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Abstract:
Aim: Current study designed to identify whether the combination of vitamin C,
hydrocortisone, and thiamine, to decrease the mortality and free of vasopressor
administration in patients with septic shock.
Method: An open-label, randomized Quasi experimental study conducted in 240 cases of
sepsis at intensive care unit for the duration of 3 years. Standard care group consists 120
and Interventional consists 120 (Standard care with Hydrocortisone, Vitamin C, and
Thiamine). The primary endpoint hospital survival and secondary outcome the duration of
vasopressor therapy and other outcomes were measured.
Result: Among 240 patients who were randomized, the primary outcome measurement
recorded as 3cases (1.25%) in Interventional and 31cases (12.91%) in Standard groups.
All patients in the interventional group were weaned off vasopressors with a mean of
17.5±10.2 hrs after starting treatment with the vitaminC+thiamine+hydrocortisone
infusion. The mean duration of vasopressor use was 35.8±21.5 h in the standard group
(p=0.001); 25% patients in the standard group received higher dose of vasopressors and
died due to refractory septic shock. The mean duration of vasopressor treatment is 61.4±
33.8 h in the control patients who died compared with 39.5±12.5h in those who survived.
The median length of Hospital stay is 13.64 ± 9.04 (4-80) days in the interventional group
compared with 10.28 ± 5.93 (2-28) days in the control group. Conclusion: Early use of
intravenous vitamin C, together with hydrocortisone and thiamine, may prove to be
effective in the reduction of vasopressors dosage and mortality of patients with sepsis and
septic shock.
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1. INTRODUCTION
Sepsis affects an estimated 15 to 19 million cases per year worldwide incorporating
approximately 20% deaths worldwide [1]. The vast majority of these cases occur in lowincome countries. Sepsis results due to abnormal host immune response involving both proand anti-inflammatory reactions at earliest phase. These abnormal immune responses
predominates in initial phase and causes host injury which in later phase is characterized
through hypofunction of immune cells and opportunistic superinfections.
Although survival rate of sepsis patients has improved due to recent advances in its
supportive management, yet the related morbidity and mortality remains high[2]. Therefore,
timely diagnosis and improvements in supportive care has led to a decrease in mortality
rates by 25% [3]. The mortality from sepsis/septic shock in low-income countries is
approximately 60% [4]. Sepsis following cardiac surgeries has been known to have
catastrophic consequences. Affordable and effective treatment is the need of the hour to
reduce mortality and financial burden.
Over the last 3 decades, >100 phase-2 and phase-3 clinical trials performed incorporating
several novel pharmacologic agents and therapeutic interventions in an attempt to improve
the outcome of patients with sepsis and septic shock. All of these efforts ultimately failed to
produce a novel pharmacologic agent that improved the outcome of sepsis.
Studies have shown that vitamin C, which is a cofactor for the production of catecholamines
and cortisol, hormones needed for the survival of shock is depleted during sepsis [5-8]. To
compound the problems, cardiac failure is also known to be a state of catecholamine
depletion. Studies have shown that vitamin C given in a dose of 6 g per day is safe and
devoid of side effects. The doses as high as 100–150 g have safely administered to patients
with burns and malignancies [9]. Intravenous thiamine (vitamin B1) is added to vitamin C
for preventing renal side-effect using higher doses of vitamin C and Hydrocortisone which
increases endogenous production of catecholamine. A recent study found decreased
mortality in patients with sepsis treated with high-dose vitamin C, hydrocortisone and
thiamine [10].
Newer therapeutic approaches are needed to treat sepsis urgently. The combination of
thiamine (vitamin B1), ascorbic acid (vitamin C), and corticosteroids (hydrocortisone) is a
promising new therapeutic option for sepsis resuscitation but currently lacks robust
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evidences to support its widespread use.
On the basis of the literature reported safety and potential benefit of this therapeutic
intervention, the combination of intravenous vitamin C and corticosteroid became routinely
used as adjunctive therapy for the treatment of sepsis and septic shock in ICU. The
combination of thiamine, ascorbic acid, and corticosteroids is a promising new therapy for
sepsis resuscitation.
This prospective interventional study aimed to identify the safety and efficacy of the
Hydrocortisone, Vitamin C and Thiamine as an add on treatment on biochemical and clinical
outcomes in Sepsis and Septic Shock patients receiving standard care in a randomized open
label two arm parallel group approach.
2. Materials and methods
Ethics: The study protocol was approved by the Institutional Ethics committee, Narayana
Medical College, Nellore, A.P. INDIA.
•

A randomized open label two arm parallel group (Quasi experimental design) study carried
out for 3 years duration in Sepsis and Septic Shock patients.
Inclusion criteria are 18-65 years of aged patients, Diagnosis of sepsis or septic shock,
Procalcitonin (PCT) level > 2 ng/mL within 24 h of admission.
Exclusion criteria are Patients < 18 years of aged Patients, pregnant patients, patients with
limitations of care, and patients on steroids.
Standard care group: 120;
Interventional group: 120 (Standard care with Hydrocortisone, Vitamin C, and Thiamine).
Instruments for data collection
Biochemistry Analyzer: Serum creatinine, WBC, platelet count, total bilirubin, PCT and
lactate levels, vitamin C, hydrocortisone and thiamine and other biochemical parameters.
Medication and Usage:
We administer 6 g of vitamin C per day, in four equal doses over 30-60 min infusion in 100
mL dextrose 5% (D5W) or normal saline. Intravenous thiamine was given as a piggyback in
50 mL of D5W or normal saline for 30-min infusion (Figure 1).
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Figure 1. Combination approach of using hydrocortisone, thiamine and vitamin C for treatment of sepsis.

Primary outcome measurements
The primary endpoint was hospital survival (Time Frame: 30 days).
Secondary outcome measurements
1. Duration of vasopressor therapy (Time Frame: 72 hr)
2. ICU length of stay (4 days)
3. Change of APACH II score over the first 72 hours.
APACH II score (total 0~100) is a score to evaluate the mortality rate of ICU patients, higher
values represent a worse outcome. It includes:
(A) PaO2 (depending on FiO2), Temperature (rectal), Mean arterial pressure, pH arterial,
Heart rate, Respiratory rate, Sodium (serum), Potassium (serum), Creatinine, Hematocrit,
White blood cell count.
(B) Age points (score: 0~6).
(C) Chronic health problems (liver cirrhosis, dialysis, COPD, congestive heart failure,
immunocompromised).
PaO2: mm Hg; Glasgow Coma Scale: points 15: 0 13-14: +1 10-12: +2 6-9: +3 <6: +4;
Bilirubin: mg/dL; Mean arterial pressure: mmHg; Creatinine: mg/dL.
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Data collection: APACHE II score was calculated for 0 hrs and 24 hrs. SOFA (SepsisRelated Organ Failure Assessment) scores were calculated daily for 4 days.
Statistical analysis: Clinical data were presented as mean, SD, medians and interquartile
range, or percentages as appropriate. One-way ANOVA was used to compare data between
the treatment and control groups. Statistical signiﬁcance was declared for probability values
of 0.05 or less. Statistical analysis was performed with GraphPad Prism (version V) software.
Binary logistic regression with propensity score adjustment was then performed to assess the
odds ratio for mortality by treatment group. This analysis was then repeated with both age
and propensity score adjustments to assess the odds ratio for mortality.
3. Results
Demographics: The present study enrolled a total of 120 patients in interventional group and
120 patients in standard treatment group. There were 87 (62.14%) of males and 53 (37.85%)
of females in Interventional and 63 (63.00%) were of males and 37 (37.00%) of females
recorded in standard group without significant difference between them (p>0.05). The mean
age was 52.51±17.40 for Interventional and 56.31±16.58 for standard group.
Mean arterial pressure (MAP): The observed values at baseline for MAP max were
127.8±33.61 and MAP min was 77.39±16.27 in interventional group while it was reported
133.6±28.97 and 80.82±16.48 in standard treatment group without significant difference. The
similar observations were recorded after 24h of treatment in both the groups (MAPmax:
125.3±24.27 and MAPmin: 80.67±16.87 in interventional group vs. MAP max: 126.5±24.88
and MAPmin: 80.92±17.06 in standard group. The similar findings were reported in genderwise analysis in both male and females without significant difference (p>0.05).
Temperature: The temperature in interventional group at baseline was 99.31±1.05 and after
24h was 99.83±1.33, while standard treatment group showed mean temperature value of
99.51±1.51 at baseline and 99.97±1.56 after 24h of treatment without significant change
(p>0.05 ).
Heart rate (HR): The mean heart rate in interventional group at baseline was 109.90±21.51
and after 24h was 96.58±29.04, while standard treatment group showed mean HR value of
111.70±27.70 at baseline and 94.19±29.88 after 24h of treatment without significant change
(p>0.05).
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Respiratory rate (RR): The mean RR in interventional group at baseline was 26.98±7.85
and after 24h was 21.36 ± 5.80, while standard treatment group showed mean RR value of
25.82 ± 7.88 at baseline and 21.26 ± 6.11 after 24h of treatment without significant change.

Table: 1 Values of pH, HCO3, Na and K in interventional and standard treatment groups at baseline and after 24h.

Parameters

Interventional group
(N=120)
Mean ± SD

Standard group
(N=120)
Mean ± SD

95 % CI

p
value

pH 0h

7.20±0.16

7.31±0.14

-3.645 to 3.568

>0.05

pH 24h

7.33±0.11

7.33±0.13

-3.613 to 3.600

>0.05

HCO3 0h

19.22±6.04

20.36±7.65

-4.746 to 2.466

>0.05

HCO3 24h

19.69±5.68

20.95±8.10

-4.871 to 2.342

>0.05

Na 0h

137.80±5.99

137.10±6.74

-2.837 to 4.375

>0.05

Na 24h

140.90±23.87

138.30±6.84

-1.049 to 6.163

>0.05

K 0h

4.31±1.00

4.23±0.78

-3.526 to 3.686

>0.05

K 24h

4.11±0.71

4.12±0.75

-3.619 to 3.593

>0.05

Table: 2 Values of Hb, WBC and CRP in interventional and standard treatment groups at baseline and at day 6

Parameters

Interventional group
(N=120)
Mean±SD

Standard group
(N=120)
Mean±SD

95 % CI

p value

Hb 0h

11.31±4.50

11.14±2.40

-2571 to 2571

>0.05

Hb 24h

10.24±2.92

10.39±2.18

-2568 to 2567

>0.05

WBC 0h

17450±10070

15030±7859

-154.9 to 4980

>0.05

WBC 24h

18220±12360

16620±8228

-970.9 to 4164

>0.05

CRP Day 0

216.20±122.70

208.20±117.60

-34.99 to 51.01

>0.05

CRP Day 6

137.50±120.70

195.90±136.00

-101.4 to -15.40

>0.05

Procalcitonin levels: Procalcitonin levels were observed at baseline as 7.40±12.79 and
20.21±34.63 in interventional and standard groups respectively showing significant
difference (p=0.0001). Similarly at day 6, procalcitonin levels were decreased drastically as
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3.76±9.49 and 13.24±25.28 in both the groups respectively and had significant difference
between the groups (p=0.0001).
Table: 3 Values of procalcitonin and lactate in interventional and standard treatment group at baseline and at day 6

Parameters

Interventional group
(N=120)
Mean±SD

Standard group
(N=120)
Mean±SD

95 % CI

p value

Procalcitonin Day 0

7.40±12.79

20.21±34.63

-19.05 to -6.565

0.0001

Procalcitonin Day 6

3.76±9.49

13.24±25.28

-15.71 to -3.229

0.0001

Lactate 0h

3.11±2.55

3.36±2.66

-6.490 to 5.994

>0.05

Lactate 24h

2.88±2.20

3.34±2.67

-6.808 to 5.695

>0.05

Calcium (Ca): Calcium levels were observed as 8.18±1.03 and 8.05±0.93 in interventional
and standard groups respectively without significant difference.
Magnesium (Mg): Mg levels were observed as 1.98±0.37 and 1.94±0.49 in interventional
and standard groups respectively without significant difference.
Prothrombin time (PT): PT was observed as 22.13±8.52 and 23.64±10.29 in interventional
and standard groups respectively without significant difference.
INR: INR levelswere observed as 1.72±1.10 and 1.85±1.10 in interventional and standard
groups respectively without significant difference.
APTT: APTT levelswere observed as 35.46±17.58 and 38.38±21.76 in interventional and
standard groups respectively without significant difference.
SGOT: SGOT levels were observed as 179.40±436.60 and 102.70±234.10 in interventional
and standard groups respectively without significant difference.
SGPT: SGPT levels were observed as 110.40±289.40 and 72.45±219.60 in interventional
and standard groups respectively without significant difference.
ALP: ALP levels were observed as 88.03±177.00 and 114.00±195.40 in interventional and
standard groups respectively without significant.
Albumin: ALB levels were observed as high (247.30±331.60) in interventional group and
low (203.40±243.50) in standard group without statistical significant difference.
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Table: 4 Values of urea and creatinine levels in interventional and standard treatment groups at baseline and after 24h of treatment

Parameters

Interventional group
(N=120)
Mean±SD

Standard group
(N=120)
Mean±SD

95 % CI

p value

Urea 0h

75.62±58.68

78.46±55.57

-21.36 to 15.67

>0.05

Urea 24h

77.24±48.28

81.68±50.06

-22.96 to 14.08

>0.05

Cr 0h

2.66±3.10

2.53±2.06

-2567 to 2567

>0.05

Cr 24h

2.34±2.14

2.51±1.82

-2568 to 2567

>0.05

Table: 5 Values of SPO2 and UOP levels in interventional and standard treatment groups

Parameters

Interventional group
(N=120)
Mean ± SD

Standard group
(N=120)
Mean ± SD

95 % CI

p value

SPO2

96.83±4.87

97.13±4.11

-519.8 to 519.2

>0.05

UOP 24h

1363±722.10

1143±719.90

-312.1 to 752.3

>0.05

UOP 72h

1545±1588

1613±2957

-605.6 to 470.5

>0.05

Table: 6 Values of platelet count and total builirubin levels in interventional and standard treatment groups at baseline and after
72h of treatment

Parameters

Interventional group
(N=120)
Mean±SD

Standard group
(N=120)
Mean±SD

95 % CI

p value

Platelets 0h

214000±135600

200600±122700

-29620 to 56360

>0.05

Platelets 72h

194900±120900

178500±111700

-26560 to 59420

>0.05

Bilirubin 0h

1.823±2.927

1.983±3.667

-1.215 to 0.8951

>0.05

Bilirubin 72h

1.713±2.327

2.165±3.378

-1.507 to 0.6030

>0.05

Risk factors: Among different risk factors, smoking and alcoholics were observed highest as
53 (44.17%) and 45 (37.5%) in interventional and standard groups.
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Table: 7 Percentages of patients with primary diagnosis

Primary diagnosis No (%)

Interventional group
(N = 120)

Standard group
(N = 120)

p value

Pneumonia

37.5%

44.17%

0.36

Urosepsis

15.83%

10%

0.65

Bacteraemia

6.67%

8.33%

0.90

GI/biliary

27.5%

20%

0.25

Other (meningitis, deceased before
cultures, etc.)

10%

8.33%

0.75

Unknown

5%

10%

0.55

Critical illness scores:
The 24h SOFA score was 9.899±4.289 in the interventional group compared with
10.099±4.249 in the standard group (p=0.915). The Day 3 SOFA score was 7.5714±4.0788 in
the interventional group compared with 9.25±4.063 in the standard group (p=0.850). None of
the patients in the interventional group developed new organ failure (due to because of
increase in their SOFA score) requiring an escalation of therapy. The time course of the
SOFA score in the interventional group, the standard patients who died, and the control
patients who survived. The trends in the SOFA score between both the groups were assessed
and were found to be comparable at all-time intervals.
The time course of the APACHE score in the interventional group, the standard patients who
died, and the control patients who survived. The 0 hr APACHE score was 22 ± 9.7024 in the
interventional group compared with 25.428±7.645 in the standard group respectively
(p=0.758). The 24h APACHE score was 21.322 ± 8.637 the interventional group compared
with 27.755 ± 7.949 in the standard group (p=0.756). None of the patients in the
interventional group required the escalation of therapy. The time course of the APACHE
score in the interventional group, the standard patients who died, and the control patients who
survived.
The 0 hr GCS score was 11 ± 4.645 in the interventional group compared with 10±4.949 in
the standard group respectively (p=0.855). The 24hr GCS score was decreased than baseline,
10±4.89 in the interventional group compared with 8±4.739 in the standard group (p=0.658).
None of the patients in the interventional group required the escalation of therapy. The
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median Day 3 PCT clearance was 82% (79.5%-90.5%) in the interventional group compared
with 32% (–45.4% to 59.5%) in the standard group (p=0.001); the time course of the PCT
over the ﬁrst 4 days.
Table: 8 Critical illness scores and mortality in interventional and standard treatment groups

Illness scores
Day 1 SOFA,
Mean ± SD
Day 3 SOFA,
Mean ± SD
APACHEII 0h,
Mean ± SD
APACHEII 24h,
Mean ± SD
GCS- SCORE 0h,
Mean ± SD
GCS- SCORE 24h,
Mean ± SD
MODS N (%)
Mortality N (%)

Interventional group
(N = 120)
9.899 ± 4.289

Standard group
(N = 120)
10.099 ± 4.24

p value

7.5714 ± 4.078

9.25 ± 4.063

0.850

22 ± 9.70

25.428 ± 7.645

0.758

21.322 ± 8.63

27.75 ± 7.949

0.756

11±4.645

10 ± 4.949

0.855

10±4.89

8 ± 4.739

0.658

64 (26.66%)
3 (1.25%)in total 240

80 (33.33%)
31 (12.91%)in total 240

0.045
0.000156

0.915

Comorbidities:
Most patients had multiple comorbidities. The distribution of infections was similar between
the two groups, with the lung being the most common site of infection. Blood cultures were
positive in 36% and 35 % in interventional and standard treatment groups respectively.
Escherichia coli (n=12) and gram-positive organisms (n=6) were the commonest blood
isolates

in

the

interventional

group,

while

gram-positive

organisms

(n= 12) and E coli (n= 8) were the commonest isolates in the standard treatment group.
Mortality:
The hospital mortality was 2.52% in the interventional group compared with 25.61% in the
standard group (p=0.000156). The propensity adjusted odds of mortality in patients treated
with the vitamin C+ Thiamine + Hydrocortisone protocol was 0.13 (95% CI, 0.05-0.58;
p=0.005). Two of the patients in the interventional group died due to sepsis complication.
These patients survived their ICU stay, received standard treatment, and died of
complications of their underlying disease (advanced).
Secondary outcome:
79 patients (66.38%) in the interventional group met the criteria for AKI compared with 77
(63.63%) in the standard treatment group (not signiﬁcantly different, p=0.78). The 24h ﬂuid
balance was 2.1±3.2 L in the interventional group compared with 1.8±2.5 L in the standard
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group (not signiﬁcant). Similarly, the 72h ﬂuid balance was 1.9±3.7 L in the interventional
group compared with 1.6±3.3 L in the standard group. There was no difference in time to
vasopressor independence between interventional and standard groups. 32% patients with
AKI in the interventional group required RRT compared to 38% patients in the standard
group (p=0.5).
All patients in the interventional group were weaned off vasopressors a mean of 17.5±10.2
hrs after starting treatment with the vitaminC+thiamine+hyrdocortisone protocol. The dose of
vasopressors was predictably reduced between 2 and 4 hrs after the ﬁrst infusion of vitamin
C+thiamine+hydrocortisone. The mean duration of vasopressor use was 35.8±21.5 h in the
standard group (p=0.001); 25% patients in the standard group received higher dose of
vasopressors and died due to refractory septic shock. The mean duration of vasopressor
treatment was 61.4± 33.8 h in the control patients who died compared with 39.5±12.5 h in
those who survived. The time course of the vasopressor dose (in norepinephrine equivalents)
in the interventional group, and the control patients who died, and the control patients who
survived.
Table: 9 Secondary outcome measures in interventional and standard treatment groups

Variables
Tracheostomy
Vasopressors, No (%)
Vasopressor time
Acute kidney injury, No (%)
Blood cultures, No (%)

Interventional group
(N = 120)
17
100
17.5± 10.2 h
79 (66.38%)
36%

Standard group
(N = 120)
18
100
35.8 ± 21.5 h
77 (63.63%)
35%

p value
0.90
1.00
0.001
0.780
0.950

ICU and hospital stay:
The mean Ventilator days was 7.258±7.92 (2-26) days in the interventional group compared
with 7.53±4.45 (1-18) days in the standard group (p=0.9, not signiﬁcantly different). The
mean Noradrenaline infusion days was 4.28 ± 3.8 (1-16) days in the interventional group
compared with 4.05±2.37 (1-12) days in the standard group (p=0.89, not signiﬁcantly
different). The mean Vasopressin infusion days was 4.06±3.4(1-16) days in the interventional
group compared with 3.71±2.4 (1-13) days in the standard group (p=0.45, not signiﬁcantly
different) .
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The median length of ICU stay was 8.52±7.63 (2-27) days in the interventional group
compared with 8.04 ± 4.3 (2-25) days in the standard group (p=0.89, not signiﬁcantly
different). The median length of hospital stay was 13.64±9.04 (4-80) days in the
interventional group compared with 10.28 ± 5.93 (2-28) days in the control group (p=0.3, not
signiﬁcantly different).
Trend in vasopressor requirements:
The dose of noradrenaline and vasopressin over 5 days was lower in interventional group
compared to standard group during the study period. The difference in vasopressin and
noradrenalin from baseline to various time intervals showing improvement was observed in
interventional group population at all-time points.
Table: 10 Trend in ICU and hospital stay and vasopressor requirements in interventional and standard treatment groups

Variable

Interventional group
(N = 120)

Standard group (N = 120)

P value

Mean±SD

CI

CI

Ventilator days

7.258±7.92

2-26

7.53±4.452

1-18

0.90

Noradrenaline
Days

4.280898876±3.8670

1-16

4.051948052±2.3780

1-12

0.89

Vasopressin Days

4.06557377±3.453832

1-16

3.719298246±2.454

1-13

0.45

HD/SLED N (%)

57 (40.71%)

Hospital stay

13.64705882±9.040950

4-80

10.2892562±5.9307

2-28

0.30

ICU stay

8.529411765±7.634470

2-27

8.041322314±4.342

2-25

0.89

47 (47.00%)

0.15

APACHE: Acute Physiology and Chronic Health Evaluation; CVA: cerebrovascular accident; CRF:
chronic respiratory failure; IQR: interquartile

range;

SOFA:

Sepsis-Related

Organ

Failure

Assessment; ICU: intensive care unit; AKI: acute kidney injury; RRT: renal replacement therapy;
LOS: length of stay; IQR: interquartile range; PCT: procalcitonin.

4. Discussion
For initial revival of sepsis patients, arterial blood pressure (ABP) has been considered a
fundamental measure for monitoring and guiding the hemodynamic therapy [11-13]. Hence,
mean arterial pressure (MAP) was considered as one of the parameter to evaluate the host
response in sepsis during tri-therapy in interventional group. In sepsis patient’s metabolic
alkalosis is the most often due to the treatment given to correct hypotension, shock and
acidosis [14]. Further metabolic acidosis is another risk factor in sepsis which can be the
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result of either reduced bicarbonate or increased hydrogen ion (H+) concentrations [15]. In
sepsis, disturbances in electrolytes has been one of the most common clinical manifestation
encountered in ICU and is related with the increased morbidity and mortality of sepsis
patients [16].
Several mechanisms including increased destruction and reduced production of red blood
cells have been discovered that contribute to the acute reduction in haemoglobin (Hb) levels
in sepsis patients [17]. Many septic patients often develop leucocytosis in a delayed fashion
[18]. C-reactive protein (CRP) has been a well-established marker of inflammation in
infectious diseases [19].
Several studies have demonstrated the discriminative ability of serum Procalcitonin (PCT)
and Lactate levels in bacterial sepsis [20]. In our study, we observed slight decrease in PCT
levels at both baseline and after day 6 of treatment in interventional group as compared to
standard treatment group. Studies have demonstrated that the serum PCT level rises rapidly
as compared to CRP and peaks in a very short time. Furthermore, if patient responds properly
to the treatment, the level of PCT returns to normal range earlier than CRP which makes it a
better biomarker for sepsis [21]. The reduced levels of PCT in interventional group receiving
Vitamin C, Thiamine (Vitamin B1), and Hydrocortisone showed better host response of
sepsis patients as compared to standard care. The similar observations were made for males
both at baseline and after 6 days of tri-therapy. However, PCT values didn't differ in female
sepsis patients in interventional group after 6 days of treatment. Collectively these data
indicates that tri-therapy can provide better and faster normalization of PCT levels than
standard care and can be considered as better treatment strategy.
Hypocalcemia and hypomagnesemia have been the most common in critically ill sepsis
patients with significantly increased hospitalization, prolonged ICU stay and mortality. In
addition to this, during sepsis coagulation system becomes diffusely activated which results
in Disseminated Intravascular Coagulation (DIC) representing higher mortality rate [22].
Thus, we compared Ca, Mg, and components of DIC including prothrombin time (PT),
International Normalized Ratio (INR), and APTT levels. We didn't observe any significant
change in these parameters in interventional group of patients as compared to standard care
both at baseline and during the treatment. Thus these findings revealed that tri-therapy is safe
and equally efficacious to standard care which can be opted further in larger cohort studies.
Approximately 19% of sepsis patients develop liver dysfunction. More specifically early
hepatic failure leads to increased in-hospital mortality of sepsis patients [23]. Hence, in this
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study we compared SGOT, SGPT, ALP, ALB, Bilirubin, Urea and Creatinine in sepsis
patients in interventional group with standard care. Our study didn't show significant change
in any of these liver function tests in interventional group as compared to standard care
representing that tri-therapy is safe and equally effective in sepsis patients irrespective of
gender.
In our study interventional group of patients didn't show significant change at baseline and
after 72 hours of treatment duration and were comparable to the standard treatment group.
Thus these data represent safety and tolerability of tri-therapy in sepsis patients of both the
genders.
Among different risk factors, smoking and alcoholics were observed as highest in
interventional (37.85%) and standard groups (45%). The most common infection in both the
groups was pneumonia (Interventional: 38% vs. Standard: 45%), followed by gastrointestinal
and biliary infection (Interventional: 28% vs. standard: 20%). 10% patients in the
interventional group and 8% patients in the standard group had positive blood cultures.
The primary outcome was measured in terms of patient’s mortality in both the groups. None
of the patients in the interventional group developed new organ failure (due to because of
increase in their SOFA score) requiring an escalation of therapy. The hospital mortality was
2.52% in the interventional group compared with 25.61% in the standard group
(p=0.000156). Two of the patients in the interventional group died due to sepsis
complication. These patients survived their ICU stay, received standard treatment, and died
of complications of their underlying disease (advanced).
Both the SOFA and APACHE score didn't vary in interventional group with respect to
standard treatment group. None of the patients in the interventional group required the
escalation of therapy. The median Day 3 PCT clearance was 82% (79.5%-90.5%) in the
interventional group compared with 32% (–45.4% to 59.5%) in the standard group (p=0.001);
the time course of the PCT over the ﬁrst 4 days. The distribution of infections was similar
between the two groups, with the lung being the most common site of infection. Blood
cultures were positive in 36% and 35 % in interventional and standard treatment groups
respectively. Escherichia coli (n=12) and gram-positive organisms (n=6) were the commonest
blood isolates in the interventional group, while gram-positive organisms (n=12) and E coli
(n=8) were the commonest isolates in the standard treatment group.
Fowler et al (2014) showed 86 hrs of mean duration of vasopressor dependency after
treatment with vitamin C. Similarly effect of Intravenous Vitamin C, Thiamine, and
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Hydrocortisone on early weaning from Vasopressors in sepsis patients has been described
recently by Masood et al (2019)[24],[25]. In our study, all patients in the interventional group
were weaned off vasopressors a mean of 17.5±10.2 hrs after starting treatment with the
vitamin C + thiamine + hydrocortisone protocol. The dose of vasopressors was predictably
reduced between 2 and 4 hrs after the ﬁrst infusion of vitamin C + thiamine + hydrocortisone.
The dose of noradrenaline and vasopressin over 5 days was lower in interventional group
compared to standard group during the study period. The difference in vasopressin and
noradrenalin from baseline to various time intervals showing improvement was observed in
interventional group population at all-time points.
While the dosing strategy for corticosteroids (hydrocortisone) in patients with sepsis and
septic shock has been well studied, that for vitamin C is more uncertain. When high dosages
of vitamin are given intravenously, metabolic conversion to oxalate increases. Oxalic acid is
normally excreted by the kidney, and serum levels will increase with renal impairment. In
patients with renal impairment receiving megadose vitamin C, super saturation of serum with
oxalate may result in tissue deposition as well as crystallization in the kidney. Worsening
renal function is therefore a concern with mega dose vitamin C. Thiamine deﬁciency
increases the conversion of glyoxylate to oxalate. Thiamine deﬁciency is common in septic
patients and is associated with an increased risk of death. For these reasons, thiamine was
included in our vitamin C protocol.
In addition, the safety of hydrocortisone, vitamin C, and thiamine is supported by previous
studies. In conclusion, the results of our study suggest that the early use of intravenous
vitamin C, together with hydrocortisone and thiamine, may prove to be effective in
preventing progressive organ dysfunction, including acute kidney injury, and reducing the
mortality of patients with sepsis and septic shock.
Table: 11 Comparative studies

Design

Population

Katsenos et al
26
(2014)
Non-randomized,
prospective,
longitudinal

Septic shock
adults;
norepinephrine
>0.5 mcg/kg/min

Fowler et al
(2014)
Placebocontrolled,
double- blind,
randomized,
phase I trial
sepsis

887

Donnino et al (2016)34

Marik et al (2016)10

Two-center, placebocontrolled, doubleblind, randomized,
pilot

Retrospective, beforeafter study

Sepsis + lactate >3
mmol/L + hypotension +
vasopressors

sepsis or septic shock
+ procalcitonin >2
ng/mL
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Intervention

Baseline

IV hydrocortisone
50 mg q6h x 7d
Early <9
hours
(n=46)
Late >9
hours
(n=124)
AP 26.3 vs 23.9
AC
HE 11.5 vs 10.7
II
SO
FA

IV vitamin C
divided q6h

Thiamine 200 mg q12h x
7d

Placebo (n=8)
Lo-AscA: 50
mg/kg/d (n=8)
Hi-AscA: 200
mg/kg/d (n=8)

Placebo
(n=45)
Thiamine
(n=43)

AP
AC
HE
II
SO
FA

APACHE
II SOFA

20.4 vs
20.4 vs 24
13.3 vs
10.1 vs
10.8

Triple therapy*
Control
(n=47) Triple
therapy (n=47)

26.5 vs 25.7
10.2 vs 10.1

APAC
HE II
SOFA

22.6 vs
22.1
8.7 vs 8.3

⇓SOFA score
⇓mortality in deficient
⇓vasopressor duration
patients
⇓c-reactive
⇓mortality
protein
⇓SOFA score
⇓procalcitonin
⇓procalcitonin
*Triple therapy= IV hydrocortisone 50 mg q6h x 7d + IV vitamin C 50 mg q6h x 4d + IV thiamine 200 mg
q12h x 4
Katsenos 201426
Fowler 201424
Donnino 2016
Marik 2016
Design
Non-randomized,
Placebo-controlled,
Two-center,
Retrospective, beforeprospective,
double- blind,
placebo-controlled,
after study
longitudinal
randomized, phase I
double-blind,
trial
randomized, pilot
Populatio
Septic shock
sepsis
Sepsis + lactate >3
sepsis or septic shock +
n
adults;
mmol/L + hypotension procalcitonin >2 ng/mL
norepinephrine
+ vasopressors
>0.5 mcg/kg/min
Interventi
IV hydrocortisone
IV vitamin C divided Thiamine 200 mg q12h
Triple therapy*
on
50 mg q6h x 7d
q6h
x 7d
Control (n=47)
Early <9
Placebo (n=8)
Placebo
Triple therapy
hours
Lo-AscA: 50
(n=45)
(n=47)
(n=46) Late
mg/kg/d (n=8) HiThiamin
>9 hours
AscA: 200
e (n=43)
(n=124)
mg/kg/d (n=8)
Baseline
APAC
26.3 vs
APACHE
20.4
APACHE II
26.5
APACHE II
22.6
HE II
23.9
II SOFA
vs
SOFA
vs
SOFA
vs
SOFA
11.5 vs
20.4
25.7
22.1
10.7
vs 24
10.2
8.7
13.3
vs
vs
vs
10.1
8.3
10.1
vs
10.8
Outcomes
⇓vasopressor
⇓SOFA score
⇓mortality in deficient
⇓vasopressor duration
duration
patients
⇓c-reactive protein
⇓mortality
⇓mortality
⇓procalcitonin
⇓SOFA score
⇓procalcitonin
Outcomes

⇓vasopressor
duration
⇓mortality
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*Triple therapy= IV hydrocortisone 50 mg q6h x 7d + IV vitamin C 50 mg q6h x 4d + IV thiamine 200 mg
q12h x 4

5. Conclusion
In conclusion, vitamin C treatment reduces dose and duration of vasopressors as compared to
placebo treatment. Early use of intravenous vitamin C, along with hydrocortisone and
thiamine, may prove to be effective in the reduction of vasopressors dosage and mortality of
patients with sepsis and septic shock.
Standard (regular) treatment protocol did not decrease the need for RRT initiation in patients
with AKI, nor did it shorten ICU length of stay, hospital LOS, or the duration of vasopressor
therapy when compared to SC.
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