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Abstract 

Background: Whether hydrocortisone, vitamin C, and thiamine treatment can reduce the mortality 

of patients with sepsis is controversial.  

Research Question: To evaluate the efficacy and safety of hydrocortisone, vitamin C, and thiamine 

combination treatment for patients with sepsis or septic shock 

Study Design And Methods: This single-blind, randomized controlled trial evaluated treatment with 

hydrocortisone (50 mg every 6 h for 7 days), vitamin C (1.5 g every 6 h for 4 days), and thiamine (200 

mg every 12 h for 4 days) vs placebo (normal saline) in patients with sepsis. The intention-to-treat 

analysis was used. Primary outcome was 28-day all-cause mortality, and secondary outcomes were 

organ protection, procalcitonin reduction, and adverse events related to hydrocortisone, vitamin C, 

and thiamine. 

Results: Eighty patients were randomized to receive combination treatment (n = 40) or normal 

saline (n = 40). No difference in 28-day all-cause mortality was observed (27.5% vs. 35%; P = 0.47), 

although treatment was associated with a significant improvement of 72-h ΔSOFA score (P = 0.02). In 

adverse events analysis, the treatment group exhibited more incidents of hypernatremia (P = 0.005). 

In prespecified subgroup analysis, patients of the treatment subgroup diagnosed with sepsis within 

48 h showed lower mortality than those in the control subgroup (p = 0.02). The study was 

terminated after the mid-term analysis. 

Interpretation: Among patients with sepsis or septic shock, the combination of hydrocortisone, 

vitamin C, and thiamine did not reduce mortality compared with placebo. 

Clinical Trial Registry: Clinicaltrials.gov; No.: NCT03258684; URL: www.clinicaltrials.gov. 

 

Key Words: HYVCTTSSS, hydrocortisone, vitamin C, thiamine, sepsis 
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Introduction 

Sepsis rapidly progresses causing multiple organ dysfunction. In developed countries, approximately 

2.8 million individuals die from sepsis annually; in most low income countries, the mortality of sepsis 

and septic shock is two-fold higher.
1, 2, 3

 The World Health Organization recognizes sepsis as a 

primary health threat.
4
 In the last 30 years, new therapeutic approaches for sepsis have been 

explored. However, there is insufficient evidence to support the effectiveness of therapies beyond 

basic treatment, such as the use of antibiotics, vasoactive drugs, and fluid resuscitation.
5
 Commonly 

used adjuvant therapies are only weakly recommended by the 2016 guidelines for the management 

of sepsis.
6
 Therefore, safe, effective, and inexpensive adjuvant treatments are required for sepsis. 

 

Vitamin C levels rapidly decline in critically ill patients, and plasma vitamin C levels in patients with 

sepsis are lower than other critically ill patients.
7
 Vitamin C is a strong antioxidant that prevents 

vascular endothelial damage and maintains microvascular integrity.
8
 Moreover, it acts as a cofactor 

for catecholamine synthesis to help maintain vascular tone and cardiac output.
9, 10

 Furthermore, 

vitamin C promotes lymphocyte proliferation, thereby helping neutrophils kill bacteria and 

improving the chemotaxis of white blood cells.
11

 In a randomized, double-blind, placebo-controlled 

clinical study of 24 patients, vitamin C reduced sequential organ failure assessment (SOFA) score, C 

reactive protein level, and procalcitonin inflammatory markers. Moreover, the study confirmed the 

safety of a high dose (200 mg/kg/24 h) of intravenous vitamin C.
12

 In another randomized, 

double-blind, placebo-controlled clinical trial of vitamin C for the treatment of surgical septic shock 

involving 28 patients, 25 mg/kg intravenous vitamin C administered every 6 h for 3 days significantly 

reduced the dose of norepinephrine required and shortened the duration of 

administration.
13

However, there is insufficient evidence that vitamin C can reduce mortality. 

Glucocorticoids have widely been used in the treatment of sepsis for years. A recent study showed 

that hydrocortisone adjuvant therapy in patients with septic shock reduced time to shock relief and 

length of stay (LOS) in the intensive care unit (ICU LOS) but not the 90-day mortality.
14

 The use of 

glucocorticoid combined with vitamin C maybe more effective. On the one hand, vitamin C 
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contributes to the recovery of glucocorticoid receptor function,
15, 16

 whereas hydrocortisone 

promotes the expression of the vitamin C transporter SVCT2.
17, 18, 19

 On the other hand, both vitamin 

C and hydrocortisone enhance endothelial barrier function.
20, 21

 Thiamine is an important cofactor 

involved in lipid, glucose, amino acid, and neurotransmitter metabolism.
22

 Simultaneously, thiamine 

can promote oxalate decomposition, thereby reducing vitamin C metabolite oxalate deposition and 

crystallization in the kidneys.
23, 24, 25

 

 

A recent study suggested that combined hydrocortisone, vitamin C, and thiamine treatment can 

reverse organ dysfunction in patients with sepsis and improve their prognosis.
26

 This view was 

confirmed by a retrospective study by Marik et al.
27 

The mortality of the treatment group was 

significantly lower than that of the control group (p < 0.001), SOFA score and requirement for 

vasopressor drugs decreased in patients in the treatment group (p < 0.001). Considering these 

findings, these three affordable and readily available drugs offer a promising adjuvant treatment for 

sepsis. However, that was a retrospective study, and evidences from randomized controlled trials to 

evaluate the efficacy of the combination treatment are urgently required.
28

 Therefore, to evaluate 

the efficacy and safety of hydrocortisone, vitamin C, and thiamine combination treatment for 

patients with sepsis or septic shock, we conducted the randomized controlled trial using the same 

regimen described by Marik et al.
27 

 

Methods 

This single-center, single-blind, randomized, parallel, controlled trial was performed at Zhujiang 

Hospital of Southern Medical University in Guangdong Province, China. The protocol and statistical 

analysis were designed by the research initiators and revised according to the opinions of the Clinical 

Trial Committee of Zhujiang Hospital. The study was conducted in accordance with the 1964 

Declaration of Helsinki and relevant clinical research regulations in China. The protocol was 

approved by the Clinical Ethics Committee of Zhujiang Hospital of Southern Medical University 
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(2017-ZZYXK-002) and was registered on ClinicalTrials.gov (NCT03258684). Informed consent was 

provided by all patients or their families. 

The detailed methods of the study are described in the study protocol e-Appendix 1. Briefly, we 

prospectively recruited patients with sepsis or septic shock using the following inclusion criteria: (1) 

meeting the diagnostic criteria for sepsis-3 developed by the American Society of Critical Care 

Medicine (SCCM)/European Society of Intensive Care Medicine (ESICM),
29

 (2) age ≥18 years, and 

(3) procalcitonin (PCT) ≥ 2 ng/mL when entering the ICU.
30

 The exclusion criteria were pregnancy; 

limitations of care (families discontinued using treatment for sepsis); and non-infectious factors, 

such as severe head injury, uncontrollable major bleeding, cardiogenic shock, advanced tumors, and 

paraquat poisoning, that may lead to death; and persistent infection sources that cannot be 

removed by puncture and drainage, debridement, or other surgical procedures. 

 

After confirming eligibility, participants were randomly assigned to the treatment or control group. 

The treatment group was administered intravenous hydrocortisone (50 mg every 6 h for 7 days or 

until ICU discharge, whichever occurred first), vitamin C (1.5 g every 6 h for 4 days or until ICU 

discharge, whichever occurred first), and intravenous thiamine (200 mg every 12 h for 4 days or until 

ICU discharge, whichever occurred first). The control group was administered the same frequency 

and volume of saline as the treatment group. Neither the patients nor their families knew what 

intervention was being administered. In addition, all patients were routinely monitored by attending 

physicians with reference to the 2016 International Management of Sepsis guidelines,
6
 including 

early initial resuscitation, diagnosis of infection and early antimicrobial therapy, vasopressor 

strategy, mechanical ventilation, and renal replacement therapy. 

 

The primary outcome was mortality from any cause within 28 days after randomization. Secondary 

outcomes included the duration of vasopressor use, ICU LOS, change in SOFA (ΔSOFA) within 72 h 

after experimental intervention, and PCT clearance rate within 72 h after experimental 
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intervention.
31, 32

 All vasopressor doses were converted to the norepinephrine equivalent dosage.
33

 

Baseline data collected included age; sex; site of infection; comorbidities; blood culture results; 

vasopressor and mechanical ventilation requirements; lactic acid, bilirubin, creatinine, and 

procalcitonin levels; SOFA score; and acute physiology and chronic health evaluation (APACHE) II 

score. 

 

Statistical analysis 

According to the previous treatment of patients with sepsis in the research center, it is estimated 

that the 28-day mortality in the control group is 40%. The treatment group is expected to have the 

mortality reduced by 30% as observed in the study by Marik et al.
27

 For a two-sided test, 114 

patients (57 patients in each group) will provide 90% power to detect a 30% difference in mortality. 

Assuming that 20% of the patients would withdraw or be lost to follow-up during treatment, the 

sample size was calculated as 140 patients. The Pearson chi-square test was used for the analysis of 

dichotomous variables (if it was not applicable, the Fisher’s exact test was used). For continuous 

outcome variables with a normal distribution, a two-sample t-test was performed. Mann–Whitney U 

test was used for nonparametric data. The level of statistical significance was set at p < 0.05. 

Moreover, primary outcome was examined in three prespecified subgroups, which were defined 

according to the following indicators that may affect mortality risk: age ≥ 65 years vs. <65 years, 

APACHE II score ≥ 25 vs. < 25, and the duration of sepsis at enrollment > 48 h vs. ≤ 48 h. All tests 

were two-sided with no adjustment for the primary outcome. Survival of both groups was compared 

using the Kaplan–Meier (log-rank test) method and the difference in survival was evaluated using a 

Cox proportional-hazards model. SPSS 23 (IBM) was used to perform data analysis.  

 

Interim analysis and early termination 

The statisticians conducted an interim analysis when the sample size reached half the determined 

size. The experiment was considered for early termination in case it reaches the O’Brien–Fleming 

stopping boundary
34

 (i.e., p < 0.005 for primary end point or any incidence of adverse events that 

casey parker
wow
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may affect the treatment of the patient). Interim analysis was completed under the supervision of 

the Clinical Ethics Committee of Zhujiang Hospital, which ultimately decided whether to proceed 

with the study. 

Results 

From September 25, 2017 to January 7, 2019, 159 suspected patients with sepsis were screened; 80 

patients who were willing to participate in the study were eventually recruited in the trial (Figure 1). 

Of the 40 patients in the treatment group, 2 patients dropped out of the trial due to severe 

hypernatremia and gastrointestinal bleeding. In the control group, 28 of 40 patients received only 

routine treatment with nonadministration of a placebo. The treating physicians of these patients 

thought that the extra use of normal saline may not be conducive to volume management of the 

patients. Hence, at the request of the treating physicians, these patients only received routine 

treatment as control. The 28-day survival information was obtained and no patients were lost to 

follow-up. All comparisons are reported in the form of the treatment group vs. control group. The 

study was discontinued after interim analysis because of the high incidence of severe hypernatremia 

(＞160 mmol/L) and ineffectiveness of the combined treatment protocol. 

Baseline characteristics 

The intention-to-treat analysis included all the 80 patients. Baseline characteristics of both groups 

were similar (Table 1). Pulmonary infection was the most common site of infection in both 

treatment and control groups (31 vs. 27). Most patients in the two groups exhibited comorbidities, 

including diabetes (14 vs. 15), hypertension (16 vs. 16), and cerebrovascular accident (13 vs. 9), 

when they entered the ICU. The number of patients requiring mechanical ventilation (30 vs. 32), 

patients with acute kidney injury cases (17 vs. 21), and patients requiring vasoactive drugs (22 vs. 24) 

did not significantly differ between the two groups. There were no significant differences in white 

blood cells or in lactate, creatinine, or bilirubin levels. The similar SOFA scores (9.6 ± 4.5 vs. 10.1 ± 

4.0) and APACHE II scores (22.1 ± 8.4 vs. 23.8 ± 7.6) reflected similar organ function status and 

disease severity between the groups. 

casey parker
no placebo
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Primary outcome and secondary outcomes 

Table 2 shows the results of all primary and secondary outcomes. On the 28
th

 day after treatment, 

there was no difference in mortality between the treatment and control groups [relative risk (RR), 

0.79; 95% confidence interval (CI), 0.41 to 1.52; p = 0.47]. Median ICU LOS was 7.5 (4–12.8) days and 

7.5 (4–11.8) days in the treatment and control groups, respectively, which was not a significant 

difference. Furthermore, there were no significant differences between the two groups in terms of 

the duration of vasoactive drug use [46 h (23.8–102.5) vs. 58.5 h (28–104)], median duration of 

mechanical ventilation [126.5 h (63.5–239.3) vs. 94.5 h (39.8–211)], or median 72-h PCT clearance 

rate [75.8% (62.2–86.4) vs. 68.2% (25.9–82.5); p > 0.05]. Additional post hoc analysis revealed no 

significant differences in the proportion of a new acute kidney injury after entering the ICU (2.5% vs. 

5%) and median 72-hour lactate clearance rate [21.3% (−49.7–44.2) vs. 0% (−35.1–47.7)] between 

the two groups. However, the ΔSOFA score within 72 h was slightly improved in the treatment group 

compared with that in the control group (3.5 ± 3.3 vs. 1.8 ± 3.0; p = 0.02). Simultaneously, the 

Kaplan–Meier survival curve indicated that the 28-day survival was not significant between the 

treatment and control groups (HR, 0.71; 95% CI, 0.32 to 1.56; p = 0.40) (Figure 2). 

Subgroup analysis  

In the subgroup analysis of primary outcome, only the subgroup diagnosed with sepsis within 48 h at 

ICU admission showed an improvement in mortality in the treatment group (13.6% vs.47.6%; RR, 

0.29; 95% CI, 0.09 to 0.90; p = 0.02). In the post hoc analysis of secondary outcome indicators for this 

subgroup, PCT clearance rate was significantly higher in the treatment group than in the control 

group (p = 0.02; 75.6% (62.3–92.0) vs. 58.9% (16.0–79.5); e-Figure 1). For the median ICU retention 

time, median duration of vasoactive drug use, median 72-h lactate clearance rate, and 72-h ΔSOFA, 

the treatment group showed better outcomes than the control group, but they were not significant 

(p > 0.05) (e-Table 1). The primary outcomes of the other subgroups were not significant between 

the two groups (Figure 3). 

Adverse events analysis 
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Adverse events were defined as side effects that occur after the trial intervention. As a result, the 

attending physicians and researchers recorded a total of 23 side effects (e-Table 2). Among them, 16 

patients (13 in the treatment group vs. 3 in the control group; RR, 4.33; 95% CI, 1.34 to 14.1; p = 

0.005) were diagnosed with severe hypernatremia (>160 mmol/L) (e-Figure 2–4, e-table3). In 

addition, five patients showed gastrointestinal bleeding (3 in the treatment group vs. 2 in the control 

group). Further, a new infection was reported in the treatment group. After consulting with the 

attending physicians, we initiated the necessary treatments, including the discontinuation of trial 

interventions (two patients).  

Discussion 

In our study, we found that hydrocortisone, vitamin C, and thiamine did not significantly reduce the 

mortality of patients with sepsis and septic shock, which is consistent with the results of a 

retrospective study by Litwak et al. In this retrospective analysis of real-world application, Litwak et 

al. found that no significant difference in hospital mortality and secondary outcomes, including ICU 

mortality, requirement for renal replacement therapy for acute kidney injury, ICU LOS, hospital LOS, 

and time to vasopressor independence between the treatment and control groups.
35

 

The HYVCTTSSS study was performed in a large tertiary teaching hospital in Guangzhou, China. Most 

patients were referred from secondary hospitals, and patients were in all stages of sepsis when they 

were transferred to the hospital ICU. Therefore, there may be differences in the effects of 

intervention between patients at different stages of sepsis. In the prespecified subgroup of patients 

who were diagnosed with sepsis within 48 h, the treatment group showed a better therapeutic 

effect than the control group, which was reflected mainly in improvement in the 28-day mortality 

and the 72-h PCT clearance rate. Moreover, the survival rate of the treatment group increased by 

34% compared with the control group, which is extremely close to the 37.9% value reported by 

Marik et al.
27

 Therefore, the efficacy of this combination therapy in the early stage of sepsis may still 

be worth exploring. Moreover, in the early stage of sepsis, the release of numerous cytokines and 

dysregulation of inflammatory response caused by damaged tissues can injure vascular endothelial 
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cells, leading to acute organ dysfunction.
36

 Therefore, restoring vascular endothelial integrity and 

capillary function as well as the early reduction of inflammatory reaction in sepsis are important 

targets for the treatment of sepsis. Together with the pharmacological mechanisms of 

hydrocortisone, vitamin C, thiamine, and our results, we speculate that the early use of combination 

treatment may be meaningful but not for all patients at different stages of sepsis.  

In addition, we observed that the treatment group showed a higher risk of severe hypernatremia 

compared with the control group, which may be related to the promotion of sodium retention by 

glucocorticoids. In a large randomized, controlled study of hydrocortisone for the treatment of 

septic shock, the treatment group was administered hydrocortisone 50 mg every 6 h for a total of 5 

days. The results showed that hydrocortisone increased the risk of hypernatremia (RR 1.58; 95% CI, 

1.13 to 2.22).
37

 Therefore, we should also pay attention to side effects, such as severe 

hypernatremia. 

In the interim analysis, the combination therapy did not show a significant improvement trend 

compared with placebo for patients with sepsis. Additionally, significant differences in severe 

hypernatremia between the two groups reached the threshold for termination as defined by the 

O’Brien–Fleming stopping boundary (p < 0.005). Considering the above reasons, we terminated the 

experiment in advance according to the ethics committee.  

Two recent trials have been published in JAMA on vitamin C protocol for the treatment of sepsis. 

The CITRIS-ALI trial found that high-dose vitamin C compared with palcebo did not significantly 

improve organ dysfunction scores in patients with sepsis and ARDS, but exploratory analysis found a 

lower 28-day mortality in the vitamin C group.
38 

The VITAMINS trial showed that the combination of 

vitamin C, hydrocortisone, and thiamine did not reduce time to shock relief over 7 days or 28-day 

mortality compared with hydrocortisone alone in patients with septic shock.
39

 The difference in the 

results of the two trials suggests that more trials are needed to provide evidences for the efficacy of 

the vitamin C protocol. Our study could enrich the clinical evidence of vitamin C protocol for the 

treatment of sepsis. However, there remain some limitations that cannot be avoided. First, the trial 

is slightly underpowered to detect a minimal clinically important difference due to the early 
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termination. Second, the sample size was small and this was a single-center, single-blind study 

design,which may lead to selective bias to some extent. Third, 28 patients in the control group 

received only routine treatment with nonadministration of a placebo,which may affect the exclusion 

of placebo effects from this combination protocol. Finally, our experimental therapeutic dosage was 

performed according to the recommended dosage by Marik et al. In the future, there is a need to 

determine the optimal therapeutic dosage for this treatment. 

Interpretation 

In conclusion, hydrocortisone, vitamin C, and thiamine did not appear to reduce the 28-day mortality 

compared with placebo in patients with sepsis or septic shock. Moreover, we must pay attention to 

side effects, such as severe hypernatremia. However, larger sample, multi-center, randomized 

controlled trials are required to validate the effectiveness and timing of this treatment. 

Acknowledgments 

Collaborators and additional contributions: We are grateful to all ICU medical staff at Zhujiang 

Hospital, including nurses, rehabilitation therapist, and the attending physician of the trial patient.  

 

Author contributions:Z.L. and P.C .had full access to all of the data in the study and take 

responsibility for the integrity of the data and the accuracy of the data analysis. Z. L. and P. C .were 

the principal investigators. Z. L. and P. C. prepared the study design and protocol, which was 

approved by all authors. P. C. was responsible for supervising the implementation of the study. Y. T. 

and Z. C. were responsible for the screening and registration of patients. Z. L. performed the 

randomization of patients. Y. L., J. G., and Y. G. implemented the trial and conducted data collection 

and checked database for accuracy. J. Z., M. Z., J. H., and H. W. performed the statistical data 

analysis and interpretation. P. C., Z. L., J. G., Y. L., and Y. G. were responsible for writing the 

manuscript. All authors have read, revised, and approved the manuscript. 



14 

 

 

Financial and material support for the research: This research was supported by National Natural 

Science Foundation of China (81971859), the Science and Technology Planning Project of Guangdong 

Province (2014A020212203), and Clinical Research Startup Program of Southern Medical University 

by High-level University Construction Funding of Guangdong Provincial Department of Education 

(LC2019ZD014). 

 

Conflicts of interest 

We declare no competing interests. 

 

Ethical approval 

The study was conducted in accordance with the Declaration of Helsinki and relevant clinical 

research regulations in China. The protocol was approved by the Clinical Ethics Committee of 

Zhujiang Hospital of Southern Medical University (2017-ZZYXK-002). 

  



15 

 

References 

1. Gizem P, Anil UR, Elif C, Halici Z. Sepsis and septic shock: current treatment strategies and new 

approaches[J]. Eurasian J Med. 2017;49(1):53-58. 

2. Machado FR, Cavalcanti AB, Bozza FA, et al. The epidemiology of sepsis in Brazilian intensive care 

units (the Sepsis PREvalence Assessment Database, SPREAD): an observational study[J]. Lancet 

Infect Dis. 2017;17(11):1180-1189. 

3. Rhee C, Dantes R, Epstein L, et al. Incidence and trends of sepsis in US hospitals using clinical vs 

claims data, 2009-2014. JAMA. 2017;318(13):1241-1249. 

4. Reinhart K, Daniels R, Kissoon N, et al. Recognizing sepsis as a global health priority - A WHO 

resolution. N Engl J Med. 2017;377(5):414-417. 

5. Artenstein AW, Higgins TL, Opal SM. Sepsis and scientific revolutions. Crit Care Med. 

2013;41(12):2770-2772. 

6. Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis campaign: International guidelines for 

management of sepsis and septic shock: 2016. Crit Care Med. 2017;45:486-552. 

7. Carr AC, Rosengrave PC, Bayer S, Chambers S, Mehrtens J, Shaw GM. Hypovitaminosis C and 

vitamin C deficiency in critically ill patients despite recommended enteral and parenteral intakes. 

Crit Care. 2017;21(1):300. 

8. Koekkoek WA, van Zanten AR. Antioxidant vitamins and trace elements in critical illness. Nutr Clin 

Pract. 2016;31(4):457-474. 

9. Treschan TA, Peters J. The vasopressin system: Physiology and clinical strategies. Anesthesiology. 

2006;105(3):599-612; quiz 639. 

10. May JM, Qu ZC, Meredith ME. Mechanisms of ascorbic acid stimulation of norepinephrine 

synthesis in neuronal cells. Biochem Biophys Res Commun. 2012;426(1):148-152. 



16 

 

11. Ströhle A, Hahn A. Vitamin C and immune function. Med Monatsschr Pharm. 2009;32(2):49-54. 

12. Syed AA, Knowlson S, Sculthorpe R, et al. Phase I safety trial of intravenous ascorbic acid in 

patients with severe sepsis. J Transl Med. 2014;12(1):32. 

13. Zabet MH, Mohammadi M, Ramezani M, Khalili H. Effect of high-dose ascorbic acid on 

vasopressor’s requirement in septic shock. J Res Pharm Pract. 2016;5(2):94-100. 

14. Venkatesh B, Finfer S, Cohen J, et al. Adjunctive glucocorticoid therapy in patients with septic 

shock. N Engl J Med. 2018;378(9):797-808. 

15. Okamoto K, Tanaka H, Ogawa H, et al. Redox-dependent regulation of nuclear import of the 

glucocorticoid receptor. J Biol Chem. 1999;274(15):10363-10371. 

16. Okamoto K, Tanaka H, Makino Y, et al. Restoration of the glucocorticoid receptor function by the 

phosphodiester compound of vitamins C and E, EPC-K1 (L-ascorbic acid 

2-[3,4-dihydro-2,5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl)-2H-1-benzopyran-6-yl hydrogen 

phosphate] potassium salt), via a redox-dependent Mechanism. Biochem Pharmacol. 

1998;56(1):79-86. 

17. Bürzle M, Hediger MA. Functional and physiological role of vitamin C transporters. Curr Top 

Membr. 2012;70:357-375. 

18. Seno T, Inoue N, Matsui K, et al. Functional expression of sodium-dependent vitamin C 

transporter 2 in human endothelial cells. J Vasc Res. 2004;41(4):345-351. 

19.  Fujita I, Hirano J, Itoh N, Nakanishi T, Tanaka K. Dexamethasone induces sodium-dependant 

vitamin C transporter in a mouse osteoblastic cell line MC3T3-E1. Br J Nutr. 2001;86(2):145-149. 

20. Han M, Pendem S, Teh SL, Sukumaran DK, Wu F, Wilson JX. Ascorbate protects endothelial 

barrier function during septic insult: Role of protein phosphatase type 2A. Free Radic Biol Med. 

2010;48(1):128-135. 

21. Marik PE. Critical illness-related corticosteroid insufficiency. Chest. 2009;135(1):181-193.  



17 

 

22. Abdou E, Hazell AS. Thiamine deficiency: An update of pathophysiologic mechanisms and future 

therapeutic considerations. Neurochem Res. 2015;40(2):353-361. 

23. Liu D, Ke Z, Luo J. Thiamine deficiency and neurodegeneration: The interplay among oxidative 

stress, endoplasmic reticulum stress, and autophagy. Mol Neurobiol. 2016;54(7):5440-5448.  

24. Massey LK, Liebman M, Kynast-Gales SA. Ascorbate increases human oxaluria and kidney stone 

risk. J Nutr. 2005;135(7):1673-1677. 

25. Donnino MW, Andersen LW, Chase M, et al. Randomized, double-blind, placebo-controlled trial 

of thiamine as a metabolic resuscitator in septic shock: A pilot study. Crit Care Med. 

2016;44(2):360-367.  

26. Marik PE. Vitamin C for the treatment of sepsis: The scientific rationale. Pharmacol Ther. 

2018;189:63-70. 

27. Marik PE, Khangoora V, Rivera R, Hooper MH, Catravas J. Hydrocortisone, vitamin C, and 

thiamine for the treatment of severe sepsis and septic shock: A retrospective before–after study. 

Chest. 2017;151(6):1229-1238. 

28. Spoelstra-de Man AME, Elbers PWG, Oudemans-Van Straaten HM. Vitamin C: Should we 

supplement? Curr Opin Crit Care. 2018;24(4):248-255.  

29. Singer M, Deutschman CS, Seymour CW, et al. The third international consensus definitions for 

sepsis and septic shock (Sepsis-3). JAMA. 2016;315(8):801-810.  

30. Charles PE, Tinel C, Barbar S, et al. Procalcitonin kinetics within the first days of sepsis: 

Relationship with the appropriateness of antibiotic therapy and the outcome. Crit Care. 

2009;13(2):R38.  

31. Schuetz P, Maurer P, Punjabi V, et al. Procalcitonin decrease over 72 hours in US critical care 

units predicts fatal outcome in sepsis patients. Crit Care. 2013;17(3):R115.  



18 

 

32. Ferreira FL, Bota DP, Bross A, Mélot C, Vincent JL. Serial evaluation of the SOFA score to predict 

outcome in critically ill patients. JAMA. 2001;286(14):1754-1758. 

33. Mancl EE, Muzevich KM. Tolerability and safety of enteral nutrition in critically ill patients 

receiving intravenous vasopressor therapy. JPEN J Parenter Enter Nutr. 2013;37(5):641-651.  

34. Pocock GSJ. Interim analyses in randomized clinical trials: ramifications and guidelines for 

practitioners[J]. Biometrics. 1987;43(1):213-223. 

35. Litwak J, Cho N, Nguyen H, et al. Vitamin C, hydrocortisone, and thiamine for the treatment of 

severe sepsis and septic shock: a retrospective analysis of real-world application[J]. J Clin Med. 

2019;8(4):478. 

36. Ince C, Mayeux PR, Nguyen T, et al. The endothelium in sepsis. Shock. 2016;45(3):259-270.  

37. Sprung C L, Annane D, Keh D, et al. Hydrocortisone therapy for patients with septic shock[J]. N 

Engl J Med. 2008;358(2):111-124. 

38. Fowler AA, Truwit JD, Hite RD, et al. Effect of vitamin C infusion on organ failure and biomarkers 

of inflammation and vascular injury in patients with sepsis and severe acute respiratory failure: 

the Citris-Ali Randomized Clinical Trial. JAMA. 2019;322(13): 1261-1270. 

39. Fujii T, Luethi N, Young PJ, et al. Effect of vitamin C, hydrocortisone, and thiamine vs 

hydrocortisone alone on time alive and free of vasopressor support among patients with septic 

shock: the Vitamins Randomized Clinical Trial. JAMA. 2020. 

  



19 

 

Figure legends 

Figure 1 Trial flow chart 

There were two patients in the treatment group who discontinued the intervention due to adverse 

events. One patient experienced hypernatremia and the physicians interpreted that the use of 

hydrocortisone made it challenging to manage the patient’s sodium retention. One patient withdrew 

due to gastrointestinal bleeding because hydrocortisone may aggravate bleeding. 

 

Figure 2 Kaplan–Meier estimates of survival rate distribution among patients in the treatment or 

control group 

Log-rank (Mantel–Cox) test p = 0.42 for intergroup differences in survival rate distribution. 

Hazard ratio for mortality is 0.71; 95% confidence interval (CI), 0.32 to 1.56; p = 0.40; P value was 

calculated using a Cox proportional-hazards model that included the randomized trial group. 

 

Figure 3 Subgroup analysis 

Subgroup analysis of mortality at 28 days. The forest map shows the grouped variables of the 

subgroup analysis, relative risk of mortality (RR), 95% confidence interval (95% CI) in each subgroup, 

number of patients (denominator), and number of deaths (numerator) in each subgroup. 
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Tables 

Table 1. Baseline characteristics of the intention-to-treat population 

Variable Treatment (n = 40) Control (n = 40) 

Age, mean(SD), years                          59.5(15.0) 63.7(12.8) 

Sex, male,n (%) 22 (57.5) 21 (52.5) 

Primary diagnosis, n(%)   

Pulmonary infection 31 (77.5) 27 (67.5) 

Urinary infection 5 (12.5) 6 (15) 

Digestive and abdominal infection 3 (7.5) 3 (7.5) 

Skin and soft tissue infection 1 (2.5) 2 (5) 

Unknown site 0 (0) 1 (2.5) 

Comorbidities, n(%)   

None 3 (7.5) 3 (7.5) 

Diabetes 14 (35) 15 (37.5) 

Heart failure 3 (7.5) 3 (7.5) 

Hypertension 16 (40) 16 (40) 

Cerebrovascular accident 13 (32.5) 9 (22.5) 

  CHD 0 (0) 2 (5) 

  Chronic renal failure 4 (10) 5 (12.5) 

Acute kidney injury 17 (42.5) 21 (52.5) 

Other 8 (20) 8 (20) 

Organ function support, n(%)   

Mechanical ventilation 30 (75) 32 (80) 
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Vasopressors 22 (55) 24 (60) 

Laboratory examination   

Blood culture, n (%), positive 6 (15) 9 (22.5) 

WBC, median [IQR] 
a
, ×10

9
/L 13.0 [8.5–16.9] 13.1 [10.4–20.4] 

Lactate, median [IQR], mmol/L 2.2 [1.6–3.2] 2.0 [1.2–3.1] 

Creatinine 
b
 , median [IQR],umol/L 112 [68.8–200.0] 136.4 [88.5–257] 

Bilirubin, median [IQR], umol/L 16.4 [8.2–32.9] 18.2 [8.9–30.8] 

Procalcitonin, median [IQR], ng/mL 20.6 [4.2–35.9] 14.3 [4.8–38.4] 

SOFA, mean(SD) 9.6(4.5) 10.1(4.0) 

APACHE II, mean(SD) 22.1(8.4) 23.8(7.6) 

CHD=Coronary heart disease; SOFA = Sepsis-related organ failure assessment; 

APACHEII = Acute physiology and chronic health evaluation. 

a
Excluding neutropenic patients； 

b 
Excluding patients with chronic renal failure; 
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Table 2. Primary and secondary outcomes 

AKI = acute kidney injury; LOS = length of stay; Missing data for indicators were estimated using the last observation 

carry–forward (LOCF) scheme. 

a
Excluding patients without vasopressor support (18 patients in the treatment group vs 16 patients in the control group). 

b
Excluding patients without mechanical ventilation (10 patients in the treatment group vs 8 patients in the control 

group). 

 

Variable Treated  

(n=40) 

Control 

(n=40) 

Relative risk or 

difference  

(95% CI) 

P 

value 

28-day mortality,n (%) 11(27.5%) 14(35%) 0.79(0.41-1.52) 0.47 

ICU LOS, median[IQR], days 7.5[4–12.8] 7.5[4–11.8]  0.98 

Duration of vasopressors, median[IQR], h
a 

46[23.8–102.5] 58.5[28–104]  0.70 

New AKI after entering ICU, n(%) 1(2.5%) 2(5%) 0.50(0.05-5.30) 1.00 

△SOFA, 72h, mean(SD) 3.5(3.3) 1.8(3.0)  0.02 

Procalcitonin clearance,72h, median[IQR] 75.8[62.2–86.4] 68.2[25.9–82.5]  0.07 

Duration mechanical ventilation median 

[IQR],h
b 

126.5[63.5–239.3] 94.5[39.8–211]  0.36 

Lactate clearance,72h, median[IQR],% 21.3[−49.7–44.2] 0[−35.1–47.7]  0.98 








