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ABSTRACT

Introduction In critically ill patients, individualised
strategies for red blood cell transfusion (RBCT) are lacking.
The objective of this study is to demonstrate the potential
advantages of employing an individualised transfusion
strategy compared with a restrictive approach, in
unselected intensive care unit (ICU) patients.

Methods This will be a randomised, multicentre,
international trial. Two open-label parallel groups will

be compared with an allocation ratio of 1:1. The trial is
designed to investigate the superiority of the individualised
intervention group compared with the standard
intervention group. The study will be performed in three
mixed, academic ICUs located in two different countries. In
the individualised group, prescription of RCBT is restricted
to patients who present haemoglobin (Hb) <9.0g/dL and
oxygen extraction ratio (0,ER) > 30%, for a minimum

Hb value of <6.0g/dL. In the control group, prescription

of RBCT s guided by thresholds proposed by recent
guidelines, regardless of 0,ER values.

Ethics and dissemination This trial is approved by the
Comitato Etico Area Vasta Centro della Regione Emilia-
Romagna (protocol number 350/2023/Sper/AQOUFe/
PRBCT, date of approval 18/05/2023) and ethic boards

at all participating sites. Our results will be published

and shared with relevant organisations and healthcare
professionals.

Trial registration number Clinicaltrials.gov
NCT06102590

INTRODUCTION

In critically ill patients, optimised strategies
for red blood cell transfusion (RBCT) are
still controversial. Most recent guidelines
suggested that clinical practice in the inten-
sive care unit (ICU) setting should follow a
restrictive approach for RBCT (ie, for haemo-
globin (Hb) values below 7.0g/dL), unless
acute coronary syndrome is present.' On
the other hand, data from previous large
multicentre trials suggested that Hb levels
higher than 10.0g/dL usually do not require

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This will be a multi-centre randomised trial compar-
ing two different transfusion strategies in critically
ill patients.

= The use of acute kidney injury as the primary out-
come, along with other clinically relevant secondary
outcomes, indicates that the findings will have a di-
rect impact on clinical practice.

= Although the study is open-label for treating physi-
cians, blinded outcome assessors reduce the risk of
bias in evaluating results.

= A prespecified statistical analysis plan, including
interim analyses and power calculations, indicates
thorough data interpretation and supports robust
conclusions.

= The sample size calculation is based on an absolute
difference of 16% in the occurrence of acute kidney
injury between the two groups; a smaller difference
may not be therefore detected.

transfusion,”® therefore leaving a large grey
zone (ie, between 7.0 and 10.0g/dL), in
whom transfusion strategies might be very
heterogeneous. In the perioperative context,
European guidelines on patient blood
management have highlighted the relevance
of physiological triggers for RBCT, including
peripheral oxygen demand and extraction in
anaemic conditions.* Adamczyk et al previ-
ously proposed central venous oxygen satura-
tion (ScvO,) as an indicator of tissue tolerance
to anaemia.” Indeed, an increase in blood
oxygen extraction represents an important
adaptation to different contexts where Hb
changes per se are potentially unpredict-
able.® 7 Haemodynamic optimisation based
on ScvO, has been shown to result in less
organ dysfunction and better outcomes after
major surgery,® whereas deciding transfusion
only on Hb values has not shown differences

BM) Group

Fogagnolo A, et al. BMJ Open 2024;14:€089910. doi:10.1136/bmjopen-2024-089910 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-2737-0162
http://orcid.org/0000-0001-5027-5318
https://doi.org/10.1136/bmjopen-2024-089910
https://doi.org/10.1136/bmjopen-2024-089910
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2024-089910&domain=pdf&date_stamp=2024-11-27

in outcomes in the perioperative setting.” Interestingly,
an individualised strategy based on mixed venous satu-
ration (SvO,) below 70% has demonstrated the possi-
bility of limiting RBCTs without affecting perioperative
outcomes in cardiac surgical patients.'” Therefore, phys-
iological underpinnings of oxygen consumption may be
appropriate to identify the correct threshold for RBCT.

In our previous study, oxygen extraction ratio (O,ER)
has shown good performance as a marker to identify
the correct timing for RBCT, potentially affecting 90-day
mortality in non-bleeding, critically ill patients.'’ More-
over, our data suggested that an individualised strategy for
RBCT may reduce the incidence of acute kidney injury
(AKI), which is potentially related to better delivery of
oxygen and organ perfusion, as previous studies hypoth-
esised.”*™ We also demonstrated that O,ER may have
better performance than ScvO, alone to predict the
benefit from RBCT."" Notably, we found that transfusing
patients with lower O,ER values was associated with
higher mortality, suggesting that RBCT may be harmful
when peripheral oxygen utilisation is preserved.

Aim of the study

The objective of this study is to demonstrate the potential
advantages of employing an individualised transfusion
strategy in critically ill patients compared with a restrictive
approach, as suggested in the guidelines. Additionally, we
seek to validate the use of oxygen extraction rate (O,ER)
as a physiological indicator to guide RBCT.

Study hypotheses

We hypothesised that implementing individualised RBCT
based on O,ER may lower the occurrence of AKI in non-
bleeding critically ill patients. Additionally, we postulated
that employing this O,ER-guided strategy may have a
favourable impact on mortality rates compared with the
conventional approach to RBCT.

METHODS AND ANALYSES

Study design

This will be a randomised, multicentre, international trial.

Two open-label parallel groups will be compared with an

allocation ratio of 1:1. The trial is designed to investigate

the superiority of the individualised intervention group

compared with the standard intervention group. The

study will be performed in three mixed, academic ICUs

located in two different countries:

» Universitary Intensive Care Unit, Azienda Ospedaliero-
Universitaria di Ferrara, Ferrara, Italy.

» Cardiothoracic Intensive Care Unit, Azienda
Ospedaliero-Universitaria di Siena, Siena, Italy.

» Department of Intensive Care, Hopital Universitaire
de Bruxelles (HUB), Bruxelles, Belgium.

Inclusion criteria
» Hb levels <9.0g/dL (as confirmed through a blood
test and/or through blood gas analysis).

» Presence of an arterial line and a central venous line
(either jugular or subclavian), with confirmed correct
position of the catheter tip at the atrio-caval junction
(allowing correct estimation of central venous satura-
tion, ScvO,).

Exclusion criteria
» Age <18 years.
Pregnancy
Clinical evidence of acute bleeding.
Diagnosis of haematological malignancy.
Diagnosis of sickle cell disease or other diseases
exposing the patient to chronic RCBTs.
Acquired or congenital disorders of coagulation.
Patients with ongoing AKI of stage 1 or worse and/or
known chronic kidney disease of stage G3a or worse,
defined as glomerular filtration rate below 60 for a
minimum of 3 months."”
Physicians will screen patients based on clinical data to
assess whether they meet the inclusion criteria. The inter-
vention will be performed by the treating ICU physician
according to the study protocol.

vyvyyvyy
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Intervention

After inclusion, arterial and venous blood gas analysis
allows the calculation of the O,ER, according to the
following equations'® :

Ca2 = $a02 * Hgb* 1.39 (PaO2 * 0.0031) CoO2 = Sv02 x Hgb * 1.39 (Pu02  0.0031)

(Ca02—Cv02)
Ca02

O2ER =

Randomisation will then take place through a computer-

generated randomiser. Patients can either be randomised
to one of the following:

» Individualised (intervention) group: daily assessment
of Hb levels is required. Prescription of RCBT is
restricted to patients who present Hb <9.0g/dL and
O2ER 230%. Multiple O2ER measurements during the
day in this group are allowed. If O,ER <30%, trans-
fusion will be considered only when Hb falls below
7.0 g/dL. While clinicians might decide to tolerate Hb
values below 7.0g/dL, RBCT for Hb values below 6 g/
dL is mandatory.

»  Control group: daily assessment of Hb levels is required.
RBCT strategy in the control group will be according
to European Society of Intensive Care Medicine guide-
lines." Prescription of RBCT is restricted to patients
with Hb levels <7.0¢g/dL, regardless of OQER values.
While O2ER calculation occurs at least one time per
day in this patient group, it does not impact the clin-
ical decision to prescribe RBCT. In critically ill adults
with acute coronary syndromes, a liberal transfusion
threshold (ie, <9.0g/dL) is recommended. Similarly,
for patients undergoing cardiac or major vascular
surgery, RBCT is recommended when Hb falls below
7.5g/dL. In patients with active malignancy, RBCT
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Figure 1 Timelapse of the study. ESICM, European Society
of Intensive Care Medicine; Hb, haemoglobin; ICU, intensive
care unit; O,ER, oxygen extraction rate; RCBT, red blood cell

transfusion.

is recommended when Hb is below 7g/dL, but it
remains acceptable to transfuse when Hb is below 9g/
dL. In very elderly critically ill patients (eg, age >80
years), RBCT is recommended when Hb is below 7g/
dL but remains permissible when Hb is below 9g/dL.
RBCT guidelines are resumed in online supplemental
table 1.

The transfusion strategy for each enrolled patient will
remain consistent with the assigned randomisation group
throughout their entire ICU stay, or for as long as the
central venous line necessary for ScvO, determination
is in place. If the same patient requires more than one
transfusion at different time points, each decision to
transfuse or not will be made according to the assigned
study group. The total number of RBCTs will be recorded
for each patient. O,ER determination and Hb levels will
be assessed at least once daily in both groups. Troponin
I levels will be measured at study inclusion and again 24
hours later; subsequent measurements in the following
days will be conducted based on the clinical judgement of
the treating physician. Any deviations from the protocol
due to clinical decisions will be documented in the Case
Report Form (CRF). A dedicated statistical approach to
deal with deviations from the protocol is described in
the appropriate section. The flowchart of the study is
resumed in figure 1.

Primary outcome

The primary outcome of the study will be the AKI rate,
according to Kidney Disease: Improving Global Outcomes
definition" within 7 days after study inclusion.

Secondary outcomes

Secondary outcomes will include (1) 90-day mortality; (2)
proportion of patients undergoing RBCT; (3) Sequen-
tial Organ Failure Assessment (SOFA) score variations
during the 5days following the inclusion in the study; (4)
variations in myocardial-specific troponin I (Tnl) during
the first 24 hours after inclusion; (5) vasopressor-free days
in the first 28 days after study inclusion; (7) ICU mortality
and in-hospital mortality; and (8) Major Adverse Kidney
Events at 90 days (MAKE-90) which includes death, new
renal replacement therapy or persistent renal dysfunction.

Data collection
Enrolling of the eligible patient will take place after
complete fulfilment of inclusion criteria. All enrolled
patients, or their proxy, will be adequately informed of the
study protocol and interventions. Researchers will gain
complete informed consent, according to the local poli-
cies of the department. After enrolment, patient identity
will be formally anonymised by assignment of an identifi-
cation code (alphanumerical, computer-generated). Data
collection will take place through a dedicated digital CRF.
Per each patient enrolled, anamnesis and clinical
severity scores (Simplified Acute Physiology score II,
SOFA score) will be collected, along with demographic
data (ie, age, sex, weight, body mass index). Haemody-
namic variables will be documented (systolic and diastolic
blood pressure, heart rate, central venous pressure),
along with ventilation data (during mechanical ventila-
tion: positive end-expiratory pressure, fraction of inspired
oxygen, airway pressures), central venous and arterial
blood gas analysis, and details on any sedative drugs and/
or vasoactive drugs infused. Laboratory values (ie, Hb,
serum creatinine, Tnl) will be measured according to
standard clinical practice, but at least with daily frequency
for the study. Baseline characteristics collected are shown
in online supplemental table S1 and online supplemental
file 1.

Sub-study

In a subgroup of patients, renal haemodynamic will be
assessed through ultrasound measurements, namely
by estimating renal resistivity index (RRD)'” and renal
venous stasis index (RVSI)." RRI and RVSI are to be
assessed at the day of inclusion and one time per day for
the following 5days. A single well-trained anaesthesiolo-
gist with certified experience, as described in a previous
study,'® " will perform measurements.

Statistical analysis

Sample size

The sample size calculation for our upcoming study was
based on the primary endpoint of the original study,
which focused on differences in AKI rates between the
individualised treatment group and the control group.
For the study design computation, we considered a treat-
ment effect corresponding to an absolute risk reduction
of 13% of AKI. This reduction in AKI incidence was
selected based on the findings of our previous observa-
tional study,'' where a comparable incidence rate was
observed. The sample size calculation was based on an
assumed event rate of 13% (m,) in the individualised treat-
ment arm and 26% (n) in the control arm. The required
sample size for the trial to achieve a statistical power of 0.8
and an overall alpha level of 0.05 for detecting a differ-
ence in event rates is 324 patients (162 per arm).*’

The study follows a group sequential design, with
an interim analysis planned at the midpoint of enrol-
ment, involving 162 patients (81 per arm).?! The trial
may be stopped early for efficacy if the interim analysis
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demonstrates an effect that surpasses the O’Brien-Fleming
boundary, as outlined in the study design specifications
in the Supplementary Material. The sample size was
calculated using R V.4.3.1%* with the pwr and gsDesign
packages.

Recruitment strategies

Participant recruitment will involve outreach efforts,
advertising and collaboration with local healthcare insti-
tutions to identify eligible individuals. The informed
consent process will ensure that potential participants
receive comprehensive information about the study and
voluntarily provide their informed consent.

All ICU attending physicians will receive a dedicated
training session to familiarise them with the study
protocol and eligibility criteria, ensuring they are well-
prepared to identify potential participants. During the
trial, a systematic screening process will be implemented
at least twice daily. ICU staff will review patient records
and discuss potential eligible patients during routine
rounds, assessing the inclusion criteria. This approach
ensures consistent identification of patients who meet the
study criteria.

A screening log will be maintained at each site to docu-
ment all patients considered for the study, including those
excluded, with the reasons for their exclusion. Addition-
ally, regular weekly meetings will be held with ICU staff to
review the screening process, address any challenges and
provide updates on recruitment progress. These meet-
ings will help maintain staff engagement and promptly
address any barriers to recruitment.

Randomisation
The randomisation procedure will be considered to opti-
mise the balance in the patient characteristics between
the individualised treatment and control groups. The
participant randomisation list will be stratified based on
the centre and sepsis status. Within each stratum, a block
randomisation will be employed. Blocks of participants
will be randomly allocated to either the individualised
treatment or control group. This method helps maintain
balance in group sizes over time and minimises predict-
ability. The randomisation procedure will be handled
centrally via a computer-assisted Research Electronic Data
Capture (REDCap) interface, and a randomisation list
will be generated in R based on the parameters (stratifica-
tion) defined in the REDCap® model. This list will serve
as a key reference for the actual allocation of participants.
Several measures will be implemented to maintain allo-
cation concealment, safeguarding the blinding of treat-
ment assignments. Patients will be randomised using a
centralised, computer-based system via the REDCap®
platform, ensuring allocation concealment and unpre-
dictability. Study coordinators at each site will access the
REDCap interface to randomise patients. The system is
designed to prevent any prior knowledge of allocation
by generating the randomisation result only after patient
eligibility has been confirmed and consent obtained.

These measures are implemented to preserve the integ-
rity of the randomisation process and prevent selection
bias.

Data analysis

The primary endpoint will be analysed screened for the
Intent-To-Treat (ITT) population for the difference in
event rate outcome among the treatment arms. The final
efficacy of the treatment will be evaluated using Z-test
statistics; after having reached the sample size foreseen
for each of the stages, an evaluation using a 95% repeated
for group sequential clinical trials confidence® interval
will be performed. Demographic and other baseline char-
acteristics will be summarised using descriptive statistics
reporting the median (I and III quartiles) for contin-
uous variables and percentages (absolute numbers) for
categorical variables. A per-protocol analysis will also be
performed. The computation will be carried out using R
V4.3.1.%

Study timeline

The first patient of the study was enrolled in November
2023. The planned end date of the study is December
2025. This multi-centre trial will follow the following
schedule:

» Time dedicated to enrolment: 24 months

» Data analysis and quality control: 2 months

» Paper writing and proofreading: 2 months

» Total time of the trial: 28 months.

At 1 year after study, a preplanned analysis will explore
long-term effects of the individualised approach to RBCT.
This analysis will investigate the following outcomes:

» New diagnosis of chronic kidney injury;
» Hospital re-admission (s);
» l-year mortality.

In case of insufficient recruitment, the study end will be

postponed until the completion of the sample size.

Statistical principles

Study design specification is shown in online supple-
mental file 2. Statistical principles guiding the evaluation
of research outcomes are defined as follows.

Confidence intervals and P values

Repeated confidence intervals will be calculated to esti-
mate the precision and uncertainty of effect sizes. A stan-
dard confidence level of 95% is applied. The significance
level (o) will be set at 0.05 for two-sided tests.

The study will employ appropriate statistical methods
to control the risk of type I errors (false positives) and
type Il errors (false negatives). The use of efficacy bounds
and sequential testing procedures helps maintain an
appropriate balance.

Adherence and protocol deviations

Adherence to the study protocol is crucial for main-
taining the validity of the research. The strict adherence
to the established protocol procedure will be moni-
tored throughout the trial duration. Deviations from the
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protocol will be documented and reviewed to assess their
impact on study outcomes.

Protocol deviations, if they occur, will be documented
and categorised based on their nature and severity. Minor
deviations that do not affect the primary study objectives
or participant safety may be addressed without protocol
amendments. Significant deviations are subject to eval-
uation, and corrective actions, such as protocol amend-
ments, may be initiated as necessary.

Trial population

The population analysis will be performed by considering:

1. ITT population: the ITT will include all enrolled par-
ticipants, regardless of protocol adherence or sub-
sequent deviations. ITT analysis will be employed
to assess treatment efficacy under real-world condi-
tions, providing insight into the potential impact of
non-adherence.

2. Per-protocol population: the per-protocol population
will include participants who adhere to the study pro-
tocol without major deviations. This population will
be analysed to evaluate treatment efficacy under ideal
conditions, minimising the impact of non-adherence
or protocol violations.

3. Safety population: the safety population will comprise
all participants who receive at least 1day of adequate
protocol of the study treatment. Safety assessments, in-
cluding adverse event (AE) analysis, will be conducted
within this population to monitor participant safety
throughout the study.

Screening data

Screening procedures, including medical history assess-
ments, physical examinations and laboratory tests, will be
conducted to determine participant eligibility based on
predefined inclusion and exclusion criteria.

Withdrawal/follow-up

Documentation of reasons for withdrawal and appro-
priate follow-up, such as safety assessments will be
provided. The follow-up schedule will specify the timing
and frequency of assessments to monitor participant
outcomes throughout the trial.

Baseline patient characteristics

1. Demographic information: baseline demographic
data, including age and gender, will be collected and
summarised.

2. Medical history: baseline medical history, encompass-
ing pre-existing conditions and relevant medical treat-
ments, will be documented.

3. Baseline assessments: vital signs, laboratory results and
physical examinations conducted at baseline will estab-
lish a reference point for tracking changes in health
status during the study.

Demographic and other baseline characteristics will
be summarised using descriptive statistics reporting the
median (I and III quartiles) for continuous variables and
percentages (absolute numbers) for categorical variables.

Analysis methods

The binary intrahospital and ICU outcomes, like the
90-day mortality, will be analysed via logistic regression
models together with the MAKE-90 composite endpoint
assessment. For continuous outcomes, such as troponin
and length of stay, linear regression models will be carried
out to assess differences between treatment groups, or
gamma models will be considered for the skew-reported
outcomes.

The longitudinal outcomes, like serum creatinine and
SOFA over hospitalisation days, will be analysed via linear
mixed-effects models. Treatment group, time and their
interaction will be included as fixed effects, while subject-
specific random effects will account for within-subject
correlations. Coefficients and their associated confidence
intervals will be reported in the analysis together with P
alues.

Missing data for the variables of interest will be imputed
using appropriate methods, such as multiple imputation,
to minimise potential bias in the logistic regression anal-
yses. Sensitivity analyses will be conducted to assess the
impact of missing data assumptions.

Additional analyses

1. Subgroup analyses: subgroup analyses will be per-
formed using logistic regression models to explore
potential treatment effects within specific patient sub-
populations based on relevant characteristics, that is,
AKI stage >1, continuous renal replacement therapy
use and the presence of comorbidities (eg, history of
heart disease, vascular surgery, oncologic disease, sep-
tic shock at study enrolment).

2. Multivariable analyses: multivariable models may be
employed to adjust for potential confounding factors,
such as age, gender and comorbidities, in assessing
treatment effects on binary outcomes.

3. Compliance and adherence analysis: an analysis of
treatment compliance and adherence will be conduct-
ed to assess whether patients in the treatment group ad-
hered to their assigned treatment regimen. Adherence
levels will be examined about treatment outcomes.

Harms

A comprehensive assessment of potential harms and AEs

will be conducted throughout the study:

1. AE monitoring: AEs will be monitored and recorded
systematically throughout the study duration. This in-
cludes events related to the study treatment as well as
other medical events. AEs will be categorised by severi-
ty and relationship to the study drug.

2. Serious adverse event (SAE) reporting: any SAEs will
be promptly reported to the appropriate regulatory
authorities and ethics committees following regulato-
ry requirements. SAEs will be thoroughly investigated
and documented.

3. Comparative safety analysis: comparative safety analy-
ses will be conducted to assess whether there are sta-
tistically significant differences in the incidence of
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adverse events between the individualised treatment
group and the control group. This analysis will help
evaluate the safety profile of the study treatment.

4. Long-term safety assessment: the long-term safety of
the study treatment will be assessed by monitoring ad-
verse events beyond the initial treatment period. This
includes the evaluation of delayed adverse events that
may become apparent during follow-up.

5. Data safety monitoring board (DSMB): An indepen-
dent DSMB will oversee the safety of study participants
and review safety data at regular intervals. The DSMB
will provide recommendations regarding the continu-
ation, modification or termination of the study based
on safety considerations. Additional information re-
garding DSMB are given in online supplemental file 2.

Statistical software
The computation will be carried out using R V.4.3.1.

Ethics and dissemination

This trial is approved by the Comitato Etico Area Vasta
Centro della Regione EmiliaRomagna (CE-AVEC)
(protocol number 350/2023/Sper/AOUFe/PRBCT, date
of approval 18/05/2023) and ethic boards at all partici-
pating sites. Before study initiation, the trial protocol is
submitted to the local ethical committee of each partici-
pating centre for approval.

Patient and public involvement

Informed consent on study participation and consent on
data collection will be submitted to all enrolled patients,
according to local regulations and General Data Protec-
tion Regulation on personal data management, and in
compliance with the Helsinki Declaration *. Since many
critically ill patients are temporarily unable to provide an
informed consent, initial consent a deferred informed
consent approach may be used where authorised by the
local research ethics board as the research risk to patients
is minimal, and the studied transfusion strategies are part
of usual care in many centers *. Online supplemental
file 3 Data collection, storage and anonymisation, as
well as consent withdrawal from patients and/or their
proxies, will be regulated according to local policies. All
medical and research devices (ie, echographic measure-
ments) necessary to this trial are routinely used in our
ICU and have already been used for previous study proto-
cols."" Arterial and venous blood samples are performed
according to routine practices of each participant’s ICU.
All researchers involved in this study adhere to Good Clin-
ical Practice guidelines for research purposes. The final
dataset of this study will be accessible to all researchers
and physicians involved in this research project. It was not
appropriate or possible to involve patients or the public
in the design, conduct, reporting or dissemination plans
of our research

Trial status
This protocol V.1.09 was drafted in September 2023 and
registered on clinicaltrials.gov in October 2023 (NCT

number 06102590). Patient recruitment started in
November 2023 in Ferrara and in April 2024 in Siena,
whereas recruitment is yet to start in Bruxelles.

DISCUSSION

We presented the rationale and the design of the
ongoing Oxygen Extraction-guided Transfusion trial,
which aimed to investigate whether an individual-
ised RBCT therapy should gain clinical relevance in
the intensive care setting. Particularly, we designed
a randomised trial to compare an oxygen-extraction-
derived RBCT to an Hb-based RBCT, the latter recom-
mended by guidelines. Current guidelines suggest
using haemoglobin transfusion triggers rather than
physiologic transfusion triggers and identifying some
specific population, rather than patient characteris-
tics, which may affect the Hb trigger. If our hypothesis
is true, we may assume that physiologic triggers may
still be useful in the ‘grey zone’ where the decision to
transfuse is unclear.

Our choice to identify the occurrence of AKI as the
primary outcome requires a clear explanation. First,
given that renal oxygen consumption is particularly
high,*® we hypothesised that avoiding excessive oxygen
delivery/consumption mismatch with a targeted RBCT
strategy may primarily protect the kidneys. RBCTs
have been shown to significantly improve renal func-
tion and renal microvascular oxygenation in endotox-
emic rats,29 and similar results have been observed in
animal models of haemorrhagic shock.”” On the other
hand, previous trials comparing liberal versus restric-
tive RBCT strategies have not demonstrated a signifi-
cant reduction in AKI incidence.” ** We speculate that
many patients in the ‘liberal” transfusion arms of these
trials may have had low or normal O, ER, meaning they
did not derive substantial benefit from receiving RBCs.

Furthermore, our studyis conducted in three distinct
ICUs that treat medical, surgical, cardiothoracic and
neurological patients. While this diversity strengthens
the potential generalisability of our results across
different ICU settings, it necessitated identifying a
common outcome, such as AKI, that applies to all
these patient populations.

Limitations

Our protocol has some limitations. First, although
the outcome assessors are blinded to the study group,
this is an open-label trial for the treating physi-
cians. However, this limitation is common in most
transfusion-threshold trials.* Additionally, concerns
may arise regarding the accuracy of O,ER calcula-
tion, which assumes compatibility between SvO, and
SCV02.34 While SvO, measurement requires the place-
ment of a pulmonary artery (PA) catheter, the risk-
benefit ratio of this intervention remains uncertain.
Using SvO, to calculate O,ER more accurately would
limit the protocol’s generalisability, and routine PA
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catheterisation for each anaemic patient raises ethical
concerns. Finally, we aimed for an absolute risk reduc-
tion of 13% in AKI incidence, based on our previous
observational study.'' Although this threshold was
selected for statistical power, smaller differences in
AKI incidence might still be clinically significant but
undetectable within the scope of our trial.
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