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Introduction
Sepsis is a leading cause of death worldwide. The mortality rate of septic shock diagnosed using the Sepsis-3 criteria is approximately 52∙1% [1]. Initial resuscitation targeting haemodynamic stabilisation to optimise regional tissue perfusion of vital organs and maintain oxygen metabolism is a core component of treatment for patients with septic shock. The 2021 Surviving Sepsis Campaign (SSC) guidelines recommend an initial target mean arterial pressure (MAP) of 65 mmHg for adults with septic shock on vasopressors [2]. However, this target MAP has not been supported by sufficient evidence, and its optimal target blood pressure remains controversial [3–6].
	Previous randomised controlled trials did not show any survival benefits for target MAPs >65–70 mmHg and reported a reduced frequency of renal replacement therapy among patients with known hypertension [7, 8]. These results suggest that uniform adoption of a higher target MAP for all adult patients with septic shock, including young individuals with no comorbidities, may not be beneficial. Catecholamine-related adverse effects might affect the outcomes and outweigh the therapeutic effects of maintaining a higher blood pressure [9, 10]. The effectiveness of the high-MAP target strategy should be assessed using early administration of vasopressin, which has been proposed as a novel approach in recent years [11–13].
	A higher target MAP may be beneficial in older patients, particularly those with arteriosclerosis [3, 4]. Individualised management of intraoperative blood pressure for high-risk patients significantly reduces postoperative organ dysfunction compared with standard management [14]. Moreover, the optimal target blood pressure for patients requiring intensive respiratory and circulatory management may differ based on their background [15].
	Considering these findings, the effectiveness of higher blood pressure management in patients with septic shock and chronic hypertension using strategies that minimise catecholamine dose requires further investigation. Therefore, this randomised controlled trial was conducted based on the hypothesis that older patients with septic shock, who generally have high blood pressure under normal conditions, would benefit from management using a higher blood pressure target.

Methods and Analysis
Trial design
The ‘optimal target blood pressure in older adults with septic shock (OPTPRESS)’ trial is a multicentre, pragmatic single-blind randomised controlled trial enrolling patients with septic shock aged ≥65 years. Twenty-eight hospitals in Japan participated in the OPTPRESS trial, including universities, nonuniversities, and urban, rural, public, and private hospitals (Table 1). Although it is ideal to include only patients with chronic hypertension, in actual clinical settings, information on normal blood pressure is unavailable for many patients brought to the emergency room with potentially fatal conditions. Therefore, to make the trial design more practical in the real world, patients with chronic hypertension were included based on their age. The cut-off value of age was determined based on surveys from Japan and other countries [16, 17], showing a normal MAP of individuals aged >65 years of approximately 90 mmHg.
	The participants will be randomly assigned in a 1:1 ratio to one of the following two groups according to the target MAP: (i) 80–85 mmHg (high-target group) or (ii) 65–70 mmHg (control group). Stratified block randomisation will be performed based on the presence or absence of a history of hypertension and age (<80 or ≥80 years) using a clinical trial data management system (HOPE eACReSS, https://acress-host2.tmd.ac.jp/gcp/index_top.htm). The block size will not be disclosed to all study members to reduce the predictability of random sequences, except for the programmer who generates the random allocation. Owing to the nature of the trial, the physician in charge cannot be blinded to the patient's assigned group. However, statisticians will be blinded to the group allocation. The trial was registered in the UMIN Clinical Trials Registry (UMIN000041775). 

	List of participating hospitals

	Principal institution

	
	Trauma and Acute Critical Care Center, Tokyo Medical and Dental University Hospital

	Other participating institutions

	
	Department of Emergency Medicine, Osaka Medical and Pharmaceutical University

	
	Department of Emergency and Critical Care Medicine, Nippon Medical School Musashikosugi Hospital

	
	Division of Trauma and Surgical Critical Care, Osaka General Medical Center

	
	Emergency and Critical Care Center, Hyogo Prefectural Nishinomiya Hospital

	
	Department of Acute Critical Care Medicine, Shizuoka Hospital, Juntendo University

	
	Department of Acute Critical Care Medicine, Tsuchiura Kyodo General Hospital

	
	Emergency and Critical Care Medicine, Tokyo Women’s Medical University Adachi Medical Center

	
	Critical Care Medical Center, Hiroshima Prefectural Hospital

	
	Emergency Medicine and Acute Care Surgery, Matsudo City General Hospital

	
	Department of Emergency and Critical Care Medicine, Keio University School of Medicine

	
	Department of Acute Medicine, Kawasaki Medical School

	
	Department of Emergency and Critical Care Medicine, Yamagata University Hospital

	
	Department of Anesthesia, Kyoto University Hospital

	
	Department of Emergency Medicine, Shizuoka General Hospital

	
	Department of Intensive Care Medicine, Sapporo Medical University School of Medicine

	
	Department of Emergency and Critical Care Medicine, Faculty of Medicine

	
	Emergency and Critical Care Medical Center, Teine Keijinkai Hospital

	
	Division of Acute and Critical Care Medicine, Department of Anesthesiology and Critical Care Medicine

	
	Department of Emergency Medicine, Sunagawa City Medical Center,

	
	Department of Emergency and Critical Care Medicine, Faculty of Medicine, Saga University

	
	Advanced Medical Emergency and Critical Care Center, Yamaguchi University Hospital

	
	Emergency and Trauma Center, Kameda Medical Center

	
	Department of Emergency and Critical Care Medicine, Tokyo Medical University

	
	Division of Emergency and Critical Care Medicine, Tohoku University Graduate School of Medicine

	
	Department of Emergency Medicine, Ibaraki Seinan Medical Center Hospital

	
	Department of Emergency Medicine, Sapporo City General Hospital

	
	Department of Emergency Fukuoka City Hospital



Patients
A flowchart of the patient enrolment process is presented in the figure below. Individuals who meet all of the following criteria will be included: 
(i) Patients who are aged ≥65 years
(ii) Patients who are diagnosed with septic shock clinically
(iii) Patients admitted to an intensive care unit. 
The location of septic shock onset (i.e., inside or outside the hospital) will not be considered. Sepsis and septic shock are defined according to the Sepsis-3 standard [18] as persistent hypotension requiring vasopressors to maintain a MAP of ≥65 mmHg and a serum lactate level of >2 mmol/L despite adequate fluid resuscitation. According to the guidelines, adequate initial fluid replacement is defined as the ’administration of at least 30 mL/kg of a crystalloid solution within 3 hours of sepsis diagnosis;’ however, owing to recent findings suggesting harmful effects from excessive fluid replacement [19, 20], the determination of ’adequate‘ is left to the treating clinician.
	Patients who meet either of the following criteria will be excluded: 
(i) Patients who are highly likely to be transferred to another hospital within 72 hours of randomisation
(ii) Patients who have been on vasopressors for ≥3 hours
(iii) Patients experiencing cardiac arrest before randomisation
(iv) Patients who are diagnosed with coronavirus disease 2019 requiring treatment intervention
(v) Patients who have advanced directives restricting the implementation of standard critical care (e.g., catecholamine use, mechanical ventilation, and renal replacement therapy)
(vi) Patients with other diseases requiring stricter blood pressure control than for maintaining haemodynamic in septic shock (uncontrollable active bleeding, aneurysms, arterial dissection, among others)
(vii) Patients participating in other clinical trials involving interventions
(viii) Patients requiring arrest, detainment, or placed into custody by law enforcement or legal agencies
(ix) Patients who refuse to participate in the trial
(x) Patients deemed ineligible to participate by a clinical physician. 
Any patient unable to provide consent, either by themselves or through a legally authorised representative, will also be excluded from the analysis. The present trial is designed to randomise patients within 3 hours of norepinephrine administration, as a previous meta-analysis suggested the potential risk of targeting higher MAP >6 hours after norepinephrine administration [21]. The principal investigator will contact the person responsible at the participating hospital, as appropriate, to monitor certainties and problems in patient enrolment.

[image: ダイアグラム

自動的に生成された説明]
Abbreviations: ICU, intensive care unit; MAP, mean arterial pressure


Interventions
The subjects will be assigned in a 1:1 ratio to the (i) high-target group (target MAP=80–85 mmHg) or (ii) control group following the 2021 SSC guidelines (target MAP=65–70 mmHg) [2]. The target MAP in the present trial will be maintained for 72 hours after randomisation or until vasopressors are no longer needed, owing to improvement in the patient's condition. The target MAP after 72 hours will be at the discretion of the physician in charge. If surgery is performed, the aim is to maintain the assigned MAP target. The assigned group will not be changed for patients in whom the target MAP cannot be achieved, even after increasing the vasopressor dose or providing fluid replacement. In principle, blood pressure will be measured noninvasively on either the left or the right upper arm. If noninvasive blood monitoring is not possible, blood pressure will be evaluated by direct measurement of arterial pressure (priority: radial artery > femoral artery > brachial artery > others). In the high-target group, if an adverse event potentially related to the administration of vasopressors (bleeding requiring transfusion, myocardial infarction, arrhythmia [ventricular tachycardia, supraventricular arrhythmia that affects haemodynamics], intestinal ischaemia, or peripheral limb ischaemia) occurs, the target MAP will be reduced to 65 mmHg.
	The amount and speed of fluid administration will be determined at the discretion of the physician-in-charge. Norepinephrine will be the first-line vasopressor; however, to minimise the adverse effects related to catecholamines, if a norepinephrine dose of ≥0∙1 µg/kg/min is needed to maintain the target MAP, vasopressin will be initiated and increased to 0∙04 U/min. This haemodynamic management protocol is designed based on the finding that the early use of vasopressin along with catecholamines leads to a requirement for lower catecholamine doses and less renal replacement therapy [11, 12]. If the target MAP cannot be maintained despite these measures, the physician in charge can add another vasopressor, increase the norepinephrine dose, or add dobutamine or hydrocortisone. In principle, physicians are required to follow the latest SSC or Japanese clinical practice guidelines for sepsis management [22] and attempt to meet the target MAP as much as possible. The decision to reduce or discontinue vasopressors will be determined by the physician in charge.
	The initial choice of empirical antibacterial agent, including multidrug therapy and subsequent de-escalation, will be appropriately determined by the physician in charge. The introduction of mechanical ventilation and renal replacement therapy, as well as the use of thrombomodulin, antithrombin, immunoglobulin formulations, and other medications, will also be determined by the physician in charge. Although the type and dose of analgesics, sedatives, and muscle relaxants will also be determined by the physician in charge, in principle, the treatment should aim to obtain a score of -3 to 0 on the Richmond Agitation-Sedation Scale, with assessments performed at least once daily [23].

Assessments and follow-up
Assessment data will be recorded using an electronic trial data-capture system (HOPE eACReSS; https://acress-host2.tmd.ac.jp/gcp/index_top.htm). Patients will be followed up for 90 days after randomisation. If a patient is discharged from the hospital within 90 days, the investigators will contact the patient by telephone to obtain information regarding their status.
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Safety monitoring
Three safety monitoring experts, independent of the conduct of the trial, will monitor to ensure the reliability of the trial regarding the protection of human rights, safety, and welfare of the subjects. If the principal investigator is notified of a severe adverse event (SAE) related to the trial intervention, a report will be presented promptly to the Safety Monitoring and Ethics Review Boards of the principal institution. Additionally, the principal investigator will take appropriate action and promptly share information on adverse events with other investigators involved in the trial. The Safety Monitoring and Ethics Review Boards of the principal institution will review and examine the report and provide written recommendations in response to the principal investigator. In addition, other trial monitoring experts, independent of the conduct of the trial, will monitor whether the trial is being conducted in accordance with the protocol and whether the data reported by the investigators are being collected accurately.

Primary endpoint
All-cause mortality at 90 days after randomisation

Secondary endpoints
 Lactate clearance at 24 h
 Incidence of arrhythmia (ventricular tachycardia or supraventricular arrhythmia affecting haemodynamics) within 72 h
 Incidence of thromboembolism (myocardial infarction, cerebral infarction, intestinal necrosis, or irreversible ischaemia of the peripheral limbs) within 72 h
 Incidence of haemorrhagic events within 72 h
 All-cause mortality at 28 days 
 Mortality from sepsis at 28 days 
 Ventilator-free days at 28 days 
 Renal replacement therapy-free days at 28 days 
 Catecholamine-free days at 28 days 
 Mortality from sepsis at 90 days 
	The 90-day outcomes were confirmed by the treating physician after 90 days of randomisation using one of the following methods, as appropriate: medical records, telephone to the patient or their relatives, or telephone to the facility to which the patient was transferred. Adverse events, such as arrhythmia or thromboembolism, will be clinically judged by the physician in charge based on laboratory data, images, and other findings. Ventilator, renal replacement therapy, and catecholamine-free days were defined as the number of days from day 1 to day 28 after randomisation when the patient was alive and free from support for at least 24 consecutive hours. Patients who die within 28 days or still require support after 28 days will be assigned a score of zero.

Sample size estimation
We hypothesised a 45% incidence of the primary endpoint in the control group and an absolute difference from the intervention of 10% based on previously reported mortality in patients with sepsis diagnosed using the Sepsis-3 criteria [1], age of the included patients and improvements in sepsis treatment [24]. With a two-sided alpha level of 0∙05, a significance level, and a power of 0∙80, each group requires 376 cases, for a total of 752 cases. Assuming that approximately 10% of patients will drop out because of patient withdrawal or other reasons, approximately 836 cases will be needed.

Statistical plan
The final analysis will be performed after obtaining the 90-day outcomes of the participants. In the main analysis, the intention-to-treat population will be examined by comparing the differences in 90-day mortality between the groups using the Fisher exact test. The secondary analysis will include logistic regression using factors stratified at allocation as adjustment factors and survival time analysis using the time from allocation to death as the endpoint by estimating Kaplan–Meier curves, log-rank test, adjustment analysis, and other methods. The per-protocol population will be analysed in the same manner as in the primary analysis. If many missing values cannot be ignored, a sensitivity analysis will be performed using multiple imputations of the missing values. The tests will be two-tailed, and a significance level of 5% and 95% confidence coefficient will be considered.
	For the secondary endpoints of mortality and the incidence of adverse events, the analysis of the intention-to-treat population will be the same as that of the primary endpoint. For the secondary endpoints of lactate clearance and each organ support-free day, summary statistics will be calculated for each group in the intention-to-treat population and compared using Student's t-test and other methods, as appropriate.
	An interim analysis will be conducted after the registration of 300 cases, and their survival/death will be confirmed 90 days later. Subject registration will continue during interim analysis. In the statistical analysis, Bayesian predictive power will be calculated when the planned number of cases is registered based on the current data. If this declines markedly (to approximately 5% or less), trial discontinuation will be considered. Because no decision regarding trial suspension due to efficacy is made, the significance level will not be adjusted in the final analysis.

Patient and public involvement
Patients and the public were not involved in the conduct of the present trial. However, the trial protocol was strictly reviewed by the institutional review board of the principal institute, in which public panellists were included as the reviewers.

Ethics and Dissemination
The clinical trial will be conducted according to the principles of the Declaration of Helsinki (revised in October 2013) and Ethical Guidelines for Medical and Health Research Involving Human Subjects published by the Ministry of Health, Labour, and Welfare of Japan and the Japanese Ministry of Education, Culture, Sports, Science, and Technology. The study protocol was approved by the Ethics Committee of the principal hospital (approval number: R2020-015) and participating hospitals. If any modification in the trial protocol is made, the principal investigator will immediately contact the responsible person at the participating hospital, the Ethics Committee of the principal hospital, the Safety Monitoring Committee, and the Data Monitoring Committee.
	To obtain voluntary written consent, the investigators will explain the study orally and in writing and provide the consent form approved by the Institutional Review Board to the participants or their legally authorised representatives. If written consent cannot be obtained immediately from a legally authorised representative, explanations and consent can be provided over the phone, and written consent can be obtained later. In case of an inability to obtain consent when providing emergency resuscitation, an explanation must be provided, and informed consent should be obtained from the patient or their legally authorised representative at a later date. The findings of this trial will be presented at relevant scientific congresses and disseminated through publication in peer-reviewed journals.
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