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Abstract.
OBJECTIVE: To investigate the effects of hydrocortisone combined with vitamin C and vitamin B1 versus hydrocortisone
on sublingual microcirculation in septic shock patients.
METHODS: This pilot study enrolled septic shock patients admitted to the ICU of a tertiary teaching hospital from February
2019 to January 2020. We randomly assigned the enrolled patients to the treatment group (hydrocortisone combined with
vitamin C and vitamin B1 added to standard care) and the control group (hydrocortisone alone added to standard care) in
a 1 : 1 ratio. The primary outcome was perfused small vascular density (sPVD) monitored by a sublingual microcirculation
imaging system at 24 hours after treatment.
RESULTS: Twelve patients in the treatment group and ten in the control group completed the study. The baseline character-
istics were comparable between the groups. No statistically significant difference was found in the sPVD between the groups
at baseline. The sPVD in the treatment group was significantly higher than that in the control group at 4 hours after treatment
(mean difference, 7.042; 95% CI, 2.227-11.857; P = 0.009) and 24 hours after treatment (mean difference, 7.075; 95% CI,
2.390-11.759; P = 0.008).
CONCLUSIONS: Compared with hydrocortisone, hydrocortisone combined with vitamin C and vitamin B1 significantly
improves microcirculation in septic shock patients.
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1. Background

Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to infection.
Septic shock is a subset of sepsis and leads to high mortality. Globally, approximately 48 million
incident cases of sepsis and 11 million sepsis-related deaths (accounting for approximately 20% of
all deaths) occur annually [1]. A national multicenter epidemiological investigation in China showed
that the 90-day mortality of patients with septic shock was more than 50% [2]. Effectively reducing
mortality and improving the prognosis in patients with sepsis and septic shock is a crucial task for
critical care medicine.
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Hydrocortisone combined with vitamin C and vitamin B1 (combination therapy) is a promising
treatment for septic shock. Marik and colleagues explored the effect of the combination therapy on
mortality in patients with septic shock for the first time, revealing that the combination therapy sig-
nificantly reduces the in-hospital mortality, sequential organ failure assessment (SOFA) score, and
duration of vasopressor use [3]. However, this study has some shortcomings, such as the small sample
size and before-after study design. Since the publication of this study, the use of combination therapy
has increased gradually [4], and numerous studies have begun to explore the effect of combination
therapy on the prognosis of septic shock patients [5–14]. But these studies have produced inconsistent
results and a lack of mechanistic research.

Dysregulated host response to infection can cause endothelial cell death, loss of endothelial barrier
integrity, endothelial dysfunction, disseminated intravascular coagulation, and mitochondrial dysfunc-
tion. These microcirculation dysfunctions can lead to impaired tissue oxygenation and thus cause organ
function injury. Therefore, endothelial and microcirculation dysfunction play key roles in the occur-
rence and development of septic shock. Theoretically, the combination therapy could protect endothelial
function and microcirculation in many ways, including reducing endothelial apoptosis, maintaining
endothelial integrity, immunomodulatory function, maintaining vasopressor responsiveness, improv-
ing mitochondrial function, and increasing lactate clearance. [15] Additionally, hydrocortisone and
vitamin C have a synergistic effect on endothelial protection [16]. But there is a lack of studies to
explore the effect of the combination therapy on microcirculation in patients with septic shock. This
study aimed to observe the effects of the combination therapy versus hydrocortisone alone on sublingual
microcirculation monitored by sidestream dark-field imaging in septic shock patients.

2. Methods

2.1. Study design

This pilot study used a prospective, double-blind, randomized, controlled trial method and aimed to
evaluate the effects of hydrocortisone combined with vitamin C and vitamin B1 versus hydrocortisone
alone on the perfused small vessel density (sPVD, sublingual microcirculation parameters monitored
by sidestream dark-field imaging) in patients with septic shock. We randomly assigned the enrolled
patients to the treatment group (hydrocortisone combined with vitamin C and vitamin B1 therapy
added to standard care) and control group (hydrocortisone alone added to standard care) in a 1 : 1 ratio.
The Clinical Research Ethics Committee of the Zhongda Hospital affiliated with Southeast University
approved this study (2018ZDSYLL057-P01), and informed consent forms were signed by relatives of
the participants by law. The clinical trial protocol was registered at clinicaltrial.gov (NCT03821714).

2.2. Participants

From February 1, 2019, to January 1, 2020, we enrolled patients with septic shock admitted to
the intensive care unit (ICU) of the Zhongda Hospital affiliated with Southeast University. All newly
admitted patients were screened four times on the first day of ICU admission to determine whether they
met the study’s inclusion criteria and ensure early enrollment. Because of the difficulty of screening late
at night, the screening time points were 7 : 00, 13 : 00, 19 : 00, and 23 : 00. The main inclusion criteria
were septic shock patients with norepinephrine doses ≥ 15 �g/min. According to the requirements of
the ethics committee, the included patients were aged at least 18 years and had a maximum age of
80 years. The exclusion criteria included the following: uncontrolled malignancy; clinicians judging
that glucocorticoid therapy should not be used; glucocorticoid therapy being used within seven days
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before admission; patients meeting the inclusion criteria for more than 12 hours; patients or relatives
refusing to sign the informed consent form; patients expected to die within 24 hours. Sepsis was
defined as an acute change in the total SOFA score ≥ 2 points consequent to infection. Septic shock
was defined as sepsis with persisting hypotension requiring vasopressors to maintain a mean arterial
pressure (MAP)≥65 mmHg despite adequate volume resuscitation [17]. Some patients have lactate
less than 2 mmol/L at enrollment due to the treatment with fluid resuscitation and norepinephrine after
the diagnosis of septic shock.

2.3. Randomization and blinding

We randomly assigned the enrolled patients to the treatment and control groups in a 1 : 1 ratio.
We used a 1-100 random number table for simple randomized assignments. If the random number
was odd, the patient was assigned to the treatment group; otherwise, the patient was assigned to the
control group. Patients were numbered according to their enrollment order, and the random results
of each patient were concealed by the envelope method. Screening researchers opened the envelope
based on the patient’s enrollment number and then informed the treating nurse of the treatment plan.
Finally, the treating nurse completed the medication according to the prescribed usage. Participants
and microcirculation evaluators were blinded to the grouping scheme.

2.4. Intervention

The treatment group was treated with hydrocortisone combined with vitamin C and vitamin B1
added to standard care. Hydrocortisone (200 mg) was continuously pumped intravenously for 24 hours.
Vitamin C (1.5 g) was dissolved in 100 ml of normal saline and infused intravenously. The infusion time
was 30-60 min, and the interval was 6 hours; 4 doses were used. Vitamin B1 (200 mg) was dissolved
in 50 ml of normal saline and infused intravenously. The infusion time was 30-60 min, and the interval
was 12 hours; 2 doses were used. The control group was treated with hydrocortisone alone added to
standard care. The use of hydrocortisone was the same as that in the treatment group. Additionally,
the same amount of saline as the treatment group was used as a control. Standard care was performed
according to the international guidelines for the management of sepsis and septic shock, such as
infection source control, fluid resuscitation, norepinephrine use, and antimicrobial use [18].

2.5. Outcome

The primary outcome was the sPVD at 24 hours after treatment. We used a sublingual microcircu-
lation imaging system to monitor the sPVD at baseline, 4 hours and 24 hours after treatment. Perfused
small vessel was defined as blood vessel 0 to 20 � m in diameter. The secondary outcomes included
other sublingual microcirculation parameters at 24 hours after treatment (proportion of perfused small
vessels [sPPV], small vessel density [sTVD], and microvascular flow index [MFI]). To further support
the primary outcome, we performed renal contrast-enhanced ultrasound (CEUS) at baseline and 24
hours after treatment to observe the differences in renal perfusion between the treatment and control
groups. Other secondary outcomes were renal CEUS parameters at 24 hours after treatment (peak
intensity [PI], regional blood flow [RBF], time to peak [TTP], mean transit time [MTT]); lactate level
at 24 hours after treatment; norepinephrine dose; ICU stay; total hospital stay; and 28-day mortality.
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2.6. Sublingual microcirculation monitoring

We used sublingual microcirculation imaging system (MicroSee, V100, Guangzhou Medsoft System
Ltd., China) for microcirculation monitoring and followed the second consensus on the assessment of
sublingual microcirculation in critically ill patients [19]. MicroSee is a kind of sidestream dark-field
imaging system with image size 656×492 pixels, resolution 1.1 �m/pixel, field of view 730×550 �m,
frame rate 30 frames/s.

Sublingual microcirculation was monitored at baseline, 4 hours, and 24 hours after treatment. After
evaluating the safety of endotracheal intubation, we used cotton balls to clean the patient’s oral secre-
tions. Then, the probe was placed under the tongue to capture microcirculation images. At each time
point, we collected images of sublingual microcirculation at 3-5 locations. In the final data analysis, the
microcirculation parameters were averaged. The duration of each image was greater than 4 seconds.
To ensure good image quality, we scored each image according to the scoring system recommended
by the second consensus on the assessment of sublingual microcirculation in critically ill patients. A
score greater than 6 indicates that the image is unqualified.

After images were collected, two trained image analysts used the MircoSee Information Management
Software (MicroSee, V100, Guangzhou Medsoft System Ltd., China) to independently analyze the
microcirculation images. The final parameters were averaged. The image analysis process is shown
below.

Firstly, we described each vessel manually. Secondly, we assigned a value to each blood vessel.
Vessels with continuous blood flow or blood flow time greater than 50% were labeled as perfused
vessels. Vessels with no blood flow and blood flow time less than 50% were labeled as nonperfused
vessels. Then, small vessel density (sTVD), proportion of perfused small vessels (sPPV) and perfused
small vessel density (sPVD) can be calculated automatically. As small vessels are directly involved in
tissue perfusion and substance exchange, the microcirculation parameters of small vessels were used
for the final data analysis. Small vessels were defined as blood vessels 0 to 20 � m in diameter. Thirdly,
we calculated microvascular flow index (MFI) by the four-quadrant method. For each quadrant, stop
flow was marked with a score of 0; intermittent flow was marked with a score of 1; sluggish flow was
marked with a score of 2; normal flow was marked with a score of 3. MFI was the average red blood
cell velocity per quadrant.

2.7. Renal contrast-enhanced ultrasound monitoring

We used renal contrast-enhanced ultrasound (CEUS) to investigate the effects of hydrocortisone
combined with vitamin C and vitamin B1 versus hydrocortisone alone on renal perfusion to support
the primary outcome. The Esaote MyLab Twice ultrasound with a CA541 convex probe was used
to perform CEUS, and Sonovue (Bracco company, Italy) was used as the contrast agent. CEUS was
monitored at baseline and 24 hours after treatment. At each time point, we collected CEUS images
of the bilateral kidneys. The time between the two collections was at least 15 minutes. In the final
data analysis, CEUS parameters were averaged. Besides, the CEUS image analyst was blinded to the
grouping scheme.

The process of CEUS was described as follows. First, we dissolved a sonovue in 5 mL normal saline.
The dose of sonovue used in a single CEUS was 0.02 mL/kg. Then, under two-dimensional ultrasound,
the long axis of the kidney was shown. We injected the contrast agent and started the CEUS examination.
The machine parameters were selected as frequency 10 Hz, mechanical index 0.07, gray scale 90%,
and focusing depth 5 cm. The CEUS images were collected continuously for 120 seconds. Finally, we
used the analysis software of the ultrasound machine to perform contrast-enhanced ultrasound analysis
and obtain the parameters of renal perfusion.
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2.8. Statistical analysis

This study was a parallel randomized controlled trial. The treatment group was treated with hydro-
cortisone combined with vitamin C and vitamin B1 added to standard care, and the control group was
treated with hydrocortisone alone added to standard care. The primary outcome was perfused small
vessel density (sPVD) at 24 hours after treatment. We conducted a preliminary study involving four
septic patients, two in the treatment group and two in the control group. The difference in sPVD at 24
hours after treatment between the treatment group and the control group was 4.21 mm/mm2, and the
standard deviation (SD) was 2.93 mm/mm2. Set �=0.05 and �=0.2, the calculated sample size was 9
in each group. The loss of follow-up rate was set as 10%, and the final sample size was 10 cases per
group.

Continuous variables were shown as the mean ± standard deviation(SD) or median (interquar-
tile range) according to the data distribution. Categorical variables were shown as numbers and
percentages. For repeated measurement data (measurement number ≥ 3), we used two-way repeated-
measures ANOVA to determine the influence of different interventions on microcirculation over time.
If Mauchly’s test of sphericity was not satisfied, we used the Greenhouse-Geisser method for correc-
tion. For data measured before and after treatment (measurement number = 2), we used baseline data
as covariates and used covariance analysis to compare posttreatment differences between the treatment
and control groups. We used either the independent samples t-test or Mann-Whitney U test for contin-
uous variables to compare the baseline characteristics of patients in the treatment and control groups
and Fisher’s exact test for categorical variables. Two-sided P values less than 0.05 were considered
statistically significant. Statistical analysis was performed using SPSS (Version 23.0; IBM Corp.) and
R (Version 3.6.3; R Project for Statistical Computing).

3. Results

3.1. Participants

We screened 108 patients with septic shock. Among them, 27 patients were randomized after exclud-
ing 81 patients. The main reasons for exclusions were as follows: a norepinephrine dose less than
15 �g/min, age older than 80 years, malignancy, and clinicians judging that hydrocortisone should
not be used. Among the randomized patients, 15 were allocated to the treatment group, and 12 to
the control group. All the randomized patients received the allocated intervention. In the treatment
group, sublingual microcirculation was not monitored in 2 patients because of ventilation in the prone
position, and 1 patient discontinued intervention because of an ICU stay of less than 24 hours. In the
control group, sublingual microcirculation was not monitored in 2 patients because of ventilation in
the prone position. Finally, 12 patients in the treatment group and 10 patients in the control group
completed the study and were included in the analysis (Fig. 1).

No significant differences were found in sex, age, height, weight, comorbidities, infection sites,
disease severity, fluid management, or laboratory parameters between the treatment and control groups
(Table 1). Among the included patients, 15 (68.2%) were male, and the mean age was 57 years. The main
comorbidities were hypertension, cerebrovascular disease, diabetes, and coronary heart disease. The
main sites of infection were the respiratory system and abdominal cavity. 19 (86.4%) patients received
mechanical ventilation. No significant differences were found between the treatment and control groups
in the length of ICU stay, total hospital stay, or 28-day mortality. No statistically significant differences
were found in hemodynamics between the treatment and control groups at baseline, 4 hours and 24
hours after treatment (Table 2).
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Fig. 1. Flow diagram.

3.2. Primary outcome

We scored the sublingual microcirculation images according to the second consensus on the assess-
ment of sublingual microcirculation, and a score greater than 6 points indicated that image quality was
substandard. A total of 282 images were collected, of which 15 were discarded and 267 were included
in image analysis. The sublingual microcirculation image scores included in the final image analysis
were fewer than 6 points (Supplementary Fig. 1).

The interaction of different interventions and time had a statistically significant effect on sPVD. No
statistically significant difference was found in the sPVD between the treatment and control groups at
baseline (mean difference, 2.603; 95% CI, -0.847-6.053; P = 0.122). The sPVD in the treatment group
was significantly higher than that in the control group at 4 hours after treatment (mean difference,
7.042; 95% CI, 2.227-11.857; P = 0.009) and 24 hours after treatment (mean difference, 7.075; 95%
CI, 2.390-11.759; P = 0.008) (Fig. 2). In the treatment group, the influence of time factor on sPVD
was statistically significant (P = 0.033). In the control group, time factor had no statistically significant
effect on sPVD (P = 0.773).

3.3. Secondary outcomes

No statistically significant differences were found in the sPPV, sTVD, or MFI between the treatment
and control groups at baseline. The sPPV (mean difference, 13.490; 95% CI, 2.798-24.182; P = 0.019),
sTVD (mean difference, 5.659; 95% CI, 1.340-9.979; P = 0.016), and MFI (mean difference, 0.459;
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Table 1

Characteristics of the enrolled patients

Variables Overall Control group Treatment group
(n = 22) (n = 10) (n = 12)

Male, No. (%) 15 (68.2) 9 (90) 6 (50)
Age, years, mean ± SD 57 ± 18 59 ± 16 56 ± 20
Height, cm, mean ± SD 167 ± 7 171 ± 6 166 ± 7
Weight, kg, mean ± SD 66 ± 12 70 ± 12 63 ± 11
Comorbidity, No. (%)
Hypertension 10 (45.5) 3 (30) 7 (58.3)
Cerebrovascular disease 7 (31.8) 3 (30) 4 (33.3)
Diabetes 4 (18.2) 1 (10) 3 (25)
Coronary heart disease 3 (13.6) 2 (20) 1 (8.3)
The site of infection, No. (%)
Respiratory system 11 (50) 5 (50) 6 (50)
Abdominal cavity 10 (45.5) 5 (50) 5 (41.7)
Urinary system 1 (4.5) 0 (0) 1 (8.3)
Mechanical ventilation, No. (%) 19 (86.4) 8 (80) 11 (91.7)
APACHE II score, mean ± SD 21.5 ± 5.2 20.4 ± 6.1 22.8 ± 3.8
SOFA score, mean ± SD 8.5 ± 2.9 8.3 ± 2.9 8.8 ± 2.9
Norepinephrine dose, �g/kg/min, median (IQR) 0.50 (0.36, 0.85) 0.52 (0.30, 1.27) 0.50 (0.38, 0.85)
Fluid management
Fluid intake at first 24 hours, mL, mean ± SD 4711 ± 1983 4847 ± 2136 4598 ± 1935
Fluid output at first 24 hours, mL, mean ± SD 3531 ± 2085 3732 ± 2228 3365 ± 2044
Laboratory parameters
White blood cells,×109/L, mean ± SD 15.2 ± 6.6 15.3 ± 8.1 15.1 ± 5.5
Procalcitonin, ng/mL, median (IQR) 8.2 (2.8,17.5) 8.8 (2.9,17.5) 7.3 (3.8,14.1)
C-reactive protein, mg/L, median (IQR) 163 (95,186) 158 (85,186) 167 (103,180)
Hemoglobin, g/L, mean ± SD 106 ± 25 111 ± 20 103 ± 29
Platelet count,×109/L, median (IQR) 128 (81,241) 139 (85,218) 128 (70,266)
PT, S, mean ± SD 15.2 ± 2.3 15.6 ± 2.9 14.8 ± 1.6
APPT, S, median (IQR) 37 (33,52) 37 (33,40) 36 (34,60)
FDP, �g/mL, median (IQR) 10.4 (8.8,16) 9.9 (8.7,13.6) 13 (9.8,21.7)
D-Dimer, mg/L, median (IQR) 1.44 (1.14,2.59) 1.21 (1.10,3.58) 1.60 (1.13,2.30)
Lactate, mmol/L, median (IQR) 3 (1.7,4.1) 3.2 (2.4,5.2) 2.6 (1.5,3.8)
ICU stay, days, median (IQR) 7 (4,17) 11 (4,19) 7 (5,11)
Hospital stay, days, median (IQR) 15 (7,21) 17 (12,20) 12 (6,22)
28-day mortality, No. (%) 8 (36.4) 4 (40) 4 (33.3)

APACHE II, Acute Physiology and Chronic Health Evaluation II; APTT, Activated partial thromboplastin time; FDP, Fibrin
degradation products; ICU, intensive care unit; IQR, interquartile range; PT, Prothrombin time; SD, standard deviation;
SOFA, Sequential Organ Failure Assessment.

95% CI, 0.033-0.885; P = 0.037) were significantly higher in the treatment group than in the control
group at 24 hours after treatment (Fig. 2).

After adjusting for the PI and RBF at baseline, we observed that the PI (mean difference, 8.151; 95%
CI, 2.748-13.553; P = 0.005) and RBF (mean difference, 9.402; 95% CI, 3.092-15.712; P = 0.006) in
the treatment group were significantly higher than those in the control group at 24 hours after treatment.
No statistically significant differences were found in the TTP, or MTT at 24 hours after treatment in
the treatment group compared with that in the control group after adjusting for baseline value (Fig. 3).



118 J. Wang et al. / Effects of hydrocortisone combined with vitamin C and vitamin B1

Table 2

Hemodynamic characteristics of the patients

Variables Group Baseline 4 hours after 24 hours after
treatment treatment

Heart rate, bpm, mean ± SD Treatment 106 ± 24 89 ± 20* 93 ± 18*
Control 123 ± 27 101 ± 15 102 ± 15

CVP, mmHg, mean ± SD Treatment 10 ± 2 9 ± 3 8 ± 3*
Control 11 ± 3 11 ± 2 9 ± 2

MAP, mmHg, mean ± SD Treatment 81 ± 10 83 ± 12 87 ± 9
Control 77 ± 12 84 ± 10 84 ± 9

CO, L/min, mean ± SD Treatment 6.5 ± 1.6 6.1 ± 1.2 6.7 ± 0.7
Control 6.3 ± 1.1 6.8 ± 0.6 6.7 ± 0.8

GEDV, mL, mean ± SD Treatment 1355 ± 369 1349 ± 400 1304 ± 402
Control 1255 ± 197 1182 ± 290 1240 ± 228

SVRI, dyn.s.cm−5.m2, mean ± SD Treatment 1513 ± 366 1662 ± 498 1563 ± 454
Control 1508 ± 283 1385 ± 388 1340 ± 297

Hemodynamic characteristics were monitored using the pulse-indicated continuous cardiac output. CO, cardiac output; CVP,
central venous pressure; GEDV, global end-diastolic volume; MAP, mean arterial pressure; SD, standard deviation; SVRI,
systemic vascular resistance index. *Compared with baseline, P < 0.05.

Fig. 2. Effects of hydrocortisone combined with vitamin C and vitamin B1 versus hydrocortisone alone on microcirculation
in septic shock patients. A shows the effect on sPVD. B shows the effect on sPPV. C shows the effect on sTVD. D shows the
effect on MFI. sPVD, Perfused small vessel density; sPPV, Proportion of perfused small vessel; sTVD, Small vessel density;
MFI, Microvascular flow index. The error bars indicates standard deviation. *Compared with the control group, P < 0.05.

After adjusting for the lactate levels at baseline, the lactate levels were significantly lower in the
treatment group than in the control group at 24 hours after treatment (mean difference, 2.839; 95%
CI, 0.280-5.398; P = 0.032) (Fig. 4). No significant differences were found in the norepinephrine



J. Wang et al. / Effects of hydrocortisone combined with vitamin C and vitamin B1 119

Fig. 3. Effects of hydrocortisone combined with vitamin C and Vitamin B1 versus hydrocortisone alone on renal perfusion
in septic shock patients. A shows the effect on PI. B shows the effect on RBF. C shows the effect on TTP. D shows the effect
on MTT. MTT, mean transit time; PI, peak intensity; RBF, regional blood flow; TTP, time to peak. The error bars indicates
standard deviation. *Compared with the control group, P < 0.05.

Fig. 4. Effect of hydrocortisone combined with vitamin C and Vitamin B1 versus hydrocortisone alone on lactate in septic
shock patients. Boxplot indicates median (interquartile range) with maximum and minimum values. *Compared with the
control group, P < 0.05.

dose between the treatment and control groups at baseline, 4 hours, and 24 hours after treatment
(Supplementary Fig. 2).

4. Discussion

This pilot study aimed to observe the effects of hydrocortisone combined with vitamin C and vitamin
B1 versus hydrocortisone alone on sublingual microcirculation in patients with septic shock. The
sublingual microcirculation in the treatment group was significantly better than that in the control
group at 24 hours after treatment. It suggests that combination therapy can protect microcirculation.
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The results were further supported by the protective effect of the combination therapy on renal perfusion
monitored by renal CEUS.

Septic shock is associated with micro thrombosis, impaired endothelial barrier function, microvas-
cular abnormalities, and mitochondrial dysfunction [20–22]. Hydrocortisone combined with vitamin
C and vitamin B1 protects endothelial function and improves microcirculation through multiple path-
ways. First, the antioxidant effect of vitamin C can reduce the permeability of endothelial cells, protect
the function of microcirculation and reduce apoptosis by maintaining endothelial integrity [23–25].
Second, vitamin C has an immunomodulatory function, which reduces the production of inflammatory
mediators and regulates the function of macrophages [26, 27]. Third, vitamin C plays an important
role in the generation of vasopressors and in maintaining vasopressor responsiveness [28]. Fourth,
vitamin B1 is a key component of cell metabolism and can improve mitochondrial function, increase
lactate clearance and protect organ function [29, 30]. However, vitamin C and vitamin B1 deficiency is
common in septic shock patients and is associated with a poor prognosis [31, 32]. Therefore, supple-
mentation with vitamin C and vitamin B1 in septic shock patients protects endothelial barrier function
and improves microcirculation.

Hydrocortisone and vitamin C have synergistic effects on protecting endothelial barrier function
and microcirculation. First, oxygen-free radicals reduce the activity of glucocorticoid receptors, and
vitamin C may protect and restore glucocorticoid receptor function. Second, vitamin C uptake by cells
is mediated by the sodium-vitamin C transporter 2 (SVCT2). However, SVCT2 is downregulated in
septic shock, and glucocorticoids increase the expression of SVCT2 [33]. Thus, the combination of
hydrocortisone and vitamin C can improve their physiological effects on protecting endothelial cells
and microcirculation.

Current studies have drawn inconsistent conclusions [34]. In the VITAMINS study, the combination
therapy did not reduce the 90-day mortality but reduced the SOFA score at day 3 in septic shock patients
[11]. In the ACTS trial, the combination therapy did not result in a statistically significant reduction in
the SOFA score during the first 72 hours after enrollment and 30-day mortality [12]. However, the sub-
sequent meta-analysis showed that vitamin C alone or in combination with hydrocortisone/thiamine
(treatment 3 to 4 days) reduces the 30-day mortality in patients with septic shock [5]. The hetero-
geneity of these results may be related to the differences in the efficacy of the combination therapy
for different septic shock subtypes. A retrospective cohort study explored the effects of combination
therapy on different septic shock subtypes and found that clinical outcomes may be better for patients
with hyperinflammatory subtypes [35]. Additionally, procalcitonin may be an effective biomarker for
monitoring the efficacy of the combination therapy [36]. Our study supports using combination therapy
in septic patients because of its protective effect on microcirculation.

This study has some strengths. First, it used a prospective randomized controlled study design to
ensure patient comparability between the treatment and control groups. We concealed the randomized
results to avoid patient selection bias. Second, two researchers independently analyzed the microcir-
culation images, and we blinded microcirculation evaluators to the grouping scheme. We scored all
microcirculation images to evaluate image quality and eliminated substandard images. Third, we per-
formed bedside monitoring of renal perfusion using renal CEUS and compared the effects of different
treatments on renal perfusion to support the primary outcome.

The limitations of this study were as follows. First, this was a single-center study with a small sample
size, characteristics that could affect the generality of the findings. A large randomized controlled trial
was needed to verify the conclusions. Second, our grouping scheme did not blind clinicians. Each
patient was comanaged by at least three clinicians, and no conflict of interest was found between
the clinicians and the study. Third, we did not consider other vasoactive agent doses (epinephrine,
dopamine, and vasopressin) when comparing the effects of different treatments on norepinephrine
doses. Of the 22 patients included in the analysis, only one in the control group received epinephrine
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24 hours after treatment. Fourth, according to the study design, the duration of the three drugs was
24 hours. It makes this study insufficient to evaluate the effects of the combination therapy on clinical
outcomes, such as ICU mortality. Fifth, we did not monitor the plasma vitamin C and vitamin B1
levels.

5. Conclusions

Compared with hydrocortisone alone, the combination therapy significantly improved microcircu-
lation in septic shock patients. This finding is further supported by improved renal perfusion in the
treatment group. Large randomized controlled trials are needed to explore the effect of the combination
therapy on outcome in septic shock patients and determine which subgroup of septic shock is more
likely to respond to the combination therapy.
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