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Hydrocortisone, ascorbic acid,
and thiamine (HAT) for sepsis and septic shock:
a meta-analysis with sequential trial analysis
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Abstract

Background: Sepsis is a primary global health threat and costs a lot, requiring effective and affordable treatments.
We performed this meta-analysis to explore the treatment of hydrocortisone, ascorbic acid, and thiamine (HAT) in
sepsis and septic shock.

Methods: We searched Ovid MEDLINE, Embase, and the Cochrane Central Register of Controlled Trials from incep-
tion to August 14, 2021. We included randomized controlled trials (RCTs) that evaluated the HAT treatments in sepsis
and septic shock. The primary outcome was the change in SOFA score over the 72 h. The second outcomes were the
hospital, and 28-/30-day mortality, the duration of vasopressors, PCT clearance, hospital length of stay (LOS), and ICU
LOS. We performed a subgroup analysis and a trial sequential analysis (TSA). The Der Simonian-Laird random-effects
models were used to report the pooled risk ratios (RR) or mean difference (MD) with confidence intervals (Cl).

Results: Nine RCTs, enrolling 1427 patients of sepsis and septic shock treated with HAT (717) or only standard care
(710), were included. There was a significant difference between the two groups in the change in SOFA score over the
first 72 h (MD 0.65, 95% CI 0.30 to 1.00), the duration of vasopressors (MD — 18.16, 95% Cl — 25.65 to — 10.68) and the
PCT clearance (MD 14.54, 95% Cl 0.64 to 28.43). In addition, there was no significant difference in the hospital mortal-
ity (RR 1.07,95% Cl1 0.85 to 1.34), the 28-/30-day mortality (RR 0.96, 95% Cl 0.80 to 1.15), the hospital LOS (MD 0.78, 95%
Cl —0.30to 1.86), and ICU LOS (MD 0.12, 95% CI —0.53 t0 0.78).

Conclusions: The HAT combination improves the SOFA score in the first 72 h and reduces the duration of vasopres-
sors in patients with sepsis. Given the minor mean difference of the change in SOFA score, the mortality benefit has
not been observed.

Trial registration: PROSPERO, CRD42020203166.
Keywords: Sepsis, Meta-analysis, Hydrocortisone, Ascorbic acid, Thiamine

Introduction

Sepsis is a life-threatening organ dysfunction syndrome
due to a dysregulated host response to infection [1]. It
has been recognized as a primary health threat with high
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morbidity and mortality, contributing to up to 5.3 mil-
lion deaths worldwide each year and cost a lot [2]. Given
the tremendous financial burden of sepsis, more effective
but affordable treatments were required. A retrospective
study, conducted by Marik et al. [3], first found that the
combination of hydrocortisone, ascorbic acid, and thia-
mine (HAT) effectively reduced mortality and prevented
organ dysfunction for sepsis and septic shock patients.
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Hydrocortisone is considered as a typical adjuvant
therapy for septic shock, based on the reversal of rela-
tive adrenal insufficiency. Low-dose hydrocortisone
treatment may rapidly induce hemodynamic stabiliza-
tion by reducing nitric oxide formation and can regu-
late the complex immune network in a widely ranging
way [4]. Ascorbic acid, well known as Vitamin C, is an
important antioxidant and an essential cofactor for
biosynthesis and cell metabolization. In patients with
sepsis and septic shock, there is a prevalent vitamin
C deficiency trend upon admission to intensive care,
resulting from increased oxidative stress [5]. Thiamine
is referred to vitamin Bl, an essential intermediate
affecting pyruvate flux to the Krebs cycle. Thiamine
deficiency has also been described in septic patients
and led to increase lactate production via aerobic
metabolism changes [6]. Polypharmacy act synergisti-
cally in multiple overlapping ways. This combination’s
biologic basis is the protective synergistic effect of
hydrocortisone and vitamin C that ascorbic acid can
restore glucocorticoid receptor function negatively
affected by oxide [7]. Septic shock is associated with
endothelial barrier dysfunction, which can be syner-
gistically attenuated by hydrocortisone and vitamin
C via the reversal of p53 and phosphorylated cofilin
downregulation [8]. They also increase tight junc-
tions between endothelial and epithelial cells, which
preserves endothelial function and microcirculatory
flow. Better yet, both are necessary for the synthesis of
catecholamines and increase the sensitivity of vascu-
lar vasopressors [9]. In addition, thiamine, with gluco-
corticoids and vitamin C, can attenuate mitochondrial
damage and promote mitochondrial function, which
synergistically benefits a lot [10].

The HAT combination is simple, affordable, and
theoretically beneficial for septic patients. However,
as several RCTs showed conflicting results, the HAT
therapy did not appear to reduce the mortality and
was not supported for routine use [11-13]. A large
retrospective cohort study of US adults with septic
shock revealed that the use of HAT therapy increased
significantly after Marik et al. [3] proposed the HAT
combination, with more than 40% of the study hos-
pitals using it [14]. This early adoption was due to
high media attention rather than robust evidence of
efficacy, which may carry unintentional risks. When
considered in conjunction with recent studies, the
combination seems to be a promising treatment, and
this meta-analysis aimed to evaluate the effects of
hydrocortisone, ascorbic acid, and thiamine given
together in sepsis and septic shock.
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Methods

Data sources and search strategies

The systematic review was performed following the
Cochrane Handbook guidelines for Systematic Reviews
of Interventions and the PRISMA statement [15, 16].
Trial sequential analysis (TSA) was used to increase
the reliability of the meta-analysis and estimate the
required information size [17]. The protocol was pre-
registered on PROSPERO, ID: CRD42020203166. Ovid
MEDLINE, Embase, and the Cochrane Central Register
of Controlled Trials (CENTRAL) were searched using
the search strategies (Appendix 1) on August 14, 2021.
In addition, the reference lists of the included studies
and relevant meta-analyses were checked.

Study selection

Inclusion criteria were as fellow: patients (>18 years)
with sepsis or septic shock; patients receiving HAT
treatments in the intervention group; randomized con-
trolled trials. As the HAT combination was first pro-
posed in 2016, the definition of sepsis-3 was accepted.
Considering the common use of glucocorticoids in
sepsis and septic shock, we did not exclude the use in
the control group and all types of glucocorticoids were
included. There was no language restriction.

According to the inclusion criteria, two authors inde-
pendently screened the titles and abstracts and then
did full-text reviews of selected studies. Disagreements
were resolved by consultation with a third member of
the review team.

Data extraction

Two authors extracted data independently and con-
sensus was reached. The data extracted included the
following: authors, publication year, country, study
design, number, inclusion and exclusion criteria,
demographics, outcome measures and study results,
independently.

Study endpoints

The primary outcome was the change in Sequential
Organ Failure Assessment (SOFA) score over 72 h. Sec-
ondary outcomes were as follows: the hospital mortal-
ity, 28-/30-day mortality, the duration of vasopressors,
procalcitonin (PCT) clearance, hospital length of stay
(LOS), and ICU LOS.

Subgroup analysis and sensitivity analysis
For the subgroup analysis, septic shock was assessed
as a subgroup. A sensitivity analysis was performed for
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Fig. 1 Flow diagram

trials that excluded patients with renal failure at enroll-
ment. For those analyses, the outcome was the change
of SOFA score over 72 h.

Assessment risk of bias

The Cochrane Risk-of-Bias Tool was used to assess the
risk of bias in the domains of selection, performance,
detection, attrition, and reporting. Two authors com-
pleted the assessment independently, and disagreements
were resolved by consensus or the third author.

Statistical analysis

Data were analyzed using Review Manager 5.3 and TSA
0.9.5.10 Beta program. We presented results as forest
plots through the risk ratios (RRs) with 95% confidence
intervals (CI) for dichotomous data. Forest plots using
the mean difference (MD) with 95% CI were performed
for continuous data. The heterogeneity was defined via I?
statistic. An P-value >50% was considered heterogeneity.
Random-effects model was used for all pooled analysis. If
the value of P was less than 0.05, regarded as statistically
significant. We also conducted a TSA to control random
errors and calculate the required information size (RIS)
based on a two-sided a of 0.05, B of 80%.
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Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Chang2020 3.5 3.3 40 1.8 3 40 6.5% 1.70[0.32, 3.08]
Fujii2020 2 3.02 82 1.33 2.27 75 17.9% 0.67 [-0.16, 1.50] -
Iglesias2020 29 33 68 193 3.5 69 9.5% 0.97 [-0.17, 2.11] -1
Mohamed2020 223 24 45 1.38 3.1 43 9.1% 0.85 [-0.31, 2.01] b
Moskowitz2020 4.7 2.72 101 4.1 2.72 99 21.7% 0.60[-0.15, 1.35] -
Sevransky2021 5 2.98 252 4.67 3.73 249 35.3% 0.33 [-0.26, 0.92] -T——
Total (95% CI) 588 575 100.0% 0.65 [0.30, 1.00] ’
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Fig. 2 Forest plot of the primary outcome. Legends Forest plot of the change in SOFA score over the first 72 h in the comparison between HAT
treatment and control in sepsis and septic shock

Results
Search results and study characteristics
The search retrieved 148 results up to August 14, 2021.
After the elimination of duplicates, 113 studies were eli-
gible based on the assessment of the title and abstract.
Then 47 trials were reviewed with the full text; 10 were
included in the systematic review and 9 were included in
the meta-analysis finally (Fig. 1). The excluded study did
not contain the predefined outcomes [18]. One thou-
sand four hundred and twenty seven patients with sep-
sis and septic shock were included in the meta-analysis
(717 in the HAT treatment group and 710 in the control
group). The characteristics of each trial were summarized
in Table 1. The included studies differed in the applica-
tion of glucocorticoids. In three studies [11-13], patients
in the control group were only treated with the standard
care for sepsis and septic shock, including broad-spec-
trum antibiotics, intravenous fluids, vasopressors, and
mechanical ventilation. In another three studies [19-21],
intensivists were allowed to order open-label corticos-
teroid therapy as deemed necessary. In three other stud-
ies [22—24], patients in the control group were routinely
given low doses of glucocorticoids. In addition, the sever-
ity of sepsis was varied. Four trials focused on patients
with sepsis including those with septic shock [11, 12, 19,
21] and the others only focused on patients with septic
shock [13, 20, 22-24].

Outcomes
The forest plot of the primary outcomes was shown in
Fig. 2. The change in SOFA score over 72 h was reported
in six studies (588 in the HAT group and 575 in the con-
trol group). A significant reduction in SOFA score was
revealed, with the use of HAT, and there was no sig-
nificant heterogeneity (MD 0.65, 95% CI 0.30 to 1.00,
P=0.0003; >=0%, P,;=0.58).

For the secondary outcomes, the pooled RR of hos-
pital mortality and 28-/30-day mortality did not reach

the statistical significance (RR 1.07, 95% CI 0.85 to 1.34
and RR 0.96, 95% CI 0.80 to 1.15, respectively) (Fig. 3a
and b). The pooled results of the duration of vasopres-
sors revealed a significant reduction in the HAT treat-
ment group, with no heterogeneity (MD —18.16, 95% CI
—25.65 to —10.68, P<0.01; I*=29%, P,,=0.65; Fig. 3c).
For the PCT clearance, there was statistical significance
between two groups (MD 14.54, 95% CI 0.64 to 28.43;
Fig. 3d). In addition, there were no significant differences
in the hospital and ICU LOS between the two groups
with pooled MD of 0.78 (95% CI —0.30 to 1.86) and 0.12
(95% CI —0.53 to 0.78), respectively (Fig. 3e and f).

For the subgroup analysis of septic shock, the result
was presented in Fig. 4a. Four in seven studies were
included and the HAT treatment showed a significant
improvement in the SOFA score over 72 h (MD 0.67, 95%
CI0.17 to 1.18). For the sensitivity analysis, only two tri-
als excluded the patients with renal failure at enrollment
and there was also statistically significant (MD 1.03, 95%
CI 0.07 to 1.99; Fig. 4b).

Trial sequential analysis results

TSA showed the adjusted pooled effect of the change
in SOFA score over 72 h was 0.56 (95% CI 0.23 to 0.89)
(Fig. 4c). The red cumulative z curve crossed the blue
trial sequential boundary and the conventional bound-
ary, indicating that the result was stable and statistically
significant. In addition, the RIS of 1038 patients had been
accrued, which indicated a sufficient number of studies.

Publication bias and risk of bias

The presence of publication bias for the primary outcome
was tested and the funnel plot did not show the exist-
ence of publication bias via a visual inspection (Fig. 5a).
For the risk of bias, the lack of blinding led to the perfor-
mance bias and detection bias rated the highest (high risk
of biases in 5/10 trials) (Fig. 5b).
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Discussion

In this systematic review, the combination of hydrocorti-
sone, ascorbic acid, and thiamine led to the reduction of
SOFA score over 72 h, the duration of vasopressors and
the improvement of PCT clearance. However, the HAT
combination did not show benefit in the mortality, the
duration of mechanical ventilation, and hospital or ICU
LOS.

According to the Sepsis-3 clinical criteria, the diagno-
sis of sepsis has emphasized organ dysfunction which
was represented by the increase of two points or more
SOFA score. In addition, a change in the SOFA score
was accepted by the European Medicines Agency as
a surrogate marker of efficacy in exploratory trials of
novel therapeutic agents in sepsis [25]. Moreover, organ
dysfunction was associated with about 10% increase
in mortality [26]. Therefore, we selected the change of
SOFA score over the 72 h, rather than hospital mortal-
ity which was chosen in the PROSPERO registry, as the
primary outcome. In this meta-analysis, there was a sig-
nificant effect of the intervention on the change of SOFA
score, but this did not be translated into a mortality ben-
efit. First, hospital mortality is all-cause mortality and is
influenced by many factors, such as comorbidities. Most
included studies did not exclude the patients with a ter-
minal end-stage disease or with imminent death, which
may underestimate the therapeutic effect. In addition,
the pooled effect (MD 0.65, 95% CI 0.30 to 1.00) was so
minor and did not achieve the minimal clinically impor-
tant difference, which was set as a 2-point difference [1,
13]. However, caution should be paid to the interpreta-
tion of the statistical results. It is valid only if the SOFA
change is clinically relevant. The SOFA score focused on
the early recovery of organ function and was assessed
only if the patients remained in the ICU on the third day.
Considering of the potential endpoints, such as death
or recovery leading to early discharge from ICU, which
increased the bias of competing risk [22]. Although the
pooled effect of both meta-analysis and TSA supported
the reliability and stability, the mean difference was small
and we should still be cautious to evaluate the effect of
HAT combination on the organ function.

Numerous retrospective studies showed a conflicting
result on the mortality benefits, but the HAT combina-
tion did not provide significant survival benefits in this

Page 9 of 13

meta-analysis. In the study of Wald et al. [27], the HAT
combination was found to be associated with lower mor-
tality in pediatric septic shock, and the improvement
seemed to be primarily associated with reduced early
deaths. In addition, Marik et al. [3] found that the early
use of the HAT combination appeared to significantly
affect patients’ hospital mortality with sepsis and sep-
tic shock. According to clinical pharmacologic knowl-
edge and pathophysiological mechanisms, we speculated
that the early use of the HAT combination may make
sense for patients at different sepsis stages. Notewor-
thy, the HYVCTTSSS trial, conducted by Chang et al.
[12], showed that the HAT group got a better therapeu-
tic effect than the control group in the subgroup, where
patients were diagnosed with sepsis within 48 h, reflected
mainly in the improvement of mortality. Hence, there is
reason to believe that early treatment can lead to higher
survival rates.

Theoretically, glucocorticoids and vitamin C have the
ability to synergistically increase the sensitivity of vaso-
pressors, which was also reflected in the results of this
meta-analysis. In the HAT group, the duration of vaso-
pressors was significantly reduced. Early liberation from
vasopressor therapy means early recovery from septic
shock. Although it could provide a more stable hemo-
dynamic basis for subsequent treatment, the infec-
tious source control remains the key for the mortality.
The prognostic value of serum PCT in septic patients
has been widely investigated and PCT non-clearance
are strongly associated with all-cause mortality [28,
29]. Although there was statistically significant, cau-
tion should be exercised when interpreting the unstable
results. In the VICTOR Trial [20], the hospital LOS was
significantly higher in the HAT group. However, after
adjusting for outliers, the average LOS between the study
groups did not significantly differ, which was consistent
with the pooled effect of this meta-analysis.

Two meta-analyses regarding the effects of HAT ther-
apy were published recently. Both Zayed et al. [30] and
Somagutta et al. [31] concluded that HAT therapy sig-
nificantly improved the SOFA score but appeared not to
have significant benefits in the mortality, which was con-
sistent with the results of this meta-analysis with a larger
sample size. However, in our meta-analysis, instead of
focusing on mortality, we set the change in SOFA score

(See figure on next page.)

Fig. 4 Subgroup analysis, sensitivity analysis and TSA of the primary outcome. Legends: a Forest plots of the subgroup analysis for the change in
SOFA score over the first 72 h. Septic shock was assessed as a subgroup. b Forest plots of the sensitivity analysis for the change in SOFA score over
the first 72 h. Trials that excluded patients with renal failure at enrollment was assessed. ¢ Trial sequential analysis for the change in SOFA score over
the first 72 h. The blue cumulative z curve crossed the conventional monitoring boundary and the red trial sequential boundary for benefit (the
pooled effect, 0.56; 95% Cl 0.23-0.89; > = 0%). The required information size (RIS) was 1038 (a two-sided a of 0.05, 3 of 80%)
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as the primary outcome. This is the first meta-analysis
that placed importance on the effects of HAT therapy on
organ function. We also discussed the pathophysiologic
basis and the synergistic effects for these three drugs.
Moreover, we conducted TSA, subgroup analysis and
sensitivity analysis to enhance methodological quality.
The VICTAS trial was a large multicenter RCT, published
by Sevransky et al. [21] on JAMA, which enrolled 501
patients from 43 hospital in America. With inclusion of

the VICTAS trial, the results of TSA showed that the RIS
was reached, and the statistical results were significant
and stable. In addition, this meta-analysis is the largest at
present, with nine RCTs included.

Several limitations should also be considered. First,
five trials of all included were lack of blinding, which is
the association with underestimation of adverse effects.
Moreover, this review did not focus on side effects. The
HYVCTTSSS trial was terminated at interim analysis due
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to the significant incidence of hypernatremia in the HAT
group [12]. Intravenous high dose of vitamin C in patients
with renal failure was likely to increase oxalate, which
eventually metabolized through kidneys, put their kidneys
under stress [32]. Nevertheless, those could be managed in
ICU. Finally, this review did not conduct more subgroup
analysis. Optimal dosing time, dosage, and the administra-
tion of glucocorticoid should be considered to guide clini-
cal practice.

Conclusions

The HAT combination improves the SOFA score in the
first 72 h and reduces the duration of vasopressors in
patients with sepsis. Given the minor mean difference of
the change in the SOFA score, the mortality benefit has not
been observed.
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