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eMethods 

Site procedures 

Site inclusion criteria 
Sites eligible for participation in the 65 trial were United Kingdom (UK) National Health 

Service (NHS) adult, general, intensive care units (ICUs); defined as either ICUs or 

combined ICU/high-dependency units (HDUs). Stand-alone HDUs and specialist critical care 

units (e.g. cardiothoracic) were excluded. 

Sites were considered for participation if they were active participants in the Intensive Care 

National Audit & Research Centre (ICNARC) Case Mix Programme (CMP) and able to 

commit to the following further criteria: 

• Identify two local Joint-Principal Investigators (PIs) – one critical care consultant and 

one senior critical care nurse – to lead the 65 trial locally 

• Identify a 65 trial Research Nurse to be responsible for day-to-day local trial 

coordination 

• Agree to incorporate the 65 trial into routine critical care clinical practice (including 

highlighting the importance of systematic screening and prompt randomization) 

• Agree to randomize eligible patients and adhere to individual patient randomization 

allocations, in accordance with the trial protocol 

• Agree to data collection requirements and to maintain a Screening and Enrolment 

Log 

• Continue active participation in the CMP 

• Comply with all responsibilities as stated in the 65 Clinical Trial Site Agreement and 

with all requirements of the trial protocol (including the trial treatments and follow-up 

schedules) 

• Comply with the UK Policy Framework for Health and Social Care Research and 

International Conference on Harmonization Guidelines on Good Clinical Practice 

(ICH-GCP). 

 

The CMP, coordinated by ICNARC, is the national clinical audit for adult critical care and has 

100% coverage for adult, general ICUs in England, Wales and Northern Ireland. 

Site set-up/training 
Site initiation visits were held at each participating site prior to the commencement of patient 

screening. The purpose of these visits was to present the background/rationale of the 65 trial 
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and to train the local teams in the trial procedures (e.g. screening, recruitment, delivery of 

the intervention, safety monitoring and data collection).  

Patient procedures 

Eligibility 

Inclusion criteria 

• age 65 years or older 

• vasodilatory hypotension as assessed by treating clinician 

• started infusion* of vasopressors within prior 6 hours (if noradrenaline, then a 

minimum dose of 0.1 µg/kg/min) 

• adequate fluid resuscitation is completed or ongoing 

• vasopressors expected to continue for 6 hours or more as assessed by treating 

clinician 

*for at least one hour 

Exclusion criteria 

• vasopressors being used solely as therapy for bleeding, acute ventricular failure (left 

or right) or post-cardiopulmonary bypass vasoplegia 

• ongoing treatment for brain injury or spinal cord injury 

• death perceived as imminent 

• previous enrolment to the 65 trial 

 

In the original approved protocol (version 1.1, dated 21 April 2017), patients were eligible in 

whom a decision to start vasopressors (at any dose) had been made. The inclusion criteria 

were updated in December 2017 following routine central monitoring of available trial data 

for 159 control group patients which identified a group of patients who received a relatively 

short duration (and often low doses) of vasopressors only. The inclusion criteria were 

therefore refined to specify that, at the time of randomization, patients must have been on a 

vasopressor infusion for at least one hour and if receiving noradrenaline, then they must be 

on a dose of at least 0.1 µg/kg/min. 

Consent procedures  
Patients who require vasopressors to treat vasodilatory hypotension in ICUs units often need 

this treatment started as a life-saving measure during an emergency situation. The majority 

lack mental capacity due to their medical condition as well as the effects of treatments 

administered as part of standard care (e.g. mechanical ventilation, sedative and analgesic 

drugs, etc.). In such an emergency situation, any delay in commencing treatment could be 



7 | P a g e  
 

© 2020 American Medical Association. All rights reserved. 

detrimental to the patient and to the scientific validity of the trial. This, alongside the potential 

distress of the emergency situation, renders any attempt to obtain either prospective 

informed consent from the patient, or the opinion of their Personal Consultee (i.e. relative or 

close friend), prior to starting the trial treatment inappropriate. 

Considering these reasons, eligible patients were enrolled and randomized to receive the 

assigned treatment immediately. This method is known as ‘deferred consent’ or ‘research 

without prior consent’ and was covered by an emergency waiver of consent under the 

Mental Capacity Act, approved by the South Central - Oxford C Research Ethics Committee 

(reference: 17/SC/0142). 

In the situation where a patient was deemed by the treating clinical team to have full mental 

capacity and was able to give informed consent at the point of randomization, they were 

approached prior to randomization for verbal consent to take part in the trial. If they provided 

verbal consent, they were then followed up for full written informed consent, in line with the 

procedures outlined below. 

Patient informed deferred consent 

Following randomization, patients were approached by an authorised, trained member of the 

site research team when deemed to have full mental capacity to provide informed deferred 

consent. A Participant Information Sheet (PIS), providing information on the purposes of the 

trial, what participation would mean for the patient (e.g. follow-up questionnaires at 90 days 

and one year), confidentiality and data security, and the future availability of the trial results, 

was provided to the patient. Patients were given time to read the PIS and to ask any 

questions they had prior to confirming their consent decision. If in agreement, a Consent 

Form was then provided indicating that: the information given, orally and in writing, had been 

read and understood; participation is voluntary and could be withdrawn at any time without 

consequence. The Consent Form covered ongoing data collection, questionnaire follow-up 

and the sharing of anonymised data.  

After verifying that the PIS and Consent Form were understood, the trained member of the 

site research team invited the patient to sign the Consent Form. A copy was given to the 

patient, a copy placed in the patient’s medical notes and the original kept in the local 

Investigator Site File. If the patient was unable to physically sign the Consent Form (e.g. due 

to weakness, reduced dexterity), an independent witness signed on their behalf in their 

presence. 

The patient’s General Practitioner was then sent a letter by the site research team to inform 

them of their patient's participation in the trial (provided consent has been given for this). 
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Personal Consultee Opinion 

Due to the reasons outlined above, it was usually not possible to involve patients in the 

consent process early on. In the interim, once notified of the randomization of a patient into 

the 65 trial, an authorised, trained member of the site research team approached the 

patient’s Personal Consultee (i.e. relative or close friend) as soon as appropriate and 

practically possible to discuss the trial and to seek their opinion as to the patients’ likely 

wishes and feelings regarding participation. Ideally, this approach would take place within 

24-48 hours of randomization, once the patient’s medical situation was no longer an 

emergency (but the specific timing would vary according to the patient’s clinical scenario). 

The Personal Consultee was provided with a Personal Consultee Information Sheet, 

containing all of the information provided on the PIS, supplemented by information about 

why the Personal Consultee had being approached at this stage. A Personal Consultee 

Opinion Form was provided, which indicated that: the information given, orally and in writing, 

had been read and understood; the patients’ participation is voluntary and could be 

withdrawn at any time without consequence; and that, in the Personal Consultees opinion, 

the patient would not object to taking part.  

Personal Consultees were given time to read the Personal Consultee Information Sheet and 

were invited to ask any questions they had about the patients’ participation in the 65 trial. 

After verifying that the Personal Consultee Information Sheet and Opinion Form were 

understood, the trained member of the site research team then invited the Personal 

Consultee to sign the Personal Consultee Opinion Form. A copy was then given to the 

Personal Consultee, a copy placed in the patient’s medical notes and the original kept in the 

local Investigator Site File. 

If a Personal Consultee advised that, in their opinion, the patient would not choose to 

participate, then the trial treatment was stopped (if ongoing) and the Personal Consultee 

asked whether, in their opinion, the patient would be willing to continue with ongoing data 

collection and/or to be followed-up at 90 days and one year. 

Upon patient recovery, patients were approached directly for informed deferred consent (see 

above). The patient’s decision was final, and superseded the Personal Consultee, where 

there was disagreement. 

Nominated Consultee Opinion 

In the situation where the patient had died, a Nominated Consultee was appointed. The 

Nominated Consultee could include an Independent Mental Capacity Advocate appointed by 

the NHS Hospital Trust or an independent doctor (i.e. not associated with the conduct of the 
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trial). The opinion of the Nominated Consultee was sought in the same manner as for the 

Personal Consultee. 

A Nominated Consultee was also approached in the situations where no Personal Consultee 

was available (or one is available but unwilling to provide opinion). Upon patient recovery, 

the patient was approached directly for informed deferred consent (see above). The patient’s 

decision was final, and superseded the Nominated Consultee, where there was 

disagreement. 

Discharge prior to consent/opinion being sought 

In the situation where the patient was discharged from hospital with mental capacity prior to 

consent/opinion being confirmed, then the most appropriate member of the site research 

team followed the patient up by telephone and post for informed consent. If there was no 

response four weeks after contacting the patient by post for a second time, then the 

participant’s data was included in the trial unless the patient notified the site research team 

otherwise.  

If the patient was discharged without mental capacity, then the opinion of the Personal 

Consultee was sought in line with the above process (i.e. telephone call then postal 

approach). 

If the participant was transferred to another hospital participating in the 65 trial before the 

consent procedures were complete, then the local site research team contacted the site 

research team at the receiving hospital to handover the consenting procedures.  

Refusal or withdrawals of consent/opinion 

If patient informed consent (or consultee opinion) was refused or withdrawn, this decision 

was respected and abided by, and no further contact made. All data up to the point of this 

decision was retained in the trial records, unless the patient or consultee requested 

otherwise. 

Questionnaire follow-up procedure 
To allow time for the administrative procedures, the questionnaire follow-up process started 

at 82 days post-randomization for the 90-day follow-up time-point and at 358 days post-

randomization for the one-year follow-up time-point. Patients who had died since leaving 

hospital were logged and the follow-up process ended. Questionnaire packs were sent to 

participants by post and included a self-addressed stamped envelope and pen for ease of 

return. Participants could indicate if they no longer wished to complete the questionnaire. 

Non-responders were telephoned three weeks later by a trained member of the 65 Trial 

team to check whether they had received the questionnaire and were given the option to 
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complete the questionnaire over the telephone or to receive another copy of the 

questionnaire, either by post or by email.  

For patients who were identified as either being a hospital in-patient, or resident in a care 

home or rehabilitation centre, the relevant institution was contacted to establish the most 

appropriate way to proceed with follow-up. If possible, then staff members at the relevant 

institutions assisted the patient in completing the questionnaire and returning the completed 

questionnaire to the ICNARC Clinical Trials Unit. 

Outcome measures 

Primary clinical outcome 
The primary clinical outcome was 90-day mortality, defined as death due to any cause within 

90 days following the date of randomization. 

Secondary clinical outcomes 

Mortality at discharge from the ICU and acute hospital 

Mortality at discharge from the ICU was be defined as death due to any cause before 

discharge to any location providing a level of care less than Level 2 (high dependency care). 

Mortality at discharge from acute hospital was be defined as death due to any cause before 

discharge from acute hospital. Patients transferred from the original acute hospital to another 

acute hospital were followed up until they left acute hospital. 

Duration of survival to longest available follow-up 

Duration of survival was calculated as the duration in days from the date of randomization to 

the date of death. Patients were censored at the last date on which they were known to be 

alive. 

Duration of advanced respiratory and renal support during the ICU stay 

Advanced respiratory support and renal support was defined according to the UK 

Department of Health Critical Care Minimum Dataset (CCMDS).1 The duration of organ 

support was defined as the number of calendar days (00:00 to 23:59) on which the organ 

support was received at any time during that day. Any days outside of the ICU were 

assumed to be free of organ support. 

Advanced respiratory support was defined as receiving one or more of the following: 

invasive mechanical ventilatory support applied via a trans-laryngeal tube or applied via a 

tracheostomy; BPAP (bilevel positive airway pressure) applied via a trans-laryngeal tracheal 

tube or via a tracheostomy; CPAP (continuous positive airway pressure) via a trans-

laryngeal tracheal tube; extracorporeal respiratory support. Note: mask/hood CPAP or 
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mask/hood BPAP and high flow nasal cannula were not considered advanced respiratory 

support. 

Renal support was defined as either receiving acute renal replacement therapy (e.g. 

haemodialysis, haemofiltration etc.) or renal replacement therapy for chronic renal failure. 

Days alive and free of advanced respiratory and renal support within first 28 days 

For patients surviving to 28 days following randomization, the number of days alive and free 

of advanced respiratory and renal support to day 28 was defined as the number of calendar 

days (00:00 to 23:59) on which neither advanced respiratory support nor renal support was 

received at any time. Patients dying between randomization and day 28 were assigned a 

value of 0. 

Duration of ICU and acute hospital stay 

Duration of ICU stay was calculated as the sum of the duration (in days) from the date and 

time of randomization to the date and time of first discharge from the ICU or death in the 

ICU, plus the duration of any subsequent admissions to the ICU within the same acute 

hospital stay. Duration of acute hospital stay was calculated as the duration in days from the 

date of randomization to the date of acute hospital discharge or death in acute hospital. 

Cognitive decline at 90 days and one year 

Cognitive decline was assessed using the Informant Questionnaire on Cognitive Decline in 

the Elderly (IQCODE, short version),2 with the total score calculated as the mean of the 

scores (from 1 to 5) on the sixteen items. 

Health-related Quality of Life (HrQoL) at 90 days and one year 

HrQoL at 90 days and one year was measured using the EQ-5D-5L3 which requires patients 

to describe their health on five dimensions: mobility, self-care, usual activities, 

pain/discomfort, and anxiety/depression. The mean (SD) was reported amongst survivors at 

90 days post-randomization. The responses to the EQ-5D-5L questionnaire were used to 

report each patient’s described health, which was then valued using EQ-5D-5L value set for 

England 20184 according to health state preferences from the general population to 

calculate EQ-5D utility scores, anchored on a scale from 0 (death) to 1 (perfect health).  
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Sample size 

Original power calculation 
In the original approved protocol, the sample size was calculated as follows: assuming 90-

day mortality of 35% within usual clinical care (based on Case Mix Programme data for 

patients aged 65 years or older admitted to critical care and receiving advanced 

cardiovascular support), a sample size of 1,402 patients provided 90% power to detect as 

statistically significant (P<0.05) an 8% absolute risk reduction to 27%. Allowing for 2.5% 

withdrawal/loss to follow up, we aimed to recruit a total of 1,440 patients.  

Final power calculation 
In a substantial protocol amendment to the protocol (from version 2.0 to version 3.0), the 

expected absolute risk reduction was changed from 8% to 6% (expected 90 days mortality of 

29% in the intervention group, with all other parameters remaining unchanged) leading to a 

revised sample size of 2,600 (1,300 per group).  

This change was recommended by the trial steering committee after the internal pilot stage 

feasibility assessment when the duration of vasopressors in the usual care group was 

recorded as lower than expected, suggesting that the difference in treatment (and hence 

outcome) between arms may be smaller than initially anticipated. 

Expert elicitation methods 
In the 65 trial, 32% of patients who survived to three months did not return a completed 

follow-up health-related quality of life (HrQoL) questionnaire.  In the primary analysis, the 

resulting missing HrQoL outcomes are assumed to be ‘missing at random’ (MAR), which 

assumes that the probability of a patient’s outcome being missing does not to depend on the 

patient's outcome after conditioning on observed variables (e.g. the patient’s baseline 

characteristics).   In this section, we describe a sensitivity analysis that allows the probability 

that a patient returns their questionnaire to be dependent on their predicted state of health, 

for example, the expectation may be that patients in relatively poor health may be less likely 

to complete the requisite questionnaire and so these outcome data may be ‘missing not at 

random' (MNAR).  This additional analysis required: identifying experts; adapting the 

statistical models used for the primary analysis; developing an elicitation questionnaire about 

the HrQoL outcomes; conducting the elicitation; and converting the elicited information into a 

range of priors. 

Bayesian pattern-mixture models 

Our approach to modelling MNAR data uses fully Bayesian pattern-mixture models,5 which 

allow a patient’s outcome to be calculated differently depending on whether the outcome is 
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observed (pattern 1) or missing (pattern 2). For pattern 1, the outcome is calculated from the 

observed data using the statistical model specified for the primary analysis.  For pattern 2, 

this model is adjusted, by specifying an offset from the mean of the observed data. This 

offset term, also known as a sensitivity parameter, is allowed to vary by treatment.6  

As, in the 65 trial, missing outcomes occur because some patients do not return a completed 

HrQoL questionnaire, an offset can be interpreted as the difference in the HrQoL between 

patients who did and did not return a completed questionnaire.  Because the offsets cannot 

be estimated from the observed data, expert opinion about their likely values is required to 

inform the priors for these parameters.  Minimally informative priors are placed on all other 

unknown parameters. 

Pattern-mixture models for the HrQoL were fitted using the WinBUGS and JAGS software 

respectively.7,8 To improve the mixing of the MCMC chains, the random effects are not 

hierarchically centred in the HrQoL models.   

Elicitation tool 

The purpose of the elicitation is to quantify differences in the mean HrQoL scores between 

patients who did and did not complete a questionnaire at three months.  Accordingly, a 65 

trial elicitation tool was created using Shiny, a web application framework within a widely 

used statistical software, R,9,10 and iteratively updated during piloting. 

Our starting point was the HrQoL elicitation tool developed for the POPPI trial.11 This allowed 

experts to represent their opinion as a (truncated) split normal distribution, using three 

sliders: one to position the value they considered most likely (mode) and two to indicate their 

uncertainty about this value (left SD and right SD).  We asked the expert to think about a 

group of 100 patients, all with the same specified characteristics (male, 74 years old and an 

APACHE II score of 19 at baseline) who were included in the 65 trial, allocated to usual care 

and returned a completed questionnaire.  The expert was shown the outcome scale with our 

best estimate of the average score based on early data for this group of patients, marked by 

an arrow. They were then asked for their views about the average score for five more groups 

of 100 patients:  

1) similar to the original group, except they are 10 years older; 

2) similar to the original group, except they are female; 

3) similar to the original group, except they have an APACHE II score of 26 at baseline; 

4) similar to the original group, except they did not return their questionnaire; 

5) similar to the original group, except they were allocated to permissive hypotension and 

did not return their questionnaire.  
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The first 3 groups allow assessment of how well calibrated an expert’s elicited values are 

with empirically known outcomes, while the groups 4 and 5 provide information for the 

sensitivity parameter priors.   

After providing their views about the 5 groups, the experts were provided with graphical 

feedback showing the difference/overlap in their views about groups 4 and 5 and asked to 

revise their answers if this seemed unreasonable. To allow for the possibility that the elicited 

values for the non-responding usual care and permissive hypotension patients are related, 

we also asked the expert to reconsider their views about the average score for the 

hypotension patients (Group 5) in the light of new information about the usual care patients 

(Group 4). Eliciting this additional distribution provided sufficient information to formulate a 

joint distribution for the sensitivity parameters for each group allowing correlation between 

them. 

The elicitation tool also included free text questions asking the expert about the basis of their 

views, in terms of what they have observed about patients and any other factors. These 

were to provide useful context and to facilitate an assessment of the expert’s responses to 

the main questions.  

We used a numeric scale from -28 to 100 (the original scale for the EQ-5D-5L utility score 

multiplied by 100 for ease of completion), anchored at 0 (death) and 100 (perfect health).  An 

arrow was marked on the scale, linked to the quality of life score calculated from specific 

answers to the 5 contributing questions: mobility, self-care, usual activities, pain or 

discomfort and anxiety or depression.  All the answers are originally set to ‘no problems’, but 

the expert is invited to select other combinations of answers from the five available levels of 

severity using drop-down menus, to see how the HrQoL changes.  

Selection of experts and conduct of the elicitation 

To identify participants to take part in the elicitation, the chief investigator (PM) emailed the 

collaborators at the ICUs participating in the 65 trial, asking them to identify individuals 

interested in this research and involved in long-term follow-up of patients at their unit, and to 

provide their contact details to ICNARC. This resulted in 63 individuals who were sent a link 

to the questionnaire, along with the participant information sheet. Up to two reminder emails 

were sent, and informed consent was taken electronically using the on-line tool. 

Conversion of expert information into informative priors 

The elicited information was independently examined by two statisticians (AM and DH) using 

predefined criteria to identify experts who had provided ‘usable’ responses and of those, 

subgroups in whom we have ‘high confidence’ and ‘very high confidence’. The criteria for the 
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usable group were designed to identify any experts who had clearly misunderstood the task.  

Inclusion in the high confidence group required consistency in quantitative and qualitative 

responses, while the very high confidence group was based on agreement between the 

expert’s views about patient groups 1-3 and the ‘truth’ (according to the trial data).  The 

categorisations of AM and DH were compared, and discrepancies resolved through 

discussion. 

To fully explore the sensitivity of the trial results to a range of expert opinion, we formulated 

3 pooled priors (usable, high confidence and very high confidence) and also used two 

individual priors (the ‘most sceptical’ expert and the ‘most enthusiastic’ expert from the very 

high confidence group).  The pooled priors are an average of the individual distributions of all 

the experts in the group, based on linear pooling with equal weights,12 and specified as a 

mixture of bivariate split normal distributions. 

Analysis 

All the models were run with two chains initialized using diffuse starting values to produce a 

sample of 100,000 after convergence for posterior inference. Convergence is assumed if the 

Gelman-Rubin convergence statistic13 for individual parameters is less than 1.05 and a visual 

inspection of the trace plot for each parameter is satisfactory.  The results from the Bayesian 

MNAR sensitivity analyses are compared with Bayesian MAR and complete case analysis. 

eResults 

Expert elicitation exercise 
Thirty-five experts submitted completed questionnaires, of which 32 were classified as 

usable, 24 high confidence and 6 very high confidence. Of the usable experts, 50% were 

medical doctors and 31% clinical or research nurses, 59% had been in their current role for 

over seven years and 91% had work that involves following-up patients in person after 

intensive care.  

eTable 6 summarises the elicitation responses across all usable experts.  Overall, for 

patients receiving usual care, the elicited average HrQoL scores were lower for patients who 

did not return their questionnaire compared with the average from the observed data.  For 

patients with missing HrQoL scores, the elicited values were very slightly lower for those 

allocated to permissive hypotension versus usual care. There is a wide diversity in the 

elicited scores across experts, as indicated by the standard deviations. 

The results of the sensitivity analysis compared to the primary analysis and complete case 

analysis are summarised in eFigure 12 for the HrQoL.  These show (1) the posterior 

probability that the outcome favours permissive hypotension, and (2) the posterior 



16 | P a g e  
 

© 2020 American Medical Association. All rights reserved. 

distribution of the three month HrQoL difference (permissive hypotension minus usual care). 

The full posterior distribution is shown as a density strip,14 where the darkness at a point is 

proportional to the probability density. The results from the HrQoL sensitivity analysis are 

broadly similar to the primary analysis in terms of point estimates, but with greater 

uncertainty about these. The extreme individual priors provide greater differences: the 

probability that the mean HrQoL score is higher for permissive hypotension is 99% and 37% 

for the ‘most enthusiastic’ expert and the ‘most sceptical’ expert respectively. 
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eFigures 
eFigure 1. Site opening over time - actual vs pre-trial estimate. 

 

Cumulative number of sites open and recruiting into the 65 trial comparing actual site opening versus the pre-trial estimate. 
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eFigure 2. Recruitment over time - actual vs pre-trial estimate. 

 

Cumulative recruitment of patients into the 65 trial comparing actual recruitment versus the pre-trial estimate (note: initial sample size was 

estimated as 1,440). 
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eFigure 3. Randomization by Day of Week and Time of Day. 
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Timing of randomization by (A) day of the week and (B) time of the day. 
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eFigure 4. Informed consent for patients randomized to permissive hypotension. 

 



21  

eFigure 5. Informed consent for patients randomized to usual care. 
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eFigure 6. Vasopressor dose-rates days 1 to 7 post-randomization. 
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These box and whisker plots summarize the median of the mean and peak (highest) daily 

dose-rates of norepinephrine equivalent (A and B) and metaraminol (C and D) for values 

recorded hourly during patient’s first episode of vasopressors for days 1-7 post-

randomization. Median and quartiles (boxes) are shown with upper and lower adjacent 

values of median +/- 1.5*inter-quartile range (whiskers). Observations outside the adjacent 

values are not shown.  Numbers at the foot of each box represent the denominators for the 

numbers for that box – i.e. the number of patients receiving a norepinephrine equivalent 

vasopressor or metaraminol on the given day. 
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eFigure 7. Time to discontinuation of vasopressors.  

  

Reports the time (hours) to discontinuation of vasopressors from randomization. 
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eFigure 8. Dose-rate of norepinephrine equivalents and MAP change post-
randomization. 

 

Values reported are the mean norepinephrine dose-rate and mean MAPs for the first 24 

hours post-randomization, by hour. Patients are included whilst receiving a norepinephrine 

equivalent vasopressor on the given hour. Points are labelled by hours post randomization, 

with the last available pre-randomization value (baseline) labelled as hour 0. 
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eFigure 9. Treatment hours MAP and vasopressor dose reductions. 

 

A shows mean hours of treatment and B shows percentage of all treatment hours by 

randomized group. 
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eFigure 10. MAP values days 1 to 7 post-randomization. 

 

These box and whisker plots summarize the median of the (A) mean MAPs and (B) peak 

(highest) MAPs for values recorded hourly during patient’s first episode of vasopressors for 

days 1-7 post-randomization. Numbers at the foot of each box represent the denominators 

for the numbers for that box – i.e. the number of patients receiving vasopressors on the 

given day. Median and quartiles (boxes) are shown with upper and lower adjacent values of 

median +/- 1.5*inter-quartile range (whiskers). Observations outside the adjacent values are 

not shown. 
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eFigure 11. Fluid balance and urine output days 1 to 7 post-randomization. 

 

 

These box and whisker plots summarize the median (A) daily fluid balance and (B) daily 

urine output for values recorded during patient’s first episode of vasopressors for days 1-7 

post-randomization. Numbers at the foot of each box represent the denominators for the 

numbers for that box – i.e. the number of patients receiving vasopressors on the given day. 

Median and quartiles (boxes) are shown with upper and lower adjacent values of median +/- 

1.5*inter-quartile range (whiskers). Observations outside the adjacent values are not shown. 
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eFigure 12. Sensitivity analysis that reports the HrQoL treatment effect estimate at 90 
days post-randomization according to alternative missing not at random assumptions 
compared to the primary and complete case analyses 

 

 

 

Each shaded rectangular strip shows the full posterior distribution. The darkness at a point is 

proportional to the probability density, such that the strip is darkest at the maximum density 

and fades into the background at the minimum density. The posterior mean and 95% 

credible interval are marked. For HrQoL, positive differences favor permissive hypotension. 

Note that for the primary analysis (MAR) the posterior mean is almost 0 and therefore 

beneath the grey line. 
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eTables 
 

eTable 1 Variables considered for multiple imputation and form of imputation model. 

Variable Missing values in 
patients with known 

primary outcome,  
n (%) 

Imputation model 

Patient level covariates   

     Allocated treatment group 0 (0) None required 

     Age 0 (0) None required 

     Sex 9 (0) None required 

     Chronic hypertension 0 (0) None required  

     Chronic heart failure 1 (<0.1) Logistic regression 

     Atherosclerotic disease 0 (0) None required 

     Dependency prior to acute hospital                         

admission 

23 (<0.1) Multinomial logistic regression 

     Source of admission 6 (<0.1) Multinomial logistic regression 

     ICNARC Physiology Score 12 (<0.1) Predictive mean matching 

     Sepsis/     Septic shock 9 (<0.1) Logistic regression 

   

     Vasopressors received at time of 

randomization 

35 (1.4) Multinomial logistic regression 

     Duration of vasopressor infusion prior to 

randomization 

71 (2.9) Predictive mean matching 

     Duration of stay in the ICU 0 (0) None required 



31 | P a g e  
 

© 2020 American Medical Association. All rights reserved. 

     Duration of stay in hospital following 

discharge from the ICU 

0 (0) None required 

Outcomes at 90 days   

     IQCODE score  458 (18.6) Predictive mean matching 

     EQ-5D-5L health utility 444 (18.0) Predictive mean matching 

Outcomes at one year   

     IQCODE score  302 (15.1) Predictive mean matching 

     EQ-5D-5L health utility 309 (15.4) Predictive mean matching 

ICNARC: Intensive Care National Audit & Research Centre; IQCODE: Informant Questionnaire on 

Cognitive Decline in the Elderly; EQ-5D-5L: European Quality of Life-5 Dimensions five-level 

questionnaire.  
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eTable 2 Vasopressor use after randomization by group (mean values). 

 
Permissive hypotension 

(N=1261a) 
Usual care 
(N=1276a) 

Difference in means  
(95% CI) 

Total duration of vasopressors post randomization (hours)    

Mean (SD) 46.0 (52.4) 55.9 (60.8) -9.9 (-14.3, -5.5) 

Norepinephrine equivalents  

   Total dose (mg)b    

Mean (SD) 31.5 (57.4) [n=1261] 44.3 (76.4) [n=1276] -12.8 (-18.0, -7.6) 

   Mean dose rate (μg kg−1 min−1)    

Mean (SD) 0.21 (0.45) [n=1008] 0.22 (0.24) [n=1021] -0.02 (-0.05, 0.02) 

   Highest dose rate (μg kg−1 min−1)    

         Mean (SD) 0.44 (0.74) [n=1008] 0.47 (0.49) [n=1021] -0.03 (-0.09, 0.02) 

Metaraminol    

   Total dose (mg)b    

Mean (SD) 15.7 (51.2) [n=1261] 19.8 (53.2) [n=1276] -4.1 (-8.3, -0.0) 

   Mean dose rate (mg h−1)    

     Mean (SD) 3.41 (2.99) [n=395] 3.81 (3.04) [n=420] -0.40 (-0.80, 0.01) 

   Highest dose rate (mg h−1)    

    Mean (SD) 5.39 (3.96) [n=395] 5.73 (3.60) [n=420] -0.34 (-0.88, 0.20) 

Terlipressin    

Total dose (U)b    

Mean (SD) 0.1 (1.0) [n=10] 0.1 (0.7) [n=14] 0.0 (0.0, 0.1) 

Time on vasopressor with recorded MAP less than or equal to 65 mm Hg 

Mean hours (SD) 20.4 (25.5) [n=1247] 10.7 (16.4) [n=1267] 9.6 (7.9, 11.3) 

Time on vasopressor with recorded MAP above 65 mm Hg 
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Mean hours (SD) 20.5 (28.1) [n=1247] 40.3 (44.9) [n=1267] -19.8 (-22.7, -16.9) 

Mean MAP while receiving vasopressors (mm Hg)    

Mean (SD) 67.6 (5.2) [n=1247] 72.9 (5.8) [n=1267] -5.3 (-5.8, -4.9) 

Peak MAP while receiving vasopressors (mm Hg)    

Mean (SD) 84.9 (14.9) [n=1247] 93.2 (13.8) [n=1267] -8.4 (-9.5, -7.2) 

MAP: mean arterial pressure. 

a  Total number of patients with treatment data recorded until completion of the first treatment episode. In the permissive hypotension group, the 

proportions of the way in which the first episode ended was: 72.8% of patients were free of vasopressors for 24 continuous hours, 11.0% were 

discharged from ICU prior to being free of vasopressors for 24 continuous hours and 16.2% died whilst receiving vasopressors. In the usual care 

group, the same proportions were 69.0%, 12.3% and 18.7%, respectively. 

b  Mean total dose is calculated among all patients, mean dose rate and highest dose rate is calculated only among patients receiving the specified 

vasopressor(s). 
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eTable 3 Fluid balance and urine output during first episode of vasopressors. 

 
Permissive 

hypotension 
Usual care 

 
Fluid balance at end of first episode of 

vasopressor treatment 

  

N 1247 1268 

Median (IQR) 3041 (1307, 5744) 2904 (1071, 5789) 

Mean (SD) 3993 (4238) 3976 (5202) 

Mean urine output during first episode of 

vasopressor treatment (ml/kg/hr) 

  

N 1246 1266 

Mean (SD) 0.5 (0.2, 0.8) 0.6 (0.2, 0.9) 

Median (IQR) 0.6 (0.5) 0.6 (0.6) 
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eTable 4 Co-interventions during first episode of vasopressors. 

 
Permissive 

hypotension 
(N=1261a) 

Usual care 
(N=1276a) 

Co-interventions received during first episode of vasopressor 

treatment, number of patients receiving (%) 
  

Corticosteroidsb 398 (31.6) 432 (33.9) 

      Pure inotropesc 268 (21.3) 256 (20.1) 
a  Total number of patients with treatment data recorded until completion of the first treatment 

episode. 

b  Systemic (not inhaled) corticosteroids e.g. Hydrocortisone, Solumedrol, Dexamethasone, 

Prednisone/Prednisolone. 

c  Pure inotropes included Dobutamine, Milrinone or Levosimendan.  
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eTable 5 Secondary and sensitivity analyses of Primary Outcome. 

Outcome 
Permissive 

hypotension 
(N=1283a) 

Usual care 
(N=1300a) 

Effect estimate  
(95% CI) 

90-day mortality, non-missing 

data only n/N (%) 

500 / 1221 (41.0) 544 / 1242 (43.8) -3.2 (-7.7, 1.2)b 

  
 

90-day mortality, all missing 

intervention patients assumed 

alive, all missing control patients 

assumed dead (best case 

scenario) n/N (%) 

500 / 1283 (39.0) 602 / 1300 (46.3) -7.34 (-11.14, -3.53)c 

  0.84 (0.77, 0.92)d 

  

0.74 (0.63, 0.87)e 

 

 

90-day mortality, all missing 

intervention patients assumed 

dead, all missing control patients 

assumed alive (worst case 

scenario) n/N (%) 

562 / 1283 (43.8) 544 / 1300 (41.8) 1.96 (-1.86, 5.77)c 

  1.05 (0.96, 1.14)d 

  

1.08 (0.93, 1.27)e 

 

 

90-day mortality, patients eligible 

under protocol v 2.0 only (started 

vasopressors 1-6hrs prior to 

randomization, with noradrenaline 

at least 0.1 µg/kg/min) n/N (%) 

408 / 961 (42.5) 435 / 965 (45.1) -2.62 (-7.05, 1.81)c 

  0.94 (0.85, 1.04)d 

  0.90 (0.75, 1.08)e 

  

0.81 (0.66, 1.00)f 

 
a  Includes all randomized patients, excluding only 15 patients who did not consent to the trial 

and who refused permission for use of data (permissive hypotension n=8, usual care n=7) 

b Adjusted odds ratio from complier average causal effect analysis (estimated effect among 

patients with no recorded episodes of non-adherence) 
c  Absolute risk reduction 
d  Relative risk 
e  Unadjusted odds ratio 
f Adjusted odds ratio (adjusted for age, sex, comorbidities, prior dependency, vasopressor 

infusions received at randomization, duration of vasopressor infusion prior to randomization, 

location prior to admission to critical care/urgency of surgery, ICNARC Physiology Score, 

Sepsis-3 category and random effect of site) 
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eTable 6 Quality-of-Life (EQ-5D) Health State Profiles at 90 days post-randomization.* 

EQ-5D component Permissive hypotension 
(n=657a) 

Usual care 
(n=643a) 

Mobility, N (%)   

     No problems 141 (21.46) 121 (18.82) 

     Slight problems 113 (17.20) 110 (17.11) 

     Moderate problems 136 (20.70) 150 (23.33) 

     Severe problems 83 (12.63) 60 (9.33) 

     Extreme problems 42 (6.39) 34 (5.29) 

Self-care, N (%)   

     No problems 279 (42.47) 261 (40.59) 

     Slight problems 85 (12.94) 90 (14.00) 

     Moderate problems 84 (12.79) 78 (12.13) 

     Severe problems 28 (4.26) 18 (2.80) 

     Extreme problems 37 (5.63) 26 (4.04) 

Usual activities, N (%)   

     No problems 127 (19.33) 111 (17.26) 

     Slight problems 125 (19.03) 117 (18.20) 

     Moderate problems 117 (17.81) 129 (20.06) 

     Severe problems 78 (11.87) 56 (8.71) 

     Extreme problems 67 (10.20) 58 (9.02) 

Pain/Discomfort, N (%)   

     No problems 159 (24.20) 141 (21.93) 

     Slight problems 152 (23.14) 139 (21.62) 

     Moderate problems 139 (21.16) 140 (21.77) 

     Severe problems 53 (8.07) 48 (7.47) 

     Extreme problems 9 (1.37) 8 (1.24) 

Anxiety/Depression, N (%)   

     No problems 260 (39.57) 243 (37.79) 

     Slight problems 148 (22.53) 136 (21.15) 

     Moderate problems 81 (12.33) 70 (10.89) 

     Severe problems 17 (2.59) 19 (2.95) 

     Extreme problems 6 (0.91) 9 (1.40) 

EQ-5D-5L: European Quality of Life-5 Dimensions five-level questionnaire 

a reported for patients who were alive and completed the health services questionnaire at 90 

days post-randomization. 
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eTable 7 Summary of elicited EQ-5D-5L* scores across all usable experts (n=32). 

 Mean (SD) 

Most likely patient EQ-5D-5L average scores (i.e. mode)  

Permissive hypotension who did not return an EQ-5D-5L 68 (11) 

Usual care who did not return an EQ-5D-5L 70 (11) 

Differences in most likely patient EQ-5D-5L average scores  

Usual care: did not return an EQ-5D-5L minus did return a EQ-5D-5L -7 (11) 

Did not return an EQ-5D-5L: permissive hypotension minus usual care  -1 (10) 

*EQ-5D-5L (European Quality of Life Scale Five Level version) scale is from -28 to 100 with lower 

scores indicating worse health-related quality of life.  
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eTable 8 Serious Adverse Events.* 

Serious Adverse Event(s) 

Permissive 
hypotension 

(N=1283a) 

Usual care 
(N=1300a) 

Any serious adverse event, n (%) 79 (6.2) 75 (5.8) 

Specified serious adverse events, n (%)   

     Supraventricular cardiac arrhythmia 12 (0.9) 13 (1.0) 

    Ventricular cardiac arrhythmia 12 (0.9) 5 (0.4) 

     Myocardial injury 8 (0.6) 12 (0.9) 

     Extremity necrosis 4 (0.3) 3 (0.2) 

     Mesenteric ischaemia 8 (0.6) 12 (0.9) 

     Severe acute renal failure 41 (3.2) 33 (2.5) 

Other serious adverse events, n (%)   

     Cardiac arrest 11 (0.9) 10 (0.8) 

     Stroke 3 (0.2) 5 (0.4) 

     Acute ischaemic liver failure 1 (0.1) 0 (0.0) 

     Major haemorrhage 1 (0.1) 0 (0.0) 

     Massive bleed (abdominal) 1 (0.1) 0 (0.0) 

     Multiple kidney infarctions 0 (0.0) 1 (0.1) 

     Pneumobilia 0 (0.0) 1 (0.1) 

     Pneumothorax 1 (0.1) 0 (0.0) 

*  Values are number and percentage. Some patients experienced more than one Serious 

Adverse Event. Serious Adverse Events were recorded between randomization and ICU 

discharge. 
a  Includes all randomized patients, excluding only 15 patients who did not consent to the trial 

and who refused permission for use of data (permissive hypotension n=8, usual care n=7) 
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eTable 9 Secondary Outcomes by Chronic Hypertension Status. 

Outcome 
Permissive 

hypotension 
Usual care 

 

Adjusted  
effect estimatea  

(95% CI) 
Mortality at discharge from the ICU, n/N (%)    

No chronic hypertension 214 / 655 (32.7) 213 / 670 (31.8) OR 1.05 (0.76, 1.34) 

Chronic hypertension 148 / 557 (26.6) 167 / 567 (29.5) OR 0.74 (0.51, 0.97) 

Mortality at discharge from acute hospital, n/N (%) 

No chronic hypertension 274 / 667 (41.1) 274 / 678 (40.4) OR 1.03 (0.77, 1.29) 

Chronic hypertension 210 / 565 (37.2) 245 / 572 (42.8) OR 0.69 (0.50, 0.88) 

Advanced respiratory support    

No chronic hypertension    

Receipt, n (%) 373 / 660 (56.5) 372 / 671 (55.4)  

Duration (days), median (IQR)f 3.0 (2.0, 9.0) 4.0 (2.0, 10.0)  

Duration (days), mean (SD)g 4.4 (8.8) 4.7 (9.1) MD -0.1 (-1.0, 0.9) 

Days alive and free to day 28, mean (SD) 
   

15.2 (13.1) 15.2 (13.0) MD 0.1 (-1.1, 1.2) 

Advanced respiratory support    

Chronic hypertension    

Receipt, n (%) 335 / 558 (60.0) 319 / 568 (56.2)  

Duration (days), median (IQR)f 4.0 (2.0, 10.0) 4.0 (2.0, 11.0)  

Duration (days), mean (SD)g 4.6 (7.6) 4.9 (11.0) MD -0.6 (-1.6, 0.4) 

Days alive and free to day 28, mean (SD) 16.3 (12.6) 14.9 (12.9) MD 1.9 (0.6, 3.2) 

Renal support    

No chronic hypertension    

Receipt, n (%) 144 / 660 (21.8) 166 / 671 (24.7)  

Duration (days), median (IQR)f 4.0 (2.0, 7.0) 4.0 (2.0, 8.0)  

Duration (days), mean (SD)g 1.2 (3.4) 1.5 (4.1) MD -0.3 (-0.7, 0.1) 

Days alive and free to day 28, mean (SD) 16.9 (13.4) 16.9 (13.4) MD 0.1 (-1.1, 1.4) 

Renal support    

Chronic hypertension    

Receipt, n (%) 158 / 558 (28.3) 140 / 568 (24.6)  

Duration (days), median (IQR)f 4.0 (2.0, 8.0) 4.0 (2.0, 7.0)  

Duration (days), mean (SD)g 1.7 (3.9) 1.6 (4.2) MD 0.0 (-0.4, 0.5) 

Days alive and free to day 28, mean (SD) 18.0 (12.9) 16.6 (13.3) MD 1.9 (0.5, 3.2) 

Duration of ICU stay (days), median (IQR)    

No chronic hypertension    

Survivors 4.8 (2.6, 9.3) 5.2 (2.9, 9.2) 
 

Non-survivors 3.8 (1.2, 8.4) 3.8 (1.2, 8.9) 
 

Duration of ICU stay (days), median (IQR)    
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Chronic hypertension    

Survivors 5.1 (3.0, 10.6) 5.4 (2.8, 9.9)  

Non-survivors 4.4 (1.6, 10.8) 4.2 (1.4, 9.9)  

Duration of acute hospital stay (days), 

median (IQR) 
 

 
 

No chronic hypertension    

Survivors 16.5 (9.0, 33.0) 19.0 (10.0, 36.0)  

Non-survivors 5.0 (1.0, 13.0) 5.0 (1.0, 12.0)  

Duration of acute hospital stay (days), 

median (IQR) 
 

 
 

Chronic hypertension    

Survivors 18.0 (11.0, 36.0) 17.0 (10.0, 37.5)  

Non-survivors 7.0 (2.0, 18.0) 6.0 (1.0, 18.0)  

ICU: intensive care unit, OR; odds ratio, MD: mean difference. 

a  Adjusted for age, sex, comorbidities, prior dependency, vasopressor infusions received at 

randomization, duration of vasopressor infusion prior to randomization, location prior to 

admission to critical care/urgency of surgery, ICNARC Physiology Score, Sepsis-3 category 

and random effect of site. 
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eTable 10 Post-hoc mortality outcomes.* 

Outcome Permissive 
hypotension Usual care 

28-day mortality 434/1221 (35.5) 472/1242 (38.0) 

60-day mortality 483/1221 (39.6) 517/1242 (41.6) 

* reported for patients with known primary outcome.  
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