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Abstract

from organ failure in patients with septic shock.

Purpose: To evaluate the effects of early combination therapy with intravenous vitamin C and thiamine on recovery

Methods: The ascorbic acid and thiamine effect in septic shock (ATESS) trial was a multi-centre, double-blind,
randomized, controlled trial conducted in four academic emergency departments, enrolling adult patients with
septic shock from December 2018 through January 2020. Patients were randomly assigned in a 1:1 ratio to either the
treatment group [intravenous vitamin C (50 mg/kg, maximum single dose 3 g) and thiamine (200 mg) administration
every 12 h for a total of 48 h] or the placebo group (identical volume of 0.9% saline with the same protocol). The pri-
mary outcome was A Sequential Organ Failure Assessment (SOFA) score (SOFA score at enrolment—SOFA score after
72 h). Eighteen secondary outcomes were predefined, including shock reversal and 28-day mortality.

Results: A total of 111 patients were enrolled, of which 53 were assigned to the treatment group and 58 were
assigned to the placebo group. There was no significant difference in ASOFA scores between the treatment group
and the placebo group [3, interquartile range (IQR) — 1 to 5 vs. 3, IQR 0-4, respectively, p =0.96]. Predefined second-
ary outcomes were also not significantly different between the groups.

Conclusion: In this study, vitamin C and thiamine administration in the early phase of septic shock did not improve
organ function compared with placebo, despite improvements in vitamin C and thiamine levels.
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Introduction

Septic shock, a subset of sepsis, is characterized by
severe circulatory and cellular metabolism abnormali-
ties that are associated with a high risk of mortality [1].
Septic shock represents a major healthcare and socio-
economic burden worldwide. In a recent meta-analysis
including studies from Europe and North America,
mortality due to septic shock by the Sepsis-3 defini-
tion remains as high as 51.9% in the intensive care unit
(ICU) and 52.1% in hospital [2]. At present, infection
control with antibiotic therapy and/or source drainage
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is the only sepsis-specific therapy available [3]. Given
the high morbidity and mortality of septic shock, new
therapeutic approaches that focus on mitigating dys-
regulated host responses in addition to standard ther-
apy are required to improve outcomes [4, 5].

It is well-established that decreased levels of vitamin
C and thiamine are prevalent in septic patients [6, 7].
Furthermore, a variety of biological mechanisms have
been postulated to account for the potential benefits
of vitamin C and thiamine in septic patients. Vita-
min C, a potent antioxidant, is an essential cofactor
for the biosynthesis of catecholamine and vasopressin
and augments vasopressor responsiveness [8-10]. It
modulates the immune response via several pathways
and enhances endothelial function and microcircula-
tory flow [9-11]. Thiamine also plays essential roles
in cellular energy production and protects against
tissue oxidative damage [10, 12]. Based on these
findings, intravenous vitamin C and thiamine admin-
istration, either alone or in combination with ster-
oids, has emerged as a potential treatment for septic
patients. Several studies have assessed the therapeutic
effects of vitamin C and thiamine supplementation in
septic patients. Despite some promising results, the
effects of these vitamins against sepsis and septic shock
remain to be established [7, 13—15]. In addition, there
is a lack of double-blind, randomized controlled tri-
als (RCT) in the emergency department (ED) to assess
the effects of intravenous administration of vitamin C
and thiamine during the early phase of septic shock.
The ascorbic acid and thiamine effect in septic shock
(ATESS) trial aimed to evaluate the effects of early
combination therapy with intravenous vitamin C and
thiamine on recovery from organ failure, as indicated
by changes in Sequential Organ Failure Assessment
(SOFA) score during the first 72 h in patients with sep-
tic shock.

Methods

Study design

The ATESS trial was a multi-centre, double-blind, RCT
in adult patients with septic shock. The study was con-
ducted in four academic EDs in South Korea. The trial
protocol was approved by the Institutional Review
Boards of the individual participating hospitals and
the Ministry of Food and Drug Safety in Korea. For
all study participants, written informed consent was
obtained from either the patient or the patient’s legal
representative. The detailed study protocol was pub-
lished previously [16]. Patients were enrolled from
December 2018 through January 2020, with last patient
follow-up in April 2020.

Study population

Adult patients (19-89 years old) who presented to an ED
and were diagnosed with septic shock during ED stay
were eligible for the study. Septic shock was defined as
sepsis with persisting hypotension requiring vasopressors
to maintain a mean arterial pressure (MAP) > 65 mmHg
and having a serum lactate level >2 mmol/L despite ade-
quate fluid challenge [1]. Sepsis was diagnosed in patients
with suspected infection and organ dysfunction, which
was defined as an acute increase in the total SOFA score
of 2 or more due to infection. If the baseline SOFA score
was unknown, it was assumed to be 0 [1].

Patients who met any of the following criteria
were excluded: patients who were transferred from
another hospital with vasopressor administration or
mechanical ventilator support, patients who had limi-
tations on treatment (e.g., patients with a signed do-
not-resuscitate order), patients with an underlying
terminal-stage disease; patients taking at least 1 g/day
of vitamin C or receiving intravenous thiamine prior to
enrolment, patients experiencing cardiac arrest prior
to enrolment, patients diagnosed with renal or ureteral
stones, patients who met the inclusion criteria more than
24 h after ED arrival, and patients who declined to par-
ticipate in the trial (directly or by legal proxy). Detailed
exclusion criteria are presented elsewhere (eTable 1 in
Supplements).

Study randomization and intervention

The patients were randomized 1:1 to either the treatment
or the placebo group. The randomization sequence was
generated by an independent biostatistician using a per-
muted block size of four, stratified by site. The patients,
attending clinicians, and researchers were blinded to the
allocated groups throughout the trial. An identical num-
ber of treatment drugs or placebo were pre-packaged for
each patient. The sequential randomization code for each
site was assigned to the trial pack according to the alloca-
tion order. As each patient enrolled in the study, a specific
randomization number was assigned to the patient in the
order of enrolment, and the treatment drug or placebo in
the trial pack with the same number was administered.

In the treatment group, vitamin C (50 mg/kg, maxi-
mum single dose 3 g, daily dose 6 g) and thiamine
(200 mg) were mixed in a 50-ml 0.9% saline bag, respec-
tively, and intravenously administered to patients over
60 min every 12 h for a total of 48 h. In the placebo
group, an identical volume of 0.9% saline from the pla-
cebo drug ampoule was administered to patients using
the same protocol.
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Co-interventions

Initial resuscitation and management other than study
drug administration were provided for the patient
according to the latest Surviving Sepsis Campaign guide-
lines [17]. Broad-spectrum antibiotics were intravenously
administered as soon as possible after recognition of sep-
sis and septic shock. Surgical or radiological interven-
tions for the source control were also implemented as
soon as possible. At least 30 mL/kg of intravenous crys-
talloid fluid was administered for patients with sepsis-
induced hypoperfusion, but fluid dose was titrated up
or down depending on patient condition. Norepineph-
rine (NE) was administered as the first-choice vasopres-
sor to maintain a MAP of at least 65 mmHg. For patients
requiring high-dose NE (at least 0.2 pg/kg/min), vaso-
pressin (up to 0.03 U/min) and hydrocortisone (200 mg/
day: 50 mg every 6 h or 200 mg over a 24-h continuous
infusion) were additionally administered.

Outcome measures

The primary outcome was ASOFA score, which was
calculated by subtracting the SOFA score at 72-h from
the corresponding value at ED enrolment (ASOFA
score =initial SOFA score at enrolment—-SOFA score
after 72 h) [18, 19]. If the patient died within 72 h after
being enrolled in the study, the worst score before death
was used for the analysis.

Secondary outcomes included mortality (7-day, 28-day,
90-day, in-hospital, ICU), shock reversal, vasopressor-
free days, vasopressor dose (at 24, 48, and 72 h from
enrolment and maximum dose during 72 h), duration of
mechanical ventilation, ventilator-free days, new-onset
or worsening acute kidney injury (AKI) after enrolment,
new use of renal replacement therapy (RRT), RRT-free
days, ICU length of stay (LOS), ICU-free days, hospital
LOS, reduction of C-reactive protein (CRP) for 72 h, and
reduction of procalcitonin for 72 h. For CRP and proc-
alcitonin, if a patient died within the first 72 h, the last
follow-up values were used. Shock reversal was defined
as maintaining a MAP of 60 mmHg or more for longer
than 24 h after discontinuation of all vasopressors [20].
The time frame to calculate the free day-related vari-
ables was set to the first 14 days from enrolment day,
and if the patient died before 14 days, this metric was
counted as O days after death. The vasopressor dose
was expressed as a NE equivalent dose [21]. AKI was
defined as Kidney Disease: Improving Global Outcomes
(KDIGO) stage 2 or higher, which indicated new-onset
change [22]. For the evaluation of KDIGO stage, base-
line creatinine was derived from the lowest value from
1 year to 24 h prior to the ED arrival. If this value was
not available, it was estimated according to a predefined

formula (creatinine=0.74—-0.2 (if female)+ 0.003 x age)
[23]. Patients receiving dialysis for chronic end-stage
renal failure were excluded from the analysis. Serum
vitamin C and thiamine levels were measured by high-
performance liquid chromatography at baseline and
72 h. Vitamin C deficiency was defined as vitamin C
level<11.4 pmol/L, and thiamine deficiency was defined
as thiamine level < 66.1 nmol/L.

Statistical analysis

The sample size was calculated based on ASOFA score.
Based on ASOFA scores in a control group from a study
by Marik et al. [19], the mean and standard deviation of
the ASOFA score in the placebo group were expected to
be 1.0 and 2.7, respectively, and the mean ASOFA score in
the treatment group was expected to be at least 2.5 [19].
This effect size of a 1.5-point improvement in 72-h SOFA
score was set as a surrogate value to indicate reduction
in organ dysfunction. Assuming that the standard devia-
tion of the ASOFA score was the same in both groups,
the required patient number per group was 52, with a
statistical significance of 5% and power of 80%. Assum-
ing a dropout rate of 10%, the total number of patients
required for each group was 58 (total N=116).

Data analyses were conducted for the intention-to
treat data set. Missing data were not imputed and the
numbers of patients with available data are presented.
Data are presented as medians with interquartile ranges
(IQRs) for continuous data, and numbers with percent-
ages for categorical data. Groups were compared using
the Wilcoxon rank-sum test for continuous variables
and the chi-square test or Fisher’s exact test for categori-
cal variables. Bonferroni corrections were used for post
hoc multiple comparisons. Differences with 95% confi-
dence intervals for continuous outcomes are presented
using Hodges—Lehmann median differences. For pri-
mary outcome analysis, ASOFA scores were compared
using the Wilcoxon rank-sum test. Multivariable analyses
were not performed, because the baseline characteristics
were well-balanced between the treatment and placebo
groups. Survival duration and time to shock reversal were
analysed using the Kaplan—-Meier method and compared
by the log-rank test. p values <0.05 were considered sta-
tistically significant. Statistical analyses were performed
using STATA version 15.1 (STATA Corporation, College
Station, TX, USA).

Results

Patient baseline characteristics

A total of 554 eligible patients were screened for this
study. Of these, 438 patients were excluded (Fig. 1). In
addition, another five patients in the treatment group
were excluded from the analysis after randomization,
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554 Patients assessed for
eligibility

438 Excluded
29 Transferred from another hospital
142 Do-not-resuscitate order
18 Terminal-stage disease
2 Vitamin C or thiamine therapy prior to enrolment
4 Cardiac arrest or who are expected to die within 24h
9 Renal or ureter stone
18 More than 24 h after ED arrival
192 Declined to participate
14 Previous enrolment
10 Other reasons

116 Randomized

58 Allocated to receive placebo with normal
saline

58 Received placebo

0 Did not receive placebo

I

0 Consent withdrawn/dropped

58 included in primary analysis

Fig. 1 Study flowchart

58 Allocated to receive intravenous infusion of
vitamin C and thiamine
55 Received study drug
3 Did not receive study drug
2 Ineligible
1 Consent withdrawn

'
.

53 included in primary analysis
5 Excluded from analysis

2 Consent withdrawn

because three withdrew from the study and two were
found to be ineligible for inclusion. Finally, 111 patients
were included in the analysis, of which 53 were assigned
to the treatment group and 58 were assigned to the pla-
cebo group. Of the total cases, 90.1% (100/111) were
enrolled at the two institutes. The patient enrol-
ment status for each site is presented in eTable 2 in the
Supplements.

The baseline characteristics of the treatment and pla-
cebo groups were similar, including age, sex, comorbidi-
ties, source of infection, laboratory tests, and severity
indexes (Table 1). The most common site of infection was
intra-abdominal, followed by the respiratory tract. The
median SOFA score at enrolment was 8 (IQR 6-10) in the
treatment group and 8 (IQR 6-10) in the placebo group
(p=0.85). The median time to first study drug adminis-
tration after ED arrival was 8.4 h (IQR 5.7-14.9 h) in the
treatment group and 9.9 h (IQR 7.4-15.6 h) in the pla-
cebo group (p=0.21). Overall time from meeting eligi-
bility criteria to first study drug administration and time

from randomization to the first study drug were 3.3 h
(IQR 1.4-7.5 h) and 1.0 h (IQR 0.5-2.3 h), respectively.

There were no significant differences between the
treatment and the placebo groups at enrolment on
median vitamin C levels [10.6 umol/L (IQR 6-20.6) vs.
11.5 pmol/L (IQR 5-24.1), respectively, p=0.72] or vita-
min C deficiency (50.9% vs 47.3%, respectively, p=0.71)
(Fig. 2). However, the median vitamin C level was signifi-
cantly higher in the treatment group than in the placebo
group at 72 h [44 pmol/L (IQR 33.2-72.4) vs. 9 pmol/L
(IQR 3.7-16.9), respectively, p<0.01]. In addition, there
were no cases of vitamin C deficiency in the treatment
group at 72 h, while vitamin C deficiency persisted in
55.4% of the placebo group. There were no significant dif-
ferences in thiamine deficiency between the two groups
at enrolment (9.4% vs 7.0%, respectively, p=0.64) or at
72 h (0% vs. 1.8%, respectively, p =0.35).

Co-interventions
Interventions provided for management of sep-
tic shock are presented in Table 2. There was no
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Table 1 Patient baseline characteristics

ariables Treatment (n=53) Placebo (n=58)
Age (years) 70 (62-76) 69 (62-74)
Sex (male) 20(37.7) 22 (37.9)
Comorbidities
Hypertension 19 (35.9) 24 (414)
Diabetes 16 (30.2) 21 (36.2)
Cardiac disease 5(9.4) 6(10.3)
Cerebrovascular disease 4(7.6) 4(6.9)
Chronic lung disease 4(7.6) 3(5.2)
Chronic renal disease 3(5.7) 0(0)
Chronic liver disease 4(7.6) 6(10.3)
Solid cancer 22 (41.5) 22 (37.9)
Hematologic malignancy 9(17) 10(17.2)

Suspected infection focus

Respiratory infection 11 (20.8) 16 (27.6)
Intra-abdominal infection 27 (50.9) 24 (41.4)
Urinary tract infection 10(18.9) 10(17.2)
Other or unknown 5(94) 8(13.8)
Blood culture-positive 30 (56.6) 34 (58.6)
Vital signs at enrolment
Mean atrial pressure (mmHg) 72 (63-81) 74 (66-83)
Respiratory rate (per minute) 22 (20-26) 21.5(18-24)
Heart rate (per minute) 108 (98-125) 104.5 (92-115)
Body temperature (°C) 37.6(36.8-38.3) 374 (36.7-38.1)
Laboratory data at enrolment
White blood cell count (10%/L) 6.1 (1.3-154) 7.6 (1.9-12.6)
Platelet count (10°/L) 94 (49-191) 115 (51-178)
Creatinine (mg/dL) 14(1.1-22) 2(1.1-2.1)
Total bilirubin (mg/dL) 0.9 (0.6-24) .9 (0.6-2.6)
Albumin (g/dL) 27 (24-32) 9(23-34)
Lactate (mmol/L) 44(26-6.2) 40(2.5-53)
CRP (mg/dL) 15.3 (6-26.9) 13.9 (4.7-25.9)
Procalcitonin (mmol/L)? 19.0 (3.5-57.2) 16.8 (4.7-48.8)
SOFA score at enrolment 8 (6-10) 8 (6-10)
APACHE Il score 22 (14-32) 22 (17-32)
Acute kidney injury
Stage 1 13 (24.5) 15 (25.9)
Stage 2 13 (24.5) 17 (29.3)
Stage 3 15 (28.3) 13 (22.4)
Time from ED arrival to the first study drug administration (h) 84 (5.7-14.9) 9.9 (74-15.6)
Time from meeting eligibility criteria to the first study drug administration 3.1 (1.4-7.5) 38(2-74)
(h)
Time from randomization to the first study drug (h) 0.8(0.3-2.1) 1.2 (0.5-2.5)

p value

0.85
0.98

0.55
0.5
0.87
>0.99
0.71
0.1
0.74
0.7
0.97
0.67

0.83

0.32
0.22
0.13
0.37

0.75
0.98
0.53
0.88
0.56
0.26
04

0.64
0.85
0.82
0.89

0.21
0.61

0.23

Data are shown as median with interquartile range or n (%)
SOFA sequential organ failure assessment; APACHE acute physiology and chronic health evaluation; ED emergency department
2 There is one missing datum for procalcitonin in the placebo group

significant difference in adjunctive steroid administra- differences between the treatment and placebo groups
tion between the treatment and placebo groups (58.5% in the interventions, including times from ED arrival
vs. 50%, p=0.37). Furthermore, there were no significant  to the first antibiotic and vasopressor administration,
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Fig. 2 Serum levels and deficiency rates of vitamin C and thiamine during the first 72 h from enrolment: a vitamin C levels, b thiamine levels, ¢ vita-
min C deficiency rate, d thiamine deficiency rate. The median vitamin C levels in the treatment and placebo groups were 10.6 umol/L (IQR 6-20.6;
n=>53)vs. 11.5 umol/L (IOR 5-24.1; n=57) at enrolment (p =0.72) and 44 umol/L (IOR 33.2-72.4; n=49) vs. 9 umol/L (IQR 3.7-16.9; n=>56) at 72 h
(p<0.01). The median thiamine levels in the treatment group and the placebo group were 133.4 nmol/L (IQR 86-181.5; n=53) vs. 151.2 nmol/L (IQR
124.7-221.6;n=>57) at enrolment (p=0.1) and 282.6 nmol/L (IQR 210.1-337; n =49) vs. 125.6 nmol/L (IQR 94.8-167.6; n=>56) at 72 h (p <0.01).
Vitamin C deficiency was defined as vitamin C level < 11.4 umol/L, and thiamine deficiency was defined as thiamine level <66.1 nmol/L. There was a
significant difference in vitamin C deficiency between the two groups at 72 h (0% in the treatment group vs. 55.4% in the placebo group; p<0.01).

vasopressor dose at study enrolment, fluid input before
randomization and during the first 72 h after randomi-
zation, transfusion during the first 72 h after rand-
omization, and use of mechanical ventilation at study
enrolment.

Primary outcomes

There was no significant difference in ASOFA scores
between the treatment and the placebo groups [3 (IQR
— 1 to 5) vs. 3 (0—4), respectively, p=0.96] (Table 3).
Subgroup analysis of patients who received adjunc-
tive steroids showed no significant difference in ASOFA
score between the treatment and placebo groups [3
(IQR — 1 to 7) vs. 3 (0—4), p=0.49] (eTable 3 in Supple-
ments). Furthermore, other subgroup analysis showed
no significant difference in ASOFA score between

the treatment and placebo groups according to age
(>75 years vs.<75 years), sex, malignancy, infection
focus (respiratory vs. non-respiratory), serum albumin
level (> 3 mg/dL vs. <3 mg/dL), vasopressor requirement
(NE equivalent dose <0.2 pg/kg/min vs. > 0.2 pg/kg/min),
time from hypotension to study drug (<6 h vs.>6 h),
SOFA score (<10 vs.>10 points), and deficiencies in
vitamin C or thiamine (eTable 3 in Supplements).

Secondary outcomes and adverse events

Predefined secondary outcomes were not significantly
different between the treatment and placebo groups
(Table 3). Mortality was not significantly different
between the treatment and placebo groups at 7 days
(9.4% vs. 10.3%, respectively, p=0.87), 28 days (20.8%
vs. 15.5%, respectively, p=0.47), and 90 days (32.1% vs.
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Table 2 Co-interventions

ariables Treatment (n=53) Placebo (n=58) p value
Adjunctive steroid administration with study drug 31(58.5) 29 (50) 037
Time to the first antibiotic administration (h)® 21(01.2-3.2) 2.5(1.3-4.9) 0.18
Time to the first vasopressor administration (h)? 2(1.2-4.) 26(1.2-6.9) 0.19
Vasopressor dose at enrolment (NE equivalent dose, ug/kg/min) 0.2 (0.10-0.32) 0.16 (0.08-0.30) 0.55
Fluid input (L)

Before randomization 2(1.1-2.1) [n=53] 2(1.3-25) [n=57] 0.11

Randomization-24 h 2.8(2.3-3.6) [n=53] 2.8(2.1-34) [n=57] 045

24-48 h 26 (2.1-35) [n=52] 23(1.5-3) [n=57] 0.09

48-72 h 24 (14-3) [n=48] 1.9(1.2-2.5) [n=56] 0.27
Interventions for source control 21(39) 17 (29.3) 0.25
Time to source control (h)? 9.7 (5.7-17.5) 114 (9.6-101.6) 0.1
Transfusion during 72 h from enrolment

Red blood cells 34 (64.2) 31(534) 0.25

Fresh frozen plasma 20(37.7) 21(36.2) 0.87

Platelet 12 (22.6) 14 (24.7) 0.85
Mechanical ventilation at enrolment 12 (22.6) 14 (24.1) 0.85

Data are shown as median with interquartile range or n (%)
NE norepinephrine

@ These variables were calculated based on the time of emergency department arrival

27.6%, respectively, p =0.61). Kaplan—Meier curves were
not significantly different between groups for mortality
(p=0.57) and shock reversal (p=0.66) according to log-
rank tests (Fig. 3).

There were no significant differences between the treat-
ment and placebo groups in terms of shock reversal (83%
vs. 84.5%, respectively, p=0.83), vasopressor-free days
[11 (5-12) vs. 11 (10-12), respectively, p=0.16], or vaso-
pressor dose (at 24 h, 48 h, 72 h and maximal dose for
72 h). No other secondary outcomes showed significant
differences between the treatment and placebo groups,
including ventilator-free days [11 (2-14) vs. 11 (3-14),
p=0.9], new-onset or worsening AKI [8.1% vs. 4.4%,
p=0.65], ICU-free days [9 (3—-11) vs. 9 (0-11), p=0.42],
reduction of CRP for 72 h [7.6% (— 54.4 to 48.8) vs. —
0.7% (— 101.5 to 38.3), p=0.65) or reduction of procal-
citonin [49.2% (— 31.9 to 74.7) vs. 40.3% (— 3.4 to 82.8),
p=0.27].

No adverse events were reported in the treatment
group (eTable 4 in Supplements). Two patients (3.5%) in
the placebo group reported mild adverse events, includ-
ing gastrointestinal symptoms.

Discussion

In this study, we found that intravenous administration of
vitamin C and thiamine for 48 h during the early phase
of septic shock did not significantly improve organ func-
tion compared with placebo. Furthermore, there was no
statistically significant differences between the groups on

secondary outcomes including mortality, shock reversal,
vasopressor-free days, ventilator-free days, and ICU-free
days.

Vitamin C and thiamine have been studied as potential
metabolic resuscitators for critically ill septic patients.
However, the treatment effects of these vitamin therapies
are controversial. In a phase 1 safety trial for intravenous
vitamin C in patients with severe sepsis, Fowler et al.
reported significant trends in favour of vitamin C among
several surrogate markers, i.e., SOFA score, CRP, and
procalcitonin [24]. In the recent CITRIS-ALI trial, high-
dose vitamin C infusion did not improve organ func-
tion compared with placebo as assessed by a modified
SOFA score from baseline to 96 h in patients with sepsis-
induced ARDS, although significant mortality reduction
was observed as a secondary outcome [15]. Further-
more, various meta-analyses indicated different effects of
intravenous vitamin C infusion among a heterogeneous
sample of critically ill patients [25-27]. In a randomized,
double-blind trial in patients (n=88) with septic shock
and elevated serum lactate level, Donnino et al. [28]
reported that, in the subgroup with thiamine deficiency,
patients who were treated with thiamine had significantly
lower lactate level at 24 h and a possible decrease in mor-
tality over time compared to the placebo group. On the
other hand, a recent nationwide observational study in
Japan did not show any association between thiamine
administration and 28-day mortality in patients with sep-
tic shock [29].
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Table 3 Primary and secondary outcomes

ariables

Primary outcome
Delta SOFA score

Secondary outcomes
7-day mortality
28-day mortality
90-day mortality
In-hospital mortality
ICU mortality
Shock reversal
Vasopressor-free days

Treatment (n=53)

3(—1t05)

5(94)

11(20.8)

17 (32.1)

13 (24.5)
7(15.2) [n=46]
44 (83)
11(5-12)

Dose of vasopressor (NE equivalent dose, pg/kg/min)

At 24 h from enrolment
At 48 h from enrolment
At 72 h from enrolment
Maximal dose for 72 h
Duration of mechanical ventilation (days)
Ventilator-free days
New-onset or worsening AKI after enrolment
New use of RRT
RRT-free days
ICU LOS (day)
ICU-free days
Hospital LOS (day)
Reduction of CRP for 72 h (%)
Reduction of procalcitonin for 72 h (%)

0.16 (0.04-0.38)
0.06 (0-0.2)

0 (0-0.08)

031 (0.16-0.4)

6 (3-12) [n=23]
11(2-14)
3(8.1)[n=37]
9(17.3) [n=52]
14 (14-14) [n=52]
5(3-11) [n=46]
9(3-11)
14(11-21)

7.6 (— 544 10488) [n=51]
49.2 (= 31910 74.7) [n=48]

Placebo (n=58)

Difference (95% Cl) p value

3(0-4) 0(—2to1) 0.96
6(10.3) —09(—12t010.2) 0.87
9(15.5) 52(—9.11t0196) 047
16 (27.6) 45(—125t0215) 0.61
11(19) 55(—98to—209) 048
7(13.5) [n=52] 1.7 (=1221t015.7) 0.8

49 (84.5) —15(=152t0123) 0.83
11 (10-12) 0(=1t00) 0.16
0.09 (0-0.24) 0.07 (0-0.12) 0.11*
0(0-0.15) 0 (0-0.06) 0.4*
0 (0-0.03) 0(0-0) >0.99%
0.24 (0.12-0.4) 0.07 (-0.021t00.11) 0.64*
7 (3-8) [n=24] —1(=3t03) 0.94
11(3-14) 0(0-0) 0.9

2 (44) [n=45] 37(=7t0143) 0.65
11(19) [n=58] —1.7(=16.1t0127) 0.82
14 (14-14) [n=158] 0(0-0) 0.7

55 (4-125) [n=52] —05(=2t01) 0.22
9(0-11) 0(—1to02) 042
13.5(9-26) 05(—4to4) 0.92
—0.7(—101.5t0383)[n=58] 84(—125t021.5) 0.65

40.3 (— 3410 82.8) [n=56]

—89(—3041t010.8) 0.27

Data are shown as median with interquartile range or n (%). Differences with 95% confidence intervals for continuous outcomes are Hodges-Lehman median

differences

SOFA sequential organ failure assessment; /CU intensive care unit; NE norepinephrine; AKl acute kidney injury; RRT renal replacement therapy; LOS length of stay; CRP

C-reactive protein
*Adjusted P by Bonferroni correction
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Fig. 3 Kaplan-Meier analysis for mortality and shock reversal
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Several trials using a combination of hydrocortisone,
ascorbic acid, and thiamine (HAT) have been conducted
since Marik et al. [19] reported profound improvements
in mortality and organ function among septic patients
treated with HAT. However, recent RCTs evaluating the
synergistic effects of HAT in septic patients have pro-
duced mixed results. A double-blind RCT by Iglesias
et al. indicated that HAT significantly reduced time to
resolution of shock compared to the placebo (n=137;
27+£22 vs. 534+38 h, p<0.001) in patients with sep-
sis or septic shock [7]. However, change in SOFA score
and hospital mortality were not significantly different
between groups. A single-blind RCT by Chang et al. [14]
investigating combination therapy with HAT vs. placebo
in patients with sepsis found no difference in 28-day
mortality (n=80; 27.5% vs. 35%; p=0.47), although HAT
therapy was associated with significant improvement in
72-h ASOFA score (p=0.02). However, this trial was pre-
maturely terminated due to adverse effects of the therapy,
leaving the study underpowered. A multi-centre, open-
label VITAMINS RCT reported that HAT therapy, com-
pared with hydrocortisone alone, did not improve the
duration of time alive and free of vasopressor administra-
tion up to day 7 in patients with septic shock [13].

There are several differences between our study and
previous studies. First, glucocorticoid was administered
to over half of the patients, and 72-h ASOFA score did
not differ between the two groups regardless of gluco-
corticoid administration. Second, the interval for vita-
min administration in our study was longer (12 h vs. 6 h),
while the duration of treatment was shorter (48 h vs. 96 h
or more) compared to the previous studies. We found
that vitamin C and thiamine levels were normalized in
all patients at 72 h in the treatment group, and shock
reversal occurred within 72 h in most cases. However, we
could not evaluate if shorter intervals and longer dura-
tions of vitamin administration had beneficial effects by
inducing more repeated vitamin level peaks and extend-
ing the therapeutic effects of vitamins. Third, in this
study, the time from meeting eligibility criteria to the first
study drug administration was relatively short compared
to previous studies conducted in the ICU setting [13, 15].
However, it took several hours for patients to meet sep-
tic shock eligibility criteria due to the time required for
initial resuscitation and repeated lactate measurements.
Also, some patients developed septic shock during their
ED stay. Because septic shock is a very rapidly progress-
ing inflammatory condition, earlier administration of
vitamins, preferably with other bundle-based interven-
tions for sepsis and septic shock, may result in more ben-
efits to patients.

In this study, we measured vitamin C and thiamine lev-
els at baseline and 72 h. At the time of study enrolment,

in both groups, about half of the patients had vitamin C
deficiency, and about one tenth of the patients had thia-
mine deficiency. There were no treatment effects associ-
ated with combination therapy, although vitamin C and
thiamine levels were restored in the treatment group
regardless of vitamin deficiencies. In particular, thiamine
deficiency in our study population was not prevalent. In
addition, even in the placebo group, only 1.8% of patients
had thiamine deficiency after 72 h of routine critical care.
Therefore, thiamine therapy might not work effectively in
this study population.

The ASOFA score has been selected as the primary
outcome in several clinical trials involving patients with
sepsis and septic shock, along with reporting mortality.
However, attention should be paid to interpretation of
ASOFA score in the presence of differences in mortality
between treatment and control groups. In the CITRIS-
ALI trial, high-dose vitamin C therapy compared with
placebo had no effect on the co-primary outcome, the
96-h ASOFA score, while it significantly decreased the
96-h and 28-day mortality in the treatment group [15].
Notably, patients who died before 96 h were not included
in the primary analysis in that study. Death during the
assessment period resulted in missing data for patients
with obviously high SOFA score, leading to a survivor-
ship bias which might paradoxically favour the placebo
group with higher mortality [30]. In our study, however,
the impact of this bias may be minimal, because patients
who died within 72 h were rare, and the difference in
mortality was not significant between the groups.

Our results should be interpreted in the light of the
study’s limitations. First, although this was a multi-cen-
tre study, the majority of cases were enrolled at the two
institutes. Second, we calculated the required sample size
to identify improvements in organ function, but larger
samples may be required to estimate the effects of vita-
min C and thiamine treatment on mortality. Third, intra-
abdominal infection accounted for almost half of the
cases of septic shock, and more than half of the patients
had either solid cancer or hematologic malignancy. These
baseline characteristics might affect our results. Finally,
our study drugs included only vitamin C and thiamine,
while steroids were only used as part of the co-interven-
tion in patients requiring high-dose vasopressors.

Conclusion

In this multi-centre, double-blind RCT, vitamin C and
thiamine administration compared with placebo for
48 h in the early phase of septic shock did not signifi-
cantly improve organ function, despite improvements
in vitamin C and thiamine levels. Our finding does not
support routine supplementation of these vitamins in
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patients with septic shock. Further research is needed
to assess the potential benefits of earlier, more fre-
quent, and longer administration of vitamins in combi-
nation therapy with corticosteroids.
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