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Appendix 1: iTADS Statistical Analysis Plan (SAP) 
 

Roles and responsibilities 

Name Role Institution 
 Iris Perelman Trial Statistician Ottawa Hospital Research 

Institute 
Drs. Dean Fergusson & 
Michaël Chassé 

Responsible Chief Trial 
Investigators 

Ottawa Hospital Research 
Institute 

Dr. Steven Hawken Senior Statistician Ottawa Hospital Research 
Institute; Institute for Clinical 
and Evaluative Sciences 

 

Contributions 

Iris Perelman developed the statistical analysis plan (SAP) based on the outlined analyses set 

out in the trial protocol. Dr. Dean Fergusson, Dr. Michaël Chassé, Dr. Alan Tinmouth, and Dr. 

Hawken reviewed and approved the SAP.   
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Abbreviations and Definitions 
 

 
CBS  Canadian Blood Services 
HLA  Human leukocyte antigen 
ICES  Institute for Clinical and Evaluative Sciences 
OHDW  Ottawa Hospital Data Warehouse 
OHIP  Ontario Health Insurance Plan 
RBCs  Red blood cells 
TACO  Transfusion Associated Circulatory Overload 
TRALI  Transfusion Related Acute Lung Injury 
TRIM  Transfusion Related Immunomodulation 
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Section 1: Introduction 

Background and Rationale 

 

Transfusion of red blood cells (RBC) is a necessary, lifesaving intervention. RBC transfusions 
are given to increase oxygen delivery to tissues in clinical situations where the RBC level is low 
(anemia) and are used across a variety of medical and surgical situations1,2. Unfortunately, even 
if anemia is clearly associated with adverse outcomes, it is unclear if transfusion of RBC will 
improve outcomes in all patients. In fact, several large and robust clinical trials suggest that 
transfusing more blood is not helpful and may even be harmful3–5. 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.  

The risks associated with blood transfusion are well documented and described. The 
transfusion community is keenly aware of the infectious and immunological risks associated with 
transfusion and a variety of measures, including donor questionnaires that assess risk, 
improved infectious disease screening, and other quality measures, were implemented to 
improve the safety of transfusion6,7. Because of these interventions, the occurrence of 
transfusion-related infections is now very low8.  

Despite decreased infectious risk, clinical outcomes after transfusion are affected by many other 
transfusion adverse events such as acute and delayed hemolytic reactions, Transfusion Related 
Acute Lung Injury (TRALI), Transfusion Associated Circulatory Overload (TACO), to name a 
few, and are associated with important mortality and morbidity. Other transfusion-related effects 
such as Transfusion Related Immunomodulation (TRIM) are biologically well documented but 
the effect on clinical outcomes is unclear6. Whether a better selection of the donor may improve 
outcome of transfusion recipients remains to be confirmed. 
 
There is growing pre-clinical and clinical evidence that in addition to “what is in the bag” 
characteristics (preservatives, manufacturing processes), characteristics of blood donors may 
affect transfusion recipient outcomes. Systematic reviews have identified blood donor sex as a 
potential donor characteristic that seems to affect transfusion recipients’ health9,10. We further 
observed in a large cohort study of 30,503 patients, that each transfusion of a RBC unit from a 
female blood donor was associated with a higher risk of death compared to receiving a unit from 
a male donor11. Such an association is not surprising as immunological phenomena related to 
donor sex, such as the antileukocyte antibodies (anti-HLA or antineutrophil antibodies) that 
occur after pregnancies (e.g. sex effect on TRALI), have been shown to affect clinical 
outcomes9,12-14. Transfusion of a blood component is analogous to solid organ transplantation as 
it involves the retrieval of an organ (blood) from a donor, post-donation processing and storage, 
and “transplantation” or “transfusion” into a recipient15. In the transplant literature, female donor 
sex has been suggested to be associated with poorer outcomes in stem cell transplantation16. It 
is important to note there are also observational studies that do not demonstrate an effect of 
donor sex on recipient outcome and it this thus important to confirm whether such an 
association exits17,18. 

Considering that RBC transfusion is the most frequent hospital procedure in contemporary 
medicine, the confirmation that better donor selection improves RBC transfusion recipients’ 
survival will have a tremendous impact on patients and the health system and warrants rigorous 
randomized trials19. 
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Objectives 
 
The goal of this study is to confirm novel clinical and observational findings that donor sex is 
associated with survival of RBC transfusion recipients. The objectives of this trial are as follows: 

Primary objective: To confirm that a transfusion strategy of receiving only male donor RBC 
units will improve survival compared to a transfusion strategy of only female donor RBC units in 
all hospital patients requiring a transfusion. 

Secondary objectives:  
1) To assess effects of male RBC units on major morbidities (cancer, infection, end-organ 

damage);  
2) To assess effects across major patient subgroups (major surgery, intensive care, 

oncology, chronically transfused patients);  
3) To assess the effect of female donor pregnancy history on recipient transfusion 

outcome; 
4) To build capacity to conduct large innovative prospective pragmatic clinical trials in 

transfusion medicine using routinely collected clinical and administrative information. 
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Section 2: Study Methods 
 
2.1 Trial Design 
 
This is an innovative, double-blind, parallel-arm, pragmatic randomized trial. This clinical trial will 
evaluate a transfusion strategy of male donor RBC units compared to a transfusion strategy of 
female donor RBC units in all hospital patients requiring at least one RBC transfusion. Patients 
will be randomized in a 60:40 ratio (male : female donor RBCs) using an electronic 
randomization platform. Randomization will be performed by hospital blood bank staff, following 
an order for RBCs, but prior to patient receipt of the transfusion. Hospital blood bank personnel 
will maintain patient allocation throughout the duration of the trial by issuing RBCs of the same 
donor sex for any subsequent RBC transfusions. Patient baseline and outcome measures will 
be gathered using routinely collected clinical and administrative data following the end of the 
trial. 
 
Study investigators, medical teams, blood bank staff, and study participants will all be blinded to 
the treatment allocation, since donor sex is not part of the standard information reported on 
RBC unit labels. For the blood bank staff to be able to distribute the appropriate study RBC units 
when a transfusion is ordered, Canadian Blood Services (CBS) will provide a coded list of all 
units shipped to the hospital sites to identify each unit as being from either a male or female 
donor with a colour. To avoid contamination between study groups, blood bank personnel will 
apply colour-coded study labels to each RBC unit based on the provided list. Thus, RBC units 
from male versus female donors will be distinguished only by a colour-coded sticker. Only an 
independent trial statistician responsible for the allocation sequence will have knowledge of 
what randomization code corresponds to male or female and this designated person will not 
have access to individual patient assignment. 

 

2.2 Randomization 
 

In collaboration with the Ottawa Methods Center, an electronic randomization platform was 
developed and implemented to facilitate a fast and easy in-system randomization process. 
When RBC units are ordered at the hospital blood bank, the blood bank technician will log onto 
a centralized computer maintained at The Ottawa Hospital. The technician will enter a brief 
survey of patient data following which the system will generate a code - effectively randomizing 
the patient to an intervention arm of the study. The randomization schedule will be blocked into 
variables of 100 with a 60:40 ratio of male to female donors. 

Once the Study ID and randomization code are obtained, the transfusion medicine technologist 
will record this information into the blood bank software and electronic randomization platform 
for future reference of patient enrollment and randomization (a routine function done prior to the 
release of any blood product from the blood bank). Storage of all RBC units received from CBS 
and redistributed CBS units from surrounding sites will be labelled with the randomization code, 
to permit the blood bank technologist to release the appropriate RBC units to the medical team 
for transfusion. For certain surgeries (e.g. cardiac surgery procedures), RBC units are 
universally assigned to patients and delivered to the operating room as part of routine pre-
operative care. As such, the RBC are on “hold” and an order for RBC transfusion has not been 
written. In order to include the patients who are then transfused in the operating room, we have 
to assign the patients to a randomization group at the time that the RBC units leave the blood 
bank. About 30% of these patients will be randomized but will not be transfused during their 
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hospital stay or during the remainder of the study period. As these randomized patients do not 
receive a transfusion, they will be removed from analyses and are considered as legitimate 
post-randomization exclusions as the risk of physician manipulation with respect to allocating 
RBCs from male or female donors is improbable. 
 

2.3 Sample Size 
 
The overall mortality rate of patients who receive RBC transfusions is high due to patient acuity. 
In our previous study, after a mean follow-up of 2.3 years (maximum follow-up of 7 years), 43% 
of patients had died11. At one-year follow-up, which is the expected median follow-up time for 
this study, mortality was 30%. The median survival was 5 years. From our previous 
observational work, we expect our intervention to reduce the absolute risk of death by at least 
5%11. Although we expect absolute reduction in mortality to be at least 5% based on previous 
work, even more modest reductions are clinically important given the commonness of 
transfusion, thus we have powered the study to detect an absolute Minimally Clinically Important 
Difference of 2% (applicable to the entire inpatient and outpatient population. Therefore, sample 
size calculations estimated based on a survival analysis comparing two survival curves using a 
two-tailed α of 0.05 and a (1-β) of 0.80, an accrual time of 2 years, median survival time of 5 
years, an absolute risk reduction of 2% (30% to 28%, corresponding Hazard Ratio of 0.934), 
and a 11% non-compliance factor at the patient level (i.e. patients with 1+ deviations) requires 
8800 randomized and transfused patients. Our original estimate was 3% non-compliance, 
requiring 8000 patients. A revised 11% non-compliance approximation was informed by one-
year aggregate trial data. The 11% non-compliance at the patient level is predominantly due to 
the allocated donor sex not being available at time of RBC transfusion (first or repeat). At the 
RBC unit level, the non-compliance proportion is less than 5% of all units transfused. To reach 
8800 transfused patients, we estimate that we will need to randomize approximately 12,571 
patients given a 30% non-transfused proportion.   
 

2.4 Framework 
 
This will be a superiority trial, aiming to determine whether a transfusion strategy of RBCs from 
only male donors will improve survival compared to a strategy of RBCs from only female 
donors.  
 

2.5 Statistical Interim analyses and stopping guidance 
 
No formal interim analyses are planned. 
 

2.6 Timing of final analysis 
 
Final analyses will be conducted following the end of the trial, once 8800 randomized and 
transfused patients have been recruited (expected by March 2021 or sooner) and followed up 
for a minimum of 1 month. Outcome data will be pulled from databases at the Ottawa Hospital 
Data Warehouse (OHDW) and the Institute for Clinical and Evaluate Sciences (ICES). All data 
obtained from the OHDW will be transferred to ICES for linkage and final analysis. 
 

 
2.7 Timing of outcome assessment 
 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-049598:e049598. 11 2021;BMJ Open, et al. Fergusson DA



iTADS Statistical Analysis Plan  

SAP Version 1.0 - iTADS 25/03/2020 Page 7 of 13 

Study data collection and follow-up will be conducted through the OHDW infrastructure, CBS 

and ICES. Outcome variables will be pulled following 1 month after recruitment of the last 

randomized and transfused patient. There will be no data collection forms or visits. 
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Section 3: Statistical Principles 
 
3.1 Confidence Intervals and P-values 
 
Statistical significance will be set at p<0.05. There is a single primary outcome. Prespecified 
secondary outcomes and subgroup analyses will be performed without adjustment for 
multiplicity. The question of whether or not to carry out multiple comparison adjustments and, if 
so, what adjustment, is controversial. We have clearly denoted our primary analysis and 
delineated those that will be secondary. We have chosen to analyze and report measures of 
effect with 95% individual confidence intervals, and, in our publications, we will clearly inform 
the reader of that choice.   
 

3.2 Adherence and protocol deviations 
 
Adherence to the intervention is defined as study participants receiving RBCs of the correct 
donor sex, according to their allocated group, for both the initial RBC transfusion (at the time of 
randomization) and any subsequent RBC transfusions during the trial. In keeping with the intent 

of a pragmatic trial, we will consider a study participant to be adherent if they achieve 75% 
compliance with their allocated intervention at the RBC unit level (e.g. a patient that receives 2 
of 4 correctly allocated units would be considered non-compliant whereas a patient that receives 
3 of 4 correctly allocated units would be considered compliant). 
 
Deviations could occur for several reasons. Firstly, noneligible patients may be mistakenly 
randomized (i.e. randomization errors) into the trial. Secondly, RBCs of the allocated donor sex 
may not be available at the blood bank at the time of a transfusion order, and consequently the 
incorrect donor sex RBCs will be issued for the patient’s transfusion. Thirdly, given that this is a 
pragmatic trial with minimal changes made to standard blood bank practice, blood bank staff will 
be permitted to issue an incorrect donor sex RBC unit to a patient if that unit is about to expire, 
in order to minimize wastage of RBCs. Similarly, redistributed units (RBC units sent from other 
hospitals as they are about to expire) may also be issued by the blood bank despite not being of 
the allocated donor sex, in practice with regular blood bank standards. 
 
Deviations arising from randomization errors will result in participant exclusion from the analysis 
population. These may be either permanent exclusions (neonate, Quebec patient who don’t 
have an Ontario medical record number, sickle cell patient, patient with special blood order or 
complex antibody) or temporary exclusions (e.g. emergent RBC order, no OHIP, etc.). Patients 
with temporary exclusions may be subsequently included in the trial should they require an RBC 
transfusion at a subsequent hospital encounter. Deviations due to incorrect donor sex RBCs 
being issued to patients by the blood bank will not result in participant exclusion from the full 
analysis population. However, patients with 25% or greater noncompliance at the RBC unit level 
(as defined above), will be considered noncompliant and will be excluded from the per protocol 
analysis (but will be included in the intention to treat analysis). 
 
Deviations will be monitored and recorded on a continuing basis during the trial duration. Blood 
bank personnel will identify randomization errors, and all occurrences of incorrectly allocated 
donor sex RBCs being issued to study participants, along with the reason behind each 
deviation. 

 
3.3 Analysis populations 
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Our primary analysis will be conducted using the full analysis population, which will include all 

randomized patients who have received at least one RBC transfusion during the study duration.  

As a sensitivity analysis, we will perform a per protocol analysis, which will include all 

randomized and transfused patients who achieved  75% compliance with their allocated 

intervention at the RBC unit level (male vs female donor RBCs). For instance, for a participant 

who was randomized to the male donor RBC group and who received a total of 4 RBCs during 

the trial, if 3 or more of the RBC units were from male donors then the participant would be 

considered compliant and would be included in the per protocol sensitivity analysis. However, if 

2 or more of the 4 RBC units were from female donors, then the participant would be considered 

noncompliant and would be excluded from the per protocol sensitivity analysis. A second per 

protocol analysis will be performed using a ‘perfect cohort’ of only patients with 100% 
compliance (i.e. patients who received only correctly allocated RBC units).  
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Section 4 – Trial Population 
 
4.1 Eligibility 
 
All patients, excluding neonates, who require one or more RBC transfusions at three academic 
sites of the Ottawa Hospital (the General and Civic campuses of The Ottawa Hospital and the 
University of Ottawa Heart Institute) will be included in this trial.  
 
Patients will be excluded for the following reasons: 
 

Exclusion Criteria Justification 
Temporary vs. Permanent 

Exclusion 

Neonates 
Not the study population of 
interest. 

Permanent 

Patients without valid 
OHIP number 

OHIP number is required to link 
to ICES databases for data 
collection. 

Permanent (e.g. for Quebec 
residents), or temporary (e.g. 
OHIP expired but later renewed) 

Patients with a complex 
antibody profile, or 
special blood order 

Difficult or impossible to find an 
appropriate RBC unit for these 
patients. 

Permanent 

Urgent RBC orders  
(e.g. trauma) 

May not be enough time to 
randomize patients, as RBCs 
need to be released as quickly 
as possible. 

Temporary 

Non-randomized 
patients who received 
an RBC transfusion  

Patients who receive any RBC 
units without randomization will 
be excluded. However, the 
patients may be considered 
eligible at a subsequent 
encounter. 

Temporary 

Patients who were 
randomized but not 
transfused 

An estimated 32% of patients for 
whom an RBC transfusion is 
issued as part of routine 
presumptive practices will 
subsequently not require the 
transfusion (e.g. cardiac 
surgery). These patients will be 
considered legitimate post-
randomization exclusions. 

Temporary 

 
Patients with a temporary exclusion may be eligible only at a subsequent hospital encounter.  
 

4.2 Withdrawal/Follow-up 
 
Patient Withdrawal 
This trial will use a waived consent model and patients will be notified of their study enrolment 
via a letter following their RBC transfusion. The letter will provide the contact information of the 
trial research coordinator and study participants wishing to withdraw from the study can contact 
the coordinator to have their data removed from the study. All patient contact with the research 
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coordinator will be documented. Study participants who do not reach out to the research 
coordinator will be kept in the trial. 
 
Loss to Follow-Up 
Patient follow-up and data collection will be achieved by querying health administrative 
databases at the OHDW and ICES. As such, loss to follow-up will arise from missing data or 
linkage issues in the databases and registries. For our primary outcome of survival, data will be 
obtained from the Registered Persons Database of Ontario, which has less than 1% missing 
data for deaths in the province. The <1% of missing data for the primary outcome may be 
caused by delays in death registration or deaths that occur out of country. For the purpose of 
study analysis, we will consider all patients not listed as deceased in the Registered Persons 
Database or in the OHDW (i.e. in-hospital mortality) to be alive at the end of study follow-up.  
 

4.3 Baseline Patient Characteristics 
 

Baseline patient characteristics will include the following variables: 

• Age 

• Sex 

• Illness severity (Charlson Comorbidity Index) 

• Primary diagnosis 

• Patient type (medical vs surgical, critical care vs non-critical care, inpatient vs outpatient, 

chronically transfused vs not, oncology vs non-oncology, for oncology patients only: 

hematologic vs solid tumour malignancy) 

• Pre-transfusion haemoglobin levels 

• Blood type (ABO, Rh) 

• Centre (TOH campus) at time of randomization 

We will also collect the following baseline characteristics for RBC blood donors and transfused 

RBC units: 

• Donors: 

o Sex, age, pregnancy history for females, blood type (ABO, Rh), date of first 

donation, number of previous donations, pre-donation haemoglobin levels 

• RBC unit characteristics: 

o Collection date, additive solution, CMV status, irradiation, leukoreduction, 

manufacture process (B1, B2, or PRP), pack type (B1, B2, T1/D2, etc.), bag 

manufacturer, washed RBC, deglycerolized RBC, RBC volume, RBC 

transformation date (date the RBC was produced)  
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Section 5 – Analysis 
 
5.1 Outcome Definition 
 
Primary Outcome 
The primary outcome of this trial is patient survival within the study period. As patients will have 
different follow-up times and the study accrual time will be just over 2 years, the entire survival 
time across the study period will be used for the primary analysis. 
 
Secondary Outcomes 
Secondary outcomes include 30-day, 3-month, 6-month, 1-year, and 2-year survival, hospital 
length of stay, new ICU admission, re-hospitalization, occurrence of new cancer, recurrence of 
cancer, infection rate (Methicillin-resistant Staphylococcus aureus and Clostridium difficile as 
validated infectious outcomes and surrogates for hospital-acquired infections), new occurrence 
of hemodialysis (as a surrogate for severe chronic renal failure), myocardial infarctions (for 
cardiac events), and number of transfusions received. Secondary outcomes will be assessed for 
the duration of the study period. 
 

5.2 Analysis Methods 
 
Primary Analysis 
An intent-to-treat approach will be applied using the entire cohort of transfused patients. The 
principal analysis will be a survival analysis comparing the time from randomization to death 
between patients allocated to male donor RBCs and female donor RBCs. As the primary 
analysis, unadjusted survival rates with 95% confidence intervals will be compared using log-
rank tests. In addition, Cox proportional hazards regression models will be used to further 
elucidate the measure of effect while adjusting for important prognostic risk factors. 
 
Secondary Analyses 
We will conduct secondary analyses of the death outcome that will include survival analyses at 
30 days, 3 months, 6 months, 1 year and 2 years using unadjusted log-rank tests followed by 
Cox proportional hazard models to adjust for important prognostic risk factors.  
 
Our secondary outcomes of occurrence of new cancer, recurrence of cancer, infection, new 
occurrence of hemodialysis and myocardial infarctions will be conducted in the same manner as 
the primary analyses. The continuous secondary endpoints (hospital length of stay, number of 
re-hospitalisations, number of ICU admissions, number of transfusions received) will be 
analysed using either parametric (independent t-test) or non-parametric procedures (Wilcoxon 
rank sum) followed by multivariable linear regression models that adjust for important 
covariates/confounders.  
 
Subgroup Analyses 
Using the approach outlined for primary and secondary analyses, we will perform similar 
analyses donor pregnancy history, patient illness severity as measured by the Charlson 
Comorbidity Index, patient sex and age, patient type (medical vs surgical, inpatient vs 
outpatient, critical care vs non-critical care, chronically transfused vs not, oncology vs non-
oncology, and for oncology patients only: hematologic vs solid tumour malignancy), patient pre-
transfusion haemoglobin values, and RBC manufacturing characteristics. We will explore the 
relationship between number of group-allocated transfusions and death via stratified unadjusted 
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survival rates with 95% confidence intervals as well as an assesmemt of the interaction term (ie 
number of transfsuions by study group) in the Cox proportional hazards regression model.We 
acknowledge the likely presence of confounding by indication in such an analysis given that the 
number of transfusions received may be associated with our intervention (donor sex). These 
analyses will be hypothesis-generating in nature. 
 
Sensitivity Analysis 
While our intent-to-treat approach will be conducted using the entire cohort of transfused 
patients regardless of compliance with allocated interventions, we will also perform a sensitivity 

analysis of all patients that achieve  75% compliance with the allocated intervention at the RBC 
unit level (e.g. a patient that receives 2 of 4 allocated units would be considered non-compliant 
whereas a patient that receives 3 of 4 allocated units would be considered compliant). A second 
sensitivity analysis including only patients who achieve 100% compliance will also be 
performed. 
 

5.3 Missing Data 
 
Given that our primary and secondary outcomes will be ascertained by querying hospital and 
provincial databases and registries, we do not expect missing data for our outcomes. All 
patients without a recorded occurrence of a given outcome in the database/registry will be 
considered as not having experienced that outcome. 
 
For baseline characteristics, attempts will be made to capture all missing values by querying 
additional data sources including electronic medical records. For adjusted regression analyses, 
any remaining missing data for covariates or patient baseline characteristics (e.g. sex, age, etc.) 
will be imputed using multiple imputation with chain equations (MICE) techniques, except for 
missing comorbidity data. For outpatients, missing comorbidity data is expected and thus not 
missing at random. Thus, we will use a dummy variable in regression models, and as a 
sensitivity analysis we will conduct MICE imputations. For inpatients with missing data 
necessary for the Charlson comorbidity score, we will impute Charlson using MICE techniques if 
it can be reasonably assumed that data is missing at random; else, complete case analysis will 
be performed to handle missing Charlson score data in adjusted analyses. 
 

5.4 Harms 
 
This trial evaluates standard practice interventions (transfusion of male and female donor 
RBCs), and as such patients are not exposed to any additional harms by participating in the 
study. Patient safety will be assessed by our primary and secondary outcomes, which cover a 
variety of relevant adverse events, both short- and long-term (see section 5.1 for outcome 
description). 

 
5.5 Programming Plans 
 
Data manipulations and statistical analyses will be performed using SAS (SAS Institute Inc., 
Cary, North Carolina, USA) and R statistical software. 
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