Fresh red blood cell transfusion and short-term pulmonary, immunologic, and coagulation status:  A randomized clinical trial.
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At a Glance Commentary:  A longer duration of red blood cell storage has been suggested to increase the risk of transfusion-related pulmonary complications.  If confirmed, fresh red blood cell transfusion would be preferred in patients with or at risk for respiratory complications.  In this investigation, the impact of a single unit of fresh red blood cell transfusion on markers of pulmonary, inflammatory, and coagulation status was similar to the impact seen with the transfusion of a single unit of standard issue red blood cells.

ABSTRACT

Rationale:  Transfusion-related pulmonary complications are leading causes of morbidity and mortality attributed to transfusion. Observational studies suggest an important role for red blood cell (RBC) storage duration in these adverse outcomes.  

Objectives:  To evaluate the impact of RBC storage duration on short-term pulmonary function as well as immunologic and coagulation status in mechanically ventilated patients receiving RBC transfusion.

Methods:This is a double-blind,randomized, clinical trial comparing fresh (≤ 5 days storage) versus standard issue single-unit RBC transfusion in adult intubated and mechanically ventilated patients.  The primary outcome is the change in pulmonary gas exchange as assessed by the partial pressure of arterial oxygen to fraction of inspired oxygen concentration ratio (∆ PaO2/FiO2).  Secondary outcomes include changes in immune and coagulation status.  Measurements and main results:Fifty patients were randomized to receive fresh RBC and an additional 50 to standard issue RBC.  Median storage age was 4.0 days (IQR 3.0 – 5.0) and 26.5 days (IQR 21.0 – 40.0) in the fresh and standard issue RBC group, respectively.   No differences were noted in the primary outcome of ∆ PaO2/FiO2 (difference between the mean ∆ PaO2/FiO2 in the standard issue RBC group vs. the fresh RBC group = -11.5; 95% CI = -35.3 to 12.3; p = 0.22).   Similarly, no significant differences were noted in markers of immunologic or coagulation status.  

Conclusions:  In this randomized clinical trial, no differences were noted in early measures of pulmonary function nor immunologic or coagulation status when comparing fresh versus standard issue single-unit RBC transfusion.  

Abstract Word Count:  248.
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INTRODUCTION

Since the first successful attempt at blood storage almost a century ago, advances in extracorporeal red blood cell (RBC) preservation have incrementally prolonged the viability of stored RBCs. With contemporary preservative solutions, the accepted duration of RBC storage has now been extended to 42 days1()
.  In the past two decades, there has been increased interest in the time-dependent changes in RBC quantity and quality during this storage period.  The various changes that occur within both the RBC and storage media during ex vivo preservation have been collectively termed the RBC “storage lesion.” 

Importantly, alterations that occur during the RBC storage process are believed potentially responsible for many of the adverse effects associated with blood product administration2()
.  Among these concerns is a potentially increased risk of transfusion-related acute lung injury (TRALI)
 ADDIN EN.CITE 

(3-6)
 as well as risk-adjusted mortality
 ADDIN EN.CITE 

(7-10)
.  Multiple publications have suggested that these associations become more significant with increased duration of RBC storage
 ADDIN EN.CITE 

(8, 11-13)
.In a recent database analysis, Koch and colleagues found an association of RBC storage duration with mortality in patients undergoing cardiac surgery
 ADDIN EN.CITE 

(8)
.  This association was largely driven by an increased rate of respiratory complications.  However, the observational nature of this investigation and concerns over residual confounding preclude definitive statements regarding causality.  Moreover, evidence to the contrary exists as well
 ADDIN EN.CITE 

(14-17)
, and the impact of RBC storage duration on development of transfusion-related complications remains a matter of debate
 ADDIN EN.CITE 

(18, 19)
.


While the majority of TRALI cases are believed the result of an interaction between donor anti-HLA or anti-leukocyte antibodies and the cognate antigen on recipient leukocytes
 ADDIN EN.CITE 

(20)
, a second “two-hit” model for TRALI has also been described21()
.  This model suggests that in a “primed” host, infusion of biologically active mediators activates sensitized neutrophils leading to endothelial damage, capillary leak, and clinical TRALI
 ADDIN EN.CITE 

(6, 22)
.These biological response modifiers are believed to accumulate during storage of cellular blood products.  However, the direct clinical impact of RBC storage duration on recipient immune status and pulmonary function remains poorly defined.  

The objective of this investigation was to evaluate the impact of RBC storage duration on early pulmonary function as well as the immunologic and coagulation status of mechanically ventilated, critically-ill patients in a double-blind, randomized clinical trial study design.  We hypothesized that the transfusion of a single unit of RBCs with a short duration of storage would have less impact on early markers pulmonary function than a single-unit of RBCs which had undergone storage of conventional duration.  Similarly, we hypothesized that the affect of RBC transfusion on markers of immunologic and coagulation status would be attenuated in those who received fresh RBCs. 

METHODS

Study design:


This is a single-center, double-blind, parallel-group, randomized clinical trial.  The study was approved by the Mayo Clinic Institutional Review Board prior to initiating patient enrollment.   The CONSORT guidelines for reporting the results of a randomized clinical trial were used to guide the preparation of this manuscript23()
.  This trial is registered with ClinicalTrials.gov with the study identifier NCT00751322.

Study population:


Eligible patients were adults, aged 18 years or older, who were admitted to an intensive care unit (ICU) at Mayo Clinic, Rochester Minnesota.  Both medical and surgical patients (including cardiac and neurologic surgery) were eligible for enrollment.  The average annual ICU census at this institution is 14,800 patient visits.  To be included, participants needed to be endotracheally intubated, mechanically ventilated and have arterial access in situ.  An order for RBC transfusion by the study participant’s health care team was required prior to randomization.  Exclusion criteria included the following:  1) concurrent transfusion with another blood product, 2) emergency transfusion, and/or 3) hemodynamic instability as defined by the upward titration of vasoactive medications in the 2-hour interval prior to RBC transfusion.   
Study procedures:


Patient Identification:  To increase the feasibility of patient enrollment in this time-sensitive study, an automated electronic alert system continually assessed the electronic medical record (EMR) of all mechanically ventilated adult ICU patients with an arterial catheter in situ.  If a hemoglobin ≤ 9.5 g/dL was identified, an electronic message was sent to the participating study coordinator via e-mail/pager indicating the identification of a potential study participant.  Potential participants and/or their designated legally authorized representatives were then approached for informed consent.  The objectives of the investigation as well as the potential risks and benefits of being included in the study protocol were described.  Consenting participants’ names and clinic identification numbers were provided to the institutional blood bank and their EMR was flagged to denote study participation.  For each potential study participant, if an order for allogeneic RBC transfusion was subsequently placed by a member of the responsible health care team, this triggered a call to a study coordinator for full evaluation of inclusion and exclusion criteria.  If all inclusion criteria were met and no exclusion criteria were present, study participants were allocated a treatment assignment (fresh versus standard issue) for the first ordered RBC unit.   

Intervention:  The intervention of interest in this investigation was the transfusion of a single unit of fresh (≤ 5 days storage duration) RBCs.  The comparison group received a single unit of standard issue RBCs (historic median storage duration = 21 days, range 7-42 days).The intervention (fresh versus standard issue storage duration) was only for the first RBC unit administered after randomization.  All subsequent RBC transfusions were standard issue.  All RBC units administered (in both treatment arms) underwent pre-storage leukocyte reduction.  All transfusion decisions (study and non-study) were at the discretion of the responsible health care team with no involvement or influence by any member of the study team.  

Additional study procedures:  Following participant enrollment, providers were encouraged to use standardized ventilator settings.  Specifically, it was recommended that all study participant’s lungs be mechanically ventilated with full ventilator support in a volume-controlled mode (assist-control or intermittent mandatory ventilation with pressure support) to guarantee a consistent delivery of tidal volume of 6-8 mL/kg (predicted body weight) with a frequency adjusted to ensure adequate minute ventilation. Systolic, diastolic, and mean arterial blood pressure (SBP, DBP, MBP respectively) were measured continuously and recorded at baseline (prior to RBCs transfusion) and at the end of the intervention RBC unit transfusion. When central venous and/or pulmonary artery catheters were present, additional hemodynamic measurements [e.g. central venous pressure (CVP), pulmonary artery systolic pressure (PASP), pulmonary capillary wedge pressure (PCWP)] were recorded at these time intervals as well. The fraction of inspired oxygen concentration (FiO2) was maintained constant throughout the procedure, with titration allowed only to maintain SpO2 at 90% or more. The ventilator settings and FiO2 were not altered during the study unless clinically necessary.  In the presence of patient-ventilator asynchrony and/or agitation, the following steps were encouraged in the following order:  1) adjust the peak inspiratory flow rate to > 75 L/min and trigger sensitivity to -1 cm H2O (or flow trigger ~ 1-2 L/min); 2) increase the tidal volume by 1 mL/kg to a maximum of 10 mL/kg predicted body weight; and 3) additional sedation and/or neuromuscular blockade should be administered per standard clinical practice, preferably using short-acting agents such as propofol.

Measurements and outcome assessments:  The primary outcome measure was the change in pulmonary gas exchange as assessed with the partial pressure of arterial oxygen to fraction of inspired oxygen concentration ratio (∆ PaO2/FiO2 ratio).  FiO2 was recorded into the case report forms by a study coordinator at the time of arterial blood gas acquisition.  Secondary assessments of changes in pulmonary function included post-transfusion changes in peak and plateau airway pressures, static and dynamic respiratory system compliance, and fraction of dead space ventilation (Vd/Vt).  Dynamic respiratory system compliance and Vd/Vt were measured with the NICO® Cardiopulmonary Management System (Philips Healthcare, Andover, MA).  Additional secondary outcome measures included changes in markers of immune status including tumor necrosis factors-alpha (TNF-∝), interleukin-8 (IL-8) and C-reactive protein (CRP).  Coagulation status was assessed by platelet count, fibrinogen, and anti-thrombin consumption (ATC).  Baseline measurements were obtained in the 2-hour interval prior to transfusion.  Post-transfusion measurements were obtained upon completion of the intervention RBC transfusion and within 2 hours of initiation of the intervention RBC transfusion. All cardiopulmonary measurements were performed by licensed respiratory therapists who were blinded to treatment assignment and were trained in the use of the NICO® Cardiopulmonary Management System. Standard operating procedures were developed prior to study initiation for all bedside and laboratory measurements as well as for all outcome assessments.  Patient-important outcomes included new or worsening acute lung injury (ALI), changes in organ failures [assessed with theSequential Organ Failure Assessment (SOFA) score], and mortality.  ALI and SOFA scores were assessed over a 48-hour interval following the intervention RBC transfusion. Mortality was assessed at hospital discharge.  Standard definitions were used for ALI24()
 and the SOFA score25()
. ALI diagnoses were adjudicated by two members of the study team (GWand DJK), both of whom were blinded to intervention allocation status.  Disagreements were handled by a third reviewer who was also blinded to the intervention status (OG).

Sample size

The study size of 100 patients was determined a priori based on a desire to detect a 5% difference in PaO2/FiO2 between treatment groups.  Assuming a control group PaO2/FiO2 value of 200 with a standard deviation of 17 (noted in our preliminary data), we determined the need to obtain a sample size of 46 patients per group (two-sided α of 0.05 and a power of 0.80).  To account for potential unexpected loss of patient data (e.g. no transfusion in a randomized patient), we added an additional 4 patients to each group.

Randomization and blinding

Randomization was performed using a simple computer-generated list, known only to the statistician who generated the coded list, with a block size of 4.  Participants were randomly assigned in a 1:1 ratio.  Treatment allocation was determined by personnel within the blood bank at the time of RBC issue by opening sealed opaque envelopes containing the randomization codes.  Per hospital practice, a designated transfusion nurse is responsible for checking the compatibility of the planned RBC unit with the recipient’s blood type and antibody status within the blood bank.  The RBC product outdate is also assessed by the responsible transfusion nurse.  Upon confirming an appropriate RBC product, the transfusion nurse transports the ordered RBCsto the patient’s bedside, reconfirms a correct patient and blood product match, and initiates the transfusion.  The clinical service responsible for ordering the blood product is not involved in this process and was not made aware of the patient’s randomization status.  The product expiration date was not concealed during the transfusion process.  However, study participants and all study investigators remained blinded to treatment allocation status for the duration of the study procedures.
Statistical analysis


The null hypothesis for thisinvestigation was that the transfusion of a single unit of fresh RBCs (≤ 5 days storage duration) would produce the same change in PaO2/FiO2 as would the transfusion of a single standard issue unit of RBCs.  Participant’s outcomes were analyzed according to the treatment group to which they were assigned (intention-to-treat).  Normally distributed continuous data are summarized using means +/- standard deviations; whereby, skewed continuous data are summarized using median values with 25% - 75% interquartile ranges. Categorical variables are presented as counts with percentages. For univariate analyses, comparisons of continuous outcomes between the two groups were performed with the Wilcoxon Rank-Sum Test.  Fisher’s exact test was used for categorical variables.  

To more fully assess the impact of RBC storage duration on acute and sub-acute organ function, SOFA scores were evaluated in two complimentary ways.  In the first analysis, differences in the mean change in SOFA scores (∆ SOFA score = SOFA score at 48 hours – SOFA score at baseline) for the fresh RBC and the standard issue RBC cohorts were compared.  In the second analysis, baseline SOFA scores and the serial changes in SOFA scores measured at 6-hour intervals from transfusion end to 48-hours after transfusionwere compared.  For this later analysis, a Random Coefficients Model (26) was used to compare 1) the population SOFA score at baseline between the study arms and 2) the population SOFA score change rate between the study arms.   In this study, the random coefficient model predicted the SOFA score time series for a given patient.   The fixed component of the model included 1) a dummy variable for the study arm, 2) a continuous variable for hours when the SOFA score was measured and 3) their interaction.   The random component of the model included the patient’s intercept and slope terms.  The covariance between the random intercept and slope was specified as unstructured.  The coefficient for the dummy variable estimated the difference in SOFA score at baseline between the two study arms.  The P-value associated with this coefficient tested whether the coefficient was significantly different from zero.  Similarly, the coefficient for the interaction term estimated the difference in SOFA score trajectory between the study arms with a similar interpretation for the P-value.   The random coefficient model was implemented in SAS using the PROC MIXED procedure.

RESULTS


A total of 3,383 adult intensive care unit patients were mechanically ventilated, had an arterial catheter in situ and had a hemoglobin value ≤ 9.5 g/dL between June 2008 and May 2010.   A total of 665 of these were approached for informed consent and potential inclusion in this trial.  Of these 665 potential study participants, 100 were prospectively enrolled.   Fifty patients were randomized to transfusion of fresh RBCs with an additional 50 patients randomized to standard-issue RBC transfusion. The study population flow is shown in Figure 1.  One recipient randomized to receive fresh RBCs was noted to have a positive antibody screen and an appropriately cross-matched fresh RBC unit was not available.  This participant was excluded from the study after randomization, but before the administration of an RBC transfusion.  As post-transfusion data was not obtained, this study participant was not included in the intention-to-treat analyses.  The remainder of the study population received their study RBC transfusion and was included in the analyses. 


Baseline demographics and clinical characteristics are presented in Table 1.  The randomization procedures were effective with relatively equal distributions of most baseline variables.  Specifically, baseline demographics and ICU admission characteristics were similar as were most ALI risk modifiers.  Baseline cardiopulmonary parameters and markers of immune and coagulation status were also balanced.  The median baseline tidal volumes were slightly higher,and the proportion of patients who were receiving low-tidal volume ventilation (< 8 ml/kg predicted body weight) was slightly lower in the fresh RBC group (Table 1).  However, neither of these differences was statistically significant.  
The median duration of RBC storage was 4.0 days (25%-75% interquartile range 3.0 – 5.0 days) in the fresh RBC cohort and 26.5 days (25%-75% interquartile range = 21.0 – 40.0 days) in the standard issue arm.  In the standard issue group, 4 patients received an RBC unit that had been stored for 14 days or less, 9 received an RBC unit that had been stored between 15 and 21 days, and the remainder received an RBC unit that had been stored for more than 21 days.Eighty-three participants (84%) received an ABO and Rh identical RBC unit, with the remaining 16 participants (16%) receiving an ABO and Rh compatible unit. When comparing the fresh and the standard issue cohorts, there was no difference in the proportion of study participants who received non-identical, ABO compatible RBCs (18.0 % vs12.0 %, respectively; p= 0.40). Similarly, the proportion of non-Group O recipients who received group O RBC units was balanced in the two groups (7.4% vs 8.7%; p > 0.99). RBC donor and recipient blood types are presented in Table 2.  


The mean +/- standard deviation time from initiation of the intervention RBC transfusion to the post-transfusion measurements was 1.8 +/- 0.46 hours for the fresh RBC cohort and 1.9 +/- 0.63 hours for those receiving standard issue RBCs (p = 0.59).  Univariate analyses of pulmonary function, immunologic, and coagulation status in those receiving fresh RBC transfusion compared to standard issue RBCs can be seen in Table 3.  No significant differences were noted in the primary outcome of change in PaO2/FiO2 ratio (2.5 +/- 49.3 vs. -9.0 +/- 69.8; fresh RBC vs. standard issue RBC; p = 0.22).  No significant differences were identified in any of the other a priori intermediate outcome measures of pulmonary function (Vd/Vt, dynamic and static pulmonary compliance), immunologic status (TNF-α, IL-8, CRP) or coagulation status (fibrinogen, ATC).  Between group changes in measures of pulmonary status are displayed in Figure 2.  Between group changes in measures of immune and coagulation status can be seen in Figure 3.  Of note, the median tidal volumes at time point 2 (following RBC transfusion) were similar in the fresh RBC cohort when compared to the standard issue group [7.7 (6.9 – 9.2) vs. 7.5 (6.3 – 8.4) ml/kg PBW; p = 0.23].  The proportion of patients receiving low-tidal volume ventilation (< 8 ml/kg predicted body weight) was also similar in the two groups (58.0% vs. 66.7%; fresh RBC vs. standard-issue RBC, respectively; p = 0.38). In addition to the intermediate outcomes, no significant differences were noted in patient important outcomes such as new or progressive ALI [fresh vs. standard issue RBC = 2% vs. 6%; OR (95% CI) = 0.33 (0.01 to 4.28), p = 0.62], organ failures [∆ SOFA score in fresh vs. standard issue RBC = -0.7 vs. -1.0; difference of the means for standard issue and fresh RBC = -0.3 (-1.6 to 1.0), p = 0.80], or mortality [fresh vs. standard issue RBC = 35% vs. 44%; OR = 0.68 (0.28 – 1.64), p = 0.41]. The temporal changes in each component of the SOFA score as well as the total SOFA score during the 48-hour interval following study RBC transfusion can be seen in Table 4.  

DISCUSSION


In this randomized clinical trial, transfusion of a single unit of fresh RBCs to hemodynamically stable ICU patients receiving invasive mechanical ventilation had no significant influence on early markers of pulmonary function, immunologic status or coagulation status when compared to single-unit RBC transfusion of conventional storage duration.  Similarly, no differences were noted in patient-important outcomes such as new or progressive ALI, or number of organ failuresduring the 48-hour interval following study RBC transfusion, norhospital mortality.  

The findings of this investigation arise in the midst of a growing body of mechanistic data describing alterations in both the RBC and its media during the storage process.  Increasingly, these alterations have been purported to potentially influence the recipient’s respiratory and immunologic response to the transfused blood product.  Examples of such changes include depletion of 2,3-diphosphoglycerate with a resultant leftward shift in the oxyhemoglobin dissociation curve which has been postulated to reduce oxygen delivery(27, 28), ATP depletion(29, 30), and reductions in S-nitrosothiol bioactivity(31, 32) which are believed to potentially impact the vasodilatory response to regional hypoxia and reduced RBC deformability which may impede RBC transit through the microcirculation(33-35).  In addition, immunologically active biologic response modifiers within the RBC storage media such as soluble CD40 ligand(6, 36) and lysophosphatidylcholines(22, 37) have been associated with development of ALI. A number of observational clinical studies also suggest an association between RBC transfusion and respiratory complications such as transfusion-related acute lung injury,(38,39) transfusion-associated circulatory overload(40) and respiratory insufficiency with the need for prolonged mechanical ventilation
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(8)
.  It has been suggested that the duration of RBC storage may be an important contributing factor to these associations(6, 8, 22, 41, 42).An important limitation with the majority of these studies has been their observational study design with the unavoidable potential for bias and residual confounding.  

In contrast, numerous additional studies have failed to support the potential association between RBC storage duration and adverse clinical outcomes.  Weiskopf and colleagues have reported similar efficacy in reversing anemia-induced neurocognitive deficits with both fresh (3.5 hours storage) and stored (3 weeks storage) RBCs(43).  Similarly, Walsh and colleagues noted similar effects of RBC transfusion on both regional and global marker’s of oxygenation when comparing fresh RBCs (stored ≤ 5 days) to RBCs that had undergone more prolonged storage (stored ≥ 20 days)(44). Regarding the effect of storage duration on transfusion-related pulmonary complications, Vamvakas and colleagues found no association between storage age and the probability of intubation or the duration of mechanical ventilation in patients receiving blood transfusion for coronary artery bypass surgery(45).Numerous other investigators have also failed to associate duration of RBC storage with adverse respiratory outcomes(46-49).

The present investigation provides data from the first randomized clinical trial addressing the potential influence of RBC storage duration on post-transfusion pulmonary function, immunologic status, and coagulation status.  In contrast to much of the mechanistic and observational data described above, our results do not support a significant relationship between RBC storage duration and altered respiratory, immunologic, or coagulation parameters in the early phases following RBC transfusion. Although the discrepancies between the current work and previous observational studies cannot be fully explained, they may in part be the result of differing study designs.  More specifically, the double-blind randomized clinical trial design of the present investigation is expected to have more fully addressed concerns related to bias and unmeasured confounding.  These concerns are a pervasive challenge in observational studies. In addition, the present study design mandated that all patients receive a similar RBC dose (a single unit).  Importantly, many previous investigations have failed to adequately adjust for RBC dose.  Indeed, concerns regarding the unequal distribution of RBC dose when comparing fresh to “older” RBC units has been recently discussed(50).Third, the use of pre-storage leukocyte reduction for all transfusions administered in this study may also partially explain our novel findings.  Previous work has suggested that leukocytes carried over during the processing of the RBC fraction can accelerate the RBC storage lesion(51, 52), and others have shown that leukocyte burden increases the adhesion of stored RBCs to the vascular endothelium(53, 54).  Pre-storage leukoreduction has been shown to attenuate the accumulation of bioactive substances in stored RBC units(55-57) as well as the adhesiveness of stored RBCs(58).

The major strengths of this investigation include the double-blind, randomized trial design and the innovative near-real time identification of the study population with highly granular data acquisition following RBC administration.  In contrast to the existing observational studies, the experimental design of the present investigation allows the first formal assessment of the potential cause-effect relationship between transfusion of RBCs of differing storage age and altered pulmonary, immunologic and coagulation function.  The novel techniques used to identify critically ill patients undergoing RBC transfusion allowed for a unique, detailed analysis of the early changes in respiratory physiology as well as immunologic and coagulation status in mechanically ventilated ICU patients.  This detailed assessment of cardiopulmonary status was further strengthened by the use of the NICO® Cardiopulmonary Management System.  The completeness of follow-up and short evaluation interval also limit the potential for bias as well as confounding co-interventions such as ventilator management, hemodynamic resuscitation, fluid therapy, concomitant transfusions, and other health care delivery factors.  

Importantly, a number of potential limitations with the current investigation deserve note as well.  Although the short duration of follow-up for the primary outcome (median 1.9 hours in the fresh RBC group and 1.8 hours in the standard issue RBC cohort) allowed a detailed assessment of the early changes associated with RBC transfusion, mitigating many of the important confounding co-interventions that occur in clinical practice, delayed responses to the transfused RBC units would not have been identified in this investigation.  As such, we are unable to comment on the impact of RBC storage duration on more delayed alterations in lung function, immunologic status, or the coagulation cascade.  Moreover, as the response of IL-8 to the transfusion episode may have been slightly more delayed, it is possible that our second measurement missed the peak value for this specific inflammatory marker.  An additional limitation is this study’slimited sample size.  The a priori sample size was calculated to assess between-group differences in post-transfusion PaO2/FiO2 ratio.  It is clearly possible that more subtle associations were missed due to type II error (false negative findings).  In addition, the standard deviation for the primary outcome (PaO2/FiO2) was larger than planned (117 mmHg versus 17 mmHg).  As such, the sample size of the enrolled population may not have been sufficient to capture the intended 5% difference in PaO2/FiO2 between the fresh RBC and standard-issue RBC groups.However, our post-hoc power analysis indicates that the sample size achieved (n = 100)provided 80% power to detect a 39.6 mm Hg or greater difference in the mean value of ∆ PaO2/FiO2 between the two groups (two-sided alpha of 0.05).  Therefore, while not sufficiently powered to detect minor differences in oxygenation, adequate power was present for detecting more clinically significant differences.Importantly, the design of this investigation also restricted the transfusion episode to a single unit of RBCs.  While improving our ability to limit confounding co-interventions and to gather detailed information on the impact of the storage age of a single unit of RBC on recipient respiratory function, immunologic status, and coagulation status, this design precludes comment on either safety or risk with longer RBC storage durations in larger volume RBC transfusion episodes. We also recognize that while we did not identify associations between RBC storage duration and patient important outcomes such as new or worsening ALI, number of organ failures, or mortality, these results must be interpreted with caution as the study was not sufficiently powered to adequately assess these clinical endpoints.  Nonetheless, the lack of evidence for an impact of RBC storage duration on the intermediate outcomes evaluated supports the findings of no meaningful impact on the clinically important outcomes assessed.  Finally, we must also acknowledge the single-center, tertiary care setting in which the study procedures were performed.  Specifically, unique aspects of the environment in which the study was carried out may limit the external validity of the study’s findings and the generalizability of the study results.

CONCLUSION

In this double-blind, randomized clinical trial evaluating the safety of fresh versus standard issue single-unit RBC transfusion in hemodynamically stable patients receiving invasive mechanical ventilation, no differences were noted in early measures of pulmonary function, immunologic status, or coagulation status.  Specifically, these data exclude a 39.6 mm Hg or greater difference in the mean value of Δ PaO2/FiO2 at the two-hour time point following a single unit of fresh RBC versus standard issue RBC transfusion with a power of 0.8 and a two-sided alpha of 0.05.  Similarly, no differences were noted in patient important outcomes such as mortality or organ failures.  The results of this trial do not support a significant role for RBC storage duration in development of transfusion-related pulmonary complications.  Moreover, these results would suggest that well-designed clinical trials randomizing patients to “fresh-only” RBCs versus “prolongedstorage-only” RBCs can be performed ethically.Additional ongoing clinical trials will further define the impact of RBC storage duration on other patient-oriented transfusion-related outcomes.
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Figure Legends:

Figure 1.  Study participation flow diagram.

Figure 2.  Changes in markers of pulmonary function among those receiving fresh vs. standard issue RBC transfusion.

RBC = red blood cell, PaO2 = partial pressure of arterial oxygen, FiO2 = fraction of inspired oxygen concentration ratio, Vd/Vt = ratio of dead space volume to tidal volume.
Summary statistics and p-values for the hypothesis tests performed are presented in Table 3.

Figure 3.  Changes in markers of immune and coagulation status among those receiving fresh vs. standard issue RBC transfusion.

RBC = red blood cell, TNF = tumor necrosis factor, IL = interleukin, ATC = anti-thrombin consumption.

Summary statistics and p-values for the hypothesis tests performed are presented in Table 3.

