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EMETHODS 

Inclusion and Exclusion Criteria 

Table 1. Inclusion and Exclusion Criteria 

Inclusion criteria: 

• The patient has a documented site of infection or strong suspicion of infection  

• The patient is expected to be in the Intensive Care Unit the day after tomorrow  

• The patient has been commenced on piperacillin-tazobactam or meropenem to treat the 

episode of infection  

• Giving piperacillin-tazobactam or meropenem by intermittent infusion or continuous infusion 

is considered equally appropriate for the patient  

• One or more organ dysfunction criteria in the previous 24 hours:  

o Mean Arterial Pressure < 60 mmHg for at least 1 hour  

o Vasopressors required for > 4 hours  

o Respiratory support using supplemental high flow nasal prongs, continuous positive 

airway pressure, bilevel positive airway pressure or invasive mechanical ventilation 

for at least 1 hour  

o Serum creatinine concentration > 220 μmol/L or > 2.49 mg/dL 

Exclusion criteria: 

• The patient’s age is less than 18 years  

• The patient has received piperacillin-tazobactam or meropenem for more than 24 hours 

during current infectious episode  

• The patient is known or suspected to be pregnant 

• The patient has a known allergy to piperacillin-tazobactam, meropenem or penicillin 

• The patient is requiring renal replacement therapy at the time of randomization, including 

renal replacement therapy for chronic renal failure  

• The attending clinician or patient or surrogate legal decision maker is not committed to 

advanced life-support, including mechanical ventilation, dialysis and vasopressor 

administration, for at least the next 48 hours  
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Exclusion criteria (continued): 

• The patient’s death is deemed imminent and inevitable  

• The patient has previously been enrolled in the BLING III study 

 

Definition of Clinical Cure 

Clinical cure was defined as the completion of the β-lactam antibiotic treatment course (on or 

prior to Day 14) without recommencement of antibiotic therapy within 48 hours of cessation. 

For the purposes of evaluating clinical cure, a change of antibiotic therapy (either escalation 

or de-escalation) for the same indication for which the β-lactam antibiotic was commenced 

was considered part of the antibiotic treatment course. Participants discharged from hospital 

within 14 days following randomization were considered to meet the definition of clinical 

cure. However, if a participant was readmitted within 14 days of randomization, then the 

participant was assessed against the definition of clinical cure as above, using information 

available at readmission (i.e., if a participant was readmitted and commenced on antibiotic 

therapy for the same indication within 48 hours of cessation, then clinical cure was coded as 

“No”).   

 

Participants who deceased while receiving the antibiotic treatment course or where antibiotic 

therapy was ceased in the setting of death being deemed imminent and inevitable, were 

assessed as not meeting the criteria for clinical cure. Participants who did not receive any β-

lactam antibiotic treatment after randomization were coded as not meeting the definition of 

clinical cure.  
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Consent 

Informed consent was obtained in accordance with legal and Human Research Ethics 

Committee or Institutional Review Board requirements in each jurisdiction as outlined in 

section 10.3 of the study protocol (Supplement 1). This included a hierarchy of consent or a 

framework for providing treatment to patients who were unable to consent for themselves. 

 

Consent could be refused or revoked without any reason for any, or all, of the following study 

procedures: 

• Further administration of the β-lactam antibiotic via the study assigned administration 

method. The participant would continue to receive the β-lactam antibiotic via the 

standard method of administration at the site if still prescribed. 

• Data collected prior to refusal/revocation. In this case, all data collected prior to date 

and time of consent refusal/revocation was deleted and not used. 

• Data collection after refusal/revocation, including data collection and follow-up that 

did not involve contact with the patient/substitute decision maker. In this case, no data 

was collected or used after consent refusal/revocation. Vital status could not be 

obtained either by direct contact with the patient/substitute decision maker, by review 

of the patient record, or any other method. 

• Vital status at Day 90 determined by direct contact with the patient/substitute decision 

maker. If vital status at 90 days could not be obtained by direct contact with the 

patient/substitute decision maker, in certain cases it could be ascertained from the 

patient record with consent. For example, if the patient was still in the hospital, or 

attended outpatient appointments, or if the patient had died, and this was documented 

in the patient record. 
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Australia 

In Australia, written consent prior to randomization was obtained from the patient or the 

substitute decision maker, where possible to do so, as outlined in section 10.3.1 of the study 

protocol (Supplement 1). When it was not possible for the patient or the substitute decision 

maker to provide written consent in a timely manner, the patient was enrolled into the study 

under a waiver of consent and written consent to continue participation was obtained from the 

patient or the substitute decision maker as soon as possible. If the patient died or didn’t regain 

capacity, and there was no substitute decision maker available, the ethics committee gave 

approval for use of data in accordance with relevant legislation. 

 

Belgium 

Deferred informed consent was approved by the ethics committee. Where possible, informed 

consent was obtained from the patient and/or legal representative prior to randomization. The 

substitute decision maker was identified as the legal representative in Belgium. An 

information brochure was left in the family waiting room, along with an information poster. If 

the patient was unable to give consent themselves and no substitute decision maker was 

present at the time the antibiotics were prescribed, the patient was randomized and consent to 

continue in the study was obtained as soon as possible.  

 

France 

The ethics committee approved obtaining written informed consent and/or a declaration from 

a substitute decision maker in a hierarchical approach as outlined above and in section 10.3 of 

the study protocol (Supplement 1). 
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New Zealand 

In New Zealand, only the patient could provide consent to participate in the clinical trial. 

When prior patient consent was not possible, steps were taken to ascertain the views of the 

patient from persons interested in their welfare as outlined in section 10.3.2 of the study 

protocol (Supplement 1). Consent to continue participation was obtained from the patient 

when their condition allowed. If written consent was not able to be obtained, verbal consent 

was allowed as per the ethics committee approval. If the patient died or didn’t regain capacity, 

the ethics committee gave approval for use of data as per the views of the patient from 

persons interested in their welfare. 

  

Malaysia 

In Malaysia, written consent was required from the patient or substitute decision maker prior 

to randomization. 

 

United Kingdom 

The ethics committee for England, Scotland and Wales approved obtaining written informed 

consent and/or a declaration from a consultee in a hierarchical approach as outlined in section 

10.3.3 of the study protocol (Supplement 1). 

 

Sweden 

In Sweden, written informed consent was sought from eligible patients. If the patient was 

deemed incapable of expressing consent due to their acute illness, the patient’s next of kin 

was informed about the study and could decline participation. Written informed consent was 

sought as soon as possible in patients who regained mental capacity.  
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Changes to Informed Consent due to the COVID-19 Pandemic 

From March 2020, regulations put in place to minimize the impact of the SARS-CoV-2 

(COVID-19) pandemic placed significant limitations on processes allowed for obtaining 

written informed consent from patients or their substitute decision maker. These included the 

majority of Intensive Care Units (ICU) limiting or stopping visitor access due to social 

distancing laws, and limitations on the use of paper consent forms in clinical areas. 

Consequently, some participating sites suspended recruitment due to the difficulties in 

obtaining written consent. 

 

Australia and France 

A temporary change to the informed consent process was approved by the relevant ethics 

committees in Australia and France allowing sites to obtain verbal consent for the duration of 

the COVID-19 pandemic. This reduced risk to patients, substitute decision makers and staff, 

and allowed participating sites to continue to recruit patients. 

 

As part of the verbal consent process, sites were required to do the following: 

• Clearly document the verbal consent process in the patient record, including the date 

and time of the consent conversation, name of the clinician who obtained consent, 

name of the person who provided consent and any questions asked/answered. 

• After verbal consent was obtained, provide the patient or substitute decision maker 

with the Patient Information Sheet/Consent Form by post or email, so that they had the 

option to withdraw from the study at any time. To minimize the infection risk to all 

concerned, the patient or substitute decision maker did not return the Patient 

Information Sheet/Consent Form if verbal consent had been obtained. 
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Documentation of all written and verbal consents was reviewed by study monitors at 

monitoring visits. 

 

Belgium   

During the COVID-19 pandemic, the ethics committee approved consent to be obtained 

verbally with the following process. There was no change to the Patient Information 

Sheet/Consent Form or the Legal Representative Consent Form. If the patient was not 

competent to provide consent and the legal representative was not able to attend the hospital, 

the legal representative was contacted by the site investigator or designee by telephone. Upon 

consent for participation, the site investigator or designee signed and dated the Legal 

Representative Consent Form and the form was given or sent via email to the legal 

representative. The following information was documented in the patient record: the consent 

form version number, the name of the site investigator or designee obtaining the consent, the 

name of the legal representative from whom consent was obtained, their relationship to the 

patient, the date and time consent was obtained, an indication that adequate time was provided 

to consider participation, whether a copy of the consent form had been sent to the legal 

representative and the name of the study staff to be contacted in case of questions. 

 

New Zealand 

Verbal consent was part of the original ethics committee approval; therefore, no further 

changes were required during the COVID-19 pandemic. 

 

Malaysia 

There was no change in the process of obtaining consent due to the COVID-19 pandemic.  
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Written consent was required from the patient or the substitute decision maker prior to 

enrolment.  

 

United Kingdom 

The Institutional Review Board approved verbal consent during the COVID-19 pandemic 

with the following process. In instances where the patient was not competent to provide 

consent the personal or nominated consultee would be contacted by telephone to seek assent 

to commence or continue the study. The site investigator or designee would complete the 

verbal assent via telephone, which was witnessed by an independent member of staff. A 

Telephone Agreement Form was then signed by both the site investigator or designee and the 

witness. The form included date and time, who provided assent, their relationship to the 

patient, the site investigator or designee, the staff witness, the discussion and any questions 

discussed.  The verbal consent process was documented in the patient record. 

 

Sweden 

There were no changes to the consent process due to the COVID-19 pandemic. 

 

Sites of Infection  

The primary site of infection was determined by the attending clinician based on a 

documented site of infection or strong suspicion of infection. Second and third sites of 

infection were recorded where there were further documented sites of infection or a strong 

suspicion of infection in additional sites as identified by the attending clinician. A 

documented site of infection was indicated by either: (1) an organism grown in blood or a 

sterile site, or (2) an abscess or volume of infected tissue (e.g. pneumonia, peritonitis, soft 

tissue etc.). A strong suspicion of infection was based on clinical signs of infection, e.g. white 
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blood cells in a normally sterile fluid (e.g. urine or cerebrospinal fluid), evidence of a 

perforated viscus (e.g. free air on abdominal X-ray or computed tomography scan or acute 

peritonitis) or an abnormal chest X-ray consistent with pneumonia.  

 

Infective Organisms 

Infective organisms were bacteria, identified from microbiological culture of samples taken 

up to 72 hours prior to randomization. If multiple organisms were identified from the same 

site of infection, all clinically significant organisms, as determined by the attending clinician, 

were recorded. Viruses, fungi and protozoa were not reported as infective organisms.  

 

Length of Stay 

ICU and hospital length of stay variables were calculated from the date of randomization and 

censored at Day 90. In the case of multiple ICU and hospital admissions, the period that 

participants were out of the ICU and hospital were excluded from the ICU and hospital length 

of stay calculations, respectively.  

 

Time to discharge from the index ICU admission refers to the duration in days from 

randomization to the index ICU discharge. Index ICU discharge was defined as the date of 

first discharge from the ICU. For participants who died in the ICU, the discharge date was the 

date of death. If a participant was transferred directly to another ICU, date of discharge was 

the date of discharge from the subsequent ICU (not the date of transfer).  

 

Time to discharge from the index hospital admission refers to the duration in days from 

randomization to the index hospital discharge. Index hospital discharge was the date of first 

discharge from the hospital. For participants who died in hospital, the discharge date was the 
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date of death. If a participant was transferred to another acute hospital, date of discharge was 

the date of discharge from the subsequent hospital (not the date of transfer). If a participant 

was transferred from an acute hospital to a non-acute hospital, nursing home or rehabilitation 

unit, date of transfer from the acute hospital was the date of discharge. 

 

Study Days 

Day 1 was from the time of randomization until the end of the calendar day. Subsequent study 

days were a full calendar day from 00:00 hours until 23:59 hours. 

 

Study Drug Administration 

The choice of β-lactam antibiotic, either piperacillin-tazobactam or meropenem, and the dose 

and dosing interval (i.e. the amount of study drug the participant received in 24 hours) was 

determined by the attending clinician prior to randomization. The amount of β-lactam 

antibiotic prescribed reflected the patient body size and estimated drug clearance as per 

standard prescribing practices. Therapeutic drug monitoring of the study drug (piperacillin-

tazobactam or meropenem) was not permitted while the participant was receiving randomized 

treatment due to a potential differential impact on dosing practices between treatment groups. 

During the study period, the attending clinician could modify the β-lactam antibiotic dose in 

response to clinical changes of the patient. 

 

If following randomization, the attending clinician decided to change from piperacillin-

tazobactam to meropenem or vice versa, the new prescription continued to be administered in 

the allocated method (continuous or intermittent infusion over 30 minutes). Participants in the 

continuous infusion group received a loading dose prior to commencement of the new 
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prescription by continuous infusion. If the participant was still prescribed the β-lactam 

antibiotic following Intensive Care Unit (ICU) discharge or after Day 14, the standard 

administration method at the site was used. If the participant was readmitted to the ICU prior 

to the end of Day 14, the study assigned administration method was followed. If the β-lactam 

antibiotic prescription was stopped and the participant recommenced on a β-lactam antibiotic 

(piperacillin-tazobactam or meropenem) prior to Day 14, the study assigned administration 

method was followed whilst in the ICU. 

 

Study Drug Supply and Handling 

The β-lactam antibiotics were supplied by the hospital/institution. Handling and storage of 

the β-lactam antibiotic followed local site policy and regulatory requirements. The 

manufacturer’s instructions regarding storage were followed. The β-lactam antibiotic was 

reconstituted with a compatible diluent as per the manufacturer’s instructions and according 

to local policy. The stability of the reconstituted β-lactam antibiotic was considered in 

preparing the continuous infusion. 

 

Study Drug Stability 

The two β-lactam antibiotics have different stability durations when reconstituted, which was 

taken into consideration when preparing a continuous infusion.1 Piperacillin-tazobactam has 

sufficient stability at room temperature to allow for preparation of one infusion bag to be 

administered over 24 hours.2-4 Therefore, the maximum piperacillin-tazobactam dose 

prepared in an infusion bag/syringe was a 24-hour dose given over 24 hours. Meropenem, 

when diluted with 0.9% sodium chloride, has sufficient stability at room temperature for 8 

hours.5-7 Therefore, the maximum meropenem dose prepared in an infusion bag/syringe was 

an 8-hour dose given over 8 hours (i.e., three infusion bags/syringes over 24 hours). In the 
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United Kingdom, further analyses for drug stability were conducted and meropenem was 

deemed to have sufficient stability at room temperature for administration over 12 hours 

(Greg Barton, personal communication). Therefore, the maximum dose prepared in an 

infusion bag/syringe in the United Kingdom was a 12-hour dose given over 12 hours (i.e., two 

infusion bags/syringes over 24 hours). 

 

Regardless of the β-lactam antibiotic prescribed, each infusion bag or syringe was prepared 

just prior to commencement of the infusion. Infusion bags or syringes for continuous 

infusion were prepared according to local policy with consideration of stability and product 

information. For example, if normal practice at the site was to prepare syringes with 6-hour 

doses, then these were infused over 6 hours with a new bag/syringe every 6 hours. 

 

Intermittent Infusions and Loading Doses 

Intermittent infusions were given over 30 minutes at the scheduled dosing intervals evenly 

spaced over a 24-hour period. The intermittent infusion dose of the β-lactam antibiotic was 

reconstituted in a compatible fluid of at least 20 mL volume as per standard site policy and 

prepared just prior to administration. 

 

A loading dose, comprising a single dose of the β-lactam antibiotic, was given prior to 

commencement of the continuous infusion. An intermittent or extended infusion dose given 

prior to randomization could qualify as the loading dose. 
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Timing of Study Drug Administration 

Instructions for commencement of the study assigned administration method are described 

in Table 2. Commencement of a continuous infusion following standard administration by 

intermittent infusion or extended infusion was made with reference to half the standard 

dosing interval (Figure 1).  

 
Instructions following a pause or delay in the study assigned administration method are 

described in Table 3. A pause or delay of greater than 1 hour was recorded as a Protocol 

Deviation. Figure 2 summarizes recommencement of a continuous infusion following a 

pause. 

 
Instructions for continuation of the study assigned administration method after a change of 

the β-lactam antibiotic are summarized in Table 4. Instructions for reverting back to the 

standard administration method are summarized in Table 5.  
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Table 2. Commencement of the Study Assigned Administration Method 

Randomization 

allocation 

 

Administration 

method prior to 

randomization 

Instructions 

Intermittent 

infusion 

Intermittent 

infusion 

• Continue with intermittent infusion at prescribed dosing 

interval. 

• Give intermittent infusion doses over 30 minutes. 

Extended 

infusion 

• IF extended infusion is running at time of randomization, 

ensure all dose of extended infusion is given. 

• Start intermittent infusion at the next dosing interval. 

• Give intermittent infusion doses over 30 minutes. 

Continuous 

infusion 

• STOP continuous infusion and start first dose of 

intermittent infusion immediately. 

• IF bolus dose was given prior to commencing continuous 

infusion AND randomization is within the first intermittent 

dosing interval, THEN wait a full dosing interval from the 

time of the bolus dose before commencing the 

intermittent infusion. 

• Give intermittent infusion doses over 30 minutes. 

Continuous 

infusion 

Continuous 

infusion 

• Continue with continuous infusion. 

Intermittent 

infusion 

Randomization prior to half the dosing interval (& up to 

1 hour after half the dosing interval) 

• Start continuous infusion at a time that is equivalent to 

half the intermittent dosing interval. 

Randomization after half the dosing interval 

• WAIT until next intermittent dose due and give 

intermittent infusion dose, THEN start the continuous 
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Randomization 

allocation 

 

Administration 

method prior to 

randomization 

Instructions 

infusion at a time that is equivalent to half the intermittent 

dosing interval. 

Extended  

infusion 

Randomization prior to half the dosing interval (& up to 

1 hour after half the dosing interval) 

• Start continuous infusion at a time that is equivalent to 

half the intermittent dosing interval. 

Randomization after half the dosing interval 

• WAIT until the next extended infusion dose is due and 

give bolus dose, THEN start continuous infusion at a time 

that is equivalent to half the intermittent dosing interval. 
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Table 3. Instructions Following a Pause in Study Drug Administration 

Randomization 

allocation 

Pause duration Instructions 

Intermittent 

infusion 

Delay up to half the 

dosing interval past 

the scheduled dosing 

time 

• Give intermittent infusion dose as soon as possible 

over 30 minutes. 

• Continue at the prescribed dosing intervals for further 

doses. 

• This is a Protocol Deviation if the delay is > 1hr. 

Delay greater than 

half the dosing 

interval past the 

scheduled dosing 

time 

• Give intermittent infusion dose as soon as possible 

over 30 minutes. 

• Reset the prescribed dosing intervals for further doses 

to align with time delayed intermittent dose given. 

• This is a Protocol Deviation. 

Continuous 

infusion 

Pause < 1hr • Restart the continuous infusion at the usual rate. 

• This is not a Protocol Deviation. 

Pause > 1hr, but less 

than half the dosing 

interval 

• GIVE the remaining part of bag/syringe at a faster rate 

to complete the continuous infusion at the usual time. 

• Start the next continuous infusion bag/syringe at the 

prescribed time. 

• This is a Protocol Deviation. 

Pause > 1hr and 

greater than half the 

dosing interval 

• GIVE a bolus dose that is equivalent to half the 

standard intermittent dose, THEN restart the 

continuous infusion immediately. 

• This is a Protocol Deviation. 

Planned pause > 1hr • GIVE a bolus dose that is equivalent to half the 

standard intermittent dose at the time of stopping the 

continuous infusion 

• For each time that is equivalent to half the intermittent 

dosing interval that the continuous infusion is stopped, 
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Randomization 

allocation 

Pause duration Instructions 

GIVE a bolus dose that is equivalent to half the 

standard intermittent dose  

• Restart the continuous infusion as soon as possible. 

• This is a Protocol Deviation. 
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Table 4. Instructions for Changing the β-Lactam Antibiotic 

Randomization allocation Instructions 

Intermittent infusion • Continue with intermittent infusion at prescribed dosing interval. 

Only give the new β-lactam antibiotic earlier than the prescribed 

dosing interval if there is a clinical reason to start the new β-lactam 

antibiotic sooner. 

• Give intermittent infusion doses over 30 minutes. 

Continuous infusion • STOP continuous infusion of the old β-lactam antibiotic prescription 

and give a bolus dose of the new prescription β-lactam antibiotic 

immediately. 

• Start continuous infusion of the new prescription β-lactam antibiotic 

at half the intermittent dosing interval. 
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Table 5. Instructions for Reverting Back to the Standard Administration Method 

Randomization 

allocation 

Standard 

administration method 

at site 

Instructions 

Intermittent 

infusion 

Intermittent • Continue with intermittent doses at prescribed 

dosing interval. 

Extended infusion • Start extended infusion at the next scheduled 

dosing interval. 

Continuous infusion • Start continuous infusion at a time equivalent to 

half the dosing interval after the last intermittent 

infusion dose. 

Continuous 

infusion 

Continuous infusion • Continue with continuous infusion. 

Intermittent infusion • Start intermittent dose at half the intermittent 

dosing interval from the time the continuous 

infusion is stopped. 

Extended infusion • Start extended infusion at half the intermittent 

dosing interval from the time the continuous 

infusion is stopped. 
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Figure 1. Commencement of a Continuous Infusion from Intermittent Infusion 

 

 

Figure 2. Recommencement of the Continuous Infusion Following a Pause 
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Source Data Verification and Monitoring 

Source data verification (SDV) and monitoring activities were performed at each site by a 

Study Monitor or Project Manager. Complete (100%) SDV was performed on all participants 

for the following: 

• Written informed consent obtained in accordance with the Human Research Ethics 

Committee or Institutional Review Board approved documents and verbal consent 

documentation when approved during the COVID-19 pandemic.  

• Primary outcome measure, i.e., Day 90 vital status and date of death (if applicable). 

• Length of stay in the Intensive Care Unit and hospital. 

 

Complete (100%) SDV was performed for the first 2 participants enrolled at each site. 

Complete (100%) SDV was also performed for at least one participant if a new study staff 

began collecting study data at a site. Additional SDV was performed if error rates were of 

concern or more than 10%.  

 

After this, if the Study Monitor and Project Manager were confident of site staff competence, 

a reduced partial SDV plan was used for the 10% of randomly selected remaining participants 

at each site. This was then reduced to 5% of randomly selected remaining participants if the 

Project Manager considered error rates acceptable. Partial SDV included: 

• Eligibility criteria 

• β-lactam antibiotic prescription and dosing administration 

• Secondary outcome measures 

• Study treatment compliance 

• Protocol deviations 

• Adverse drug reactions 
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In collaboration with data management, pre-defined sets of edit checks were run to ensure 

consistency and valid range checks in an attempt to validate data. 

 

Changes to Source Data Verification and Monitoring due to the COVID-19 Pandemic 

From March 2020 until July 2022, monitoring activities were significantly affected by the 

COVID-19 pandemic. This was due to pandemic planning in participating Intensive Care 

Units, including redeployment of research staff to clinical roles, travel restrictions, infection 

control measures, and visitor restrictions. By this time, complete (100%) SDV had been 

performed for the first 2 participants at all participating sites, therefore the following 

adjustments were made to the SDV: 

• Prioritized review of written informed consent or verbal consent documentation and 

primary outcome measures for all participants. 

• Sites with acceptable error rates (<5%) had significantly reduced or no further SDV 

(decision made by the Senior Project Manager on a site-by-site basis). 

• Remote monitoring was increased to include a review of all data entry forms for 

obvious errors.  

• If on-site visits could not be conducted before the study was completed, data were 

reviewed by other methods, for example via video call and review of scanned/de-

identified medical records. 

 

Protocol Deviations 

Protocol deviations were captured in the case report form as follows: 

• Randomization of an ineligible patient 

• Failure to comply with the study assigned administration method 
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o Administration method for a β-lactam antibiotic dose did not occur as per the 

study assigned method of administration 

o All non-administered doses, e.g. failure to give an intermittent or continuous dose 

o A delay in a dose via intermittent infusion of greater than 1 hour 

o A pause in the continuous infusion of greater than 1 hour 

o Failure to give a bolus (loading) dose prior to starting continuous infusion, or after 

a delay of greater than half the dosing interval, or on restarting a continuous 

infusion or changing the type of β-lactam antibiotic 

• Follow-up assessment not completed correctly 

o For an alive participant, Day 90 follow-up occurred on or before the Day 90 date 

o Quality of life assessment (in Australia) for all alive participants not conducted 

within 14 days of Day 90 

• Other reason for a protocol deviation.  

 

Protocol deviations were reviewed and classified into four categories for reporting purposes: 

(1) randomization of an eligible patient, (2) administration or dosing related, (3) follow-up 

assessment not done correctly, and (4) other (i.e. not fitting into one of the previous 

categories).  

  



© 2024 American Medical Association. All rights reserved. 

SUPPLEMENTARY RESULTS 

Tables 

eTable 1. Enrolment by Country and Site 

Country / Sitea Continuous 

Infusion 

(n = 3498) 

Intermittent 

Infusion 

(n = 3533) 

Australia (no. of sites = 25) n = 1087 n = 1086 

Austin Hospital 21 19 

Bankstown Hospital 12 13 

Bendigo Hospital 50 49 

Blacktown Hospital 34 38 

Box Hill Hospital 12 12 

Caboolture Hospital 20 21 

Gold Coast University Hospital 66 68 

Gosford Hospital 33 31 

John Hunter Hospital 24 20 

Logan Hospital 30 31 

Lyell McEwin Hospital 11 11 

Princess Alexandra Hospital 131 130 

The Queen Elizabeth Hospital 25 25 

Redcliffe Hospital 30 28 

Royal Brisbane and Women's Hospital 121 118 

Royal Darwin Hospital 26 23 

Royal Hobart Hospital 32 33 

Royal Melbourne Hospital 56 59 

Royal North Shore Hospital 94 97 

Royal Prince Alfred Hospital 40 39 

St George Hospital 29 28 

St Vincent's Hospital 47 46 
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Country / Sitea Continuous 

Infusion 

(n = 3498) 

Intermittent 

Infusion 

(n = 3533) 

University Hospital Geelong 17 17 

The Wesley Hospital 28 32 

Westmead Hospital 98 98 

Belgium (no. of sites = 8) n = 228 n = 231 

Antwerp University Hospital 6 6 

Brussels University Hospital 33 35 

Civil Hospital Marie Curie 7 9 

Erasmus Hospital 15 14 

Ghent University Hospital 102 101 

Maria Middelares Hospital 7 7 

Saint-Pierre Ottignies Clinic 30 32 

Stuivenberg Hospital 28 27 

France (no. of sites = 5) n = 218 n = 215 

Brabois Hospital Nancy 19 20 

Henri Duffaut Hospital Centre 54 54 

Poitiers University Hospital 26 27 

Salon de Provence Hospital 10 10 

University Hospital of Nîmes 109 104 

Malaysia (no. of sites = 2) n = 174 n = 179 

Hospital University Sains Malaysia 94 95 

University Malaya Medical Centre 80 84 

New Zealand (no. of sites = 6) n = 291 n = 286 

Auckland City Hospital (Cardiothoracic and Vascular 

Intensive Care Unit) 

54 54 

Auckland City Hospital (Department of Critical Care 

Medicine) 

27 25 

Christchurch Hospital 79 77 
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Country / Sitea Continuous 

Infusion 

(n = 3498) 

Intermittent 

Infusion 

(n = 3533) 

Middlemore Hospital 13 14 

Waikato Hospital 38 38 

Wellington Hospital 80 78 

Sweden (no. of sites = 3) n = 64 n = 72 

Helsingborg Hospital 13 15 

Skåne University Hospital, Lund 5 5 

Skåne University Hospital, Malmö 46 52 

United Kingdom (no. of sites = 54) n = 1436 n = 1464 

Basingstoke & North Hampshire Hospital 24 23 

Blackpool Victoria Hospital 21 20 

Bristol Royal Infirmary 31 32 

Broomfield Hospital 8 7 

Charing Cross Hospital 72 73 

Countess of Chester Hospital 10 12 

Darent Valley Hospital 15 18 

Derriford Hospital 53 55 

Dorset County Hospital 19 21 

Freeman Hospital 6 5 

Frimley Park Hospital 13 13 

Glasgow Royal Infirmary 15 14 

Golden Jubilee National Hospital 9 9 

Hammersmith Hospital 42 44 

Hereford County Hospital 7 8 

Hull Royal Infirmary 33 35 

Ipswich Hospital 21 22 

James Cook Hospital 124 124 

King’s College Hospital 117 116 
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Country / Sitea Continuous 

Infusion 

(n = 3498) 

Intermittent 

Infusion 

(n = 3533) 

King’s Mill Hospital 3 5 

Kingston Hospital 5 5 

Maidstone Hospital 5 6 

Medway Maritime Hospital 27 29 

Milton Keynes University Hospital 17 18 

Ninewells Hospital 10 11 

Northumbria Specialist Emergency Care Hospital 6 8 

Pinderfields Hospital 13 14 

Poole Hospital 27 32 

Princess Royal Hospital 1 0 

Queen Alexandra Hospital 28 30 

Queen Elizabeth Hospital Birmingham 26 25 

Queen's Hospital 12 12 

Queen’s Medical Centre, Nottingham 41 38 

Royal Berkshire Hospital 22 22 

Royal Bolton Hospital 5 4 

Royal Hampshire County Hospital 11 14 

Royal London Hospital 9 9 

Royal Marsden Hospital 22 23 

Royal Surrey County Hospital 28 29 

Royal Victoria Infirmary 14 13 

Salford Royal Hospital 29 29 

Southampton General Hospital 25 25 

St George's Hospital 51 52 

St Mary's Hospital 74 74 

St Thomas’ Hospital 33 33 

Stoke Mandeville Hospital 8 9 
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Country / Sitea Continuous 

Infusion 

(n = 3498) 

Intermittent 

Infusion 

(n = 3533) 

Sunderland Royal Hospital 8 10 

Tunbridge Wells Hospital 48 46 

University Hospital Coventry 65 64 

University Hospital of North Tees 23 24 

University Hospital of Wales 23 24 

Watford General Hospital 21 22 

Whittington Hospital 1 2 

Whiston Hospital 55 52 

aCountries and sites are listed alphabetically.  
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eTable 2. APACHE III Diagnoses 

Diagnoses Continuous infusion 

(n = 3498)a 

Intermittent infusion 

(n = 3533)a 

Non-operative diagnoses 2509 (71.8) 2547 (72.1) 

Respiratory 814 (23.3) 878 (24.9) 

Sepsis 599 (17.1) 594 (16.8) 

Trauma 269 (7.7) 251 (7.1) 

Neurological 251 (7.2) 239 (6.8) 

Cardiovascular 252 (7.2) 231 (6.5) 

Gastrointestinal 183 (5.2) 180 (5.1) 

Metabolic 66 (1.9) 69 (2.0) 

Musculoskeletal/skin 28 (0.8) 36 (1.0) 

Hematological  13 (0.4) 15 (0.4) 

Renal/genitourinary  11 (0.3) 13 (0.4) 

Other 23 (0.7) 41 (1.2) 

Operative diagnoses 985 (28.2) 985 (27.9) 

Gastrointestinal 418 (12.0) 407 (11.5) 

Cardiovascular 163 (4.7) 164 (4.6) 

Neurological 123 (3.5) 122 (3.5) 

Trauma 97 (2.8) 113 (3.2) 

Musculoskeletal/skin 88 (2.5) 82 (2.3) 

Respiratory 54 (1.5) 54 (1.5) 

Renal/genitourinary 32 (0.9) 34 (1.0) 

Gynecological 7 (0.2) 5 (0.1) 

Hematological 2 (0.1) 2 (0.1) 

Metabolic 1 (0.0) 2 (0.1) 

Abbreviation: APACHE, Acute Physiology and Chronic Health Evaluation. 

aThe denominator are those with any baseline APACHE III diagnosis data available; there are 4 participants and 1 participant 

with missing data in the continuous and intermittent infusion groups, respectively. 
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eTable 3. Infective Organisms Identified from the Primary Site of Infection 

Organism Continuous 

infusion 

(n = 3498)a 

Intermittent 

infusion 

(n = 3533)a 

Organism/s identified in primary site of infection 1432 (40.9)b 1435 (40.6)b 

Gram positive bacteria  435 (30.4) 441 (30.7) 

Methicillin-sensitive Staphylococcus aureus 149 (10.4) 182 (12.7) 

Streptococcus pneumoniae (or Pneumococcus) 56 (3.9) 61 (4.3) 

Enterococcus  43 (3.0) 44 (3.1) 

β-hemolytic streptococci (group A, B, C or G)  50 (3.5) 31 (2.2) 

Coagulase negative staphylococci  39 (2.7) 34 (2.4) 

Methicillin-resistant Staphylococcus aureus  31 (2.2) 27 (1.9) 

Viridans group streptococci  17 (1.2) 7 (0.5) 

Gram positive cocci (not otherwise specified) 6 (0.4) 14 (1.0) 

Corynebacterium species 3 (0.2) 5 (0.3) 

Clostridioides difficile 1 (0.1) 5 (0.3) 

Clostridium species 2 (0.1) 4 (0.3) 

Bacillus species 3 (0.2) 2 (0.1) 

Cutibacterium species 3 (0.2) 2 (0.1) 

Other Gram positive organisms 8 (0.6) 8 (0.6) 

Gram negative bacteria  991 (69.2) 982 (68.4) 

Escherichia species  252 (17.6) 259 (18.0) 

Klebsiella species  171 (11.9) 182 (12.7) 

Pseudomonas species  161 (11.2) 151 (10.5) 

Enterobacter species  96 (6.7) 104 (7.2) 

Haemophilus species  85 (5.9) 80 (5.6) 

Serratia species  49 (3.4) 54 (3.8) 

Citrobacter species  41 (2.9) 27 (1.9) 

Proteus species  28 (2.0) 25 (1.7) 
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Organism Continuous 

infusion 

(n = 3498)a 

Intermittent 

infusion 

(n = 3533)a 

Acinetobacter species  23 (1.6) 22 (1.5) 

Stenotrophamonas species  15 (1.0) 8 (0.6) 

Gram negative rods (not otherwise specified) 10 (0.7) 11 (0.8) 

Coliform bacteria (genus not specified) 11 (0.8) 7 (0.5) 

Morganella species 9 (0.6) 9 (0.6) 

Bacteroides species 5 (0.3) 8 (0.6) 

Moraxella catarrhalis 6 (0.4) 5 (0.3) 

Burkholderia species  3 (0.2) 7 (0.5) 

Raoultella species 4 (0.3) 6 (0.4) 

Legionella species 6 (0.4) 2 (0.1) 

Hafnia alvei 3 (0.2) 4 (0.3) 

Pantoea species  2 (0.1) 3 (0.2) 

Other Gram negative organisms 19 (1.3) 19 (1.3) 

Other 18 (1.3) 22 (1.5) 

Mixed anaerobes  16 (1.1) 21 (1.5) 

Mycobacterium tuberculosis  2 (0.1) 0 

Unknown 0 2 (0.1) 

aAs there may be more than 1 infective organism per participant, organism totals and percentages do not add up to 100%. 

bColumn percentages in the first row refer to the number of participants with an identified organism in the primary site of 

infection by treatment group. Column percentages in subsequent rows refer to organism percentages in participants with an 

identified organism in the primary site of infection by treatment group. 
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eTable 4. Secondary and Tertiary Sites of Infection 

Site of infection Continuous 

Infusion 

Intermittent 

Infusion 

Second site (n = 929)a (n = 946)a 

Pulmonary 327 (35.2) 333 (35.2) 

Blood 244 (26.3) 227 (24.0) 

Urinary 97 (10.4) 113 (11.9) 

Intra-abdominal 95 (10.2) 91 (9.6) 

Skin 72 (7.8) 75 (7.9) 

Intravenous catheter 18 (1.9) 27 (2.9) 

Gut  17 (1.8) 21 (2.2) 

Central nervous system 19 (2.0) 16 (1.7) 

Endocarditis  7 (0.8) 5 (0.5) 

Otherb 33 (3.6) 38 (4.0) 

Third site (n = 263)a (n = 273)a 

Pulmonary 75 (28.5) 79 (28.9) 

Blood 64 (24.3) 57 (20.9) 

Urinary 32 (12.2) 46 (16.8) 

Intra-abdominal 35 (13.3) 38 (13.9) 

Skin 37 (14.1) 31 (11.4) 

Gut  5 (1.9) 5 (2.2) 

Intravenous catheter 2 (0.8) 6 (2.2) 

Central nervous system 6 (2.3) 0 

Otherc 7 (2.7) 11 (4.0) 

aColumn percentages refer to the site of infection percentage in participants with a secondary or tertiary site of infection by 

treatment group. 

bOther includes oro-nasopharyngeal, 10 (1.1%) vs 11 (1.2%); intrathoracic, 7 (0.8%) vs 3 (0.3%); soft tissue, 2 (0.2%) vs 7 

(0.7%); musculoskeletal, 2 (0.2%) vs 6 (0.6%); gynecological, 2 (0.2%) vs 3 (0.3%); infected graft/hardware, 3 (0.3%) vs 2 

(0.2%); ear/eye infection, 2 (0.2) vs 0; unknown, 5 (0.5%) vs 6 (0.6%); for continuous and intermittent infusion, respectively. 
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cOther includes oro-nasopharyngeal, 1 (0.4%) vs 5 (1.8%); intrathoracic, 2 (0.8%) vs 1 (0.4%); musculoskeletal, 0 vs 3 (1.1%); 

soft tissue, 1 (0.4%) vs 1 (0.4%); gynecological, 0 vs 1 (0.4%); unknown, 3 (1.1%) vs 0; for continuous and intermittent infusion, 

respectively. 
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eTable 5. Infective Organisms Identified from Second Site of Infection 

Organism Continuous 

infusion 

(n = 929)a 

Intermittent 

infusion 

(n = 946)a 

Organism/s identified in secondary site of infection n = 659 (70.9)b  n = 674 (71.2)b 

Gram positive bacteria  234 (35.5) 238 (35.3) 

Methicillin-sensitive Staphylococcus aureus 57 (8.6) 50 (7.4) 

Enterococcus 41 (6.2) 54 (8.0) 

Coagulase negative staphylococci 39 (5.9) 31 (4.6) 

Methicillin-resistant Staphylococcus aureus 19 (2.9) 25 (3.7) 

Streptococcus pneumoniae (or Pneumococcus) 21 (3.2) 19 (2.8) 

Viridans group streptococci 14 (2.1) 25 (3.7) 

β-hemolytic streptococci (group A, B, C or G)  17 (2.6) 14 (2.1) 

Gram positive cocci (not otherwise specified) 7 (1.1) 6 (0.9) 

Corynebacterium species 3 (0.5) 4 (0.6) 

Cutibacterium species 2 (0.3) 3 (0.4) 

Other Gram positive organisms 14 (2.1) 8 (1.2) 

Gram negative bacteria  419 (63.6) 432 (64.1) 

Escherichia species  116 (17.6) 121 (18.0) 

Klebsiella species  88 (13.4) 87 (12.9) 

Pseudomonas species  55 (8.3) 53 (7.9) 

Enterobacter species  38 (5.8) 51 (7.6) 

Haemophilus species  19 (2.9) 20 (3.0) 

Acinetobacter species 15 (2.3) 13 (1.9) 

Citrobacter species 19 (2.9) 9 (1.3) 

Proteus species 15 (2.3) 13 (1.9) 

Serratia species  12 (1.8) 15 (2.2) 

Bacteroides species 7 (1.1) 8 (1.2) 

Morganella species 6 (0.9) 4 (0.6) 
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Organism Continuous 

infusion 

(n = 929)a 

Intermittent 

infusion 

(n = 946)a 

Gram negative rods (not otherwise specified) 2 (0.3) 6 (0.9) 

Coliform bacteria (genus not specified) 4 (0.6) 3 (0.4) 

Moraxella catarrhalis 5 (0.8) 2 (0.3) 

Stenotrophamonas species  2 (0.3) 4 (0.6) 

Burkholderia species 2 (0.3) 3 (0.4) 

Fusobacterium species 1 (0.2) 4 (0.6) 

Other Gram negative organisms 15 (2.3) 16 (2.4) 

Other 6 (0.9) 5 (0.7) 

Mixed anaerobes  5 (0.8) 4 (0.6) 

Bacterial vaginosis 0 1 (0.1) 

Mycobacterium tuberculosis 1 (0.2) 0 

aAs there may be more than 1 infective organism per participant, organism totals and percentages do not add up to 100%. 

bColumn percentages in the first row refer to the number of participants with an identified organism in the secondary site of 

infection by treatment group. Column percentages in subsequent rows refer to organism percentages in participants with an 

identified organism in the secondary site of infection by treatment group. 
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eTable 6. Infective Organisms Identified from Third Site of Infection 

Organism Continuous 

infusion 

(n = 263)a 

Intermittent 

infusion 

(n = 273)a 

Organism/s identified in secondary site of infection n = 219 (83.3)b n = 218 (79.9)b 

Gram positive bacteria  96 (43.8) 81 (37.2) 

Methicillin-sensitive Staphylococcus aureus 28 (12.8) 18 (8.3) 

Enterococcus 21 (9.6) 24 (11.0) 

Viridans group streptococci 10 (4.6) 7 (3.2) 

Coagulase negative staphylococci 9 (4.1) 7 (3.2) 

Methicillin-resistant Staphylococcus aureus 9 (4.1) 6 (2.8) 

Streptococcus pneumoniae (or Pneumococcus) 4 (1.8) 4 (1.8) 

β-hemolytic streptococci (group A, B, C or G)  5 (2.3) 2 (0.9) 

Clostridium species 2 (0.9) 3 (1.4) 

Other Gram positive organisms 8 (3.7) 10 (4.6) 

Gram negative bacteria  120 (54.8) 136 (62.4) 

Escherichia species  19 (8.7) 37 (17.0) 

Klebsiella species  20 (9.1) 24 (11.0) 

Pseudomonas species  23 (10.5) 15 (6.9) 

Enterobacter species  12 (5.5) 13 (6.0) 

Proteus species 10 (4.6) 8 (3.7) 

Haemophilus species  8 (3.7) 7 (3.2) 

Bacteroides species 5 (2.3) 4 (1.8) 

Citrobacter species  4 (1.8) 5 (2.3) 

Morganella species 2 (0.9) 7 (3.2) 

Serratia species 6 (2.7) 3 (1.4) 

Acinetobacter species  4 (1.8) 2 (0.9) 

Other Gram negative organisms 7 (3.2) 11 (5.0) 
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Organism Continuous 

infusion 

(n = 263)a 

Intermittent 

infusion 

(n = 273)a 

Other 4 (1.8) 1 (0.5) 

Mixed anaerobes  3 (1.4) 1 (0.5) 

Mycobacterium tuberculosis 1 (0.5) 0 

aAs there may be more than 1 infective organism per participant, organism totals and percentages do not add up to 100%. 

bColumn percentages in the first row refer to the number of participants with an identified organism in the third site of infection 

by treatment group. Column percentages in subsequent rows refer to organism percentages in participants with an identified 

organism in the third site of infection by treatment group. 
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eTable 7. β-Lactam Antibiotic Administration Details 

Administration details 

   Antibiotic 

Continuous infusion 

(n = 3498) 

Intermittent infusion 

(n = 3533) 

 Antibiotic administered, n (%), 

or dose prepared (g)a 

Antibiotic administered, n (%) 

or dose prepared (g)a 

Prior to randomization   

Piperacillin-tazobactam 2804/3498 (80.2) 2815/3533 (79.7) 

Mean (SD) 10.8 (6.3) 10.5 (6.0) 

Median (IQR) 9.0 (4.5, 13.5) 9.0 (4.5, 13.5) 

min   max 2.3   117.0 2.3   108.0 

Meropenem 656/3498 (18.8) 655/3533 (18.5) 

Mean (SD) 2.7 (1.7) 2.6 (1.7) 

Median (IQR) 2.0 (1.0, 3.0) 2.0 (1.0, 3.0) 

min   max 0.5   8.0 0.5   13.0 

Prescribed for eligibility   

Piperacillin-tazobactam 2739/3498 (78.3) 2766/3533 (78.3) 

Mean (SD) 15.0 (2.8) 14.9 (2.5) 

Median (IQR) 13.5 (13.5, 18.0) 13.5 (13.5, 18.0) 

min   max 4.5   66.0 4.5   22.5 

Meropenem 637/3498 (18.2) 639/3533 (18.1) 

Mean (SD) 3.5 (1.4) 3.6 (1.6) 

Median (IQR) 3.0 (3.0, 3.0) 3.0 (3.0, 3.0) 

min   max 0.5   9.0 1.0   18.0 

Method of administration n = 3415 n = 3445 

Intermittent infusion 2658 (77.8) 2809 (81.5) 

Extended infusion 307 (9.0) 287 (8.3) 

Continuous infusion 450 (13.2) 349 (10.1) 

Cumulative dose of antibiotics 

received, gb 

  

Piperacillin-tazobactam   
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Administration details 

   Antibiotic 

Continuous infusion 

(n = 3498) 

Intermittent infusion 

(n = 3533) 

 Antibiotic administered, n (%), 

or dose prepared (g)a 

Antibiotic administered, n (%) 

or dose prepared (g)a 

n 2866 2869 

Mean (SD) 79.3 (53.1) 78.0 (52.0) 

Median (IQR) 72.0 (40.5, 108.0) 70.8 (40.5, 103.5) 

min   max 2.0   346.0 5.0   351.0 

Meropenem   

n 1285 1311 

Mean (SD) 20.9 (16.7) 20.1 (16.7) 

Median (IQR) 17.0 (9.0, 29.0) 16.0 (8.0, 28.0) 

min   max 0.0   103.0 0.0   108.0 

Time from randomization to first 

study drug infusion (hours) 

n 

Mean (SD) 

Median (IQR) 

min   max 

 

 

3468 

2.9 (9.8) 

2.0 (0.8, 3.3) 

-9.3c   357.8 

 

 

3485 

4.2 (10.0) 

3.4 (1.3, 5.6) 

-5.2c   264.3 

Time on study treatment (days)d   

Overall   

n 3468 3485 

Mean (SD) 6.9 (4.6) 6.8 (4.7) 

Median (IQR) 5.8 (3.1, 10.2) 5.7 (3.1, 10.3) 

min   max 0.0   16.4 0.0   15.9 

Piperacillin-tazobactam   

n 2866 2869 

Mean (SD) 5.5 (4.0) 5.5 (4.0) 

Median (IQR) 4.8 (2.5, 7.1) 4.7 (2.5, 7.2) 

min   max 0.0   16.4 0.0   15.8 



© 2024 American Medical Association. All rights reserved. 

Administration details 

   Antibiotic 

Continuous infusion 

(n = 3498) 

Intermittent infusion 

(n = 3533) 

 Antibiotic administered, n (%), 

or dose prepared (g)a 

Antibiotic administered, n (%) 

or dose prepared (g)a 

Meropenem   

n 1285 1311 

Mean (SD) 6.0 (4.2) 5.8 (4.2) 

Median (IQR) 5.3 (2.6, 8.7) 5.0 (2.1, 8.4) 

min   max 0.0   16.0 0.0   15.6 

Day 1e   

Piperacillin-tazobactam 2689/3498 (76.9) 2613/3533 (74.0) 

Mean (SD) 6.8 (3.5) 7.3 (2.8) 

Median (IQR) 6.6 (4.5, 8.4) 9.0 (4.5, 9.0) 

min   max 0.1   30.3 0.2   22.5 

Meropenem 711 (20.3) 660 (18.7) 

Mean (SD) 1.6 (0.9) 1.8 (1.0) 

Median (IQR) 1.5 (1.0, 2.0) 2.0 (1.0, 2.0) 

min   max 0.0   7.5 0.1   6.0 

Day 2   

   Piperacillin-tazobactam 2698/3483 (77.5) 2690/3515 (76.5) 

Mean (SD) 14.8 (4.1) 14.1 (3.5) 

Median (IQR) 14.0 (13.3, 18.0) 13.5 (13.5, 18.0) 

min   max 0.6   38.1 4.5   24.3 

Meropenem 803/3483 (23.1) 801/3515 (22.8) 

Mean (SD) 3.2 (1.5) 3.2 (1.5) 

Median (IQR) 3.0 (2.3, 3.5) 3.0 (2.0, 3.0) 

min   max 0.0   8.3 0.0   8.0 

Day 3   

Piperacillin-tazobactam 2393/3434 (69.7) 2379/3472 (68.5) 

Mean (SD) 14.4 (4.2) 13.9 (3.7) 
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Administration details 

   Antibiotic 

Continuous infusion 

(n = 3498) 

Intermittent infusion 

(n = 3533) 

 Antibiotic administered, n (%), 

or dose prepared (g)a 

Antibiotic administered, n (%) 

or dose prepared (g)a 

Median (IQR) 13.8 (13.3, 17.9) 13.5 (13.5, 18.0) 

min   max 0.1   40.6 2.8   27.0 

Meropenem 763/3434 (22.2) 763/3472 (22.0) 

Mean (SD) 3.3 (1.5) 3.1 (1.5) 

Median (IQR) 3.0 (2.3, 3.5) 3.0 (2.0, 3.0) 

min   max 0.0   9.2 0.5   10.0 

Day 4   

Piperacillin-tazobactam 2086/3390 (61.5) 2101/3423 (61.4) 

Mean (SD) 14.3 (4.4) 13.8 (3.8) 

Median (IQR) 13.7 (13.2, 18.0) 13.5 (13.5, 18.0) 

min   max 0.2   40.6 0.9   28.8 

Meropenem 717/3390 (21.2) 707/3423 (20.7) 

Mean (SD) 3.3 (1.5) 3.2 (1.5) 

Median (IQR) 3.0 (2.3, 3.6) 3.0 (2.0, 3.0) 

min   max 0.3   9.9 0.5   10.0 

Day 5   

Piperacillin-tazobactam 1782/3347 (53.2) 1812/3381 (53.6) 

Mean (SD) 14.0 (4.5) 13.4 (3.9) 

Median (IQR) 13.5 (12.5, 18.0) 13.5 (13.5, 18.0) 

min   max 0.7   40.6 1.5   27.0 

Meropenem 703/3347 (21.0) 691/3381 (20.4) 

Mean (SD) 3.2 (1.6) 3.1 (1.4) 

Median (IQR) 3.0 (2.1, 3.5) 3.0 (2.0, 3.0) 

min   max 0.2   9.0 0.2   8.0 

Day 6   

Piperacillin-tazobactam 1414/3295 (42.9) 1451/3337 (43.5) 
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Administration details 

   Antibiotic 

Continuous infusion 

(n = 3498) 

Intermittent infusion 

(n = 3533) 

 Antibiotic administered, n (%), 

or dose prepared (g)a 

Antibiotic administered, n (%) 

or dose prepared (g)a 

Mean (SD) 13.7 (4.4) 13.0 (4.3) 

Median (IQR) 13.5 (11.3, 17.7) 13.5 (9.0, 17.1) 

min   max 0.3   36.0 0.9   23.4 

Meropenem 664/3295 (20.2) 645/3337 (19.3) 

Mean (SD) 3.3 (1.5) 3.2 (1.4) 

Median (IQR) 3.0 (2.3, 3.4) 3.0 (2.8, 3.0) 

min   max 0.0   9.0 0.1   8.0 

Day 7   

Piperacillin-tazobactam 1070/3255 (32.9) 1117/3302 (33.8) 

Mean (SD) 13.3 (4.5) 12.4 (4.5) 

Median (IQR) 13.5 (10.3, 17.4) 13.5 (9.0, 13.5) 

min   max 1.5   44.3 0.9   27.0 

Meropenem 638/3255 (19.6) 618/3302 (18.7) 

Mean (SD) 3.2 (1.5) 3.1 (1.5) 

Median (IQR) 3.0 (2.2, 3.5) 3.0 (2.0, 3.0) 

min   max 0.1   9.3 0.5   10.0 

Day 8   

Piperacillin-tazobactam 804/3214 (25.0) 780/3252 (24.0) 

Mean (SD) 12.9 (4.8) 12.4 (4.7) 

Median (IQR) 13.5 (9.0, 17.3) 13.5 (9.0, 15.9) 

min   max 0.2   34.9 0.7   27.0 

Meropenem 577/3214 (18.0) 566/3252 (17.4) 

Mean (SD) 3.2 (1.5) 3.1 (1.5) 

Median (IQR) 3.0 (2.2, 3.3) 3.0 (2.0, 3.0) 

min   max 0.1   9.2 0.5   8.0 

Day 9   
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Administration details 

   Antibiotic 

Continuous infusion 

(n = 3498) 

Intermittent infusion 

(n = 3533) 

 Antibiotic administered, n (%), 

or dose prepared (g)a 

Antibiotic administered, n (%) 

or dose prepared (g)a 

Piperacillin-tazobactam 561/3175 (17.7) 590/3214 (18.4) 

Mean (SD) 13.1 (4.5) 12.5 (4.7) 

Median (IQR) 13.5 (9.4, 17.2) 13.5 (9.0, 14.4) 

min   max 0.2   27.0 0.1   27.0 

Meropenem 526/3175 (16.6) 518/3214 (16.1) 

Mean (SD) 3.3 (1.6) 3.2 (1.5) 

Median (IQR) 3.0 (2.4, 3.4) 3.0 (2.0, 3.0) 

min   max 0.2   14.0 0.5   10.0 

Day 10   

Piperacillin-tazobactam 462/3140 (14.7) 482/3167 (15.2) 

Mean (SD) 13.1 (4.7) 12.8 (4.4) 

Median (IQR) 13.5 (9.0, 17.3) 13.5 (9.0, 16.0) 

min   max 0.1   29.6 0.3   27.0 

Meropenem 480/3140 (15.3) 475/3167 (15.0) 

Mean (SD) 3.3 (1.6) 3.2 (1.6) 

Median (IQR) 3.0 (2.6, 3.4) 3.0 (2.0, 3.0) 

min   max 0.2   16.3 0.1   15.0 

Day 11   

Piperacillin-tazobactam 381/3106 (12.3) 423/3131 (13.5) 

Mean (SD) 13.3 (4.5) 12.9 (4.7) 

Median (IQR) 13.5 (10.2, 17.1) 13.5 (9.0, 17.1) 

min   max 0.1   26.7 2.3   27.0 

Meropenem 429/3106 (13.8) 445/3131 (14.2) 

Mean (SD) 3.4 (1.6) 3.2 (1.5) 

Median (IQR) 3.0 (2.8, 3.3) 3.0 (2.0, 3.0) 

min   max 0.2   17.3 0.1   12.0 
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Administration details 

   Antibiotic 

Continuous infusion 

(n = 3498) 

Intermittent infusion 

(n = 3533) 

 Antibiotic administered, n (%), 

or dose prepared (g)a 

Antibiotic administered, n (%) 

or dose prepared (g)a 

Day 12   

Piperacillin-tazobactam 345/3086 (11.2) 370/3098 (11.9) 

Mean (SD) 13.2 (5.0) 12.9 (4.7) 

Median (IQR) 13.5 (9.0, 17.6) 13.5 (9.0, 17.1) 

min   max 0.6   36.5 2.7   41.4 

Meropenem 397/3086 (12.9) 428/3098 (13.8) 

Mean (SD) 3.3 (1.5) 3.2 (1.5) 

Median (IQR) 3.0 (2.7, 3.4) 3.0 (2.0, 3.6) 

min   max 0.1   12.7 0.0   8.4 

Day 13   

Piperacillin-tazobactam 309/3059 (10.1) 324/3065 (10.6) 

Mean (SD) 13.2 (4.6) 13.5 (4.2) 

Median (IQR) 13.5 (9.0, 17.8) 13.5 (13.5, 18.0) 

min   max 2.5   31.7 3.6   27.0 

Meropenem 369/3059 (12.1) 399/3065 (13.0) 

Mean (SD) 3.2 (1.5) 3.2 (1.5) 

Median (IQR) 3.0 (2.5, 3.3) 3.0 (2.0, 3.2) 

min   max 0.5   9.0 0.5   10.0 

Day 14   

Piperacillin-tazobactam 276/3035 (9.1) 293/3045 (9.6) 

Mean (SD) 13.1 (4.5) 13.5 (4.4) 

Median (IQR) 13.5 (9.1, 17.2) 13.5 (13.5, 18.0) 

min   max 0.5   26.4 2.3   27.0 

Meropenem 339/3035 (11.2) 356/3045 (11.7) 

Mean (SD) 3.1 (1.4) 3.1 (1.5) 

Median (IQR) 3.0 (2.1, 3.2) 3.0 (2.0, 3.0) 
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Administration details 

   Antibiotic 

Continuous infusion 

(n = 3498) 

Intermittent infusion 

(n = 3533) 

 Antibiotic administered, n (%), 

or dose prepared (g)a 

Antibiotic administered, n (%) 

or dose prepared (g)a 

min   max 0.1   9.0 0.6   9.6 

Day 15   

Piperacillin-tazobactam 227/3013 (7.5) 257/3025 (8.5) 

Mean (SD) 12.9 (4.9) 12.9 (4.5) 

Median (IQR) 13.5 (9.0, 17.8) 13.5 (9.0, 17.1) 

min   max 0.2   26.6 4.1   27.0 

Meropenem 285/3013 (9.5) 318/3025 (10.5) 

Mean (SD) 3.1 (1.4) 3.0 (1.5) 

Median (IQR) 3.0 (2.4, 3.2) 3.0 (2.0, 3.0) 

min   max 0.2   9.0 0.5   7.6 

Day 16   

Piperacillin-tazobactam 180/2995 (6.0) 213/2999 (7.1) 

Mean (SD) 12.4 (5.0) 13.1 (4.3) 

Median (IQR) 13.5 (9.0, 14.7) 13.5 (9.0, 17.1) 

min   max 0.8   26.6 4.5   27.0 

Meropenem 240/2995 (8.0) 265/2999 (8.8) 

Mean (SD) 3.0 (1.5) 3.1 (1.5) 

Median (IQR) 3.0 (2.0, 3.1) 3.0 (2.0, 3.0) 

min   max 0.1   10.5 0.4   8.0 

Abbreviations: IQR, inter-quartile range; SD, standard deviation. 

aFor β-lactam antibiotics prior to randomization, all doses administered are reported. For the “eligibility prescription”, the dose 

prescription at the time of randomization is reported. For the antibiotic surveillance period (Days 1-16), the 24-hour dose 

administered in both treatment groups is reported by antibiotic.  

bCumulative dose of β-lactam antibiotic (piperacillin-tazobactam and/or meropenem) received (mg) up to Day 16. 

cNegative values refer to a loading dose given prior to randomization.  

dTime on study treatment is defined as the number of days between the first and last day of piperacillin-tazobactam and/or 

meropenem administration (up to Day 16). 

eDose post-randomization on Day 1. 
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eTable 8. Reasons for Cessation of β-Lactam Antibiotic 

Reason Continuous 

infusion 

(n = 3415)a 

Intermittent 

infusion 

(n = 3448)a 

   Change in antimicrobial therapy 2645 (77.5) 1984 (57.5) 

   Treatment course completed 576 (16.9) 1115 (32.3) 

   Discharge from Intensive Care Unit 140 (4.1) 212 (6.1) 

   Treatment focus changed to palliation 48 (1.4) 120 (3.5) 

   Adverse event or contraindication to β-lactam antibiotic 6 (0.2) 17 (0.5) 

aDescriptive statistics are reported for all participants with available data by group.  
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eTable 9. Other Antibiotics Administered 

Antibiotica Continuous 

infusion 

(n = 3498)b 

Intermittent 

infusion 

(n = 3533)b 

Another antibiotic n = 2916 (83.4) n = 3005 (85.1) 

Amoxicillin-clavulanic acid 899 (25.7) 945 (26.7) 

Vancomycin 861 (24.6) 889 (25.2) 

Gentamicin 592 (16.9) 627 (17.7) 

Metronidazole 537 (15.4) 554 (15.7) 

Ceftriaxone 447 (12.8) 461 (13.0) 

Amikacin 309 (8.8) 335 (9.5) 

Amoxicillin/Ampicillin 275 (7.9) 262 (7.4) 

Azithromycin 231 (6.6) 255 (7.2) 

Trimethoprim-sulfamethoxazole 234 (6.7) 247 (7.0) 

Cefazolin 221 (6.3) 222 (6.3) 

Ciprofloxacin 225 (6.4) 217 (6.1) 

Flucloxacillin 220 (6.3) 213 (6.0) 

Clarithromycin 181 (5.2) 220 (6.2) 

Erythromycin 158 (4.5) 187 (5.3) 

Clindamycin 157 (4.5) 168 (4.8) 

Linezolid 169 (4.8) 137 (3.9) 

Cefuroxime 127 (3.6) 112 (3.2) 

Penicillin (Penicillin G or Benzylpenicillin) 108 (3.1) 105 (3.0) 

Cefotaxime 80 (2.3) 111 (3.1) 

Teicoplanin 93 (2.7) 92 (2.7) 

Doxycycline 78 (2.2) 96 (2.7) 

Ceftazidime 66 (1.9) 94 (2.7) 

Cefepime 73 (2.1) 65 (1.8) 

Levofloxacin 69 (2.0) 62 (1.8) 

Tobramycin 44 (1.3) 41 (1.2) 
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Antibiotica Continuous 

infusion 

(n = 3498)b 

Intermittent 

infusion 

(n = 3533)b 

Rifampicin 24 (0.7) 25 (0.7) 

Amoxicillin/Ampicillin-sulbactam 25 (0.7) 23 (0.7) 

Cephalexin 31 (0.9) 15 (0.4) 

Cloxacillin 23 (0.7) 23 (0.7) 

Lincomycin 26 (0.7) 19 (0.5) 

Daptomycin 18 (0.5) 24 (0.7) 

Spiramycin 18 (0.5) 22 (0.6) 

Moxifloxacin 16 (0.5) 19 (0.5) 

Polymyxin B 17 (0.5) 18 (0.5) 

Aztreonam 14 (0.4) 20 (0.6) 

Rifaximin 14 (0.4) 15 (0.4) 

Imipenem-cilastatin 16 (0.5) 12 (0.3) 

Temocillin 13 (0.4) 14 (0.4) 

Ertapenem 10 (0.3) 9 (0.3) 

Isoniazid 9 (0.3) 8 (0.2) 

Phenoxymethylpenicillin 8 (0.2) 9 (0.3) 

Tigecycline 5 (0.1) 10 (0.3) 

Cefoperazone 6 (0.2) 8 (0.2) 

Fidaxomicin 3 (0.1) 9 (0.3) 

Ofloxacin 5 (0.1) 6 (0.2) 

Pyrazinamide 4 (0.1) 5 (0.1) 

Colistin 3 (0.1) 5 (0.1) 

Chloramphenicol 5 (0.1) 2 (0.1) 

Dicloxacillin 3 (0.1) 3 (0.1) 

Ethambutol 4 (0.1) 2 (0.1) 

Nitrofurantoin 2 (0.1) 4 (0.1) 

Other 21 (0.6) 23 (0.7) 
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aIncludes all antibiotics (apart from the study drugs) administered in the 24 hours before randomization up to Day 16. 

bColumn percentages refer to percentages of other antibiotics in all participants by treatment group. 
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eTable 10. Place and Cause of Death 

Place/cause of death Continuous 

infusion 

(n = 3468) 

Intermittent 

infusion 

(n = 3485) 

Place of death n = 850 n = 924 

ICU (including intensivist supervised HDU) 569 (66.9) 620 (67.1) 

Ward (including HDU if not supervised by intensivist) 213 (25.1) 234 (25.3) 

Other 44 (5.2) 41 (4.4) 

Home 24 (2.8) 29 (3.1) 

Proximate cause of deatha n = 847 n = 912 

Hypoxic respiratory failure 212 (25.0) 225 (24.7) 

Distributive (septic) shock 170 (20.1) 204 (22.4) 

Neurological (no TBI) without brain death 69 (8.1) 61 (6.7) 

Cardiogenic shock 27 (3.2) 39 (4.3) 

Neurological TBI without brain death 27 (3.2) 21 (2.3) 

Neurological (no TBI) with brain death 19 (2.2) 23 (2.5) 

Arrhythmia 27 (3.2) 14 (1.5) 

Metabolic 17 (2.0) 23 (2.5) 

Neurological TBI with brain death 10 (1.2) 14 (1.5) 

Hypovolemic shock 13 (1.5) 10 (1.1) 

Other 256 (30.2) 278 (30.5) 

Underlying cause of deatha n = 846 n = 909 

Respiratory cause 493 (58.3) 544 (59.8) 

Pneumonia 204 (24.1) 206 (22.7) 

Cancer 104 (12.3) 115 (12.7) 

Other respiratory condition 68 (8.0) 82 (9.0) 

Chronic obstructive pulmonary disease 35 (4.1) 50 (5.5) 

Acute Respiratory Distress Syndrome (pulmonary) 39 (4.6) 36 (4.0) 

Aspiration pneumonitis 22 (2.6) 30 (3.3) 

Pulmonary fibrosis 14 (1.7) 16 (1.8) 
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Place/cause of death Continuous 

infusion 

(n = 3468) 

Intermittent 

infusion 

(n = 3485) 

Pulmonary hemorrhage 4 (0.5) 4 (0.4) 

Asthma 3 (0.4) 4 (0.4) 

Acute Respiratory Distress Syndrome (non-pulmonary) 0 1 (0.1) 

Cardiovascular cause 429 (50.7) 478 (52.6) 

Sepsis with multi-organ failure 187 (22.1) 205 (22.6) 

Other cardiovascular condition 97 (11.5) 127 (14.0) 

Hepatic failure 42 (5.0) 52 (5.7) 

Acute myocardial infarction 38 (4.5) 32 (3.5) 

Hemorrhage not due to trauma 21 (2.5) 20 (2.2) 

Pancreatitis 18 (2.1) 8 (0.9) 

Aortic valvular disease 11 (1.3) 8 (0.9) 

Massive pulmonary thromboembolism 9 (1.1) 9 (1.0) 

Mitral valve disease 2 (0.2) 7 (0.8) 

Ruptured or leaking abdominal aortic aneurysm 4 (0.5) 4 (0.4) 

Hemorrhage due to trauma 0 3 (0.3) 

Pericardial tamponade 0 2 (0.2) 

Myocarditis 0 1 (0.1) 

Neurological cause 172 (20.3) 203 (22.3) 

Hypoxic brain injury 41 (4.8) 40 (4.4) 

Other neurological condition 28 (3.3) 33 (3.6) 

Ischemic stroke 22 (2.6) 33 (3.6) 

Hemorrhagic stroke 18 (2.1) 30 (3.3) 

TBI (unsurvivable primary injury) 20 (2.4) 19 (2.1) 

Aneurysmal SAH 17 (2.0) 22 (2.4) 

Meningoencephalitis 8 (0.9) 8 (0.9) 

Metabolic encephalopathy 8 (0.9) 7 (0.8) 

Status epilepticus 7 (0.8) 6 (0.7) 
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Place/cause of death Continuous 

infusion 

(n = 3468) 

Intermittent 

infusion 

(n = 3485) 

TBI (refractory intracranial hypertension) 3 (0.4) 4 (0.4) 

Cerebral abscess 0 1 (0.1) 

Metabolic cause 108 (12.8) 108 (11.9) 

Renal failure 57 (6.7) 62 (6.8) 

Diabetes 29 (3.4) 37 (4.1) 

Hepatitis 8 (0.9) 2 (0.2) 

Anorexia/cachexia 4 (0.5) 3 (0.3) 

Drug induced 6 (0.7) 1 (0.1) 

Vasculitis 2 (0.2) 2 (0.2) 

Drug overdose 2 (0.2) 1 (0.1) 

Other cause (not listed) 194 (22.9) 220 (24.2) 

Abbreviations: HDU, high dependency unit; ICU, intensive care unit; SAH, subarachnoid hemorrhage; TBI, traumatic brain 

injury. 

aEach participant had only one proximate cause of death, but up to six underlying causes of death. 
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eTable 11. Summary of Adverse Events 
 

Continuous infusion 

(n = 3468) 

Intermittent infusion 

(n = 3485) 

Any adverse event 10# 10 (0.3)a 6# 6 (0.2)a 

  Rash 4# 4 (0.1) 1# 1 (0.0) 

  Elevated liver enzyme/s 1# 1 (0.0) 1# 1 (0.0) 

  Fever 2# 2 (0.1) 0 

  Elevated bilirubin 1# 1 (0.0) 0 

  Encephalopathy 1# 1 (0.0) 0 

  Hypertension/hypotension 0 1# 1 (0.0) 

  Post-operative bleeding 0 1# 1 (0.0) 

  Rash, tachycardia, hypotension 0 1# 1 (0.0) 

  Redness/pain at intravenous insertion site 0 1# 1 (0.0) 

  Study drug error with increased monitoring 

(no specific adverse event) 

1# 1 (0.0) 0 

Any serious adverse event 1# 1 (0.0) 0 

Life-threatening 1# 1 (0.0)b 0 

Relationship to study treatment   

Possibly related 8# 8 (0.2) 5# 5 (0.1) 

Probably related 2# 2 (0.1) 1# 1 (0.0) 

Definitely related 0 0 

Adverse events are summarized as the total number of events reported (#) followed by the number and percentage of patients 

having at least one event. 

aP value = 0.33. 

bThe event was severe encephalopathy resulting in aspiration pneumonia, cardiac arrest and death and assessed as possibly 

related to the intervention (continuous infusion of meropenem). 
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eTable 12. Summary of Protocol Deviations 
 

Continuous infusion 

(n = 3468) 

Intermittent infusion 

(n = 3485) 

Any protocol deviation 2889# 1105 (31.9)a 2645# 1187 (34.1)a 

Randomization of ineligible patient 197# 197 (5.5) 204# 204 (5.9) 

No dose prior to randomization 95# 95 (2.7) 116# 116 (3.3) 

On β-lactam antibiotic >24 h 58# 58 (1.7) 58# 58 (1.7) 

Allergy 10# 10 (0.3) 13# 13 (0.4) 

Not ineligible 10# 10 (0.3) 6# 6 (0.2) 

Other 24# 24 (0.7) 20# 20 (0.6) 

Administration or dosing related 2607# 929 (26.8)b 2358# 996 (28.6)b 

Incorrect study assigned administration 

method used 
1298# 282 (8.1) 790# 169 (4.8) 

Pause or delay >1 h 769# 529 (15.3) 1234# 786 (22.6) 

Intermittent dose not given as 30 min 

infusion 
44# 9 (0.3) 228# 66 (1.9) 

Clinician decision to not give via study 

assigned administration method 
132# 17 (0.5) 9# 6 (0.2) 

Missed dose 50# 44 (1.3) 68# 56 (1.6) 

No bolus / loading dose 115# 106 (3.1) 1# 1 (0.0) 

Drug given / started early 61# 60 (1.7) 3# 3 (0.1) 

Not given via study assigned administration 

method (other reason) 
50# 19 (0.8) 8# 6 (0.2) 

Delayed start 30# 29 (0.8) 3# 3 (0.1) 

Dose preparation incorrect (wrong solution) 24# 23 (0.7) 0 

Meropenem infusion administration >8 h 23# 16 (0.5) 0 

Over-dosed 4# 4 (0.1) 14# 3 (0.1) 

Under-dosed 7# 6 (0.2) 0 

Follow-up assessment not done correctly 55# 52 (1.5) 51# 48 (1.4) 

Other 30# 30 (0.9) 23# 23 (0.7) 
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Protocol deviations are summarized as the total number of events reported (#) followed by the number and percentage of 

patients having at least one event. 

aP value = 0.05. 

bThe number of events as a percentage of the total number of doses (given and missed) was 5.5% (2607/47327) and 4.0% 

(2358/58931) for the continuous and intermittent infusion groups, respectively.   
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Figures 

 

 

eFigure 1. Longitudinal Mean Plot of the Daily Dose of Piperacillin-Tazobactam 
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eFigure 2. Longitudinal Mean Plot of the Daily Dose of Meropenem 
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Post-hoc adjusted analysis: HR (95% CI) = 0.91 (0.83-1.00), P value = 0.05 

eFigure 3. Cumulative Incidence Function of Time to Death 
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eFigure 4. Cumulative Incidence Function of Time to Alive Discharge from Index ICU 

Admission 
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eFigure 5. Cumulative Incidence Function of Time to Alive Discharge from Index 

Hospital Admission 
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CO-ENROLMENT LIST 

Co-enrolment between the BLING III trial and other clinical trials was encouraged but was 

subject to a formal review process. The BLING III Study Management Committee and the 

relevant management committee for other clinical trials reviewed each other’s trial protocols, 

and if both committees agreed that there were no scientific, ethical or procedural impediments 

to co-enrolment, then co-enrolment was allowed.  

 

A co-enrolment table for the BLING III trial was kept up-to-date and available on the trial 

website. The following clinical trials were approved for co-enrolment by the BLING III Study 

Management Committee: 

 

Trial Acronym Full Trial Name Trial Registration No. 

65 Study Evaluating the clinical and cost-effectiveness 

of permissive hypotension in critically ill 

patients aged 65 years or over with 

vasodilatory hypotension 

ISRCTN10580502 

A2B Alpha 2 agonists for sedation to produce 

better outcomes from critical illness (A2B 

Trial) 

NCT03653832 

ADAPT-Sepsis Multicentre randomised controlled trial in 

critical care patients using biomarker-guided 

duration of antibiotic treatment for sepsis: the 

ADAPT-Sepsis trial 

ISRCTN47473244 

AdrenOSS-2 A double-blind, placebo-controlled, 

randomized, multicenter, proof of concept and 

dose-finding phase II clinical trial to 

investigate the safety, tolerability and efficacy 

NCT03085758 

https://www.isrctn.com/ISRCTN10580502
https://www.clinicaltrials.gov/study/NCT03653832
https://www.isrctn.com/ISRCTN47473244
https://www.clinicaltrials.gov/study/NCT03085758
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Trial Acronym Full Trial Name Trial Registration No. 

of ADRECIZUMAB in patients with septic 

shock and elevated adrenomedullin 

AID-ICU Agents Intervening against Delirium in 

Intensive Care Unit (AID-ICU): a randomized, 

blinded, placebo-controlled trial 

NCT03392376 

ARISE FLUIDS Australasian Resuscitation In Sepsis 

Evaluation: FLUid or vasopressors in 

emergency Department Sepsis (ARISE 

FLUIDS) 

NCT04569942 

ARREST A randomised trial of expedited transfer to a 

cardiac arrest centre for non-ST elevation out-

of-hospital cardiac arrest 

NCT03872960 

A-STOP Rapid diagnostic tests and treatment 

opportunities for fungal infection in critically ill 

patients 

ISRCTN43895480 

BALANCE Bacteremia Antibiotic Length Actually Needed 

for Clinical Effectiveness: randomized 

controlled trial 

NCT03005145 

BLENDER  Blend to Limit oxygEN in ECMO: a 

ranDomised controllEd Registry trial (the 

BLENDER trial) – a phase II multicentre 

randomised controlled trial 

NCT03841084 

CLASSIC The Conservative vs. Liberal Approach to fluid 

therapy of Septic Shock in Intensive Care trial 

NCT03668236 

COMICS Conventional versus Minimally Invasive extra-

corporeal circulation in patients undergoing  

Cardiac Surgery: a randomised controlled trial 

ISRCTN92590475 

CONFIDENT A multicenter randomized trial to assess the 

efficacy of CONvalescent plasma therapy in 

NCT04558476 

https://www.clinicaltrials.gov/study/NCT03392376
https://www.clinicaltrials.gov/study/NCT04569942
https://www.clinicaltrials.gov/study/NCT03872960
https://www.isrctn.com/ISRCTN43895480
https://www.clinicaltrials.gov/study/NCT03005145
https://www.clinicaltrials.gov/study/NCT03841084
https://www.clinicaltrials.gov/study/NCT03668236
https://www.isrctn.com/ISRCTN92590475
https://www.clinicaltrials.gov/study/NCT04558476


© 2024 American Medical Association. All rights reserved. 

Trial Acronym Full Trial Name Trial Registration No. 

patients with Invasive COVID-19 and acute 

respiratory failure treated with mechanical 

ventilation: the CONFIDENT trial 

CRYOSTAT-2 CRYOSTAT-2: a multi-centre, randomised 

controlled trial evaluating the effects of early 

high-dose cryoprecipitate in adult patients with 

major trauma haemorrhage requiring major 

haemorrhage protocol (MHP) activation 

ISRCTN14998314 

CT-CSF A prospective pharmacokinetic evaluation of 

the plasma and cerebrospinal fluid 

concentrations of a single dose 

ceftolozane/tazobactam in infected critically ill 

patients with an indwelling external ventricular 

drain 

NCT03309657 

EFFORT The effect of higher protein dosing in critically 

ill patients: a multicenter registry-based 

randomized trial 

NCT03160547 

EMPRESS EMPRESS: A feasibility study of early 

mobilisation programmes in critical care 

NCT03771014 

EPO-TRAUMA A randomised, double-blind, placebo-

controlled trial of erythropoietin alfa versus 

placebo in mechanically ventilated critically ill 

patients following traumatic injury 

NCT04588311 

EVADE A phase 2 proof-of-concept study to evaluate 

the efficacy and safety of MEDI3902 in 

mechanically ventilated patients for the 

prevention of nosocomial pneumonia caused 

by Pseudomonas aeruginosa 

NCT02696902 

 

https://www.isrctn.com/ISRCTN14998314
https://www.clinicaltrials.gov/study/NCT03309657
https://www.clinicaltrials.gov/study/NCT03160547
https://www.clinicaltrials.gov/study/NCT03771014
https://www.clinicaltrials.gov/study/NCT04588311
https://www.clinicaltrials.gov/study/NCT02696902
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Trial Acronym Full Trial Name Trial Registration No. 

FluDReSS A phase II open label randomised controlled 

clinical trial of different dosing regimens of 

fludrocortisone in septic shock with 

assessment of temporal changes in hormonal, 

inflammatory, and genetic markers of vascular 

responsiveness 

NCT04494789 

Glycine The effect of enteral glycine on plasma glycine 

and muscle histopathology, structure and 

function in the critically ill 

ACTRN12618000409279 

HEAL-COVID HElping Alleviate the Longer-term 

consequences of COVID-19 (HEAL-COVID): a 

national platform trial 

NCT04801940 

HEMOTION HEMOglobin Transfusion threshold in 

traumatic brain Injury OptimizatioN: the 

HEMOTION trial 

NCT03260478 

HOT-ICU Handling Oxygenation Targets in adults with 

acute hypoxaemic respiratory failure in the 

Intensive Care Unit: a randomised clinical trial 

of a lower versus a higher oxygenation target 

NCT03174002 

INTACT INTACT: a randomised feasibility study of 

INtravenous iron versus usual care to Treat 

Anaemia in CriTical care survivors 

ISRCTN13721808 

INTENT Intensive Nutrition Therapy comparEd to usual 

care iN criTically ill adults: a randomised pilot 

trial 

NCT03292237 

LOVIT Lessening Organ Dysfunction with VITamin C 

(LOVIT) 

NCT03680274 

LUCID Liberal glUcose Control in critically Ill patients 

with pre-existing type 2 Diabetes (LUCID): a 

ACTRN12616001135404 

https://www.clinicaltrials.gov/study/NCT04494789
https://anzctr.org.au/ACTRN12618000409279.aspx
https://www.clinicaltrials.gov/study/NCT04801940
https://www.clinicaltrials.gov/study/NCT03260478
https://www.clinicaltrials.gov/study/NCT03174002
https://www.isrctn.com/ISRCTN13721808
https://www.clinicaltrials.gov/study/NCT03292237
https://www.clinicaltrials.gov/study/NCT03680274
https://anzctr.org.au/ACTRN12616001135404.aspx
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Trial Acronym Full Trial Name Trial Registration No. 

phase II multicentre randomised controlled 

trial to evaluate the prevalence and effect of 

hypoglycaemia 

MARCH A 2x2 factorial, randomised, controlled, open-

label, Phase III, pragmatic, clinical and cost-

effectiveness trial with an internal pilot, to 

determine whether mucoactives 

(carbocisteine and hypertonic saline) in 

critically ill patients with acute respiratory 

failure reduce the duration of mechanical 

ventilation 

ISRCTN17683568 

MAST Pharmacological management of seizures 

post traumatic brain injury (MAST trial) 

ISRCTN13200656 

Mega-ROX A randomised, registry-embedded, single 

blinded clinical trial comparing conservative 

oxygen therapy to liberal oxygen therapy in 

mechanically ventilated adults in the intensive 

care unit 

ACTRN12620000391976 

MOSAICC Evaluating the clinical and cost-effectiveness 

of sodium bicarbonate administration for 

critically ill patients with acute kidney injury 

and metabolic acidosis 

ISRCTN14027629 

PATCH A multi-centre randomised, double-blinded, 

placebo-controlled trial of pre-hospital 

treatment with tranexamic acid for severely 

injured patients at risk of acute traumatic 

coagulopathy 

NCT02187120 

PEPTIC A multi-centre, cluster randomised, crossover, 

registry trial comparing the safety and efficacy 

ACTRN12616000481471 

https://www.isrctn.com/ISRCTN17683568
https://www.isrctn.com/ISRCTN13200656
https://anzctr.org.au/ACTRN12620000391976.aspx
https://www.isrctn.com/ISRCTN14027629
https://www.clinicaltrials.gov/study/NCT02187120
https://anzctr.org.au/ACTRN12616000481471.aspx
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Trial Acronym Full Trial Name Trial Registration No. 

of proton pump inhibitors with histamine-2 

receptor blockers for ulcer prophylaxis in 

intensive care patients requiring invasive 

mechanical intervention 

PHIND Clinical evaluation of a POC assay to identify 

PHenotypes IN the Acute Respiratory Distress 

Syndrome 

NCT04009330 

PLUS Comparison of Plasma-Lyte 148® and saline 

for fluid resuscitation and intravenous fluid 

therapy in critically ill adults 

NCT02721654 

PRISM Prevention of Respiratory Insufficiency after 

Surgical Management (PRISM) Trial: a 

pragmatic randomised controlled trial of 

continuous positive airway pressure (CPAP) 

to prevent respiratory complications and 

improve survival following major abdominal 

surgery 

ISRCTN56012545 

Pro-MEDIC Pro-phylactic administration of Melatonin for 

the prevention of Delirium in Intensive Care 

units – a randomized placebo controlled trial 

(Pro-MEDIC study) 

ACTRN12616000436471 

REALIST Repair of Acute Respiratory Distress 

Syndrome by Stromal Cell Administration 

(REALIST): an open label dose escalation 

phase 1 trial followed by a randomised, 

double-blind, allocation concealed, placebo-

controlled trial 

NCT03042143 

RECOVERY Randomised Evaluation of COVID-19 Therapy NCT04381936 

https://www.clinicaltrials.gov/study/NCT04009330
https://www.clinicaltrials.gov/study/NCT02721654
https://www.isrctn.com/ISRCTN56012545
https://anzctr.org.au/ACTRN12616000436471.aspx
https://www.clinicaltrials.gov/study/NCT03042143
https://www.clinicaltrials.gov/study/NCT04381936
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Trial Acronym Full Trial Name Trial Registration No. 

RECOVERY-RS In adult patients with known or suspected 

COVID-19, does the use of Continuous 

Positive Airway Pressure (CPAP) or high-flow 

nasal oxygen (HFNO), compared with 

standard care reduce mortality or need for 

tracheal intubation? 

ISRCTN16912075 

REDCARB REDuced CARBohydrate enteral formula 

compared to standard care to improve 

glycaemic control in critically ill tube fed 

patients – a randomised controlled phase II 

trial 

ACTRN12621000859886 

RE-ENERGIZE Effects of enteral glutamine supplementation 

on mortality and infectious morbidity in 

severely burned patients: a multi-center pilot 

trial 

NCT00985205 

REMAP-CAP Randomized, Embedded, Multifactorial 

Adaptive Platform trial for Community- 

Acquired Pneumonia 

NCT02735707 

RePHILL A multicentre randomised controlled trial of 

pre-hospital blood product administration 

versus standard care for traumatic 

haemorrhage 

ISRCTN62326938 

REST pRotective vEntilation With veno-venouS lung 

assisT in respiratory failure 

NCT02654327 

REVISE Re-EValuating the Inhibition of Stress 

Erosions: prophylaxis against gastrointestinal 

bleeding in the critically ill (the REVISE) trial 

NCT03374800 

REVIVAL A DB, placebo-controlled, two-arm parallel-

group, phase 3 RCT to investigate the efficacy 

NCT04411472 

https://www.isrctn.com/ISRCTN16912075
https://anzctr.org.au/ACTRN12621000859886.aspx
https://www.clinicaltrials.gov/study/NCT00985205
https://www.clinicaltrials.gov/study/NCT02735707
https://www.isrctn.com/ISRCTN62326938
https://www.clinicaltrials.gov/study/NCT02654327
https://www.clinicaltrials.gov/study/NCT03374800
https://www.clinicaltrials.gov/study/NCT04411472
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Trial Acronym Full Trial Name Trial Registration No. 

and safety of recombinant human alkaline 

phosphatase for treatment of patients with SA-

AKI 

RISCIS A multi-center, randomized, placebo 

controlled, double-blinded, trial of efficacy and 

safety of riluzole in acute spinal cord injury 

NCT01597518 

ROWTATE Multicentre research programme to enhance 

return to work after trauma (ROWTATE) – 

feasibility of providing a vocational 

rehabilitation and psychological intervention to 

adults with moderate to severe traumatic 

injury 

ISRCTN74668529 

SA-AKI Phase 3 randomized, double-blind study to 

evaluate the safety and efficacy of Reltecimod 

as compared to placebo in addition to 

standard of care in patients with sepsis-

associated acute kidney injury (SA-AKI) 

NCT03403751 

SAHaRA Aneurysmal SubArachnoid Hemorrhage - Red 

blood cell transfusion And outcome 

(SAHaRA): a randomized controlled trial 

NCT03309579 

SEAL Safety and efficacy of inhaled pegylated 

adrenomedullin (PEG-ADM) in patients 

suffering from Acute Respiratory Distress 

Syndrome (ARDS): a double-blind, 

randomized, placebo-controlled, multicenter 

phase 2a/b clinical trial 

NCT04417036 

SEPCELL A phase Ib/IIa, randomised, double blind, 

parallel group, placebo controlled, multicentre 

study to assess the safety and efficacy of 

NCT03158727 

https://www.clinicaltrials.gov/study/NCT01597518
https://www.isrctn.com/ISRCTN74668529
https://www.clinicaltrials.gov/study/NCT03403751
https://www.clinicaltrials.gov/study/NCT03309579
https://www.clinicaltrials.gov/study/NCT04417036
https://www.clinicaltrials.gov/study/NCT03158727
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expanded Cx611 allogeneic adipose-derived 

stem cells (eASCs) for the intravenous 

treatment of adult patients with severe 

community-acquired bacterial pneumonia and 

admitted to the intensive care unit 

SIFTI-2 A multi-centre, prospective study to examine  

the relationship between neutrophil function  

and sepsis in adults and children with severe  

thermal injuries 

NCT04693442 

SOFTER Effect of denosumab and zoledronic acid on 

bone turnover markers in critically ill women – 

a safety and feasibility, randomised, placebo 

controlled trial 

ACTRN12617000545369 

SOS Sugar or Salt (SOS) trial: hyperosmolar 

therapy in traumatic brain injury 

ISRCTN16075091 

SPICE III Early goal-directed sedation compared with 

standard care in mechanically ventilated 

critically ill patients: a prospective multicentre 

randomised controlled trial 

NCT01728558 

STARRT-AKI STandard versus Accelerated initiation of 

Renal Replacement Therapy in Acute Kidney 

Injury (STARRT-AKI): a multi-centre, 

randomized, controlled trial (principal trial) 

NCT02568722 

STRESS-L STudy into the REversal of Septic Shock with 

Landiolol (Beta Blockade) 

ISRCTN12600919 

SuDDICU A crossover, cluster randomised controlled 

trial of Selective Decontamination of the 

Digestive tract in Intensive Care Unit patients 

(SuDDICU) 

NCT02389036 

https://www.clinicaltrials.gov/study/NCT04693442
https://anzctr.org.au/ACTRN12617000545369.aspx
https://www.isrctn.com/ISRCTN16075091
https://clinicaltrials.gov/study/NCT01728558
https://clinicaltrials.gov/study/NCT02568722
https://www.isrctn.com/ISRCTN12600919
https://www.clinicaltrials.gov/study/NCT02389036
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SUNRRISE Single Use Negative pRessure dressing for 

Reduction In Surgical site infection following 

Emergency laparotomy 

ISRCTN17599457 

TAME TAME Cardiac Arrest Trial: targeted 

therapeutic mild hypercapnia after 

resuscitated cardiac arrest: a phase III multi-

centre randomised controlled trial 

NCT03114033 

TARGET  The Augmented versus Routine approach to 

Giving Energy Trial (TARGET): a feasibility 

trial in the critically ill 

ACTRN12611000793910 

TARGET 

Protein 

TARGET Protein Feasibility Study: a 

prospective, blinded, parallel group, 

randomised controlled trial to assess the 

feasibility of conducting a phase III trial of 

protein targets in critically ill adults 

ACTRN12618001829202 

TGC-Fast Impact of tight blood glucose control within 

normal fasting ranges with insulin titration 

prescribed by the Leuven algorithm in adult 

critically ill patients 

NCT03665207 

THIAMINE 4 

HYPOPHOS-

PHATEMIA 

Effect of exogenous vitamin B1 (thiamine) 

administration on blood lactate concentrations 

in enterally-fed, critically ill patients with 

hypophosphatemia 

ACTRN12619000121167 

TIGHT K Prevention of dysrhythmias on the cardiac 

intensive care unit – does maintenance of 

high-normal serum potassium levels matter? 

NCT04053816 

TRAIN TRansfusion strategies in Acute brain INjured 

patients. A prospective multicenter 

randomized study 

NCT02968654 

https://www.isrctn.com/ISRCTN17599457
https://www.clinicaltrials.gov/study/NCT03114033
https://anzctr.org.au/ACTRN12611000793910.aspx
https://anzctr.org.au/ACTRN12618001829202.aspx
https://clinicaltrials.gov/study/NCT03665207
https://anzctr.org.au/ACTRN12619000121167.aspx
https://www.clinicaltrials.gov/study/NCT04053816
https://clinicaltrials.gov/study/NCT02968654
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TTM2 Targeted hypothermia versus targeted 

normothermia after out-of-hospital cardiac 

arrest. A randomised clinical trial 

NCT02908308 

UK-REBOA A randomised controlled trial of the 

effectiveness, and cost-effectiveness, of 

Resuscitative Endovascular Balloon Occlusion 

of the Aorta (REBOA) for trauma 

ISRCTN16184981 

UK-ROX Evaluating the clinical and cost-effectiveness 

of a conservative approach to oxygen therapy 

for invasively ventilated adults in intensive 

care 

ISRCTN13384956 

Urine 

Alkalinisation in 

COVID-19 

Urine alkalinisation to prevent Acute Kidney 

Injury in COVID-19 

NCT04655716 

VACIRiSS Pneumococcal vaccination to accelerate 

immune recovery in sepsis survivors 

NCT03565159 

Vitamin C in 

septic shock 

Vitamin C administration in severe sepsis: a 

pilot randomised controlled trial of 

vasopressor requirements 

ACTRN12617001184369 

VITAMINS The VitamIn C, HydrocorTisone and 

ThiAMINe in patients with Septic shock trial 

(VITAMINS Trial) - a prospective, feasibility, 

pilot, multi-centre, randomised, open-label 

controlled trial 

NCT03333278 

VITDALIZE UK Effect of high-dose vitamin D3 on 28-day 

mortality in adult critically ill patients with 

severe vitamin D deficiency: the UK arm of an 

international multi-centre, placebo-controlled, 

phase III double-blind trial 

ISRCTN44822292 

https://www.clinicaltrials.gov/study/NCT02908308
https://www.isrctn.com/ISRCTN16184981
https://www.isrctn.com/ISRCTN13384956
https://www.clinicaltrials.gov/study/NCT04655716
https://www.clinicaltrials.gov/study/NCT03565159
https://anzctr.org.au/ACTRN12617001184369.aspx
https://www.clinicaltrials.gov/study/NCT03333278
https://www.isrctn.com/ISRCTN44822292
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In some instances (5), non-interventional studies were reviewed and approved for co-enrolment by the BLING III Study 

Management Committee, however, these studies are not listed in the above table. 
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AMENDMENTS TO PROTOCOL  

Version Date Amendment 

1.0 27/03/2017 Not applicable 

2.0 20/09/2017 Secondary and tertiary outcomes listed separately and additional 

tertiary outcomes included; outcomes associated with the economic 

evaluation moved to “Pre-specified sub-studies” (section 14); 

pharmacokinetic-pharmacodynamic and economic evaluation sub-

study details added; wording amendments for clarity and typographical 

corrections. See Supplement 6 for full details. 

3.0 07/12/2017 Duration of assessment amended for 2 secondary and tertiary 

outcomes; rewording of inclusion and exclusion criteria for clarity and 

pragmatism; update to schedule of assessments; wording amended to 

include United Kingdom and European regulations and terminology. 

See Supplement 6 for full details. 

4.0 12/02/2018 Administrative changes, including addition of coordinating center 

details in the United Kingdom and Europe; clarification of patient and 

public involvement; additional information on randomization process; 

additional information on the consent process in the United Kingdom 

and other regions; clarification of processes and responsibilities for the 

site and regional or central coordinating center; expanded details on 

the statistical analysis plan; wording amendments for clarity. See 

Supplement 6 for full details. 

5.0 21/06/2018 Additional exclusion criteria added for “known allergy to piperacillin-

tazobactam, meropenem or penicillin”; addition of multi-drug resistant 

Pseudomonas to the definition of a multi-resistant organism, including 

how this is defined; wording amendments for clarity. See Supplement 

6 for full details. 

6.0 01/04/2022 Amendment to the sample size to enable the study to extend beyond 

7000 patients for the pharmacokinetic-pharmacodynamic sub-study. 

See Supplement 6 for full details. 
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AMENDMENTS TO STATISTICAL ANALYSIS PLAN 

Version Date Amendment 

1.0a 06/09/2021 Not applicable 

Corridendumb 24/05/2023 Typographical corrections: trial registration number, APACHE 

III score to APACHE II score and author affiliation.  

Abbreviation: APACHE, Acute Physiology and Chronic Health Evaluation. 

aReference: Billot L, Lipman J, Brett SJ, et al. Statistical analysis plan for the BLING III study: a phase 3 multicentre randomised 

controlled trial of continuous versus intermittent β-lactam antibiotic infusion in critically ill patients with sepsis. Crit Care Resusc. 

2021;23(3):273-284. 

bReference: Billot L, Lipman J, Brett SJ, et al. Corrigendum to “Statistical analysis plan for the BLING III study: a phase 3 

multicentre randomised controlled trial of continuous versus intermittent β-lactam antibiotic infusion in critically ill patients with 

sepsis.” Crit Care Resusc. 2023;25(1):60. 
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