHL, and the 
Cochrane Register of Controlled Trials.

STUDY SELECTION: Randomized controlled trials testing IV vitamin C in criti-
cally ill patients.

DATA ABSTRACTION: Two independent reviewers abstracted patient charac-
teristics, treatment details, and clinical outcomes.

DATA SYNTHESIS: Fifteen studies involving 2,490 patients were identified. 
Compared with placebo, IV vitamin C administration is associated with a trend to-
ward reduced overall mortality (relative risk, 0.87; 95% CI, 0.75–1.00; p = 0.06; 
test for heterogeneity I2 = 6%). High-dose IV vitamin C was associated with a 
significant reduction in overall mortality (relative risk, 0.70; 95% CI, 0.52–0.96; 
p = 0.03), whereas low-dose IV vitamin C had no effect (relative risk, 0.94; 95% 
CI, 0.79–1.07; p = 0.46; test for subgroup differences, p = 0.14). IV vitamin C 
monotherapy was associated with a significant reduction in overall mortality (rela-
tive risk, 0.64; 95% CI, 0.49–0.83; p = 0.006), whereas there was no effect with 
IV vitamin C combined therapy. No trial reported an increase in adverse events 
related to IV vitamin C.

CONCLUSIONS: IV vitamin C administration appears safe and may be asso-
ciated with a trend toward reduction in overall mortality. High-dose IV vitamin C 
monotherapy may be associated with improved overall mortality, and further ran-
domized controlled trials are warranted.

KEY WORDS: ascorbic acid; critical illness; hydrocortisone; mortality; sepsis; 
septic shock; vitamin C

In!ammation and oxidative stress with associated organ dysfunction are 
hallmarks of critical illness. Early animal and human studies (1–4) found IV 
vitamin C (IVVC) administration is associated with reduced oxidative stress 

and improved clinical outcomes, which led to early randomized controlled trials 
(RCTs) comparing IVVC (with or without thiamine and hydrocortisone) with 
placebo in critically ill patients (5–8). Previous systematic reviews with meta-
analyses have limited their evaluations of IVVC to subpopulations of critically 
ill patients, such as sepsis (9) or surgery (10, 11), with thiamine and/or hydro-
cortisone (12), to both enteral and IV formulations (11, 13), and have included 
retrospective data in their analyses, which limits interpretation (9, 10, 14, 15).  
Furthermore, additional RCTs evaluating IVVC in critically ill patients have 
since been conducted (16, 17). "is current systematic review and meta-anal-
ysis aim to evaluate the impact of IVVC on clinical outcomes in critically ill 
adult patients and conduct subgroup analyses to better understand the e#ec-
tiveness of IVVC in di#erent populations and examine whether a dose-e#ect or 
combination IVVC with thiamine and steroid modi$ed treatment e#ect.
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• Hormone precursor
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Fig. 2 Overall mortality in critically ill patients: vitamin D compared to placebo (or standard of care) including subgroup analysis of route of 
administration

Fig. 3 ICU length of stay in critically ill patients: vitamin D compared to placebo (or standard of care) including subgroup analysis of route of 
administration
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REVIEW

Administration of vitamin D 
and its metabolites in critically ill adult 
patients: an updated systematic review 
with meta-analysis of randomized controlled 
trials
Johannes Menger1, Zheng-Yii Lee2, Quirin Notz1, Julia Wallqvist3, M. Shahnaz Hasan2, Gunnar Elke4, 
Martin Dworschak5, Patrick Meybohm1, Daren K. Heyland6 and Christian Stoppe1,6* 

Abstract 
Background: The clinical significance of vitamin D administration in critically ill patients remains inconclusive. The 
purpose of this systematic review with meta-analysis was to investigate the effect of vitamin D and its metabolites on 
major clinical outcomes in critically ill patients, including a subgroup analysis based on vitamin D status and route of 
vitamin D administration.

Methods: Major databases were searched through February 9, 2022. Randomized controlled trials of adult critically 
ill patients with an intervention group receiving vitamin D or its metabolites were included. Random-effect meta-
analyses were performed to estimate the pooled risk ratio (dichotomized outcomes) or mean difference (continuous 
outcomes). Risk of bias assessment included the Cochrane tool for assessing risk of bias in randomized trials.

Results: Sixteen randomized clinical trials with 2449 patients were included. Vitamin D administration was associated 
with lower overall mortality (16 studies: risk ratio 0.78, 95% confidence interval 0.62–0.97, p = 0.03; I2 = 30%), reduced 
intensive care unit length of stay (12 studies: mean difference − 3.13 days, 95% CI − 5.36 to − 0.89, n = 1250, p = 0.006; 
I2 = 70%), and shorter duration of mechanical ventilation (9 studies: mean difference − 5.07 days, 95% CI − 7.42 
to − 2.73, n = 572, p < 0.0001; I2 = 54%). Parenteral administration was associated with a greater effect on overall mor-
tality than enteral administration (test of subgroup differences, p = 0.04), whereas studies of parenteral subgroups had 
lower quality. There were no subgroup differences based on baseline vitamin D levels.

Conclusions: Vitamin D supplementation in critically ill patients may reduce mortality. Parenteral administration 
might be associated with a greater impact on mortality. Heterogeneity and assessed certainty among the studies 
limits the generalizability of the results.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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• 16 RCT’s
• N=1449
• Result:

• ↓ mortality
• ↓ ICU length of stay
• ↓ Days on mechanical 

ventilation
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reported hospital LOS with vitamin D supplementation 
having no significant effect (Additional file 5).

Duration of mechanical ventilation
Nine studies [7, 9, 19, 20, 28–30, 35, 37] reported dura-
tion of mechanical ventilation. In comparison to placebo, 
vitamin D supplementation was associated with a signifi-
cant reduction in mechanical ventilation duration (mean 
difference − 5.07 days, 95% CI − 7.42 to − 2.73; p < 0.0001, 
I2 = 54%, Fig. 4).

Subgroup IV/IM versus EN/PO
#e studies using IV/IM as route of administration 
showed a significantly reduced overall mortality in com-
parison to EN/PO route of administration (RR 0.59, 95% 
CI 0.42–0.82, vs. RR 0.90, 95% CI 0.71–1.15; p = 0.04, 
I2 = 76%; Fig.  2). In the subgroup of IV/IM vitamin D 
administration, a significantly lower 28-day mortality 
compared to placebo and a significant subgroup differ-
ence compared to EN/PO intake was observed (RR 0.51, 
95% CI 0.35–0.74, p = 0.0005, I2 = 0% vs. RR 0.97, 95% CI 
0.67–1.40, p = 0.86, I2 = 56%; p = 0.02, I2 = 82.3%, Addi-
tional file 2). #ere was no significant subgroup difference 
regarding ICU or hospital mortality (Additional file 6 and 
Additional file 7). #e subgroup analysis revealed neither 
a significantly shorter duration of mechanical ventilation 
 (Chi2 = 3.36, p = 0.07, I2 = 70%; Fig.  4) nor a significant 
shorter ICU or hospital LOS (Fig. 3; Additional file 8) for 
IV/IM administration.

Subgroup vitamin D < 30 ng/mL versus no threshold
#ere was neither any significant subgroup difference in 
any studied mortality (Additional file 3, 4, 9 and 10), nor 
in ICU and hospital LOS (Additional file 5 and Additional 
file  11) between studies without a threshold vitamin D 
level at baseline compared to vitamin D levels < 30 ng/mL 
at baseline. #ere was no significant subgroup difference 
regarding duration of mechanical ventilation (Additional 
file 12).

Reporting bias
To assess reporting bias, funnel plots are provided for all 
analyzed outcomes in Additional file 1. Eggers’ tests for 
outcomes with 10 or more studies did not indicate the 
presence of funnel plot asymmetry for overall mortality 
(-0.735, 95% CI − 1.61 to 0.14, p = 0.12) or ICU length of 
stay (-1.562, 95% CI − 3.41 to 0.29, p = 0.13).

GRADE evaluation
Following the GRADE approach, the certainty of our 
findings regarding the primary outcome overall mortality 
are rated as low. Serious risk of bias and serious impre-
cision lead to a downgrading. Certainty of our findings 
regarding the secondary outcomes ICU/hospital LOS 
and duration of mechanical ventilation are rated as low. 
A “GRADE evidence profile” is provided in Additional 
file 1.

Single versus multicenter studies
Post-hoc subgroup analysis of the studies with regard to 
the subgroup single- versus multicenter studies showed 

Fig. 4 Duration of mechanical ventilation in critically ill patients: vitamin D compared to placebo (or standard of care) including subgroup analysis 
of route of administration



• Target	level	of	30–40	ng/ml	and	a	repeat	
25OHD	measurement	after	a	few	weeks.

• Loading	dose	to	improve	25(OH)D	levels	
within	a	few	days

• Daily	or	weekly	maintenance	dose

• Usually	higher	doses	than	healthy	
individuals	are	needed.



Alpha-tocopherol 

• Essential component of the cell 
membrane

• Free radical scavenger 
• Antiinflammatory potential

• Improves immune response
• Inhibits cell proliferation

• Regulates gene expression







• N=216 (ICU population)
• Enteral 500mg/d of ascorbic 
acid+400IU/d of alpha-tocopherol





• N=136, 
• 2.5g/7.5g/10g over 7.5-30min



Single dose 5g i/v
N=20



antioxidants

SOD

CAT

GPx

Vit C

Vit A

Vit E

Zn

Se

ubiquinone

Α-lipoic acid

Bilirubin

Albumin

Ferritin

metallothionein

L-carnitineglutathione

melatonin

Uric acid

Phenolic compounds

Coenzyme Q10

BH4





N=72654

AA reduced mortality in:

- Older than 70 years

- Multiple comorbidities

- Pneumonia and urinary tract as source of infection

- Septic shock

- Need of mechanical ventilation

- Patients with more pronounced inflammatory response

AA did not reduce mortality in:

- Abdominal sepsis

- Renal replacement therapy



Conclusions

• Measurement of a single compound or 
enzyme probably does not reflect the 
real antioxidant capacity

• Supplementation with one compound 
does not cure critical illness

• Adjuvant treatment might be useful in 
selected patients

• So many antioxidants so many future 
research



Critical illness Intensivist 

Thank you for your attention!


