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Abstract
The question of whether storage of red blood cells (RBCs) alters their capacity to deliver oxygen
and affects patient outcomes remains in a state of clinical equipoise. Studies of the changes which
occur while RBC are stored have led to several physiologically plausible hypotheses that these
changes impair RBC function when the units are transfused. Although there is some evidence of
this effect in vivo from animal model experiments, the results of several largely retrospective
patient studies have not been consistent. Some studies have shown an association between worse
clinical outcomes and transfusion of RBC which have been stored for longer periods of time,
while others have found no effect. Three multicenter, randomized, controlled trials have been
developed to address this important, but currently unanswered, question. Two clinical trials, one in
low birth weight neonates and the other in intensive care unit patients, are enrolling subjects in
Canada (the Age of Red Blood Cells in Premature Infants; the Age of Blood Study). The third
trial, which is being developed in the United States, is the Red Cell Storage Duration Study
(RECESS). This is a multicenter, randomized, controlled trial in which patients undergoing
complex cardiac surgical procedures who are likely to require RBC transfusion will be
randomized to receive RBC units stored for either 10 or fewer days or 21 or more days.
Randomization will only occur if the blood bank has enough units of RBC of both storage times to
meet the crossmatch request; hence, subjects randomized to the ≥ 21 day arm will receive RBC of
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the same storage time as they would have following standard inventory practice of “oldest units
out first”. The primary outcome is the change in the Multiple Organ Dysfunction Score (MODS),
a composite measure of multiorgan dysfunction, by day 7. Secondary outcomes include the change
in the MODS by day 28, all-cause mortality, and several composite and single measures of
specific organ system function. The estimated total sample size required will be 1434 evaluable
subjects (717 per arm). The RECESS trial is registered through the US National Institutes of
Health (clinicaltrials.gov) as NCT00991341.

Introduction
Even though red blood cell (RBC) transfusion has been a standard therapy for at least 50
years, there is still much that we do not understand about the delivery of oxygen and its
utilization in the tissues of the body. Furthermore, the efficacy of RBC transfusion has not
been rigorously established through testing in robust clinical trials. It is only in the past 20
years that information from well designed clinical studies has been available to support an
evidence-based approach to transfusion practices. This gap in medical information is
nowhere more apparent than in the enduring discussions of the effects of RBC storage on
patient outcomes.[1]

As summarized in the preceding review by J. Hess in this issue of Transfusion and
Apheresis Science [2], the changes that occur in RBCs under standard blood banking
conditions and as they senesce in vivo have been recognized for decades, and have been
described at increasing levels of sophistication. These changes have generated the
physiologically plausible hypothesis that stored RBCs might not deliver oxygen as well as
native RBCs. Examination of the behavior and effects of stored RBCs in the
microcirculation [3] and in animal model studies [4] have yielded data supporting this
hypothesis, although the results are not always uniform among studies. This is perhaps not
surprising given the use of different animals and experimental interventions among these
studies. These considerations have prompted a number of studies in human subjects. In the
last decade, several new technologies, and adaptations of existing technologies, have been
developed to assess the effects of RBC transfusion on the microcirculation and tissue
oxygenation in humans, as reviewed in the section by Y. Sakr in this issue. [5] In addition,
several observational, largely retrospective, clinical studies seeking associations between the
duration of RBC storage and patient outcomes have been carried out. As described in the
review by D. Triulzi and M. Yazer, [6] the results from this heterogeneous group of studies
have not been consistent. Some studies report an association between poor clinical
outcomes, such as increased mortality and length of stay, and the administration of RBCs
stored for a longer period of time, while others do not. A smaller number of randomized
trials have also been conducted, but most were not powered to detect differences in clinical
endpoints. Some were not expected to have sufficient power because they were intended as
pilot studies.[7,8] A meta-analysis of several observational and small randomized
interventional studies did not find an association between the transfusion of RBCs stored for
a study-defined longer period of time and either in-house mortality or postoperative
pneumonia.[9] The issue of whether the changes that occur to the RBC during storage have
a significant effect on clinical outcomes remains in a state of equipoise.[1,6] We simply
cannot answer this question with the data available. Fortunately, three randomized,
controlled clinical trials have been designed to address this issue. Two trials being
conducted in Canada, one in low birth weight neonates (Age of Red Blood Cells in
Premature Infants;ARIPI) [10] and another in intensive care unit (ICU) patients, (Age of
Blood Study; ABLE),[11] were described in the preceding review.
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A third trial being conducted in the United States, the Red Cell Storage Duration Study
(RECESS), is designed to compare clinical outcomes in cardiac surgery patients randomized
to receive RBCs stored for either a longer or shorter period of time. This multicenter clinical
trial underwent a rigorous peer development and review process by the Transfusion
Medicine and Hemostasis Clinical Trials Network (TMHCTN)[12] over several years and is
funded by the National Heart, Lung, and Blood Institute (NHLBI). The Data Coordinating
Center is New England Research Institutes (NERI).[13] An independent Data and Safety
Monitoring Board is responsible for review and approval of the protocol and consent form,
and for monitoring adverse events among trial subjects. The purpose of this article is to
describe the RECESS protocol and review some of the methodological, scientific and
medical considerations that went into its design.

Methods and Trial Design
RECESS is a multicenter, partially blinded, randomized clinical trial evaluating the effects
of RBCs stored 10 or fewer days or 21 or more days at the time of transfusion to patients
undergoing complex cardiac surgery or repeat cardiac surgery who are likely to require RBC
transfusion (Figure 1). Participating centers were identified from within the TMHCTN if: 1)
they had cardiac surgery programs that performed complex operations or repeat surgeries,
and 2) their blood banks expect to be able to support the randomization process and have
sufficient inventory to provide appropriately stored RBCs from the time of the patient's
preoperative randomization throughout the hospitalization up to postoperative day 28.
Additional centers were invited to participate based on their experience with transfusion
medicine clinical trials along with the criteria above. Currently, 20 to 25 centers plan to
participate in RECESS.

Study Population
The cardiac surgery population was chosen as the study group for RECESS for several
reasons. Patients undergoing complex or repeat cardiac operations commonly require
multiple RBC transfusions, and hence would be more likely to manifest any possible
adverse consequences of exposure to banked RBCs. In particular, cardiac surgery patients
exposed to the cardiopulmonary bypass circuit are in a proinflammatory state and may be
particularly vulnerable to any deleterious effects of RBC transfusion.[14] The cardiac
surgery group constitutes a large population of patients who commonly receive RBC
transfusions and accounts for a significant proportion of blood component utilization.[15]
Also, this is a particularly important group to study since there are conflicting data from
several retrospective studies attempting to evaluate the association of RBC storage time and
clinical outcomes in cardiac surgery patients.[6] In addition, these patients often undergo
invasive cardiopulmonary monitoring for a period of time postoperatively, making data on
oxygen consumption and delivery, as well as other physiologic parameters, readily available
for assessing RBC transfusion effects. Lastly, RECESS complements the ABLE study,
which is enrolling ICU patients and does not include cardiac surgery patients.[11]

In order to maximize the ability to detect a clinical effect of RBC storage duration, RECESS
seeks to enroll subjects who will have a high likelihood of being transfused. Potential
subjects at least 18 years old are screened using a preoperative transfusion risk assessment
tool as described in the screening section below. This tool has not been validated in children,
hence subjects between 12 and 18 years of age are eligible if they are scheduled to undergo
cardiac surgical procedures which generally require RBC transfusion.

The age range for subjects was chosen to include the widest possible group of subjects,
without introducing an undue degree of clinical heterogeneity. RECESS will enroll subjects
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who are at least 12 years old and weigh at least 40 kg. Cardiac surgeons at the participating
institutions were polled regarding the youngest patient age at which they would allow
randomization; all centers would enroll patients who were at least 12 years old. Many
centers would not enroll younger patients, often because they have specific RBC transfusion
protocols for them. While the Multiple Organ Dysfunction Score (MODS), the primary
outcome measure, has been validated only in adults [16], the normal ranges of the
measurements used to determine the MODS are essentially the same in adolescents and
adults, so it is reasonable to use this assessment of organ dysfunction for subjects between
12 and 18 years old.

Patients with clinically significant RBC alloantibodies or a history of transfusion reactions
or who require washed RBCs, volume reduced RBCs, or removal of the additive solution are
not eligible for the study, primarily to avoid confounding the study data through the
introduction of these variables.

Design
Considerable discussion focused on the choice of storage duration for the two arms of the
RECESS study. The choice of treatment arms was made to balance the competing demands
of:

• Availability of sufficient blood inventory for the study, to minimize protocol
violations;

• Widely separate distributions of RBC storage durations between the two arms, to
maximize the likelihood of detecting a difference if storage duration does affect
clinical outcomes; and,

• Storage durations not markedly different from those often seen with standard
inventory practice.

There is no consensus as to what defines “young” or “fresh” RBC. The kinetics of the
various changes that occur in stored RBCs, and are hypothesized to affect in vivo function,
are highly variable ranging from hours for loss of nitric oxide, to a few days for 2,3-
diphosphoglycerate depletion, to many days for reducing membrane constituents such as
Band 3 (anion exchange protein).[2] A storage duration of 10 or fewer days was chosen as
the shortest time which still made it feasible to meet inventory demands for the study,
particularly as banked RBC distributed to hospital transfusion services are seldom less than
three days old. This storage duration was also comparable to that used in other studies in
cardiac surgery patients which used cutoffs of eight days,[7] 14 days,[17] and 18 days.[18]

A duration of 21 or more days was chosen for the longer storage arm. This strategy creates a
minimum difference of 11 days in the storage time of the RBC given to patients in the two
arms of the study. A storage time minimum of 21 days is comparable to that of the “longer
storage” arm in several published studies, some of which demonstrated a difference in
outcomes[17] but some of which did not.[7,18,19] This longer storage time is also similar to
that of RBCs commonly provided by the standard inventory practice of issuing “oldest units
out first”, a practice intended to minimize the outdating of banked RBC. A review of all
RBC released to cardiac surgery patients over one week in 2007 was conducted at three
TMH centers, and showed that 26-44% of RBC released had been stored ≥ 21 days. The
median storage time for RBC issued to cardiac surgery patients at one of the TMH centers
over the course of one year was 21 days. (Data not shown.) A recent analysis of a full year
of data from a single non-TMH center showed that the median time in storage of RBCs at
the point of transfusion ranged from 14.9 to 36.3 days depending on ABO/Rh blood group.
[20] Since subjects are only randomized if there is a minimum number of RBC units within
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both study-defined storage ranges, subjects randomized to receive RBCs stored for 21 or
more days arm receive units of the same age distribution as they would if they were not in
the study.

An alternate strategy would have been to compare the shorter storage duration arm to a
“standard inventory practice” arm, in which RBC would be provided to patients according to
the usual blood bank inventory management procedure of issuing “oldest units out first”,
with no specified minimum storage time for units in the “standard practice” arm. The
storage times of the standard inventory practice units would vary, depending on the ABO
and Rh type and the vagaries of the blood supply, and the storage times of the units for
patients in the two arms would be likely to overlap with one another. For example, in a pilot
study in ICU patients comparing RBCs stored eight days or less to standard inventory
practice, the expectation was that the patients in the latter arm would receive units that had
been stored for at least 15 days. However, while 91% of the patients in the group assigned to
receive RBC stored 8 days or less actually received at least 90% of their RBC units as
assigned, only 59% of patients in the standard inventory practice group received at least
90% of their RBC units stored 15 days or more.[7] Similarly, the first phase of a pilot study
in cardiac surgery patients who were randomized to standard inventory practice vs.
transfusion with no RBCs stored for more than 21 days found considerable overlap between
the two arms.[8]

There are significant drawbacks to using this alternate approach. First, it does not answer the
primary scientific question of what are the clinical consequences of receiving RBC stored
for a shorter or longer period of time. Second, the median storage times under standard
practice differ between sites, and even within the same site during different times of the
year, thus complicating statistical analysis of pooled data. Third, the smaller difference in
the median storage times of the RBCs used for the two arms, and the presence of an overlap
in the storage duration distributions, might obscure any small but real difference in
outcomes between subjects receiving units stored for shorter and longer periods.

Hence, storage durations of 10 or fewer days and 21 or more days were chosen for the two
arms to maintain feasibility with respect to blood bank inventory, achieve a wide separation
in RBC storage times between the two arms, enhance the ability to detect differences in
clinical outcomes between shorter and longer storage RBC (if in fact such differences exist),
and achieve minimal deviation from storage duration of RBC that might be provided under
standard inventory practice.

The RECESS study does not specify a RBC transfusion threshold or “trigger”. There have
been no studies to date that have conclusively identified either an efficacious or a safe RBC
transfusion threshold for patients with coronary artery or other cardiac disease,[21,22] so it
would be difficult to justify one transfusion guideline over another. To make the results
generalizable and clinically relevant, patient management should, insofar as possible, reflect
current practice, which does not impose a uniform approach to RBC transfusion. In order to
minimize the effect of variation between hospitals with respect to RBC transfusion
indications, as well asd anesthesia, surgical and critical care practices, patient randomization
for RECESS will be balanced by center, ensuring that approximately half the subjects in
each hospital will be randomized to each treatment arm.

Inventory availability is a crucial component of trial success in studies such as RECESS. For
example, the second phase of a recent pilot study showed that considerable planning was
necessary to adhere to the storage duration assignment, as 100% of the subjects randomized
to receive RBC stored 3–11 days did so, while only 50% of the patients in the 17 – 25 day
storage arm were transfused with RBCs of the appropriate storage time.[8]
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The study protocol mandates that the blood bank must have enough units of ABO
compatible RBC of both storage durations to fulfill the crossmatch request before a subject
may be randomized. Randomization must occur no earlier than one day prior to surgery
which is the time frame within which units of RBC are typically crossmatched for surgery.

The requirement that the transfusion service must confirm that it can support the subject
with RBCs from either treatment arm before the subject can be randomized is intended to
reduce the likelihood of protocol violations. This may be especially important for group O
patients. The average storage time for RBCs varies among ABO and Rh blood groups[20]
and may be affected by local transfusion practices. For example, the disproportionate use of
group O RBCs by a large trauma service or due to an institutional policy of issuing group O
RBCs to new patients whose ABO/Rh types have only been determined once, may result in
higher turnover of group O RBC units and shorter average storage times than for other blood
groups. Since the levels of von Willebrand's protein are higher in non-group O patients and
correlate with increased risk of various thrombotic events, [23] it will be important to
minimize protocol violations in both treatment arms and in subjects of all ABO blood
groups, so as not to introduce this confounding variable. A second reason for not
randomizing patients unless there are enough units of RBCs of both storage durations to
meet the crossmatch request is to ensure that subjects in the arm receiving RBCs stored 21
or more days would receive units with the same distribution of storage times as they would
receive if they were not in the study.

Screening, Recruitment, Consent and Randomization
Patients who are at least 18 years old undergoing complex cardiac surgery will be identified
through scheduling procedures in advance of their operations.

These patients will also be screened to determine the likelihood that they will require
perioperative RBC transfusion using the Transfusion Risk Understanding Screening Tool
(TRUST).[24] This tool uses basic features of the patient medical and surgical histories (i.e.
age, gender, weight, creatinine, hemoglobin, previous cardiac surgery and type of surgery)
to generate a score which has been shown to correlate with the likelihood the patient will
require RBC transfusion during or within 96 h after surgery. (See Table 1.) Patients are
eligible if the TRUST score is 3 or greater. A TRUST score of 3 predicts a 60%-79%
probability of RBC transfusion. (See Table 2.) This system was validated at 4 TMH centers
which retrospectively calculated the TRUST scores for all patients undergoing cardiac
surgery at their institutions for one year (2006). From a total of 2861 patients, 52% had a
TRUST score of 3 or more, and 87% of those patients received one or more units of RBCs
intra- or post-operatively, consistent with the TRUST prediction.

Patients 12-17 years old weighing at least 40 kilograms who are scheduled to undergo one of
the cardiac surgical procedures specified in the RECESS protocol will be identified in the
same manner as adult patients. The TRUST screening tool will not be used because it has
not been validated in patients who are less than 18 years old. The protocol-specified list of
eligible surgical procedures includes those which have historically been shown to have a
high likelihood of requiring RBC transfusions in this age group.

Potentially eligible patients, as described in the previous paragraphs, will be approached for
study consent prior to their operation. Individual center scheduling practices will influence
how this contact is arranged. Patients already hospitalized may be included.

In order to randomize a patient, the study coordinator contacts the institution's blood bank
within one calendar day of surgery to notify the staff that an eligible RECESS subject has
been identified, the planned date of surgery, and the subject's ABO and Rh blood type.
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Blood bank staff determine whether enough units of ABO compatible RBCs of both storage
times are available to fulfill the crossmatch request. If the blood bank does not have enough
RBCs of both the longer and shorter storage time, then the subject will not be randomized.

Randomization is stratified by subject age (at least 18 years old or less than 18 years old)
and by whether the subject had been admitted to an ICU before surgery to equally distribute
pre-operative patient acuity and differences in pediatric and adult patient practice patterns
between treatment arms. The randomization scheme uses permuted blocks within each of the
strata. To ensure that approximately half of the subjects at each hospital are assigned to each
of the two treatment groups, institutional balancing [25] is used.

If a subject is randomized, and the planned surgery is not performed within 30 days, the
subject will be withdrawn from the study.

Intervention
Study subjects are randomized by the blood bank coordinators to receive RBCs stored for
either 10 or fewer days or 21 or more days. If a subject does not receive any RBC
transfusions between randomization and 96 hours following the end of the surgery, the
subject will be withdrawn from the study. Subjects who do receive RBC transfusions during
this time period are transfused according to their randomized treatment arm up to 28 days
after surgery, or until hospital discharge or death, whichever occurs first.

All study RBC transfusions will be of the assigned storage time as often as feasible without
compromising patient care. If there are not enough units of the assigned storage time to meet
all of the patient's needs, the blood bank will provide units as close as possible to the
randomized treatment assignment.

Subjects may only receive RBC which have been prestorage leukoreduced and stored in
AS1, AS3 or AS5. Irradiated units may be used but irradiation should occur within 12 hours
before issue. Units washed in the blood bank or the operating room will be considered
protocol violations. Institutional standard procedures for compatibility testing and issuing of
blood components are maintained for all study subjects. In addition, transfusions are
administered as ordered by the medical team for patient care needs according to local
practice and following all the usual institutional policy and safety standards.

Blinding of Treatment Allocation
Only blood bank staff with the appropriate security level in the data management system
(DMS) are able to access the treatment arm assignment directly. Access to case report forms
containing information about the collection, processing, and expiration dates of the RBC
units issued for study subjects is also restricted to the appropriate blood bank staff at each
site. Clinical staff caring for the subject, and study personnel collecting and reporting data in
the DMS, are not informed of the study arm assignment and do not have access in the DMS
to this information, or to data about the collection, processing, and expiration dates of the
RBC units transfused.

However, no alteration is made to the labels on the RBC units. The expiration date,
collection date, and any processing dates (e.g. date of irradiation) are not obscured.
Therefore any patient care personnel handling those units could calculate the storage
duration and infer the study arm assignment. Personnel providing care to study subjects are
instructed not to seek to identify the storage time of the RBCs the patients are receiving.
They are also instructed not to disclose the randomization assignments, should they become
aware of them, to the patients themselves or to other health care providers. The informed
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consent document indicates that subjects will not be informed of their randomization
assignment and should not seek to identify the storage time of the units they are receiving.

A blinded pilot study of 20 red cell units was performed at one of the TMH centers to
determine whether the storage time of the red cell unit could be predicted based on its
appearance or color. The study demonstrated that there was no reliable correlation between
the appearance of the units and the amount of time they had been stored. (Data not shown.)

Although the study is only partially blinded, the components of the MODS, the primary
endpoint, are objective physiologic measurements, as are most of the secondary outcome
measures. Thus, inadvertent unblinding of the randomization assignment would have little
effect, since the primary outcome data are minimally subject to observer bias and the
unblinding will not compromise the validity of the study.

Primary Outcome
The primary endpoint of the RECESS study is the change in clinical outcome assessed using
the Multiple Organ Dysfunction Score (MODS), which is a composite endpoint of
multisystem organ dysfunction.[16]

Mortality was considered as a primary outcome for this proposed study in cardiac surgery
patients. However, mortality for this group of patients is only expected to be in the range of
7-8%. To have 85% power to detect a reduction in mortality from 8% to 6%, approximately
3000 evaluable patients per arm would be required, and the study would be prohibitively
expensive at $18-21 million. Therefore, a morbidity endpoint, which encompasses mortality
and has been shown to correlate with mortality, was chosen as the primary endpoint.

The MODS was chosen for use in RECESS from multiple scoring systems that have been
developed to measure organ dysfunction. The MODS is easily calculated from readily
available, objective clinical data. Scores are assigned from 0-4 for graduated levels of
dysfunction in each of six organ systems (respiratory, renal, hepatic, cardiac, hematologic
and central nervous system) and can be summed as a daily score, totaled using the worst
individual organ system score over an interval, and/or compared to a baseline score. (See
Table 3.) The MODS incorporates mortality as the extreme manifestation of multiple organ
dysfunction, with a maximum score of 24 assigned to death. In validation studies, increasing
MODS correlated well with increasing risk of mortality, as well as hospital and ICU length
of stay.[16] MODS has since been used in many clinical studies to standardize assessment of
cumulative organ dysfunction, including in the Transfusion Requirements in Critical Care
(TRICC) trial and the subgroup analysis of patients with cardiac disease, to compare the
clinical effects of liberal vs. restrictive RBC transfusion practice.[22,26]

The MODS calculated immediately prior to surgery is considered the baseline value from
which change in MODS is calculated. The 7-day cumulative MODS is calculated as the sum
of the worst individual component scores for each of the systems occurring from surgery
through postoperative Day 7, hospital discharge, or death, whichever occurs first. This
measure incorporates the maximum dysfunction in each organ system over the 7-day time
period, even if these maxima occur on different days. It is not unusual for organs to develop
dysfunction at different times after surgery. If dysfunction occurs in one organ system, it
may be treated and perhaps resolved before dysfunction occurs in another organ system.
Subjects who die within 7 days after surgery are assigned the maximum possible 7-day
MODS of 24 points. The change in the MODS value (ΔMODS) from baseline to 7 days will
be compared between subjects who were randomized to receive RBCs which were stored 10
or fewer days vs. those randomized to receive RBCs which were stored 21 or more days.
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Analysis will be restricted to subjects who undergo cardiac surgery and receive at least one
RBC unit between randomization and 96 hours following surgery.

Other scoring systems such as the Acute Physiology And Chronic Health Evaluation
(APACHE) also define and tabulate organ failures as risk factors contributing to morbidity
and mortality.[27] Yet other scoring systems assign mortality risk by including the intensity
of clinical interventions. These include the Sequential Organ FAilure (SOFA) score,[28]
which includes inotrope administration, and the more recently developed CArdiac SUrgery
Score (CASUS), which includes the use of vascular assist devices and dialysis in its risk
assignment.[29] However, clinical studies employing scoring systems which are based in
part on clinical interventions should standardize patient management to minimize the effects
of observer bias and confounding.

Outcomes comparing leukoreduced vs. non-leukoreduced RBC transfusions given to heart
valve surgery patients defined multiple organ dysfunction as two or more systems failing
and found that a high incidence of failure of two or more systems was strongly associated
with the number of transfusions given.[30] Several series of cardiac surgical patients
demonstrated the SOFA score and its changes over time correlated well with morbidity and
mortality.[28,31,32] However, those studies did not require standardized management.

Several pediatric-specific scoring systems have also been developed and validated
[33,34,35,36], including Leteutre's pediatric adaptation of Marshall's MODS, named the
PEdiatric Logistic Organ Dysfunction (PELOD) score, which includes mechanical
ventilation interventions.[37] Change in PELOD score was a secondary endpoint in the
recent Transfusion Strategies for Patients in Pediatric Intensive Care Units (TRIPICU) study
evaluating liberal vs. standard transfusion practices in pediatric ICU patients.[38]

No scoring system for multiorgan dysfunction has been validated in both adults and
children. In order to include both adolescents and adults in the RECESS analysis, a common
scoring system must be used. Older children with a weight of at least 40 kg have similar
physiology to adults, and the normal ranges of the parameters used to calculate MODS are
very similar in adolescents and adults. Therefore, MODS is considered to have a similar
interpretation in both age groups.

In summary, the change in MODS was chosen as the primary endpoint for RECESS since: it
has been validated; it correlates with mortality and other measures of morbidity such as
length of stay; its components are based on objective measurements; it reflects organ
dysfunction as well as failure; it incorporates death; and it has been used in many studies
including studies of cardiac surgery patients.

Secondary Outcomes
Many individual clinical events, such as myocardial infarction, pulmonary embolus, and
cardiac arrest, are relatively infrequent in the weeks following cardiac surgery. Therefore,
representatives of the NHLBI-supported Cardiothoracic Surgery Trials Clinical Trials
Network provided input to help define composite endpoints that clinicians would find
relevant. Their assistance was also incorporated in selecting other secondary endpoints.

Secondary endpoints that will be assessed in RECESS include:

1. All-cause mortality through 28 days;

2. ΔMODS through post-operative day 28, hospital discharge, or death, whichever
comes first;
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3. Composite of major in-hospital postoperative complications through postoperative
Day 7, hospital discharge, or death, whichever occurs first (death, stroke,
myocardial infarction, renal failure, or culture-proven sepsis/septic shock);

4. Composite of major cardiac events through postoperative Day 7, hospital
discharge, or death, whichever occurs first (death, myocardial infarction, low
cardiac output, ventricular tachycardia, or ventricular fibrillation);

5. Composite of major pulmonary events through postoperative Day 7, hospital
discharge, or death, whichever occurs first (pulmonary embolism, or any
mechanical ventilation more than 48 hours after surgery);

6. Ventilation duration through postoperative day 28, hospital discharge, or death,
whichever comes first;

7. Any mechanical ventilation from 48 hours postoperative to Day 28, hospital
discharge, or death, whichever occurs first;

8. Changes in the following laboratory parameters, from the preoperative baseline to
the worst recorded post-operative value through postoperative Day 7, hospital
discharge, or death, whichever occurs first:

• Serum creatinine;

• Troponin-I;

• Lactate; and,

• Liver function tests (bilirubin, and for children also alanine
aminotransferase);

9. Days to first bowel movement through post-operative day 28, hospital discharge, or
death, whichever comes first; and,

10. Days to first solid food through post-operative day 28, hospital discharge, or death,
whichever comes first.

Sample Size and Statistical Considerations
Discussion of prior clinical trials suggests a difference in ΔMODS between study arms of 1
point is not likely to be clinically significant. In the cardiac patient subset of TRICC, the
treatment arm difference in ΔMODS was also only 1.3 points (SD 7.3).[22] Similarly,
discussion of the results of the ABLE pilot stated, “Absolute differences in major outcomes
such as mortality, organ failure and infections less than 3-4% between RBC (of different
storage times) [corresponding to a 1-2 point difference in ΔMODS] may not be worth
pursuing”.[7] Small differences in outcomes would have to be weighed against the effect
that changes in standard RBC banking practices might have, particularly if such changes had
a deleterious impact on the availability of RBCs. Reduced RBC availability could result in
under-transfusion, or cause delays in surgery or treatment, which could also have adverse
clinical effects.

To determine the sample size for a trial designed to demonstrate superiority of one treatment
strategy over another, investigators must pre-specify the treatment difference the study
should have good statistical power to detect. To determine the sample size for a non-
inferiority or equivalence study, the investigators must pre-specify the smallest treatment
difference that would be considered clinically important. The smallest treatment group
difference in ΔMODS that would justify a change in practice is a matter of debate, given the
impact a change might have on blood availability. Therefore, rather than power RECESS to
detect a particular treatment difference, the sample size was guided by the desired precision
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of the 95% confidence interval that will be calculated around the observed treatment
difference. A treatment difference of ± 0.8 points or narrower in the ΔMODS between the
study arms would correspond to a limited difference in a single organ system (e.g., a drop in
the platelet count from 100,000/μL to 65,000/μL) and the confidence interval will provide a
precise estimate of any changes in organ function due to exposure to RBC stored for
different amounts of time.

The sample size for RECESS was calculated using the following assumptions:

1. Two-sided 95% confidence interval with a precision of ± 0.8 points or narrower for
the treatment group difference in 7-Day ΔMODS, after adjustment for baseline
value;

2. Equal sample size in each treatment group;

3. Baseline MODS are integer values between 0 and 24 with a mean of 7.8 and a
standard deviation of 3.9. ΔMODS are also integer values with a range that
depends on the baseline MODS value (because the 7-Day MODS must also be an
integer between 0 and 24), and a standard deviation of 7.3.[22]; and,

4. No correlation between baseline MODS and ΔMODS. (If these are correlated, the
confidence interval will be narrower.)

Based on these assumptions, it was calculated that the study will need 717 patients per arm
who are evaluable for the primary endpoint. The adequacy of this sample size was
confirmed through simulations. Evaluable patients are those who undergo cardiac surgery
and receive at least one study transfusion, and have data available to calculate baseline
MODS and MODS through Day 7, hospital discharge, or death, whichever occurs first.
Based on data from a survey of several participating hospitals, 87% of patients with TRUST
of 3 or more will receive transfusions, so approximately 1648 subjects must be randomized
to obtain 1434 evaluable subjects. Assuming that 10% of the time the blood bank will not be
able to provide enough units of RBC of one or both of the storage times, then approximately
1832 patients must be enrolled. Based on other transfusion studies, 20 - 25% of eligible
subjects are expected to consent to participate in RECESS, so sites must identify
approximately 8142 subjects (with TRUST of 3 or more for adults) to approach for consent
and further eligibility assessment. As 52% of cardiac surgery patients at participating centers
are expected to have TRUST scores of 3 or more, approximately 15,700 cardiac surgery
patients have to be screened for RECESS.

Trial Management
RECESS was developed through, and will be conducted mainly within, the TMHCTN
which is a multicenter clinical trials network including 17 main core clinical centers across
the United States, and several affiliated sites. TMHCTN was originally funded by the
National Heart, Lung, and Blood Institute (Transfusion Medicine and Cellular Therapeutics
Branch) of the National Institutes of Health in 2002 and renewed in 2007.[12]

The Data Coordinating Center for RECESS and other TMHCTN studies is New England
Research Institutes (NERI).[13] Established more than 20 years ago, NERI has served as the
data coordinating center for numerous, large, multicenter clinical trials. NERI has extensive
experience in coordinating transfusion studies, including TMHCTN's platelet dose study
[40], the multi-center Viral Activation by Transfusion Study (VATS) [41], and several
studies of transfusion in sickle cell patients [42,43]. NHLBI has established an independent
Data and Safety Monitoring Board which has oversight for all of the clinical trials being
carried out by the TMHCTN.
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Conclusion
RBC transfusion has become a mainstay in managing patients in intensive care units,
undergoing surgery, or being treated for malignancy. Despite the widespread use of RBCs,
the data guiding transfusion practices are limited, and our understanding of the impact on
patient outcomes modest. The question of whether storage of RBCs under standard blood
bank conditions has clinically meaningful effects on patient well-being remains, after
several decades of discussion and investigation, in a state of clinical equipoise. Along with
clinical trials in neonates and intensive care patients, the RECESS study is positioned to
provide data with which we will be able answer this question.
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Figure 1.
Study Schema
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Table 1

Components of TRUST score

Parameter Finding Points

Age of patient in years ≤ 65 yr 0

> 65 yr 1

Gender Male 0

Female 1

Hemoglobin ≥ 13.5 gm/dl 0

< 13.5 gm/dl 1

Body weight in kilograms ≥ 77 kg 0

< 77 kg 1

Serum creatinine ≤ 1.36 mg/dL (120 μmol/L) 0

> 1.36 mg/dL (120 μmol/L) 1

Elective Surgery Yes 0

No 1

History of previous cardiac surgery No 0

Yes 1

Surgical task(s) Isolated 0

Multiple 1

Adapted from Alghamdi AA, et al.[24]
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Table 2

Likelihood of receiving transfusion based on TRUST score

Total TRUST Score Probability of Transfusion

0 < 20%

1 20-39%

2 40-59%

3 60-79%

≥4 80-100%

Adapted from Alghamdi AA, et al.[24]
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