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The sponsor signature on the IRAS form, acts as documented acceptance that the sponsor approves the protocol.
The Chief Investigator should sign below to confirm the following:
The Chief Investigator confirms the protocol has been agreed and accepted and agrees to conduct the study in compliance with the approved protocol and will adhere to the principles outlined in the Declaration of Helsinki, the sponsor’s SOPs, and other regulatory requirement.
 I agree to ensure that the confidential information contained in this document will not be used for any other purpose other than the evaluation or conduct of the investigation without the prior written consent of the sponsor.
I also confirm that I will make the findings of the study publicly available through publication or other dissemination tools without any unnecessary delay and that an honest accurate and transparent account of the study will be given; and that any discrepancies from the study as planned in this protocol will be explained.

	Chief Investigator:

	Signature: 
..............................................................................................
	
	Date: 
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	Name: (please print):
..............................................................................................	
	
	


[bookmark: _Toc109811206][bookmark: _Toc354567215]

[bookmark: _List_of_Contents]List of Contents
	GENERAL INFORMATION
	Page

	Title Page	
	1

	Research Reference Numbers	
	1

	HRA Protocol Compliance Declaration 
	1

	Signature Page
	2

	List of Contents	
	3

	Key Study Contacts
	4

	Study Summary
	5

	Funding	
	7

	Role of Sponsor and Funder
	7

	Abbreviations
	8

	Study Flow Chart	
	9

	SECTION

	
	Lay Summary
	10

	1.	
	Background
	11

	2. 
	Rationale	
	12

	3. 
	Research Question/Aim(s)
	12

	3.1.  
	Objectives
	12

	3.2.  
	Outcomes
	12

	4. 
	Study Design and Methods of Data Collection
	13

	4.1
	Study Design
	13

	4.2  
	Methods of Data Collection
	13

	4.3
	Study Visits and Procedures
	13

	4.4
	Schedule of Procedures
	13

	4.5  
	Samples
	14

	4.6
	Follow-up Visits and Procedures
	14

	4.7 
	Device in Use
	14

	5. 
	Study Sample and Recruitment
	15

	5.1  
	Eligibility Criteria
	15

	5.2  
	Study Setting and Sample Identification
	15

	5.3 
	Sampling
	16

	5.4
	Recruitment
	16

	5.5  
	Consent
	17

	5.6  
	Participant Compensation
	20

	5.7
	End of study
	20

	6. 
	Statistics and Analysis
	20

	6.1  
	Data Analysis
	20

	7. 
	Ethical and Regulatory Considerations
	20

	7.1
	Research Ethics Committee (REC) and Other Regulatory Reviews & Reports
	20

	7.2  
	Amendments
	21

	7.3  
	Peer Review
	21

	7.4  
	Patient and Public Involvement
	21

	7.5  
	Protocol Compliance
	21

	7.6  
	Data Protection and Participant Confidentiality
	21

	7.7  
	Indemnity
	22

	7.8
	Monitoring
	22

	7.9 
	Access to the Final Study Dataset
	22

	8. 
	Dissemination
	23

	8.1 	
	Dissemination Policy
	23

	9.
	Archiving
	23

	10. 
	References
	24




[bookmark: _Key_Study_Contacts][bookmark: _Toc109811207]Key Study Contacts
	Chief Investigator
	
Dr Tim Felton
Manchester University NHS Foundation Trust

Tel: +44 79660 57151
E-mail: tim.felton@mft.nhs.uk


	Principal Investigator
	
Dr Jan Hansel
Manchester University NHS Foundation Trust

Tel: +44 7960819027
E-mail: jan.hansel@nhs.net


	Study Contact for Enquiries 
	
RE-EMERGING Research Team
Wythenshawe Hospital
Manchester University NHS Foundation Trust
Southmoor Rd, Wythenshawe
Manchester M23 9LT

Tel: +44 1612195757 
Email: Re-Emerging.Research@mft.nhs.uk


	Sponsor
	
Lynne Webster 
Manchester University NHS Foundation Trust 
Research Office 
1st Floor, Nowgen Centre 
29 Grafton Street 
Manchester M13 9WU

Tel: +44 1617015057
Email: research.sponsor@mft.nhs.uk


	Funder(s)
	
Manchester Biomedical Research Centre


	Key Protocol Contributors
	
Jan Hansel
Tim Felton
Katharine Sellers
Sebastian Bate





[bookmark: _Study_Summary]Study Summary
	Study Design
	Observational feasibility study

	Study Participants
	
Critically ill patients receiving antimicrobials.

Inclusion criteria: (a) age > 18 years; (b) admitted to intensive care; (c) treated for presumed or confirmed lower respiratory tract infection; (d) receiving OR about to receive the first dose of intravenous antimicrobials (either meropenem or piperacillin/tazobactam); (e) valid written consent OR enrolment through deferred consent appropriate

Exclusion criteria: (a) severe anaemia (haemoglobin level < 70 g/L); (b) unlikely to survive 24 hours as judged by the treating physician; (c) study antimicrobials started more than 24 hours ago


	Planned Size of Sample 
	30 participants

	Recruitment Period 
	6 months

	Follow Up Period
	28 days

	Overall Study Duration
	6-12 months

	Research Question/Aim(s)
	
To assess the feasibility of recruiting to a larger clinical study incorporating early therapeutic drug monitoring in a real-world intensive care setting, along with analyses of patients’ markers of inflammation to inform subgroup classification.


	Study objectives 
	
1. To assess the turnaround-time of antimicrobial therapeutic drug monitoring cycles incorporating liquid chromatography-tandem mass spectrometry (LC-MS/MS) in the clinical setting.


	Primary Outcome Measure
	Primary Endpoint

	Availability of LC-MS/MS results within two dose intervals of antimicrobial (dichotomous)
	Proportion of participants within timeframe for antimicrobial

	Secondary Outcome Measures
	Secondary Endpoints

	Time elapsed from peripheral blood collection to LC-MS/MS result availability (minutes)
	Mean time required for result availability

	Time elapsed from first dose of antimicrobial to LC-MS/MS result availability (minutes)
	Mean time required for result availability from first antimicrobial dose administration

	Duration of pre-analytical stage (minutes)
	Mean time required for pre-analytical stage

	Duration of analytical stage (minutes)
	Mean time required for analytical stage

	Duration of post-analytical stage (minutes)
	Mean time required for post-analytical stage

	Therapeutic target attainment (100% fT>4xMIC)
	Proportion of patients attaining target (100% fT>4xMIC)

	28-day mortality

ICU length of stay (days)

Hospital length of stay (days)
	Proportion of patients alive at 28 days from enrolment

Number of days from ICU admission to discharge

Number of days from hospital admission to discharge





[bookmark: _Funding_and_Support]Funding and Support in Kind
	Funder(s)
	Financial And Non-Financial Support Given
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Manchester University NHS Foundation Trust is acting as sponsor for this study and is assuming overall responsibility for the initiation and management of the study. The Trust will provide permission to conduct the research and monitor the progress of that research. The research team all hold substantive or honorary contracts with the Trust and therefore the sponsor has influence over all aspects of the study design, conduct, data analysis and interpretation, manuscript writing, and dissemination of results which are the responsibility of the research team.
Patient and Public Involvement & Engagement (PPI/E)
Members of the Manchester BRC Patient and Public Involvement user group have been involved in the design and planning of this study, with input provided at the protocol development stage. Furthermore, in preparation for TDM-TIME we have conducted interviews with patients with previous ICU experience and their relatives, gauging their views, specifically on the nature of consent and the acceptability of storage and further processing of human tissue samples, study conduct, and the dissemination strategy.
	Key Words:
	drug monitoring; sepsis; anti-bacterial agents; respiratory tract infections; antimicrobial stewardship
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	Abbreviation
	Definition

	AMR
	Antimicrobial resistance

	ARDS
	Acute respiratory distress syndrome

	BRC
	Biomedical Research Centre

	CAP
	Community-acquired pneumonia

	eCRF
	Electronic Case Report Form

	EPR
	Electronic Patient Record

	ICU
	Intensive Care Unit

	LC-MS/MS
	Liquid chromatography tandem mass spectrometry

	LRTI
	Lower respiratory tract infection

	MFT
	Manchester University NHS Foundation Trust

	MIC
	Minimal inhibitory concentration

	PD
	Pharmacodynamics

	PerCons
	Personal Consultee

	PIS
	Participant Information Sheet

	PK
	Pharmacokinetics

	POC
	Point-of-care

	PPI
	Patient and Public Involvement

	ProfCons
	Professional Consultee

	REC
	Research Ethics Committee

	SOP
	Standard Operating Procedure

	TAT
	Turnaround time

	TDM
	Therapeutic Drug Monitoring

	SMF
	Study Master File

	WHO
	The World Health Organization
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ICU patients treated for respiratory infection/sepsis
Patients with presumed or confirmed lower respiratory tract infection, initiated on antimicrobials
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28-day follow-up data collected
Survival & other clinical data
Excluded
Failure to meet eligibility criteria
Baseline data collected
Post-dose sampling (see sampling instructions)
Sample transport to AMR/CRF laboratory
Included (n = 30)
Patients assessed for eligibility

[bookmark: _Lay_Summary]Lay Summary
Severe infections can be caused by various organisms, such as bacteria or viruses, and lead to otherwise healthy people getting very unwell, sometimes needing treatment in hospital or even intensive care. For the treatment of bacterial infections to be successful, the correct antibiotics need to be given promptly. Early in the course of illness, clinicians often do not know exactly which bacteria are causing the infection. Furthermore, patients differ in terms of how their bodies process the antibiotics they are given; this means that some may get too much and others too little. This can in turn lead to some patients not being fully cured, and others coming to harm due to side effects of higher doses of these drugs.
For certain types of antibiotics, clinicians are able to measure their levels in the bloodstream, which can help guide dosing. This is called therapeutic drug monitoring, and is commonly used in clinical practice. One of the problems with therapeutic drug monitoring is that it is often not available outside of regular working hours, is costly, and most importantly, provides clinicians with useful information only after a few days of treatment have already been completed. This may be too late to treat these severely ill patients with life-threatening infections, where early and appropriate treatments matter.
The aim of our study, called TDM-TIME, is to look at how long it takes for blood samples to get from the patient to the laboratory to be measured, with the results then communicated back to clinicians. We are further looking to investigate whether steps can be taken to improve these timings, which would lead to shorter times until treatments can be improved. As our study is observational, we will not change anything about the treatment of our patients, but will only be measuring levels of antibiotics in their blood.



[bookmark: _1_Background]1	Background
Lower respiratory tract infections (LRTI) are a significant driver of morbidity and mortality worldwide, with the World Health Organization's (WHO) Global Health Estimates from 2019 ranking it as the fourth leading cause of death overall, claiming 2.6 million lives that year alone. [1] According to the WHO, the United Kingdom saw 33,577 deaths attributable to LRTIs in 2019, with the condition disproportionately affecting the elderly. [2] LRTIs in their most severe form may be complicated by sepsis, a life-threatening organ dysfunction caused by a dysregulated host response to infection, where globally, an estimated 1.8-2.8 million cases of sepsis-related mortality were attributable to respiratory infections in 2017. [3,4] 
Antimicrobial treatments directed at common causative pathogens remain the mainstay of empiric treatment, and will depend on local susceptibilities. Provided that the correct antimicrobial is administered, clinical improvement is to be expected. Choosing the correct agent, however, is complicated by overall low rates of pathogen detection. [5] Indeed, current diagnostic methods, such as sputum samples, tracheal aspirates, blood cultures, and urinary antigens, detecting the exact causative microbe in only 30-40% of cases. [5,6] 
In critically ill patients admitted to the Intensive Care Unit (ICU) with severe LRTI and sepsis, despite receiving an appropriate antimicrobial for a given pathogen, the pharmacokinetic (PK) and pharmacodynamic (PD) characteristics are markedly deranged, resulting in underdosing in a considerable proportion of patients. [7,8] Research into latent underlying subphenotypes and pathobiological endotypes in sepsis, community-acquired pneumonia (CAP), and the acute respiratory distress syndrome (ARDS) have uncovered previously unobserved immune profiles of patients (e.g. hyper- and hypoinflammatory) that may lend themselves to prognostic and predictive enrichment in future study designs. [9-11] It remains unclear whether these subphenotypes would exhibit differential PK/PD characteristics in critical illness.
Furthermore, while Therapeutic Drug Monitoring (TDM) remains instrumental in facilitating long-term antimicrobial target attainment in at-risk cohorts, clinicians have few strategies or decision aids to hand when first initiating antimicrobial treatment, in the most critical period at the time of diagnosis of sepsis and septic shock. [12] Studies to date, however, most recently the DOLPHIN and TARGET trials, have not demonstrated a mortality benefit for critically ill patients managed using antimicrobial TDM guidance. [13,14] This has further been demonstrated in meta-analyses comparing TDM to standard care. [15,16] A number of potential explanations for this observation are to hand, especially with just one third of patients receiving piperacillin/tazobactam achieving a target concentration even with TDM; a dose adjustment may be required for a subset of these critically ill patients. Furthermore, actionable results from TDM were not available to clinical teams within the first 24 hours of initiating treatment, which may have hampered the likelihood of positively affecting patient outcomes. 
In lieu of readily available point-of-care (POC) assays to quantify drug concentrations in human tissue, the need to develop methods that allow direct analysis of small volumes of complex mixtures without time-consuming sample preparation has been highlighted. [17] At present, the most often employed method of antimicrobial quantification remains liquid chromatography with tandem mass spectrometry (LC-MS/MS), which requires expertise and is limited to daytime working hours in most settings. 


[bookmark: _2_Rationale][bookmark: _Toc109811210]2	Rationale
Considering the time constraints outlined above, necessitating early and correct intervention, therapeutic drug monitoring (TDM) has limited utility if results are not available to clinicians in a timely manner to allow dose optimisation. With TDM-TIME, we aim to explore the turnaround times (TAT) of a TDM pathway using a validated liquid chromatography-tandem mass spectrometry (LC-MS/MS) assay, with a view to obtain insights into delays in the stages from sample collection to results issued. We designed TDM-TIME to be as inclusive as possible, including two types of beta-lactam antimicrobials in a broad range of potentially eligible participants with respiratory sepsis. While this may increase clinical heterogeneity, it will allow us to detect deficiencies in processes beyond a single detection pathway.
Finally, data collected as part of TDM-TIME will provide a substrate for secondary analyses to identify patient cohorts and their respective subphenotypes along multiple planes of mechanistic interrogation. To this effect, we will use immunological assays and measures of tissue water content. These preliminary analyses, along with existing descriptions of sepsis and pneumonia subphenotypes in the literature, will help inform a larger scale future study aiming to identify these patient subgroups prospectively with point-of-care assays and will allow predictive enrichment in precision platform trial design.
[bookmark: _3_Research_Question/Aim(s)][bookmark: _Toc109811211]3	Research Question/Aim(s) 
The aim of this study is to assess the feasibility of recruiting to a larger clinical study incorporating early therapeutic drug monitoring in a real-world intensive care setting, along with analyses of patients’ markers of inflammation, to inform subgroup classifications.
[bookmark: _3.1__Objectives]3.1 	Objectives
3.1.1	Primary objective
To assess the turnaround-time of antimicrobial therapeutic drug monitoring cycles incorporating liquid chromatography-tandem mass spectrometry (LC-MS/MS) in the clinical setting.
[bookmark: _3.2__Outcomes]3.2 	Outcomes 
3.2.1	Primary outcome
· Availability of LC-MS/MS results within two dose intervals of a given antimicrobial (dichotomous)
Two dose intervals are defined differently based on the antimicrobial the participant is receiving: for piperacillin/tazobactam two dose intervals are 12 hours, for meropenem two dose intervals are 16 hours.
3.2.2	Secondary outcomes
· Time elapsed from peripheral blood collection to LC-MS/MS result availability (minutes)
· Time elapsed from first dose of antimicrobial to LC-MS/MS result availability (minutes)
· Duration of pre-analytical stage (minutes) 
· Duration of analytical stage (minutes)
· Duration of post-analytical stage (minutes) 
· Therapeutic target attainment (100% fT>4xMIC)
· Hospital length of stay (days)
· ICU length of stay (days)
· 28-day mortality (dichotomous) – from study enrolment
[bookmark: _4__Study]4 	Study Design and Methods of Data Collection
[bookmark: _4.1__Study]4.1 	Study Design
This will be a prospective observational feasibility study.
[bookmark: _4.2_Methods_of]4.2	Methods of Data Collection
An electronic case report form (eCRF) will be developed by the members of the investigator team. All data will be collected by members of the investigator team as directed by this protocol from primary source data held in participants’ EPR. Information recorded in the eCRF should accurately reflect the participant’s medical record and will be completed as soon as it is made available. For each blood sample collection, timings for the pre-analytical, analytical, and post-analytical stage will be obtained by the research team.
[bookmark: _4.3_Study_Visits]4.3	Study Visits and Procedures
Study visits and assessments are outlined in Table 1. Data collection points are centred around baseline prior to enrolment and the subsequent blood sample collection period.
[bookmark: _4.4_Schedule_of]4.4	Schedule of Procedures
	Study Item
	Study Period

	
	Enrolment
	Follow-up

	
	Day 1
	28 days

	Eligibility screen
	X
	

	Informed consent
	X
	

	Height/weight
	X
	

	Medical history
	X
	

	Blood samplinga
	X
	

	Vital signs & physiology
	X
	

	Tissue moisture
	(X)
	

	Assessments

	Organ support
	X
	X

	Biomarkers 
(inflammatory markers)
	X
	

	Survival status
	
	X


Table 1. Schedule of study procedures for the TDM-TIME study. 
aBlood samples will be collected on Day 1 over the space of 6-8 hours following the earliest dose of antimicrobial after enrolment.
Medical History: Reason for admission to ICU, symptoms, past medical history, indication for antimicrobial treatment will be recorded in a standardised format with free text available for notes. Height and weight will be measured.
Vital signs & physiology: Vital signs including body temperature, heart rate, invasive blood pressure, respiratory rate, and oxygen saturation will be captured. Data (including measurements and biomarkers) for the following illness severity scores will be captured: APACHE II, SAPS, SOFA. Tissue moisture will be assessed non-invasively using the Delfin MoistureMeterD on with two independent measurements on both forearms.
Organ support: Organ support will be documented, including cardiovascular support (vasopressors, extracorporeal membrane oxygenation), respiratory support (mechanical ventilation with PEEP and FiO2, non-invasive ventilation with PEEP and FiO2) and renal support (need for renal replacement therapy).
Biomarkers: Alongside biomarkers required for organ failure scores above, inflammatory biomarkers, such as C-reactive protein, procalcitonin and neutrophil count will be obtained from routinely collected blood samples.
[bookmark: _4.5__Samples]4.5 	Samples
Blood samples for plasma will be taken at baseline, followed by up to four more blood samples taken within the antimicrobial dose interval (6 hours for piperacillin/tazobactam, 8 hours for meropenem) in accordance with the sampling instructions. A maximum of 30 ml, or roughly 2 tablespoons, of whole blood will be taken per participant as part of the blood draw. All samples will be drawn from an arterial catheter or central venous catheter already inserted for clinical purposes, by suitably trained bedside or research staff. All samples will be confidentially pseudonymised using the participants unique study number. The baseline samples will be stored in appropriate conditions in freezers at our site at -80°C, before they are batched and analysed at the end of the study. 
The up to four post-enrolment dosing samples will be immediately transported from either the Acute Intensive Care Unit or the Cardiothoracic Critical Care Unit at Wythenshawe Hospital, Manchester University NHS Foundation Trust, to either the NIHR Manchester Clinical Research Facility (Wythenshawe Hospital, Manchester University NHS Foundation Trust) or the NIHR Centre for Precision Approaches to Combatting Antimicrobial Resistance Laboratory (Wythenshawe Hospital, Manchester University NHS Foundation Trust) where they will be processed according to the local laboratory manual using a previously validated LC-MS/MS assay and technique with timings and concentrations noted as part of the primary outcome assessment. Once these samples have been analysed, they will be destroyed according to established, legally compliant methods for the disposal of human samples.
[bookmark: _4.6_Follow-up_Visits]4.6	Follow-up Visits and Procedures
Participants will be followed up 28 days after enrolment to collect data on organ support and survival status. These data will be obtained from the EPR retrospectively and censored at 28 days.
[bookmark: _4.7_Device_in]4.7	Device in Use
Non-invasive measurements of skin moisture will be obtained using the Delfin MoistureMeterD (MMD) Compact (Delfin Technologies UK Ltd, 2 Boxhill Station House, Westhumble Street, Westhumble, Surrey, RH5 6BT, United Kingdom). The rationale for skin moisture measurement is to provide a secondary assessment of tissue moisture as a surrogate for volume. As part of our secondary analyses tissue moisture will be one of the criteria to define subphenotypes. No direct outcomes related to the device will be measured as the measurements will only be used as part of secondary analyses.
The Delfin MMD Compact is a portable device that is placed by the operator onto the subject’s skin without the use of any interface medium and obtains a single reading of the relative moisture of the subcutaneous tissue using the tissue dielectric constant. The device is cleaned with decontamination and disinfection (using isopropyl alcohol 70%) between each participant. The device will be rented on a monthly basis from the manufacturer by the trust. If the device is not available for use at the point of patient enrolment, its use will not be mandated and recruitment can still proceed. The manufacturer is responsible for replacing the device in case of breakage with appropriate handling. The data generated by the device is not kept on the device and the manufacturer does not have any access to data generated for the purposes of this study. Certification of the Delfin MMD Compact is covered by Directive 93/42/EEC, Medical devices. Delfin MMD Compact is manufactured by Delfin Technologies, an ISO 13485:2016 certified company.
[bookmark: _5__Study]5 	Study Sample and Recruitment 
[bookmark: _5.1__Eligibility]5.1 	Eligibility Criteria 
All individuals will be considered for inclusion in this study regardless of age, disability, gender reassignment, marriage and civil partnership, pregnancy and maternity, race, religion and belief, sex, and sexual orientation except where the study inclusion and exclusion criteria explicitly state otherwise.
5.1.1	Inclusion Criteria 
The following inclusion criteria will be applied:
· Age > 18 years;
· Admitted to intensive care;
· Treated for presumed or confirmed lower respiratory tract infection;
· Receiving OR about to receive the first dose of intravenous antimicrobials (either meropenem of piperacillin/tazobactam);
· Valid informed consent OR enrolment through deferred consent appropriate.

5.1.2	Exclusion Criteria 
The following exclusion criteria will be applied:
· Severe anaemia (haemoglobin level < 70 g/L);
· Unlikely to survive 24 hours as judged by the treating physician;
· Study antimicrobial course started more than 24 hours ago.
[bookmark: _5.2_Study_Setting]5.2	Study Setting and Sample Identification
This study will be conducted at two intensive care units of an NHS university teaching hospital at Manchester University NHS Foundation Trust, Wythenshawe Hospital (the Acute Intensive Care Unit and the Cardiothoracic Critical Care Unit). The site has an established clinical research infrastructure and extensive experience in research delivery.
Potentially eligible participants will be identified by members of the clinical care team. Eligibility to participate in the study will be confirmed by a GCP trained practitioner. The medical care given to, and medical decisions made on behalf of subjects will be the responsibility of an appropriately qualified treating critical care physician. 
Alongside included participants, all potentially eligible participants who fulfill all inclusion criteria and any one of the exclusion criteria will be recorded on the study screening log. This will allow the ascertainment of sampling bias when potentially eligible participants are started on antimicrobials out of usual working hours. 
5.2.1	Co-enrolment 
Patients in the TDM-TIME study are potentially eligible for co-enrolment in other studies, this will be decided on a case-by-case basis in keeping with UK guidelines for critical care research. The CIs of TDM-TIME and other studies will confirm a formal co-enrolment agreement prior to co-enrolment taking place. Co-enrolment with any studies should be documented in the eCRF.
[bookmark: _5.3_Sampling]5.3	Sampling
5.3.1	Size of Sample
This is a feasibility study; therefore a formal sample size calculation was not undertaken. The primary objective for the study is to provide estimates of time required to provide actionable results from TDM to clinical teams, whilst assessing the clinical profiles of recruited patients to inform future research. We will aim to recruit 30 patients.
5.3.2	Sampling Technique
This study will employ purposive sampling as we are interested in participants receiving anti-infective agents in the intensive care unit.
[bookmark: _5.4_Recruitment]5.4 	Recruitment
5.4.1	Recruitment strategy
A recent audit of antimicrobial prescriptions on one of the intensive care units showed that meropenem was prescribed 27 times over a period of 4 months. Given similar prescription rates of piperacillin/tazobactam, over two intensive care units, and being able to recruit 1/8 to 1/4 of eligible patients, we anticipate that we will be able to recruit 30 patients within 5 months.
5.4.2	Screening procedures
Members of the critical care research team will screen our EPR daily for patients started on new anti-infectives. Referrals from the emergency department will also be reviewed, and if a decision is made to admit them to critical care, their eligibility will be assessed. Potential participants who meet inclusion criteria, but are excluded according to exclusion criteria will be entered into the screening log. Potential participants identified by the treating teams about to be started on antibiotics will also be considered for inclusion and may be enrolled prior to the first dose being given (to study the first dose). Screening logs will be reviewed by the SC at monthly intervals to monitor screening-to-enrolment ratios and identify any issues preventing enrolment.
[bookmark: _5.5_Consent]5.5	Consent
5.5.1	Overview and Rationale
TDM-TIME is a feasibility study for a future trial looking at enrolment of critically ill patients at the time of the first dose of antimicrobials in sepsis, followed by TDM. Early recruitment is essential as the first doses will determine the success of treatment with a given antimicrobial, and any adjustments made through therapeutic drug monitoring need to be early to benefit patients. As emergency life-saving treatments such as antibiotics cannot be delayed and a large proportion of potential participants may not have capacity at the point of enrolment, we will adopt a deferred consent framework, as outlined below.
Professional Consultee
Informed Consent
Has capacity?
Eligible patient

Excluded
NO
NO

As soon as practicable
YES
YES

Included
Informed consent given

NO

YES

Personal Consultee
 Informed Consent*

NO
YES
Included


Figure 1: Hierarchical consent pathway for TDM-TIME. *Once a patient has regained capacity they will be approached for informed consent and any decisions will supersede those of a Personal or Professional Consultee (see 5.5.5).
Potential participants in our study may or may not have capacity. Furthermore, their capacity may change during their hospital stay. Change in capacity can be the result of the severity of illness or sedative medications given to patients as part of their usual critical care treatment (e.g. sedation for mechanical ventilation). Capacity will be assessed by delegated members of the study team prior to consent and documented in the patient’s EPR. Documentation should include the following details:
· Date that the PIS was given to the patient/Consultee;
· Name, date, and version of the PIS given;
· Any questions asked by the patient/Consultee and whether these were satisfactorily addressed;
· Name, date, and version of the Consent Form used. 
5.5.2	Consent for patients with capacity
Patients who have capacity will be approached to provide informed consent. The patient will be informed of the study by a member of the research team and given a PIS. Patients will be given sufficient time to consider participation in the trial and the opportunity to ask questions and have these satisfactorily answered. If the patient decides to proceed with the trial, they will be asked to provide consent by completing and signing a Consent Form. This will be prior to any further study-specific activity. Consent will be taken by the PI or another appropriately trained and delegated member of the site research team. A copy of the Consent Form will be retained by the patient, a copy will be placed in the patient’s medical records, and the original will be retained in the Investigator Site File. Ongoing consent will be monitored while the patient remains in hospital.
If the patient is found to not have capacity, the framework of ‘deferred consent’, recognised in European Law, will be used for enrolment, as specified below. Delays in instituting life-saving treatments could be detrimental to patient outcomes, and timely administration of antimicrobials is the treating team’s main priority. Therefore, enrolment will proceed as soon as possible for this patient group. The following two sections outline the process of gaining consent from Professional Consultees (ProfCons) and Personal Consultees (PerCons).
5.5.3	Professional Consultee Agreement
Due to the distressing nature of an admission to intensive care early in the course of receiving antimicrobials for sepsis, a PerCons may not be willing to engage in discussions about study enrolment for their relative/friend/partner. Therefore, if an eligible patient is assessed as not having capacity, a ProfCons will be approached for their agreement. This will be the patient’s treating physician who is not part of the study team. They will be provided with a specific information sheet concerning the study and asked to sign their agreement for the patient to continue participation until they have regained capacity or a PerCons opinion is available. In case a participant dies during their hospitalisation, before they have regained capacity to consent to continue participation, the consent from either their PerCons or ProfCons will remain valid and the data collected included for purposes of the study.
5.5.4	Personal Consultee Agreement
For patients without capacity enrolled through consultation with a ProfCons, as soon as is practically possible, an authorised member of the site research team will contact the patient’s PerCons to discuss the study and to seek advice on the patients’ likely views and feelings on participating in research.
The PerCons will be provided with a specific Information Sheet, containing all of the information provided on the PIS, supplemented by information about why the PerCons has been approached, and they will be informed of the fact that the patient had been enrolled through consultation with a ProfCons, if that is the case. An Agreement Form will be provided indicating that: the information given, orally and in writing, has been read and understood; the patient’s participation is voluntary and can be withdrawn at any time without consequence; and that, in the PerCons’s opinion, the patient would not object to taking part in research. The Agreement Form will cover access to medical records for data collection, as well as use of data already collected for the study.
The PerCons will be given time to read the Personal Consultee Information Sheet and have an opportunity to ask any questions they may have about the patient’s participation in this study. After verifying that the PerCons Information Sheet and Agreement Form are understood, the person seeking advice will invite the PerCons to sign the Agreement Form and will then add their own name and countersign it. A copy will be given to the PerCons, a copy placed in the patient’s medical notes and the original kept in the Investigator Site File.
Although preferrable to conduct these discussions face-to-face, investigators may conduct these discussions with a PerCons via telephone, alongside an independent witness not involved in the study. A specific information sheet will be sent to the PerCons either via e-mail or post.
If a PerCons advises that the patient would not choose to participate in research, then they will be asked whether, in their opinion, the patient would be willing to continue with any combination of the following: (a) use of data already collected for the study and (b) ongoing data collection. If the PerCons declines all these options, then consent would be withdrawn and the patient and their data removed from the study, along with all further analysis and follow-up.
5.5.5	Patient informed deferred consent
Once a patient has regained capacity, they will be approached by an authorised member of the site research team for informed deferred consent. A Participant Information Sheet (PIS) will be provided to the patient. The PIS will provide information about the purpose of the study, what participation means for the patient, confidentiality and data security, and the future availability of the study results.
A Consent Form will be provided indicating that: the information given, orally and in writing, has been read and understood; participation is voluntary and can be withdrawn at any time without consequence; and that consent is given for access to medical records for data collection. The Consent Form will cover consent for use of data already collected for the study, as well as ongoing data collection and follow-up.
Patients will be given time to read the PIS and have an opportunity to ask any questions they may have about participation in this study. After verifying that the PIS and Consent Form are understood, the person seeking consent will invite the patient to sign the Consent Form and will then add their own name and countersign it. A copy will be given to the patient, a copy placed in the patient’s medical notes and the original kept in the Investigator Site File. If the patient is unable to physically sign the Consent Form (e.g. due to weakness or reduced dexterity), an independent witness may sign on their behalf.
5.5.6	Discharge prior to consent or agreement being sought
If the patient is discharged from hospital with capacity, then the most appropriate member of the site research team will attempt at least one phone call to the patient within five working days of hospital discharge to inform them of their involvement in this study and to provide information about the study. Following on from the call, or if there is no response to the call, the patient will be sent a covering letter, personalised by the site’s PI, and a copy of the PIS and Consent Form by post. The letter will explain how to opt out of the study, direct them to the PIS for detailed information on the study and provide telephone contact details if the patient wishes to discuss the study with a member of the site research team.
If there is no response after four weeks of sending the covering letter, a follow-up letter, alongside second copies of the PIS, Consent Form and pre-paid addressed envelope, will be sent to the patient. This second letter will provide the same information as the first letter, but will also confirm that if no Consent Form is received within four weeks of receipt of the letter, then the participant’s data will be included in the study unless they notify the site research team otherwise.
If the patient is discharged without capacity, then the above process (telephone call then postal approach) will be conducted with any Personal Consultee. Patients who die prior to regaining capacity will not be able to consent to continue participation. In this situation, their data will be included in the study analysis, so long as the study team have acquired written agreement from a participant’s PerCons.
5.5.7	Withdrawal of consent
If patient informed deferred consent or consultee agreement is refused or withdrawn, this decision will be respected and abided by. All data up to the point of this decision will be retained in the study unless the patient or consultee explicitly requests otherwise.
[bookmark: _5.6_Participant_Compensation]5.6	Participant Compensation 
No payments to participants are anticipated as part of this study.
[bookmark: _5.7_End_of]5.7	End of study
The study will end following the completion of batch analysis of all collected blood samples or the last follow-up data collection for the last recruited participant (28 days after last recruitment), whichever comes first.
[bookmark: _6_Statistics_and]6	Statistics and Analysis
[bookmark: _6.1_Data_Analysis]6.1	Data Analysis
As this is a feasibility study and a single cohort observational study, formal significance testing will not be undertaken. Appropriate descriptive statistics and graphics will be used to explore the distribution and completeness of all variables. Where appropriate, summary statistics will be presented as means with standard deviations or medians and interquartile ranges. The primary outcome, and other discrete outcomes, will be presented as a proportion with 95% binomial confidence intervals. Statistical analyses will be defined a priori in a dedicated statistical analysis plan. Secondary analyses may be performed as part of the feasibility assessment of markers of inflammation in patients.
[bookmark: _7_Ethical_and][bookmark: _Toc109811214]7	Ethical and Regulatory Considerations
[bookmark: _Toc109811215]As TDM-TIME is an observational study, there is minimal risk to patients arising from the conduct of the TDM-TIME study. Obtaining blood samples might foreseeably contribute to anaemia, but this risk has been mitigated against by employing a limited/sparse sampling strategy and limiting the amount of blood per draw for post-enrolment concentration measurements. Any distress caused to prospective participants will be limited at the point of enrolment by employing deferred consent (as outlined above). Patient dignity will be upheld at all times.
[bookmark: _7.1_Research_Ethics]7.1	Research Ethics Committee (REC) and Other Regulatory Review & Reports
7.1.1	NHS REC Reviewed Research
Before the start of the study, a favourable opinion will be sought from an NHS Research Ethics Committee (REC) for the study and all the supporting documents including the protocol, information sheets, informed consent forms and other relevant documents. The study team will be responsible for the maintenance of a study site file or TMF, in which all current and superseded study documents will be retained. Also contained in the site file/TMF will be the approval documentation including correspondence with relevant authorities such as the HRA and REC.
The study team are responsible for producing progress reports throughout the study, including annual reporting (APR) to REC as required. The Chief Investigator will notify the REC of the end of the study, and will submit a final report with the results, including any publications/abstracts, to the REC within 12 months of the end of the study. If the study is ended prematurely, the Chief Investigator will notify the REC, including the reasons for the premature termination.
No participants will be enrolled into this research study prior to the study being reviewed by the relevant regulatory authorities and receiving HRA and REC approvals, as well as approval from the R&D office at Manchester University NHS Foundation Trust.
[bookmark: _7.2__Amendments]7.2 	Amendments 
7.2.1 	Studies Involving the NHS
Any amendments to the to the study shall be reviewed by the Sponsorship Team prior to submission. Any non-substantial amendments shall be notified to the HRA and any substantial amendments, along with amended documentation, shall be approved by the REC, and HRA, prior to implementation as per nationally agreed guidelines. The Chief Investigator or designee will work with the R&I department to put the necessary arrangements in place to implement the amendment and to confirm their support for the study as amended.
[bookmark: _7.3__Peer]7.3 	Peer Review 
This protocol has been internally peer reviewed by an academic expert in critical care antimicrobial treatment. A copy of the review is included in our approval application to the REC and will be available to others on requested from the CI.
[bookmark: _7.4_Patient_&]7.4	Patient & Public Involvement
This protocol is informed by PPI/E work conducted specifically for this study. We conducted bespoke interviews with sepsis survivors and their relatives for TDM-TIME to explore specifically their views on enrolment into an observational study where an amount of blood would be taken and issues relating to consent when their capacity might be impaired. All agreed that they would be happy for blood to be taken, even if they were not to benefit directly from it. Most were happy for their next of kin to be contacted to facilitate obtaining informed consent, and some preferred the intensivist to completely make the decision on their behalf. 
[bookmark: _7.5__Protocol]7.5 	Protocol Compliance 
The research team will be vigilant in protocol deviations and will record them on a study specific deviation log which will be regularly assessed by the PI.
Deviations that may affect the safety, physical or mental integrity of participants or scientific value of the study will be reported to the study sponsor via research.sponsor@mft.nhs.uk by the research team. 
Deviations from the protocol which are found to frequently recur are not acceptable, will require immediate action and could potentially be classified as a serious breach and should also be reported to the sponsor without delay.
[bookmark: _7.6__Data]7.6 	Data Protection and Participant Confidentiality 
The study database will be developed by the members of the investigator team as an electronic database within REDCap software. The study database will be password protected. Research staff will be trained on the continuous and timely collection of study data, ensuring participant confidentiality, and assisting compliance with UK data protection laws. All data will be transposed by members of the research team into the study database from primary source data in participants’ medical records. To ensure fidelity and data integrity, the Sponsor may perform ad hoc audits of practice. Information recorded in the study database should accurately reflect the subject’s medical notes and must be completed as soon as it is made available. 
The intent of this process is to improve the quality of the clinical study by providing prompt feedback to the Investigators on the progress of the data submitted and to enhance the ability to collect early safety information in a timelier fashion to fully comply with the intent of GCP requirements.
Each participant will be allocated a unique Participant Study Number at entry, and this will be used to identify them on the study database for the duration of the study. These data will be entered onto a paper-based study enrolment log, which will be stored securely accessible only to those delegated by the PI. Data will be collected from the time of study entry until hospital discharge and subsequent follow-up at 28 days. All data for this study will be retained for a period of 5 years after which all electronic and paper data will be destroyed in accordance with local hospital policy.
In order to maintain confidentiality, all eCRFs, questionnaires, study reports and communication regarding the study will identify the patients by the assigned unique study identifier and initials only. Patient confidentiality will be maintained at every stage and will not be made publicly available to the extent permitted by the applicable laws and regulations.
7.6.1	REDCap 
REDCap is a secure web application for building and managing online surveys and databases. In this study, it is being used to host online eCRF/questionnaires, and/or transcribe paper eCRFs/questionnaires.
The system is specifically designed for research and data is stored on an MFT server ( not shared with any third party). MFT servers are backed up at the end of each day and are maintained by MFT Informatics Team. If data is lost, it can be recovered via the Trust IT back up service for the REDCap server.		
[bookmark: _7.7_Indemnity]7.7	Indemnity
The NHS indemnity scheme will apply to this study to ensure it meets the potential legal liability of the sponsor, equipment, employer, and investigators/collaborators for harm to participants arising from the management, design and conduct of the research. No arrangements will be made for the payment of compensation in the unlikely event of harm.
[bookmark: _7.8_Monitoring]7.8	Monitoring
The study will be subject to the audit and monitoring regime of Manchester University NHS Foundation Trust in line with applicable MFT SOPs and policies. The study will have, as a minimum, an annual survey sent out for completion by a member of the research team.
[bookmark: _7.9_Access_to]7.9	Access to the Final Study Dataset
The PI will allow provisions for study-related monitoring, audits, ethics committee review and regulatory inspections, by providing direct access to source data and study related documentation. Access to patient data will be limited only to that necessary to conduct this study. Patients’ confidentiality will be maintained and will not be made publicly available to the extent permitted by the applicable laws and regulations.
[bookmark: _8__Dissemination][bookmark: _Toc109811219]8	Dissemination
[bookmark: _8.1_Dissemination_Policy][bookmark: _Toc109811220]8.1	Dissemination Policy
The study will be reported in accordance with the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement.
The study findings will be presented at national and international meetings with abstracts online. Presentation at these meetings will ensure that results and any implications quickly reach all of the UK intensive care community. 
We will submit a manuscript summarising the study results to a peer-reviewed medical journal. The most significant results will be communicated through social media platforms. All principal investigators and collaborators named in this protocol will be listed as co-authors in the eventual published manuscript of this trial. All other authorship will be determined and granted according to the internationally agreed criteria for authorship (www.icmje.org).
Patients involved in the trial and members of our PPI group will be provided with a lay summary of the principal study findings, either via post or e-mail depending on their preference. 
The study will comply with the good practice principles for sharing individual participant data from publicly funded studies and data sharing will be undertaken in accordance with the required regulatory requirements. Requests for data sharing will be reviewed by the CI and sponsor on an individual basis.
[bookmark: _9_Archiving]9	Archiving
All essential documents and data related to this study will be archived in accordance with the UK regulations and guidelines.
9.1        Archiving Policy
All essential documents and data are retained for a minimum of 5 years after the completion of the study or as required. This includes, but is not limited to, the study protocol, informed consent forms, case report forms, and data analysis files.
All archived documents and data will be stored on site in a secure location with restricted access to authorised personnel only. Electronic data will be backed up regularly to ensure its integrity.
9.2        Retrieval of Archived Documents and Data
If archived documents or data need to be retrieved, a written request must be submitted to the study sponsor. The request must specify the reason for retrieval and the documents or data to be retrieved. The sponsor will review the request and, if approved, will arrange for the retrieval of the requested documents or data.
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