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ABSTRACT
Introduction: Anaemia is common in aneurysmal
subarachnoid haemorrhage (aSAH) and is a potential
critical modifiable factor affecting secondary injury.
Despite physiological evidence and management
guidelines that support maintaining a higher
haemoglobin level in patients with aSAH, current
practice is one of a more restrictive approach to
transfusion. The goal of this multicentre pilot trial is to
determine the feasibility of successfully conducting a red
blood cell (RBC) transfusion trial in adult patients with
acute aSAH and anaemia (Hb ≤100 g/L), comparing a
liberal transfusion strategy (Hb ≤100 g/L) with a
restrictive strategy (Hb ≤80 g/L) on the combined rate of
death and severe disability at 12 months.
Methods: Design This is a multicentre open-label
randomised controlled pilot trial at 5 academic tertiary
care centres. Population We are targeting adult aSAH
patients within 14 days of their initial bleed and with
anaemia (Hb ≤110 g/L). Randomisation Central
computer-generated randomisation, stratified by centre,
will be undertaken from the host centre. Randomisation
into 1 of the 2 treatment arms will occur when the
haemoglobin levels of eligible patients fall to ≤100 g/L.
Intervention Patients will be randomly assigned to either
a liberal (threshold: Hb ≤100 g/L) or a restrictive
transfusion strategy (threshold: Hb ≤80 g/L). Outcome
Primary: Centre randomisation rate over the study
period. Secondary: (1) transfusion threshold adherence;
(2) study RBC transfusion protocol adherence; and (3)
outcome assessment including vital status at hospital
discharge, modified Rankin Score at 6 and 12 months
and Functional Independence Measure and EuroQOL
Quality of Life Scale scores at 12 months. Outcome
measures will be reported in aggregate.
Ethics and dissemination: The study protocol has
been approved by the host centre (OHSN-REB
20150433-01H). This study will determine the feasibility
of conducting the large pragmatic RCT comparing 2
RBC transfusion strategies examining the effect of a
liberal strategy on 12-month outcome following aSAH.
Trial registration number: NCT02483351;
Pre-results.

INTRODUCTION
Aneurysmal subarachnoid haemorrhage
(aSAH) is a devastating illness caused by the
spontaneous rupture of a weakened and
enlarged artery in the brain. It affects a young
population and is a significant cause of pre-
mature death and loss of potential life years,
at a similar magnitude of ischaemic stroke.1 It
is a common neurological reason for inten-
sive care unit (ICU) admission2 and is asso-
ciated with a mortality rate of about 35% in
North America (range 20–70%).3 Less than
one-third afflicted make a full recovery4 and
20% of survivors experience significant mor-
bidity5 having an impact on daily living.
Anaemia (haemoglobin (Hb) <100 g/L)

affects more than 50% of aSAH patients and
is associated with worse clinical outcomes.4 6–11

Preclinical studies in brain injury suggest that
red blood cell (RBC) transfusion to treat
anaemia optimises oxygen delivery in this
specific setting.4 However, RBC transfusions
are not without risk and are a limited and
expensive resource.12 The limited evidence

Strengths and limitations of this study

▪ Rigorous trial methodology to evaluate the feasibil-
ity of conducting a larger trial to establish optimal
red blood cell transfusion thresholds in patients
with aneurysmal subarachnoid haemorrhage.

▪ The multicentre pragmatic design strengthens
future results and generalisability.

▪ To minimise any potential bias from the neces-
sary open-label design, collection of cointerven-
tions and blinded outcome-assessment are being
undertaken.

▪ The pilot trial was not designed to test clinically
relevant outcomes.
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examining the association between RBC transfusion and
clinical outcome from aSAH is derived from few observa-
tional studies with conflicting results and significant
methodological limitations.5 7 9 10 13–17 Only one small
trial compared two transfusion targets in aSAH but was
underpowered to examine clinically important out-
comes.18 Despite this absence of evidence, current
aSAH management guidelines include a recommenda-
tion to consider RBC transfusion in anaemic patients at
risk for cerebral ischaemia, but do not suggest transfu-
sion thresholds to guide clinicians.19 20 These recom-
mendations are in contrast with evidence from
randomised controlled trials (RCTs) in other critically ill
adult and paediatric populations which support a more
restrictive RBC transfusion approach.21 22

Although the biological rationale and current recom-
mendations for treating aSAH patients support a higher
transfusion threshold (liberal strategy), the clinical evi-
dence is lacking to substantiate these recommendations.
Current stated and observed practice from surveys23 and
our own observational work suggest a more restrictive
approach to transfusion (lower haemoglobin); similar to
other critical care patients. However, unlike other critic-
ally ill patients, brain injury and the sequelae that follow
(eg, vasospasm and delayed cerebral ischaemia) may
make these patients more susceptible to the decreased
oxygen delivery associated with a lower transfusion
threshold. Considering this obvious paradox and con-
fliction, there is pressing need to generate high-quality
evidence to guide clinical RBC transfusion practices in
aSAH. The clinical impact of varied transfusion thresh-
olds in aSAH has never been studied in a large and
rigorous randomised trial. In collaboration with the
Canadian Critical Care Trials Group (http://www.ccctg.
ca), we aim to conduct such an RCT comparing two
RBC transfusion strategies in adult patients with aSAH
powered for clinically relevant outcomes. To inform and
justify our large trial, we are conducting a pilot RCT to
assess feasibility and strengthen the design of the
large-scale trial.

METHODS AND ANALYSIS
Study design
The Aneurysmal SubArachnoid Hemorrhage—Red
Blood Cell Transfusion And Outcome: a pilot rando-
mised controlled trial (SAHaRA Pilot Trial) is a multi-
centre open-label randomised controlled pilot trial in
patients with an acute aSAH at five Canadian academic
tertiary care hospitals. To reduce bias from the open-
label design, outcome assessors will be blinded to the
treatment assignments.

Objectives
Primary objective: To evaluate the feasibility of reaching an
optimal randomisation rate of at least one patient per
month per centre over the pilot trial period.

Secondary objectives: (1) To evaluate the feasibility of
obtaining: (a) at least 90% adherence to the allocated
study transfusion thresholds; (b) at least 90% adherence
to the study RBC transfusion protocol; and (c) ≥95% clin-
ical outcomes measures (modified Rankin Scale (mRS),
Functional Independence Measure (FIM) and EuroQOL
Quality of Life Scale (EQ5D)) at 6 and 12 months.

Patient population
To facilitate randomisation into the pilot trial, a subset
of patients most likely to meet randomisation criteria
will be identified (Screen Eligible Patients).
To be screened eligible for enrolment, patients must

meet all inclusion criteria and no exclusion criteria.
Inclusion criteria:
1. Age ≥18 years at the time of presentation
2. First ever episode aSAH
3. Confirmed aSAH diagnosis: as confirmed by treating

neurosurgeon or neurointerventionalist and sup-
ported by blood in subarachnoid space (demonstrated
on cranial imaging or cerebrospinal fluid positive for
xanthochromia) that is the result of a ruptured saccu-
lar aneurysm (confirmed by cranial imaging—CT,
magnetic resonance or catheter angiogram)

4. Incident Hb ≤110 g/L within 14 days following aSAH
(defined by first day of hospital presentation)

Exclusion criteria
1. Physician and or next of kin decision to withdraw/

withhold critical care at the time of enrolment
2. Active bleeding with haemodynamic instability at the

time of enrolment
3. Patients with contraindication or known objection to

blood transfusions
4. SAH due to causes other than saccular aneurysm

rupture including mycotic, traumatic and dissecting
aneurysms, and aneurysms associated with arterioven-
ous malformations
Our exclusion criteria are in place to prevent enrol-

ling patients who: (1) would not benefit from the inter-
vention; (2) object to the intervention; and/or (3) have
sustained a bleed due to mechanistically different causes
whose pathophysiological properties are not necessarily
shared with aSAH.
Screen eligible patients who experience an incident

Hb ≤100 g/L within 14 days following aSAH will be
randomised.

Randomisation and allocation concealment
Figure 1 provides a schematic description of the trial
design. Local research coordinators will screen each
patient admitted to either the ICU, intermediate care
unit or step-down unit (where applicable) or neurosurgi-
cal inpatient unit in the setting of aSAH for up to
14 days after the qualifying bleed. Enrolment and ran-
domisation over 14 days is necessary as previous work
has demonstrated that the negative effect on outcome
was most pronounced in patients with anaemia between
days 6 and 11.24 Further, our observational study
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demonstrated that 95% of incident anaemia occurred
within the first 14 days, and that 97.4% did so while
admitted to a high-acuity unit.25 The risk of new-onset
vasospasm, a significant threat to morbidity and mortal-
ity in this population is highly unlikely to begin after
14 days, but its duration may surpass this period.19 A
Screen Eligible period is essential to focus study
resources on the group of patients most likely to be ran-
domised, to capture the first occurrence of anaemia (to
minimise any exposure time below their allocated transfu-
sion threshold) and to optimise the randomisation rate.
The study team will screen daily haemoglobin values (or
more frequent as clinically indicated and/or as deemed
by treating team) of Screen Eligible Patients.
Patients meeting eligibility criteria (or their substitute

decision maker) will be approached for consent by the
site research coordinator in accordance with standard
local procedures as approved by each local REB and in
accordance with Good Clinical Practice. A mixed
consent model (a priori and deferred consent models),
pending on local REB approval, will be used. A web-
based randomisation system maintained at the
Coordinating Center will be used to allocate treatment
assignments. Under the guidance of the site principal
investigator or research coordinator, the participant’s
eligibility criteria will again be confirmed with a check-
list using a web interface. On meeting the randomisa-
tion criteria, patients will be randomised in a 1:1
manner to either liberal (intervention) or restrictive
(control) RBC transfusion strategy groups. A schedule
of the random treatment allocations, stratified by centre
will be prepared by an independent biostatistician at
the Coordinating Center. All investigative team
members will remain blinded to the allocation
schedules.

Intervention
Patients fulfilling the eligibility criteria will be randomised
to either a liberal or restrictive RBC transfusion strategy.

Intervention group: liberal RBC transfusion strategy
In this intervention group, an RBC transfusion will be
triggered by a haemoglobin level of ≤100 g/L over the
first 21 days in hospital following aSAH.

Control group: restrictive RBC transfusion strategy
For patients randomised to this group, an RBC transfu-
sion is permitted once a haemoglobin level of ≤80 g/L
is observed over the first 21 days in hospital following
aSAH. RBC transfusion will not be mandatory under this
threshold, ‘usual care’ rather will prevail and the deci-
sion to and timing of transfusion will be left to the dis-
cretion of the treating team.

Both groups
All RBC transfusions will be a single unit unless the
patient has an active blood loss associated with haemo-
dynamic instability. In stable non-bleeding patients, a
second unit of RBCs should only be given if a measured
post-transfusion haemoglobin level remains below the
patient’s assigned threshold.

Justification of the two triggers
Intervention: Liberal RBC transfusion trigger (100 g/L):
supported by:
A. Physiological evidence that RBC transfusion increases

oxygen delivery and cerebral tissue oxygen
tension.26–28

B. Among SAH patients with haemoglobin <110 g/L,
compared with induced hypertension and fluid
bolus, RBC transfusion was the only intervention
demonstrated to significantly reduce (47%) the
number of cerebral regions with low oxygen delivery
per patient. Among those with low global oxygen
delivery, RBC transfusion resulted in a significant
larger rise in global oxygen delivery.26

C. A small physiological study of aSAH patients (N=8)
demonstrated stable cerebral blood flow, an increase
in oxygen delivery and a decrease in the oxygen

Figure 1 SAHaRA trial design.
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extraction fraction with an RBC transfusion at a
haemoglobin level of <100 g/L.29

D. A haemoglobin level of <100 g/L was associated with
brain tissue hypoxia and metabolic distress compared
with those with haemoglobin >100 g/L.30

E. The maximum threshold haemoglobin to trigger
RBC transfusion in the context of a study among the
531 intensivists, neurointensivists and neurosurgeons
surveyed was 100 g/L.23

Control: Restrictive RBC transfusion trigger (80 g/L):
supported by:
A. In a survey of 531 practicing intensivists, neurointen-

sivists and neurosurgeons in North America, the
median haemoglobin to trigger a transfusion ranged
from 75 to 80 g/L depending on SAH grade.23

B. Among practicing intensivists, neurointensivists and
neurosurgeons, the lowest acceptable threshold
haemoglobin to trigger an RBC transfusion was 70 g/L
in >70% of respondents.23

C. A Canadian multicentre observational study (N=434)
conducted in four academic centres in 2012 and
2013 completed by the SAHaRA study team demon-
strated that the median pretransfusion haemoglobin
was 79 g/L (IQR 74–93 g/L).31

A transfusion trigger of 100 g/L has previously been
shown to be safe in an aSAH population.18 The allocated
transfusion strategy will be applied from the time of

randomisation to day 21 after the original bleed, death
or hospital discharge, whichever comes first. The first
21 days following aSAH represent the period of greatest
vulnerability to the direct consequences of aSAH, and
the sequelae, including vasospasm, that follow.

Outcomes
Primary outcome
The primary feasibility end point is the number of
patients randomised per centre per month over the
study period. We expect, among patients suffering from
aSAH and anaemia, 1.5 patients/month at each of five
sites to be randomised into the trial. We reason that an
optimal randomisation rate of 1.5 participants/month/
site and as low as one participant/month/site will be
necessary to demonstrate the feasibility of conducting
the larger planned trial (figure 2). This outcome is
objective, readily measurable and feasible based on data
generated from a cohort study conducted by the
authors.

Secondary outcomes
A. Transfusion threshold adherence will be described as the

proportion of ‘per protocol’ RBC transfusion events.
A transfusion threshold event is defined as an occur-
rence which starts when a haemoglobin value is mea-
sured at or below the allocated threshold for the first

Figure 2 Effect of recruitment rate on study duration: projects 5 sites with staggered initiation of enrolment.
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time since the previous event and ends when one of
the following occurs: (1) an RBC transfusion is admi-
nistered; or (2) a repeat haemoglobin is obtained
above the allocated threshold within 24 hours of the
original measure.
Transfusion threshold non-adherence will be considered
to have occurred with any of the following: (1) an
RBC transfusion occurs before a transfusion thresh-
old is crossed; or (2) in the liberal arm, a transfusion
is not given following a threshold crossing.
Transfusion threshold non-adherence will be consid-
ered a deviation if: (1) the early transfusion occurs
within 5 g/L above the allocated threshold (eg,
≤105 g/L for the liberal arm or ≤85 g/L for the
restrictive arm) or, (2) in the liberal arm, an RBC
transfusion does not occur for a haemoglobin
measure up to 5 g/L below the threshold (ie, a trans-
fusion does not occur for an Hb of 95–100 g/L). All
other threshold event non-adherences that are
greater or less than 5 g/L for the liberal threshold
and >5 g/L below the restrictive threshold will be
considered a protocol violation. Transfusion outside
of haemoglobin thresholds for symptomatic anaemia
or in the event of an active blood loss associated with
haemodynamic instability, as defined by the treating
team, will be recorded, but not considered a protocol
violation. Details on non-adherence (date and
haemoglobin level prior to transfusion) and reasons
for non-adherence (eg, physician preference, patient
instability, active bleeding, safety concern) will be
recorded.
B. RBC transfusion protocol adherence: The SAHaRA
investigators recognise the importance of minimising
exposure time below the allocated transfusion thresh-
old and thus every effort shall be put forth to admin-
ister the transfusion expeditiously. For the pilot, we
endeavour not to exceed 6 hours from transfusion
threshold event to transfusion initiation, in keeping
with revascularisation time performance measures in
stroke literature.32 33 The median time (and IQR) to
RBC transfusion will be described. Transfusion proto-
col adherence will be defined as the proportion of
RBC transfusions that are initiated within 6 hours.
Non-adherence will be considered to have occurred
if there is a delay of more than 6 hours between
transfusion threshold event and transfusion initi-
ation. Transfusions occurring between 6 and
24 hours will be considered a protocol deviation and
>24 hours from the threshold event will be consid-
ered a violation.
C. Clinical outcome ascertainment will include ability to
capture vital status at discharge, mRS score at 6 and
12 months and the FIM and the EQ5D at 12 months.
The mRS, FIM and EQ5D will be completed by asses-
sors blinded to participant treatment allocation. Each
of the outcome assessment measures have been
selected because they examine different aspects of
the three primary levels of body function and stroke

rehabilitation (impairment, activity and participa-
tion)34 and are specifically validated and recom-
mended outcome measures in stroke research.35 The
mRS is used as the outcome measure over mortality
as it includes a spectrum allowing consideration of
severe disability and mortality together as both are
highly clinically significant. Neurological outcome as
assessed by mRS is a common outcome in the aneur-
ysmal SAH literature9 18 36–39 and is readily interpret-
able in this community. It takes <15 min to
administer, and can be completed using a structured
interview40–42 or as a telephone interview.43 The FIM
is a validated44 45 tool consisting of 18 items that
assesses 13 different motor and 5 cognitive tasks pre-
viously tested in stroke populations, including
aSAH,44 46 and has an established minimal clinical
important difference in this population.47 It has
demonstrated excellent consistency in inter-rater reli-
ability and internal consistency specifically in neuro-
logical disorder populations. It is easy to administer
and is validated for use by telephone and via proxy
respondents.34 The EQ5D is a short and simple
two-part questionnaire that may be self-administered,
completed by interview or via a proxy respondent,
and is used to value and describe health states.34

Baseline characteristics, cointervention, outcome
assessment and follow-up
A secure web-based prepiloted data collection form will
be maintained by the host centre and utilised for data
entry and management. Important baseline character-
istics (table 1) will be captured at the time of enrolment
for comparison between the two study groups to demon-
strate the effectiveness of randomisation. In this trial,
patient management outside of RBC transfusion will be
left to the discretion of the treating team and in accord-
ance with practice guidelines19 which will be made avail-
able to all participating centres and clinicians. All major
cointerventions (eg, vasospasm, aneurysm and blood
pressure management—table 2) will be carefully docu-
mented with daily record by the investigative team.
Other clinical outcomes being collected include inci-
dence and severity of vasospasm, incidence of cerebral
infarction not directly related to complication from
securing aneurysm, need for intubation, tracheostomy,
percutaneous gastrostomy tube and/or ventricular shunt
and ICU and hospital lengths of stay.
Descriptive metrics will be used to measure feasibility,

including the primary outcome of randomisation rate.
These data will be gathered prospectively at each study
centre by a trained and qualified study nurse or practi-
tioner using an electronic case report form. The
number of eligible but not enrolled patients will be
tracked, and reasons for non-enrolment will be
recorded. Protocol adherence will be assessed prospect-
ively by trained study personnel and all episodes of non-
adherence to protocol will be adjudicated by three
members of the steering committee, blinded to clinical
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outcome. Protocol adherence will be reported as a ratio
of total correct transfusion threshold events to a combin-
ation of total number of transfusion events (needed or
not needed per protocol) and total number of missed

transfusion non-adherence events. Feasibility of outcome
assessment will be measured by the ability to obtain the
defined outcome measures at the prespecified time
periods. The three outcome measurement instruments

Table 1 Important baseline characteristics (from time of enrolment and randomisation) to be prospectively collected

Factor Variable to capture

Age at enrolment7 14 24 48 49 Age in years

Sex6 Male or female

History of CAD, HTN6 49 Present or not

SAH clinical severity6 7 13 14 24 48 49 WFNS score

SAH radiographic severity13 24 49 Modified Fisher Scale Score

Hydrocephalus49 Need for EVD

Aneurysm size and location48 Size (mm), artery involved

Method aneurysm secured6 24 50 Clip or coil or not secured

Presence of vasospasm7 10 13 24 49 Radiographic or clinical vasospasm*

Presence of cerebral infarct5 48 49 Cerebral infarct on prerandomisation imaging

*Radiographic vasospasm defined as a reduction in cerebral artery diameter on digital subtraction angiography and classified as mild (0–33%
reduction), moderate (34–66% reduction) or severe (67–100% reduction) or by transcranial Doppler with a mean middle or anterior cerebral
artery flow velocity of >200 cm/s or an increase of >50 cm/s/24 hours on repeated measures and a Lindegaard ratio of ≥3, clinical vasospasm
requires the radiographic diagnosis with clinical neurological deterioration (defined as an otherwise unexplained decrease in Glasgow Coma
Scale score of ≥2 points for ≥2 hours or new focal neurological deficit).
CAD, coronary artery disease; EVD, external ventricular drain; HTN, hypertension; SAH, subarachnoid haemorrhage; WFNS, World
Federation of Neurosurgeons.

Table 2 Important cointerventions to be prospectively collected

Cointervention Variable to capture Operationalisation

Vasospasm*7 10 13 48 49

Vasospasm prophylaxis Hyperdynamic therapy (prior

to diagnosis of vasospasm)

▸ Use of vasopressors to drive a target

MAP>65 mm Hg

▸ Use of intravenous fluid infusions or regular

boluses over maintenance

▸ Use of intravenous fluids to target specific

haematocrit

Magnesium (prior to diagnosis

of vasospasm)

▸ Use of magnesium intravenous infusion

Chemical vasodilators (prior to

diagnosis of vasospasm)

▸ Use of infusion of vasodilator (intravenous) or

any IA use (eg, milrinone, paperavine, CCB,

etc)

Vasospasm treatment Hyperdynamic therapy (after

diagnosis of vasospasm)

▸ Same criteria as above

Magnesium ▸ Same criteria as above

Mechanical vasodilation ▸ Use of balloon angioplasty

Chemical vasodilation ▸ Use of infusion of vasodilator (intravenous) or

any IA use (eg, milrinone, paperavine, CCB,

etc).

Definitive aneurysm management (if

completed postrandomisation)6 24

Clip vs coil ▸ Used or not

Time to clip or coil ▸ Minutes

Blood pressure management31 Daily use of vasopressor ▸ Used or not

Highest daily target MAP ▸ mm Hg

Fever/temperature regulation5 48 fever ▸ Daily highest temperature

*Radiographic vasospasm defined as a reduction in cerebral artery diameter on digital subtraction angiography and classified as mild (0–33%
reduction), moderate (34–66% reduction) or severe (67–100% reduction) or by transcranial Doppler with a mean middle or anterior cerebral
artery flow velocity of >200 cm/s or an increase of >50 cm/s/24 hours on repeated measures and a Lindegaard ratio of ≥3, clinical vasospasm
requires the radiographic diagnosis with clinical neurological deterioration (defined as an otherwise unexplained decrease in Glasgow Coma
Scale score of ≥2 points for ≥2 hours or new focal neurological deficit).
CCB, calcium channel blocker; IA, intra-arterial; IV, intravenous; MAP, mean arterial pressure.
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(mRS, FIM and EQ5D) will be implemented by a
trained and qualified study coordinator blinded to
the intervention according to the defined schedule
(table 3). Vital status at discharge and adverse events will
be captured using a case report form prospectively by
the site investigator or the research coordinator.

Executive and Steering Committee roles and
responsibilities
The Ottawa Hospital Research Institute is the host and
trial method’s centre. The eight members of the
SAHaRA Executive Committee will oversee all aspects of
the study as well as larger research agenda business and
will meet quarterly (via teleconference) to discuss any
challenges. The Executive Committee will also contrib-
ute to the formulation of the analytical plan, data inter-
pretation and the drafting and revisions of future
manuscripts. The Steering Committee will consist of all
coinvestigators participating in the trial. They are
responsible for all aspects of study initiation and
conduct at their respective sites. These include timely
submissions to research ethics boards and supervision of
the research coordinators who will screen, enrol,
consent and collect data during the pilot, monitoring of
recruitment and monitoring adherence to study proto-
col, and any operational challenges associated with the
pilot RCT.

Ethics, confidentiality and data monitoring body
The study protocol has been approved by the host
centre (Ottawa Health Science Network Research Ethics
Board (REB)—OHSN-REB 20150433-01H). The

intervention and control arm of the trial are part of usual
care in many centres, and thus, the research risk to par-
ticipants is minimal. Safety considerations are addressed
within the protocol, and allow for individualised care
where needed. In addition to potentially intervention-
related adverse event reporting, predefined expected
adverse events will be prospectively monitored and
include acute respiratory distress syndrome, cardiovascu-
lar failure, cardiac ischaemia/infarction, venous
thromboembolic events, septic shock, hospital-acquired
infections and transfusion reactions.
All participant data will be deidentified to ensure con-

fidentiality and through the assignment of an anonym-
ous identifier by the web-based randomisation tool and
data collection form. All data will be collected and
stored in firewall-protected, secure servers at the host
centre according to institutional and REB policy and in
accordance with Good Clinical Practice.
A three-member independent Data Safety Monitoring

Committee (DSMC) has been assembled and will
oversee the progression of ascertaining the pilot objec-
tives and all trial safety aspects according to a prescribed
schedule, DSMC Charter and GCP reporting.

Sample size
A sample size of 60 patients will allow us to evaluate
enrolment rate averaging 1.5 patients per month per
centre with 5 centres over a 1-year study period. Based
on our cohort study, we expect that 90 eligible patients
will need to be screened into the study to achieve a ran-
domised sample of 60 patients (ie, more than 2/3 of
patients with a haemoglobin of ≤110 g/L had a nadir of

Table 3 Schedule of assessments

Assessment Baseline

Prospective—

daily

Hospital

discharge 6 months 12 months

Eligibility criteria X

Recruitment X

Informed consent X

Randomisation X

Baseline demographics X

Medical history X

Physical examination including BP, O2 sat, GCS X X X

Baseline labs X

aSAH clinical grade X

Neuroimaging (U/S, CT, MRI, Angio…) X

Vasospasm monitoring (CTA, U/S, angio . . .)

and management

X X X

Laboratory results X X

Transfusion requirements X X

Cointervention log X X

Adherence to treatment X X

AE review X X

Neurological outcome (mRS) X X X

Functional independence measure (FIM) X

EuroQOL Quality of Life Scale (EQ5D) X

GCS, Glasgow Coma Score; U/S, ultrasound.
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100 g/L or less). All five proposed pilot trial sites are
academic tertiary care centres with ∼60–120 aSAH
admissions per year. Our sample size will also allow the
demonstration of a protocol adherence rate of 90% with
a 95% CI of 82.4% to 97.6%.

Analytical plan
A. Descriptive analyses: Baseline characteristics and man-

agement data will be presented with means (continu-
ous measures) or proportions (categorical or ordinal
data) with 95% CIs.

B. Primary outcome: Using descriptive statistics, the
median randomisation rate (patients/month) overall
and per centre over the study duration will be calcu-
lated and reported with IQR. Only actual months
where each centre is actively recruiting patients will
be considered in the analysis (ie, staggered start up
across centres). Figure 2 demonstrates the effect of
different randomisation rates on study duration and
hence feasibility. A rate of <1 patients/month per
centre will prompt a site review of the screening log
to examine reasons for missed eligible patients and
to discuss how to increase recruitment rate.
Achieving our internal pilot primary objective of a
randomisation rate of 1.5 patients per month per
centre will allow us to complete the large trial in
3.5 years with 10 recruiting centres.

C. Secondary outcomes: Secondary feasibility outcomes will
be reported using descriptive statistics. Protocol
adherence will be reported as a proportion as
described above. Overall protocol adherence as well
as adherence in the two individual study arms will be
reported. Given the internal pilot design, with the
plan to include these data in the large trial if no sub-
stantial changes to the protocol are made after the
pilot trial, clinical outcomes will be described in
aggregate using descriptive statistics.

Study timeline
We estimate a study duration of 30 months. Study centre
identification is complete. Patient enrolment began in
mid-October 2015 and will take 12 months per centre to
complete or 16 months total assuming a staggered start
(to allow for different lead times for site preparation
including contracts and REB approval). The last clinical
outcome measure is thus expected at 28 months leaving
two additional months for data cleaning and analysis for
manuscript preparation.

Dissemination
The results of the SAHaRA Pilot RCT will be dissemi-
nated to the participating centres. As an internal pilot
RCT, should no significant modification of the protocol
be necessary, participant data will be included in the
planned larger trial powered to clinically important out-
comes. The results of the pilot will be incorporated with
the larger trial and submitted to peer-reviewed journals
for publication and presented at conferences.

DISCUSSION
The TRICC trial,22 the first rigorous trial comparing dif-
ferent RBC transfusion thresholds in a critically ill
patient population, remains significant today and con-
tinues to guide management of many ICU populations.
However, several subpopulations were under-represented
(or not at all) in this study, such that the debate of
optimal transfusion threshold continues to plague physi-
cians at certain ICU bedsides. The neurocritically ill,
specifically aSAH patients, are such a population. The
clinical importance of varied transfusion thresholds in
aSAH has never been studied in a large and rigorous
randomised trial. The only RCT used transfusion thresh-
olds that differ significantly from stated current practice,
and was not powered for clinically meaningful out-
comes.18 The need for quality evidence to guide transfu-
sion practice in aSAH has been identified by many
influential societies, editorials and practice guide-
lines.15 19 20 51 The uncritical use of variable thresholds
does not advance patient outcome or physician practice.
Accomplishing the feasibility objectives of this pilot

trial will ensure the successful completion of the future
large trial. A pilot trial powered to feasibility outcomes is
the essential initial step in the preparation for and even-
tual successful completion of the more costly larger trial,
powered to clinically relevant outcomes.52 Our multicen-
tre design is essential to demonstrate the feasibility of
enrolment and randomisation into the study and across
centres. A 12-month enrolment period will enable us to
determine the feasibility of recruitment at individual
centres. Only an open-label design is feasible in an RBC
transfusion strategy trial, given the inability to blind
bedside clinicians to haemoglobin levels in the safe man-
agement of these patients. Similar open-label trial
designs have been successfully completed in RBC trans-
fusion trials involving other patient populations.22 53–55

Further, prospective randomised open-label blinded end
point (PROBE) designs have been used in multiple suc-
cessful, practice-changing stroke trials.56–58 To minimise
potential bias imposed from open-label treatments, our
clinical outcome measures will be completed by a
blinded assessor who has not been involved in patient
management and is unaware of treatment assignment.
We will demonstrate the feasibility of collecting the pro-
posed clinical outcomes of the large RCT (neurological
functional outcome using mRS at 6 months and 1 year,
as well as the FIM and EQ5D at 1 year) by observing the
same follow-up schedule.
The results of the SAHaRA internal pilot trial will dir-

ectly inform the conduct of and guide the successful
completion of the larger RCT. The SAHaRA trial will
clarify the role of treating anaemia with RBC transfusion
in this unique and vulnerable patient population, and
whether that impacts on functional outcome and mortal-
ity. We hypothesise an improvement in outcome with the
treatment of anaemia which, if substantiated, would dra-
matically change the management of these patients by
intensivists, neurologists and neurosurgeons worldwide.
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A null result would provide the necessary evidence to the
bedside clinician that a restrictive transfusion approach is
safe and prevent the unnecessary risk imposed by blood
product transfusion that regularly occurs.
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