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ABSTRACT
Introduction: When used appropriately, transfusion of
red blood cells (RBCs) is a necessary life-saving
therapy. However, RBC transfusions have been
associated with negative outcomes such as infection
and organ damage. Seeking explanations for the
beneficial and deleterious effects of RBC transfusions
is necessary to ensure the safe and optimal use of this
precious resource. This study will create a framework
to analyse the influence of blood donor characteristics
on recipient outcomes.
Methods and analysis: We will conduct a multisite,
longitudinal cohort study using blood donor data
routinely collected by Canadian Blood Services, and
recipient data from health administrative databases. Our
project will include a thorough validation of primary
data, the linkage of various databases into one large
longitudinal database, an in-depth epidemiological
analysis and a careful interpretation and dissemination
of the results to assist the decision-making process of
clinicians, researchers and policymakers in transfusion
medicine. Our primary donor characteristic will be age
of blood donors and our secondary donor
characteristics will be donor–recipient blood group
compatibility and blood donor sex. Our primary
recipient outcome will be a statistically appropriate
survival analysis post-RBC transfusion up to a
maximum of 8 years. Our secondary recipient
outcomes will include 1-year, 2-year and 5-year
mortality; hospital and intensive care unit length of
stay; rehospitalisation; new cancer and cancer
recurrence rate; infection rate; new occurrence of
myocardial infarctions and need for haemodialysis.
Ethics and dissemination: Our results will help
determine whether we need to tailor transfusion
based on donor characteristics, and perhaps this will
improve patient outcome. Our results will be
customised to target the different stakeholders involved
with blood transfusions and will include presentations,
peer-reviewed publications and the use of the
dissemination network of blood supply
organisations. We obtained approval from the Research
Ethics boards and privacy offices of all involved
institutions.

INTRODUCTION
Transfusion of red blood cells (RBCs) is a
necessary, life-saving intervention. RBCs are
given to increase oxygen delivery to tissues in
clinical situations where the haemoglobin
level is low (anaemia). Approximately 1.1
million RBC units are collected and trans-
fused each year in Canada.1 2 They are used
across a variety of medical and surgical scen-
arios. Approximately 30% of critical care
patients, and more than 50% of cardiac
surgery patients will receive blood products
during their hospital stay.3 4 Owing to their
common clinical use and the necessary pre-
cautions to ensure their safety, the use of
blood products is associated with significant
costs to the Canadian healthcare system. In
2012, the total Canadian Blood Services’
(CBS) budget for transfusion products was
$473 million dollars1 and close to $366
million dollars for Héma-Québec.2 These
totals do not account for the cost of adminis-
tering the blood products or the additional
societal costs associated with transfusion. For
RBCs, the societal cost associated with a
transfusion has been estimated to be greater
than $400 per unit.5 With more than 1.1
million RBC units delivered to Canadian hos-
pitals and clinics in 2012, one can only begin
to grasp the clinical and economic import-
ance and impact of RBC transfusions on our
healthcare system.1 2 Given such a precious
resource, we need to ensure that we maxi-
mise the benefit and minimise the risks in
transfusion recipients.
Much effort has been undertaken over the

past 30 years to mitigate risks and promote
appropriate practice regarding the screening,
collection, storage, distribution and transfu-
sion of blood products. Indeed, the blood
system has never been safer. However, there
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are potentially other factors that may contribute to trans-
fusion safety that have not been addressed. Transfusions
of RBCs are used extensively in clinical practice and the
identification of novel risk factors for adverse transfusion
outcomes may generate new research hypotheses to
improve the safety of RBC transfusion and potentially
improve clinical outcomes.
Even if anaemia is clearly associated with adverse out-

comes, it is unclear if transfusion of RBCs will improve
outcomes in all patients. In fact, several large and robust
clinical trials6–8 suggest that a liberal transfusion strategy
(ie, transfusing blood at a higher haemoglobin concen-
tration) is not helpful and may be harmful as compared
to a restrictive transfusion strategy. Additionally, a recent
systematic review suggested that RBC transfusions may
be associated with increased morbidity and mortality.9

Seeking explanations for the beneficial and deleterious
effects of RBC transfusions is necessary to ensure the
safe and optimal use of a precious biological resource.

Mitigating the risks: careful selection and
screening of donors
The risks associated with blood transfusion have been well
documented and described.9–11 Critical improvements in
blood compatibility testing and red cell preservation at the
beginning of the 20th century allowed the large-scale use
of blood for both soldiers during times of war and the
general population.12 The discovery of blood-transmissible
diseases such as syphilis and hepatitis B, and the tragedies
of contaminated blood with hepatitis C and HIV in the
1980s and 1990s, prompted systems changes to markedly
increase the safety of blood transfusion and a keen aware-
ness of the infectious and immunological risks associated
with transfusion.10 11 Owing to interventions to decrease
the risk of transfusion-associated infections, the risk of
transfusion-related infections is now very low (approxi-
mately 1 in 8 million for HIV, 1 in 6.7 million for hepatitis
C and 1 in 1.7 million for hepatitis B).13

Recent evidence demonstrates that clinical outcomes
following transfusion, including important mortality and
mobility, are impacted by many non-infectious transfu-
sion adverse events including acute and delayed haemo-
lytic reactions, transfusion-related acute lung injury
(TRALI), transfusion-associated circulatory overload
(TACO) and hypotensive reactions. Other transfusion-
related effects such as transfusion-related immunomodu-
lation (TRIM) are well documented in terms of their
biological effects,10 but their association with clinical
outcomes is not clear. ‘Standard’ blood products have
important biological variability that can create interac-
tions between the donor and the recipient which can
impact the clinical efficacy and safety of a blood transfu-
sion. In situations where the benefits of an intervention
are uncertain, and known risks are present, it is essential
that risks are minimised and potential clinical benefits
are maximised. Thus, we need to examine all factors
that could contribute to morbidity and mortality from
the effect of RBC transfusions.

Blood donor characteristics may affect
transfusion outcome
Transfusion reactions, immune or non-immune mediated,
may occur during, immediately following or be delayed in
presentation after a transfusion and affect recipient out-
comes. Although non-immune reactions such as citrate
toxicity, air embolism and others are unlikely to be related
to donor characteristics, immune reactions may be.
Immune reactions in the recipient are caused by either
donor cytokines (such as interleukins and tumour necrosis
factor) or antibodies present in residual plasma.3 10

Reactions may range from benign fever to very severe out-
comes such as anaphylaxis, shock or death.14

Transfusion outcomes may, however, be affected by
more than transfusion reactions. TRALI, an acute lung
injury occurring within 6 h after the transfusion of a
blood product, is the leading cause of transfusion-related
mortality.15 Recent epidemiological studies associate the
presence of human leucocytes antibodies and human
neutrophil antibodies in the donors’ plasma, and a
history of pregnancy with the risk of TRALI (female sex,
OR 4.5, 95% CI 1.08 to 3.04).15 This led to a policy
change to use male-only plasma for transfusion and a
subsequent reduction in TRALI (OR 2.57, 95% CI 1.92
to 3.86 for reduction of TRALI) in Canada.16 Similar
results using TRALI reduction strategies have been
observed in the UK17 and the USA.15

TACO is a common adverse complication where pul-
monary oedema secondary to volume overload occurs
following a blood transfusion. It is associated with
increased mortality and hospital length of stay.18 It is
likely that other mechanisms beyond simple fluid over-
load are involved since 20% of reported cases of TACO
followed the transfusion of only one RBC unit. Further,
fever is often associated with TACO, suggesting that
there are characteristics of the blood that can contribute
to events that are most likely donor related.19

Another major postulated mechanism for adverse out-
comes after transfusion is TRIM. Immunomodulation
secondary to transfusion has been associated with
adverse clinical outcomes such as infection, acceleration
of cancer growth, multiple organ dysfunction and mor-
tality after transfusion.3 20 These transfusion-related
adverse outcomes have all been suggested to be related
to donor characteristics and such association needs
further study.

How can the donor–recipient continuum be investigated?
Studying the impact of donor and recipient factors on
outcomes following RBC transfusion is difficult due to
the independent nature of the blood system (donation
and preservation) and healthcare settings (cross-
matching and transfusion of recipients). To perform
such a study, one has to be able to track blood from
‘vein-to-vein’. The blood supply chain in most parts of
the world, including Canada, is not structured to facili-
tate such analyses. Blood is usually collected, processed,
and all information pertaining to the donor is
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confidentially stored in the central database of blood
service organisations. No donor information is encoded
on the RBC apart from the blood group and limited
information regarding the collection and manufacture
process. The blood is then delivered to hospitals where
it is managed by the hospital’s respective blood bank.
Mechanisms exist to monitor transfusion-related reac-
tions and a ‘per-case’ analysis can be performed on
blood units that may be associated with such reactions. If
needed, the original donor may be tracked (eg, in cases
of transmitted infections or TRALI) from a unique iden-
tifier on the blood unit. However, this is done manually
and is labour intensive.
Haemovigilance has improved with the discovery of

HIV, hepatitis B and C, and other blood transmissible
pathogens. As a result, prospective registries of blood
donors, tests performed on blood and the ability to
trace blood have been implemented in many countries.
Examples of such databases include the Serious Hazards
of Transfusion (SHOT) database from the UK21 and the
Retrovirus Epidemiology Donor Study (REDS) from the
USA.22 The SHOT database, which depends on
outcome reporting by transfusing hospitals, records
adverse reactions from blood transfusions; donor data
and data for other transfused patients having no adverse
event reported are not collected. The third phase of
REDS will link donor and recipients to assess recipient
outcomes in approximately 7–10 years.23

Internationally, very few countries and/or organisations
can follow blood from the donor to the recipient. The
most advanced database of this kind is potentially the
Scandinavian Donations and Transfusions (SCANDAT)
database, a joint project from Sweden and Denmark that
provides complete follow-up on the outcome of transfused
patients.24 This group demonstrated feasibility of
‘vein-to-vein’ studies using this database.25–27 The Danish
Transfusion Database also has the ability to track blood
from donors to recipients. However, this database is less
focused on transfusion recipient outcomes, and more
focused on blood use. Finally, to study blood utilisation in
their country, the Netherlands recently performed this
type of linkage between donors and recipients, and pub-
lished a study of transfusion practices.28

In Canada, the blood supply is managed in all pro-
vinces but Québec by CBS, which collects all donor-
related data. There are also several data collection strat-
egies leading to large administrative databases within the
Canadian healthcare system. Despite the potential to
follow blood from donors to recipients with these vast
and robust data sets, there is currently no interoperabil-
ity between them. With this proposed framework, and
given our information system expertise, we have the
ability to create a ‘vein-to-vein’ infrastructure, which is
key to improving the current knowledge of the clinical
impact of RBC transfusion. With our unique position,
we aim to create a framework that will allow the investi-
gation of the effect of blood donor characteristics on
outcomes of transfusion recipients.

METHODS AND ANALYSIS
We will conduct a multisite, retrospective, longitudinal
cohort study using data collected from blood donors by
CBS, and clinical short-term and long-term outcome
data from hospital and provincial health administrative
databases. This study will include the thorough valid-
ation of the primary data if needed, the linkage of the
various databases into one large longitudinal database,
an in-depth epidemiological analysis to answer our ques-
tions, and a careful interpretation and dissemination of
the results to assist the decision-making process of clini-
cians, researchers and policymakers in transfusion medi-
cine. Our study will serve as a framework to develop
future blood transfusion surveillance programmes to
allow for the comprehensive monitoring of the blood
donor–recipient continuum.

Research question
The target population will be all patients who receive an
RBC transfusion. The studied exposures include donor
age as the main exposure, and donor sex, donor–recipient
compatibility and blood type as secondary exposures.
Our primary outcome will be a statistically appropriate
recipient survival analysis post-RBC transfusion up to a
maximum of 8 years. Our secondary outcomes will include
1-year, 2-year and 5-year mortality; hospital and intensive
care mortality; hospital and intensive care unit length of
stay; rehospitalisation; new cancer and cancer recurrence
rate; infection rate (methicillin-resistant Staphylococcus
aureus and Clostridium difficile as validated infectious out-
comes and surrogates for hospital-acquired infections);
new occurrence of myocardial infarctions and the need
for haemodialysis (as a surrogate for severe chronic renal
failure). These secondary outcomes were selected both
based on the quality and accuracy of these outcomes in
the source registries, and in order to cover a clinically rep-
resentative range of adverse short-term and long-term
events after transfusion (mortality, cardiovascular, oncol-
ogy, mortality, infections, renal). The planned study time
frame will be from 25 October 2006 to 31 December 2013.
At this stage of the programme, we will include the follow-
ing hospitals in the Ottawa region: The Ottawa Hospital—
General Campus, The Ottawa Hospital—Civic Campus,
The University of Ottawa Heart Institute and The Ottawa
Hospital—Riverside Campus.

Source of data
We will obtain the data for the required analyses from dif-
ferent sources. Recipient data will first be obtained from
The Ottawa Hospital (TOH) Data Warehouse. TOH Data
Warehouse integrates data from several systems used at
the hospital including, but not limited to, patients,
encounters, services, emergency visits, census informa-
tion, health records abstracts, facility and capacity history
and laboratory information services. The data are
entered in their respective systems and then transformed
and reformatted to be stored centrally at TOH.
Additional outcome data will be obtained from the
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Institute for Clinical Evaluative Sciences (ICES). ICES
houses Ontario’s health administrative databases. The
most relevant ICES data sets for this study include the
Canadian Institute for Health Information’s Discharge
Abstract Database, the Ontario Cancer Registry, the
Ontario Health Insurance Plan database, the Registered
Persons Database and the Ontario Drug Benefit data-
base.29 Data linkage at ICES will allow us to measure
patient survival beyond the initial hospitalisation, and to
collect information on further hospitalisations, renal and
cardiovascular outcomes, as well as cancer-related
information.
Donor information will be obtained from the CBS data-

base. The CBS database includes demographic informa-
tion on blood donors, the units of all collected blood and
the results of the biological tests performed on the indi-
vidual blood donations. The objective of this database is
to collect basic health information, high-risk activities
and blood characteristics on blood donors, such as ABO
group and microbiological testing. This information is
then used to exclude high-risk donors before or after
they give blood for safety of the donor or the recipients,
and serves as a repository of information for trace-back
investigations of any adverse transfusion events.30

Identification of transfused patients
We will include any patient, hospitalised or not, who
received one or more allogeneic RBC units between 25
October 2006 and 31 December 2013. The 25 October
2006 was the date when all blood products transfused
started to be systematically stored centrally in the different
included institutions. We will exclude patients who received
autologous, directed or dedicated RBC transfusions.

Identification of blood donors
The donors will be identified from the unique RBC
transfusion unit numbers from the units given to the
recipient. We will not have any a priori exclusion criteria
for the identification of donors.

Database creation and linkage strategy
We will first identify all patients over the 8-year period
who received at least one allogeneic RBC unit. Patients
who received blood up to 31 December 2013 will be
included in the study. For each included patient, we will
collect the age, sex, hospital service where the transfu-
sion occurred, primary diagnosis, ABO and Rh blood
type, comorbid illnesses (using the validated Charlson
index),31–33 and pretransfusion haemoglobin values.
Short-term outcomes (hospital mortality, hospital and
intensive care length of stays) will also be gathered from
TOH Data Warehouse (figure 1).
Using the unique RBC unit number of each blood

product transfused, we will perform a direct linkage with
the CBS database to the corresponding blood donor
and perform appropriate linkage and data harmonisa-
tion for analysis (figure 2). For long-term outcomes
(mortality, rehospitalisation events, terminal renal

failure, myocardial infarctions and cancer rates), we will
use the patient’s Ontario Health Insurance Plan number
to link information from TOH Data Warehouse to
patient data housed at ICES.

Sample size
From preliminary descriptive work performed at the
included centres, we estimate that more than 200 000
RBC transfusions occurred during the study period,
representing approximatively 35 000 unique blood reci-
pients. The number of blood donors associated with
these patients cannot be estimated at this time.

Data quality and validation
All blood donors in Canada except for the Province of
Québec are required to register with CBS before donat-
ing blood. Therefore, the registry of blood donors is
complete. Data regarding the blood donor are self-
reported. CBS performs validation procedures to make
sure that the information reported by the donor is
encoded properly in the database. The same is true for
the results of the tests performed on the blood units.
Therefore, the information needed on the donor
(unique identifier, age, sex, ABO and Rh group) is
accurate and does not need validation for this project.
Data quality and accuracy for recipients will depend

on the studied variable or outcome. Objective informa-
tion such as age, sex and ABO and Rh group are
expected to be valid as they are subject to internal valid-
ation. Age and sex are entered automatically on scan-
ning of the patient’s healthcare number, and the ABO
group is transferred directly from the laboratory infor-
mation system. TOH Data Warehouse contains clinical
data regarding comorbidities using ICD-10CA codes for
coding, as well as administrative information. The valid-
ity of these codes for exposure and outcome may vary
from one variable to another and incorrectly assuming
the validity of these codes may lead to biased results.34 35

To address possible bias, the validity of each variable will
be assessed when needed. For codes and outcomes for
which the validity is not known, random manual chart

Figure 1 Schematisation of the framework. ICES, Institute

for Clinical Evaluative Sciences; CBS, Canadian Blood

Services; DW, Data Warehouse.
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abstraction will be performed to compute the sensitivity
and specificity of the code.

Primary analysis
Our primary analysis will aim to investigate the associ-
ation between donor age and recipient outcome. The
most important analytical issue for our primary analysis
is that of modelling multiple transfusions of varying
transfusion donor ages.36 Issues of analysis are difficult
and none are ideal (mean donor age, median donor
age, oldest donor age unit received, youngest donor age
unit received, etc). We have considered the varying age
of donors, and we will conduct an adjusted analysis by
entering the donor age of each unit received as a con-
tinuous variable. In order to evaluate the effect of donor
age on mortality in transfused recipients, we will use
clustered Cox regression analysis with time-dependent
stratification, an approach used with success in prior
similar studies.35 37 38 Time-dependent strata will be
defined by the cumulative number of transfusions
received over time. The time-dependent stratification
allows us to account for mortality risk at each RBC trans-
fusion until the end of follow-up (maximum 8 years) or
death. Observations will be considered as censored for
outcomes that did not occur by the end of follow-up (31
December 2013). We will adjust for important risk
factors and potential confounders including age of the
recipient, sex, ABO and Rh blood type, donor–recipient
ABO match, primary diagnosis, comorbid illnesses
(using the Charlson index), storage and manufacturing
characteristics. Continuous risk factors will be entered
into the models as continuous rather than categorical
measures to improve statistical efficiency. For time-

varying covariates, time will be measured from the first
transfusion. Regression diagnostics will be performed on
all models.

Sensitivity analysis to assess the robustness of our
primary analysis
While our primary analysis will consider donor age as a
continuous variable, we will also assess the cumulative
exposure to older donor blood and potential dose
effects by categorising donor age of transfused products
using quartiles of the overall donor age distribution as
discrete cut points as well as categorising donor age in
discrete categories (<18, <45, 45–60, >61). By treating
donor age as categorical variables in the past three
approaches, it will be possible to investigate dose–
response relationships between age of blood donor and
risk of death. We will also derive a population of patients
that received only one blood transfusion over the time
frame of the study, hence obtaining a ‘pure’ cohort of
patients exposed to a given characteristic.

Planned secondary analyses
As per our primary analysis, we will implement Cox pro-
portional hazard models with time-dependent analysis to
assess the effects of donor ABO and Rh blood types,
donor–recipient compatibility and sex on the risk of
mortality. New cancer rates, cancer recurrence rates, C.
difficile and methicillin-resistant S. aureus, terminal renal
failure and myocardial infarction will be considered as
categorical or counts and a similar analytical strategy as
our primary outcome will be used. This method has
been used before for similar exposures and outcomes.39

Hospital and intensive care unit length of stay and

Figure 2 Data sources and linkage strategy. ICES, Institute for Clinical Evaluative Sciences; CBS, Canadian Blood Services;

CMV, cytomegalovirus; ICD-10, International Classification of Diseases version 10; OHIP, Ontario Health Insurance Plan.
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rehospitalisation rates will be analysed only for patients
who were hospitalised and transfused and measured as
‘time-to-discharge’ or ‘time-to-event’. Therefore, Cox
proportional hazard models will also be appropriate.

Planned subgroup analyses
Secondary analyses are planned for the following sub-
groups of patients: (1) 1 vs ≥2 RBC transfusion episodes
while in hospital; (2) patients who received multiple
transfusions from the same donor compared with those
who received transfusions from multiple donors with
comparable characteristics; (3) patient type (medical,
surgical, trauma); (4) severity of illness at baseline, as
measured by the Charlson index; (5) interaction between
study exposures (age X sex, age X blood group) to inves-
tigate the presence of effect modification. The inter-
action analysis is important because patients of similar
age may receive blood from different sexes, blood groups
or other characteristics. A significant interaction would
suggest a different impact of age depending on the other
characteristics of the donor. The analytical approach
described above for both primary and secondary
outcome measures will be undertaken in all subgroup
analyses. These analyses will primarily be hypothesis-
generating and hypothesis-supporting in nature.

Risk of bias and confounding
Epidemiological studies are subject to selection and infor-
mation biases. For this proposal, the risk of selection bias is
limited since we will include the entire population of
patients transfused during the study time frame and we
will use a complete registry that encompasses all blood
donors. Regarding information bias, the studied exposures
such as age, sex, blood groups and blood mismatch are
objective and accurately encoded in validated registries.
To obtain valid estimates of association between an

exposure and an outcome, the usual strategy in cohort
studies is to adjust for known confounders. Unknown
confounders are then unaccounted for and can be dis-
tributed unevenly between exposed and non-exposed
groups, confounding the effect estimates. Randomisation
is used to evenly distribute these unmeasured confoun-
ders between groups and reduce their impact on the
effect estimation, moving observed effects towards the
null hypothesis. By the nature of transfusion exposure,
the unmeasured confounders will also tend to be evenly
distributed between groups. Donor characteristics are
always strictly concealed from any caregiver in the hos-
pital where the blood units are used and blood is distribu-
ted in a random manner across hospitals. Therefore, the
exposure of interest is randomly distributed among reci-
pients. Owing to this concealment of the identity and
characteristics of the donors, our study will also have simi-
larities with features usually seen in RCTs which protect
from sources of bias, such as allocation concealment
(allocation of the donors’ characteristics is concealed
from any health personnel involved in the transfusion of
the blood product) and double-blinding (neither the

clinicians nor the patients know the donors’ character-
istics).40 41 We will carefully document potential confoun-
ders on the donor side (sex, blood group, blood
characteristics, preservatives, different manufacture pro-
cesses) and on the recipient side (age, comorbidities,
severity of illness using the Charlson index) and adjust
for them if appropriate.
Use of inclusive and valid databases from ICES and

TOH Data Warehouse will also limit the number of
missing values. Although we expect missing values to be
minimal, we will report them and perform appropriate
multiple imputation and censoring if we find missing
covariates and outcome values.

Adjustment and stratification for manufacture
characteristics
The blood product preparation process following dona-
tion of RBCs may affect transfusion outcomes and
involves a number of manufacturing steps which may
affect transfusion outcomes including the anticoagulant
solution, preservative and potentially the duration of
storage. At the time of donation, whole blood is collected
into a plastic bag with an anticoagulant solution (citrate,
phosphate and dextrose). The whole blood is then centri-
fuged and the RBCs are separated from other blood con-
stituents and filtered to reduce the amount of leucocytes
(leucoreduction). In Canada, SAGM (saline, adenine,
glucose and mannitol) is added to optimise red cell
storage and survival. Once processed, the RBCs are
stored in sterile bags for up to 42 days at a temperature
between 1°C and 6°C.42 Any step of this process has the
potential to affect the transfusion outcome. RBC storage
solutions, such as AS-3 (citric acid, phosphate, chlorine,
adenine, dextrose, citrate) and SAGM, have been demon-
strated to increase the survival of red cells after transfu-
sion. The AS-3 solution has been shown to increase
storage time and to provide a better quality of RBCs.43

Regarding storage time, retrospective studies, prospective
non-randomised studies, systematic reviews and
meta-analysis reached conflicting results regarding the
impact of storage time of RBC on recipients’ outcome.44–
47 Our randomised clinical trial in a vulnerable and
heavily transfused population of neonates found no clin-
ical benefit of fresh RBCs.48 Prospective randomised
trials are underway to try and answer this question.49

While awaiting the results of these important clinical
studies, this project will have to take into consideration
the potential impact of these potential confounders by
describing their distribution in the transfused popula-
tion, adjusting or stratifying when appropriate.

ETHICS AND DISSEMINATION
Ethics and privacy
Owing to the nature of the data used for this project,
individual patient consent will be waived, in accordance
with the Ontario Personal Health Information Protection
Act. We obtained approval from the Research Ethics
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boards of all involved institutions, as well as from privacy
offices at CBS, ICES and TOH Data Warehouse. All data
collection and management will be performed in accord-
ance with the Personal Health Information Protection Act of
Ontario, Regulation 329/04. All patients will be identified
by a unique anonymous number and no patient identi-
fiers will be stored with clinical data. The resulting data-
base will be encrypted and stored centrally. Access will be
restricted and only designated members of the study
team will have access to the data set.

Knowledge transfer plan
The results of our study will help determine whether we
need to tailor blood based on donor characteristics, and
perhaps this will improve utilisation of blood and, more
importantly, improve patient outcomes. Our study will
have a significant impact on the way we evaluate blood
transfusions. Having the capacity to rigorously study
blood from ‘vein-to-vein’ will allow the pursuit of many
new hypotheses regarding the use of blood products. An
example of application of our study results would be to
confirm the current age policy in blood donation. On
the other hand, different outcomes according to age
would support further study. For example, adverse out-
comes associated with blood donated by older donors
may only result in adverse outcomes for specific recipi-
ent populations, such as patients with significant
comorbidities. This new information will inform policy-
makers and transfusion organisations regarding current
policies either to support them or to use this new infor-
mation as a foundation for further research in the field
of transfusion medicine. It may lead to the development
of validation or prospective studies regarding factors that
may affect outcomes of RBC transfusion.
From the early development of this research project, we

involved stakeholders and experts in a wide range of fields
involved with the organisation, research and the care of
patients receiving transfusions (haematologists, intensi-
vists, transfusion specialists, transplantation specialists,
healthcare researchers, epidemiologists, blood organisa-
tion decision makers and senior scientists). This diversity
of expertise will ensure that the research questions, objec-
tives, methods and result analysis and interpretation
answer pertinent questions not only for clinicians, but also
for stakeholders, patients and the overall population. Our
design will allow us to perform the required analyses to
impact on the major blood users. The results will also
inform blood supply organisations policies.
Results obtained from this research project will be custo-

mised to target the different stakeholders involved with
blood transfusions. For clinicians and researchers, trad-
itional dissemination will be used, including publication in
relevant peer-reviewed medical journals and presentations
at local, national and international conferences and meet-
ings. We will also use the dissemination network of CBS,
for example, by presenting the results on their website for
the general public. We will ensure that publications result-
ing from this work are open access. We will work closely

with the different stakeholders of CBS and the different
clinical specialties to provide reports for the specific needs
and realities of their organisations/disciplines. Many add-
itional stakeholders such as other medical specialty organi-
sations involved in transfusion, and other blood supply
organisations such as the Red Cross in the USA may
benefit from the results of this study. In addition to trad-
itional dissemination strategies, we plan to directly reach
out to these organisations to present our results, and the
team members will be readily available for further discus-
sions, meetings or presentations to answer their specific
needs and questions.
Through our study, we will develop an analytical frame-

work that will enable the study of factors that may affect
outcomes related to blood transfusion. We believe that
our study will shed light on important hypotheses such as
the influence of blood donor age and sex, and potential
other characteristics in transfusion recipients, and will
allow to support (or not) current policies, and potentially
suggest new research ideas to improve the safety of our
blood system. Such findings will have implications for the
blood and healthcare systems, donors and clinicians.
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