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1. Objectives
This protocol defines the terms needed for the statistical analysis of ‘Early stage blood pressure management strategies for older patients with septic shock: a multicentre randomised controlled trial’ (UMIN-CTR trial ID: UMIN000041775) and describes the analytical methods used and their rationale.

2. Endpoints
2.1. Primary endpoint
1. All-cause mortality at 90 days after randomisation
2.2. Secondary endpoints
1. Lactate clearance at 24 h based on calculated lactate levels at and 24 h after randomisation
2. Incidence of arrhythmia (ventricular tachycardia, supraventricular arrhythmia affecting patient haemodynamics) within 72 h of randomisation
3. Incidence of thromboembolism (myocardial infarction, cerebral infarction, intestinal necrosis, irreversible ischaemia of peripheral limbs) within 72 h of randomisation
4. Incidence of haemorrhagic events within 72 h of randomisation
5. All-cause mortality 28 days after allocation
6. Mortality from sepsis 28 days after allocation
7. Ventilator-free days at 28 days
8. Renal replacement therapy-free days at 28 days
9. Catecholamines-free days at 28 days
10. Mortality from sepsis at 90 days
11. Change in clinical frailty scale 90 days after allocation

3. Handling of the analysis set and patients
3.1. Analysis set
The intention-to-treat population includes all registered and randomised patients who meet the eligibility criteria for the trial protocol. Patients who do not provide informed consent, those with misregistrations due to operational errors, and duplicate patients are excluded from the study. The per-protocol set is a subset of the intention-to-treat population that includes patients who undergo at least one intervention to raise blood pressure using vasopressors or fluid replacement, excluding those who violate the inclusion or exclusion criteria. Patients who undergo protocol therapy at least once will be included in the safety analysis. A list of the reasons for each patient being accepted or rejected for the analysis sets will be prepared in consultation with the principal investigator, coinvestigators, trial secretariat, and statistical analysis supervisor. Ultimately, this will be determined before the data are fixed.

3.2. Handling of patients
・ Consent obtained: Patients from whom written was obtained (including from a legally authorised representative)
Ineligible: Patients who provided consent but were not registered because they violated the selection or exclusion criteria.
・ Registered: Patients who met the eligibility criteria and were registered
・ Allocated: Patients were registered and randomly allocated
・No protocol intervention: Patients who did not receive the protocol intervention after randomisation
・Received protocol intervention: Patients who received the protocol therapy after randomisation

4. Data treatment
4.1. Calculation of the time points and scope of the time point data
In this study, the day on which allocation is performed is defined as Day 1, and unless otherwise specified, data collected before allocation are considered baseline data.　The basic scope of data for each time point is as follows: data for 24 h after allocation: allowable range ±6 h; for 72 h after allocation: ±12 h; for 28 days after allocation: ±2 days; and for 90 days after allocation: ±10 days.

4.2. Calculation of time durations
The number of days from allocation was calculated as follows:
・ (Number of days) = (Implementation date) - (Allocation date) + 1

4.3. Treatment of group variables
The following two groups are defined based on the allocation:
・High-target group: Intervention group. Target MAP = 80–85 mmHg in early-stage resuscitation.
・Control group: Standard treatment group. Following SSCG 2016, circulatory management will aim for a MAP of 65–70 mmHg as the initial therapeutic target.

The allocated groups will be used as references for the efficacy analysis. If the target blood pressure is clearly incorrect, the safety analysis will include a group based on the actual target blood pressure.

4.4. Treatment of processing variables
The number of days without ventilator support, renal replacement therapy, and catecholamines is the clinical data collected 28 days after allocation and calculated for patients who survive for at least 28 days. They do not require support again for at least 48 h after support withdrawal. The endpoint is defined as 0 days for patients who receive support for ≥28 days or who die within 28 days.

4.5. Other data management 
Missing data on the primary endpoint (overall mortality 90 days after allocation) will be treated as mortality events in the analysis. These will be considered possible adverse events of the intervention. Similarly, missing data on secondary endpoints will be treated as events when the frequency of event onset is calculated in the analysis.
　In principle, missing values for other variables will not be supplemented. If a variable is missing, the patient will be excluded from the study. The analysis will include only patients with data.

5. Description of the statistical analysis
5.1. Significance levels of the tests and confidence coefficients for estimating intervals
The tests will be two-tailed with a significance level of 5%. The two-tailed confidence coefficient for estimating intervals will be 95%.

5.2. Statistics and digits to display
All P values will be rounded to the fourth decimal place and expressed as three digits. However, P values less than 0∙001 will be expressed as ‘<0∙001’.

5.3. Other matters
Unless otherwise specified, the calculation of the amount of change will only consider patients with both before and after data, and the number of patients included in these calculations will be indicated.

6. Interim analysis
6. Interim analysis
As this trial is designed to be conducted over a long period, an interim analysis will be performed to examine the futility of the intervention and minimise any disadvantages to the participants. Interim analysis will be conducted after 300 patients are registered and when their survival or death is confirmed 90 days later. Participant registration will continue during the interim analysis.
　In the statistical analysis, the power and Bayesian predictive power will be calculated on the basis of the current data when the planned number of patients is registered. If this declines markedly (to approximately ≤5%), trial discontinuation will be considered. As no decision was made regarding treatment suspension owing to efficacy, the significance level will not be adjusted in the final analysis.
　Based on the results of the analysis of the unblinded allocation groups, the Efficacy and Safety Assessment committee will make recommendations to the principal investigator regarding study suspension or continuation. The principal investigator will then decide whether to suspend or continue the trial on the basis of these recommendations. If the trial continues, the results of the interim analysis will not be announced until the end of the trial.

7. Participating patients
7.1. Patient flow
A flowchart depicting the number of participants in each group who consented to participate in the trial will be created.　The numbers included and excluded from each analysis will be totalled, and a list of excluded patients will be created.

7.2. Demographics and characteristics
For basic patient and pathology/severity-related data, continuous values will be expressed as summary statistics and categorical values as frequencies and proportions. Continuous values will be categorised as required.

7.3. Post-allocation treatment and clinical status
Clinical information within 72 h after allocation will be aggregated as described in ‘7.2 Demographics and characteristics’.

8. Efficacy assessment
8.1. Intervention status
The achievement status for the target blood pressure will be totalled for each group. When possible, data on the drugs used and fluid replacements will also be included.

8.2. Analyses of the primary endpoint
・Primary analysis
The final analysis will be the primary analysis. The main objective of the statistical analysis is to examine whether the primary endpoint, all-cause mortality at 90 days after allocation, is lower in the high-target group than in the control group.
　The final analysis will be performed after the 90-day outcomes of the final participants. In the primary analysis of the intention-to-treat population, differences in mortality 90 days after allocation will be compared between groups using the Fisher exact test.

・ Secondary analysis
Logistic regression analysis using factors stratified at allocation as adjustment factors and survival time analysis using the time from allocation to death as the endpoint will be performed by estimating Kaplan–Meier curves, log-rank test, adjustment analysis, and other methods. The per-protocol set will be analysed in the same manner as that described for the primary analysis.
　If many missing values cannot be ignored, a sensitivity analysis will be performed using multiple imputations of the missing values.
　
8.3. Analysis of secondary endpoints
・Lactate clearance at 24 h will be calculated by lactate levels at randomisation and 24 h after
For the intention-to-treat population, summary statistics will be calculated for each group and compared using the Student's t-test and other methods.

・Incidence of arrhythmia (ventricular tachycardia, supraventricular arrhythmia affecting haemodynamics) within 72 h of randomisation
The intention-to-treat population will be analysed using the same method as that used for the primary endpoint.

・Incidence of thromboembolism (myocardial infarction, cerebral infarction, intestinal necrosis, irreversible ischaemia of peripheral limbs) within 72 h of randomisation
The intention-to-treat population will be analysed using the same method as that used for the primary endpoint.

・Incidence of haemorrhagic events within 72 h of randomisation
The intention-to-treat population will be analysed using the same method as that of the primary endpoint.

・All-cause mortality at 28 days after allocation
The intention-to-treat population will be analysed using the same method as that of the primary endpoint.

・Mortality from sepsis at 28 days after allocation
The intention-to-treat population will be analysed using the same method as that of the primary endpoint.

・Ventilator-free days at 28 days
Summary statistics for the intention-to-treat population will be calculated for each group and compared using the Student's t-test and other methods.

Renal replacement therapy-free days at 28 days
Summary statistics for the intention-to-treat population will be calculated for each group and compared using the Student's t-test and other methods.

・Catecholamines-free days at 28 days
Summary statistics for the intention-to-treat population will be calculated for each group and compared using the Student's t-test and other methods.

・Mortality from sepsis at 90 days after allocation
The intention-to-treat population will be analysed using the same method as that of the primary endpoint.

・Change in clinical frailty scale at 90 days after allocation
Summary statistics for the intention-to-treat population will be calculated for each group and compared using the Student's t test and other methods. The adjusted baseline values will also be analysed.

9. Safety analysis
9.1. Adverse events
Adverse events that occurred after allocation and starting a certain therapy protocol will be included in the safety analysis set. Adverse events will be assessed until clinical data are measured 90 days after allocation.
　For these adverse events, the number of incidences and their frequencies will be calculated for each group, and accurate 95% confidence intervals based on the F distribution will be calculated. The same procedure will be performed for serious adverse events. A list of these adverse events will be created. If necessary, the data will also be aggregated according to adverse events.

9.2. Evaluation of laboratory test values
This section is not applicable because it is covered by ‘7.2. Demographics and characteristics’ and ‘7.3. Post-allocation treatment and clinical status’.

9.3. Vital signs, physical findings, and other observations related to safety
This section is not applicable because it is covered by ‘7.2. Demographics and characteristics’ and ‘7.3. Post-allocation treatment and clinical status’.

10. Other analyses
As necessary, a subgroup analysis of the population that achieves the target blood pressure will be considered.

11. Target number of patients and rationale
The entire trial will enrol 418 patients in the high-target group and 418 patients in the control group for a total of 836 patients.
[Rationale]
　We hypothesised a 45% incidence of the primary endpoint in the control group and an absolute difference from the intervention of 10%. With a two-sided alpha level of 0∙05 for the significance level and power of 0∙80, each group requires 376 patients, for a total of 752 patients. Assuming a withdrawal rate of approximately 10% due to patient withdrawal or other reasons, we calculated that approximately 836 patients would be required.
　The FORECAST study [1] enrolled 745 patients with septic shock from 59 hospitals over 15 months. Considering the disparities in the number of enrolments between institutions, we believe that registering approximately 1–2 patients with septic shock per hospital per month will meet the study participation criteria. Assuming the participation of 20 institutions nationwide, an estimated 2–3 years will be necessary to meet the target number of patients.

12. Appendix
Not applicable to this trial.	
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