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ABSTRACT

Introduction Critically ill patients are at risk of suboptimal
beta-lactam antibiotic (beta-lactam) exposure due to

the impact of altered physiology on pharmacokinetics.
Suboptimal concentrations can lead to treatment

failure or toxicity. Therapeutic drug monitoring (TDM)
involves adjusting doses based on measured plasma
concentrations and individualising dosing to improve the
likelihood of improving exposure. Despite its potential
benefits, its adoption has been slow, and data on
implementation, dose adaptation and safety are sparse.
The aim of this trial is to assess the feasibility and fidelity
of implementing beta-lactam TDM-guided dosing in the
intensive care unit setting.

Methods and analysis A beta-lactam antibiotic Dose
AdaPtation feasibility randomised controlled Trial using
Therapeutic Drug Monitoring (ADAPT-TDM) is a single-
centre, unblinded, feasibility randomised controlled trial
aiming to enroll up to 60 critically ill adult participants
(=18 years). TDM and dose adjustment will be performed
daily in the intervention group; the standard of care group
will undergo plasma sampling, but no dose adjustment.
The main outcomes include: (1) feasibility of recruitment,
defined as the number of participants who are recruited
from a pool of eligible participants, and (2) fidelity of
TDM, defined as the degree to which TDM as a test is
delivered as intended, from accurate sample collection,
sample processing to result availability. Secondary
outcomes include target attainment, uptake of TDM-guided
dosing and incidence of neurotoxicity, hepatotoxicity and
nephrotoxicity.

Ethics and dissemination This study has been approved
by the Alfred Hospital human research ethics committee,
Office of Ethics and Research Governance (reference:
Project No. 565/22; date of approval: 22/11/2022).
Prospective consent will be obtained and the study will be
conducted in accordance with the Declaration of Helsinki.
The finalised manuscript, including aggregate data, will
be submitted for publication in a peer reviewed journal.
ADAPT-TDM will determine whether beta-lactam TDM-
guided dose adaptation is reproducible and feasible and
provide important information required to implement this
intervention in a phase Il trial.

,'213 Anton Y Peleg,? Andrew A Udy*™

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is a randomised controlled trial investigating
therapeutic drug monitoring (TDM)-guided dose ad-
aptation in the intensive care unit.

= The study assesses the feasibility of TDM-guided
dosing by quantifying the recruitment and randomi-
sation rates.

= Fidelity of the intervention will be monitored to as-
sess compliance with the TDM workflow and ac-
ceptability of dosing recommendation to clinicians.

= Single-centre study with a small sample size lim-
its generalisability and assessment of clinical
outcomes.

= This is an unblinded, open label study.

Trial registration number Australian New Zealand
Clinical Trials Registry, ACTRN12623000032651.

INTRODUCTION

Sepsis in the intensive care unit (ICU) carries
a heavy burden of mortality and morbidity."
Timelyadministration of the rightantibiotic at
the right dose can be life—saving.2 Beta-lactam
antibiotics (beta-lactams) are most commonly
used in the management of infection in the
ICU.” Beta-lactams have a strong exposure—
response relationship, thatis, improved bacte-
rial killing is achieved with appropriate drug
exposure at the site of infection.! The bacte-
ricidal effect is time-dependent in that they
exert their antimicrobial action when the free
drug concentration (f) remains above the
minimum inhibitory concentration (MIC) of
the infecting organism for a particular dura-
tion of time (T). This index, fT>MIC, is the
pharmacokinetic/pharmacodynamic  (PK/
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PD) parameter that underpins the efficacy of the beta-
lactam class.* The time duration for which the concen-
tration needs to remain above the MIC varies within the
beta-lactam class, being 40% for carbapenems such as
meropenem, 50%-60% for penicillins and monobactams
and 70% for cephalosporins. These parameters were
derived from in vitro and in vivo animal model studies.”

Septic patients have marked alterations in their physi-
ology, leading to significant alterations in the distribution,
metabolism and elimination (PK) of beta-lactam antibi-
otics.® These patients are more likely to have complex
comorbidities such as immune compromise, infections
with highly virulent, less susceptible organisms such as
Pseudomonas aeruginosa or deep-seated infections such as
endocarditis.” PK alterations coupled with comorbidities
lead to suboptimal (subtherapeutic or supratherapeutic)
exposure of betalactams when ‘fixed, one-size-fits-all’
dosing is used. Subtherapeutic exposure can lead to treat-
ment failure, while supratherapeutic exposure can lead
to toxicity. Moreover, there have been increasing recom-
mendations recently to aim for higher PK/PD targets of
100% fT>MICand even 2-4xMIC, to promote effective
bacterial killing and reduce the emergence of resistance.
Several PK studies have demonstrated the wide variability
in betalactam exposure in critically ill patients.®® In
our observational study of concentrations achieved with
guideline-based doses of meropenem and piperacillin, we
showed that nearly 30% of patients with critical illness do
not achieve 50% fT>MIC in our ICU, underscoring the
need for optimised dosing.”

Therapeutic drug monitoring (TDM) provides a way
to quantify antibiotic exposure. TDM of beta-lactam
antibiotics involves the measurement of concentrations
achieved in the bloodstream after administration of a
particular dose and adjusting the dose if these concen-
trations are considered subtherapeutic or suprathera-
peutic.'” TDM facilitates individualised dosing targeted
at the patient’s unique pathophysiological and infection
characteristics. Despite widely being considered safe, it
has been hypothesised that the toxicity associated with
beta-lactam antibiotics may be an underrecognised
phenomenon in the ICU." TDM allows the use of higher
doses to achieve desired target concentrations while also
monitoring for potential toxicity.

Previously, we completed a systematic review and meta-
analysis of the beta-lactam literature (n=11 studies, 4
randomised controlled trials (RCTs) and 7 observational
studies) and demonstrated improved target attainment
and microbiological and clinical cure with beta-lactam
TDM."? However, the risk of bias in the included studies
was high.'? The studies were limited by inclusion of all
patients (with or without sepsis), inclusion of a variety
of beta-lactams which have intrinsic differences in their
PD characteristics and delays to TDM and dose optimisa-
tion."”” RCT data on the impact of early beta-lactam TDM
in targeted populations (eg, bloodstream infections,
proven sepsis) are required. While there are recommen-
dations on PK/PD targets (quality of evidence: low), there

is no standard guidance on TDM-based dose adjustments
(combined with glycopeptides and aminoglycosides),
and there is significant variability in practice, with some
centres using PK calculators, some using dosing software
and others using linear algorithms of dose/frequency/
infusion increment or reduction.'

A beta-lactam antibiotic Dose AdaPtation feasibility
randomised controlled Trial using Therapeutic Drug
Monitoring is a feasibility RCT, the primary aims being to
evaluate the feasibility of recruitment and early randomi-
sation (within 24-48 hours of study antibiotic commence-
ment) and the fidelity of TDM implementation.

We hypothesise that early randomisation to beta-lactam
TDM in the ICU is feasible, that TDM processes can be
applied as intended and that TDM-guided dose adap-
tation is acceptable to clinicians. Our secondary aims
include providing preliminary data on the impact of
TDM on target attainment, clinical and microbiological
cure and safety. This trial will provide the information
required for a larger phase III beta-lactam TDM study.

METHODS

This single-centre RCT will be conducted in the ICU at
The Alfred Hospital (Alfred Health, Melbourne, Victoria,
Australia). The trial is expected to run from 15 July 2023
to 16 February 2024. An overview of the study is provided
in figure 1. The protocol has been prepared as per the
Standard Protocol Items: Recommendations for Interven-
tional Trials 2013 reporting guidelines."” The trial has been
prospectively registered with the Australian New Zealand
Clinical Trials Registry (ACTRN12623000032651).

Participants

Adult patients (=18 years) in whom sepsis secondary to
a bacterial infection is proven or strongly suspected and
are receiving the study beta-lactam (cefepime, pipera-
cillin/tazobactam or meropenem) will be recruited. The
participants will be identified based on antibiotic therapy
and sepsis documentation in their medical chart. Written
informed consent will be obtained from participants or
their substitute medical treatment decision-makers. Preg-
nant or lactating patients, those who are allergic to the
study beta-lactam, those who have been on the study beta-
lactam for >72hours, those who are considered inappro-
priate for participation by the treating clinician and those
in whom death is imminent, will be excluded.

Interventions

Participants will be randomly allocated to the TDM arm
(TDM-guided dosing) or to standard of care (SOC, usual
dosing as per ICU guidelines).

SOC arm

SOC participants will receive study beta-lactam dosing as
per established ICU antibiotic dosing guidelines (table 1).
This dosing regimen is based on standard practice and
does not involve TDM-guided adjustment. Daily plasma
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- Pregnancyi/lactation
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(Intention to treat)

Figure 1 Study overview. SOC, standard of care; TDM, therapeutic drug monitoring.

drug concentrations will be obtained in this arm, and
the treating team will be blinded to these results. Dose
modification in this arm will occur based on changes in
renal function as per standard practice.'*Any dose modi-
fications will be documented, along with clinical the
reasoning for the decision.

TDM arm

Participants in the TDM arm will undergo daily TDM for
5days with same-day result availability and dose adapta-
tion as required. Samples for participants in both arms
will be obtained at the end of the dosing interval prior to
the next dose (trough concentration). Initial doses will
be administered as per local ICU guidelines (table 1).
At steady state (after three to four doses), the first TDM
will be performed. Subsequent doses will be adjusted
based on the concentrations obtained in the TDM arm.
The cefepime dosing algorithm is illustrated in figure 2.
Dosing algorithms for meropenem and piperacillin can
be found in online supplemental figure 1. Subsequent

TDM samples will be collected to assess target attainment
and guide ongoing dose changes. The choice of study
beta-lactam and any recommended dosing changes will
not be mandated by the study and will be at the discretion
of the treating team.

Sample acquisition

Enrolled patients will be given a study identification
number (ID). This study ID will be their unique reference
for all data collection. Blood samples from both groups
will be obtained daily via existing vascular access (central
venous catheter or arterial line). The timing of sample
collection will vary depending on the beta-lactam used
and the dosing interval (figure 2). Trough samples will
be collected (figure 3). To the extent possible, this will be
timed to coincide with usual blood collection in the ICU,
precluding additional venepuncture. The samples will be
tested daily for the interventional arm, and results will be
available within working hours.

Table 1 Intensive care unit empiric antibiotic dosing guideline

Antibiotic Dose Frequency
Meropenem 29 8 hourly These are initial intravenous doses for sepsis/septic shock in critically
Piperacillin/tazobactam  4.5g 6 hourly ill patients with normal renal function (creatinine clearance>50mL/

. min). Seek pharmacist advice for less severe infections, reduced renal
Cefepime 29 8 hourly

function and/or maintenance dosing.
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>8 - 16
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Dose

1g q8h

Concentration

Dose

2g q8h

Concentration

Dose

2g q6h

Concentration

Consider El or CI;
SEEK ADVICE

Dose

*For susceptible increased exposure (SIE) pathogens. Pseudomonas infections

Targets closer to 20mg/L for CNS infections such as ventriculitis

All dose are intravenous, administered in grams as intermittent infusion unless specified

Concentrations are expressed in mg/L; Concetrations are trough concentrations

i.e from samples obtained prior to the next dose

Dose escalations and de-es
administered, with that dose being the starting point on the flow chart

Dose escalation and de-escalation can be step-wise or may skip steps along the flow chart

depending on the clinical status and infection syndrome

El, extended infusion; Cl, continuous infusion

| Awsengdose

No change

calations depend on the dose the patient is currently being

Dose de-escalation

Dose

16 - 20"

Concentration

Dose

2g q8h

Concentration

Dose

2g q12h

Concentration

Dose

1g q8h

Concentration

Dose

1g q12h

Concentration

0.5g q8h Dose

Concentration

SEEK ADVICE

Dose

All dose adjustments based on TDM will be recommended by the members of the research

team after discussion with treating ICU physician and clinical pharmacist

To prevent potential toxic concentrations, if the patient renal function deteriorate s over the
weekend or there is a new renal impairment that warrants dose adjustment based on current

ICU guidelines - revert to renal dosing per ICU guidelines

Dose adjustments will be documented under the heading "Research - ICU Beta-lactam TDM

and the PowerChart autofil command is .bitdm

“Seek advice" - advice will be provided by the trial research investigators

Dosing algorithms | Infectious Diseases  June 2023 _v4

Figure 2 Cefepime dosing algorithm. ICU, intensive care unit; TDM, therapeutic drug monitoring; CNS, central nervous

system.

A prepackaged pathology sample collection bag
labelled with the study ID containing labelled specimen
collection tubes will be used to procure samples. Samples
will be transported to the laboratory (on site) as per
local procedures. Test results will be entered into the
electronic medical record under a password-protected
section accessible only to members of the research team.
The whole workflow of beta-lactam TDM will be aimed
to match the process flow of other routine tests and anti-
microbial TDM. The timing of sample collection, sample

arrival to the laboratory, result availability, dose recom-
mendation and the acceptance of dose recommendation
will be recorded. This process will be mapped against that
specified in the protocol (figure 3).

Assays: analytical method

This study will use an in-house assay developed specifi-
cally for beta-lactam TDM. Assay development followed
the required standards for Good Laboratory Practice.
Plasma beta-lactam concentrations will be measured by
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Figure 3 Process flow. EHR, electronic health record; ICU, intensive care unit; SOC, standard of care; TDM, therapeutic drug

monitoring.

ultrahigh performance liquid chromatography-tandem
mass spectrometry (LC-MS/MS) on a Waters UPLC-TQD
machine (Wilmslow, UK). The assay has been evaluated
to meet the National Pathology Accreditation Advi-
sory Council standards. In brief, plasma from EDTA
whole blood samples will be separated by centrifugation
and stored at -20°C until analysis. Following thawing,

acetonitrile containing isotopically labelled internal stan-
dards will be added to the samples and centrifuged. The
supernatant will then be further diluted 5 times in puri-
fied Type 1 water (Merck/Milli-Q) prior to analysis. 5pL
will be injected onto a Kinetex 2.7 pm biphenyl column
(50x2.1 mm, Phenomenex, Sydney, Australia) and chro-
matographically separated by a 4.2min gradient elution

Pai Mangalore R, et al. BMJ Open 2024;14:¢083635. doi:10.1136/bmjopen-2023-083635
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with mobile phase A (2mM ammonium acetate in water
and 0.1% formic acid) and mobile phase B (2mM ammo-
nium acetate in methanol and 0.1% formic acid). The
MS/MS is operated in positive electrospray ionisation
mode, and analytes are measured by multiple reaction
monitoring. Two ion transitions are used per analyte.

Calibration standards with an analytical range of
1.0-100.0mg/L were prepared by spiking certified refer-
ence materials into blank plasma. Aliquots were stored
at —80°C. Standards and commercially sourced matrix
matched bi-level control materials (Chromsystems,
Germany) were prepared for use with each analytical run.
Control imprecision is <7.5% for all analytes.

Dose adaptation

Doses will be adjusted as per the dosing algorithm
(figure 2), while taking into account any clinical parame-
ters such as microbiological characteristics, the infection
site, renal function, the initiation of renal replacement
therapy or recovery from acute kidney injury. The dura-
tion of intervention will depend on the duration of
therapy, and at least five samples per participants are
planned. The PK/PD target for betalactams is 100%
fT>1-4xMIC. The PD target for piperacillin, cefepime
and meropenem will be the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) epidemi-
ological cut-off value of Pseudomonas species for empiric
therapy or that of the infecting pathogen, if identified
on culture from clinical samples such as blood, sputum
or pus from the site of infection."” Target concentrations
(minimum and maximum trough concentrations) and
maximum doses over 24 hours (administered via inter-
mittent bolus or prolonged infusions) are outlined in
table 2 and figure 2.

Dosing software program TDMx

TDMx (www.tdmx.eu) is a web-based, open-access antimi-
crobial dose optimisation tool, developed by the University
of Hamburg, Germany, that provides dose optimisation
advice based on inputs such as dose and schedule, covari-
ates (renal function, weight, height) and drug concentra-
tions.'® The software provides probabilistic (a priori) dosing
simulations and Bayesian predictive dosing (a posteriori).
TDMx outputs will be obtained and compared with the
dosing protocol (figure 2). TDMx currently supports dosing
decisions for meropenem and piperacillin and provides

real-time dosing advice (online supplemental appendix A).
No identifiable data will be entered into TDMx.

Outcomes
The main study outcomes are listed in table 3: (1) feasi-
bility of recruitment, defined as the number of participants
who are recruited from a pool of eligible participants, and
(2) fidelity of TDM, defined as the degree to which TDM
as a test is delivered as intended, from accurate sample
collection, sample processing to result availability.
Secondary outcome measures are summarised in
table 3. They include (1) target attainment and patient-
related outcomes; (2) uptake of TDM; (3) dose and dura-
tion of antibiotic therapy; (4) adverse events; and (5)
TDMx recommendations for meropenem and pipera-
cillin dosing.

Participant timeline
Study participant timeline is outlined in figure 4.

Sample size

As this is an exploratory study, we were guided by the
sample size recommendations for pilot studies'” ™ and
the number of eligible patients anticipated to present
to the Alfred Hospital’s ICU over a 6-month period. The
approximate number of sepsis diagnoses in the ICU is
300 over a 6-month period. We aim for a sample size of 60
patients, 30 in each arm. The recruitment rate for TDM
studies in ICU is approximately 20%-25%.% Based on
this, a sample size of 60 is achievable over the proposed
study period. Block randomisation will occur within the
beta-lactam type and each arm will aim to include 10
patients of each beta-lactam of interest (piperacillin,
cefepime and meropenem).

Recruitment

Critically ill patients with suspected or proven bacte-
rial infection in the ICU will be screened for eligibility
by the study investigator. Treating clinicians of those
patients who are eligible will be contacted for recruit-
ment. Patients who are considered appropriate will then
be approached and verbal and written information will
be provided. Written, informed consent will be obtained
from the substitute medical treatment decision-makers of
participants who are eligible, but unable to consent for
themselves.

Table 2 Target trough concentrations for empiric therapy

Maximum
ECOFF, Pseudomonas spp Minimum trough concentration (mg/L) Maximum trough concentration (mg/L) dose/24hours
PIP: 16 mg/L 16-64 160 24 g
MEM: 2mg/L 4-20 20 8¢
FEP: 8mg/L 8-16 20 8¢

ECOFF, epidemiological cut-off value; FEP, cefepime; MEM, meropenem; PIP, piperacillin.
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Table 3 Primary and secondary outcomes and outcome measures

Outcome Definition/outcome measure

Primary outcomes

Feasibility of recruitment Enrolment of a sufficient number of eligible participants within the specified timeframe of
the study (6 months).
This will include:
» Monthly recruitment rates.
» Number of patients screened.
Ratio of randomised to screened patients.

Feasibility and fidelity of TDM The degree to which the test (TDM) is delivered as intended:
» Time from meeting eligibility to first TDM.
» Compliance with TDM: timing of sample collection, processing and result availability.
» Compliance with TDM-guided dosing per protocol: proportion of dose
recommendations accepted and implemented by the treating clinical team.

Secondary outcomes

Target attainment The proportion of days where 100% fT>MIC is attained (for every individual patient), as
assessed by daily plasma samples.
» Dose of the antibiotic in both groups will also be recorded daily.

Organ dysfunction Delta SOFA
» Change in SOFA Score from enrolment to day 5.
ICU length of stay » Date of ICU admission to ICU discharge, in days.
Clinical cure » Time to resolution of signs and symptoms of infection (fever resolution and

normalisation of white cell count), in days.

Microbiological cure » For bacteraemia only, time taken for the blood culture to become negative, in days.
ICU mortality » Death in ICU from any cause, from the date of ICU admission.
» Mortality in TDM group will be compared with SOC group.
» Time to event analysis will be performed for this measure.
30-day mortality » Death within 30 days from date of ICU admission.
» Mortality in TDM group will be compared with SOC group.
» Time to event analysis will be performed for this measure.
ICU-free days to day 30 » 30 minus duration in ICU, in days
» Patients who die in ICU or remain in ICU for >30 days will be assigned zero ICU-free
days.
Duration of antibiotic therapy » Length of time, in days, that the participant is on the study antibiotics, calculated from
commencement of study beta-lactam.
Safety of the intervention » Acute kidney injury defined by KDIGO criteria.
» Drug-induced liver injury defined by DILI criteria.
» Clinical or EEG diagnosis of encephalopathy or seizures.
Piperacillin dose recommendation » Dose recommendation per TDMx.
as per TDMx » Per cent agreement between protocol dosing algorithm and TDMx, measured using

the kappa statistic.

Dose recommendation per TDMx » Dose recommendation per TDMXx.
for meropenem » Per cent agreement between protocol dosing algorithm and TDMx, measured using
the kappa statistic.

DILI, drug-induced liver injury; EEG, Electroencephalogram; fT>MIC, free concentration for the duration of time over the minimum inhibitory
concentration; ICU, intensive care unit; KDIGO, Kidney Disease Improving Global Outcomes; SOC, standard of care; SOFA, sequential organ
failure assessment; TDM, therapeutic drug monitoring; TDMx, open access dosing software program.

Assignment of interventions Randomisation will be executed using REDCap. With the
Once informed consent has been obtained, participants exception of the concentration result in the SOC arm, all
will be randomly assigned to the TDM or SOC arm. For  other study procedures are unblinded. After eligibility has
this, a computer-generated randomisation list has been =~ been confirmed and the patient (or carer) has provided
prepared by the study statistician. Patients will be allocated ~ informed consent, the patient will be considered enrolled
in 1:1 ratio in blocks of four, stratified by beta-lactams. in the study.
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Figure 4 Participant timeline. FEP, cefepime; MEM, meropenem; PIP, piperacillin; PK, pharmacokinetic; SOC, standard of care;

TDM, therapeutic drug monitoring.

Data collection, management and analysis

Deidentified data will be entered into a secure REDCap
database. Reidentifiable data will be maintained on a
separate database that will be maintained on the hospital
premises in a locked ICU research office. Access to these
data will be restricted to named study investigators only
who are employees of Alfred Health. All data will be main-
tained in password-protected computers. Hard copies
of consent forms will be maintained in a locked office
on site. Only the study investigators will have access to
this office. Data analysis will be performed on deiden-
tified data. Deidentified data will be made available on
reasonable request in writing to the principal investigator.
Published data will not be reidentifiable or linked to indi-
vidual patients. Study procedures are outlined in online
supplemental table 1.

Statistical methods

Feasibility of recruitment and fidelity of TDM will
be reported as proportions with 95% CIs. Secondary
outcomes will be reported by group and compared
initially using univariate tests such as the %* and Mann-
Whitney U tests. Time to event analysis methods will
be used for clinical and microbiological cure, duration
of antibiotic therapy and mortality outcomes. Per cent
agreement of protocol dosing algorithm with TDMx
recommendations will be reported using a kappa statistic.
Effect size will be quantified with logistic regression or
Cox models with 95% CI. Statistical significance will be
defined as a p value<0.05. Analysis will be conducted
using Stata V.18.0 (StataCorp, College Station, Texas,
USA).

Monitoring

Regular review will be conducted after every 20 patients
recruited by the study investigators and oversight for
this study will be provided by a TDM advisory committee
comprised of individuals not directly involved in any
operational aspect. Assessments will include any breaches
in confidentiality and protocol violations. Although the
study beta-lactams have a wide therapeutic index, they
are known to cause allergic reactions and organ dysfunc-
tion (hepatic and renal impairment, encephalopathy and
seizures) table 3.7 All adverse events will be reviewed
and will be included in the final report regardless of
whether they were deemed related to study intervention.
Study investigators will be responsible for maintaining
oversight of protocol adherence with governance from
the TDM advisory committee.

Follow-up and post study care

Study exit will be documented in the participant’s EHR
and verbally communicated to the treating team that no
further TDM will be performed. After study exit, dose
adjustments will occur based on renal function as per
standard practice. All participants will be followed up via
chart review till day 30 or discharge, whichever occurs
earlier.

Patient and public involvement

No patient or public involvement was sought in the
conception or design of this study. However, we conducted
key stakeholder interviews to understand the barriers
and enablers to the implementation of beta-lactam TDM
prior to designing this pilot RCT.** Stakeholders included

8
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nurses, ICU and infectious disease physicians, microbiol-
ogists, pharmacists and laboratory scientists.**

Ethics and dissemination

This study will be conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice. This
study has been approved by the Alfred Hospital human
research ethics committee, Office of Ethics and Research
Governance (reference: Project No. 565/22; date of
approval: 22/11/2022). We will obtain written informed
consent from all participants. In the event that a partici-
pant is unable to consent, we will obtain written informed
consent from their medical treatment decision-maker.
The results of this study will be presented at international
and national conferences. The finalised manuscript with
aggregate data will be submitted for publication in peer
reviewed journals.

Implications for future research

The findings from this trial will guide the design and
execution of a larger, multicentre RCT. Factors such as
recruitment rates, protocol adherence and observed
effect sizes will enable sample size estimation and outcome
measures for this trial.

The fidelity of TDM process will provide further
opportunities to refine and optimise the TDM proto-
cols ensuring their clinical relevance. The findings of
this study will also provide preliminary information on
resource allocation and highlight areas where additional
training might be needed for ICU staff.

DISCUSSION

This trial is designed as a single-centre feasibility RCT.
Its completion will inform a future phase III multicentre
RCT. It will provide information on the acceptability of
TDM-guided dosing and the implementation of beta-
lactam TDM as a routine clinical test in the ICU.
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