
Page 1/13

Metabolic resuscitation therapy in critically Ill
patients with sepsis and septic shock: A
Prospective Randomized Controlled Trial
Fang Feng 

Lanzhou University Second Hospital
Huyong Yang 

People`s Hospital of Linxia State
Weiwei Yang 

People`s Hospital of Linxia State
Min Li 

Lanzhou University Second Hospital
Yu Chen  (  chenyu14@lzu.edu.cn )

Lanzhou University Second Hospital https://orcid.org/0000-0003-1447-4410

Research

Keywords: Metabolic resuscitation, Sepsis, Septic shock

Posted Date: January 8th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-140461/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-140461/v1
mailto:chenyu14@lzu.edu.cn
https://orcid.org/0000-0003-1447-4410
https://doi.org/10.21203/rs.3.rs-140461/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/13

Abstract
Objective

To further clarify the effectiveness and potential pathophysiological principles of metabolic resuscitation
therapy in critically ill patients with sepsis and septic shock.

Methods

Prospective randomized controlled trial. Patients with sepsis and septic shock who were admitted to the
ICU from Sep. 2019 to Mar. 2020 were prospectively enrolled. According to the computerized random
sequence table, patients were randomly divided into the experimental group and the control group. All
patients with sepsis were included in the research of cluster of initial therapy. The experimental group
received metabolic resuscitation: vitamin C (1.5 g in an intravenous infusion q6h for 3 days), vitamin B1
(200 mg in an intramuscular injection q12h for 3 days), and hydrocortisone (50 mg in an intravenous
infusion q6h for 7 days).

Results

One hundred thirty-six patients with sepsis and septic shock were included in our study. Pneumonia was
the main cause of sepsis and septic shock, including 33 (49%) and 41 (60%) patients in the experimental
group and control group, respectively, and gram-negative bacilli were the main pathogenic bacteria
(112/136, 82.4%). The ICU length of stay for the experimental group and the control group was 9 (7–12)
and 11 (9–14) days, respectively, P = 0.002. The duration of vasoactive drugs (hours) was 20.8 ± 9.9 and
46.7 ± 12.8, respectively, P 0.001. The 6-hour lactate clearance rate was 66.2% (55.5, 76.7) and 30.1%
(15.6, 50) in the experimental group and control group, respectively, P = 0.000. The 72-hour PCT clearance
rate was 70% (57.5, 80.3) and 40.7% (24.8, 52.2), respectively, P = 0.001. The ICU mortality rate was 8.8%
(6/68) and 15% (15/68), respectively, P = 0.033.

Conclusions

Metabolic resuscitation therapy is bene�cial for patients with sepsis and septic shock, shortening the
length of ICU stay, reducing the duration of vasopressor use, and reducing the ICU mortality rate of
patients with sepsis and septic shock. However, large, multi-center, prospective randomized controlled
trials are needed to further verify these results.

Trial registration

ChiCTR, ChiCTR1900026084. Registered 20 September 2019 - prospective registered,
http://www.chictr.org.cn/edit.aspx?pid=40910&htm=4

Background
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Sepsis is a common disease that is easily complicated by a variety of complications. Approximately 1.7
million cases occur annually in the United States, with more than 270,000 deaths. [1] According to the
population-based epidemiological survey by Bin Du and colleagues, the incidence of sepsis in China is
461/100000 of the population. [2] Although intensive medical care has achieved substantial progress,
sepsis and septic shock are still the most common causes of death in the intensive care unit. Even if
patients with sepsis survive during hospitalization, residual organ dysfunction that requires continued
treatment after discharge is common, such as sepsis leading to acute kidney injury followed by chronic
renal failure. [3] Over the last 30 years, more than 100 phase II and III clinical trials have been conducted
to test novel drugs and therapeutic interventions designed to improve the outcomes of patients with
sepsis and septic shock. However, none of these efforts has resulted in a new drug that directly targets
the pathophysiological effects of sepsis. Despite the high mortality and morbidity rates, antibiotics and
infection source control remain the sole focus of treatment for the disease. [4]

Recently, Paul Marik et al. [5] published papers in Chest describing the application of metabolic
resuscitation therapy in patients with sepsis and septic shock. In this study, the treatment of patients with
sepsis and septic shock with a combination of vitamin C, vitamin B1 and hydrocortisone reduced the
mortality rate, shortened the time of vascular active drug use and reduced the levels of procalcitonin
(PCT). It may represent a new completely approach for treating sepsis and septic shock. Because the trial
had a retrospective, before-and-after design, we conducted this prospective randomized controlled trial to
further clarify the effectiveness, possible pathophysiological principles, and potential applications of
metabolic resuscitation therapy in patients with sepsis and septic shock.

Methods And Materials
1.1 Clinical data

We enrolled patients with sepsis and septic shock from Sep. 2019 to Mar. 2020. A tabular form was used
to collect the following information: age, gender, use of mechanical ventilation, arterial lactate level at
admission and 6 hr after admission (GEM3000 blood gas analyzer), PCT level at admission and 72 hr
after admission (using the VIDAS BRAHMS PCT assay, BioMerieux, Inc., Marcy l 'Etoile, France), use of
vasopressin, APACHE II score.

1.2 Design

The study was a prospective, randomized controlled trial. This trial was approved by the ethics committee
of the Lanzhou University Second Hospital. The ethics committee approval number is 2018-043. The
Chinese Clinical Trial Registry number is ChiCTR1900026084. Randomization was performed with the
use of a centralized computer generated assignment sequence at the �rst day in the ICU. And block
randomization were used as a method of random grouping. The intervention treatment was initiated on
the �rst day. All the included patients or their families provided written informed consent (if the patient
was unable to sign the form due to the use of sedatives, coma, etc., informed consent was provided by
the patient's immediate family).
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1.3 Inclusion and exclusion criteria:

1. Consistent with the diagnostic criteria for sepsis 3.0, patients were diagnosed with sepsis when a
de�nite or suspicious infective focus was present and the qSOFA score was greater than or equal to
2 (score standard: systolic pressure ≤ 100 mm Hg, 1 point; GCS ≤ 13, 1 point; and respiratory rate
greater than 22 breaths per minute, 1 point) and there was evidence of organ failure. And

2. PCT > 2 ng/ml.

Exclusion criteria:

1. age < 18 years;

2. pregnant women;

3. liver failure; and

4. G6PD de�ciency.

1.4 Methods

We calculated that we would need to enroll 140 patients for the trial to have 80% power to show ICU
mortality, at a two-sided alpha level of 5%.Patients with sepsis and septic shock who were admitted to the
ICU from Sep. 2019 to Mar. 2020 were prospectively enrolled. According to the computerized random
sequence table, the patients were randomly divided into the experimental group and the control group (the
random sequence was placed in a sealed envelope with no light transmission). All patients with sepsis
were included in the research cluster of initial therapy (measurement of the arterial lactate level, adequate
�uid resuscitation, empiric broad-spectrum antibiotics, vasoactive agents (noradrenaline was preferred,
when the dosage of norepinephrine > 20 mcg/min, then it was combined with 0.03 U/min vasopressin),
and maintain the mean arterial pressure (MAP) 65 mmHg). See Appendix 1 The control group received
standard care only, and the experimental group received standard care and metabolic resuscitation,
including vitamin C (1.5 g in an intravenous infusion q6h for 3 days), vitamin B1 (200 mg in an
intramuscular injection q12h for 3 days), and hydrocortisone (50 mg in an intravenous infusion q6h for 7
days).

1.5 Outcomes

1. ICU length of stay (ICU LOS);

2. Duration of vasoactive drugs (time from the initial use the vasoactive drugs to the time of
withdrawal, the preferred injection of norepinephrine was used to maintain MAP > 65 mmHg; when
the dosage of norepinephrine was greater than 20 mcg/min, then 0.03 U/min vasopressin was
added);

3. 72 hr PCT clearance rate (initial PCT minus PCT at 72 hours, divided by the initial PCT and multiplied
by 100) at admission;
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4. 6 hr arterial lactate clearance rate (initial arterial lactate level minus the arterial lactate level at 6
hours after admission, divided by the initial arterial lactate value and multiplied by 100); and

5. ICU mortality rate.

Statistical analysis

SPSS 21.0 software (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis of the data. If the
measured data displayed a normal distribution, the means ± standard deviations (x±s) were reported. The
T test was used to compare the data between the two groups, and the q-q normal probability graph was
used for the normality test. If the measured data did not display a normal distribution, the median (M)
and interquartile ranges (QL, Qu) were used to present the measured data. Count data were reported as n
(%). Pearson’s test was used to compare the dichotomous data between the two groups, and the Mann-
Whitney U test was used for the ordered classi�cation of multiple groups. All tests were two-sided, and P
< 0.05 was de�ned as a statistically signi�cant difference.

Results
According to the inclusion and exclusion criteria, 136 patients with sepsis and septic shock were included
in the study and randomly divided into two groups: 68 in the experimental group and 68 in the control
group. 96% of patients in the experimental group and 94% in the control group completed standard care,
respectively. And 100% of patients in the experimental group and 99.6% in the control group received
adequate initial antibiotic treatment (The type of antibiotics should be used according to the location of
infection and the infection indicators), respectively. The baseline data collected from the two groups were
comparable, P > 0.05, as shown in Table 1. Among the 136 patients with sepsis and septic shock included
in this study, pneumonia was the main cause, as it occurred in 33 (49%) and 41 (60%) patients in the
experimental group and control group, respectively. Gram-negative bacilli were the main pathogenic
bacteria (112/136, 82.4%) and there were 2 negative cultures in the experimental group and 3 negative
cultures in the control group. The ICU length of stay for the experimental group and control group was 9
(7–12) and 11 (9–14) days, respectively, P = 0.002. The duration of vasoactive drug use (hours) was 20.8 
± 9.9 and 46.7 ± 12.8, respectively, P = 0.000. The 6 hr lactate clearance rate was 66.2% (55.5, 76.7) and
30.1% (15.6, 50) in the experimental group and control group, respectively, P = 0.000. The 72 hr PCT
clearance rate was 70% (57.5, 80.3) and 40.7% (24.8, 52.2), respectively, P = 0.000. The ICU mortality rate
was 8.8% (6/68) and 15% (15/68) in the experimental group and control group, P = 0.033, as shown in
Table 2. Univariate and multivariate logistic regression analyses were used to determine the risk factors
for outcomes in patients treated with metabolic resuscitation. Age, sex, mechanical ventilation, SOFA
score, metabolic resuscitation, adequacy of initial resuscitation and initial antibiotic therapy were chosen
as factors for ICU mortality, as shown in Table 3.

Discussion
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The concept of sepsis dates back to Hippocrates and was initially described as "corrupt". With the
development of basic medicine, such as physiology and anatomy, sepsis was gradually recognized as
"poison in the blood". However, with the development of pathophysiology and modern medicine, a
growing number of experts believe that sepsis is actually organ dysfunction caused by the
maladjustment of the host to an infection. For centuries, the concept, criteria, treatment, and prognosis of
sepsis have been debated. The Surviving Sepsis Campaign (SSC), which is co-sponsored by the American
Society of Critical Care Medicine and the European Society of Critical Care Medicine, has updated three
editions of guidelines on sepsis, including a series of recommendations on the concept of and diagnostic
criteria for sepsis. However, most of these recommendations have not been veri�ed by large, multicenter,
randomized controlled trials, and thus the guidelines have been questioned and criticized by a large
number of experts and scholars [6–8]. The reason is the lack of a thorough understanding of the
pathophysiological process of sepsis. Therefore, although numerous clinical trials have been conducted
on sepsis and septic shock, they have not provided any positive guidance for the clinical treatment of
sepsis and septic shock, and the questions arising from the delisting of activated protein C to 6 h and 3 h
bundles in the clinical diagnosis and treatment of sepsis have not been fundamentally resolved.

However, the concept of "metabolic resuscitation" that was recently proposed by Paul Marik et al.
[5]appears to represent a new approach for the treatment of sepsis. The authors provided a detailed
description of the roles and mechanisms of vitamin C, vitamin B1, and hydrocortisone (also known as
vitamin S) in sepsis.

Thiamine (vitamin B1) is a water-soluble vitamin that is a key component of cellular metabolism. Its
phosphorylated form, thiamine pyrophosphate, functions as a cofactor of pyruvate dehydrogenase,
converting pyruvate to acetyl-CoA and entering the tricarboxylic acid cycle (6–8). When the thiamine
content is insu�cient, pyruvate is not converted to acetyl-CoA, causing an impairment in the aerobic
chain and a shift to the anaerobic pathway, leading to elevated serum lactate levels.[9–11]

Similar to thiamine, ascorbic acid (vitamin C) is also a water-soluble vitamin that is essential for many
processes in the body. Ascorbic acid, an antioxidant, is an electron donor that directly scavenges free
radicals by inhibiting the NADPH oxidase (NOX) pathway, preventing the formation of new free radicals
and assisting with the circulation of other antioxidants.[12–14] The antioxidant activity of ascorbic acid
reduces endothelial permeability, improves microvascular and macrovascular functions, and reduces cell
apoptosis under pathological conditions.[13, 15, 16] Ascorbic acid is essential for the endogenous
production of vasopressin and may have an important role in maintaining the reactivity of vasopressin.
[17–19]

Many large-scale randomized trials have evaluated the additional bene�ts of corticosteroids as part of
the treatment for septic shock. According to these studies, corticosteroids generally improve a variety of
clinical outcomes of septic shock (e.g., time to shock reversal and number of ventilation-free days) but
have different outcomes for mortality. [20–22] The routine use of hydrocortisone in patients with septic
shock remains a topic of debate.[23, 24] However, the biological basis for the inclusion of hydrocortisone



Page 7/13

in drug combinations is based on the potential synergistic effects of ascorbic acid and hydrocortisone.
[25] The absorption of ascorbic acid in cells is mediated by the sodium-vitamin C transporter (SVCT2),
whose expression is downregulated in response to in�ammation. The use of glucocorticoids has been
shown to increase the expression of transporters.[26, 27] Marik and colleagues [5] designed and
published a retrospective, before-and-after study in 2017 describing metabolic resuscitation in patients
with sepsis. The authors concluded that metabolic resuscitation reduces the hospital mortality rate,
shortens the duration of vasoactive drug use and reduces the PCT levels. However, due to the
retrospective, before-and-after design and the small sample size (94 cases), the effect of metabolic
resuscitation on reducing the mortality rate may vary. To our knowledge, at least, 3 RCTs had been
published up to now regarding the same intervention in septic patients. The ORANGES trial [28] was a
randomized, double-blinded, placebo-controlled study. The results suggested that the combination of
intravenous ascorbic acid, thiamine, and hydrocortisone signi�cantly reduced the time to resolution of
shock. However, there were no signi�cant differences between study arms in ICU and hospital mortality,
ICU and hospital LOS, ventilator free days, and PCT-c. The HYVCTTSSS trial [29] revealed that the
metabolic resuscitation did not reduce mortality compared with placebo in septic patients. And the
VITAMINS trail, [30]which enrolled 216 patients ful�lling the Sepsis-3 de�nition of septic shock, showed
that treatment with intravenous vitamin C, hydrocortisone, and thiamine does not lead to a more rapid
resolution of septic shock compared with intravenous hydrocortisone alone. Until now, the role of
metabolic resuscitation in patients with sepsis and septic shock is still controversial. Therefore, our trial
was designed as a prospective randomized controlled trial to further clarify the role of metabolic
resuscitation in patients with sepsis and septic shock. Our study showed that the mortality rate of both
groups was lower than previous studies (the VITAMINS trail was 19.6%, the HYVCTTSSS trial was 27.5%
and the ORANGES trial was 9%), there may be several reasons: First, the included patients had an
APACHE II score of less than 15, so it was possible to conclude that the mortality rate was lower than in
previous studies. Second, 6 hours lactate clearance rate and 72 hours PCT clearance rate were
signi�cantly higher than that of control group, in the univariate analysis showed higher 6 hours lactate
clearance rate and 72 hours PCT clearance rate were related with adequacy of initial antibiotic therapy
and adequacy of initial resuscitation, and the P value is less than 0.05.So that the timely initiation of
antibiotic therapy and �uid resuscitation may also have contributed to the lower mortality rate than in
previous studies. In the original plan, vitamin B1 was injected intravenously, but because the intravenous
route was not mentioned in the speci�cation for vitamin B1 in China, intramuscular injection was used
instead.

Limitations

Our study still has several limitations. First, it is a single-center study that included a homogeneous
patient population. Second, we did not measure the concentration of vitamin C. Finally, our study was
designed solely according to the protocol reported by Marik. Although the results showed that metabolic
resuscitation may reduce the mortality associated with sepsis and septic shock in patients, the results
should be interpreted with caution, and the mechanism by which metabolic resuscitation therapy treats
sepsis requires further study in the future.
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Conclusions
Metabolic resuscitation therapy is bene�cial for patients with sepsis and septic shock because it shortens
the stay in the ICU, reduces the duration of vasoactive drug use, and reduces the ICU mortality rate of
patients with sepsis and septic shock. However, further validation in large, multicenter, prospective
randomized controlled trials is still needed.
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  Experimental group (n=68) Control group (n=68)   P value

Age 57.2±14.4 56.7±15.1 0.84

Sex (male) 40 (59%) 42 (62%)   0.727

Infection Source       0.881

Pneumonia 33 (49%) 41 (60%)    

BSI 7 (10%) 9 (13%)    

Urosepsis 6 (9%) 4 (6%)    

GI 8 (12%) 6 (9%)    

Other 14 (20%) 8 (12%)    

Comorbidities        

   Diabetes 24(35%) 27(40%)   0.997

   Heart Failure 20(29%) 15(22%)   0.091

   COPD 19(28%) 21(31%)   0.085

   Hypertension 5(8%) 4(7%)   0.254

Mechanical Ventilation 37 (54%) 41 (60%)   0.756

Use of Vasoactive Drugs 49 (72%) 30 (44%)   0.882

Arterial Lactate Level (mmol/l) 3.8±0.99 3.8±2.4   0.943

Procalcitonin Level (ng/ml) 35 (28-100) 31 (19-47)   0.069

Day 1 SOFA Score 9.1±3.2 8.9±2.6   0.274

APACHE II score 11.9±5.6 11.5±4.7   0.632

Adequacy of initial resuscitation 65(96%) 63(94%)   0.096

Adequacy of antibiotic therapy 68(100%) 67(99.6%)   0.399

BSI: Blood Stream Infection

Table 2 Outcome and treatment variables
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  Experimental group
(n=68)

Control group
(n=68)

P value

ICU LOS (days) 9 (7-12) 11 (9-14)      
P=0.002

Duration of vasoactive drug use
(hours)

20.8±9.9 46.7±12.8       P
0.001

Lactate Clearance Rate (6 hr) 66.2% (55.5, 76.7) 30.1% (15.6, 50)       P
0.001

Procalcitonin Clearance Rate (72 hr) 70% (57.5, 80.3) 40.7% (24.8, 52.2)       P
0.001

ICU Mortality Rate (%) 8.8% (6/68) 15% (15/68)      
P=0.033

 

Table 3 Multivariate analysis for the impact of factors on ICU mortality

Variable Odds ratio (95% CI) P Value

Age 0.486 0.093 to 1.546 0.664

Sex

SOFA score

0.889 0.211 to 2.276

1.182 0.933 to 1.497

0.769

0.483

Adequacy of initial resuscitation 0.26 0.21 to 1.75 0.042

Adequacy of initial antibiotic therapy

Mechanical ventilation

1.007 0.111 to 9.102

0.74 0.276 to 1.987

0.248

0.281

APACHE II score 1.932 0.819 to 1.052 0.087

Use of Vasoactive Drugs 1.22 0.94 to 1.53 0.051

Arterial Lactate Level 0.044 0.023 to 0.069 0.000

Procalcitonin Level 0.91 0.54 to 1.587 0.300


