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Previous studies have suggested favorable outcomes of hydrocortisone, ascorbic acid (vitamin
C), and thiamine (HAT) therapy in patients with sepsis. However, similar results have not been
duplicated in sequential studies. This meta-analysis aimed to reevaluate the value of HAT
treatment in patients with sepsis. Electronic databases were searched up until October 2020
for any studies that compared the effect of HAT versus non-HAT use in patients with sepsis.
Data from 15 studies (eight randomized controlled trials [RCTs] and seven cohort studies) involving 67,349 patients were included. The results from the RCTs show no significant benefit
of triple therapy on hospital mortality (risk ratio [RR], 0.99; P = 0.92; I2 = 0%); intensive care
unit (ICU) mortality (RR, 0.77; P = 0.20; I2 = 58%); ICU length of stay (weighted mean difference [WMD], 0.11; P=0.86; I2 =37%) or hospital length of stay (WMD: 0.57; P=0.49; I2 =17%), and
renal replacement therapy (RR, 0.64; P = 0.44; I2 = 39%). The delta Sequential Organ Failure
Assessment (SOFA) score favored treatment after a sensitivity analysis (WMD, –0.72; P=0.01;
I2 = 32%). However, a significant effect was noted for the duration of vasopressor use (WMD,
–25.49; P < 0.001; I2 = 46%). The results from cohort studies have also shown no significant
benefit of HAT therapy on hospital mortality, ICU mortality, ICU length of stay, length of hospital stay, the delta SOFA score, the use of renal replacement therapy, or vasopressor duration.
HAT therapy significantly reduced the duration of vasopressor use and improved the SOFA
score but appeared not to have significant benefits in other outcomes for patients with sepsis. Further RCTs can help understand its benefit exclusively.
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INTRODUCTION
Globally, sepsis is a life-threatening organ dysfunction that affects millions of patients every
year due to a dysregulated host response to infection. The underlying circulatory and cellular/metabolic abnormalities are profound enough to substantially increase patient mortality.
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Organ dysfunction is measured as an acute change in the total
Sequential Organ Failure Assessment (SOFA) score of 2 points
or more due to an infectious cause. Septic shock is characterized by persevering hypotension that obligates vasopressors
to maintain a mean arterial pressure of 65 mm Hg or greater
and a serum lactate level > 2 mmol/L (18 mg/dl) despite adequate volume resuscitation [1-4]. By 2017, 48.9 million cases
and 11 million sepsis-related deaths had been reported globally [5]. Early recognition, appropriate anti-infective agents,
source control, and a physiological approach to fluid management to maintain hemodynamic stability have remained the
cornerstones of sepsis therapy [6].
Ascorbic acid has bacteriostatic activity via oxidative-stressmediated cell damage. It acts as an antioxidant by scavenging
free radicals Immunity stimulator to restore deficits, regulate
macrophage function, and reduce inflammatory mediators.
Its contribution to endothelial cell proliferation and apoptosis, smooth muscle-mediated vasodilatation, and endothelial
barrier permeability render ascorbic acid an essential agent in
treating the pathophysiological changes of septic shock that
have anti-inflammatory and antioxidant properties [7-13].
Thiamine has proved to be appealing adjunctive therapy
and a metabolic resuscitator for patients with septic shock
[14,15]. Thiamine levels are depleted during critical illness,
which contributes to mitochondrial metabolic impairments
and causes lactic acidosis; replenishing thiamine during critical illness might improve organ dysfunction through increased
lactate clearance [15-18]. Corticosteroids are thought to modulate several immune effects, including a reduced inducible
nitric oxide formation in septic shock patients through dysregulation of the hypothalamic-pituitary-adrenal axis [19-21].
The Surviving Sepsis Campaign Guidelines have recommended that adding extra low-dose corticosteroids in septic
shock patients who are unresponsive to vasopressors resulted
in an early reversal of septic shock, increased ventilator-free
days, a reduced need for vasopressors, a shorter intensive care
unit (ICU) length of stay (LOS), and potentially lower mortality [19-27]. Hydrocortisone has improved the survival and reversal rates of septic shock in patients with relative adrenal insufficiency [24-26]. The combination of hydrocortisone, ascorbic acid (vitamin C), and thiamine (HAT) is a promising new
therapy for sepsis resuscitation [27-29]. Corticosteroids appear
to have synergistic biological effects when combined with intravenous ascorbic acid and thiamine and may lead to improved
patient-centered outcomes [29,30]. The overlapping anti-inflammatory properties of glucocorticoids and ascorbic acid
reduce the production of proinflammatory mediators and re186 https://www.accjournal.org

KEY MESSAGES
■ Several studies have suggested favorable outcomes
when using hydrocortisone, ascorbic acid (vitamin C),
and thiamine (HAT) in patients with sepsis.
■ A pooled analysis showed no significant benefit of HAT
therapy on patient mortality or the length of hospital stay.
■ A pooled analysis from the randomized controlled trials
indicated that HAT therapy significantly reduced the
duration of vasopressor use among sepsis patients and
improved their Sequential Organ Failure Assessment
scores.

active oxygen species (ROS) that are associated with endothelial injury, mitochondrial damage, and organ failure, which
are all characteristic of sepsis. Thiamine possibly acts synergistically with glucocorticoids and ascorbic acid to limit mitochondrial oxidative injury and restore mitochondrial function
and energy production [30]. This study will review the combined effects of HAT therapy in sepsis and its efficacy in mortality reduction, ICU LOS, the delta SOFA score, renal replacement therapy (RRT), and the duration of vasopressor use.

MATERIALS AND METHODS
Data Sources and Search Strategy
This systematic review and meta-analysis were performed following the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) guidelines. The Medline, PubMed,
Clinicaltrials.gov, Embase, Web of Science, Cochrane, Google
Scholar, Scopus, and CINAHL databases were searched from
the genesis of the idea until October 2020. Another search was
carried out prior to the submission of this paper to include
newly published articles. The search for articles was done using the keywords “septic ascorbic acid,” “vitamin C,” “corticosteroids,” “steroids,” “thiamine,” and “septic shock” and produced 384,629 results from all databases. We identified a total
of 29 articles with the potential to be included in the study.
Institutional Review Board approval was waived for this
study because it is a review of publicly available data. The systematic review protocol described here was accepted by PRO
SPERO, the international prospective registry of systematic reviews of the National Institute for Health Research (CRD42
020209086).

Study Selection
All cohort studies (both prospective or retrospective) and RCTs
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that assessed the effectiveness of ascorbic acid, corticosteroids,
and thiamine in patients with septic shock who had been admitted to the ICU were considered eligible for our study. Eligible studies compared ascorbic acid, corticosteroids, and thiamine with the standard of care, placebo, or no treatment. Five
reviewers (AH, MKLP, NH, MSJ, and MKC) independently
screened all articles and selected only those that strictly met
the eligibility criteria. A sixth reviewer (MKRS) was consulted
in case of disagreement. All the duplicates were removed during the first screening, followed by a second screening to remove articles that did not fulfill our inclusion/exclusion criteria, such as review articles, case-control studies, letters to the
editor, non-human studies, and non-English literature.

Data Extraction and Ascertainment of the Risk of Bias
Five independent reviewers (AH, MKLP, NH, MSJ, and MKC)
extracted data from the studies onto preestablished forms.
The review authors independently used the specially designed
forms to gather information on the study characteristics, number of participants, and demographic information about the
patients. They were followed by tables comparing the delta
SOFA score (72 hours), hospital mortality, ICU mortality, ICU
LOS, hospital LOS, RRT for acute kidney injury, duration of
vasopressor use, mechanical ventilation-free days, and procalcitonin clearance (72 hours).
Five reviewers independently determined the risk of bias
qualitatively for the selection of the study groups, the comparability of the groups, and the ascertainment of the outcome
of cohort studies using the Newcastle-Ottawa Scale checklist
[31,32]. To assess the randomization process, deviations from
the intended intervention, missing outcome data, measurement of the outcome, and selection of the reported result of
RCTs were identified using the Risk of Bias Tool (ROB 2). Disagreements were resolved by discussion or with a sixth author.
The results of the risk of bias are detailed in Supplementary
Tables 1 and 2.

Statistical Analysis
Data were analyzed using Review Manager ver. 5.4 (Cochrane
Collaboration; London, UK). Continuous variables were reported as the mean and standard deviation (SD), and dichotomous variables were reported as the frequency and proportion. Luo et al.’s [33] and Wan et al.’s [34] method was used to
convert all values expressed as the median and interquartile
range into the mean and SD. The results of continuous data
are presented using the mean difference (MD), and dichotomous data are presented using risk ratios (RRs), both with a
Acute and Critical Care 2021 August 36(3):185-200

95% confidence interval (CI). Heterogeneity was evaluated
using the I2 statistic, with 30%–50% indicating mild heterogeneity, 50%–75% suggesting moderate heterogeneity, and
75%–100% indicating high heterogeneity. A subgroup analysis
was performed by age, and a sensitivity analysis was carried
out to assess any outcomes with substantial or considerable
heterogeneity. A sensitivity analysis was performed by removing each trial or cohort study and then reanalyzing the remaining studies. We employed a sequential algorithm for the sensitivity analysis in which one study was excluded from the calculations. The study that caused the largest decrease in I2 is
then excluded from the calculations [35]. A pooled estimate of
the MD was calculated using the Mantel-Haenszel randomeffects model to account for heterogeneity resulting in indifference from study design [36,37]. A RR with 95% CIs and wei
ghted mean differences (WMDs) with 95% CIs were used. A Pvalue < 0.05 was considered statistically significant.

RESULTS
Search Results and Study Characteristics
The initial search revealed 384,629 articles. After applying the
eligibility criteria, 15 studies were selected for inclusion in the
meta-analysis. The search revealed eight randomized controlled
trials and seven cohort studies.

366,787
PubMed

9
Medline

4,153
Embase

6 ClinicalTrials

29 Records after
duplicates removed

15 Studies screened via
title/abstract

8 Web of
Science

13,666
Others

14 Studies excluded
based on title/abstract
alone
4 Incomplete studies
3 Studies with no results
2 Ongoing trials
2 Protocols
2 Abstracts study
1 Review article

15 Full text assessed for
eligibility

15 Studies included for
qualitative analysis

15 Studies included for
quantitative analysis

Figure 1. Preferred reporting items for systematic reviews and
meta-analyses flow diagram.
https://www.accjournal.org
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Country

USA

USA

USA

USA

Study

Sadaka
(2019)
[38]

Marik
(2016)
[39]
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Mitchell
(2019)
[40]

Litwak
(2019)
[41]

Retrospective

Retrospective

Retrospective

Retrospective

94

76

94

62

47

38

27

31

47

38

47

31

Study Total Inter- Condesign sample ven- trol
tion
group
group

Sample

Table 1. Characteristics of the included studies

Control
group
70 ± 12

62.2 ± 14.3

68 ± 10

60.1 ± 14

Intervention
group
67 ± 16

58.3 ± 14.1

68 ± 10

58.3 ± 17

Age (yr)

37 (97) IV hydrocortisone Ascorbic acid 1.5 g IV every 6 hours
alone
for 4 days; hydrocortisone 50 mg
IV every 6 hours or 100 mg IV every
8 hours or continuous IV infusion of
10 mg per hour for 7 days then
tapered over approximately 3–5
days; thiamine 200 mg IV every
12 hours for 4 days

Ascorbic acid 1.5 g IV every 6 hours
for 4 days or until ICU discharge;
hydrocortisone 50 mg IV every
6 hours for 7 days or until ICU
discharge; thiamine 200 mg IV
every 12 hours for 4 days or
until ICU discharge

28 (59.6) 29 (61.7) Fluid resuscitation At least one dosage of each of the
with 30 mL/kg
following medications; ascorbic
of crystalloid,
acid 1.5 g IV every 6 hours; hydrobroad spectrum cortisone 50 mg IV every 6 hours
antibiotics,
or 100 mg IV every 8 hours;
vasopressor
thiamine 200 mg IV every 12 hours
therapy

36 (95)

Intervention and dosage/route

16 (52) Managed accord- Ascorbic acid 1.5 g IV every 6 hours for
ing to current
4 days; hydrocortisone 50 mg IV
sepsis guidelines every 6 hours for 7 days; thiamine
200 mg IV every 12 hours for 4 days
IV

Control group
treatment

27 (100) 23 (49) Broad spectrum
antibiotics, fluids, vasopressors,
enteral nutrition, thrombosis
prophylaxis, allow permissive
hyperglycemia

16 (52)

InterControl
vention
group
group

Male

(Continued to the next page)

Hospital mortality, 19 (40.4)
ICU mortality, 17 (36.2)
RRT for AKI, 11/38 (28.9)
ICU LOS, 11.0 days (7.0–19.0)
Hospital LOS, 19.0 days (9.0–26.)
Duration of VP, 84.2 hours
(37.0–169.3)
Delta procalcitonin (72 hours),
0.1 ng/mL (–55.0 to 9.1)

Hospital mortality, 18 (47)
ICU mortality, 12 (32)
28-Day mortality, 22 (58)
60-Day mortality, 22 (58)

Hospital mortality, 4 (8.5)
ICU LOS, 4 days (3–5)
Duration of VP, 18.3 ± 9.8 hours
RRT for AKI, 3/31 (10)
Procalcitonin clearance
(72 hours), 86.4%
(80.1%–90.8%)

ICU mortality, 3 (9.6)
Hospital mortality, 9 (29)
Hospital LOS, 15 days (10–22)
RRT for AKI, 8 (26)
Duration of VP, 4.5 days (4–6)
MV-free day, 10.2 (5–15)

Outcome in the intervention
group
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Korea

India

Wani
(2020)
[44]

Retrospective

RCT

RCT

Iran

Karimpour
(2019)
[43]

Kim
(2018)
[45]

Sample

99

100

100

211a

53

50

50

107

46

50

50

104

Study Total Inter- Condesign sample ven- trol
tion
group
group

RCT

Country

Fujii
Austra(2020) lia,
[42]
New
Zealand
and
Brazil

Study

Table 1. Continued

61.1 ± 16.9

50.7 ± 35.5

56.2 ± 13.6

51.5 ± 35.6

74 (68–79)

61.6 ± 13.9

61.9 ± 15.9

73 (62–79)

Control
group

Intervention
group

Age (yr)
Control group
treatment
Intervention and dosage/route

41 (77)

31 (62)

23 (46)

29 (63) Managed according
to therapeutic
recommendations
in Surviving Sepsis
Campaign Guidelines and lungprotective ventilation strategy

Ascorbic acid 6 g IV divided into 4
equal doses; hydrocortisone 50 mg
IV every 6 hours for 7 days then
tapered over 3 days; thiamine
200 mg IV every 12 hours for 4 days

28 (56) Broad spectrum Ascorbic acid 1.5 g IV every 6 hours for
antibiotics, in4 days or until hospital discharge;
travenous fluids, hydrocortisone 50 mg IV every 6
vasopressors,
hours for 7 days or until ICU disand mechanical charge then tapered over 3 days;
ventilation as
thiamine 200 mg IV every 12 hours
indicated
for 4 days or until hospital discharge

20 (40) Normal saline,
Ascorbic acid 50 mg/kg IV every 6
norepinephrine, hours up to 6 g/day for 4 days; all inhydrocortisone
cluded patients received hydrocortisone 200 mg daily for 4 days then
tapers over 4 days; thiamine 200 mg
IV

68 (63.6) 65 (62.5) IV hydrocortisone Ascorbic acid 1.5 g IV every 6 hours;
50 mg every 6
hydrocortisone 50 mg IV every 6
hours and thia- hours; thiamine 200 mg every 12
mine 200 mg
hours
every 12 hours

InterControl
vention
group
group

Male

https://www.accjournal.org

(Continued to the next page)

Hospital mortality, 6 (17)
ICU LOS, 9 days (5–14)
No. ventilator-free days at day
28, 12.3 ± 11.0
No. vasopressor-free days at day
28, 19.8 ± 10.8

Hospital mortality, 24%
Duration of vasopressor use,
75.72 ± 30.29
Hospital LOS, 11.82 ± 7.36 days
30-Day mortality, 20 (40)

Delta SOFA score, 9.01 ± 3.92
28-Day mortality, 8 (15)
Duration of vasopressors,
77.52 ± 21.5 hours
ICU LOS, 9.87 ± 8.32
Mechanical ventilation,
6.67 ± 7.84 days
Procalcitonin level, 1.25 ± 1.61
ng/mL

28-Day mortality, 24/106 (22.6)
90-Day mortality, 30/105 (28.6)
ICU mortality, 21 (19.6)
Hospital mortality, 25 (23.4)
28-Day cumulative vasopressorfree days, 25.6 (17.8–26.8)
28-Day cumulative mechanical
ventilation-free days, 25.3
(5.2–28.0)
28-Day RRT–free days, 28.0
(23.5–28.0)
28-Day ICU-free days, 21.9
(0–25.8)
Hospital LOS, 12.3 days (6.2–26.0)

Outcome in the intervention
group
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India

Moha
med
(2020)
[49]

USA

Moskowitz
(2020)
[47]

USA

USA

Iglesias
(2020)
[46]

Vail
(2020)
[48]

Country

Study

Sample

200

137

101

68

99

69

RCT

85

45

43

Retro- 65,299 1,548 63,751
spective

RCT

RCT

Study Total Inter- Condesign sample ven- trol
tion
group
group

Table 1. Continued

59.4 ± 15

58.7 ± 14.9

67.6 ± 13.9

68.9 ± 15

66.1 ± 14.7

67 ± 14

70 ± 12

64.6 ± 14.8

Control
group

Intervention
group

Age (yr)

27 (39) Saline placebo

Control group
treatment

31 (69)

1,903
(53.2)

32 (74) Standard of care
for septic shock
with hydrocortisone and vitamin
supplements
according to the
treating physician’s discretion

168,833 Not mentioned
(51.3)

57 (56.4) 54 (54.6) Local sepsis
guidelines
including antibiotics, volume
resuscitation
and vasopressors

32 (47)

InterControl
vention
group
group

Male

All-cause mortality over 30 days,
35 (34.7)
Kidney failure, 32 (31.7)
Ventilator-free days, 6 (2–7)
Shock-free days, 5 (3–5)
Incidence of delirium, 31/83
(37.4)
ICU-free days, 22 (3–25)
All-cause mortality to ICU
discharge, 23 (22.7)
All-cause mortality to hospital
discharge, 28 (277)
Survivors discharged home,
34/73 (46.6)

Delta SOFA score at 72 hours,
2.9 ± 3.3
Duration of vasopressors, 27 ± 22
hours
Hospital mortality, 11 (16)
ICU mortality, 6 (9)
Hospital LOS, 11.5 ± 6.8 days
ICU LOS, 4.76 ± 4.3 days
Procalcitonin clearance, 63 (170)
Ventilator-free days, 22 (6.2)
AKI, 54 (79)

Outcome in the intervention
group

(Continued to the next page)

Ascorbic acid 1.5 g IV every 6 hours
Mortality, 23/43 (53)
for 4 days; hydrocortisone 50 mg IV Time to shock reversal,
every 6 hours for 4 days; thiamine
34.58 ± 22.63 hours
200 mg IV every 12 hours for 4 days Hospital LOS, 20.9 ± 15.01 days

At least one charge for high-dose IV Mortality for hospital, 437 (28.2)
ascorbic acid along with at least one
charge for both IV hydrocortisone
and IV thiamine at any dose

Ascorbic acid 1.5 g every 6 hours for
4 days or until ICU discharge; hydrocortisone 50 mg every 6 hours for
4 days or until ICU discharge; thiamine 100 mg every 6 hours for
4 days or until ICU discharge

Ascorbic acid 1.5 g every 6 hours;
hydrocortisone 50 mg every
6 hours; thiamine 200 mg every
12 hours

Intervention and dosage/route
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USA

China

USA

Long
(2020)
[50]

Chang
(2020)
[51]

Sevransky
(2021)
[52]

RCT

RCT

Retrospective

501

80

206

252

40

79

249

40

127

Study Total Inter- Condesign sample ven- trol
tion
group
group

Sample
Control
group
61.1 ± 16.2

63.7 ± 12.8

61 ± 16.4

Intervention
group
64.4 ± 13.9

59.5 ± 15

60.6 ± 13.4

Age (yr)
Control group
treatment
Intervention and dosage/route

139
(55.2)

134
(53.8)

Ascorbic acid 1.5 g IV every 6 hours for
4 days or until ICU discharge; hydrocortisone 50 mg every 6 hours for 7
days or until ICU discharge; thiamine
200 mg IV every 12 hours for 4 days
or until ICU discharge

28-Day mortality, 11 (27.5)
ICU LOS, 7.5 days (4–12.8)
Duration of vasopressors,
46 hours (23.8–102.5)
New AKI, 1 (2.5)
Delta SOFA score (72 hours),
3.5 ± 3.3
Procalcitonin clearance
(72 hours), 75.8 (62.2–86.4)
Duration of mechanical ventilation, 126.5 hours (63.5–239.3)
Lactate clearance (72 hours),
21.3% (–49.7% to 44.2%)

Hospital mortality, 21 (26.6)
ICU mortality, 9 (11.4)
Vasopressor duration (median),
13.9 hours
RRT initiation, 11/74 (14.9)
Ventilator duration, 3.4 days
ICU LOS (median), 2.0 days
Hospital LOS (median), 9.5 days

Outcome in the intervention
group

Matching placebo Ascorbic acid 1.5 g, thiamine 100 mg, Ventilator- and vasopressor-free
hydrocortisone 50 mg every 6 hours; days, 25 (0–29)
patients can be given corticosteroids. Mortality at 30 days, 56 (22.2)
ICU mortality, 52 (20.6)
Mortality at 180 days, 102 (40.5)
Length of ICU stay, 6.7 (7.3)
Length of hospital stay, 12.6 (10)

22 (57.5) 21 (52.5) 2016 International
management of
sepsis guidelines
including resuscitation, antimicrobial therapy,
vasopressor
strategy, mechanical ventilation, and RRT

43 (54.4) 70 (55.9) 2012 Sepsis
Ascorbic acid 1.5 g IV every 6 hours;
Guidelines inhydrocortisone 50 mg IV every 6
cluding 30 mL/
hours; thiamine 200 mg IV every 12
kg of crystalloid, hours
broad spectrum
antibiotics, and
vasopressor
therapy; steroids
at the discretion
of the physician

InterControl
vention
group
group

Male

Values are presented as mean ± standard deviation, number (%), or median (interquartile range) unless otherwise indicated.
IV: intravenous; ICU: intensive care unit; LOS: length of stay; RRT: renal replacement therapy; AKI: acute kidney injury; VP: vasopressors; MV: mechanical ventilation; RCT: randomized controlled trial;
SOFA: Sequential Organ Failure Assessment.
a
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.

Country

Study

Table 1. Continued
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PRISMA Flowchart

ICU Mortality

The PRISMA flowchart (Figure 1) summarizes the literature
search. Out of the 15 qualified studies with 67,349 total participants, 2,905 received HAT combination therapy. Eight RCTs
with 1,419 patients and 7 retrospective cohort studies with
65,930 patients were included. The baseline characteristics of
the included studies are detailed in Table 1 [38-52].

The results from the RCTs and retrospective cohorts showed
no significant benefit of HAT therapy on ICU mortality with
an RR of 0.77 (95% CI, 0.51–1.15; P = 0.20; I2 = 58%) and an RR
of 0.62 (95% CI, 0.35–1.09; P = 0.10; I2 = 61%), respectively (Figure 3). A sensitivity analysis was performed, which showed
that the exclusion of the study by Sadaka et al. [38] or Sevransky et al. [52] made the data less heterogeneous (I2 =43%); however, there was still no significant benefit of triple therapy on
ICU mortality.

Hospital Mortality
In Figure 2, the results from the RCTs showed no significant
benefit of HAT therapy on hospital mortality (RR, 0.99; 95%
CI, 0.83–1.18; P = 0.92; I2 = 0%). Pooled data from retrospective
cohort studies showed similar results (RR, 0.78; 95% CI, 0.52–
1.17; P = 0.23; I2 = 84%). A sensitivity analysis was performed,
which showed that the exclusion of the study by Vail et al. [48]
made the sample less heterogeneous (I2 =48%); however, there
was still no significant benefit of HAT therapy on hospital mortality. A funnel plot revealed no publication bias among the
included studies (Supplementary Figure 1).

ICU Length of Stay
The results from the RCTs (WMD, 0.11; 95% CI, –1.06 to 1.28;
P = 0.86; I2 = 37%) and retrospective studies (WMD, –1.05; 95%
CI, –2.83 to 0.73; P = 0.25; I2 = 46%) showed no significant benefit of HAT therapy on the ICU LOS (Figure 4).

Delta SOFA Score
As shown in Figure 5, the results from the RCTs did not identify a significant benefit of HAT therapy on the delta SOFA score

Figure 2. Forest plot showing results of triple therapy from randomized controlled trials (RCTs) and cohorts studies on the hospital mortality. HAT: hydrocortisone, ascorbic acid (vitamin C), and thiamine; CI: confidence interval; df: degrees of freedom.
192 https://www.accjournal.org
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Figure 3. Forest plot showing results of triple therapy from randomized controlled trials (RCTs) and cohort studies on the intensive care
unit. HAT: hydrocortisone, ascorbic acid (vitamin C), and thiamine; CI: confidence interval; df: degrees of freedom.

Figure 4. Forest plot showing results of triple therapy from randomized controlled trials (RCTs) and cohorts studies on the intensive care
unit length of stay. HAT: hydrocortisone, ascorbic acid (vitamin C), and thiamine; SD: standard deviation; IV: weighted mean difference; CI:
confidence interval; df: degrees of freedom.

(WMD, –0.42; 95% CI, –1.20 to 0.35; P = 0.29; I2 = 66%). Similarly, the results from the retrospective cohorts showed no significant difference between groups (WMD, –1.73; 95% CI, –4.34
to 0.88; P = 0.19; I2 = 91%).
As a sensitivity analysis, the exclusion of the RCT study by
Karimpour et al. [43] made the data homogenous (I2 = 32%)
Acute and Critical Care 2021 August 36(3):185-200

and showed favor towards the treatment group. Similarly, the
exclusion of the retrospective cohort study of Marik et al. [39]
made the data homogenous (I2 = 14%) but did not show any
significant difference between the delta SOFA score of the
treatment group and the control group. When we excluded
both studies of Karimpour et al. [43] and Marik et al. [39], the
https://www.accjournal.org
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Figure 5. Forest plot showing results of triple therapy from randomized controlled trials (RCTs) and cohorts studies on delta Sequential Organ Failure Assessment (SOFA) score. HAT: hydrocortisone, ascorbic acid (vitamin C), and thiamine; SD: standard deviation; IV: weighted
mean difference; CI: confidence interval; df: degrees of freedom.

Figure 6. Forest plot showing results of triple therapy from randomized controlled trials (RCTs) and cohort studies on delta Sequential Organ Failure Assessment (SOFA) score without the studies of Karimpour et al. [43] and Marik et al. [39]. HAT: hydrocortisone, ascorbic acid
(vitamin C), and thiamine; SD: standard deviation; IV: weighted mean difference; CI: confidence interval; df: degrees of freedom.

overall effect indicated that the treatment was more favorable
(Figure 6).

Hospital Length of Stay

of triple therapy on the hospital LOS (WMD, 0.57; 95% CI, –1.04
to 2.18; P = 0.49; I2 = 17%). This result is similar to data from
retrospective studies (WMD, 3.77; 95% CI, 0.12–7.41; P = 0.04;
I2 = 0%) (Figure 7).

The results from the RCTs did not show any significant benefit
194 https://www.accjournal.org
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Figure 7. Forest plot showing results of triple therapy from randomized controlled trials (RCTs) and cohort studies on hospital length of stay.
HAT: hydrocortisone, ascorbic acid (vitamin C), and thiamine; SD: standard deviation; IV: weighted mean difference; CI: confidence interval;
df: degrees of freedom.

Figure 8. Forest plot showing results of triple therapy from randomized controlled trials (RCTs) and cohort studies on renal replacement
therapy. HAT: hydrocortisone, ascorbic acid (vitamin C), and thiamine; CI: confidence interval; df: degrees of freedom.

Renal Replacement Therapy

Duration of Vasopressors

Results from RCTs (RR, 0.64; 95% CI, 0.21–1.99; P=0.44; I2 =39%)
and retrospective cohort studies (RR, 0.60; 95% CI, 0.35–1.04;
P =0.07; I2 =55%) revealed no significant benefit of HAT therapy
on RRT (Figure 8). A sensitivity analysis was performed, which
showed that the exclusion of the study by Marik et al. [39] made
the data homogeneous (I2 =0%); however, there was still no significant benefit of HAT therapy on decreasing the need for RRT.

In Figure 9, the results from RCTs show a significant benefit of
HAT therapy on the duration of vasopressor use (WMD, –25.49;
95% CI, –34.37 to –16.61, P < 0.00001; I2 = 46%). However, retrospective studies have not reported any benefit (WMD, 20.33;
95% CI, –56.30 to –96.96; P = 0.60; I2 = 98%, P < 0.00001). No significant changes were observed upon sensitivity analysis.
Out of seven outcomes, RCTs showed no difference between

Acute and Critical Care 2021 August 36(3):185-200
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Figure 9. Forest plot showing results of triple therapy from randomized controlled trials (RCTs) and cohort studies on duration of vasopressors. HAT: hydrocortisone, ascorbic acid (vitamin C), and thiamine; SD: standard deviation; IV: weighted mean difference; CI: confidence interval; df: degrees of freedom.

the triple therapy and the control group regarding hospital mortality, ICU mortality, ICU LOS, hospital LOS, and RRTs. RCTs
favored HAT therapy for the delta SOFA score once a sensitivity analysis has been conducted. For the duration of vasopressor use, RCTs favored the use of ascorbic acid, thiamine, and
corticosteroids. In the analysis of retrospective cohort studies,
there was no benefit of HAT therapy on any of the outcomes.
The overall results of both RCTs and retrospective cohorts revealed similar results in which there was no difference between
the treatment and control groups in any of the identified outcomes except for the delta SOFA score and the duration of vasopressor use. Further subgroup analysis was performed using the age of patients <65 and ≥65 years for studies that show
ed heterogeneity (Supplementary Figure 2). No significant
changes were observed in this analysis.

DISCUSSION
This systematic review and meta-analysis of 67,349 patients
suggests the potential beneficial effects of hydrocortisone,
ascorbic acid, and thiamine in patients with sepsis. Multiple
studies have proven the beneficial role of micronutrients (including ascorbic acid and thiamine) in maintaining the integrity of vascular and mitochondrial function [16,53,54]. Ascorbic acid is a potent antioxidant that prevents endothelial dysfunction and modulates blood flow, which are clearly affected
in sepsis [7-13,55]. In one clinical trial, thiamine showed a statistically significance difference at lowering the lactate level
compared to the control group and, therefore, possible reduc196 https://www.accjournal.org

tion in overall mortality [41,42,47,56]. The combination of thiamine, ascorbic acid, and corticosteroids has been suggested
as a potential adjunctive therapy targeted at the non-oxygen
delivery-dependent mechanisms of organ dysfunction in sepsis [41,42,47,56-58]. Theoretically, based on these substances’
mechanisms of action, their combination may have a synergistic effect in treating patients with septic shock. Low levels
of thiamine and ascorbic acid in critically ill patients is one rationale for the addition of these medications in such patients
[29,56,58]. Considering the commonality and high prevalence
of sepsis and its attributable morbidity and mortality, it is vital
to evaluate the effectiveness of this readily accessible and inexpensive treatment. A previous meta-analysis also reported
the overall effect of HAT therapy among sepsis patients, including pediatric populations [56]; however, it did not stratify
or analyze the data according to subgroups. Furthermore, our
study included evidence from seven additional studies (four
RCTs and three cohort studies) that involved only adult patients
[43,45,48-50,52], producing a relatively larger sample size and
a high methodological quality and thus amplifying the metaanalysis. Despite the adequate number of RCTs in our metaanalysis, we found that the addition of cohort studies would
also be beneficial for a more comprehensive analysis.
When comparing our findings to the previous meta-analysis by Shi and Tie [56], the role of combination therapy was
determined to have no effect on the mortality and overall survival rate among RCTs. However, a significant reduction in the
mortality rate was observed for pooled cohort studies in the
study of Shi and Tie [56], which was not observed in our metaAcute and Critical Care 2021 August 36(3):185-200
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analysis. A retrospective study conducted by Marik et al. [39]
reported that patients who received HAT therapy had a hospital mortality of 8.5% compared to the 40.4% hospital mortality
seen in the control arm. Sevransky et al. [52] showed a day-30
mortality rate of 22.2% in the treatment group and 24.8% in
the control arm (RR, 0.92; 95% CI, 0.67–1.27). Fujii et al. [42]
reported similar results (23.4% vs. 20.4%) with an RR of 1.15
(95% CI, 0.69–1.91). In addition, Wani et al. [44] demonstrated
a 24% hospital mortality in patients receiving HAT therapy compared to 28% in controls with an RR of 0.86 (95% CI, 0.44–1.66).
The overall estimate in our study has shown no significant
benefit of HAT therapy on hospital mortality in RCTs and cohort studies. The ICU mortality has not been analyzed as an
outcome in previous meta-analyses, and our results showed
no significant benefit on ICU mortality with HAT therapy, unlike the Vitamin C, Thiamine, and Steroids in Sepsis (VICTAS)
trial, which concluded a lower death likelihood ratio that favored the HAT group (RR, 0.55; 95% CI, 0.41–0.73) [52].
Despite the additional RCTs included in our analysis, the
number of patients may still be inadequate to reflect a benefit
in mortality rate. The difference in the results of the Shi and
Tie’s study [56] may be due to different inclusion criteria among
the cohort studies. For example, in the study of Marik et al.
[39], a procalcitonin level of > 2 ng/ml was part of the inclusion criteria; the study of Kim et al. [45] only included ICU patients with severe pneumonia, while the study of Vail et al. [48]
analyzed the records of all patients with ICD-10 codes for infection and organ dysfunction [39]. Hence, we cannot provide
a definitive conclusion regarding the effect of HAT on mortality in septic patients.
Conflicting results were observed for the delta SOFA score.
Initially in our study, no significant improvement was noted
in the SOFA score; however, after a sensitivity analysis, RCTs
favored the treatment group. The results from the study of
Moskowitz et al. [47] revealed that HAT therapy did not produce a change in the SOFA score after 72 hours. However, in
the Shi and Tie meta-analysis [56], there was a clear benefit of
HAT therapy in both RCTs and cohort studies on the SOFA
score.
The pooled results from our RCTs indicated that HAT therapy significantly decreased the duration of vasopressor use in
septic patients. These results are in agreement with the findings of Shi and Tie [56]. Ascorbic acid plays a role in the incre
ased production of endogenous catecholamines, leading to
improved microvascular function in septic patients [9,16,29,47].
Thiamine aids in the aerobic metabolism of cells and may improve microvascular function and prevent organ failure [47,
Acute and Critical Care 2021 August 36(3):185-200

16,29,59]. In contrast, hydrocortisone may play a role in the
potentiation of catecholamines, the mitigation of inflammation, and the prevention of vascular smooth muscle relaxation
[45]. The results of this meta-analysis further support this theory by demonstrating a reduced duration of vasopressor use
with HAT therapy in sepsis patients. Despite promising results
for this outcome, HAT therapy did not significantly benefit
mortality, the ICU or hospital LOS, or the RRT.
A subgroup analysis was conducted based on patient age.
Aging has a significant influence on the survival rate, mortality rate, and recovery rate of sepsis. Age is an independent risk
factor for mortality because the immune system and body responses decrease with age, making patients more susceptible
to infection and pathogens as they age. As a result, more than
60% of patients diagnosed with sepsis are > 65 years of age
[41,42]. Martin et al. [60] found an increase in the incidence
across all adult patients with a case fatality rate tenfold higher
in people aged ≥ 65 years compared with populations < 65.
Starr and Saito [61] concluded that older survivors would likely suffer from long-term dysfunction and higher mortality rates
even after being discharged home. The effect of treatment on
outcomes had no difference in the two age groups ( ≥ 65, < 65
years). For example, there was no significant change in the
survival outcome between the younger participants in Sevransky et al.’s clinical trial [52] and in other studies with a mean
age > 65 years (RR, 0.95; 95% CI, 0.64–1.43; P = 0.81; I² = 74%).
The same effect in ICU mortality was also seen for elderly people as an RR of 0.59 (95% CI, 0.26–1.36; P = 0.22; I² = 65%).
There are several strengths of our meta-analysis. To the best
of our knowledge, this is the most comprehensive description
of the outcome of triple therapy with hydrocortisone, ascorbic
acid, and thiamine in sepsis patients, including outcomes such
as the hospital and ICU mortality and LOS, the delta SOFA score,
the need for RRT, and the duration of vasopressor use. A systematic search of the literature using predefined inclusion
and exclusion criteria has allowed precise extraction to assess
publication bias, subgroup analysis, and accurate data outcomes.
This study should be viewed in light of a few limitations. The
included studies were relatively uniform in terms of their doses of medications and the frequency and duration of treatment.
However, the results were subject to considerable heterogeneity, which was possibly due to variations in the study designs,
sample sizes, settings, and patient baseline characteristics. In
addition, other clinical variations, such as the timing of HAT
and the severity of the disease, should also be considered. We
attempted to mitigate the limitation of heterogeneity by perhttps://www.accjournal.org
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forming a subgroup analysis. However, limited data only allowed us to use age as a subgroup. The sample size of most
RCTs was small. The study by Sevransky et al. [52] was terminated early due to administrative reasons, which may have affected the study’s ability to interpret long-term outcomes. Additionally, pooled effects between RCTs and cohort studies on
outcomes were variable (the delta SOFA score and the duration of vasopressor use). For the other outcomes measured,
cohort studies generally supported the findings of RCTs (hospital and ICU mortality, ICU and hospital LOS, and RRT).
To further mitigate the ongoing debate about using HAT
therapy in sepsis patients, we consolidated outcomes from all
available studies. A pooled analysis of the RCTs suggested that
HAT therapy significantly reduced the duration of vasopressor
use and improved the SOFA score, whereas it appeared not to
have significant benefits in other outcomes for patients with
sepsis. However, large-scale RCTs are still required before a
definite conclusion can be drawn, especially regarding treatment dosage and timing.
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Supplementary Table 1. Risk of bias assessment of retrospective cohorts
Selection
Study

Marik (2016) [39]

Exposed
cohort

Nonexposed
cohort

1

1

Comparability

Ascertain- Demonment of
stration
exposure outcome
1

Outcome

Basic
factor

Additional
factor

Assessment

1

1

0

1

Follow-up Adequacy
1

Total

1

8

Kim (2018) [45]

0

1

1

1

1

0

1

1

1

7

Mitchell (2019) [40]

1

1

1

1

1

0

1

1

0

7

Litwak (2019) [41]

1

1

1

1

1

0

1

1

1

8

Sadaka (2019) [38]

0

1

1

1

1

1

1

0

1

7

Vail (2020) [48]

0

1

1

1

1

1

1

1

1

8

Long (2020) [50]

1

1

1

1

1

0

1

1

1

7
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Supplementary Table 2. Risk of bias assessment of RCTs
Study

Randomization
process

Deviation from in- Missing outcome
tended intervention
data

Measurement
of outcome

Selection of
reported results

Overall risk
of bias

Fujii (2020) [42]

Low

Some concerns

Low

Low

Low

Some concerns

Karimpour (2020) [43]

Low

Low

Low

Low

Some concerns

Some concerns

Wani (2020) [44]

Some concern

Low

Low

Low

Some concerns

Some concerns

Iglesias (2020) [46]

Low

Low

Low

Low

Low

Low

Moskowitz (2020) [47]

Low

Low

Low

Low

Low

Low

Mohamed (2020) [49]

Low

Some concerns

Low

Low

Low

Some concerns

Chang (2020) [51]

Low

Some concerns

Low

Low

Low

Some concerns

Sevransky (2021)[52]

Low

Low

Low

Low

Low

Low

RCT: randomized controlled trial.   
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Supplementary Figure 1. Funnel plots of study outcomes: (A)
hospital mortality, (B) intensive care unit (ICU) mortality, (C) ICU
length of stay, (D) delta Sequential Organ Failure Assessment (SOFA)
score, (E) hospital length of stay, (F) renal replacement therapy,
and (G) duration of vasopressor use. SE: standard error; RR: risk
ratio; MD: mean difference; RCT: randomized controlled trial.
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Supplementary Figure 2. Forest plots of subgroup analysis based on age for the study outcomes: (A) duration of vasopressor use, (B) delta
Sequential Organ Failure Assessment (SOFA) score, (C) hospital mortality, (D) intensive care unit (ICU) mortality, (E) ICU length of stay, and
(F) renal replacement therapy. HAT: hydrocortisone, ascorbic acid (vitamin C), and thiamine; SD: standard deviation; IV: weighted mean difference; CI: confidence interval; df: degrees of freedom.
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