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Visual Abstract
IMPORTANCE It is unclear whether vitamin C, hydrocortisone, and thiamine are more
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effective than hydrocortisone alone in expediting resolution of septic shock.
Supplemental content
OBJECTIVE To determine whether the combination of vitamin C, hydrocortisone, and

thiamine, compared with hydrocortisone alone, improves the duration of time alive and free
of vasopressor administration in patients with septic shock.
DESIGN, SETTING, AND PARTICIPANTS Multicenter, open-label, randomized clinical trial
conducted in 10 intensive care units in Australia, New Zealand, and Brazil that recruited 216
patients fulfilling the Sepsis-3 definition of septic shock. The first patient was enrolled on May
8, 2018, and the last on July 9, 2019. The final date of follow-up was October 6, 2019.
INTERVENTIONS Patients were randomized to the intervention group (n = 109), consisting of
intravenous vitamin C (1.5 g every 6 hours), hydrocortisone (50 mg every 6 hours), and
thiamine (200 mg every 12 hours), or to the control group (n = 107), consisting of intravenous
hydrocortisone (50 mg every 6 hours) alone until shock resolution or up to 10 days.
MAIN OUTCOMES AND MEASURES The primary trial outcome was duration of time alive and
free of vasopressor administration up to day 7. Ten secondary outcomes were prespecified,
including 90-day mortality.
RESULTS Among 216 patients who were randomized, 211 provided consent and completed the
primary outcome measurement (mean age, 61.7 years [SD, 15.0]; 133 men [63%]). Time alive
and vasopressor free up to day 7 was 122.1 hours (interquartile range [IQR], 76.3-145.4 hours)
in the intervention group and 124.6 hours (IQR, 82.1-147.0 hours) in the control group; the
median of all paired differences was –0.6 hours (95% CI, –8.3 to 7.2 hours; P = .83). Of 10
prespecified secondary outcomes, 9 showed no statistically significant difference. Ninety-day
mortality was 30/105 (28.6%) in the intervention group and 25/102 (24.5%) in the control
group (hazard ratio, 1.18; 95% CI, 0.69-2.00). No serious adverse events were reported.
CONCLUSIONS AND RELEVANCE In patients with septic shock, treatment with intravenous
vitamin C, hydrocortisone, and thiamine, compared with intravenous hydrocortisone alone,
did not significantly improve the duration of time alive and free of vasopressor administration
over 7 days. The finding suggests that treatment with intravenous vitamin C, hydrocortisone,
and thiamine does not lead to a more rapid resolution of septic shock compared with
intravenous hydrocortisone alone.
TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03333278
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S

epsis is a life-threatening illness characterized by
a dysregulated host response to infection.1 It causes
or contributes to between one-third and half of
all hospital deaths2 and is responsible for more than 5 million deaths worldwide each year. 3 Patients with septic
shock are an important sepsis subgroup and have circulatory and metabolic abnormalities that substantially increase
their mortality risk.4 For these patients in particular, new
treatments that improve outcomes are a global public
health priority.
High-dose intravenous (IV) vitamin C has recently been
explored as an adjunctive therapy in sepsis because of its
anti-inflammatory and antioxidant properties.5-8 A previous
randomized trial of 24 patients showed that high-dose IV
vitamin C attenuated organ failure associated with sepsis in
a dose-dependent manner.9 Thiamine deficiency has also
been reported in 20% of critically ill patients with sepsis,10
and thiamine supplementation has been shown to improve
lactate clearance in patients with sepsis.11,12 The combination of high-dose IV vitamin C and hydrocortisone together
with thiamine was assessed in a single-center retrospective
before-and-after study of 94 patients with severe sepsis or
septic shock.13 The intervention was associated with shorter
duration of vasopressor administration and lower hospital
mortality.13 However, hydrocortisone alone has also consistently demonstrated efficacy in hastening the resolution of
shock compared with placebo in 2 large multicenter doubleblind trials.14,15 It is unclear whether the combination of
vitamin C, hydrocortisone, and thiamine is more effective
than hydrocortisone alone.
Accordingly, this trial examined the effects of vitamin C,
hydrocortisone, and thiamine combination therapy on
vasopressor requirements compared with hydrocortisone
monotherapy in patients with septic shock. The trial aimed to
test the hypothesis that treatment with combination therapy
would increase time alive and free of vasopressors compared
with hydrocortisone alone.

Methods
Study Design
The Vitamin C, Hydrocortisone and Thiamine in Patients
With Septic Shock (VITAMINS) trial was an investigatorinitiated, multicenter, open-label, parallel-group randomized trial conducted in 10 intensive care units in Australia,
New Zealand, and Brazil. The management committee developed the trial protocol with a predefined statistical analysis
plan (Supplement 1), which was published before study
recruitment was completed.16
Ethical approval was obtained from local ethics committees for all study sites and from Monash University, Melbourne,
Australia. Written informed consent for enrollment or consent to continue and use patient data was obtained from each
patient or their legal surrogate. If a patient died before consent to continue could be obtained from the patient or the legal surrogate, the patient’s data were included if the relevant
ethics committee approved this.
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Key Points
Question Does treatment with vitamin C, hydrocortisone, and
thiamine lead to a more rapid resolution of septic shock compared
with hydrocortisone alone?
Findings In this randomized clinical trial that included 216
patients with septic shock, treatment with intravenous vitamin C,
hydrocortisone, and thiamine, compared with intravenous
hydrocortisone alone, did not significantly improve the duration
of time alive and free of vasopressor administration over 7 days
(122.1 hours vs 124.6 hours, respectively).
Meaning The findings suggest that treatment with intravenous
vitamin C, hydrocortisone, and thiamine does not lead to a more
rapid resolution of septic shock compared with intravenous
hydrocortisone alone.

Study Population
Patients admitted to a study intensive care unit (ICU) with a
primary diagnosis of septic shock were screened for eligibility. All diagnostic criteria for septic shock based on the
Sepsis-3 consensus1 had to be fulfilled within a maximum of
24 hours prior to enrollment. In brief, patients had suspected
or documented infection with an acute increase of at least 2
points in the Sequential Organ Failure Assessment (SOFA)
score,17 had a lactate level greater than 2 mmol/L, and were
vasopressor dependent for at least 2 hours at the time of
enrollment. Exclusion criteria included age younger than 18
years, a do-not-resuscitate order, imminent death, diagnosis
of septic shock longer than 24 hours ago, known or suspected
disease with a strong indication or contraindication for any of
the study drugs, and another indication for hydrocortisone
than septic shock. A list of exclusion criteria is provided in
eAppendix 1 in Supplement 2.

Study Randomization and Treatment
Randomization and Allocation Concealment
Patients in the trial were randomly assigned to the intervention group or the control group. The random allocation sequence was generated at the coordinating center using computer-generated random numbers with permuted block sizes
of 2, 4, and 6 in a 1:1 ratio stratified by site. The sequence was
then embedded into the Research Electronic Data Capture
(REDCap) system, a secure web application for managing online data collection.18 Randomization was performed using the
REDCap system at each study site with the concealed allocation sequence.
Interventions
Patients in the intervention group received IV vitamin C (1.5 g
every 6 hours), hydrocortisone (50 mg every 6 hours), and thiamine (200 mg every 12 hours). Patients in the control group received IV hydrocortisone (50 mg every 6 hours). Because administration of IV vitamin C is not usual practice in Australian,
New Zealand, or Brazilian ICUs, administration of IV vitamin C
to those randomized to the control group was not allowed. However, thiamine administration in the control group was allowed
at the discretion of attending ICU clinicians. This trial was an
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open-label study; accordingly, all site personnel were aware of
study interventions assigned to participants. The study intervention continued until cessation of vasopressor administration or
when any of the other criteria for stopping the study intervention were met (eAppendix 2 in Supplement 2). Cessation of vasopressor administration was defined as discontinuation of all
vasopressor drugs for 4 consecutive hours in the presence of a
mean arterial pressure greater than 65 mm Hg or achievement
of a target mean arterial pressure set by the treating clinician. Investigators and research coordinators collected data at the trial
sites. All data entry was monitored at the coordinating center,
with site visits for source data verification.

Outcome Measures
The primary outcome was time alive and free of vasopressors
at day 7 (168 hours) after randomization. This was defined as
the time, censored at 7 days, that a patient was both alive and
had not received vasopressors for at least 4 hours. If a patient
died while receiving vasopressor therapy following the index
episode of septic shock, the patient was assigned zero hours for
this outcome. If a patient was weaned from all vasopressors for
4 consecutive hours, then all of the remaining time through day
7 was treated as success, even if the patient died or had vasopressors restarted after weaning within the 7-day period.
Secondary outcomes were 28-day, 90-day, ICU, and hospital mortality, 28-day cumulative vasopressor-free days, 28-day
cumulative mechanical ventilation-free days, 28-day renal replacement therapy–free days, change in SOFA score17 at day 3,
28-day ICU free-days, and hospital length of stay. SOFA scores
in the trial ranged from 0 (normal organ function) to 20 (worst
organ dysfunction). Cardiovascular, coagulation, liver, renal, and
respiratory components were summed. Acute kidney injury, defined by Kidney Disease: Improving Global Outcomes (KDIGO)
criteria,19 and vasopressor dose over 10 days were also prespecified as exploratory outcomes.16 Recurrence of vasopressor dependency after being free of vasopressors for at least 4 consecutive hours contributed to 28-day cumulative vasopressor-free
days and vasopressor dose over 10 days. Detailed definitions of
the outcomes are provided in eAppendix 3 in Supplement 2.
With a view to informing the design of a subsequent larger
trial powered to detect a mortality difference, a number of feasibility outcomes, which are outlined in eAppendix 3 in Supplement 2, were also prespecified.
Post hoc analyses were performed to further explain the
results. The outcomes included death or vasopressor redependence by day 7, duration of vasopressors, and change
in SOFA score over the first 7 days. Full details are provided in
eAppendix 4 in Supplement 2.

Statistical Analysis
Initial sample size calculations suggested that 126 patients
were required based on an SD of 42 vasopressor-free hours up
to day 7.13 In the absence of accurate, current data, the estimation of the SD was updated from the pooled SD for the first
60 patients enrolled in the study, and the required sample size
was recalculated. Based on an updated SD of 51.6 hours, the
study was estimated to require 180 patients to have 90% power
(2-sided α = .05) to detect a difference in vasopressor-free hours
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of 25. The difference of 25 hours was two-thirds of the effect
estimate reported in the previous study13 and was considered plausible as a clinically minimally important difference
(>1 day) for time alive and free of vasopressors. As the distribution of the primary outcome was expected to be nonparametric, and nonparametric tests have been shown to have decreased statistical power compared with parametric tests, the
sample size was inflated by 15%.20 To further account for consent withdrawal (5%), 216 patients were planned to be enrolled. The robustness of the sample size estimation was further confirmed with the same method after recruitment of 108
patients (Supplement 3).
All analyses were conducted in accordance with the published statistical analysis plan.16 Patient data were analyzed according to their randomization group, excluding those who
withdrew consent. Missing data were not imputed, and the
numbers of patients with available data are reported. Group
comparisons were made using χ2 tests for equal proportions,
t tests for normally distributed data, and Wilcoxon rank sum
tests otherwise, with results presented as frequencies with percentages, means with SDs, and medians with interquartile
ranges (IQRs), respectively.
Primary outcome data were analyzed using a Wilcoxon
rank sum test and presented using the Hodges-Lehmann estimator of the median of all paired differences with 95% confidence intervals. A multivariable sensitivity analysis was conducted using quantile regression adjusting for site and baseline
imbalance (Acute Physiology and Chronic Health Evaluation
[APACHE] III score, lactate levels, white blood cell counts, and
milrinone use), with results reported as differences of medians with 95% confidence intervals. Quantile regression using
a simplex algorithm with confidence intervals determined by
inversion of rank-score tests was also used to determine effect estimates for continuous secondary outcomes.
Epinephrine and vasopressin doses were converted to
equivalent norepinephrine doses.21 Vasopressor use over the
first 10 days was log-transformed and analyzed using mixed
linear modeling clustered at the individual patient level, fitting main effects for treatment and time and interaction between the 2 to examine the difference in vasopressor dose over
time, with results reported as medians, IQRs, and ranges in a
box plot. Patient survival time was analyzed using Cox proportional hazards regression, with results reported as hazard
ratios with 95% confidence intervals and presented using
Kaplan-Meier curves with a log-rank test for comparison. Proportional hazards assumptions were confirmed by determining the linearity of an interaction between treatment and the
logarithm of survival time.
Post hoc analysis of the duration of vasopressor use was
assessed using Cox proportional hazards regression, censoring patients who died before resolution of shock at the time
of death and including site as a random effect to account for
within-cluster variability, with results reported as hazard ratios with 95% confidence intervals comparing the probability
of becoming free from vasopressors between the 2 groups. Proportional hazards assumptions were confirmed by determining the linearity of an interaction between treatment and the
logarithm of time to vasopressor liberation.
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Figure 1. Flow of Participants in the Vitamin C, Hydrocortisone, and Thiamine in Patients With Septic Shock
(VITAMINS) Trial
786 Patients assessed for eligibility
570 Excludeda
208 Diagnosis of septic shock >24 h
85 Imminent death
59 Glucocorticoids for other indications
33 Treatment for fungal infection
24 Known or suspected disease with indication
or contraindication for study drugs
23 Physician refused
19 Patient refused
18 Do-not-resuscitate order
7 Vitamin C for other indications
6 Transferred from another hospital with
diagnosis of septic shock >24 h
5 Previous enrollment
1 Pregnancy
1 Chronic iron overload
94 Other reasons

216 Randomized

109 Randomized to receive intravenous
vitamin C, hydrocortisone, and thiamine
108 Received intervention as randomized
1 Did not receive intervention
(no intravenous route available)

107 Randomized to receive intravenous
hydrocortisone alone
105 Received control as randomized
2 Did not receive control
1 Ineligible
1 Physician refused

2 Consent withdrawn/not obtained

3 Consent withdrawn/not obtained

107 Included in primary analysis
2 Excluded (consent withdrawn/not obtained)

104 Included in primary analysis
3 Excluded (consent withdrawn/not obtained)

Post hoc subgroup analysis for the primary outcome was
performed on subgroups determined from baseline variables, which were lactate level, SOFA score, vasopressor dose,
and hydrocortisone administration prior to enrollment. All
other details of post hoc analyses are described in eAppendix
4 in Supplement 2.
All analyses were performed using SAS version 9.4 (SAS
Institute Inc), and a 2-tailed P < .05 was used to indicate statistical significance. Because of the potential for type I error
due to multiple comparisons, findings for analyses of secondary outcomes should be interpreted as exploratory.

Results
Patient Characteristics
From May 2018 to July 2019, we screened 786 patients from
10 ICUs in Australia, New Zealand, and Brazil. A total of 216
were randomized. Five patients (2.3%; 2 in the intervention
group and 3 in the control group) either withdrew or refused
consent to continue participation and withdrew all data, leaving 211 patients (mean age, 61.7 years [SD, 15.0 years]; 133 men
[63.0%] and 78 women [37.0%]). One hundred seven patients in the intervention group and 104 patients in the control group were included in the analysis for the primary outcome (Figure 1). One patient in the control group withdrew
426

a

Multiple reasons for exclusion were
possible.

consent for follow-up at 28 days and 90 days. Three patients
(2 in the intervention group and 1 in the control group) were
lost to follow-up by day 90. At baseline, patients in the intervention group had lower APACHE III scores, had higher lactate and white blood cell counts, and were more likely to have
received milrinone (Table 1). The primary sites of infection were
predominantly pulmonary and gastrointestinal in the 2 groups
(Table 1).

Study Treatment
At least 1 dose of the assigned study regimen was administered to 106 of 107 patients (99.1%) in the intervention group
and 102 of 104 (98.1%) in the control group. The median time
from meeting eligibility criteria to the first dose of vitamin C
in the intervention group was 12.1 hours (IQR, 5.7-19.0 hours),
and that of hydrocortisone in the control group was 8.9 hours
(IQR, 4.0-15.0 hours). Patients in the intervention group received study treatment for a mean of 3.4 days (SD, 2.1 days)
and patients in the control group for a mean of 3.4 days (SD,
2.2 days). Detailed results of protocol adherence are reported
in eAppendix 5 in Supplement 2.

Primary Outcome
There was no significant difference in time alive and free of
vasopressors up to day 7 (168 hours) after randomization between the intervention group and the control group (median,
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Table 1. Baseline Participant Characteristics
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Table 1. Baseline Participant Characteristics (continued)

Characteristics

Intervention
(n = 107)

Control
(n = 104)

Characteristics

Intervention
(n = 107)

Age, mean (SD), y

61.9 (15.9)

61.6 (13.9)

Hospital-acquired infection, No. (%)

18 (16.8)

13 (12.5)

Time from ICU admission
to randomization, median (IQR), h

13.7 (7.1-19.3)

11.4 (5.5-17.8)

Sex, No. (%)
Men

68 (63.6)

65 (62.5)

Women

39 (36.4)

39 (37.5)

81.0
(66.0-95.0)

83.0
(67.5-102.0)

Weight, median (IQR), kg
ICU admission source,
No. (%)
Emergency department

49 (45.8)

49 (47.1)

Operating room after emergency
surgery

20 (18.7)

14 (13.5)

Hospital ward

17 (15.9)

Transfer from another hospital

Control
(n = 104)

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;
ICU, intensive care unit; IQR, interquartile range; SOFA, Sequential Organ
Failure Assessment.
a

Pre-ICU glomerular filtration rate less than 30 mL/min/1.73 m2.

b

Some patients received more than 1 vasopressor. No patients were receiving
dopamine or phenylephrine.

c

No patients were receiving dobutamine or levosimendan.

d

Highest value within 24 hours prior to randomization.

20 (19.2)

e

Lowest value within 24 hours prior to randomization.

13 (12.1)

10 (9.6)

f

Operating room after elective
surgery

4 (3.7)

7 (6.7)

Highest value, either arterial or venous, within 24 hours prior to
randomization.

g

Transfer from another ICU

4 (3.7)

4 (3.8)

Highest value within 24 hours prior to randomization. To convert creatinine to
μmol/L, multiply by 88.4.

h

As defined by Kidney Disease: Improving Global Outcomes (KDIGO) criteria.19
The 3 stages of acute kidney injury severity are defined on the basis of
increases in serum creatinine from baseline levels.

i

APACHE III scores range from 0 (low severity of illness) to 299 (high severity
of illness). The risk of death calculated using the APACHE III score (mean, 37%
[SD, 27%]) indicated that the study population was seriously ill among the
patients in the ICU.

j

SOFA scores range from 0 (normal organ function) to 20 (worst organ
dysfunction). Cardiovascular, coagulation, liver, renal, and respiratory
components were summed. The mean scores of 8.6 and 8.4 in the 2 groups
indicated that the study population had moderate to severe organ
dysfunction.

k

Other site of infection included unknown source.

Chronic health condition,
No. (%)
Diabetes mellitus

22 (20.6)

28 (26.9)

Chronic renal failurea

5 (4.7)

9 (8.7)

45 (42.1)

39 (37.5)

Hydrocortisone for septic shock
before randomization, No. (%)
Intervention at randomization,
No. (%)
Mechanical ventilation

66 (61.7)

65 (62.5)

Norepinephrine

99 (92.5)

97 (93.3)

Vasopressin

22 (20.6)

22 (21.2)

Epinephrine

13 (12.1)

9 (8.7)

Metaraminol

8 (7.5)

10 (9.6)

6 (5.6)

2 (1.9)

12 (11.2)

12 (11.5)

White blood cell count,
mean (SD), ×103/μLd

17.5 (11.3)

15.3 (10.4)

Platelet count,
median (IQR), ×103/μLe

162 (104-239)
[n = 106]

173 (107-251)
[n = 103]

Lactate, median (IQR),
mmol/Lf

4.2 (2.8-5.9)

3.3 (2.6-4.9)

Serum creatinine,
median (IQR), mg/dLg

1.73
(1.16-2.64)

1.78
(1.07-2.90)

Vasopressorsb

Inotropesc
Milrinone
Renal replacement therapy

122.1 hours [IQR, 76.3-145.4 hours] vs 124.6 hours [IQR, 82.1147.0 hours], respectively; median of all paired differences between groups, –0.6 hours [95% CI, –8.3 to 7.2 hours]; P = .83)
(Table 2).

Physiological variables

Acute kidney injury, No. (%)h

74 (69.2)

75 (72.1)

Stage 1 (mild)

27

32

Stage 2 (moderate)

34

23

Stage 3 (severe)

13

20

APACHE III score, mean (SD)i

77.4 (29.7)

83.3 (28.8)

SOFA score, mean (SD)j

8.6 (2.7)

8.4 (2.7)

Pulmonary

31 (29.0)

33 (31.7)

Gastrointestinal

31 (29.0)

31 (29.8)

Urinary

18 (16.8)

14 (13.5)

Skin or soft tissue

14 (13.1)

15 (14.4)

Primary site of infection,
No. (%)

Blood

9 (8.4)

2 (1.9)

Otherk

4 (3.7)

9 (8.7)
(continued)

Secondary Outcomes
There was no significant between-group difference in allcause mortality at 28 days after randomization (intervention,
22.6%, vs control, 20.4%; difference, 2.3%; 95% CI, –8.9% to
13.4%; P = .69) or at 90 days after randomization (intervention, 28.6%, vs control, 24.5%; difference, 4.1%; 95% CI, –8.0%
to 16.1%; P = .51), or in the number of patients who survived
to discharge from the ICU or the hospital (Table 2). Similarly,
there was no statistically significant between-group difference in terms of 28-day cumulative vasopressor-free days, 28day cumulative mechanical ventilation–free days, or 28-day
cumulative renal replacement therapy–free days (Table 2).
Change in SOFA score at day 3 was significantly greater in the
intervention group than in the control group (median, –2 [IQR,
–4 to 0] vs –1 [IQR, –3 to 0], respectively; difference, –1.0 [95%
CI, –1.9 to –0.1]; P = .02) (Table 2). There was no statistically
significant difference in 28-day ICU-free days or hospital length
of stay (Table 2). Kaplan-Meier curves for the estimation of incidence of death were plotted (Figure 2), and the hazard ratio
of death (intervention vs control) was 1.18 (95% CI, 0.69-2.01;
P = .54). The maximum stage of acute kidney injury during the
first 7 days after randomization (Table 2) and the vasopressor
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Table 2. Primary and Secondary Outcomes
Outcomes

Intervention (n = 107)

Control (n = 104)

Difference (95% CI)

P Value

122.1 (76.3 to 145.4)

124.6 (82.1 to 147.0)

–0.6 (–8.3 to 7.2)a

.83

28-d Mortality, No. (%)

24 (22.6) [n = 106]

21 (20.4) [n = 103]

2.3 (–8.9 to 13.4)

.69

90-d Mortality, No. (%)

30 (28.6) [n = 105]

25 (24.5) [n = 102]

4.1 (–8.0 to 16.1)

.51

ICU mortality, No. (%)

21 (19.6)

19 (18.3)

1.4 (–9.2 to 11.9)

.80

3.0 (–8.2 to 14.1)

Primary Outcome
Time alive and free of vasopressors,
median (IQR), h
Secondary Outcomes

Hospital mortality, No. (%)

25 (23.4)

21 (20.4) [n = 103]

28-d Cumulative
vasopressor-free days,
median (IQR)

25.6 (17.8 to 26.8)
[n = 106]

25.8 (19.6 to 26.8)
[n = 103]

.60

28-d Cumulative mechanical
ventilation-free days,
median (IQR)

25.3 (5.2 to 28.0)
[n = 106]

24.8 (9.5 to 28.0)
[n = 103]

0.4 (–2.6 to 3.4)

.73

28-d Renal replacement
therapy–free days,
median (IQR)

28.0 (23.5 to 28.0)
[n = 105]

28.0 (21.0 to 28.0)
[n = 103]

0.0 (–0.6 to 0.6)

.71

Change in SOFA score at day 3,
median (IQR)b

–2 (–4 to 0)
[n = 82]

–1 (–3 to 0)
[n = 75]

–1.0 (–1.9 to –0.1)

.02

28-d ICU-free days,
median (IQR)

21.9 (0 to 25.8)
[n = 106]

22.1 (3.9 to 25.8)
[n = 103]

–0.2 (–4.1 to 3.7)

.66

Hospital length of stay,
median (IQR), d

12.3 (6.2 to 26.0)

12.3 (6.2 to 26.1)
[n = 103]

0.0 (–4.9 to 4.9)

.75

.66
–0.2 (–1.7 to 1.2)

Abbreviations: ICU, intensive care
unit; IQR, interquartile range;
SOFA, Sequential Organ Failure
Assessment.
a

Hodges-Lehmann estimate, the
median of all paired differences
between observations in the
intervention group minus the
control group.

b

Change in SOFA score: score at day
3 minus score at baseline.

Prespecified Exploratory Outcome
Acute kidney injury, No. (%)
Stage 1

18 (16.8)

14 (13.5)

3.4 (–6.3 to 13.0)

Stage 2

18 (16.8)

22 (21.2)

–4.3 (–14.9 to 6.2)

Stage 3

39 (36.4)

39 (37.5)

–1.1 (–14.1 to 12.0)

.80

analysis (median of differences, –4.6 hours; 95% CI, –15.7 to
6.5 hours; P = .41).

Figure 2. Kaplan-Meier Analysis by Randomization Group
0.3

Intervention

Probability of Death

Adverse Events
Adverse events were reported for 2 patients (2 events, fluid overload and hyperglycemia) in the intervention group and 1 patient (1 event, gastrointestinal bleeding) in the control group.
No serious adverse events or suspected unexpected serious adverse reactions were reported (eAppendix 6 in Supplement 2).

Control
0.2

0.1

Post Hoc Analysis
Hazard ratio, 1.18 (95% CI, 0.69-2.01); P = .54
0
0

20
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78

0
0

Days After Randomization
No. at risk
Intervention 107
104
Control

82
83

77
81

76
79

Proportionality assumptions were met (P = .33 for interaction of the
randomization group with logarithm of time). Overall incidence of death was
not significantly different between the groups (log-rank P = .55).

dose during the first 10 days were not significantly different
between the 2 groups (ratio of geometric means for intervention vs control, 0.93; 95% CI, 0.65-1.32; P = .65) (Figure 3).

Sensitivity Analysis for the Primary Outcome
Multivariable sensitivity analysis using quantile regression adjusting for site and baseline imbalance (APACHE III score, lactate levels, white blood cell counts, and use of milrinone) confirmed the robustness of the effect estimates in the primary
428

There was no significant difference between groups for death
(intervention, 15.9%, vs control, 14.4%; P = .77) or vasopressor
redependence (intervention, 33.3%, vs control, 26.7%; P = .33)
by day 7. One patient from each group died between the index
cessation of vasopressors and day 7. When considering duration of vasopressors accounting for death, there was no significant difference between groups for the probability of becoming free from vasopressors (hazard ratio for intervention vs
control, 0.90; 95% CI, 0.67-1.21; P = .48). The results of the post
hoc analyses are reported in eAppendix 7 in Supplement 2.

Discussion
In this multicenter, international, open-label, randomized clinical trial of patients with septic shock, the combination of IV
vitamin C, hydrocortisone, and thiamine compared with hydrocortisone alone did not significantly affect the time alive
and free of vasopressor support up to day 7.

JAMA February 4, 2020 Volume 323, Number 5 (Reprinted)

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Non-Human Traffic (NHT) User on 09/18/2021

jama.com

Vitamin C, Hydrocortisone, and Thiamine vs Hydrocortisone Alone in Septic Shock

Preliminary Communication Research

Figure 3. Vasopressor Use During the First 10 Days of the Trial
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While this study was not powered to detect any difference in secondary outcomes, mortality during any observation period and artificial organ support were not significantly
different. The statistically significant difference in change in
SOFA score at day 3 should be cautiously interpreted considering that there were 10 secondary outcomes without adjustment for multiple comparisons. The outcome was measured
only in patients who were alive in the ICU on day 3, which was
subject to the bias of competing risks in opposite directions,
ie, early discharge from the ICU due to recovery or death. Furthermore, the other outcomes failed to support the observed
beneficial effect. Effect estimates for mortality during any observation period point toward unfavorable effects in the intervention group; however, in light of having multiple secondary outcomes, all of which were underpowered, and the
lack of evidence to support a harmful effect of the intervention, these findings should not be overinterpreted.
This trial provided the intervention for a longer period
(ie, up to 10 days) than the previous observational study, which
assessed the effect of 4 days of therapy.13 This provided a sufficient treatment period for the intervention to have any potential effect. No serious adverse events were reported. This
trial also demonstrated that administration of vitamins in addition to hydrocortisone during the early phase of septic shock
is feasible. The intervention was delivered for longer than defined in the protocol to some patients in the intervention group
because of the logistics of applying the definition of shock resolution at the bedside. The extended duration of the intervention might have increased separation between the 2 groups,
potentially overestimating any effect size. However, such overestimation results in bias only when the intervention shows
benefit or harm, which was not the case for this trial.
The design of this trial was different from previous trials of
vitamin C for sepsis in several aspects. This trial enrolled patients with septic shock within 24 hours of diagnosis to maximize the possible effects of the intervention. 22 A recent

Use of vasopressors was defined as
any use of norepinephrine,
epinephrine, vasopressin,
metaraminol, dopamine, or
phenylephrine. Data on doses of
vasopressors were obtained every
6 hours, and the 4 doses per day
were summed for the vasopressor
dose on that study day. Total
vasopressor doses was calculated
as the sum of norepinephrine
doses and converted doses of
epinephrine and vasopressin.
Patients receiving metaraminol
monotherapy did not contribute to
total vasopressor dose data, and no
patients received dopamine or
phenylephrine. Box center lines are
medians, box tops and bottoms are
interquartile ranges, and error bars
are ranges. The trajectory curves
connect the daily medians.

placebo-controlled multicenter randomized trial (CITRIS-ALI) included 167 patients with sepsis who developed acute respiratory distress syndrome and examined the effect of IV vitamin C
(50 mg/kg every 6 hours for 96 hours) on modified SOFA score
and on biological markers of inflammation and vascular injury.23
The trial did not show any significant effect on changes in modified SOFA score (the primary outcome) or ventilator-free days
but reported a lower 28-day mortality rate and higher number
of ICU-free days up to day 28 and hospital-free days up to day
60 in the vitamin C group. However, the level of statistical significance for 46 such secondary outcomes was not adjusted for
multiple comparisons.23 Patients in the current study received
lower daily doses of IV vitamin C compared with CITRIS-ALI.
However, in the nested cohort study within the intervention
group of this trial, the median plasma concentration of vitamin C
increased from 28 μmol/L at baseline to 369 μmol/L 1 hour after the first dose and achieved nearly the same plasma level at
6 hours24 as reported in CITRIS-ALI at 48 hours.23 As there is limited knowledge regarding optimal target plasma vitamin C levels to achieve clinically significant outcomes, and as there was
no consistent benefit on improving organ dysfunction or mortality across these randomized trials, uncertainty remains about
how different dosing might modify these effects.
Hydrocortisone monotherapy was mandated in the control group. This design allowed systematic assessment of the
cardiovascular effects of vitamin C and thiamine when added
to hydrocortisone and facilitated comparison with the established cardiovascular effect of hydrocortisone when used alone
in septic shock.25 None of the positive findings observed in a
single-center before-after study were replicated.13
This study was designed with sample size recalculation to
enable adequate power to detect a clinically meaningful cardiovascular effect in a trial cohort. To minimize biases and strengthen
the robustness of trial findings, the random allocation sequence
was concealed, and permuted size blocks stratified by study
center were used.26 Moreover, the statistical analysis plan was
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published before completing trial recruitment.16 Very few patients
were lost to follow-up, thus minimizing attrition bias. Furthermore, this trial was conducted at 10 sites, including both highand middle-income countries. Thus, the present results are likely
to carry a degree of external validity.

Limitations
This study has several limitations. First, the trial was open label in design and lacked blinded outcome assessment, thus creating the possibility of performance and ascertainment bias.
However, given the logistic complexity of double-blinding 2
interventions at multiple sites and in 3 countries, an openlabel trial was considered to be a practical approach. Moreover, trial patients were cared for by more than 100 attending
specialists and intensive care fellows, making systematic performance bias unlikely.
Second, because of the study design, the possible individual effects of vitamin C and thiamine were not assessed
separately. Because previous studies have suggested that both
vitamin C9 and thiamine10-12 might be beneficial for patients
with septic shock and an observational study reported decreased mortality associated with combination therapy,13
research priority was allocated to examining the beneficial effect of the vitamins and hydrocortisone combination over
evaluating the effect of each component.13 The effects of each
vitamin and the combination are to be assessed in a network
meta-analysis, which will inform future trials of promising
components or combinations of the intervention.27
Third, thiamine levels were not measured in the trial, making it uncertain whether randomized patients did or did not
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Conclusions
In patients with septic shock, treatment with intravenous vitamin C, hydrocortisone, and thiamine, compared with intravenous hydrocortisone alone, did not significantly improve the
duration of time alive and free of vasopressor administration
over 7 days. The finding suggests that treatment with intravenous vitamin C, hydrocortisone, and thiamine does not lead
to a more rapid resolution of septic shock compared with intravenous hydrocortisone alone.
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