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Early administration of hydrocortisone, 
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Abstract 

Background:  The combination therapy of hydrocortisone, vitamin C, and thiamine has been proposed as a potential 
treatment in patients with sepsis and septic shock. However, subsequent trials have reported conflicting results in 
relation to survival outcomes. Hence, we performed this randomized controlled trial (RCT) to evaluate the efficacy 
and safety of early combination therapy among adult patients with septic shock.

Methods:  This single-center, double-blind RCT enrolled adult patients with diagnosis of septic shock within 12 h 
from Northern Jiangsu People’s Hospital between February 2019 and June 2021. Recruited patients were randomized 
1:1 to receive intervention (hydrocortisone 200 mg daily, vitamin C 2 g every 6 h, and thiamine 200 mg every 12 h) 
or placebo (0.9% saline) for 5 days or until ICU discharge. The primary endpoint was 90-day mortality. The secondary 
endpoints included mortality at day 28, ICU discharge, and hospital discharge; shock reversal; 72-h Delta SOFA score; 
ICU-free days, vasopressor-free days, and ventilator support -free days up to day 28; ICU length of stay (LOS) and hos‑
pital LOS.

Results:  Among 426 patients randomized, a total of 408 patients with septic shock were included in the per-protocol 
(PP) analysis, of which 203 were assigned to the intervention group and 205 to the placebo group. In the PP popula‑
tion, the primary outcome of 90-day mortality was 39.9% (81/203) and 39.0% (80/205) in the intervention and the pla‑
cebo groups, respectively, and was not significantly different (P = 0.86). There was no significant difference between 
two groups in 28-day mortality (36.5% vs. 36.1%, P = 0.94) or the ICU mortality (31.5% vs. 28.8%, P = 0.55) and hospital 
mortality (34.5% vs. 33.2%, P = 0.78). No other secondary outcomes showed significant differences between two 
groups, including shock reversal, vasopressor-free days, and ICU LOS. Intention-to-treat analysis included all the 426 
patients and confirmed these results (all P > 0.05).

Conclusion:  Among adult patients with septic shock, early use of hydrocortisone, vitamin C, and thiamine combina‑
tion therapy compared with placebo did not confer survival benefits.

Trial registration ClinicalTrials.gov: NCT03​872011, registration date: March 12, 2019.
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Introduction
Sepsis is a life-threatening condition that occurs due to 
a dysregulated host response to infection [1]. There were 
approximately 49 million cases of sepsis and 11 million 
sepsis-related deaths worldwide annually [2]. Septic 
shock, a subset of sepsis, is characterized by circulatory 
and cellular/metabolic abnormalities that are associated 
with a higher risk of mortality [3].

At present, there are no treatments directly target-
ing the pathogenesis of sepsis; therefore, management 
relies on early identification and treatment of infection 
through appropriate antibiotic therapy and/or source 
control, as well as the reversal of hemodynamic instabil-
ity through fluid resuscitation and vasopressors, if nec-
essary [3]. Therefore, safe, effective, affordable adjuvant 
interventions that focus on mitigating dysregulated host 
responses in addition to standard therapy are urgently 
required.

A previous retrospective before–after study of 94 
patients showed that early use of combination therapy 

with intravenous vitamin C, hydrocortisone, and thia-
mine might prove to be effective in preventing progres-
sive organ dysfunction including acute kidney injury 
and reducing the mortality of patients with severe sepsis 
and septic shock [4]. The promising results of this study 
have aroused great interest of the therapeutic effects of 
the combination therapy with vitamin C, thiamine, and 
hydrocortisone among sepsis and septic shock patients. 
However, recently published prospective, randomized 
controlled trials (RCTs) conducted since then reported 
conflicting results in relation to survival outcomes 
[5–8], and limited specific data are available in septic 
shock patients. The VITAMINS and ACTS trials, which 
included patients diagnosed of septic shock within 24 h, 
both demonstrated no significant mortality difference 
between the combination therapy and control groups [5, 
9]. It was assumed that beneficial effect could be achieved 
if the combination therapy initiated early [6]. There-
fore, we performed this randomized controlled clinical 
trial to evaluate the efficacy of early administration of 
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hydrocortisone, vitamin C, and thiamine combination 
therapy for patients with diagnosis of septic shock within 
12 h.

Methods
Study design and participants
This study was a single-center, double-blind RCT con-
ducted in a 45-bed intensive care unit (ICU) of Northern 
Jiangsu People’s Hospital in Yangzhou, China. The study 
was approved by the Human Research Ethics Commit-
tee of Northern Jiangsu People’s Hospital (2019KY-145) 
and was registered at clinicaltrial.gov (NCT03872011). 
Written informed consent was obtained from patients or 
patients’ legally authorized representatives. Patients were 
enrolled from February 2019 through June 2021, with last 
patient follow-up in September 2021.

The inclusion criteria were as follows: (1) age 18 years 
old or older; (2) diagnosis of septic shock within 12  h. 
The exclusion criterion was the presence of any of the 
following: (1) systemic corticosteroid therapy within the 
last 3 months before septic shock; (2) high-dose steroid 
therapy; (3) immunosuppression; (4) pregnant; (5) known 
glucose-6 phosphate dehydrogenase (G-6PD) deficiency; 
(6) known hemochromatosis; (7) known allergy to vita-
min C, hydrocortisone, or thiamine; (8) anticipated death 
from a preexisting disease within 90 days after randomi-
zation (as determined by the enrolling physician); and (9) 
refusal of the attending staff or patient family.

Study randomization and intervention
Patients were randomized 1:1 to receive intervention or 
placebo. The randomization was stratified according to a 
table of computer-generated random numbers. Through-
out the study, patients, investigators, clinical staff, and 
research staff remained blinded to the allocated ther-
apy, with the exception of designated nurses who were 
responsible for the preparation of both study drug and 
placebo. The designated nurses were not involved with 
clinical care or outcome evaluation. Blinding regarding 
the trial regimen was ensured by the supply of study drug 
and placebo in identical, masked bags.

When the patients were diagnosed as septic shock, 
they were primarily treated with aggressive fluid chal-
lenge, adequate antibiotics, and vasoactive agents, 
according to Surviving Sepsis Campaign guidelines [3]. 
For the use of vasoactive drugs, norepinephrine was the 
first choice. At least 30 mL/kg of IV crystalloid fluid was 
given within the first 3 h. If target mean arterial pressure 
(MAP) of 65 mmHg could not be achieved, norepineph-
rine would be initiated within first hour of hypotension 
during or after 1-h fluid resuscitation. Patients in the 
intervention group received hydrocortisone (200  mg 
daily), vitamin C (2 g every 6 h), and thiamine (200 mg 

every 12 h) for 5 days or until ICU discharge, whichever 
occurred first. Vitamin C and thiamine were diluted in 
100  ml 0.9% sodium chloride, respectively, and intrave-
nously administered to patients over 60 min. Hydrocor-
tisone was administered as a continuous infusion over 
24 h. In the placebo group, an identical volume of 0.9% 
saline from the placebo drug bag was administered to 
patients using the same protocol. Attending ICU clini-
cians were allowed to order open-label corticosteroid 
therapy in place of study hydrocortisone or placebo for 
patients as deemed necessary (e.g., hydrocortisone for 
refractory shock, methylprednisolone for acute exacerba-
tion of chronic obstructive pulmonary disease). However, 
the vitamin C and thiamine or matching placebo would 
remain randomized and blinded. These participants 
would remain in the study and be followed for outcomes. 
Other monitoring and interventions during and after the 
intervention period could be used in both groups at the 
discretion of the attending physicians.

Definitions
Septic shock was defined as sepsis with persist-
ing hypotension requiring vasopressors to main-
tain MAP ≥ 65  mmHg and having a serum lactate 
level > 2 mmol/L despite adequate volume resuscitation 
[10]. High-dose steroid therapy was defined as ≥ 2 mg/
kg prednisone equivalent per day for > 5 d. Immuno-
suppression encompassed the following conditions: 
solid malignancies with a history of chemotherapy 
within the last 3  months, progressive metastatic dis-
ease, hematologic malignancies, solid organ trans-
plantation, and HIV infection [11]. Length of stay 
(LOS) prior to randomization was defined as the time 
from arrival at emergency department (ED) or general 
ward to randomization. Diagnosis of refractory shock 
was dependent on the physicians’ clinical experience. 
Reversal of shock was defined as the maintenance of 
a systolic blood pressure of at least 90  mmHg with-
out vasopressor support for at least 24 h [12]. Time to 
shock reversal was defined as the time from randomi-
zation to shock reversal. 72-h Delta Sequential Organ 
Failure Assessment (SOFA) score was calculated by 
subtracting the SOFA score at 72 h from the corre-
sponding value at enrollment (ΔSOFA score = initial 
SOFA score at enrollment–SOFA score after 72  h). If 
the patient discharged within 72 h after being enrolled 
in the study, the SOFA score at discharge was used for 
the analysis. Appropriate antibiotic therapy was con-
sidered if the initially prescribed antibiotics were active 
against the identified pathogens, based on in vitro sus-
ceptibility testing. Fluid overload was defined as more 
than a 10% increase in body weight relative to baseline 
[(total fluid in  −  total fluid out) in liters/admission 
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body weight × 100] during the course of administration 
of the intervention or placebo [13]. Blood gas analysis 
was evaluated by skilled nurses via the blood gas ana-
lyzer (Cobas b221, Roche Diagnostics); all sample tests 
were performed with standard factory settings. Blood 
glucose disturbance was considered if the blood gas 
analyzer reported “interference” while the same blood 
sample tested showed normal blood glucose reading in 
the central laboratory device (Cobas 8000, Roche Diag-
nostics), which was not affected by vitamin C.

Data collection
The following information was collected and analyzed 
for every enrolled patient: age, sex, locale before ICU 
admission (ED/general ward), chronic medical histo-
ries (hypertension, chronic obstructive pulmonary dis-
ease, coronary artery disease, diabetes mellitus, chronic 
renal disease, and malignancy), primary site of infection, 
laboratory results (complete blood count, coagulation 
profile, arterial blood gas analysis, blood biochemistry), 
LOS prior to randomization, time from diagnosis of sep-
tic shock to randomization, time from randomization to 
first study drug administration, time from randomization 
to first antibiotic administration, proportion of antibiotic 
administration before randomization, appropriateness of 
antimicrobials, open-label corticosteroid administration, 
amount of fluid administered before vasopressor, venti-
lator support (invasive mechanical ventilation, noninva-
sive ventilation and high-flow nasal cannula), and renal 
replacement therapy (RRT) requirements. Blood cul-
ture and cultures of specimens from the site of infection 
were routinely performed. Disease severity was assessed 
by Acute Physiology and Chronic Health Evaluation II 
(APACHE II) [14, 15] and SOFA scores [16].

Outcome measures
The primary outcome was all-cause mortality at day 
90 after randomization. The key secondary outcomes 
included all-cause mortality at day 28, ICU discharge, 
and hospital discharge. Additional secondary outcomes 
included shock reversal rate; time to shock reversal; 72-h 
delta SOFA score; ICU-free days, vasopressor-free days 
and ventilator support-free days up to day 28 (patients 
who died before day 28 were assigned zero free days); 
ICU length of stay (LOS) and hospital LOS. The 90-day 
mortality and 28-day mortality were assessed by review 
of the medical records of the participant, or by contact-
ing the participant by phone.

Statistical analyses
We determined that a population of 406 patients (203 
patients in each group) would provide the trial with 90% 
power to detect an absolute difference of 15 percentage 
points (a conservative estimate based on about 32% ben-
efit observed in the study by Marik et  al. [4]) in 90-day 
all-cause mortality from an estimated baseline mortality 
of 40%, at an alpha level of 0.05. Assuming a dropout rate 
of 5%, the sample size was calculated as 426 patients.

Due to the fact that most of our data were not normally 
distributed, which was proved by Shapiro–Wilk test 
and Kolmogorov–Smirnov test, we presented the data 
as median with interquartile range (IQR) for numerical 
data and numbers with percentages for categorical data. 
Continuous variables were compared using the Wilcoxon 
rank-sum test, while categorical variables were compared 
using the chi-square test. Patient survival time was ana-
lyzed using Cox proportional hazards regression, with 
results reported as hazard ratios with 95% confidence 
intervals (CI) and presented using Kaplan–Meier curves 
with a log-rank test for comparison. Proportional hazards 
assumptions were confirmed by Schoenfeld residuals.

Post hoc subgroup analysis for the primary outcome 
was performed on four subgroups determined from 
baseline variables, namely abdominal cavity infection, 
APACHE II score, age and LOS prior to randomization, 
with the latter three subgroups created by splitting each 
variable at the median level to create high and low sub-
groups. Every factor in subgroup analyses was analyzed 
with rates of the primary endpoint by testing the treat-
ment by factor interaction with the use of Cox models.

For patients lost to follow-up, a “last status carried 
forward” approach would be used. And the sensitivity 
analyses of the primary outcome were chosen to model 
“Worst–Best” and “Best–Worst” scenarios: (1) Only 
patients lost to follow-up in the intervention group were 
considered to be dead; (2) only patients lost to follow-up 
in the placebo group were considered to be dead. Moreo-
ver, we performed the sensitivity analyses of 72-h SOFA 
scores to model “worst-possible” and “best-possible” 
scenarios: (1) The worst-possible SOFA score (score of 
24) was imputed for those participants who discharged 
within 72  h; (2) only those patients who survive 72 h 
were included (Additional file 1: Tables S1 and S2). P val-
ues < 0.05 were considered statistically significant. Statis-
tical analyses were performed using SPSS version 11.0.

Results
Patient characteristics
A total of 508 patients were screened for this study. Of 
these, 82 patients were excluded; the intention-to-treat 
(ITT) analysis included all the 426 patients. In addition, 
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another 10 patients in the intervention group and 8 
patients in the placebo group were excluded after rand-
omization. The specific reasons for exclusion are shown 
in Fig.  1. Therefore, 408 patients were included in the 
per-protocol (PP) analysis, of which 203 were assigned 
to the intervention group and 205 to the placebo group. 
All patients were from Chinese Han population. The 
baseline characteristics of the ITT and PP population are 
presented in Table  1. Briefly, there were no differences 
between the groups with respect to age, sex, APACHE II 
score, SOFA score, locale before ICU admission, comor-
bidities, and primary site of infection (P > 0.05).

Baseline clinical and laboratory measurements of the 
ITT and PP population are presented in Table 2. The two 
groups were similar in terms of baseline biological vari-
ables. Both groups had similar characteristics, such as 
LOS prior to randomization, time from diagnosis of sep-
tic shock to randomization, time from randomization to 
the first study drug administration, time from randomi-
zation to the first antibiotic administration, proportion of 
antibiotic administration before randomization, appro-
priateness of antimicrobials, open-label corticosteroid 
administration, amount of fluid administered before 
vasopressor, need for ventilator support, and need for 
RRT (P > 0.05).

Primary outcome
In the ITT population, the primary outcome of 90-day 
mortality was 40.4% (86/213) and 39.0% (83/213) in the 
intervention and the placebo groups, respectively, and 
was not significantly different (P = 0.77) (Table  3). In 
addition, the Kaplan–Meier survival curve demonstrated 
that the 90-day survival was not significantly different 
between the two groups (HR 1.08; 95% CI 0.80–1.46; 
P = 0.62) (Fig. 2).

In the PP population, the primary outcome of 90-day 
mortality was 39.9% (81/203) and 39.0% (80/205) in 
the intervention and the placebo groups, respectively, 
and was not significantly different (P = 0.86) (Table  3). 
Simultaneously, the Kaplan–Meier survival curve dem-
onstrated that the 90-day survival was not significantly 
different between the two groups (HR 1.07; 95% CI 0.79–
1.46; P = 0.67) (Fig. 2).

Key secondary outcomes
In the ITT population, there was no significant difference 
between the intervention and placebo groups in 28-day 
mortality (37.1% vs. 36.2%, respectively, P = 0.84) or the 
ICU mortality (31.9% vs. 29.1%, respectively, P = 0.53) 
and hospital mortality (35.2% vs. 33.3%, respectively, 
P = 0.68) (Table 3).

Fig. 1  Study flowchart
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In the PP population, there was no significant differ-
ence between the intervention and placebo groups in 
28-day all-cause mortality (36.5% vs. 36.1%, respectively, 
P = 0.94) or in the mortality of ICU discharge (31.5% 
vs. 28.8%, respectively, P = 0.55) and hospital discharge 
(34.5% vs. 33.2%, respectively, P = 0.78) (Table 3).

Additional secondary outcomes
In the ITT population, the proportion of patients with 
reversal of shock was similar in the intervention and pla-
cebo groups (80.8% vs. 81.7%, respectively, P = 0.80). No 
significant differences were found in the time from ran-
domization to shock reversal (3.0 vs. 2.0, respectively, 
P = 0.30); 72-h Delta SOFA score between the inter-
vention and placebo groups (2.0 vs. 2.0, respectively, 
P = 0.59). Similarly, there was no statistically significant 
between-group difference in terms of 28-day cumulative 
ICU-free days (13.0 vs. 14.0, P = 0.67), vasopressor-free 
days (23.9 vs. 25.0, P = 0.26), or ventilator support–free 
days (17.6 vs. 19.3, P = 0.42) (Table 3). No other second-
ary outcomes showed significant differences between the 
intervention and placebo groups, including LOS in the 
ICU (7.0 vs. 6.0, P = 0.85) or LOS in the hospital (16.0 vs. 
17.0, P = 0.35) (Table 3).

In the PP population, the proportion of patients with 
reversal of shock was similar in the intervention and 

placebo groups (80.8% vs. 82.0%, respectively, P = 0.76). 
There were no significant differences in the time from 
randomization to shock reversal (3.0 vs. 2.0, respectively, 
P = 0.40) and 72-h Delta SOFA score between the inter-
vention and placebo groups (1.0 vs. 2.0, respectively, 
P = 0.65). Similarly, there was no statistically significant 
between-group difference in 28-day cumulative ICU-free 
days (13.0 vs. 14.0, P = 0.23), vasopressor-free days (23.9 
vs. 25.0, P = 0.36), or ventilator support-free days (17.6 
vs. 19.6, P = 0.51) (Table  3). No other secondary out-
comes showed significant differences between the inter-
vention and placebo groups, including LOS in the ICU 
(7.0 vs. 6.0, P = 0.93) or LOS in the hospital (16.0 vs. 17.0, 
P = 0.26) (Table 3).

Cox multivariate analysis demonstrated that after 
adjusting for potential confounding factors, age, 
APACHE II score, pneumonia, urinary tract infection, 
other sites of infection, bacteremia, time from randomi-
zation to the first antibiotic administration, lactate, need 
for ventilator support, and need for RRT remained inde-
pendently associated with mortality (Additional file  1: 
Table S3).

Adverse events
In the safety population, the most common seri-
ous adverse events were severe hypernatremia 

Table 1  Baseline characteristics (intention-to-treat and per-protocol population)

APACHE II Acute Physiology and Chronic Health Evaluation II, SOFA Sequential Organ Failure Assessment, COPD chronic obstructive pulmonary disease, CAD coronary 
artery disease, DM diabetes mellitus, CRD chronic renal disease

Characteristics Intention-to-treat analysis Per-protocol analysis

Intervention (N = 213) Placebo (N = 213) P value Intervention (N = 203) Placebo (N = 205) P value

Age (y) 69.0 (60.0–78.0) 71.0 (61.0–78.0) 0.24 69.0 (60.0–78.0) 71.0 (62.0–78.5) 0.13

Male, n (%) 138 (64.8) 147 (69.0) 0.35 131 (64.5) 142 (69.3) 0.31

APACHE II 20.0 (14.5–24.0) 19.0 (14.0–24.0) 0.39 20.0 (15.0–24.0) 19.0 (14.0–24.0) 0.52

SOFA 10.0 (7.0–12.0) 9.0 (7.0–11.0) 0.26 10.0 (7.0–12.0) 9.0 (7.0–11.0) 0.30

Locale before ICU admission, 
Emergency department, n (%)

87 (40.8) 73 (34.3) 0.16 82 (40.4) 67 (32.7) 0.11

At least one comorbidity, n (%) 146 (68.5) 153 (71.8) 0.46 138 (68.0) 149 (72.7) 0.30

 Hypertension 97 (45.5) 99 (46.5) 0.85 93 (45.8) 97 (47.3) 0.76

 COPD 9 (4.2) 9 (4.2) 1.00 7 (3.4) 9 (4.4) 0.62

 CAD 26 (12.2) 16 (7.5) 0.10 23 (11.3) 15 (7.3) 0.16

 DM 42 (19.7) 52 (24.4) 0.24 41 (20.2) 51 (24.9) 0.26

 CRD 9 (4.2) 9 (4.2) 1.00 9 (4.4) 9 (4.4) 0.98

 Malignancy 32 (15.0) 41 (19.2) 0.25 29 (14.3) 40 (19.5) 0.16

Primary site of infection, n (%)

 Lung 59 (27.7) 72 (33.8) 0.17 56 (27.6) 68 (33.2) 0.22

 Abdominal cavity 120 (56.3) 103 (48.4) 0.10 113 (55.7) 101 (49.3) 0.20

 Urinary tract 32 (15.0) 31 (14.6) 0.89 32 (15.8) 28 (13.7) 0.55

 Skin and soft tissue 10 (4.7) 11 (5.2) 0.82 10 (4.9) 11 (5.4) 0.84

 Other 21 (9.9) 20 (9.4) 0.87 20 (9.9) 20 (9.8) 0.97
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(> 160 mmol/L) (occurring in 9 patients in the interven-
tion group and 4 patients in the placebo group, P = 0.16) 
and fluid overload (occurring in 7 and 5 patients, respec-
tively, P = 0.56). In addition, blood glucose disturbance 
was reported in 27 patients in the intervention group 
(12.7% vs. 0, P < 0.001) (Table 4).

Subgroup analysis
In the post hoc subgroup analysis, the 90-day mortality of 
the all subgroups was not significantly different between 
the intervention and placebo groups (P > 0.05 for all com-
parisons) (Additional file 1: Fig. S1).

Discussion
In this single-center, double-blind RCT of patients with 
septic shock, early initiation of hydrocortisone, vitamin 
C, and thiamine combination therapy compared with 

placebo did not significantly impact 90-day mortality and 
the secondary outcomes.

There is accumulative evidence indicating that vitamin 
C or thiamine deficiency is a common complication of 
septic shock patients, which is associated with immune 
dysfunction and poor prognosis [17]. The combination 
of hydrocortisone, vitamin C, and thiamine might show 
synergetic effect in ameliorating the systemic inflamma-
tory response, preventing progressive organ dysfunction 
and reducing mortality of the septic shock patients [18].

In spite of theoretical plausibility of hydrocortisone, 
vitamin C, and thiamine combination therapy, our 
study’s results do not provide any significant survival 
benefit in septic shock patients, which is consistent with 
the results of previous RCTs [5, 6, 9, 19] and meta-anal-
yses [20, 21]. It is worth pointing out that Marik et  al. 
[4] and Chang et  al. [22] highlighted that the early use 

Table 2  Baseline clinical and laboratory parameters (intention-to-treat and per-protocol population)

PT prothrombin time, LOS length of stay, IMV invasive mechanical ventilation, HFNC high-flow nasal cannula, NIV noninvasive ventilation, RRT​ renal replacement 
therapy
a During the first 5 days after enrollment
b During the first day after enrollment
c Likelihood ratio

Parameter Intention-to-treat analysis Per-protocol analysis

Intervention (N = 213) Placebo (N = 213) P value Intervention (N = 203) Placebo (N = 205) P value

Leucocytes (× 109/L) 11.1 (4.9–17.4) 12.3 (6.5–17.0) 0.41 11.1 (4.9–17.4) 12.3 (6.6–17.0) 0.45

Platelets (× 109/L) 135.0 (82.0–197.5) 143.0 (90.5–223.5) 0.10 135.0 (83.0–198.0) 143.0 (90.5–223.5) 0.14

PT (s) 15.3 (13.7–17.8) 15.5 (14.2–18.1) 0.08 15.3 (13.7–17.9) 15.5 (14.1–18.3) 0.10

PH 7.3 (7.3–7.4) 7.4 (7.3–7.4) 0.38 7.4 (7.3–7.4) 7.4 (7.3–7.4) 0.52

PaO2/FiO2 (mmHg) 240.8 (179. 5–359.5) 225.0 (159.6–344.4) 0.24 240.8 (174.0–361.0) 225.0 (159.1–344.4) 0.26

Lactate (mmol/L) 3.1 (2.3–4.4) 2.9 (2.2–4.3) 0.43 3.1 (2.3–4.4) 3.0 (2.2–4.4) 0.70

Total bilirubin (μmol/L) 17.9 (12.9–32.6) 21.9 (14.7–33.4) 0.13 17.6 (12.8–32.1) 21.9 (14.9–33.4) 0.07

Creatinine (μmol/L) 117.7 (73.0–223.5) 118.0 (76.7–209.4) 0.69 118.5 (73.0–223.5) 120.0 (76.9–211.3) 0.70

Bacteremia, n (%) 79 (37.1) 62 (29.1) 0.08 75 (36.9) 60 (29.3) 0.10

LOS prior to randomization (d) 0.4 (0.3–1.4) 0.5 (0.3–3.5) 0.11 0.4 (0.3–1.6) 0.6 (0.3–3.6) 0.12

Time from diagnosis to randomiza‑
tion (h)

2.0 (0.0–6.0) 1.5 (0.0–6.3) 0.85 2.0 (0.0–6.0) 1.8 (0.0–6.5) 0.88

Time from randomization to first 
study drug (h)

1.0 (0.0–3.0) 1.0 (1.0–3.0) 0.11 1.0 (0.0–3.0) 1.0 (1.0–3.0) 0.11

Time from randomization to first 
antibiotic (h)

2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.45 2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.54

Antibiotic before randomization, 
n (%)

134 (62.9) 141 (66.2) 0.48 130 (64.0) 134 (65.4) 0.84

Appropriateness of antimicrobials, 
n (%)

108 (50.7) 101 (47.4) 0.50 96 (47.3) 108 (52.7) 0.28

Open-label hydrocortisone: Addi‑
tional steroidsa

5:6 4:10 0.56c 5:4 4:9 0.35c

Amount of fluid administered before 
vasopressor (L)

0.8 (0.6–1.2) 0.7 (0.5–1.3) 0.56 0.8 (0.6–1.2) 0.7 (0.5–1.3) 0.71

Need for ventilator supportb, n (%) 175 (82.2) 185 (86.9) 0.18 168 (82.8) 179 (87.3) 0.20

IMV: HFNC: NIVb 143:21:11 158:19:8 0.42 138:21:9 154:17:8 0.45

Need for RRT​b, n (%) 85 (39.9) 68 (31.9) 0.09 83 (40.9) 68 (33.2) 0.11
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of the combination therapy appeared to be associated 
with patients’ survival improvement. In our study, the 
diagnosis time of septic shock in included patients was 
within 12 h, which is earlier than previous studies [4, 22, 
23]. However, early use of combination treatment in our 
study did not result in survival benefits.

The difference of our study from other studies should 
be considered when interpreting the discrepancies in 
efficacy of combination therapy. Firstly, the severity of 
organ failure is maybe a key determinant of the efficacy. 
The inclusion criteria of our research were restricted 
in patients with septic shock, a deteriorative subset of 
sepsis, while the research of Marik et  al. [4] and Chang 
et al. [22] enrolled patients with sepsis and septic shock. 
Therefore, our included patients were more critically ill 
as evidenced by higher baseline SOFA scores (mean 10 
points) compared with the included patients described 
in the research of Marik et  al. (mean SOFA 8 points). 
Higher SOFA scores indicated an increased risk of death; 
it was supported by the VICTOR trial demonstrat-
ing that mortality benefit was observed only in a subset 
of patients with a lower SOFA score [6]. Moreover, our 
patients’ severity of organ failure is also corroborated by 
the significantly greater incidence of mechanical ventila-
tion (72%) and the need for RRT (37%), compared with 
the patients included in the trial of Marik et  al. (51%, 
15%, respectively). In our study, the need for ventilator 
support and RRT was shown to be independent risk fac-
tors for mortality in patients with septic shock. And the 
LOVIT trial [24] also reported a high baseline severity 
of illness, which is maybe one of the reasons why there 
were no mortality benefits of vitamin C observed in the 
research.

Secondly, the selection of the primary endpoint should 
be taken into consideration. It should be pointed out that 
we adopted the 90-d mortality as the primary endpoint, 
rather than a change of the SOFA score, which was cho-
sen as the primary endpoint in the ATESS [25], CIT-
RIS-ALI [26], and ORANGES [27] studies. Given that 
the SOFA score focused on the early recovery of organ 
function and was assessed only if the patients remained 
alive during the assessment period, which could result 
in survivorship bias [25], the mortality endpoint was 
selected. However, the mortality endpoint, especially 
the long-term mortality, is theoretically diluted by many 
confounding factors [28]. However, our research did not 
observe any credible benefits either in non-mortality 
endpoints or in specific population.

Notably, our research differed from other studies in 
the distribution of infection sites. Abdominal infection 
accounted for approximately half of the cases of sep-
tic shock in this study. However, our subgroup analysis 
indicated that the treatment group did not show a bet-
ter therapeutic effect than the control group, whether the 
subgroup patients had abdominal infections or not. The 
type of infection sites is maybe not a key determinant for 
the effectiveness of combination therapy. Future studies 
are needed to elucidate the issue.

In addition, there were no significant differences in 
shock reversal, or vasopressor-free days between the 
groups. This differs from the results of the ACTS study 
[9], which observed a longer shock-free days in the inter-
vention group. In comparison with the ACTS study [9], in 
which hydrocortisone was given as intermittent boluses 
(50 mg every 6 h), hydrocortisone was given as a continu-
ous infusion (200 mg/day) in this study. Repetitive bolus 

Table 3  Primary and secondary outcomes (intention-to-treat and per-protocol population)

SOFA Sequential Organ Failure Assessment, LOS length of stay
a During the first 28 days after enrollment

Parameter Intention-to-treat analysis Per-protocol analysis

Intervention (N = 213) Placebo (N = 213) P value Intervention (N = 203) Placebo (N = 205) P value

90-day mortality, n (%) 86 (40.4) 83 (39.0) 0.77 81 (39.9) 80 (39.0) 0.86

28-day mortality, n (%) 79 (37.1) 77 (36.2) 0.84 74 (36.5) 74 (36.1) 0.94

ICU mortality, n (%) 68 (31.9) 62 (29.1) 0.53 64 (31.5) 59 (28.8) 0.55

Hospital mortality, n (%) 75 (35.2) 71 (33.3) 0.68 70 (34.5) 68 (33.2) 0.78

Reversal of shock, n (%) 172 (80.8) 174 (81.7) 0.80 164 (80.8) 168 (82.0) 0.76

Time to shock reversal (d) 3.0 (1.0–4.0) 2.0 (1.0–3.0) 0.30 3.0 (1.0–4.0) 2.0 (1.0–3.0) 0.40

72-h Delta SOFA score 2.0 (− 1.0–5.0) 2.0 (− 1.0–4.0) 0.59 1.0 (− 1.0–4.0) 2.0 (− 1.0–4.0) 0.65

ICU-free daysa 13.0 (0.0–22.0) 14.0 (0.0–23.0) 0.67 13.0 (0.0–22.0) 14.0 (0.0–23.0) 0.23

Vasopressor-free daysa 23.9 (0.0–26.3) 25.0 (0.0–26.5) 0.26 23.9 (0.0–26.3) 25.0 (0.0–26.5) 0.36

Ventilator support-free daysa 17.6 (0.0–25.3) 19.3 (0.0–26.0) 0.42 17.6 (0.0–25.3) 19.6 (0.0–25.9) 0.51

LOS in ICU, days 7.0 (4.0–12.5) 6.0 (4.0–13.5) 0.85 7.0 (4.0–13.0) 6.0 (4.0–13.5) 0.93

LOS in hospital, days 16.0 (9.0–25.0) 17.0 (9.0–29.0) 0.35 16.0 (9.0–26.0) 17.0 (10.0–29.0) 0.26
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application of hydrocortisone compared with a con-
tinuous infusion likely results in higher peak serum and 
intracellular concentrations with greater binding to the 
glucocorticoid receptor and subsequently greater thera-
peutic effects [29]. However, hemodynamic improvement 
observed with the intervention in the ACTS study [9] 
may be related to corticosteroids alone, given that in the 
VITAMINS study [5], which hydrocortisone monother-
apy was mandated in the control group, was not powered 
to detect difference in vasopressor-free days.

Intriguingly, the current study revealed a phenomenon 
of blood glucose measurement interference, in consist-
ent with previous studies [30–32]. Our glucose-moni-
toring device adopted glucose oxidase method. Vitamin 
C was a strong reducing agent, thus interfering the 
results [32]. Our device reported “interference” reading 
results directly, rather than the falsely low testing results 
reported in some devices [30]. On the contrary, the 
falsely high testing results were also reported in devices 
adopting glucose dehydrogenase pyrroloquinoline qui-
none (GDH-PQQ) method [31, 33]. In this scenario, 
hypoglycemia may occur following insulin administra-
tion for factitious hyperglycemia [34]. Additionally, the 
hexokinase method was not affected by vitamin C [32]. 
Hence, it was adopted in our central laboratory device 
and recommended during the use of high-dose vitamin 
C.

Our study incorporates several strengths. Firstly, in 
terms of the timing of intervention, our study manifested 
an earlier application of combination therapy compared 
to previous studies [7, 9]. Therefore, it is possible to rule 
out the effect of time delay in the combination therapy 
application on the mortality of septic shock. Secondly, 
our trial investigated long-term combination therapy for 
septic shock. Most previous studies limited the use of 
combination therapy to 4  days [6, 9, 35] or even 2  days 
[25]. It was supposed that the lack of consistent benefits 
in trials mentioned above might also be due to insuffi-
cient dosage [36]. However, this trial might help to rule 
out the effect of duration of combination therapy on sur-
vival benefits of septic shock patients. Thirdly, to date, 
our trial shows a relatively larger sample size, especially 
compared with the trials in Chinese Han population. 
Fourthly, very few patients were lost to follow-up, thus 
minimizing attrition bias.

Some limitations of our study should be taken into 
consideration. First, the vitamin C and thiamine were 
infused over a set range of doses, and we did not meas-
ure vitamin C and thiamine levels as a guide to the dose 
or the duration of infusion, so it is unknown if this does/
schedule was able to correct vitamin C or thiamine defi-
ciency. Second, this was a single-center study, which may 
affect its external validity and generalizability.

Fig. 2  Kaplan–Meier estimates of survival rate distribution among 
patients in the intervention or placebo group. Panel A shows analysis 
of the intention-to-treat population. A log-rank (Mantel–Cox) test 
P = 0.62 for intergroup differences in survival rate distribution. Hazard 
ratio for mortality is 1.08; 95% CI 0.80–1.46. Panel B shows analysis of 
the per-protocol population. Log-rank (Mantel–Cox) test P = 0.67 for 
intergroup differences in survival rate distribution. Hazard ratio for 
mortality is 1.07; 95% CI 0.79–1.46

Table 4  Adverse events (safety population)

Events Intervention 
(N = 213)

Placebo (N = 213) P value

Severe hypernatremia, 
n (%)

9 (4.2) 4 (1.9) 0.16

Fluid overload, n (%) 7 (3.3) 5 (2.3) 0.56

Blood glucose disturbance, 
n (%)

27 (12.7) 0 (0.0)  < 0.001
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Conclusions
In conclusion, among patients with septic shock, hydrocor-
tisone, vitamin C, and thiamine did not appear to reduce 
the 90-day mortality compared with placebo. These data 
do not support routine use of this combination therapy for 
adult patients with septic shock.
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