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Abstract 

Background Septic shock is now the leading cause of mortality in intensive care units (ICUs). Refractory septic 
shock requires high doses of vasopressors. Some previous studies have revealed that methylene blue could improve 
hypotension status and help reduce the dosage of catecholamines. This study aims to investigate the clinical effect 
of methylene blue in septic shock and explore whether it can increase arterial pressure and reduce the usage 
of vasopressors.

Methods This study is a multicenter, randomized, placebo-controlled trial planning to include 100 refractory septic 
shock patients. The protocol is to administer a bolus of 2 mg/kg methylene blue intravenously followed by a continu-
ous infusion of 0.5 mg/kg/h for 48 h. The primary outcome is the total dose of vasopressor required in refractory sep-
tic shock in the first 48 h. Secondary outcomes include other hemodynamic parameters, oxygen metabolism indexes, 
tissue perfusion indexes, major organ function indexes, and certain plasma cytokines and other factors.

Discussion This protocol aims to evaluate the safety and efficacy of methylene blue as adjuvant therapy for refrac-
tory septic shock. The main outcome measure will be vasopressor requirements and hemodynamic parameters. 
Additionally, bedside ultrasonography, blood gases, and cytokines will be assessed to evaluate perfusion, respiratory, 
and metabolic effects. The results are intended to provide evidence on the safety and efficacy of methylene blue 
in refractory septic shock, guiding clinical decision-making.

Trial registration This clinical trial has been registered at ChiCTR (https:// www. chictr. org. cn/) on March 16, 2023. 
ChiCTR registration number: ChiCTR2300069430.

Keywords Septic shock, Methylene blue, Study protocol, Randomized controlled trial

Introduction
Background and rationale {6a}
Septic shock is a life-threatening condition character-
ized by organ dysfunction resulting from infection, with 
circulatory and cellular/metabolic dysfunction caused by 

dysregulated host response [1]. Septic shock is a leading 
cause of mortality in intensive care units (ICUs), with a 
mortality of 40% according to a meta-analysis [2]. Refrac-
tory septic shock is a state of inadequate tissue perfusion 
despite escalation of vasoactive therapy, recognizable by 
a requirement for norepinephrine (NE) exceeding 0.5 μg/
kg/min or equivalent [3]. Mortality rates for refractory 
septic shock can reach 60% [4].

Patients with refractory septic shock commonly exhibit 
vasoplegia with poor response to catecholamine vaso-
pressors. Meanwhile, high catecholamine doses can 
result in several adverse effects, such as digital ischemia, 
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tachyarrhythmias, bacterial growth stimulation, and met-
abolic derangements [5]. Therefore, researchers proposed 
“decatecholaminization” to advocate catecholamine 
dose reduction, targeted beta-blockade use, and general 
de-stressing [6]. Methylene blue (MB) is considered to 
produce catecholamine-sparing effects through several 
mechanisms. First, MB selectively blocks soluble guany-
lyl cyclase (sGC) and inhibits inducible nitric oxide (NO) 
synthase without affecting constitutive NO synthase [7]. 
Second, MB oxidizes NO to inactive nitrate, reducing 
NO-mediated vasodilation [8]. Third, low/medium MB 
doses suppress superoxide production, reducing liver and 
kidney damage [9]. Finally, MB inhibits sGC [10], reduc-
ing NO-sGC binding and cGMP generation.

Several clinical trials have investigated the efficacy and 
safety of methylene blue in septic shock. Most of these 
trials suggest that MB can increase mean arterial pres-
sure (MAP) and systemic vascular resistance (SVR) 
[11–13]. Following a bolus MB injection, MAP improves 
transiently for approximately 2–4 h. Repeated injections 
every 120 min sustain the pressure-raising effect for over 
24 h [11, 14]. MB reduces vasopressor requirements 
[11, 15], thereby decreasing catecholamine-associated 
adverse effects. A recent trial demonstrated that MB 
initiation within 24 h of onset reduced time to vasopres-
sor discontinuation and increased vasopressor-free days 
at 28 days [15]. Additionally, MB strengthens myocar-
dial contraction, increases ventricular stroke work, and 
improves cardiac output [11–13]. Several studies suggest 
MB improves oxygen delivery and consumption [11, 13, 
16]. Furthermore, MB reduces the serum lactate concen-
tration by improving hemodynamics and redox reactions 
[12, 14, 16–18]. The serum concentration of inflamma-
tory factors remains unchanged after MB administration. 
Current evidence indicates that MB does not significantly 
reduce septic shock mortality.

Methylene blue has few adverse effects, with the most 
common being blue discoloration of urine and skin. A 
few cases of nausea, vomiting, and diarrhea have been 
reported. However, higher MB doses (bolus over 5 mg/
kg) increase adverse effects, including compromised 
splanchnic perfusion and transiently increased meth-
emoglobin levels [11, 13, 19]. Overall, MB has been used 
for decades to treat methemoglobinemia and cyanide 
poisoning, with clinical applications demonstrating its 
adverse effects as minor, especially at lower dosages.

Unlike vasopressin, which acts primarily on V1A and 
V2 receptors, and angiotensin-2, which acts on angioten-
sin receptors, methylene blue exhibits a broader mecha-
nism inducing vasoconstriction. Its potential mechanism 
of selectively inhibiting inducible nitric oxide synthase 
likely contributes to its fewer adverse effects. Existing 
clinical studies support methylene blue’s efficacy and 

safety. This clinical trial aims to further explore the appli-
cation of MB in treating septic shock patients receiv-
ing norepinephrine exceeding 0.5 µg/kg/min, hopefully 
informing novel protocols for refractory septic shock.

Objectives {7}
Primary objective
To evaluate the effect of methylene blue on total vaso-
pressor dose in refractory septic shock (time frame: 48 
h. Epinephrine, phenylephrine, and dopamine doses will 
be converted to norepinephrine equivalents based on the 
following conversions: 100 mg dopamine equivalent to 1 
mg norepinephrine, 1 mg epinephrine equivalent to 1 mg 
norepinephrine, and 2.2 mg phenylephrine equivalent to 
1 mg norepinephrine).

Secondary objectives
To evaluate the effect of methylene blue on other hemo-
dynamic parameters (such as mean arterial pressure and 
heart rate), oxygen metabolism indexes, tissue perfu-
sion indexes, major organ function indexes, and certain 
plasma cytokines and other factors in septic shock.

Trial design {8}
This study is a randomized, multicenter, single-blind, and 
placebo-controlled trial that will be conducted in five 
centers across Guangdong Province, China. This study is 
a randomized, parallel-group trial with an allocation ratio 
of 1:1. The framework of the trial is designed to test for 
superiority.

The trial design follows SPIRIT (Standard Protocol 
Items: Recommendations for Interventional Trials) 2013 
guidelines [20]. The trial report will adhere to CONSORT 
(Consolidated Standards of Reporting Trials) guidelines 
[21]. The protocol conforms to the Declaration of Hel-
sinki principles and Good Clinical Practice standards.

Methods: participants, interventions, 
and outcomes
Study setting {9}
The trial will be conducted in five experienced ICUs in 
China with extensive expertise treating septic shock 
patients. The main research center has established collab-
orations with the participating sites to ensure a rigorous, 
coordinated, and high-quality study conforming to ethi-
cal and scientific standards. The study is scheduled from 
April 2023 to February 2024.

Eligibility criteria {10}
Inclusion criteria

(1) Aged ≥ 18 years.
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(2) Diagnosis of septic shock based on the Sepsis-3 def-
inition (2021 international consensus [1]). This defi-
nition includes suspected or confirmed infections, 
an increase in Sequential Organ Failure Assessment 
(SOFA) score by 2 or more points, the requirement 
for vasopressor therapy due to hypotension, and a 
lactate level greater than 2 mmol/L.

(3) Septic shock requiring continuous norepinephrine 
infusion ≥ 0.5 μg/kg/min, or equivalent alternative 
vasopressors dose, to maintain mean arterial pres-
sure (MAP) above 65 mmHg during and after the 
initial fluid resuscitation with at least 30 mL/kg IV 
crystalloid fluid.

(4) Initially refractory septic shock diagnoses in partici-
pating hospitals.

Exclusion criteria

(1) Pregnancy or lactation.
(2) Allergy to methylene blue.
(3) Glucose-6-phosphate-dehydrogenase deficiency.
(4) Terminal cancer. (referring to patients with 

advanced-stage malignancies who have a prog-
nosis of 6 months or less to live, as determined by 
their treating oncologist based on current medical 
assessments and standards)

(5) Noninfectious risk factors leading to imminent 
death (e.g., uncontrollable hemorrhage, brain her-
niation).

(6) Irreversible disease or terminal stage.
(7) Refusing active treatment or planning to leave ICU 

within 48 h.
(8) Enrollment in other clinical trials.

Who will take informed consent? {26a}
Patients developing refractory septic shock during hos-
pitalization will be screened for eligibility. Attending phy-
sicians will report eligible patients to the central research 
group, which will confirm alignment with inclusion crite-
ria. Legitimate informed consent will be obtained from the 
patients or legal representatives in participating centers. 
After completing informed consent procedures, eligible 
patients will be formally enrolled and randomized.

Patients will be screened to determine alignment with 
predefined inclusion and exclusion criteria. Written 
informed consent will be obtained from all participants 
or their legal representatives. In cases where participants 
are unable to provide consent due to septic shock, a suit-
able surrogate or legal representative will provide consent 
on behalf of the patient. If the participant regains capacity, 
consent will be requested from them as soon as possible 
to ensure their continued participation is voluntary and 
informed.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
On the consent form, participants will be asked if they 
agree to the use of their data should they choose to 
withdraw from the trial. Participants will also be asked 
for permission for the research team to share relevant 
data with participating hospitals. This trial involves col-
lecting biological specimens to measure the changes in 
hemodynamic parameters, oxygen metabolism indexes, 
major organ function indexes, and the changes in plasma 
cytokines and factors in 48 h.

Interventions
Explanation for the choice of comparators {6b}
The trial uses blank comparison to better assess the 
effects of the intervention and isolate the specific impact 
of methylene blue treatment without the influence of 
other variables. Besides, due to the special blue-green 
color of methylene blue, we have difficulty in finding a 
visually identical placebo. So this trial uses the solvent of 
methylene blue (5% glucose solution) as placebo.

Intervention description {11a}
After confirming eligibility, a 12-h timeframe is allocated 
to complete necessary procedures, including obtain-
ing informed consent, preparing medications, collect-
ing baseline data, and implementing necessary medical 
measures such as central venous catheter insertion and 
PICCO monitor placement. The attending physicians will 
initiate the interventions within 12 h of eligibility confir-
mation. The methylene blue group (MBG) will receive 
methylene blue injection plus standard therapy, while the 
placebo control group (PCG) will receive glucose injec-
tion plus standard therapy.

MBG patients will receive a 2 mg/kg methylene blue 
injection. Methylene blue injection (10 mg/ml) will be 
diluted with 5% glucose injection into a 50 ml solution. 
PCG patients will receive 50 ml of 5% glucose solution as 
a placebo.

The initial methylene blue injection will be adminis-
tered intravenously via an injection pump over 20 min. 
Subsequent doses will be administered continuously at 
0.5 mg/kg/h for 48 h. The PCG will receive 5% glucose 
solution intravenously via an injection pump over 20 min 
for the first dose. Subsequent doses will also be admin-
istered with 5% glucose solution continuously at 0.5 mg/
kg/h for 48 h.

Regarding the vasopressor administration strategies, 
norepinephrine will be initiated first-line for both groups. 
Once the norepinephrine dose reaches ≥ 0.5 μg/kg/
min, vasopressin will be added at a dose of 0.03 U/min. 
If hypotension persists despite maximal norepinephrine 
(3 μg/kg/min) and vasopressin doses, epinephrine will 
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be administered and titrated up to 3 μg/kg/min. In addi-
tion to study interventions, patients will receive stand-
ard therapy administered by the attending physician in 
accordance with the “Surviving Sepsis Campaign: Inter-
national Guidelines for Management of Sepsis and Septic 
Shock 2021” [1].

Criteria for discontinuing or modifying allocated 
interventions {11b}

(1) If a participant experiences significant adverse 
events that outweigh the potential benefits of the 
intervention, the intervention will be discontinued.

(2) If a participant or their legal representative requests 
to discontinue the intervention for any reason, the 
intervention will be discontinued.

(3) If significant protocol deviations occur that impact 
the safety or efficacy of the intervention, the inter-
vention may be modified or discontinued.

Strategies to improve adherence to interventions {11c}
We provide comprehensive education about the impor-
tance of adherence, the intervention protocol, potential 
benefits, and risks. This includes initial education ses-
sions and ongoing reinforcement throughout the study. 
And the intervention regimen is simple for participants 
to follow.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
Participants may continue with standard treatments for 
their condition that do not interfere with the study pro-
tocol. But patients’ enrollment in other clinical trials or 
experimental therapies is excluded from the trial and par-
ticipants are not allowed to take experimental therapies.

Provisions for post‑trial care {30}
Participants will receive follow-up care for a specified 
period after the trial concludes, ensuring that any ongo-
ing health needs related to the trial are addressed.

Outcomes {12}

1. Primary outcome

 The primary outcome is the total vasopressor dose in 
refractory septic shock patients within 48 h. The total 
dose of norepinephrine, epinephrine, phenylephrine, 
and dopamine will be recorded from the start of the 
trial and converted into norepinephrine equivalents 
as previously described.

2. Secondary outcomes

• The changes in hemodynamic parameters in 48 h 
including mean arterial pressure (MAP), central 
venous pressure (CVP), heart rate (HR), global 
end-diastolic index (GEDI), cardiac index (CI), 
global ejection fraction (GEF), systemic vascular 
resistance index (SVRI), extravascular lung water 
index (ELWI), pulmonary vascular permeability 
index (PVPI), and stroke volume variation (SVV).

• The changes in oxygen metabolism indexes in 48 
h including fraction of inspired oxygen  (FiO2), pH, 
arterial oxygen pressure  (PaO2), arterial carbon 
dioxide pressure  (PaCO2), arterial oxygen satura-
tion  (SaO2), alveolar-arterial gradient (P(A-a)O2), 
serum lactate level, oxygen delivery  (DO2), oxy-
gen consumption  (VO2), oxygen extraction ratio 
 (ERO2), and capillary refill time (CRT).

• The changes in major organ function indexes in 
48 h including hemoglobin, methemoglobin, total 
bilirubin, direct bilirubin, alanine transaminase, 
aspartate transaminase, creatinine, blood urea 
nitrogen, white blood cell count, blood platelet 
count, length of mechanical ventilation, length of 
continuous renal replacement therapy, and urine 
output.

• The changes in plasma cytokines and factors in 48 
h including nitric oxide, cGMP, IL-1, IL-1β, IL-2R, 
IL-6, IL-8, IL-10, TNF-α, reactive oxygen species 
(ROS), superoxide dismutase (SOD), nitrate, and 
nitrite.

3. Safety outcomes
 All adverse events, including severe adverse events, 

will be recorded and evaluated.

Participant timeline {13}
Time schedule of enrolment, interventions is shown in 
the schematic diagram (Fig. 1).

Sample size {14}
Based on the primary outcome of total vasopressor dose 
in refractory septic shock over 48 h, the sample size was 
determined by referring to a study by Lu et al. [18], which 
reported a mean norepinephrine dose of 11.4 (SD 5.8) μg/
kg/min in the methylene blue continuous infusion group 
and 13.5 (SD 3.8) μg/kg/min in the control group within 
24 h after the first bolus. Assuming a two-sided alpha of 
0.05, 90% power, and a 10% dropout rate, a minimum of 
28 patients in total is needed (PASS 15.0.5 software). The 
target sample size was increased to 100 patients (50 per 
group) to account for possible attrition and improve pre-
cision of the treatment effect estimate.
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Recruitment {15}
The ICU healthcare providers (doctors, nurses) have 
been well trained to identify potential participants. And 
clear information about the trial’s purpose, procedures, 
potential risks, and benefits are provided to both patients 
(when possible) and their families to help them make 
informed decisions.

Assignment of interventions: allocation
Sequence generation {16a}
After obtaining informed consent, eligible patients 
will be enrolled and randomized using a computer-
generated randomized allocation sequence (SPSS 26.0). 
Patients will be randomized 1:1 into two groups as 
enrolled at each site.

Concealment mechanism {16b}
Allocation information will be recorded on 100 identical 
cards, sealed in 100 opaque envelopes labeled with the 
admission sequence number. Envelopes will be securely 

stored by a designated research team member. Upon 
admission, the corresponding envelope will be opened to 
determine group assignment.

Implementation {16c}
The allocation sequence is generated by an independent 
statistician using a computer-generated randomized 
allocation sequence. Trained research staff will be 
responsible for enrolling participants. They will assess 
eligibility criteria, obtain informed consent, and ensure 
that all necessary baseline data is collected. The assign-
ment of participants to interventions will be done by 
the independent statistician using the pre-generated 
allocation sequence.

Assignment of interventions: Blinding
Who will be blinded {17a}
This is a single-blind randomized controlled trial. Due to 
the distinct blue-green color of methylene blue solution, 
light-proof syringes, and extension tubing will be utilized. 

Fig. 1 Schedule of enrolment, interventions, and assessments. BP: blood pressure; MV: mechanical ventilation; RRT: renal replacement therapy; LoS: 
length of stay; h: hour; min: minute; d: day; EoS: end of study
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Syringes, tubing, urine collection containers, and urinary 
tubing will be concealed with aluminum foil to maintain 
blinding. Patients will remain blinded until study com-
pletion and database lock.

Procedure for unblinding if needed {17b}
Unblinding will occur if a related serious adverse event 
necessitates knowing the intervention.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Baseline information
Age, gender, underlying diseases, infection site(s), patho-
gen type, SOFA score, and APACHE II score on admis-
sion will be collected and evaluated.

Blood pressure and vasopressors
Systolic and diastolic blood pressure, heart rate, and 
vasopressor dose will be recorded every hour.

Hemodynamics and blood gas analysis
Before administration and at 20 min, 2 h, 6 h, 12 h, 24 h, 
2 days, 3 days, 5 days, and 7 days after the first bolus of 
methylene blue, the hemodynamics and blood gas analy-
sis parameters will be recorded, which include CVP, HR, 
GEDI, CI, GEF, SVRI, ELWI, PVPI, SVV,  FiO2, pH,  PaO2, 
 PaCO2,  SaO2, P(A-a)O2, serum lactate level,  DO2,  VO2, 
 ERO2, and CRT.

Organ function parameters
Before administration, at 12 h, 24 h, 2 days, 3 days, 5 days, 
7 days, and 28 days after the first bolus of methylene blue, 
the following parameters will be collected:

• Laboratory parameters: Hemoglobin, methemo-
globin, total bilirubin, direct bilirubin, alanine 
transaminase, aspartate transaminase, creatinine, 
blood urea nitrogen, white blood cell count, and 
blood platelet count.

• Length of mechanical ventilation, length of continu-
ous renal replacement therapy, and urine output.

• Inferior vena cava respiratory variation and ejection 
fraction evaluated by ultrasonography.

• Glasgow coma scale (GCS), analgesic, and sedative 
medication.

Cytokines and other mediators
Blood samples will be collected before administration 
and at 20 min, 2 h, 6 h, 12 h, 24 h, 2 days, 3 days, 5 days, 
and 7 days after the first bolus. These samples will be 
tested for nitric oxide, cGMP, IL-1, IL-1β, IL-2R, IL-6, 
IL-8, IL-10, TNF-α ROS, SOD, nitrate, and nitrite.

Other data
At the study endpoint, infection sites, pathogen type, 
24-h, 48-h, 72-h, and 7-day mortality, length of stay 
in ICU, and length of stay in hospital will be recorded 
(Fig. 1).

Data quality assurance processes
All data collectors and assessors received training on the 
study protocols, data collection procedures, and the use 
of instruments to ensure consistency and accuracy. Criti-
cal measurements will be performed in duplicate to ver-
ify accuracy and reliability.

Plans to promote participant retention and complete 
follow‑up {18b}
We will provide support and education about the impor-
tance of follow-up and how it contributes to the overall 
success of the study. For participants who choose to dis-
continue the intervention early, we attempt to conduct a 
final follow-up visit to collect key outcome data.

Data management {19}
Data will be recorded on paper case report forms, entered 
into a database, and uploaded to the ResMan website 
(www. medre sman. org. cn). The paper case report forms 
will be properly stored by research group members, and 
the ResMan website data will be kept confidential until 
the end of the trial.

Confidentiality {27}
We will assign unique participant codes, removing 
names, and other direct identifiers from data set. There 
is limited access to personal information to authorized 
study personnel only. And personal information is stored 
in secure, password-protected cabinet.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
Blood samples are collected at specified time points 
according to the collection plan. Blood samples will be 
centrifuged, aliquoted, and appropriately labelled. Then 
the samples will be stored in − 80n the samples will be st.

Statistical methods
Statistical methods for primary and secondary 
outcomes {20a}
Statistical analysis will be performed using SPSS 26.0 
software. Continuous data will be presented as the mean 
(standard deviation) or median (interquartile ranges) 
for non-normal distributions. Categorical data will be 
presented as rates or proportions. For normally distrib-
uted continuous data with equal variance between the 

http://www.medresman.org.cn
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two groups, Student’s t-test will compare groups. If the 
data do not meet the normal distribution assumption, 
the Mann–Whitney U test will be applied. One-way 
ANOVA will be performed for measurement data within 
groups if the data follow a normal distribution and have 
an equal variance. Otherwise, the Kruskal–Wallis test 
will be used. Multiple comparisons will be made using 
the LSD method. Chi-square analysis will be conducted 
for enumeration data. The significance level α will be set 
at 0.05 (two-sided) with a power of 90%. Differences with 
P < 0.05 will be considered statistically significant.

Interim analyses {21b}
This trial will include one interim analysis to be con-
ducted after 50% of the participants have been enrolled 
and have completed the primary outcome assessment. 
The interim analysis will be performed by an independ-
ent Data Monitoring Committee (DMC) to evaluate 
safety, efficacy, and futility.

The trial will be stopped early if the intervention clearly 
causes harm or shows significant benefit over the control 
group. The trial may also be stopped for futility if interim 
results suggest that it is unlikely to achieve the desired 
outcome.

Methods for additional analyses {20b}
This trial may conduct analyses on subgroups of patients 
based on different age ranges or SOFA scores.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
Statistical analysis will follow the intention-to-treat (ITT) 
principle. Missing data will be addressed using last obser-
vation carried forward (LOCF) imputation.

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
The full trial protocol will be made available in ChiCTR. 
A detailed version of the protocol will be published.

Oversight and monitoring
Composition of the coordinating center and trial steering 
committee {5d}
The coordinating center includes the principal investiga-
tor (PI), project manager, clinical research coordinator, 
data manager, and biostatistician. Principal investigator 
provides overall leadership and ensures protocol adher-
ence. Project manager manages daily trial operations, 
coordinates with study sites, and oversees the study 

timeline. Clinical research coordinator assists in patient 
recruitment, ensures protocol compliance at study sites, 
and manages site communications. Data manager man-
ages data collection, entry, and integrity. Biostatistician 
develops statistical analysis plans, performs data analy-
ses, and interprets results. The coordinating center team 
meets weekly to review study progress, address issues, 
and ensure smooth trial operations.

The trial steering committee includes independ-
ent experts in clinical trials and senior members of the 
research team. The trial steering committee provides 
overall supervision of the trial, reviews and approves 
major protocol amendments, and monitors trial conduct 
and patient safety. The trial steering committee meets 
quarterly throughout the trial, with additional meetings 
as necessary.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
The data monitoring committee includes a statistician, 
clinical experts, and ethics representative. They regularly 
review safety data, including adverse events and serious 
adverse events, assess the quality and integrity of the data 
being collected, and identify and evaluate potential risks 
to participants. The data monitoring committee provides 
regular reports to the trial steering committee detailing 
their findings and recommendations.

Patient and public involvement
There is no patient and public involvement.

Adverse event reporting and harms {22}
All AEs occurring during the study will be carefully 
recorded, including the worsening of original symptoms, 
the appearance of new symptoms or signs, the develop-
ment of new diseases, and changes in laboratory param-
eters. In the interest of patients’ safety, any AEs will be 
addressed and resolved promptly. The research team will 
assess the causal relationship between the AEs and the 
intervention. AEs that result in death, life treat, prolonged 
hospital stay, or disability/incapacity will be reported as 
SAEs to the ethics committee within 24 h.

Frequency and plans for auditing trial conduct {23}
Regular audits will be conducted every 6 months. Addi-
tional audits may be conducted at any time if there are 
concerns about trial conduct, such as reports of protocol 
deviations or adverse events.
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Plans for communicating important protocol amendments 
to relevant parties {25}
Trial participants will receive updated information 
sheets and consent forms explaining the amendments. 
If changes directly affect their involvement, they will be 
asked to reconfirm their consent. For significant changes, 
direct communication through meetings or phone calls 
will be arranged to ensure clear understanding.

Amendments of the protocol will be formally submit-
ted by the PI to all participating centers and relevant ethi-
cal committees for review and approval. The submission 
will include a cover letter that outlines the changes, the 
rationale behind them, and their impact on the study. 
Implementation of changes will only occur after receiv-
ing approval from these committees. The revised pro-
tocol will be sent to the PI, who will ensure that a copy 
is added to the Investigator Site File at each participat-
ing center. Any deviations from the protocol will be fully 
documented using a breach report form. This form will 
detail the nature of the deviation, the reasons for it, and 
any corrective actions taken.

Dissemination plans {31a}
This clinical trial will be reported according to the CON-
SORT guidelines. We aim to publish a manuscript with 
the results in a peer-reviewed journal. Our goal is to dis-
seminate the findings of this trial to the scientific com-
munity and contribute to the advancement of medical 
knowledge on treating refractory septic shock.

Trial status
The protocol version is Version 1.0, March 1st. The date 
recruitment began on April 19th, 2023. The approximate 
date when recruitment will be completed is June 30th, 
2024.
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The online version contains supplementary material available at https:// doi. 
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