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PREFACE
The age of blood debate has generated significant interest in transfusion
research over the past decade. While there have been numerous studies
examining the impact of red blood cell (RBC) storage time on various clinical
outcomes, I was interested in understanding if age of blood was associated with
improved post-transfusion health-related quality of life (HR-QoL) in patients who
are chronically transfused. To study this association, I developed a preliminary
research question:
“Is it feasible to conduct a crossover randomized controlled trial to determine
if the freshest available RBCs (target ≤7 days) are associated with improved
post-transfusion health related quality of life compared to transfusions with
the oldest available RBC products (target ≥35 days) in adult, transfusiondependent patients with Myelodysplastic Syndromes (MDS)?”
As the feasibility issues were identified, it became evident that further pilot
work was necessary to refine the research question and inform the design of the
study. The scope of this dissertation is focused on gathering data to refine the
research question and includes:
1. Development of a theoretical framework to establish biological plausibility
that may suggest blood storage time is associated with HR-QoL in
chronically transfused patients;
2. Conducting a systematic review to identify and summarize previous
studies that have examined the association between blood storage time
and HR-QoL;
3. Determining if patients with MDS are appropriate to study in a crossover
trial by conducting a chart review; and,
4. Conducting a qualitative study to determine if the MDS population is
suitable for a study where HR-QoL is the outcome of interest.
The pilot information presented in this thesis will be used to inform a future age of
blood transfusion trial in patients with MDS.
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ABSTRACT
Patients with myelodysplastic syndromes (MDS) frequently receive red
blood cell (RBC) transfusions to alleviate symptoms of anemia and improve
health-related quality of life (HR-QoL). Patients can sometimes continue to feel
unwell after transfusion and the age of the transfused RBCs could contribute to
this observation. Three pilot studies were conducted to inform the design of a
randomized crossover trial to determine if fresh blood to MDS patients could
improve HR-QoL post-transfusion.
A systematic review was performed to inform the background and
rationale for the trial. The results showed a dearth of literature addressing the
research question. Only two clinical trials have been conducted to date where
fatigue and HR-QoL were the primary outcomes of interest. Although results of
the trials were negative, several limitations and generalizability issues warrant
additional research in this area.
Crossover designs necessitate patients have a stable prognosis while
being observed; hence, a chart review of adult MDS patients was conducted to
assess clinical stability using the following criteria: interval of days between
transfusions; pre-transfusion Hb; number of hospital admissions; and severe
infections. Results indicated that the majority of patients who had received
greater than 3 transfusions within the 6-month observation period had stable
disease and were appropriate for a crossover trial. The criteria defining stability
will be useful for identifying eligible patients.
Finally, an applied qualitative study in adult MDS patients in Hamilton was
conducted to inform the selection of an appropriate outcome measure (i.e. HRQoL tool). Short semi-structured interviews were conducted with participants to
elicit information about anemia related symptoms and changes in well-being in
response to transfusion. The results of the study support clinical observations
that suggest patients do not immediately recover post-transfusion. Findings
indicate that an appropriate HR-QoL tool should be short, be disease specific,
and have a short recall period. Currently, the Quality of Life-E tool, validated in
patients with MDS, fits most of these criteria.
In conclusion, data from the systematic review and the two pilot studies
suggest that it may be feasible to conduct an age of blood crossover trial in MDS
patients where the primary outcome of interest is HR-QoL.	
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CHAPTER 1: Introduction and Theoretical Framework
Patients with myelodysplastic syndromes (MDS) most commonly present
with refractory anemia, resulting in chronic fatigue due to impaired red blood cell
(RBC) production, low hemoglobin (Hb) levels and poor tissue oxygenation. The
role of chronic fatigue on patient health related quality of life (HR-QoL) is
significant (1,2). Fatigue is characterized by an extreme sense of malaise,
tiredness, exhaustion, or feeling sick that extends beyond usual weariness from
physical exhaustion (2). Aside from being unable to participate in day-to-day
activities, patients who experience fatigue may have associated decreased
mental alertness, physical weakness, and lack of concentration (1). Since fatigue
prevents patients from fully participating in their lives, they may also experience
feelings of loneliness or isolation, which further reduce overall QoL (2).
The use of recombinant human erythropoietin (EPO) is often indicated for
patients who experience anemia (3) to boost RBC production in the bone
marrow. However, not all patients respond to this treatment (3). In order to
alleviate symptoms of anemia, albeit transiently, patients with MDS are managed
with regular and ongoing RBC transfusion therapy (4,5). The goal of transfusion
is to improve RBC counts and Hb levels, thereby improving oxygen delivery to
tissues and subsequently overall HR-QoL. This assertion is supported by
literature indicating that Hb levels are positively correlated with HR-QoL (1,6).
Despite the short term benefits of transfusion, there are a number of
complications associated with transfusion dependency that adversely affect HR1	
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QoL (i.e. iron over load, increased hospital visits for compatibility testing and
transfusion, and hours of chair time spent in outpatient care) (7). Aside from Hb
levels, literature also suggests that transfusion-dependency (6,7), co-morbidities
(6), and patient perceptions of illness (6) are also major determinants of HR-QoL.
While transfusion can temporarily relieve fatigue, clinicians in the field
report that sometimes patients continue to feel unwell with pre-transfusion
symptoms persisting for hours to days later (Crowther, Mark. Conversation with:
Nancy Heddle & Naushin Sholapur. 2012 Apr 02). Patients also report the
arbitrary onset of physical symptoms associated with transfusion that resolve
within a few hours. Knowing that changes occur in the quality of the red cell
concentrate (RCC) as it is stored prior to transfusion, we hypothesize that blood
storage time may be associated with post transfusion HR-QoL in patients who
are transfusion dependent.

1.1 – Is it biologically plausible for blood storage time to be associated with posttransfusion HR-QoL? A theoretical framework
The optimal storage time of RCCs is an area of high interest in transfusion
research. Current Food and Drug Administration (FDA) and Health Canada
regulations allow RCCs to be stored in vitro for up to 42 days before transfusion.
Blood banks adopt a “first in, first out” policy, where patients are administered the
oldest available unit in order to optimize storage time and minimize product
wastage (8,9). In 2008 an inventory management toolkit developed by the
2	
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Ontario Regional Blood Coordinating Network was introduced to 160 hospitals in
Ontario, Canada (10) encouraging blood banks to transfuse the oldest available
unit to minimize product outdating (11).
When whole blood is processed, RBCs are separated and mixed with an
additive solution (12) containing saline, adenine, glucose, and mannitol (SAGM
solution). The RCC is leukoreduced and stored between 1-6°C (12). Although the
storage conditions of the RCC minimize cell injury, accumulation of by-products
from glucose metabolism that cannot be eliminated due to ex vivo storage, result
in a series of time dependent biochemical and mechanical changes collectively
referred to as “storage lesions” (8,13–16). These storage lesions entail
intracellular, membrane and structural, and medium changes that can potentially
compromise tissue oxygenation and cause inflammatory responses when
transfused (8,15). Storage lesions may account for the delays in recovery
experienced by patients who receive chronic transfusion therapy and the
arbitrary onset of physical symptoms.

1.1.1 – Intracellular changes in RBCs
The RBC is optimized in its structure and physiology to achieve its primary
function of facilitating the transport of oxygen (O2) and nutrients to tissues, and
carbon dioxide towards the lungs. Human RBCs measure approximately 8µm in
diameter, have a biconcave shape (as opposed to spherical, which is typical to
animal cells), are anucleate, and most importantly contain high concentrations of
3	
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Hb molecules in their cytoplasm. While Hb mediates the transport of O2 to tissues, 2,3-diphosphoglycerate (2,3-DPG), a known allosteric modifier of Hb,
plays a significant role in O2 release and diffusion. 2,3-DPG is produced through
the Rapoport-Luebering shunt of glycolysis (17) and exists in concentrations
slightly greater than that of Hb (18). Near respiring tissue 2,3-DPG binds with
high affinity to deoxygenated Hb which induces a conformational change, thereby
facilitating the release of remaining O2 and promoting diffusion (8,17,19,20).
Within two weeks of red cell storage, levels of 2,3-DPG are completely
depleted and virtually undetectable (17). The decline in 2,3-DPG occurs due to
changes in enzymes specificity of diphosphoglycerate mutase and phosphatase
(the enzymes involved with the production of this biomolecule) as a result of
decreasing pH levels (18). Therefore, this decline can be detrimental to the
effectiveness of the transfusion since it impedes O2 release to tissues, despite
the increased number of RBCs in circulation. However, since normalization of
2,3-DPG can begin a few hours after transfusion and is completely restored
within 72 hours (21), it seems likely that there may be delays in experiencing the
full benefits of the transfusion based on storage time.
Other intracellular changes associated with increased storage time include
the depletion of adenosine triphosphate (ATP) and reduced nitric oxide (NO)
metabolism (19). As storage time increases and glucose is consumed, studies
(22) demonstrate that levels of ATP decline to 55-60% of their baseline value
after 5-6 weeks of storage (17,23). Since ATP drives a number of cellular
4	
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processes, depletion can result in a decrease of active transport, antioxidant
reactions, and disruptions in membrane phospholipid distribution (15). Since the
RBC’s primary energy source is depleted, it becomes highly vulnerable to
oxidative stress, making it susceptible to hemolysis. Additionally, several studies
discuss the role of ATP in hypoxic vasodilation (17,24–26). RBCs are able to
detect hypoxic conditions (such as those in patients with refractory anemia) and
regulate blood flow via the release of ATP through the membrane bound cystic
fibrosis transmembrane protein receptor (17). Released ATP stimulates
vasorelaxation in an endothelial-mediated process (25), facilitated by the
activation of P2Y purinergic receptors (26) and endothelial NO synthase (eNOS)
(24,27).
NO is synthesized by eNOS not only in response to RBC released ATP,
but also by platelet derived factors, shear stress, acetylcholine, and cytokines
(28). In addition to this, NO equivalent S-nitrosthiol (SNO) is also released by
RBCs to regulate the flow of blood (19,29). S-nitrosthiol binds covalently to the
highly conserved β93cys thiol residue of Hb forming an S-nitroshemoglobin (SNOHb) complex (19,30). Under hypoxic conditions, SNO is released from the Hb
within RBCs proportional to the extent of hypoxia. In the classical pathway of
vasodilation, NO diffuses into smooth muscle cells (31) where it interacts with
soluble guanylate cyclase, promoting the generation of cyclic guanosine
monophosphate (cGMP) (32). The activation of cGMP dependent protein kinase
type I induces vasorelaxation by several mechanisms (32). In storage, levels of
5	
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SNO fall within 3 hours ex vivo, therefore, there may be reduced O2 delivery to
hypoxic tissues even with fresh blood transfusions (19).

1.1.2 – Morphological Changes to the RBC and Cell Membrane Loss
Studies demonstrate that by two weeks of storage, RBCs exhibit a number
of changes in membrane composition, which affect their cell structure and ability
to deform (8,13–16). Analysis of the cell membrane after 42 days of storage in
vitro shows significant reduction in the total amount of phospholipids and
cholesterol, indicating overall membrane loss (14). In rat models, a five-fold
increase in the number of deformed and rigid cells was observed with increased
storage time (8,13). In patients undergoing posterior spinal fusion surgery, long
periods of storage (>38 days) were associated with significantly reduced
deformability compared to fresh blood (<14 days of storage), with no signs of
reversing within three days post-transfusion (16).
Aside from the aforementioned intracellular changes that RBCs undergo
(decrease in levels of 2,3-DPG, ATP, NO, and pH), levels of potassium (8,31),
lactate (8,15), and various pro-inflammatory cytokines increase (8). These
changes, in conjunction with further alterations including: phospholipid
vesiculation; protein oxidation; and lipid peroxidation, contribute to significant
changes in the cell membrane composition (8,15,16,31). Membrane loss and
changes to the phospholipid, cholesterol, and protein ratio significantly impact
membrane fluidity, lipid sorting, bilayer thickness, and packing efficiency of
6	
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membrane compounds (14). Ultimately, these changes result in reduced
membrane deformability affecting the unique ability of RBCs to change shape
and traverse through microcirculation (8).
RBC shape and cell membrane properties both play a crucial role in the
red cells’ primary function. The biconcave cell shape facilitates O2 delivery since
it maximizes the surface area to volume ratio, which increases diffusion of O2
across the plasma membrane into tissues (33). The RBC structure is maintained
by the composition and integrity of its membrane and the underlying two
dimensional spectrin molecules (33). Remodelling of the spectrin molecule
cytoskeleton gives RBCs the unique property of deformability (33). Studies
indicate that ATP depletion may contribute to the observed RBC change in shape
from biconcave to spiculated echinocyte during storage (20). Since spectrin
remodelling is proposed to be fuelled by ATP (34), which is shown to rapidly
deplete during storage, the membrane composition and spectrin network have an
important role in the RBC function. Changes to either component (such as those
observed with increased storage time) result in reduced deformability of the RBC
membrane. Reduced deformability may impede the RBCs capacity to pass
through the spleen, which could result in accelerated removal of stored RBCs
(35).
Finally, increased storage time is associated with greater
phosphatidylserine (PS) and decreased CD47 expression on cell surface (36).
PS is a component of the phospholipid, which is usually expressed on the
7	
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cytosolic side of the plasma membrane. Externalization of PS, due to asymmetric
membrane loss (14), signals phagocytosis. The increased expression of PS may
be linked to leukocyte contamination since studies indicate that this phenomenon
is primarily observed with RCCs that have not been leukoreduced; and those that
do not show PS externalization (20). Conversely, CD47 is a ubiquitous cell
surface glycoprotein and acts as a marker for “self” since it is able to inhibit
macrophage activity by interacting with signal regulatory protein α (37). In
storage, there can be a 10-60% decline of CD47 expression in RBC cell
membranes, which may lead to the elimination of these “foreign” cells (20).
The consequences of macrophage-mediated erythrophagocytosis are
more far reaching than simply causing a decrease in viable RBCs for circulation.
The cumulative effect of storage lesions associated with prolonged blood storage
time seems to be hemolysis of cells in vitro and reduced 24 hour RBC survival in
vivo post-transfusion (38). FDA regulations mandate that RBC products must
have greater than 75% 24-hour post-transfusion recovery. However, Hod &
Spitalnik focus on the subset of RBCs that are cleared from circulation after
transfusion due to storage lesion induced damage (38). Excess non-transferring
bound iron released by the macrophage/monocyte system from rapidly cleared
senescent RBCs may lead to inflammatory responses through the activation of
inflammasome activity and increased risk of infection (38). Evidence for this
hypothesis comes from rat models (39) that show a rapid initial clearing of RBCs
which induced pro-inflammatory cytokine responses (38,40). In a study with
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healthy human volunteers (41) who were transfused with autologous fresh blood
(3-7 days) vs. old blood (>40 days), there were differences in circulating nontransferrin bound iron and ferritin (38). The increase in non-transferrin bound iron
was also hypothesized to increase the risk of infection, which was observed in
both rat models and human studies (38).

1.1.3 – Metabolic changes associated with RBC storage lesions	
  

	
  

Consumption and metabolism of glucose results in the accumulation of byproducts that cannot be cleared ex vivo. The accumulation of metabolites results
in several changes to the storage medium of the RCCs associated with
increased storage time. These changes have been briefly mentioned in relation
to the intracellular and membrane changes that RBCs undergo (specifically, the
consequences of decreased pH levels which result in depletion of 2,3-DPG). In
addition to the aforementioned changes, cold storage and decrease in levels of
ATP affect the Na+-K+ ATPase, which actively transports Na+ outside of the cell
against the concentration gradient (17). The expulsion of Na+ leads to the
removal of water through osmosis, therefore the retention of Na+ can cause
swelling of the cell, which impedes circulation and efficient O2 delivery (17).
Furthermore, there is an increase in lactate, cytokines, and free Hb in the
storage medium of RCCs, which could compromise the efficacy of the
transfusion (8). Red blood cells can scavenge NO since Hb binds to NO with high
affinity (31). Hemolysis of RBCs that have experienced oxidative damage release
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free Hb, which can scavenge NO at a rate 1000 times faster than NO contained
by RBCs (31). Therefore, transfusion of older blood products with cell-free Hb
can further deplete NO, promoting vasoconstriction in hypoxic patients.

1.2 – Summary of the storage lesion
The numerous time dependent biochemical and mechanical changes that
RBCs undergo while stored in vitro can potentially reduce transfusion efficacy in
three ways: (1) compromise O2 delivery to tissues due to occlusion of blood
vessels and/or insufficient release of O2 at sites of perfusion; (2) promote proinflammatory responses that are mediated by non-transferrin bound iron from
senescent RBCs that are rapidly cleared from circulation; and, (3) increased risk
of infection. In patients with MDS who require transfusion to manage chronic
fatigue, it seems plausible that storage lesions associated with the transfusion of
older RBCs could account for poor HR-QoL post-transfusion and the arbitrary
onset of physical symptoms as compared to fresh. While laboratory studies and
rat models demonstrate the consequences of storage lesions, the results should
be interpreted cautiously when extrapolated to humans. Considering that some of
these changes begin to reverse upon transfusion with the normalization process
beginning within a few hours, depending on the length of storage the
hypothesized negative consequences of transfusing older units of RBCs may be
short lived, rather than permanent.
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CHAPTER 2: A Systematic Review of the Literature to Examine the Impact
of Blood Storage Time on Patient Reported Outcomes
A key goal of chronic transfusion therapy in the management of patients
who experience refractory anemia is to improve overall HR-QoL; therefore, it is
essential to incorporate patient-reported outcomes (PROs) as outcomes in the
evaluation of this therapy. PROs are measures that are informed by patients
without the interpretation of a clinician or other healthcare provider (42). These
outcomes (reported through the use of diaries, interviews, and/or questionnaires)
specifically pertain to perceptions of illness, treatment satisfaction or burden, HRQoL, disease impact, and symptom burden (42).
In the consumer model of healthcare, as described by Baron-Epel &
colleagues, the “relationship between the patient and the treating physician is
based upon the mutual goal of optimizing the patient’s health” (43). Patient
expectations influence the degree to which these expectations are fulfilled by
physicians and impact satisfaction in the patient-provider relationship (43). PROs
are important for enhancing patient-provider communication since they inform
patient values and treatment goals (44), which may encompass values outside of
a purely biomedical sphere and include psychosocial elements. For example,
patient advocacy for greater comfort and functionality has promoted an emphasis
on symptom management in patient care (45). Considering the need for patientcentered healthcare (44), PROs are an important aspect of establishing the
patient perspective, which can then guide treatment decisions.
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Recently, there has been a move towards the incorporation of PROs as
end-points in clinical research, specifically the assessment of symptom burden,
which can be both disease and/or treatment related (45). In patients who receive
chronic transfusion, the use of PROs can give providers greater insight about the
role of this therapy in patient perceptions of their illness and treatment.
Current research in the transfusion medicine field is geared towards
ascertaining the clinical impact of blood storage time. Systematic reviews and
meta-analysis related to this question are primarily interested in physiological
outcomes, morbidity, and mortality (46–49). In light of this, we conducted a
systematic review with the objective of identifying and summarizing previous
research that has been conducted pertaining to the impact of blood storage time
on PROs across all populations. We could not anticipate being able to conduct a
meta-analysis since PROs are comprised of a number of highly heterogeneous
outcomes.

2.1 – Methods and Materials
The process of developing a comprehensive search strategy was informed
by the Cochrane Handbook for Systematic Reviews (50) and the checklist
developed by the Cochrane Haematological Malignancies Group (51). A high
level scan of the literature was conducted to identify text words from the age of
blood and PRO literature. Synonyms for each text word were identified to
increase sensitivity of the search. Each text word was searched using truncation
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where applicable to determine
database specific “controlled
vocabulary” (MeSH terms for
Erythrocyte	
  
Transfusion	
  

Blood	
  Storage	
  
Time/Duration	
  
Relevant	
  
articles	
  for	
  
screening	
  

the Medline database and
EMTREE for Embase). Using
the MeSH terms identified, a
comprehensive search

Patient	
  Reported	
  
Outcomes	
  

strategy was developed
(Appendix A). All terms related
to “red blood cell transfusion”,

Figure	
  1:	
  Approach	
  to	
  search	
  strategy	
  

“blood storage time”, and the

“patient reported outcomes” concepts were grouped using the Boolean operator
“OR”. The three concepts were combined using “AND” (Figure 1). Articles with
time-trade off and/or quality adjusted life years outcomes were included in the
search in the event that a PRO was assessed as a secondary outcome. In
addition to this, literature with a primary focus on fresh frozen plasma, platelet
transfusions, and genotyping were searched and excluded from the results by
using the Boolean operator “NOT” in order to remove irrelevant articles that the
initial search strategy identified. The search was limited to include only articles
with “red blood cell transfusion” related terms in the title or abstract. The results
were further limited to include only articles that were written in English and
conducted in the human population. There were no year limits.
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The online clinical trials registry (clinicaltrials.gov) was also searched for
any ongoing studies using the search terms “age of blood”, “blood storage time”,
“fresh blood”, “old blood”, and “standard issue blood”. All results were searched
to identify studies measuring at least one PRO where the intervention was blood
storage time. Finally, reference lists of four age of blood systematic reviews (46–
49) were also searched to determine if there were any other relevant studies.
Since the purpose of this systematic review was to identify all age of blood
research with at least one PRO outcome, studies of all designs (case
reports/series, observational, and experimental) were included. Also included
were abstracts, posters, conference proceedings, and published original
research. Articles were only eligible if the intervention/exposure was blood
storage time and at least one of the outcomes in the study pertained to a PRO:
HR-QoL, patient satisfaction, fatigue, and well-being. Review articles,
commentaries, opinion pieces, and articles that were unavailable online or in
print were also excluded.
Literature was searched across two Ovid databases: Medline (1946 –
March 26, 2014) and Embase (1974 – March 26, 2014). Final search results from
each database were exported to Endnote X6.0.1 (Thomson Reuters,
Philadelphia, PA, 2012) reference manager and duplicates were deleted. Two
members of the research team (NS & AJ) independently reviewed the titles of
each article to identify literature pertaining specifically to age of blood. Based on
titles, the articles were coded as “yes”, “no”, or “maybe” relevant. Codes that
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were discrepant between reviewers were considered to be articles that were
“maybe” relevant. Abstracts of titles coded “yes” and “maybe” were then
reviewed in duplicate and coded for inclusion or exclusion. Abstracts that were
coded “yes” or “maybe” were retrieved for a full text review by one reviewer (NS)
and a final decision for inclusion was made. An update to the literature search
was conducted on July 1, 2015.

2.2 – Results
The initial search yielded a total of 2,329 articles (1,320 from Medline and
1,009 from Embase). Four hundred and twenty six duplicate articles were
identified and subsequently deleted; 1,903 remained for screening. While 140
articles were related to the age of blood, only two studies reported on at least
one PRO and were eligible for the review (Figure 2) (52,53). Of these two
studies, one was only available as an abstract from the American Hematology
Society (ASH) Annual Meeting (53). Though both studies were randomized,
Mynster and colleagues used a parallel arm approach (52); whereas, Seitelbach
et al. (53), used an N-of-1 approach. An overview of each study is summarized in
Table 1.

15	
  
	
  

	
  
M.Sc.	
  Thesis	
  –	
  N.	
  Sholapur;	
  McMaster	
  University	
  –	
  The	
  Health	
  Research	
  Methodology	
  
Program,	
  Department	
  of	
  Clinical	
  Epidemiology	
  and	
  Biostatistics	
  

Original	
  articles	
  found	
  
N=2329	
  
Medline:	
  1320	
  
Embase:	
  1009	
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Figure	
  2:	
  Screening	
  Process	
  and	
  Study	
  Selection	
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Table 1: Overview of the studies reporting the age of transfused blood and
PROs
Mynster et al, 2007 (52)

Seitelbach et al, 2011 (53)

Sample Size
Years of
Enrolment
Design

N = 22

N = 20

April 2004 – February 2005

Not reported

Parallel arm, randomised

N-of-1 trials

Country

Copenhagen, Denmark
Patients admitted to the
surgical gastroenterology
department with Hb <
6.0mmol/L, complaints of
fatigue, and no active bleeding
or signs of blood pressure
instability
Surgical gastroenterology
department

London, Canada

Intervention

2 units of leukoreduced BC*
RCCs stored for less than 1
week

Comparator

2 units of leukoreduced BC
RCCs stored for more than 3
weeks

PRO Measure

Change in self-estimated
fatigue (measured using a
visual analog scale)

Four fresh transfusions (<7
days of storage – product
details not specified
Four standard issue
transfusion (7-42 days of
storage) – product details not
specified
Quality of Life (measured
using a visual analog scale
and the FACT-An**
questionnaire)

Population

Setting

18 years or older; transfusion
dependent (at least 1 unit of
RBCs every 4 weeks)

Not reported

2.8 point reduction in
There were no differences in
intervention arm vs. 0.4 in
Summary of
QoL between fresh blood
standard; p>0.05. No
Main Findings
transfusions vs. standard
statistically differences
issue
between groups
*BC = Buffy Coat; **FACT-An = Functional Assessment of Cancer Therapy Anemia
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Additionally, we found one more eligible age of blood RCT (the
TRANSFUSE study) through the online clinical trials registry (54). Quality of life
measured using the EuroQol-5 Dimension (EQ-5D) questionnaire at 90-day postrandomization is listed as a secondary outcome. However, since the study is
currently ongoing, there are no results to report. The manual search for studies
using references of systematic reviews did not yield any results. An update to the
literature search in July 2015 yielded a total of 228 additional articles (144 from
Embase and 84 from Medline). None of these articles were relevant.

2.2.1 – Is RBC storage time associated with fatigue?
The study conducted by Mynster and colleagues evaluated the impact of
blood storage time on anemia-associated fatigue (52). Twenty-two patients who
were admitted to the surgical gastroenterology department, with Hb levels of less
than 60 g/L, complaining of fatigue, and having no active bleeding or signs of
pressure instability were enrolled into the study and included for analysis.
Patients were randomized to receiving 2 units of either fresh blood (stored <1
week) or standard issue blood (stored >3 weeks). Fatigue was self-estimated
using a visual analog scale (VAS) prior to transfusion and 2-8 hours posttransfusion; zero indicated no fatigue and 10 was used to indicate maximum
fatigue. The results of the study indicated an overall decrease in fatigue scores:
scores decreased from a median of 6.6 (range 0.1-9.9) to 4.7 (range 0.6-10.0);
p=0.02. Although there was a 2.8 point decrease in fatigue score among the
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group of patients receiving fresh blood (median storage time = 4.5 days)
compared with a reduction of 0.4 in patients who received standard issue blood
(median storage time = 27 days), these results were not statistically significant
(confidence intervals were not reported). Finally, the results showed an overall
increase in Hb levels after transfusion for all patients (5.2 ± 0.6 to 6.4 ± 0.7
mmol/L); however, once again, there were no significant differences between
groups. Although the sample size was small (n=22), the study was powered to
detect a difference of 30% on the visual analog scale.

2.2.2 – Is blood storage time associated with patient quality of life?
Seitelbach et al.’s (53) series of N-of-1 trials examined if blood storage
time affects HR-QoL and Hb in transfusion-dependent patients aged ≥18.
Participants were assigned to receive four fresh (<7 days of storage) and four
standard issue (7-42 days of storage) RBC transfusions. Quality of life was
measured using a VAS and the Functional Assessment of Cancer Therapy –
Anemia (FACT-An) questionnaire. These tools were administered prior to the
transfusion and 24 hours post-transfusion. Twenty participants comprising of
patients with myelodysplastic syndromes (MDS), β-Thalassemia,
myeloproliferative neoplasms, Diamond-Blackfan anemia, and chronic anemia of
underdetermined etiology were enrolled. Nine of 20 patients in the study
completed at least six transfusions and were included in the “within-subject
between patient” analysis. An overall between group analysis of QoL scores was
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conducted for all study participants using a paired t-test and mixed model
approach. The results did not show any statistically significant difference in QoL
or Hb levels in either analysis. Since this study was published only as an
abstract, numerical results are not currently available.

2.3 – Discussion
Although the studies that were included in this systematic review (52,53)
were prospective and randomized, there are several limitations that should be
addressed. It was difficult to assess the quality of both the Mynster et al. (52) and
Seitelbach et al. (53) studies since there were gaps in the reporting. Specifically,
the method of randomization and allocation concealment was not presented in
either article thereby making it difficult to assess the quality of each study. There
is also a lack of reporting in the results (particularly in the Setielbach et al. (53)
study, which was published as an abstract, where no numerical results were
provided), creating difficulty in drawing meaningful conclusions.
In both studies a small sample size was a major limitation. In the Mynster
et al study (n=22), although there was a large difference in the overall reduction
of fatigue between patients transfused with fresh blood compared to those
transfused with old blood, the results were not statistically significant (52). It is
difficult to ascertain how robust the results are since the study does not report
confidence intervals. However, considering the extremely wide ranges of overall
fatigue scores, a larger sample size may be needed for more precise results. The
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article acknowledges that the “study population may be too small and too
heterogeneous to find a low impact of red cell storage time on post-transfusion
cytokine concentrations [a secondary outcomes] and fatigue”. Additionally, the
population studied in the Mynster et al. (52) study are patients who experience
anemia from non-acute gastrointestinal bleedings. Disease and treatment burden
in these patients may be vastly different compared to the MDS population,
therefore the results of the study have limited generalizability.
Similar to Mynster et al. (52), the patient population in the Seitelbach et al.
(53) study was also small (n=20; 9 included in the analysis) and heterogeneous.
However, the small sample size and heterogeneity in the population were
managed using a series of N-of-1 trials. N-of-1 studies are used to guide
treatment decisions for individual patients (55). In a traditional N-of-1 trial, upon
enrolment patients undergo pairs of successive treatment periods in random
order (i.e. the patient will undergo both treatments one after another; however the
order in which they receive these treatments will be determined by
randomization). Once the patient has completed a cycle, the process is
replicated and they receive another pair of treatments (55). These cycles can
continue until effectiveness, equivalence, or harm has been demonstrated (55); it
is recommended that patients complete at least three cycles (56,57). Each trial is
analyzed separately to compare outcomes within each patient and establish
optimal care for the individual. Since the patient acts as their own control, the trial
is extremely efficient to establish treatment effects for individual patients.
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Multiple N-of-1 trials can be combined in an N-of-1 series (such as the
approach used by Seitelbach et al. (53)’s study) to estimate population treatment
effects. However, this approach may require increased participants to ensure that
the gains in within-patient variability achieved by multiple crossovers are
balanced to estimate population variance and ensure the results are
generalizable (58). Since crossover designs use multiple patients they are better
for estimating population treatment effects. Therefore, while Seitelbach et al.
(53)’s study uses a between group analysis comparing fresh blood to old blood
where all participants were included, further research with a larger sample size
should be conducted to estimate treatment effects for the population.
Finally, a third limitation of both studies is the short time frame in which
fatigue and QoL are measured after each transfusion. In the study conducted by
Mynster et al. (52), fatigue is measured 2-8 hours later, whereas in the study by
Setielbach et al. (53), QoL is measured 24 hours post-transfusion. Since some
biochemical changes (i.e. decreases in 2,3-DPG) are reversed in vivo between 472 hours, depending on the age of the blood transfused (21), there may be
delays in experiencing the full benefits of transfusion in patients who were
transfused aged blood. Moreover, since there were no repeated measures,
changes in QoL over a defined period of time could not be assessed. While the
short timeframe in which the outcome measures were administered can capture
immediate changes in HR-QoL, it is not sufficient to capture more long terms
changes associated with blood storage time.
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2.4 – Limitations
This review was useful for identifying articles that assessed the
association between age of blood transfused and various PROs. The search
strategy was comprehensive. A librarian reviewed the strategy and provided
feedback, which was incorporated to ensure the search would yield the greatest
possible fraction of relevant articles. Additionally, the search did not specify any
particular patient population therefore it was highly sensitive.
However, because of the “high sensitivity” of this search strategy,
searching the databases by identifying articles purely on intervention (i.e. only
combining the concepts of “RBC Transfusion” with “Blood Storage Time” using
the Boolean operator “AND”) yielded >20,000 articles. In order to narrow the
search, it was essential to streamline the results by specifying the PROs of
interest, despite the risk of excluding articles with a PRO endpoint that was not
specified. We mitigated this risk by searching the literature to identify all possible
text words that could be used to index and identify literature with a PRO
endpoint. A final limitation of the review was that a meta-analysis could not be
conducted. Only two studies were identified. Both consisted of heterogeneous
populations and outcomes and one was presented only in abstract form with no
numerical results; therefore a meta-analysis could not be conducted.
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2.5 – Conclusion
Although both studies conclude that there was no association between
blood storage time and fatigue (52) or HR-QoL (53), in light of the
aforementioned limitations and concerns with generalizability, the findings may
be susceptible to type II error; thus, there is a need to conduct further research.
Future research studying this association will not only provide insight about the
role of transfusion in managing patients with MDS and improving quality of care,
but also engender a greater understanding of the in vivo consequences of the
storage lesion, thereby improving our knowledge of blood products. While the
study by Seitelbach et al., (53) demonstrates the feasibility of using N-of-1
studies in the management of individual patients the feasibility of conducting a
crossover trial has not been explored. Therefore, additional pilot work is
warranted and necessary to inform the design of future trials that use PROs as
endpoints.
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CHAPTER 3: Can MDS patients be studied using a crossover design? A
chart review
To address the ultimate research question, we contemplated using a
crossover randomized controlled trial (RCT) instead of a parallel arm design. In
crossover trials, study participants receive all interventions, with each
intervention being separated by a “washout” period (59–63). Participants are
randomized to the order in which they receive the interventions (Figure 3).

Treatment	
  A	
  

Population	
  

Washout	
  

Treatment	
  B	
  

R	
  

Treatment	
  B	
  

Washout	
  

Treatment	
  A	
  

Figure	
  3:	
  Schematic	
  of	
  a	
  Crossover	
  Randomized	
  Controlled	
  Trial	
  	
  

A crossover design has several advantages over a parallel arm design
that potentially make it appropriate for this proposed study. The primary
advantage of the crossover design is being able to measure and compare the
same subject’s response to a particular intervention. Since patients are selfcontrolled with a concurrent control group, crossover trials allow not only within
subject, but also between group comparisons (59,62,64). Furthermore, since
crossover designs have reduced between subject variability (62), they typically
require fewer participants to achieve statistical power (59,61). Despite these
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advantages, crossover trials in MDS patients are not widely used in comparison
to parallel arm RCTs since they are only appropriate under specific
circumstances (61). For a crossover design to be appropriate three specific
criteria must be met.
Firstly, the effects of the intervention being studied must have a rapid
onset and be transient (61,65). A major drawback of crossover trials is their
susceptibility to carryover effects when an adequate washout period has not be
established (59–63). Carryover of treatment effects is highly problematic since it
interferes with the evaluation of the treatments being studied (61). The effects of
RBC transfusion in this population are typically experienced within a few hours.
Patients generally return to clinic for another transfusion when their symptoms
return; hence, we would not expect carryover to be an issue in this study.
Secondly, the intervention being studied cannot be a curative treatment. If
the intervention cures the disease or improves the subject’s condition
permanently, the baseline characteristics of the subject in each period of the trial
will be different, making them incomparable (61). For patients with MDS, chronic
transfusion with RBCs is used to transiently raise low Hb levels. Once transfused
RBCs are cleared by the immune system, the patient should return to their
baseline health status unless their disease state is worsening.
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Finally, crossover trials should be used in populations with a stable
prognosis over the timeframe of the study since it is essential for the study
subject’s baseline characteristics to be the same at the beginning of each
treatment period (61). If the patient’s disease worsens or improves naturally over
the course of the trial the treatment periods will not be comparable. The
International Prognosis Scoring System (IPSS) is currently used to place patients
with MDS in various risk strata based on their bone marrow aspirates, number of
cytopenias, and karyotype (66). The prognosis of patients with MDS can be
variable since the clinical and physiological manifestation of this population is
highly heterogeneous. The three year and five year survival for patients with
MDS is approximately 42% and 29% respectively (67). Additionally, a subset of
patients is at risk for acute myeloid leukemia (AML) progression. Despite the
variability in prognosis, patients may still be stable over the time frame of the
study provided their baseline characteristics remain the same. Since we expect
patients with MDS to be treated with RBC transfusion therapy at least once every
month, the expected study timeframe is approximately two months. However,
since transfusion is mandated based on clinical requirement, it is possible for
patients to be on study for a longer period of time and their condition could
change during this period. To determine if MDS patients would meet this criterion
of disease stability over a four to six month period, we conducted a retrospective
chart review.
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3.1 – The Research Question for the Chart Review
Are patients with MDS a stable population (defined as patients who
receive RBC transfusion at regular intervals; have a consistent pre-RBC
transfusion trigger; have less than three hospital admissions for causes unrelated
to MDS or other chronic co-morbidities; and do not contract severe infections), to
study in a crossover RCT where the intervention of interest is RBC transfusion
over a six month period of time?

3.2 – Secondary Study Objectives
1. To determine if a six-month timeframe is appropriate for conducting a
crossover transfusion trial; and,
2. To determine possible eligibility and feasibility considerations by
collecting additional baseline data to characterize the patient
population.

3.3 – Methods
3.3.1 – Study Design and Overview
We conducted a retrospective chart review of adult patients with MDS
treated at the St. Joseph Hamilton Healthcare1 (SJHH) and Juravinski Hospital
and Cancer Center2 (JCC) hematology outpatient clinics. Information pertaining
to RBC and platelet transfusions, haematology lab tests, hospitalizations, and
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1
SJHH 50 Charlton Ave. E., Hamilton, ON, L8N 4A6.
2
711 Concession St., Hamilton, ON L8V 1C3
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other relevant variables (Appendix B) were collected for a six-month observation
period (January 1 to June 30, 2013). An overview of the study is illustrated in
Figure 4.
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  and	
  Data	
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3.3.2 – Patient Identification and Eligibility
Adult patients with MDS at SJHH were identified using the August 1 –
October 31, 2013 haematology outpatient clinic list. The same approach was
used to identify eligible patients at the JCC between January 15 and March 30,
2014 with one main difference: due to logistical reasons only patients under the
care of one haematologist could be identified.
Patients that were identified were screened for eligibility. Patients at
Juravinski Hospital were considered to be eligible if they had a confirmed
diagnosis of MDS based on analysis of bone marrow aspirate. However, since
bone marrow aspirates are not routinely done at SJHH, patients with suspected
MDS based on clinical presentation as per physician documentation in clinic
notes were also considered eligible. Patients with MDS were only included if:
they were ≥18 years old at the start of the observation period, diagnosed with
MDS and followed (as per visit history) for at least six months prior to the start of
the observation period.
Data from electronic health records and charts of all patients who met
these criteria between the dates of January 1 and June 30, 2013 were reviewed
and recorded onto a paper case report form (CRF). Since this was an exploratory
and descriptive chart review, a sample size of 20-25 charts was deemed
appropriate based on feasibility (each site was estimated to treat approximately
20-30 patients each).
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3.3.3 – Data Abstraction and Management
Paper CRFs were developed by the study coordinator (NS) and revised by
two experts, one in the field of MDS and another in research methodology (MC &
NH). Case report forms were pilot tested by the coordinator (NS) with one chart
to assess clarity and determine where additional definitions were required. The
CRF was revised and a standard operating procedure (SOP) was developed by
the coordinator (NS) to document and regulate the data abstraction process. Two
members of the research team, the coordinator (NS) and a student research
assistant (FK) used the SOP to abstract one chart in duplicate independently of
each other. Data abstraction was compared and discrepancies were resolved
through consensus. The CRF and SOP were further refined and definitions were
clarified. One member of the research team (FK) abstracted all data to the final
version of the paper CRFs. Patient health records at SJHH were reviewed
through Provider Portal. Health records at the JCC were reviewed through
Meditech and Soveira. Where information was unavailable online, the physical
patient chart was accessed through Health Records to retrieve missing data. The
study coordinator (NS) verified 100% of the data abstracted on paper CRFs.
Baseline demographic information was collected for each patient including
age, gender, blood type, IPSS scores, and pre-existing co-morbidities at the
beginning of the observation period. New conditions that developed during the
course of the observation period were also noted.
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In addition to the aforementioned baseline data, information pertaining to
hospital admissions and infections was also retrieved. Patients were considered
to be hospitalized if they were admitted as an in-patient for a minimum of 12
hours. Hospital admissions were identified through electronic health records
(Provider Portal, Meditech, and Soveira) using discharge summaries and visit
histories. Clinic notes were also searched for mention of hospital admission in
the event that patients were admitted outside of the study sites. The date of
admission and discharge, reason for admission, and diagnosis on discharge
were recorded.
Similarly, infections were recorded if patients had a positive microbiology
culture during the observation period, or if there was documentation of infection
in the clinic notes. The start and stop date of the infections were recorded when
available, along with whether or not it was severe, and any additional details
such as type of infection (viral/bacterial) and treatment information. An infection
was considered to be severe if it persisted for ≥14 days with symptoms; required
IV antibiotics or hospitalization to treat; required oxygen, fluids to support blood
pressure, or intubation; or resulted in septic shock (68).
Blood product utilization information, hematology blood work, and various
liver enzyme test results were also collected. Information related to RBC
transfusions included: date of transfusion, donor blood type, number of units
transfused, transfusion reactions, and product unit number. The date of
transfusion, the donor blood type, and the product unit number were used to
32	
  
	
  

	
  
M.Sc.	
  Thesis	
  –	
  N.	
  Sholapur;	
  McMaster	
  University	
  –	
  The	
  Health	
  Research	
  Methodology	
  
Program,	
  Department	
  of	
  Clinical	
  Epidemiology	
  and	
  Biostatistics	
  
retrieve the collection date of the unit using the Transfusion Registry for
Utilization, Surveillance, and Tracking (TRUST) database housed at the
McMaster Transfusion Research Program (MTRP3). The collection date of the
unit and date of transfusions were used to determine the age of the blood at time
of transfusion. Transfusion reactions were recorded if they were documented in a
clinic note, listed in the blood bank history, or recorded in nursing progress notes.
Finally, information pertaining to platelet transfusions were also captured and
included: date of transfusion; donor blood type; number of units; and, possible
transfusion reaction information.
Data from paper CRFs were entered into an excel spreadsheet for
analysis by the coordinator (NS). Another student research assistant (ZI) verified
data entry. Discrepancies between paper CRFs and the database were logged in
an Excel spreadsheet and corrected in the database by the coordinator (NS).

3.3.3 – Ethical Considerations
We received approval from the Hamilton Integrated Research Ethics
Board (HiREB) to conduct this study. The study complied with all regulations,
guidelines, and policies to protect patient privacy. Patient charts reviewed for the
study were given a unique subject ID code, which was used on each CRF. Paper
CRFs and the electronic database were stored in a locked cabinet and secure
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HSC-3H50 McMaster University; 1280 Main St. W.; Hamilton; ON; L8S 4K1
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server respectively, at the coordinating center. Access to the computer where the
database is stored is limited by a password that is changed regularly.
A document linking the subject ID and patient chart was temporarily stored
using an “on-the-fly” encryption data storage device. This document was
permanently deleted upon completion of the study. We did not seek informed
consent since this study was retrospective and minimal risk to patients.
Additionally, no patient identifiers except for year of birth/age were collected.

3.5 – Analysis
Descriptive statistics were used to analyze the data. Means and standard
deviations were reported for continuous variables along with medians and
interquartile ranges (IQRs) where appropriate. Proportions were used to describe
categorical variables.

3.3 – Outcome Measures
The primary outcome of this study was proportion of patients who have a
stable diagnosis over a defined six-month period. In order to meet this study
objective, an outcome measure assessing patient stability was required.
Traditionally, prognosis of patients with MDS and transformation to AML is often
established using the International Prognostic Scoring System (IPSS) score,
calculated at diagnosis (69). However, this score may not necessarily be
indicative of patient stability. Furthermore, in this study, IPSS score was not used
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since a subset of the population (patients treated at SJHH) did not routinely have
a bone marrow aspirate done, which is required to calculate an IPSS score. We
instead used a combination of other criteria to assess patient stability, including:

1. The dispersion around median number of days between each transfusion
was assessed; patients were considered stable if the first and third quartile
were within ±7 days of the median.

Patients are typically transfused at a Hb trigger of approximately 80 g/L to
replace RBCs that cannot be produced in the bone marrow. Once transfused
RBCs disappear from the patient’s circulation, another transfusion is required to
maintain adequate Hb levels and prevent fatigue. Therefore, increasing interval
of days between transfusions indicates an improved disease state since patients
are able to sustain their RBC levels for longer periods of time. Conversely
decreasing interval of days between transfusions is indicative of worsening
disease. The ideal patient for the proposed trial should receive transfusions at
regular intervals; however, clinic bookings and patient schedules can also affect
the interval between transfusions so this had to be taken into account when
defining a ‘regular interval’. We anticipated being unable to conduct a time-toevent (survival) analysis due to the short observation period and limited data;
therefore, we used the dispersion around median number of days between each
transfusion episode.
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2. The dispersion around median pre-RBC transfusion Hb count; patients
were considered to be stable if the first and third quartile were within ±10
g/L of the median.

We also considered pre-transfusion Hb counts to avoid perceived stability
as a result of individualized transfusion protocol. For example, patients may have
clinical orders to receive RBC transfusions every two weeks should their Hb
counts fall below a specific threshold (most frequently 80 g/L). These orders may
be re-evaluated at each follow-up visit, which can range from weekly to
biannually depending on patient, provider, and hematology clinic. Therefore, a
patient who receives transfusions at a regular schedule may still be unstable if
there is a high level of dispersion around their median pre-transfusion Hb count.

3. Number of hospital admissions; patients were considered stable only if
they had been admitted to hospital less than 3 times within the six month
observation period and if those hospital admissions were unrelated to
MDS or other chronic co-morbidities.

Frequent admission to hospital for MDS or co-morbidities may indicate
advanced disease state and can affect not only regularity of RBC transfusion, but
also overall well-being.
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4. Number of infections; patients were considered stable if they did not
contract any severe infections during the observation period.

Since patients with MDS may experience neutropenia, which can make
them susceptible to infection, patients were considered stable if they did not
contract any severe infections during the observation period.

These stability assessment criteria were peer reviewed by a hematologist
specializing in the management and care of patients with MDS.

3.6 – Results
Twenty-one of 52 (40.4%) patients screened were eligible for the
purposes of the study (mean age: 79.52 ± 6.03 years; 6 female). Most patients
(26; 50%) who failed screening did not have a diagnosis of MDS; three of 52
(5.8%) were not diagnosed with MDS six months prior to the observation period.
Two patients (3.8%) were excluded due to lack of data since their primary
treatment center was not within Hamilton (Figure 5).
52	
  patients	
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  for	
  
inclusion	
  

21	
  Patients	
  
included	
  

31	
  patients	
  excluded:	
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Figure	
  5:	
  Final	
  number	
  of	
  patients	
  included	
  into	
  the	
  chart	
  review	
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A significant proportion of patients (17/21; 81%) had at least one comorbid
illness present at baseline. Hypertension, diabetes, and cardiac disease were
among the most frequently reported. Patients were also reported to have various
respiratory disorders at baseline including: asthma, COPD, asbestosis,
pulmonary fibrosis, and/or obstructive sleep apnea (Table 2 summarizes
additional baseline information).

Table 2: Demographic and Baseline Characteristics of 21 Patients with
MDS
Juravinski
SJHH (n=11)
Total (N=21)
Hospital (n=10)
Age (Mean ± SD)
81.90 ± 5.58
76.9 ± 5.63
79.52 ± 6.03
Female, n (%)
6 (54.6)
0 (0)
6 (28.6)
IPSS Score, n
Low
2
2
4
Intermediate-1
-3
3
Intermediate-2
-3
3
High
1
2
3
Comorbid Illness, n (%)
At least one
9 (81.8)
8 (80)
17 (81)
Hypertension
3 (27.3)
4 (40)
7 (33.3)
Diabetes
4 (36.4)
3 (30)
7 (33.3)
Arthritis
2 (18.2)
0 (0)
2 (9.5)
Cardiac Disease
4 (36.4)
3 (30)
7 (33.3)
Stroke
1 (9.1)
0 (0)
1 (4.8)
3 (27.3)
2 (20)
5 (23.8)
Respiratory
Asthma, COPD, Asbestosis, Pulmonary Fibrosis,
Disease
Obstructive Sleep Apnea
8 (72.7)
7 (70)
15 (71.4)
Thalessemia trait, glaucoma, chron’s disease, gout,
dislipidemia, pneumonia, chronic kidney disease,
Other, n (%)
bladder cancer, vasculitic neuropathy, GERD, GI
disease, hypercholesterolemia, ovarian cancer,
macrocytic anemia,
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The IPSS score was only available or could be calculated for 13/21 (62%)
of patients. Although the number of patients in the intermediate-1 and 2 risk
strata may be underestimated, there seems to be an overall equal distribution of
patients in each category. Overall, patients experienced a median of 5 (IQR, 2,
12) transfusion episodes over a six-month time period. The median interval
between each transfusion episode was 14 days (IQR, 7, 21 days). The mean rate

Mean	
  Number	
  of	
  Transfusion	
  
Episodes	
  

of transfusion episode was 1.5 (SD, 0.33) transfusions/month (Figure 6).
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3.6.1 – Stability of Patients with MDS
Since transfusion schedules are unique to each patient based on clinical
requirement, there is a high level of heterogeneity, which likely accounts for the
dispersion of data around the median interval of days between transfusion
episodes. To understand how stable patients are on an individual level, summary
statistics were generated for each patient who received greater than three
transfusions (Table 3). Only patients who had more than three transfusion
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episodes were included since a minimum of three time intervals was required to
generate medians and IQRs.

Table 3: Summary statistics for patients who received greater than 3
transfusion episodes
Pt. ID

Median #
of Units
Transfuse
d (IQR*)

Median Interval of
days between Tx
(IQR)

Median pretransfusion Hb
counts (IQR)

# of
Hospital
Admissions

# of
Severe
Infections

P01

2 (0)

21 (20.5, 21)

75 (72, 77)

0

0

P03

2 (0)

35 (33.75, 36.25)

84 (84, 87)

0

0

P05

2 (0)

14 (13, 14)

84.5 (82.25,
89)

0

0

P06

2 (0)

7 (7, 8)

80 (78, 85.75)

0

0

P07

2 (0)

42 (35, 42)

101 (96, 101)

0

0

P08

2 (0)

28 (21.5, 28)

87.5 (84.5,
88.5)

0

0

P09

1 (0)

28 (28, 35)

81 (80, 85)

0

0

P10

2 (0)

35 (30.5, 37.75)

95 (94, 96)

0

0

P12

2 (0)

15 (14, 20)

77 (72.25,
80.5)

0

0

P13

2 (0)

14 (12.5, 16.5)

84 (79.75, 87)

0

0

P14

2 (1)

11 (4.25, 20)

89.5 (84, 92)

0

0

P16

2 (0)

12.5 (5.5, 14)

91.5 (79.75,
97.5)

0

0

P17

1 (1)

7 (6.25, 7)

92.5 (86, 96)

0

0

P18

2 (1)

14 (13.75, 14.25)

87 (85, 91)

1

0

*IQR = Interquartile range
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Fourteen of 21 had more than 3 transfusion episodes (eight patients at
SJHH, six patients at Juravinski Hospital). Most patients received a median of 2
units each transfusion episode. Each of the 14 patients was assessed using the
four pre-defined criteria.

1. The dispersion around median number of days between each transfusion
As expected, the dispersion around median interval of days between
transfusion episodes for each of these 14 patients was quite narrow. Only 3
patients had an IQR of more than seven. Two of these patients may still be
considered appropriate for the purposes of the trial since the first and third
quartile are within seven days of the median. One patient (P14), however, had an
IQR>14 and could not be considered stable.

2. The dispersion around median number of days between each transfusion
The median pre-transfusion Hb count was 86 g/L (IQR, 79, 90). The
variation around the median seems to decrease significantly when assessing
each individual patient. For instance, all but one patient (P16) had an IQR≤10
around their median pre-transfusion Hb count. The one patient whose lower limit
of the IQR exceeded 10 was transfused at a median pre-transfusion Hb count of
91.5 (IQR; 79.75, 97.5). Despite this patient having the acceptable amount
variation in the interval of days between transfusion episodes (median of 12.5
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days; IQR, 5.5, 14), there seems to high level of variability in the transfusion
trigger. Therefore, this patient may not be ideal for the purposes of the study.

3. Number of hospital admissions
Only one patient (P18; from the cohort treated at the JCC) was admitted to
the hospital during the six-month observation period for one night due to
symptoms consistent with pulmonary edema. The patient had previous triple
vessel coronary artery disease with bypass in 2001; it is unclear whether hospital
admission was related to cardiac disease. Therefore, the patient was not
considered unstable for the purposes of this review since the episode seemed to
be acute and relatedness to co-morbidity is unconfirmed.

4. Number of severe infections
Three patients (all of whom were part of the SJHH cohort) contracted
infections as confirmed by microbiology culture. Two patients had asymptomatic
bacteriuria and one had a chest infection; none were considered serious.

In summary, of the 21 patients included into this study, 14 (66.7%) had
more than three transfusion episodes in 6 months, making them appropriate
candidates for the purposes of the larger trial. Of these 14 patients, two did not
seem appropriate for the trial on account of the high variability in interval of days
between transfusion (P14) and pre-transfusion Hb levels (P16). Therefore, 12/14
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(84.7%) could be considered “stable”. The above criteria can be applied to the
study population during screening to identify and recruit participants who may be
considered stable for the proposed trial.

3.6.1 – Age of Blood Transfused
A total of 185 transfusions and 333 RCCs were transfused to 21 patients
over a six-month observation period. Although all transfusions were compatible
with the recipient, 55/333 (16.5%) units were not group specific. The age of
RBCs transfused ranged between 8 to 41 days. The median age of blood
transfused was 24 (IQR, 20, 31) days. Figure 7a illustrates the distribution of age
of blood transfused. Figure 7b illustrates the distribution by site.

Number	
  of	
  RCCs	
  Transfusions	
  

Figure	
  7a:	
  DistribuVon	
  of	
  Age	
  of	
  Blood	
  Transfused	
  
35	
  
30	
  
25	
  
20	
  
15	
  
10	
  
5	
  
0	
  
1	
  

3	
  

5	
  

7	
  

9	
   11	
   13	
   15	
   17	
   19	
   21	
   23	
   25	
   27	
   29	
   31	
   33	
   35	
   37	
   39	
   41	
  
Age	
  of	
  Blood	
  Transfused	
  

43	
  
	
  

	
  
M.Sc.	
  Thesis	
  –	
  N.	
  Sholapur;	
  McMaster	
  University	
  –	
  The	
  Health	
  Research	
  Methodology	
  
Program,	
  Department	
  of	
  Clinical	
  Epidemiology	
  and	
  Biostatistics	
  

Number of RCCs Transfusions

Figure	
  7b:	
  DistribuVon	
  of	
  Age	
  of	
  Blood	
  Transfused	
  by	
  Site	
  
20	
  
15	
  
10	
  

SJHH

5	
  

Juravinski

0	
  
1	
   3	
   5	
   7	
   9	
   11	
   13	
   15	
   17	
   19	
   21	
   23	
   25	
   27	
   29	
   31	
   33	
   35	
   37	
   39	
   41	
  
Age of Blood Transfused

The age of blood most frequently dispensed was 36 days at SJHH
(18/168; 10.7%) and 22 days at the Juravinski Hospital (19/165; 11.5%). The
median age of blood transfused at the SJHH was 28 days old, (IQR, 20, 35)
compared to 22 days at the Juravinski Hospital (IQR, 18, 27). Based on these
figures, it will be essential to determine the feasibility of transfusing very fresh (17 day old) at both sites and very old (35-42 day old) blood particularly at the JCC.

3.7 – Discussion
There are two main advantages of using a crossover study design: 1)
reduced between-patient variation; and, 2) higher efficiency, thereby requiring
fewer participants to achieve statistical power (59,61,62). These two advantages
are especially relevant when studying patients with MDS.
MDS is a rare hematological disorder characterized by a hypercellular
bone marrow and ineffective hematopoiesis (4), more specifically, deficiencies in
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the differentiation process of hematopoietic stem cells (70). While the
pathophysiology of MDS is multi-factorial and has yet to be fully elucidated, de
novo cytogenetic and molecular alterations in tumour suppression genes of
hematopoietic stem cells have been suggested to play a role (4,5). Depending on
the location and combination of genetic lesions, the clinical presentation and
prognosis for patients with MDS can be highly diverse (69). Consequently,
patients with MDS may experience a series of peripheral blood cytopenias
(4,5,70). A crossover design can minimize the between-patient variation that is
characteristic of such heterogeneous populations since each participant acts as
their own control.
With reduced between-patient variation, a smaller sample size can be
used while maintaining the power of the trial. This feature of the design is
especially relevant since patients with MDS are rare; the incidence of MDS is
approximately 3-4 in 100,000 individuals each year aged ≥ 65 years (66,71,72).
Furthermore, chronically transfused patients with MDS who have a stable
prognosis are rarer still, considering 25-40% of cases progress to AML (70,73).
Finally, of the 52 patients who were screened from the outpatient hematology
clinics, only 14 (26.9%) fit our eligibility criteria and had received greater than
three transfusions in 6 months. Based on these figures, it is anticipated that
patient accrual may be slow and the lower sample size may improve feasibility of
detecting significant differences in outcome, should such differences actually
exist.
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Although there are advantages to using crossover methods when studying
patients with MDS, ultimately the appropriateness of this design hinges on the
stability of the patient’s disease over the expected duration of the trial. Since
patients only received a median of 5 (IQR, 2, 12) transfusions over a six-month
observation period, there was not enough data to conduct a time-to-event
analysis or regression. Therefore, measures of central tendency and dispersion
were used to describe the population. Overall, despite the diversity in clinical
presentation and prognosis, there was not a high degree of variability around the
median interval of days between transfusions (median was 14; IQR, 7, 21). The
mean distribution of transfusions was also fairly consistent (maximum fluctuation
was 2 transfusions). The same seems to be true of pre-transfusion Hb value
(IQR; 79, 90). Furthermore, the dispersion around medians seems to decrease
drastically when these summary statistics are calculated for each individual
patient. Only 2/14 patients analyzed were not considered to have a stable
prognosis. This suggests that as a population, patients with MDS are sufficiently
stable to study using a crossover design.
The results of this study also suggest that a six-month time frame is
reasonable to conduct a trial considering 12/21 (57.1%) had at least 4
transfusions within that time and were considered to be stable. These patients
could be enrolled and randomized in the proposed trial at least twice, which
would make patient accrual far more feasible.
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Aside from patient accrual, another potential feasibility issue that may
need further piloting is the availability of fresh blood in the blood bank inventory.
The “first in, first out” policy suggests blood banks dispense the oldest available
product in order to minimize wastage due to expiry. The results of this chart
review show that of the 333 units dispensed, there were no products fresher than
8 days. This may pose a potential feasibility issue since the age parameters for
fresh blood in the proposed trial are between 1-7 days old. If RBC products less
than 8 days are consistently unavailable, alternative arrangements will need to
be made. For instance, blood transfusion services that participated in the ABLE
trial were able to maintain an inventory of fresh (<8 days old) RBC products (74).
In the event that fresh blood was unavailable, the freshest available component
was to be transfused. This strategy seemed to be successful for the ABLE trial
since the mean age of fresh blood transfused was 6.1 (SD, 4.9) days. The blood
transfusion services at SJHH in Hamilton participated in the ABLE trial; hence
there is local experience in using this strategy to provide fresh blood.
This chart review was conducted over two sites – a benign hematology
care center (SJHH) and a malignant hematology-oncology care center (JCC). It
appears patients treated at SJHH may be more appropriate for the trial since
8/11 patients reviewed received greater than three transfusions and seemed to
be stable, compared with 4/10 at the Juravinski Hospital. However, since patients
at the JCC were only recruited from one hematologist specializing in MDS care,
there may be a referral bias; it is possible patients in the care of other
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hematologists may be appropriate and were missed during screening. Another
limitation of the study is patients at SJHH did not have a bone marrow aspirate
done to confirm diagnosis of MDS. Since bone marrow biopsy can be a fairly
intrusive and uncomfortable procedure, patients at SJHH are not routinely
receive this procedure unless they are eligible for active MDS treatments other
than supportive care. Therefore, patients treated at SJHH who did not have a
confirmed diagnosis of MDS were still included in this study if they were strongly
suspected of having MDS based on clinical documentation.

3.8 – Conclusion
While the data suggest that is possible to conduct a crossover trial where
the exposure being studied is RBC transfusion in this population, identifying
these patients may be challenging considering the limited number of individuals
who were eligible, had received greater than 3 transfusions, and were stable over
a six-month observation period (12/52 patients screened). The results of this
study indicate that using the hematology outpatient clinic list (usually prepared
one week prior to the clinic) to identify patients is a reasonable approach. Once
patients who are scheduled for transfusion are identified, they can be prescreened for a diagnosis of MDS using patient electronic health records. An
advantage of pre-screening patients is reduced burden on outpatient clinic staff
to determine patient diagnosis. Patients who are identified to have MDS can be
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further assessed for stability using the retrospective data in TRUST and if
eligible, approached during clinic for recruitment.
The criteria used to define patient stability in this chart review can be
applied as eligibility criteria to ensure that only patients who are “stable” are
recruited. Adult patients with MDS will be included:
•

If they have had at least 4 transfusion episodes over the past 6 months;

•

The first and third quartile around the median number of days between
each transfusion episode is within ±7 days; and,

•

The first and third quartile around the median 24-48 hour pre-transfusion
Hb count is within ±10 g/L.

Patients would be excluded from the study if:
•

They were admitted to hospital for issue related to MDS or other chronic
co-morbidity within the past six months; or,

•

If they had contracted or have any severe infections within the past six
months.

Figure 8 demonstrates the proposed Stability Assessment Algorithm that can be
used for screening and identifying patients with stable transfusion requirements.
Further validation studies are needed to ensure this tool can predict patient
stability prospectively.
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CHAPTER 4: Using an applied qualitative approach to characterize posttransfusion well-being in patients with MDS
Literature studying HR-QoL outcomes in patients with MDS is primarily
focused on understanding the impact of various interventions or supportive care
(75). Patients with MDS experience poorer HR-QoL compared to age and sex
matched individuals of the general population (1). While there are several factors
that contribute to poor HR-QoL among patients (75), fatigue due to refractory
anemia is a major determinant since it significantly interferes with activities of
daily living (1,7,75). Compounding this issue, literature identified in a systematic
review conducted by Platzbecker et al. (7), suggests patients with MDS who are
transfusion dependent experience worse HR-QoL compared with those who are
transfusion independent (1,76,77). The review outlines several consequences of
transfusion dependency which can include: risk of infection (78); RBC or platelet
transfusion related complications (79); febrile or allergic reactions (80); skin
rashes (81); and, transfusion related iron overload, which may increase the risk
of morbidity and mortality (82). Despite these results, there seems to be a
correlation between increase in Hb and HR-QoL scores; these observations
suggest that RBC transfusion may improve HR-QoL transiently (7).
Clinicians anecdotally report that patients may continue to feel unwell
despite RBC transfusion, sometimes experiencing the onset of additional
physical symptoms despite transfusion. These short-term changes in patient
well-being after a transfusion have not been systematically characterized.
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Therefore, we undertook this study to understand how transfusion can impact a
patient’s well-being and to characterize transfusion related symptoms that
patients may experience. The results of this study will be used to inform the
selection of an appropriate outcome measure with appropriate face validity for
the proposed trial.

4.1 - The Research Objectives
To explore the symptoms and changes in well-being that patients with
MDS experience as they are transfused with RCCs.

4.2 – Methods
4.2.1 – Study Design
An applied qualitative approach using a semi-structured interview guide
was employed to meet the study objectives. Applied qualitative research studies
“develop, monitor, or evaluate a policy or practice, using qualitative techniques
as an alternative to, or to complement, other approaches” (83). The focus of
applied qualitative research is “collecting and generating data to further our
understanding of real-world problems” (84). Unlike structured questionnaires and
interviews that consist of fixed questions with pre-coded response choices, semistructured interviews are comprised of open-ended questions that allow
participants to share rich and unique perspectives related to the research
objective (85,86). These responses can be analyzed using primarily an inductive
52	
  
	
  

	
  
M.Sc.	
  Thesis	
  –	
  N.	
  Sholapur;	
  McMaster	
  University	
  –	
  The	
  Health	
  Research	
  Methodology	
  
Program,	
  Department	
  of	
  Clinical	
  Epidemiology	
  and	
  Biostatistics	
  
approach where observations and patterns from textual data are used to make
broad generalizations and derive theories (87). Conversely, a deductive
approach to the analysis (typical of quantitative methods) uses the data to test
previous theories/hypotheses (87). A combination of inductive and deductive
approaches were used to analyze the data from this study to systematically
characterize the symptoms and changes in well-being participants experience
when transfused with RCCs. High level codes, derived from the study objectives,
were applied to the data deductively; specific sub-codes were also generated
from the data inductively.

4.2.2 – Sampling and Recruitment Strategy
Consecutive adult patients with MDS, scheduled to receive RCCs were
recruited from the hematology outpatient clinics of SJHH and Juravinski Hospital
between August 1, 2013 and March 31, 2014. Patients were excluded if they
were unable to speak English or provide informed consent. A charge nurse prescreened potential patients. If eligible, permission to approach the patient for the
purposes of a research study was obtained by the nurse. The study coordinator
(NS) provided details of the study, answered any questions or concerns, and
provided a copy of the consent package. Patients were encouraged to read the
consent form and inform the study coordinator of their decision in person during
their appointment or via phone.
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Adequacy of sample size in a qualitative study can be dependent on
several factors; while a heterogeneous population may require many participants
to achieve data saturation, large sample sizes may impede the completion of a
detailed qualitative analysis (88). It was estimated that approximately 10-15
participants would be required to elicit a full range of perspectives and achieve
data saturation. Data saturation is achieved when there is repetition or
‘informational redundancy’ of themes in the data (89). Considering patients with
MDS are rare, it was estimated that approximately 20-30 patients who met the
eligibility criteria would be available to approach for recruitment in clinic.
However, recruitment was slow since only a subset of patients who arrived in
clinic had a diagnosis of MDS and were eligible to participate in the study. Patient
recruitment was closed when all patients within the data collection phase had
been approached. Written informed consent was obtained from all participants
prior to interviews and a copy of the consent form was provided for the patient’s
records. This study was approved by HiREB.

4.2.3 – Data Collection and Participant Interviews
Semi-structured interviews (lasting approximately 20-30 minutes) were
conducted with participants either while they were waiting to receive their RBC
transfusion or during their transfusion. The study coordinator (NS) developed the
first draft of the interview guide. This initial draft was reviewed and refined by a
researcher experienced with qualitative interviewing (SL) and an expert in
54	
  
	
  

	
  
M.Sc.	
  Thesis	
  –	
  N.	
  Sholapur;	
  McMaster	
  University	
  –	
  The	
  Health	
  Research	
  Methodology	
  
Program,	
  Department	
  of	
  Clinical	
  Epidemiology	
  and	
  Biostatistics	
  
research methodology (NH). A member of the research team (MC) with expertise
in the management and care of patients with MDS reviewed the revised interview
guide.
The researcher experienced in qualitative interviewing (SL) supervised the
first participant interview and provided feedback to the study coordinator (NS),
who led all the interviews. The interview guide (Appendix D) was further refined
to ensure questions were capturing information pertinent to the research
objectives in a manner that was not leading. All interviews were digitally recorded
and transcribed verbatim. Transcripts were anonymized and checked for
accuracy. Final transcripts were imported into NVivo 10 qualitative data software
(QSR International Pty; Victoria, Australia) for analysis.

4.2.4 – Qualitative Content Analysis
The techniques of a descriptive qualitative content analysis were
employed to analyze and summarize the data using both an inductive and
deductive approach. Qualitative descriptive analysis is an approach to the
systematic coding, categorizing, and summarizing of textual data to answer
research questions that are typically relevant to practitioners or policy makers
(90). This approach draws from the tenants of naturalistic inquiry where there is
no pre-selection or manipulation of the variables studied; rather codes and
categories are derived specifically from the data (90). Two researchers (NS &
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SL) were involved with the analysis of data. The analysis process is outlined in
Figure 9.
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As a first step to the analysis process, two researchers (NS & SL) independently
reviewed all transcripts to familiarize themselves with the data. First impressions
and comments were noted on the interview transcripts. Both researchers
convened and used the notes and comments to develop codes that sections of
data could be categorized under; this was the initial coding scheme. Both
researchers independently applied the initial coding scheme to the same three
interviews chosen at random using NVivo. A coding comparison query was
conducted to determine percent agreement between coders. Codes with less
than 90% agreement were discussed and disagreement was resolved using
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consensus. Percent agreement between researchers was high; 18/19 codes had
higher than 80% percent agreement, 16 of which had greater than 95%
agreement. Codes less than 95% agreement were reviewed and discrepancies
were resolved through consensus. Only one code (mental state of mind) had
very poor percent agreement (67.9%); discrepancies in this code were not only
resolved through consensus but also used to revise the definition of the code to
improve clarity. Finally, one researcher (NS) applied the final version of the
coding scheme to all interviews; slight changes to the coding scheme relating to
organization of categories and labelling were made based on insights that
became available through the coding process. Data in each category and
subcategory of the coding scheme was descriptively summarized under three
broad subheadings: the participant experience of fatigue, impact of RBC
transfusion, and side effects of transfusion. Illustrative quotes from participant
interviews were selected to add depth and richness to descriptive summaries and
convey ideas in the participant’s voice.

4.3 – Results
Sixteen participants were approached to participate in this study. Two
patients refused due to personal circumstances, one was too ill to provide
informed consent and participate in an interview, and one had a significant
language barrier for whom an interpreter could not be arranged. One participant
was progressing from MDS to AML over the three months prior to the interview.
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We included this participant since prior to AML he was a transfusion-dependent
patient with MDS whose experiences were considered to be similar enough to
the rest of the study sample. Additionally, one participant, despite a significant
language barrier, was able to participate since a family member was available to
interpret the interview. Since the interview guide did not consist of any
psychosocial questions of a sensitive nature, it was considered appropriate for a
family member to be present. Therefore, a total of 12 participants were included
into the study.
Median age of participants was 77 years (IQR, 72.25, 80); only two were
female. Most patients were diagnosed when they presented with extreme fatigue
as a result of anemia and were started on RBC transfusion around the same
time. Three participants became transfusion-dependent some time after their
diagnosis. Four participants reported using other supportive treatments to
manage anemia related symptoms: iron infusions, cyclosporine, and platelet
transfusions. Demographic characteristics and attributes of participants are
summarized in Table 4.
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TABLE 4: Demographic Characteristics and Attributes of Patients
Interviewed for the MDS Well-Being Study
Interview Age Gender Frequency
Physical
Coof RBC
Effects of
Morbidities
Transfusion Transfusion
PIH-01
70
Female Every week Confusion;
Diabetes
headache,
Temperature
; Itchy
PIH-02
73
Male
Every 2
None
Kidney
weeks
problems,
history of lung
cancer
PIH-04
78
Male
Every 2
None
None
weeks
mentioned
PIH-05
80
Male
Every 2
None
None
weeks
mentioned
PIH-06
77
Male
Every 2
Lightheaded- None
weeks
ness
mentioned
PIH-07
83
Male
As needed
Itchiness;
MDS in
now –
nose bleed if January 2012 –
history with
high volume Diagnosed with
transfusion
of blood is
AML in April,
transfused
2013
PIH-08
70
Male
Every week Allergic
None
reaction to
mentioned
platelets
PIH-09
72
Male
Every 2
None
None
weeks
mentioned
PIH-10
82
Male
Every 2
None
Enlarged heart,
weeks
muscle injury to
both arms poor motor
function
PIH-11
71
Male
Every week None
Back surgery,
ulcers
PIH-12
77
Male
Every week None
None
PIH-13
87
Female Every month Headache
DVT*
*DVT = deep vein thrombosis
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4.3.1 – Participant experience of fatigue
All participants experienced fatigue, which seemed to greatly impact their
activities of daily living. For example, one participant described being unable to
do anything because “[he] had no energy… it was a hard job for [him] to walk
upstairs to go to the bathroom” [PIH-02]. Another participant described feeling
“completely useless, I couldn’t hold a Kleenex in my hand” [PIH-04].
Severity of fatigue between participants prior to transfusion seemed to
vary. Participants were asked to rate their levels of fatigue prior to transfusion on
a scale of 1 to 10, with 1 representing ‘no energy’. While, most participants rated
their energy levels as ≤3, two rated it to be a 5 or 6 on a 10-point scale.
Interestingly, two participants reported severity of fatigue was not consistent prior
to each transfusion. One participant explains that “sometimes I feel good,
sometimes I feel bad” [PIH-09]; he explained that it is usually prior to requiring a
RBC transfusion that he generally feels worse. The second participant who
experienced fluctuations in severity of fatigue prior to transfusion described that
“…there was a time when I was getting 2 [transfusions] it would get down to 90
and I would… really feel it… And then there’s other times lately, that I might not
notice it being that tired. Whether my body’s just getting used to doing this or
something I don’t know. But I, I haven’t felt that bad, today having this. I haven’t
been feeling really that bad” [PIH-10]. One other participant also suggested
adapting to consistently low levels of Hb: “…the body adapts and so you can
actually live with a lower blood count and not experience the fatigue the same”
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[PIH-08]. Finally, one participant received 2 units of RBC units for two
consecutive weeks prior to leaving for vacation and reported experiencing
significantly improved overall fatigue. In addition to fatigue, some participants
identified other symptoms potentially related to anemia, which included loss of
appetite, listlessness, shortness of breath, dizziness, sleeplessness, and general
feelings of malaise.

4.3.2 - Impact of RBC Transfusion
Participants reported receiving RBC transfusion weekly, biweekly,
monthly, or as needed (in the case of one participant). Time to recovery from
fatigue and other symptoms of anemia varied between participants. Some
participants reported improvements in energy levels immediately during, or few
hours post transfusion episode; others stated it could take between 12 to 24
hours before they experience any significant recovery from fatigue: “…I now feel
a little bit better. You know. By tomorrow I start to feel much better” [PIH-01].
Sometimes, time to recovery from fatigue varied between RBC transfusion
episodes. One participant stated: “I find not much difference right away, okay. It
does take a few hours or couple days to completely notice the difference… Some
people they say the feel good right away. Now as far as I can tell that’s baloney,
because I had so many and I never feel good right after transfusion” [PIH-06].
Another participant’s daughter noticed, “…a few times that [participants’ name]
perked up faster” [PIH-13] after receiving RBC transfusion.
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RBC transfusion seemed to improve symptoms of poor appetite and
lethargy, as well as fatigue. Improvement in fatigue seemed to vary between
participants; while some indicate the severity of fatigue is considerably improved
post-transfusion, others report less significant changes. It is important to note
that RBC transfusion did not alleviate symptoms of anemia completely. As one
participant states, “the two units certainly don’t take me up to an energy level that
would be normal, I don’t think” [PIH-05]. A minority of participants reported
sometimes not experiencing any improvements or changes after receiving RBC
transfusions: “There are some where you feel like… I need another” [PIH-10].
One participant noted that impact of RBC transfusion is dependent on his pretransfusion Hb count, “[i]f it’s a minor top up… I won’t feel any different today. But
when it’s in the 60s or 70s, I can feel the top up” [PIH-08].
In addition to improved fatigue and other anemia related symptoms, one
participant revealed the psychosocial impact of RBC transfusion. “I have a better
frame of mind, I think. When I go home, my wife and friends say ‘oh you can tell
he’s…been topped up’ as they call it. Because he’s joking and carrying on. My
sense of humor is more pronounced... But, I think I’m a feel a little better in me
nature. When I’m reacting with other people. Like, before when I was down,
somebody would phone and I couldn’t even be pestered to answer the phone
because I didn’t want to talk to anybody. Now, when I receive my blood, I’m fine”
[PIH-02]. Conversely, another participant speaks to the psychological impact of
requiring chronic transfusion support, describing it as “just too much going on. It’s
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just another thing that I have to deal with. It tires me out thinking about it. So then
I go home and my home is my refuge right? And I go home and unwind. My
breathing is really shallow. So I just lie down and hang in there. I don’t have
much of an appetite like I used to, so all kinds of stuff” [PIH-11]. This participant
felt that the need for chronic RBC transfusion support could be emotionally
exhausting: “It’s not just an energy level situation with blood transfusions. It’s
more than that. It’s emotional stuff. It’s like, uh, it’s you feel like you’ve been hit
with a hammer all day every day. You feel stunned” [PIH-11].
While the length of time that transfusion was effective for varied, most
participants began to feel the effects of transfusion diminish a few days prior to
their next scheduled transfusion episode. For some participants the effect of
RBC transfusions only lasts several days, for others the effect lasts between one
to two weeks with symptoms returning sometime in the second week. Only one
participant described symptom relief post transfusion lasting for up to three
weeks.

4.3.3 – Side Effects of Transfusion
A few participants (n=4) reported experiencing side effects of RBC
transfusion, which included: confusion, characterized as heaviness in the head
[PIH-01]; headache; temperature; itchiness/rash; nose bleed; and/or
lightheadedness. These bothersome side effects accompanied some RBC
transfusions and did not last very long (up to several hours); only
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lightheadedness was reported to last up to two days. According to this
participant, the itchiness and nosebleeds were attributed to the number of units
and blood pressure. Lightheadedness was attributed to length of time between
transfusions: “This time it was pretty bad. Don’t forget, there were 14 days in
between, and I think they were a little bit too long. Like when I had blood
transfusion every week, I didn’t notice those symptoms” [PIH-06]. While these
aforementioned symptoms may or may not be related to the age of RBC unit
transfused, they seemed to impact patient well-being.

4.4 – Discussion
Platzbecker et al.’s (7), systematic review discussing the clinical, quality of
life, and economic consequences of RBC transfusion dependency, suggests that
transfusion may transiently improve patient QoL based on studies that show a
positive correlation of QoL with increased Hb levels (1,91–94). However, the
review also identified studies that did not show QoL improvements despite
increased Hb levels (81,95). This pilot study was undertaken to explore and
characterize the changes in well-being patients experience in response to RBC
transfusion and identify any transfusion associated side effects that patients with
MDS may experience.
To this effect, the results of this study revealed some interesting findings
about the impact of RBC transfusion. While RBC transfusions do improve fatigue
by correcting anemia they do not completely resolve all symptoms. Patients may
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still continue to experience fatigue and compromised HR-QoL despite
transfusion. Experiences of the effects of RBC transfusions were diverse
between participants. One half of the study population reported experiencing the
same changes in well-being after each transfusion episode. The other half
indicated within patient variability between transfusion episodes relating to one of
the following three: the severity of fatigue prior to transfusion, time to recovery
from fatigue after transfusion, or the effect of transfusion. For example, patients
may feel better after some transfusion episodes and no different after others. A
minority of participants reported several side effects of transfusion. While these
side effects did not seem to be particularly bothersome, they appear
inconsistently and accompanied only some transfusion episodes and not others.
Thus, the results of this study validate the observations of clinicians in the field
who express that patients may sometimes continue to feel unwell despite
transfusion and experience several bothersome side effects.
Although a qualitative approach was taken in order to gain an in depth and
rich patient perspective and reduce ambiguity in responses, there were several
challenges and limitations to characterizing changes in well-being after RBC
transfusion:

1. MDS affects an aging population who may have several chronic comorbidities that may influence patient HR-QoL, making it difficult to notice
transient improvements in well-being.
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Literature suggests that symptom burden and co-morbidities impact the
consistency of patient responses in their assessment of functioning (96). In the
previous chapter 17/21 patients with MDS had chronic co-morbidities. In this
study, 5 participants reported having several co-morbidities, which seemed to
increase their disease burden. For example one participant explains that despite
having poor appetite, “I had to force myself to eat because I am diabetic. I have
to three meals plus the snacks,” [PIH-01]. Another participant revealed that,
“[t]here’s just so much there that’s changed in my system. Pain through here,
pain through there. It’ll come over me in waves, I can’t breathe. Sit there and I go
into hyperventilation. That happens every once in a while. I feel like I’m breathing
but there’s nothing” [PIH-11]. Pain has been associated with disagreement
between self-reported patient functioning and physician assessed (96). Since the
semi-structured interviews did not systematically probe for information about
comorbidities or their impact on well-being, this information was not consistently
captured and may be under reported.

2. Patients with MDS live a primarily sedentary lifestyle on account of fatigue,
which may impede their ability to assess the magnitude by which
symptoms improve post-transfusion.
A few participants had difficulty assessing the impact of an RBC transfusion on
their symptoms of anemia because they lead highly sedentary lifestyles, which
impede their ability to notice transient changes in energy. One participant stated
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“it’s hard for someone who has problems walking and using their arms to know if
they’re tired or not… If I was walking like I had been normally, I would notice it”
[PIH-10].

3. When caregivers were present during the interview, it could be difficult to
elicit only the patient perspective.
Literature asserts that caregiver burden in terminally ill patients with cancer is
variable (97). Due to their experiences caring for someone with MDS, caregivers
have unique insight into the well-being of patients. However, this can pose a
challenge since caregivers may speak for the patient. In this study, two
participants opted to complete the interview in the presence of their caregivers
who sometimes helped them answer interview questions. Since none of the
interview questions were of a sensitive nature and participants were able to verify
responses, we were still able to use the information that was provided. We
encountered a unique ethical issue in one interview when a caregiver divulged
information that the interviewer felt the participant [PIH-04] was highly
uncomfortable sharing. To protect patient privacy and confidentiality, that section
of the interview was not included in the transcript.

67	
  
	
  

	
  
M.Sc.	
  Thesis	
  –	
  N.	
  Sholapur;	
  McMaster	
  University	
  –	
  The	
  Health	
  Research	
  Methodology	
  
Program,	
  Department	
  of	
  Clinical	
  Epidemiology	
  and	
  Biostatistics	
  
4. The timing of interviews can affect the quality of data since patients seem
to experience fluctuations in their levels of fatigue.
Interviews were conducted while participants were receiving their RBC
transfusion, which was described as the point at which patients are the most
fatigued. A number of participants were fatigued during the interview and may not
have provided as in-depth responses to interview questions as they could have if
the interview had been conduct sometime post-transfusion. However, since the
results of this study show that the time of recovery from fatigue post-transfusion
and the effect of transfusion vary, waiting for the transfusion to be completed
may not have made any significant differences.

A final limitation of this study was lack of data saturation. Several
categories such as patient experiences of fatigue, time to recovery after
transfusion episode, and the effect of transfusions were well saturated. However,
other categories, namely the side effects of transfusion and the impact of
transfusion on mental state of mind (an important component of HR-QoL) were
not saturated. Additional interviews may yield more in depth information about
the changes in well-being participants experience in response to transfusion.
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4.5 – Conclusion
The MDS population was initially identified as appropriate for studying the
impact of old vs. fresh blood on post-transfusion HR-QoL using a crossover
design. Patients with MDS seemed to be an ideal population considering they are
frequent recipients of transfusion and those at low risk for AML are relatively
stable over the time period likely to be required to complete the study.
Furthermore, the prevalence of MDS is significantly higher than other populations
(such as patients with ß-thalassemia or other hemoglobinopathies) that require
chronic RBC transfusion therapy. The challenges of characterizing changes in
well-being post-transfusion in this population suggest that the disease burden of
MDS significant impedes participant’s ability to assess short-term improvements
in HR-QoL. Therefore, when selecting a HR-QoL tool as an appropriate outcome
measure for the purposes of the crossover clinical trial, there are several
considerations that should be made:
•

The tool should have an emphasis on fatigue as it impacts function, since
this is the primary symptom of anemia patients experience;

•

The tool should have a short recall period to assess short-term transient
changes in HR-QoL;

•

The tool should be short in order to reduce responder burden, especially if
there will be multiple assessments; and,

•

The tool should be disease specific in order to measure changes that
relevant to the MDS population.
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CHAPTER 5: Final Considerations for Designing a Crossover Trial in
Patients with MDS
The scope of this dissertation was to gather pilot data that could inform the
design of a crossover RCT to determine if RBC storage time is associated with
post-transfusion HR-QoL in patients with MDS. This dissertation incorporates a
theoretical framework, a systematic review of the literature, a chart review of
patients with MDS, and a qualitative study. The results from these pilot projects
shed some insight on key questions and considerations that must be addressed
in order to design the proposed crossover trial.

5.1 – Is it ethical to conduct a crossover trial where participants will be transfused
with old RBCs?
In order to ethically justify randomizing participants to a particular
treatment group, there must be clinical equipoise in the literature. Clinical
equipoise “is the assumption that there is not one ‘better’ intervention present (for
either the control or experimental group) during the design of a randomized
controlled trial” (98). As previously discussed, RBCs undergo several changes
during storage that can compromise the quality of the unit transfused. These
storage lesions include: a decline in 2,3-DPG (17), ATP (19,22,23), and nitric
oxide (19). Additionally, RBCs exhibit a number of changes in membrane
composition resulting in decreased deformability, which impedes the cell’s ability
to change shape and travel through microcirculation (14,16). Finally, excess non70	
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transferrin bound iron from macrophages that clear senescent RBCs from older
units post-transfusion may interact with reactive oxygen species to promote a
pro-inflammatory response (38). The effects of these storage lesions may include
compromised tissue oxygenation due to poor RBC circulation and O2 off-loading,
and/or pro-inflammatory responses. Ultimately, older RBCs with storage lesions
are hypothesized to have reduced impact on patient QoL (74). The results from
our systematic review of the literature identified only two age of blood trials where
HR-QoL and fatigue were the primary outcome (52,53); neither demonstrated an
association between age of blood and fatigue or HR-QoL. Both of these studies
had several limitations that affect the generalizability and validity of the results.
Most notably, a small sample size and the short time frame in which HR-QoL was
assessed post-transfusion was a limitation for both studies (n=20 and 22).
Specifically, the Seitalbach et al. (53), study administered the FACT-An prior to
and 24-hours post-transfusion to measure change in HR-QoL (53). However,
since the FACT-An has a recall period of 7 days (99), the tool may not be
sensitive enough to capture such short term changes in HR-QoL posttransfusion. Conversely, the Mynster et al. (52), study was methodologically
sound; however the results lack generalizability since impact of blood storage
time on fatigue was studied in patients with anemia from non-acute
gastrointestinal bleeding (52), a population that is much different than
transfusion-dependent patients with MDS. Thus, there is clinical equipoise in the
literature to ethically justify randomizing participants on a particular intervention.
71	
  
	
  

	
  
M.Sc.	
  Thesis	
  –	
  N.	
  Sholapur;	
  McMaster	
  University	
  –	
  The	
  Health	
  Research	
  Methodology	
  
Program,	
  Department	
  of	
  Clinical	
  Epidemiology	
  and	
  Biostatistics	
  
Aside from equipoise, data from the chart review revealed that patients
with MDS in Hamilton receive RBCs that are aged a median of 24 (IQR, 20, 31)
days old; 18% of units issued were 35 days or older. Transfusion with older RBC
units is standard practice in this population; however, if we give fresher red cells
to patients this is still within the standard of care. Finally, since we propose to use
a crossover design, participants will have a chance to receive both fresh and old
RBCs. The proposed clinical trial will seek approval from the local research
ethics board and participants will be required to provide informed consent prior to
randomization.

5.2 – Are patients with MDS appropriate to study in a crossover RCT where HRQOL is a primary outcome?
We considered studying patients with MDS to address the ultimate
research question because they are frequently transfused with RBCs to manage
anemia associated with bone failure syndrome. Since patients with MDS are a
heterogeneous population, a crossover design was considered (rather than
parallel) to reduce within patient variability and increase the efficiency of the trial;
fewer participants would be required to detect an effect, should such an effect
truly exist. To be suitable for a crossover RCT where the primary outcome of
interest is a PRO, it is essential that this population have a stable prognosis over
the projected timeframe of the trial (3-6 months) to ensure comparability across
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treatment periods (62) and is able to assess transient changes in well-being posttransfusion.
Results from our chart review indicate that majority of patients with MDS
who had at least 3 transfusion episodes within the 6 month observation period
were considered to have a stable prognosis based on pre-specified criteria which
related to: the frequency of transfusion; pre-transfusion Hb count; hospital
admissions; and number of severe infections. Since the proposed trial will aim to
recruit transfusion-dependent patients who are expected to require RBCs at least
once every 3-6 weeks, participants may be in the study for a maximum of 3
months. Based on our results we do not anticipate that prognosis will worsen
within this time frame for most patients using the selection criteria that were
developed. Therefore, crossover trial would be appropriate to use to study this
population.
The results of our chart review identified one feasibility concern: of the 51
patients screened, 21 were eligible for the chart review, of which only 14 had at
least 3 transfusions over the observation period. Thus, only 14/51 (27%) patients
scheduled in clinic were eligible and stable. These figures indicate that patient
accrual may be slow and that the clinical trial will likely require a comprehensive
recruitment strategy to maximize patient enrollment. Advertisements for the
clinical trial and involvement from the clinic staff will be imperative.
Finally, while our qualitative study was not intended to determine the
appropriateness of studying patients with MDS in a trial where HR-QoL is the
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primary outcome, the results identified several challenges that may impede the
ability of patients to assess transient changes in HR-QoL as a response to
transfusion. These challenges include: chronic co-morbidities compounded with
increased age; sedentary lifestyles; caregiver influence; and, timing of interviews.
Ultimately, for patients who had severe disease states, burden of MDS
symptoms seemed to impede their ability to self-complete HR-QoL measures or
even assess transient changes as a response to transfusion. Therefore, patients
who are low to intermediate-1 risk MDS may be ideal for the purposes of the
clinical trial.

5.3 – What outcome measure(s) should be used to assess change in patient
well-being as a response to RBC transfusion?
While there are a number of tools that have previously been used to study
QoL in patients with MDS, only a few may be appropriate to study changes in
HR-QoL as a response to transfusion. The ideal HR-QoL tool should be a short
HR-QoL tool that is disease specific to measure MDS related symptoms and
fatigue over a recall period of no more than 7 days. Pinchon et al. (100),
conducted a systematic review of the literature to identify HR-QoL tools that have
been previously used in the population; these are summarized in Table 5.
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Table 5: Validated tools used to study quality of life in patients with MDS
Tool
Validated in
Type
Domains/Scales
Recall
Population
(Items)
Period
European
Lung cancer
Generic tool 5 functional scales: 7 days
Organization for
for
physical, role,
Research and
Neoplasms cognitive,
Treatment of
emotional, and
Cancer Core
social. 3 symptom
Quality of Life
scales: fatigue,
Questionnaire
pain, and nausea
(EORTC QLQand vomiting (30
C30) (101)
items)
Short Form 36
General
Generic tool 8 scales: vitality,
Last 4
(SF-36) (102)
Population
for all
physical functioning, weeks,
diseases
bodily pain, general acute
health perceptions,
version
physical role
is 7
functioning,
days
emotional role
functioning, social
role functioning, and
mental health (36
items)
The
Heterogeneous Symptom
5 dimensions:
“Lately”
Multidimensional cancer patients assessment general fatigue;
Fatigue
treated with
tool for
physical fatigue;
Inventory (MFI)
radiotherapy
cancer
reduced motivation;
(103)
related
reduced activity;
fatigue
and mental fatigue
(20 items)
EuroQol 5
Diverse
Generic tool 5 scales: mobility,
Today
Dimension (EQ- population with to assess
self-care, usual
5D) (104–106)
various chronic health
activities,
conditions
outcomes
pain/discomfort,
across all
anxiety/depression.
diseases
Also includes a
visual analog scale
Brief Fatigue
Outpatients
Generic
No subscales (9
24
Inventory (BFI)
with cancer
symptom
items)
hours
(107)
assessment
tool for
fatigue
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Tool
Functional
Assessment of
Cancer Therapy
(FACT) (108)
Quality of Life-E
(QOL-E) (109)

Validated in
Type
Population
Heterogeneous Generic for
group of
neoplasms
cancer patients
Patients with
MDS

Disease
specific

Linear Analog
Patients with
Self-Assessment breast cancer
(LASA) (110)

Generic for
neoplasms

Mental Health
Inventory (MHI)
(111)

Generic

General
population

Domains/Scales
(Items)
4 scales: physical,
social/family,
emotional, and
function well-being
(27 items)
5 domains:
physical, functional,
social, fatigue, and
MDS related QoL
Varies depending
on the tool, but
similar to the VAS,
only consists of a
few items that rated
on a 10 point scale
6 subscales:
Anxiety, depression,
loss of behavioral/
emotional control,
general positive
affect, emotional
ties, and life
satisfaction (38
items)

Recall
Period
7 days

7 days

7 days

Past
month

Only one study identified by the review (100) used both the SF-36 and the
MFI (1) to capture HR-QoL in patients with MDS; another used the MHI (112).
The SF-36 and MHI are both generic tools used to measure well-being across
multiple populations with a recall period of one month; thus we felt they were not
appropriate to use for the purposes of the crossover trial since they lacked
sensitivity. Although the MFI is more specific than the SF-36 and the MHI with a
much shorter recall period of 7 days, it is specific to the impact on fatigue and
patients with MDS may experience additional disease related symptoms.
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Pinchon et al’s (100) review also identified two studies that used the LASA
scale (81,94), which is a short generic tool for cancer patients with a 7 day recall
period. The three subscales are highly relevant to the outcomes we are looking
to capture: energy levels, daily activity, and overall QoL. However, since QoL in
each subscale is rated using a 100-mm analog scale for responses (94,113),
important information within each subscale would not be captured; thus a more
specific tool would be more appropriate.
The EORTC QLQ C30 (76,92,112,114–116), EQ-5D (1,117), and
variations of the FACT tools (81,93–95,117–120) seemed to be the most
frequently used instruments to measure HR-QoL in this population (100). After
reviewing each instrument, the QLQ-C30 and FACT-An seemed to be most
relevant since they focused on the burden of anemia related symptoms.
However, there were several items on each tool that lacked relevance to the
research question, which may dilute the treatment effect (i.e. “did you feel
depressed?”, “Have you had difficulty remembering things?”, and “did you feel
irritable?” [QLQ-C30]). Additionally, the social/family and emotional well-being
domains of the FACT tools did not seem highly relevant to the research question.
Therefore, we considered using the QOL-E and the BFI to measure
changes in HR-QoL as a response to transfusion. While the QOL-E is not a short
tool, it is the only MDS specific instrument that has been validated in transfusion
dependent patients (109). Furthermore, the tool would be applied twice per
transfusion episode, once at baseline prior to receiving transfusion and one 7
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days after transfusion. The BFI is a symptom assessment tool used to assess the
severity of fatigue in patients with cancer. Items on the tool assess current
fatigue as well as fatigue during the past 24 hours. The short recall period allows
patients to rate rapid changes in fatigue and energy levels that tools such as the
QOL-E may miss. This is of particular importance since we hypothesize the effect
of transfusion is observed immediately after the transfusion and for up to a day
later. The utility and feasibility of using these tools in the MDS population require
further work to estimate parameters that can inform power and sample size
calculations.

5.4 – Conclusion
Quality of life is a multifaceted and complex construct. Health-related QoL
is the impact of disease and treatment burden on QoL (121). The use of HR- QoL
measures in symptom management trials are appropriate when “there is a desire
to gauge the importance patients assign to symptom relief, an interest in gaining
information about offsetting treatment impact (side effects), and an interest in
testing a compelling conceptual model of the relationship between symptoms and
quality of life” (122). Cella et al. (122), asserts that the improvement of HR-QoL is
a relevant benefit in symptom management trials, especially if there is an
absence of significant therapeutic effect. Furthermore, the introduction of
symptom management can introduce bothersome side effects that may also
impact patient HR-QoL (122).
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Patients with MDS experience poor quality of life on account of various
disease-related symptoms, of which fatigue is significant factor (75). Allogenic
stem cell transplant remains the only curative option for patients with MDS (5,66).
However, since stem cell transplants carry a high risk of mortality and relapse,
only a specific group of patients (usually under 65-70 years old with good
performance status) are considered to be eligible candidates (123). While a
number of alternative treatments to stimulate the bone marrow are available,
treatment failure is inevitable (109); thus management of patient symptoms and
improvement of QoL is a priority for patients with MDS.
RBC transfusion is one of few supportive care interventions in this
population. While transfusion dependency has been previously studied and found
to be associated with poor QoL (7) changes in HR-QoL as a direct response to
transfusion have not been directly studied. The results of this trial can
demonstrate the importance of RBC transfusion in managing patient symptoms.
The findings of this trial will inform strategies around transfusion as supportive
care to improve patient QoL.
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APPENDIX A: Complete Search Strategy of the Age of Blood Literature with
Patient Reported Outcomes
A1) Medline Search Strategy
1 Erythrocytes/ or Erythrocyt*.mp. (201861)
2 Red blood cell.mp. (22101)
3 RBC.mp. (16959)
4 Erythrocyte Indices/ or Red Cell.mp. (27498)
5 erythrocyte transfusion.mp. or exp Erythrocyte Transfusion/ (6321)
6 Erythrocyte Transfusion/ae [Adverse Effects] (1074)
7 Blood Component Transfusion/ (2800)
8 Blood Transfusion/ or packed red cell product.mp. (52448)
9 red cell concentrat*.mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word,
unique identifier] (583)
10 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 (272495)
11 Aging/ or age of blood.mp. (188848)
12 Blood Storage Time.mp. (30)
13 Blood Preservation/ (10342)
14 Blood Preservation/ae [Adverse Effects] (247)
15 Time Factors/ (992995)
16 storage time.mp. (3065)
17 storage duration.mp. (310)
18 erythrocyte aging.mp. or Erythrocyte Aging/ (3753)
19 storage lesion.mp. (256)
20 old blood.mp. (268)
21 fresh blood.mp. (1418)
22 aged blood.mp. (65)
23 stored blood.mp. (937)
24 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23
(1186849)
25 10 and 24 (26465)
26 Quality of life.mp. or "Quality of Life"/ (192234)
27 exp Patient Satisfaction/ or Patient reported outcomes.mp. or exp
Treatment Outcome/ (685186)
28 patient important outcomes.mp. (131)
29 Self Report/ or Questionnaires/ or Self report*.mp. (358429)
30 Well being.mp. (39657)
31 exp Health Status/ or wellness.mp. (107153)
32 time trade off.mp. (771)
33 Quality adjusted life years.mp. or Quality-Adjusted Life Years/ (8453)
34 treatment satisfaction.mp. (1532)
35 treatment burden.mp. (224)
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36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

exp Fatigue/ or Mental Fatigue/ or fatigue.mp. (67140)
exhaustion.mp. (13092)
tiredness.mp. (2615)
Activities of Daily Living.mp. or "Activities of Daily Living"/ (56387)
hemoglobin.mp. or exp Hemoglobins/ (142363)
26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38
or 39 or 40 (1445290)
exp *Plasma/ (7340)
*Platelet Transfusion/ (2417)
exp *Genotype/ or exp *Genotyping Techniques/ (53555)
42 or 43 or 44 (63210)
10 and 24 and 41 (4771)
46 not 45 (4725)
"red cell".ti. or "red cell".ab. (24268)
"red cells".ti. or "red cells".ab. (15460)
"red blood cell".ti. or "red blood cell".ab. (22031)
"red blood cells".ti. or "red blood cells".ab. (33470)
"transfused blood".ti. or "transfused blood".ab. (678)
"transfused cells".ti. or "transfused cells".ab. (82)
48 or 49 or 50 or 51 or 52 or 53 (82365)
47 and 54 (1828) limit 55 to (english language and humans) (1320)

A2) Embase Search Strategy <1974 to March 26, 2014>
1 exp erythrocyte/ or erythrocyt*.mp. (267332)
2 red blood cell.mp. (28206)
3 RBC.mp. (24428)
4 Red cell.mp. (30784)
5 erythrocyte transfusion.mp. or exp erythrocyte transfusion/ (14028)
6 exp blood transfusion/ or exp transfusion/ or exp blood autotransfusion/ or
exp blood component therapy/ (224736)
7 packed red cell product.mp. (0)
8 exp erythrocyte concentrate/ (5042)
9 red cell concentrat*.mp. (901)
10 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 (479218)
11 Age of blood.mp. or aging/ (190893)
12 exp blood storage/ or exp erythrocyte preservation/ (10948)
13 blood storage time.mp. (39)
14 time/ (365207)
15 storage time.mp. (3880)
16 storage duration.mp. (447)
17 erythrocyte aging.mp. or erythrocyte lifespan/ (3226)
18 cell damage/ or storage lesion.mp. (27515)
19 old blood.mp. (382)
20 fresh blood.mp. (2019)
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21 aged blood.mp. (87)
22 stored blood.mp. (1251)
23 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22
(597772)
24 10 and 23 (21162)
25 quality of life.mp. or "quality of life"/ (299742)
26 patient important outcomes.mp. (158)
27 questionnaire/ or treatment outcome/ or patient reported outcome.mp. or
outcomes research/ or self report/ (1093247)
28 well being.mp. or exp wellbeing/ (67625)
29 wellness.mp. (6183)
30 exp health status/ (135509)
31 time trade off.mp. or quality adjusted life year/ (12492)
32 exp patient satisfaction/ or treatment satisfaction.mp. (85336)
33 treatment burden.mp. (403)
34 exp Fatigue Severity Scale/ or exp Fatigue Impact Scale/ or fatigue.mp. or
exp fatigue/ (153380)
35 exhaustion/ or exhaustion.mp. (16577)
36 tiredness.mp. (4000)
37 activities of daily living.mp. or daily life activity/ (60185)
38 exp hemoglobin/ or hemoglobin.mp. (231567)
39 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37
or 38 (1849228)
40 10 and 23 and 39 (4218)
41 exp *fresh frozen plasma/ (1172)
42 *thrombocyte transfusion/ (2851)
43 exp *genotyping technique/ or exp *genotype/ (25661)
44 41 or 42 or 43 (29658)
45 40 not 44 (4179)
46 "red cell".ti. or "red cell".ab. (29691)
47 "red cells".ti. or "red cells".ab. (18926)
48 "red blood cell".ti. or "red blood cell".ab. (27271)
49 "red blood cells".ti. or "red blood cells".ab. (40361)
50 "transfused blood".ti. or "transfused blood".ab. (963)
51 "transfused cells".ti. or "transfused cells".ab. (107)
52 46 or 47 or 48 or 49 or 50 or 51 (100387)
53 45 and 52 (1587)
54 limit 53 to (human and english language) (1009)
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APPENDIX B: List of variables abstracted for the MDS chart review
Demographic Information:
• Year of birth
• Gender
• Language (if available)
Baseline Information:
• Patient’s blood group
• Co-Morbidities
• IPSS Scores
Hospital Admissions:
• Date of admission
• Reason for diagnosis
• Date of discharged
• Discharge on diagnosis
Infections:
• Start date of infection
• Stop date
• Severity
• Additional notes/details
Packed Red Cell Transfusions:
• Date of transfusion
• Donor blood group
• Number of units
• Age of blood at transfusion
• Interval between transfusion
• Transfusion Reactions
Platelet Transfusions:
• Date of transfusion
• Donor blood type
• Number of units
• Transfusion Reactions
Laboratory Tests
• Hemoglobin
• Hematocrit
• Platelets
• Ferritin
• Creatinine
• Bilirubin
• AST
• ALT
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APPENDIX C: Final interview guide used to characterize and explore posttransfusion well-being in patients with MDS
Patient Demographics
I would like to start by asking you some questions about your history with MDS.
This will help us to understand you a little bit better by putting your responses
into context for us.
1. Can you please state your age?
2. How long have you been living with MDS?
3. How long have you been receiving blood transfusions?
4. How often are you transfused?
Questions pertaining to anemia related fatigue:
These next few questions I will be asking you, will be about your experience with
anemia. We are interested in understanding your typical energy levels since it will
help us place your experience of transfusion in perspective.
5. One of the symptoms of anemia is fatigue. Do you experience this
symptom?
6. What are your energy levels like just before transfusion?
i. PROBE: Are you tired? If you could rate it on a scale of 1-10,
10 being the most energy you have ever had; what would
you rate it as?
7. Do you notice a change in your energy levels during or immediately after
your transfusion?
• FOLLOW UP QUESTION: How long does that change in energy
level take? How long does this level of energy last? A day? Week?
• FOLLOW UP QUESTION: How long does it take for your energy
levels to start to fall?
Questions pertaining to well-being:
Now that we’ve talked a little about anemia related symptoms, I’d like to ask a
few questions about your experience specifically around transfusion and any
physical symptoms that you may have experienced.
8. Can you describe how you physically feel immediately after receiving a
transfusion?
i. PROBE: Do you feel nauseas, chills, fever, clammy, lightheadedness?
9. How often do you experience these symptoms?
i. PROBE: Do you experience these every transfusion, or just
some transfusion?
• FOLLOW UP QUESTION: How long do these symptoms tend to
last?
• FOLLOW UP QUESTION: Do you get these same symptoms after
every transfusion or just some?
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APPENDIX D: Final coding scheme applied to all interview transcripts
Co-Morbidities: Other illnesses participants mention as it relates to their wellbeing
Diagnosis with MDS:
	
   Clinical presentation: How patients are diagnosed
	
   Early management: Information relating to when patient was started on
transfusion support and initial frequency of diagnosis
State of mind
MDS related symptoms
	
   Anemia related fatigue
Other therapies or treatments: Transfusion with other blood products, other
MDS therapies, concomitant medications that may influence experience of
transfusion, fatigue, or QoL and well-being.
Patient demographic characteristics and attributes: Age, gender, etc…
RBC Transfusion
	
   Frequency of transfusion: How often patients receive RBC transfusions
	
   Impact of transfusion on symptoms of anemia
	
   	
   Duration of treatment effect: How long the transfusion seems to last
	
   	
   Impact of fatigue
	
   	
   Time to recovery: How long it takes for a participant to “feel better” after they
have been transfused
	
   Side effects of transfusion
	
   	
   Duration of side effects
Sedentary Lifestyle: Any mention of how having a sedentary lifestyle conflicts
with the participant’s ability to gage changes in well-being or the effects of
transfusion
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