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The Effect of Hydrocortisone-Ascorbic Acid and Thiamine Therapy on the
Outcome of Patients with Sepsis: Prospective Randomized Double-Blinded

Controlled Trial

Abstract

Background: Millions of individuals worldwide suffer from septic shock and sepsis each
year, with fatalities reaching one in four and often higher. This work was conducted to
evaluate the impact of Ascorbic acid, hydrocortisone, and thiamine treatment on the
28th day mortality rate and the outcomes (changes in SOFA score, incidence of organ
dysfunction, alterations in serum procalcitonin level, changes in serum lactate level and
total dose of vasopressor therapy.

Methods: This prospective randomised controlled double-blinded work was performed
on 80 individuals ranging in age from 18 to 65 years old and presented with sepsis who
were diagnosed based on the SSC 2016 and The SSC Bundle 2018 Update. The
participants were divided into two groups at random. Group I (placebo): The
conventional approach was used to treat those who were in this group. The participants
were given 50 ml of normal saline intravenously within 30 minutes, 5 ml intravenously
within 6 hours, and 10 ml intravenously within 12 hours. Group II: the participants had
standard sepsis treatment as well as a combination of ascorbic acid 1.5 gm diluted in 50
ml of normal saline IV within 30 minutes of 6 hours and thiamine 200 mg diluted in 10
ml of normal saline IV over a 12-hour period. If the admission term was shorter than 4
days, this combination treatment was provided until the time of release for a total of 4

days.



Results: no statistically substantial variation was existed among both groups as regard
incidence of 28th day mortality and incidence of organ dysfunction. At day one, the
comparison of the mean values of mean arterial pressure (MAP) and cardiac index was
comparable between the two groups. At day 2,3 and 4, the mean values of MAP were
greater in group Il in contrast to group [ while cardiac index was greater in group I
compared to group II. The mean value (+ SD) of the total dose of noradrenaline was
824.1 + 296.8 mg in group I, and 591.9 + 343.2 mg in group II, with statistically
substantial variation among the two groups (P<0.001)

Conclusions: The combined use of ascorbic acid, thiamine, and hydrocortisone has no
impact on the 28th day mortality and organ dysfunction among individuals with septic
shock and sepsis but has a good impact on haemodynamic parameters and
inflammatory markers during the period of drug administration.
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Introduction:

Sepsis is a possibly fatal organ damage carried on by an inadequately controlled host
response to infection[-3]. The category of sepsis known as septic shock is characterized
by extremely severe cellular, circulatory, and metabolic deficiencies with a higher
mortality risk than sepsis alonelll.. Millions of people worldwide suffer sepsis and septic
shock each year, which can often result in death rates as high as one in four. [4-¢]

Since more than 20 years ago, it has been known that low blood and intracellular levels
of vitamin C are present in severely sick patients [7- 8land in experimental models of
sepsis, where a severe vitamin C deficiencies manifests[®] Patients with septic infections
who are critically sick frequently having extremely poor or undetectable levels of serum
vitamin C, leading to an acute scorbutic status [0l Potent antioxidant vitamin C
eliminates oxygen free radicals directly, replaces other cellular antioxidants like
tocopherol and tetrahydrobiopterin, and is an important cofactor for enzymes
containing iron and copper(1l 121 Antioxidants which target the intra-mitochondrial
environment may be essential in the therapy of sepsis as mitochondrial malfunction
plays an crucial part in the progress of the diseases. [13]

Thiamine is the basis for thiamine pyrophosphate (TPP), an important cofactor for
many decarboxylases necessary for the Krebs cycle, the metabolism of glucose, and the

synthesis of lATP\ (141, Thiamine is essential for numerous enzymatic procedures that

[Comment [D1]: Full form?

maintain brain function and inter-neuronal communication(!5! Thiamine has anti-

inflammatory effects and inhibits ’NF-B activation based on by oxidative stress [15]

[Comment [D2]: Full form?

Thiamine deficiency affects septic patients frequently with prevalence rates varying
between 20% and 70%, depending on the method of testing and inclusion criteria.[16 17]
Neuronal cell death caused by excitotoxicity is correlated with thiamine deficiency. [18]

In critically ill populations, thiamine deficiency may be related to higher mortality.[19]
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Several different glucocorticoids have anti-inflammatory effects. Almost all immune
system cells get affected by glucocorticoids. Through a variety of methods that affect
both innate and adaptive immune responses, glucocorticoids reduce inflammation. A
huge amount of pro-inflammatory genes, that encode chemokines,cytokines, &
inflammatory enzymes, are suppressed by glucocorticoids, which is their main anti-
inflammatory effect. Low-dose glucocorticoids have immune-stimulating impacts along
with attenuating the pro-inflammatory reaction, which may limit the anti-inflammatory
immunosuppressive state [20]

Mark et al [101 who performed a wide interest retrospective study the utilization of
hydrocortisone, thiamine, and ascorbic acid in sepsis individuals shows a substantial
decrease in the mortality rate, created the need to perform prospective randomized
controlled trials to investigate their results and to escalate the level of evidence.

In individuals with sepsis, we recommended that the usage of a combination of ascorbic
acid, hydrocortisone, and thiamine could reduce fatality rates and improve outcomes.
The purpose of this work was to evaluate the impact of hydrocortisone, thiamine and
ascorbic acid therapy on the mortality rate at 28 days in addition to other outcomes,
including changes in SOFA score, incidence of organ dysfunction, alterations in serum
procalcitonin level, changes in serum lactate level, and total dose of vasopressor
therapy.

Patients and Methods:

during the 24-month period from November 2019 to October 2021, 80 patients from
the Surgical Intensive Care Units (SICU) at Tanta University Hospitals who presented

with sepsis and were diagnosed via the SSC 2016 27 and The SSC Bundle 2018 Update

(??lreceived this prospective randomised controlled double-blinded work. The
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participants' ages ranged from 18 to 65. The study gained approval from the
Institutional Ethical Committee with the number (33375/09/19) then the study was
registered on clinical trial.gov before first patient enrolment (ID NCT04160676). Each
patient receives a secret code number and informed written agreement was collected
from them or their families once they had been told of the study's aims.

Relatives of participants who refused to resume the study, suspected or known drug
allergies, contraindications to vitamin C use due to renal stones, schizophrenia and
Alzheimer's disease, prior organ malfunction or failure unrelated to the current sepsis
situation, and pregnancy were all grounds for exclusion.

Participants in the research have to meet the inclusion requirements. With the use of
computer-generated software for randomization that was placed inside sealed,
unopened envelops, the patients were divided into two groups randomly. Placebo
Group I: Only the SSC 2016 2 and the SSC bundle 2018 update % were used to manage
the patients in this group. The patients were given 50 ml of normal saline intravenously
within 30 minutes, 5 ml intravenously within 6 hours, and 10 ml intravenously within
12 hours. Group II: The patients got hydrocortisone therapy in addition to standard
sepsis treatment (Solucortif® 100 mg, dry powder, Pfizer, Egypt). Ascorbic acid
(VITAMIN C-®, Amp, ROTEXMEDICA, Germany, 500mg/5ml), 50 mg diluted in 5 ml
normal saline, IV / 6 h The combination of treatment was administered for 4 days or
until the time of release if the admission duration was shorter than 4 days. Thiamine
(Vitamin B1-injektopas®, Ampoule, Germany, 100 mg / 2 ml) and 1.5 gm were given
intravenously within 30 minutes and six hours, respectively.

The preparation of the utilized drugs in syringes containing medications in group two

and normal saline in group one was assisted by an intensivist who had no further part



in this study work. The intensivist who prepared the drugs substitute normal saline for
hydrocortisone if it had been recommended as a component of conventional treatment.
According to the SSC 2016 21 and The SSC Bundle 2018 Update 221 an patients got the

standard of care.

Doctors who were blind to the research groups and didn't take part in it gathered all the
data.

The following procedures were applied to all of the patients: Collecting demographic
data (gender, age, weight, and the cause of sepsis), estimating 28th-day mortality (if the
participant was discharged, data were gathered by phone calls), recording SOFA score
daily and comparing it throughout the administration of the studied drugs, recording
the incidence of organ dysfunction throughout the ICU stay, recording mean arterial
blood pressure (MAP) every eight hours and comparing it for four days, and measuring
cardiac index every eight hours using an electrocardiogram

Sample size calculation

Sample size was measured by using Open Epi Version 3.01. The calculated number was
37 patients per group, and increased to 40 patients per group after considering the drop
out ratio based on the following: Two-sided significance level 95%, power 90%, ratio of
cases to control 1:1, and mortality rate was 40% among patients on the conventional
management (placebo group) compared to 8.5% mortality rate among the group with
the new intervention Ascorbic acid, hydrocortisone, and thiamine therapy [10],
Statistical Analysis

Version 20.0 of the IBM SPSS software program, available from IBM Corp. in Armonk,
New York, was used for the statistical study. The student t-test was used to evaluate

quantitative data that were provided as mean + standard deviation. The Mann-Whitney
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test was used for evaluating non-normal distribution data that were reported as median
and interquartile range. Chi Square tests were used to compare categorical data that
were provided as frequency and percentage. The cut-off for statistical significance was p
< 0.05.

Results:

No statistically substantial variation was existed among the two groups as regard
medical history, demographic characteristics, and cause of sepsis. (Table 1)

Table 1: Demographic characteristics, medical history and cause of sepsis of the studied
group
Group |
(n=40)
45.53 +10.473

Group II P
(n=40)

Age (years) 48.45+9.886  0.203

Gender ~ Male 20 (50.0%) 17 (42.5%)  0.501
Female 20 (50.0%) 23 (57.5%)

Weight (kg) 87.53+ 15986 88.60 +13.994 0.750

Smoking 24 (60.0%) 22 (55.0%)  0.651

DM 18 (45.0%) 16 (40.0%) 0.651

HTN 13 (32.5%) 17 (42.5%) 0.356

IHD 10 (25.0%) 9 (22.5%) 0.793

Bronchial Asthma 5(12.5%) 1(2.5%) 0.090

Cause of sepsis

Diabetic Foot 16 (40.0%) 14 (35.0%) 0518

Fournier 1(2.5%) 2 (5.0%)

Gangrene

Intestinal 13 (32.5%) 18 (45.0%)
obstruction

Chest infection 10 (25.0%) 6 (15.0%)
DM: diabetes mellitus; HTN: hypertension; IHD: ischemic heart disease

No statistically substantial variation was existed among the two groups as regard
incidence of 28th day mortality and incidence of organ dysfunction. (Table 2)

Table 2: Incidence of 28th day mortality, and organ dysfucntion of the studied groups

Group I Group II Odds 95% CI P
(n=40) (n=40) ratio
28t day 12 (30%) 9 (22.5%) 0.68 0.248,1.848  0.446
Mortality
CNS 14 (35.0% 8 (20.0% 0.46 1.689,1.276  0.133
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CVS 32 (80.0% 34 (85.0%

Respiration 14 (35.0%) 13 (32.5%)
Coagulopathy 5 (12.5%) 4 (10.0%)
Hepato-biliary 5 (12.5%) 3 (7.5%)
Renal 4 (10.0%) 3 (7.5%)
MODS 21 (52.5% 18 (45%)

1.42
0.89
0.78
0.57
0.73
0.74

0.442,4.534
0.353,2.260
0.192,3.137
0.126,2.554
0.152,3.492
0.307,1.783

0.556
0.813
0.723
0.456
0.692
0.502

Cl: confidence interval for mean difference; CVS : cardiovascular system; CNS : central nervous system;

MODS : multi-organ damage

From day one up to day four, the follow up of SOFA scores were insignificantly different

between both groups (P = 0.116, 0.193, 0.121, and 0.142 respectively). (Table 3)

Table 3: Baseline SOFA score on admission and its follow up during the current study in

the studied groups
SOFA

Baseline 6.70 + 2.04
Day 1 6.10 + 2.29
Day 2 5.68 + 2.36
Day 3 5.20 + 2.69
Day 4 458 + 3.05

593 +£1.98
5.25+249
490 +2.89
418 +£3.14
3.55+£3.12

Cl: confidence interval for mean difference

Group I (n=40) Group II (n=40) 95% CI

-0.1,1.7
-0.2,1.9
-0.4,1.9
-0.3,2.3
-0.3,24

P
0.089
0.116
0.193
0.121
0.142

At day one, the comparison of the mean values of MAP and cardiac index was comparable

between the two groups. At day 2,3 and 4, the mean values of MAP were greater in group Il

as contrasted to group | while cardiac index was higher in group | contrasted to group Il. The

mean value (+ SD) of the total dose of noradrenaline was 824.1 + 296.8 mg in group | , and

591.9 £ 343.2 mg in group I, with statistically substantial variation among the two groups

(P<0.001) (Table 4).

Table 4: Baseline MAP (mmHg), and cardiac index on admission and its follow up

during the current study, and total noradrenaline dose in the studied group

MAP (mmHg)
Baseline
Day 1 8h
16h
24h
Day 2 8h
16h
24h
Day 3 8h
16h
24h
Day 4 8h

Group [ (n=40)

66.78 +£7.36
67.00 £ 7.55
67.30 £ 7.67
67.50 +7.98
67.80 + 8.22
67.95 + 8.55
68.18 + 8.97
68.33 £9.39
68.50 +9.42
68.55 +9.67
68.72 +9.82

65.58 £ 6.79
67.75 £ 7.99
68.13 + 8.04
68.47 +8.47
72.85+9.35
7340 £9.21
74.00 +£9.13
74.55+9.93
7443 £9.73
7422 £9.98
74.10 +10.43

Group II (n= 40)

P
0.451
0.667
0.640
0.598
0.012*
0.008*
0.005*
0.005*
0.007*
0.012*
0.020*



16h 68.88 + 10.36 74.15 + 11.06 0.031*

24h 68.97 +10.83 74.20 £ 12.13 0.045*
Cardiac index
Baseline 3.81+0.412 3.87 £ 0.37 0.472
Day 1 8h 3.74 +0.42 3.68 + 0.45 0.561
16h 3.72+£ 042 3.70 £ 0.44 0.822
24h 3.70 £ 0.43 3.71+ 047 0.894
Day 2 8h 3.67 £ 0.43 342 +0.52 0.023*
16h 3.66 + 0.45 3.39+0.49 0.013*
24h 3.65 +0.47 3.37 £0.48 0.009*
Day 3 8h 3.64 + 0.49 3.34+0.48 0.008*
16h 3.63 +0.51 3.33 +0.50 0.009*
24h 3.61 +0.53 3.31+0.56 0.015*
Day 4 8h 3.60 + 0.56 3.30 + 0.64 0.026*
16h 3.56 + 0.58 3.28 + 0.64 0.041*
24h 3.59 + 0.59 3.30 £ 0.63 0.038*
noradrenaline 824.1 +296.8 591.9 + 343.2 <0.001*

total dose (mg)

*indicates substantial variation among two groups (p<0.05)

At day one, the mean values (+ SD) of serum lactate were 14.70 + 5.92 mmol/I in group
[, and 13.27 + 6.10 mml/l in group II, with statistically insignificant variation among the
two groups (P= 0.292). At day 2,3,4 the mean values were greater in group I in contrast
to group II (P=0.040, 0.048, 0.019 respectively). The median value (IQR) of the base
line serum procalcitonin level was 24.45 (12.05, 31.43) ng/L in group I, and 23.15
(10.85, 31.88) ng/L in group II, with statistically insignificant variation among the two

groups (P=0.715). At the 4th day, the median value (IQR) of serum procalcitonin level

was lower in group II, as contrasted to group I. (P= 0.044) (Table 5)

Table 5: Baseline serum Lactate (mmol/L), and procalcitonin (ng/L) on admission and its
follow up during the current study in the studied groups

Lactate Group I (n= 40) Group II (n= 40) P
Baseline 15.04 + 5.59 14.92 + 6.25 0.928
Day 1 14.70 + 5.92 13.27 + 6.25 0.292
Day 2 14.65 + 6.71 11.72 + 5.81 0.040*
Day 3 14.57 + 7.76 11.37 £ 5.81 0.048*
Day 4 14.63 + 8.68 10.51 + 6.62 0.019*

Procalcitonin

Baseline  24.45 (12.05,31.43)  23.15 (10.85,31.88) 0.715
End ofstudy = 11.25 (4.10, 25.38) 7.40 (3.73,12.98) 0.044*



Discussion

For those having septic shock and sepsis, the combined administration of
thiamine, ascorbic acid, and hydrocortisone has shown promise as an adjuvant
treatment to antibiotics, the management of infectious sources, and supportive care. It
is believed that these three medications complement one another and minimize organ

dysfunction, mortality, and the amount of time spent on vasopressors.

Our study's findings showed that the incidence of 28t day mortality, the incidence of
organ dysfunction and SOFA score follow up throughout the period of the study were
insignificantly different between both groups. The MAP was higher, with lower cardiac
index, serum procalcitonin, serum lactate and total dose of vasopressor drug in group II.
Chang et al. [23] assessed the safety and effectiveness of the combined use of
hydrocortisone, vitamin C, and thiamine for septic shock and sepsis in a randomized,
controlled experiment on 80 individuals and demonstrated that no variations was
existed in 28-day mortality among both groups, which is consistent with our study..
Using 1427 patients, Weilan et al [24] performed a meta-analysis to assess the impact of a
combined use of ascorbic acid, hydrocortisone, and thiamine on those suffering from sepsis
and septic shock. They didn't see any appreciable reduction in hospital mortality.

The usage of ascorbic acid, hydrocortisone, and thiamine therapy in septic shock and
sepsis was also studied by Ragoonanan et al [25]1in a meta-analyses, however they discovered

no indication that mortality was improved.
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In addition, Iglesias et al. [26] evaluated the combination of IV ascorbic acid,
hydrocortisone, and thiamine therapy bundle for the treatment of septic shock and
sepsis individuals admitted to ICU but observed no improvement in the mortality rate or

SOFA score in their randomised placebo-controlled double-blinded study of 137 patients.

In a multi-center, double-blinded, randomised, controlled research, Hwang et al [27] assessed
the impact of early combined use of vitamin C and thiamine on rehabilitation from organ
dysfunction among individuals with septic shock. Between the therapy group and the placebo
group, there was no discernible change in 28-day mortality and SOFA scores with no
improvement in organ failure.

versus ascertain if the combination of corticosteroids, ascorbic acid, and thiamine attenuates
organ harm in individuals with septic shock, Moskowitz et al [28] conducted a randomized,
blinded, multi-center clinical study comparing corticosteroids, ascorbic acid, and thiamine
versus placebo. They came to the conclusion that, in contrast to a placebo, the combined use
of corticosteroids, ascorbic acid, and thiamine did not result in a statistically
substantial decrease in SOFA score throughout the first 72 hours of enrolment or a decrease
in 30-day mortality.

According to Vail et al. [29], receiving corticosteroids, ascorbic acid, and thiamine was not
linked to a reduction in mortality among those suffering from early septic shock.
Additionally, in a retrospective cohort trial, Litwak et al [30] examined the mortality
advantages of triple treatment, which combines hydrocortisone, vitamin C, and thiamine, in
along with normal care, for individuals with serious septic shock and sepsis. They came to
the conclusion that administering a combined IV medication of thiamine, hydrocortisone, and

vitamin C had no effect on hospital mortality.
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Additionally, neither the 28-day mortality nor the ICU or hospital mortality among the two
groups were significantly different, according to Lyu et al. 311

Marik et al. [10] on the other hand, conducted retrospective research to compare the results
and clinical course of those with septic receiving intravenous hydrocortisone, vitamin C, and
thiamine over a 7-month period (treatment group) with a control group managed throughout
the 7-month period before (control group). According to their findings, the early
administration of intravenous vitamin C, alongside corticosteroids and thiamine, was
successful in halting the progression of organ failure, including acute kidney damage, and in
lowering the mortality among individuals with serious septic shock and sepsis.

Additionally, Song et al [32] investigated the efficacy of combining vitamin C, thiamine, and
hydrocortisone in the treatment of sepsis. They noted that the ascorbic acid, hydrocortisone,
and thiamine regimen had a positive impact on the SOFA score and reduced the death rate of
those suffering from septic shock and sepsis.

Additionally, Kim et al [331assessed the effectiveness of treating individuals who had severe
pneumonia with a combination of hydrocortisone, vitamin C, and thiamine. We compared the
group of individuals with severe pneumonia who received treatment with ascorbic
acid, hydrocortisone, and thiamine (n = 53) to the group of individuals with severe
pneumonia who received standard care (n = 46). The combination of
thiamine, hydrocortisone, and vitamin C treatment independently lowered mortality.
Additionally, Coloretti et al 34 conducted a retrospective analysis to determine if triple
treatment, which combines hydrocortisone, vitamin C, and thiamine, might enhance results
for individuals with refractory shock compared with steroids alone. The triple therapy
appeared to enhance clinical results for individuals with refractory septic shock as evidenced
by the shorter duration of mechanical ventilation and a tendency to lower 30-day and death

rates in hospitals when contrasted with single therapy using only hydrocortisone.
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Additionally, Wald et al 351 investigated the possibility that thiamine, ascorbic acid, and
hydrocortisone might reduce mortality in children with septic shock. They discovered that
compared to matched controls and matched hydrocortisone alone patients, those who got
ascorbic acid-hydrocortisone-thiamine treatment had substantially decreased 30-day
mortality.

Additionally, in a retrospective cohort research, Sadaka et al [3¢] investigated the use of
thiamine, ascorbic acid, and steroids in septic shock. In comparison to the placebo group,
they found decreased hospital mortality and a tendency toward lower ICU mortality.
According to the three medications' mechanisms of action, they should complement one
another and lessen the endothelial barrier alterations brought on by septic shock as well as
avoid nephropathy brought on by an excess of oxalate s. [301.

Our result revealed that, the combination therapy of ascorbic acid, hydrocortisone, and
thiamine was associated with higher MAP and lower dose of vasopressor drug as
compared to the conventional therapy.

In line with our findings Weilan et al [24] showed that the duration of vasopressor
therapy was reduced with the combination therapy.

Also, Ragoonanan et al [25] documented that the hemodynamic benefit was most
pronounced when ascorbic acid, hydrocortisone , thiamine therapy was initiated early
in the disease course.

Moreover, Song et al [32] reported that reduction in usage of vasopressor agents with the
combination therapy in treating sepsis.

In contrast to our results, Hwang et al [27], Litwak et al [30], Lyu et al [31], Fujii et all37], and
Wald et al [35] reported that the addition of the combined use of hydrocortisone,
ascorbic acid, thiamine in treating sepsis did not provide reduction of the vasopressor

usage.

13


https://pubmed.ncbi.nlm.nih.gov/?term=Na+W&cauthor_id=34922637
javascript:;
https://pubmed.ncbi.nlm.nih.gov/?term=Song+WL&cauthor_id=34865389
https://pubmed.ncbi.nlm.nih.gov/?term=Lyu+QQ&cauthor_id=36171582
https://www.atsjournals.org/author/Wald%2C+Eric+L

Our results revealed that, the combination of ascorbic acid, hydrocortisone, and
thiamine was associated with lower serum lactate and procalcitonin levels as compared
to the conventional therapy.

Weilan et al [24], Marik et al [10], and Wald et al 351 they documented that the addition of
the combined use of ascorbic acid ,thiamine and hydrocortisone was correlated with
decreased level of serum lactate and procalcitonin.

In contrast, Chang et al [23], Iglesias et al [26], Hwang et al [27], and Litwak et al [3%] found
that the combination therapy had no improvement on serum lactate and levels of
procalcitonin among individuals with septic shock and sepsis.

Our research has certain drawbacks. It is unclear whether those randomized had
thiamine hypovitaminosis at randomization and whether such hypovitaminosis was
rectified or not because the study was conducted in a single center and the potential
individual impacts of thiamine and vitamin C were not evaluated on its own. Further
assessment of ascorbic acid, thiamine and hydrocortisone therapy is needed via wide
scale multi-centre study to overcome the variety of vitamin C regimens employed, as
well as the timing and length of therapy.

Conclusions:

In patients with septic shock and sepsis, the combined use of thiamine, ascorbic acid,
and hydrocortisone had little impact on organ failure and 28th day mortality but has a
good impact on haemodynamic parameters and inflammatory markers during the

period of drug administration.
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