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Abstract

Background: Red cell concentrates (RCCs) may be cryopreserved at Canadian

Blood Services (CBS) for up to 10 years; however, inadvertent warming of these

units over the prescribed storage temperature (≤ �65°C) may occur. These

units may be discarded from inventory to avoid potential adverse transfusion

outcomes. This study aimed to assess the quality of RCCs that experienced

unintentional transient warming events (TWEs) related to freezer failures.

Study Design: Thirty cryopreserved RCCs with known TWEs were selected

for this study and classified into three different experimental groups (Event

1 (n = 5) TWE > �65°C for 34 min; Event 2 (n = 23) TWE > �65°C for 48 h;

and both Event 1 and Event 2 (n = 2) TWE > �65°C for 34 min and 48 h).

Ten additional RCCs with no known TWEs, cryopreserved over the same

period, were selected as controls. Thawed RCCs were deglycerolized using the

Haemonetics ACP 215, and in vitro quality was assessed throughout hypother-

mic storage.

Results: RCCs from the control and all three experimental groups met the

Canadian Standards Association (CSA) guidelines for hematocrit, total hemo-

globin, and hemolysis at expiry. RCCs experiencing a singular TWE had simi-

lar in vitro quality to control RCCs.

Discussion: This study's findings revealed that single exposures to specific

documented TWEs did not significantly impact the quality of RCCs
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post-deglycerolization. While units should still be assessed on a case-by-case

basis upon TWE, our work provides the first-ever evidence that supports a

broader policy of unit retention by blood centers.
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1 | INTRODUCTION

In Canada, blood centers maintain an inventory of red
cell concentrates (RCCs) that include an array of red cell
antigen phenotypes, a subset of which are rare (occurring
in <1 in 1000 individuals) or very rare (occurring <1 in
3000).1,2 To meet the transfusion needs of patients with
rare or very rare phenotypes, blood centers often employ
cryopreservation methods to keep a bank of frozen units.1

Canadian Blood Services (CBS) operates a rare blood pro-
gram wherein a frozen inventory of approximately
1400 units (as of July 2024) is maintained at four different
sites across the country.2–4 Rare donors are actively
recruited and registered in the program, and their dona-
tions are collected, stored, and matched to phenotypically
rare patients.2 In 2021, 115 rare units were required for
patients, and approximately 40 of these units came from
frozen inventory.2 At CBS, RCCs can be hypothermically
stored between 1 and 6°C for up to 21 days prior to gly-
cerolization and freezing.4–6 Once cryopreserved using
the high glycerol (40%) method; these inventories of rare
phenotypes are stored at or below �65°C for 10 years
with the possibility of extension.6,7 Once a frozen RCC
unit is matched to a potential recipient and identified as
necessary for transfusion, it is thawed, deglycerolized,
and resuspended in AS-3.4 From this point, the RCC unit
can be hypothermically stored for up to 14 days prior to
transfusion if closed-system automated cell processors,
like the ACP 215 (Haemonetics) are employed.4 There
are advantages to using frozen RCCs in some patient
populations. Trauma patients who received cryopre-
served RCCs exhibited increased tissue oxygenation and
no elevation of proinflammatory, or anti-inflammatory
cytokines 12 h posttransfusion.8,9 A similar lack of cyto-
kine production was identified when cryopreserved autol-
ogous blood donations were transfused into healthy
human volunteers.10 In cases of preoperative autologous
blood donations, patients who received frozen blood had
approximately 6% higher circulating hemoglobin mass
than those who received refrigerated, unfrozen blood.11

Not only can maintaining cryopreserved blood prod-
ucts be expensive, requiring specialized equipment to
store, manage, process, and monitor frozen inventory,

but also logistical challenges can arise in the tracking,
shipping, monitoring, and use of the cryopreserved units
that requires staff to receive additional training. Due to
the ultra-low temperatures utilized and varied lengths of
storage time, there exists the potential for units to be
inadvertently warmed above the recommended critical
storage temperature (≤ �65°C for RCCs frozen using the
high glycerol [40%] method) leading to what has been
termed a “transient warming event” (TWE).4,12 TWEs
can occur for a few reasons including but not limited to
routine inventory management practices, packing/ship-
ping of units, and freezer/equipment failures. Current
protocols at CBS indicate RCCs exposed to any identified
TWE, regardless of maximum temperature reached and
length of time outside the recommended critical storage
temperature must be quarantined or removed from
inventory to mitigate the risk of adverse transfusion out-
comes in patients. The negative implications of TWEs
have been studied in different cell types and tissues,13–16

as well as red blood cells (RBCs) cryopreserved in 15%
glycerol in conjunction with ice recrystallization inhibi-
tors.17 TWEs pose a risk to frozen inventories' product
quality and post-thaw viability because they provide an
opportunity for ice crystal growth both intra- and extra-
cellularly.18 Not all TWEs are equal though, and the
extent of the risk associated with a given TWE is depen-
dent on many factors, such as freezing container configu-
ration, maximum temperature reached outside of the
acceptable range, length of time outside of the acceptable
range, as well as the cell concentration and cryoprotec-
tive agent (i.e., glycerol) used.

Currently, literature is scant on specific types of
TWEs and the outcomes of these exposures on the quality
of RBCs cryopreserved using a high glycerol method.
Valeri et al. provided the first evidence indicating the
minimal in vitro and in vivo impact of warming and sub-
sequent refreezing of cryopreserved RBC units.19 In the
study by Valeri et al., they investigated the impact of
warming cryopreserved units stored at –80°C to either –
40°C for 4 weeks or –20°C for 2 weeks and found little
impact on product quality.19 The objective of the current
study was to look at the quality of 30 RCC units which
had been unintentionally exposed to three different types
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of TWEs throughout their frozen storage period that were
related to freezer failure events. In vitro quality was
assessed by measuring the Canadian Standards Associa-
tion (CSA) parameters for leukoreduced, frozen RBCs
(hematocrit, hemoglobin and RBC hemolysis), as well as
adenosine triphosphate (ATP) and extracellular K+ con-
centrations, hematological indices, RBC morphology,
osmotic fragility, osmotic hemolysis and RBC deformabil-
ity. The quality of these units was assessed post-deglycer-
olization and throughout 14 days of hypothermic storage
(HS) and compared with the quality of frozen units with
no recorded TWE. Based on the specifics of these singular
TWEs we hypothesized the effects on the RCCs quality
would be minimal.

2 | MATERIALS AND METHODS

2.1 | Unit selection

Forty cryopreserved RCCs, excluding those with
extremely rare blood types or known genetic RBC mem-
brane changes, were obtained from frozen inventories
across Canada. A variety of collection sites, collection
methods, sex, and lengths of time frozen, were observed
within both experimental and control groups (Table 1
and Supplementary Table 1). Thirty RCC units had
undergone at least one “real-world” TWE and were
divided into three different groups based on the type of
TWE experienced: Event 1 units (n = 5) had a warming
exposure of > �65°C for 34 min (maximum-recorded
freezer temperature of �49°C); Event 2 units (n = 23)
underwent a warming exposure of > �65°C for 48 h
(maximum-recorded freezer temperature of �30°C); and
finally the last group (n = 2) denoted as both Event
1 and Event 2 went through both warming exposures of
> �65°C for 34 min and 48 h. These “real-world” TWEs
were due to freezer failures and were not controlled
warming events. The remaining 10 units designated “no
TWE” were kept frozen, without any documented TWE
incidents, for a similar length of time as the products
with the recorded TWEs (Table 1).

2.2 | Unit glycerolization and
deglycerolization

All details of the ACP 215 glycerolization, manual glycer-
olization, supernatant reduction, and deglycerolization
processes used at CBS have been previously described.4

Thirty-eight of the RCCs were manually glycerolized, and
two were glycerolized on the ACP 215 (Haemonetics,
MA, USA). Table 1 indicates the breakdown of which
units within each experimental group were manually

glycerolized and which were glycerolized using the ACP
215 (Haemonetics, MA, USA). Following glycerolization,
units were placed in ≤ �65°C storage until they were
rejected from CBS inventory due to age or TWE exposure.
Once rejected, they remained in ≤ �65°C storage and
were designated for extended quality testing. Thirty-eight
of the selected units required a supernatant reduction
step to remove excess glycerol, a step which was not com-
pleted prior to freezing with the manual glycerolization
protocol. All units were deglycerolized on the ACP
215, resuspended in AS-3, and placed into HS for 14 days.

2.3 | RBC quality assessment

Thawed and deglycerolized RCC units were sampled
aseptically on days 0, 1, 7, and 14 post-deglycerolization.
A hematology analyzer (DxH 520, Beckman Coulter,
Co. Clare, IE) was used to obtain hemoglobin (HGB) con-
centration and mean corpuscular volume (MCV) mea-
surements. RCC samples were centrifuged (2200 � g,
10 min, 4°C), and extracellular potassium levels were
measured from the supernatant by an accredited external
laboratory (Alberta Precision Laboratories, Edmonton,
Alberta, Canada) using an automated chemistry analyzer
(Roche Cobas c503, Roche Diagnostics). Spun hematocrit
and RBC hemolysis were determined using previously
described methods.20–22 Oxygen affinity was assessed
using an automated blood-oxygen analyzer (Hemox-Ana-
lyzer Model B, TCS Scientific, New Hope, USA).23–25 ATP
concentration was measured spectrophotometrically
using a previously described commercially available,
enzyme-based assay (DiaSys Diagnostic Systems GmbH,
Holzheim, Germany).22 RBC morphology index scores
were determined using fixed and stained blood
smears.22,26 Osmotic hemolysis was induced by incubat-
ing phosphate buffered saline washed RBCs in a hypo-
tonic buffer.27,28 Assessment of osmotic fragility was
completed by exposing RBCs to a series of saline solu-
tions (1.0–9.0 g/L) and determining the mean corpuscu-
lar fragility (MCF, the concentration which produces 50%
hemolysis).22

2.4 | Assessment of RBCs' rheological
properties

RBC deformability was examined, with and without
exposure to an osmotic gradient, using an ektacytometer
(LORRCA MaxSis, RR Mechatronics). RBCs were diluted
9:1000 in isotonic polyvinylpyrrolidone (PVP) solution,
mixed and subjected to increasing shear stresses ranging
from 0.95 to 30.0 Pa at 37°C. RBC deformability curves
were transformed using an Eadie-Hofstee linearization
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technique, to obtain the parameters: EImax and KEI.
29

Osmoscan curves were obtained using RBCs diluted 1:25
in isotonic PVP solution and subjected to an osmotic gradi-
ent ranging from 100 to 600 mOsm/kg at a constant shear
stress (30 Pa) and temperature (37°C). The osmoscan indi-
ces (EImin, EImax, EIhyper, Omin, OEImax, and Ohyper) were
extrapolated from the curves produced by plotting the
elongation index (EI) of the RBCs against the osmolalities
within the gradient. Additional parameters were evaluated
using the Osmoscan indices: ΔElongation = EImax–EImin,
and ΔOsmolality = OEImax–Omin.

30

2.5 | Statistical analysis

Statistical analysis was performed using GraphPad Prism
v.10.2.3 (GraphPad Software Inc., La Jolla, CA, US) and

SAS 9.4 Maintenance 8 (SAS Institute Inc., Cary, NC,
US). Mixed model analysis for repeated measurements
with multiple comparisons was performed in GraphPad
Prism software to estimate the effects of both TWE
(Event 1, Event 2) and storage time (0, 1, 7, 14 days) and
their interaction on several RBC quality parameters. In
all analyses, a p-value less than .05 was considered statis-
tically significant.

3 | RESULTS

Exposure to single “real-world” transient warming expo-
sures does not significantly impact RBC hematological
indices or RCCs ability to meet Canadian transfusion stan-
dard guidelines: The CSA requires 90% of tested leukore-
duced, frozen deglycerolized blood products to be below

TABLE 1 Donor, relevant processing, and storage characteristics of the 40 cryopreserved units subjected to comprehensive quality

testing.

TWE 1 TWE 2 TWE 1 and 2 Control (No TWE)

Total number of RCCs (n) 5 23 2 10

Total number of recorded TWEs 1 1 2 0

Maximum freezer temperature reached during TWE(s) �49°C �30°C �49°C (1st TWE)
�30°C (2nd TWE)

N/A

Length of time above ≤ �65°C 34 min 48 h 34 min (1st TWE)
48 h (2nd TWE)

N/A

Sex (n)

Female 2 12 1 5

Male 3 11 1 5

Donor age at donation (years)

Mean ± SDa 64 ± 8 50 ± 14 45 ± 18 50 ± 9

Max 70 71 58 65

Min 51 23 32 35

Unit age at freezing (days)

Mean ± SD 14 ± 2 10 ± 4 12 ± 2 12 ± 6

Max 15 17 13 22

Min 11 3 10 4

Manually glycerolized (n)b

Yes 3 23 2 10

No 2 0 0 0

Length of time frozen (years)

Mean ± SD 7.8 ± 2.7 12.2 ± 2.7 11.9 ± 0.1 11.6 ± 3.9

Max 11.7 17.4 11.9 11.6

Min 5.2 7.5 11.8 3.4

aSD, standard deviation.
bManually glycerolized units were frozen in a 2 liter bag in the presence of glycerol and required supernatant reduction post-thaw prior to deglycerolization.

2356 KURACH ET AL.



a maximum hematocrit (≤ 80%), above a minimum total
HGB (> 35 g/unit), and below a maximum hemolysis
(<0.8%).6 For any experimental group, hematocrit and
total HGB measurements was not significantly impacted
by the presence of a TWE, and all met the prerequisite
CSA standards for both parameters (Supplementary
Figure 1A, Supplementary Figure 1B, and Table 2). No
significant differences in RBC hemolysis were found
among the study groups or time points (Figure 1). RCCs
from all experimental groups met the CSA standards for
RBC hemolysis up to their post-deglycerolization expiry
deadlines (Table 2). No significant differences in MCV
were reported between control and singular TWE experi-
mental groups (Supplemental Figure 1C).

The in vitro quality of the RBCs is not significantly
impacted by a singular transient warming exposure but
may be impacted by multiple exposures: The ability of tran-
siently warmed RCCs to withstand osmolality changes
was assessed using osmotic hemolysis and osmotic fragil-
ity assays. At every testing day post-deglycerolization,
RCCs exposed to two TWEs had lower osmotic hemolysis
values when compared with RCCs exposed to a single or
no TWE (Figure 2A). Throughout HS, control RCCs had
statistically similar osmotic fragility values in comparison

with the singular TWE groups (p > 0.05) (Figure 2B).
ATP levels decreased with storage time regardless of the
TWE (Figure 2C). On day 7 of storage, significantly lower
ATP concentrations and p50 were recorded for units
exposed to short TWEs (Event 1, exposure
length = 34 min) compared with long TWEs (Event
2, exposure length = 48 h) (p < .001 and p < .05)
(Figure 2C,D). Measurements of p50 decreased, thereby
oxygen affinity increased throughout storage for all exper-
imental groups (Figure 2D). The oxygen affinity of RBCs
experiencing a singular or no TWE exposure was not sta-
tistically different (Figure 2D). All experimental groups
showed similar increases in extracellular potassium con-
centration throughout the testing period (Figure 2E). The
morphological index scores decreased throughout HS,
with no significant differences being identified among the
experimental groups (Figure 2F).

RCCs exposed to zero or one transient warming
exposure (TWE) do not have altered deformability under an
osmotic gradient: No significant differences in elongation
(EImax) or rigidity (KEI) was observed among the experi-
mental groups (Supplemental Figures 1D and 1E). Osmos-
can revealed ΔElongation values were statistically similar
among experimental groups; however, ΔElongation

TABLE 2 Percentage (%) of units in

each experimental group that meet the

CSA standards for hemoglobin,

hematocrit and RBC hemolysis for

deglycerolized RBCs.

Experimental group Hemoglobin Hematocrit RBC hemolysis

TWE Event 1 100 100 100a

TWE Event 2 100 100 100

TWEs Event 1 and 2 100 100 100

Control (No TWE) 90 100 100

a3/5 units had a 24 h post-deglycerolization expiry because they were manually glycerolized, whereas
2/5 units had a 14 day post-deglycerolization expiry because they were glycerolized using the closed-system
ACP-215. All units met the CSA standard for RBC hemolysis at their given expiries.

FIGURE 1 The effects of

real-world transient warming

events (TWEs) on the quality of

RCCs at days 0, 1, 7, and

14 post-deglycerolization.

Leukoreduced (LR)-RCCs

exposed to no TWE, an Event

1, Event 2, or both TWEs were

deglycerolized and stored for

2 weeks during which time

hemolysis was measured.

Median and interquartile ranges

are represented by dashed and

dotted horizontal lines on the

violin plots, respectively. The

CSA standard limit is indicated

by a horizontal dashed line.
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values for units exposed to multiple TWEs were lower at
day 14 (Figure 3A–C). On day 1 and 14 of storage, the
EImin at hypotonic osmolality was higher for the units
having undergone two TWEs compared with control units
(Figure 3A,B,D). Throughout HS, the EImax of units hav-
ing experienced two TWEs was lower than all other
groups (Figure 3A,B,E). The EIhyper decreased when units
were exposed to two TWEs in comparison with control
and Event 2 TW exposures (Figure 3F). A significant

decrease in the measured EIhyper values were observed
between the control and Event 1 TW exposures at day
1 post-deglycerolization (p < .05), while Event 2 TW
exposures lead to an increase in measured EIhyper values
in comparison with Event 1 at the same testing point
(p < .0001) (Figure 3F). Similar trends were observed for
ΔOsmolality, OEImax, and Ohyper as were showcased for
their ΔElongation, EImax, and EIhyper counterparts (Sup-
plementary Figure 2).

FIGURE 2 The effects of real-world transient warming events (TWEs) on the quality of RCCs at days 1, 7, and 14 post-

deglycerolization. LR-RCCs exposed to no TWE, an Event 1, Event 2, or both TWEs were deglycerolized and stored for 2 weeks during

which time (A) osmotic hemolysis, (B) osmotic fragility, (C) ATP concentration, (D) oxygen affinity, (E) potassium levels, and

(F) morphology of RBCs were measured. Multiple comparisons tests were used to show statistical significance (***p < .001, **p < .01,

*p < .05). Median and interquartile ranges are represented by dashed and dotted horizontal lines on the violin plots, respectively.
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4 | DISCUSSION

This study is the first of its kind to show the potential
negligible impact of certain TWEs on the post-thaw qual-
ity of cryopreserved RCCs'. The results indicate uninten-
tional, shorter-term, single or multiple TWEs due to
freezer failures while in blood bank inventory do not sig-
nificantly impact the RCCs' ability to meet CSA

Standards for hematocrit, total hemoglobin, or RBC
hemolysis. All the units studied, regardless of TWE, met
the CSA standards for total hemoglobin, hematocrit, and
hemolysis up to their product specific expiry dates. Based
on the CSA criteria alone, which provides an indication
of the clinical suitability of the frozen, deglycerolized
RCCs for transfusion, single or multiple TWEs did not
significantly impact product quality.

FIGURE 3 The effects of real-world transient warming events (TWEs) on the quality of RCCs at days 1, 7, and 14 post-

deglycerolization. Osmoscan curves representing an individual unit within each experimental group: (A) control and (B) units experiencing

multiple TWEs on day 14 of HS. Within the boxes labeled A on each graph the EImin region is highlighted while the boxes labeled B indicate

the regions wherein EImax is found. LR-RCCs exposed to no TWE, an Event 1, Event 2, or both TWEs were deglycerolized and stored for

2 weeks during which time (C) delta elongation, (D) EImin, (E) EImax, and (F) EIhyper were determined by ektacytometry. Multiple

comparisons tests were used to show statistical significance (****p < .0001, *p < .05). Median and interquartile ranges are represented by

dashed and dotted horizontal lines on the violin plots, respectively.
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Regardless of TWE exposure, all experimental groups
followed similar trends attributable to the RBC storage
lesion identified in the literature.31–36 Both RBC hemoly-
sis and extracellular potassium increased throughout
HS. The oxygen affinity increased, as illustrated by a
decrease in p50, as key metabolites such as ATP were
also progressively depleted.37–41 The ability of the RBCs
to withstand extracellular osmotic fluctuations, as mea-
sured through osmotic fragility and osmotic hemolysis
assays, appears to decrease throughout HS providing evi-
dence of decreased cell structural integrity. RBC mor-
phology index scores decreased as a larger proportion of
RBCs progressed from a discoid shape to a spherocytic
shape during HS storage.39,41

Although our deeper in vitro investigation revealed
two TWEs could potentially compound damage to RBC
quality, the experimental group showing these outcomes
was underpowered. The Event 2 experimental group had
the highest power with a sample size of n = 23, whereas
the Event 1 experimental group and multiple TWE exper-
imental group (experiencing both Event 1 and Event 2)
had sample sizes of n = 5 and n = 2, respectively.

There were RBC quality parameters that changed
based on exposure to the different singular TWEs.
Lower ATP concentrations and p50 were recorded for the
units exposed to short TWEs (Event 1, exposure
length = 34 min) compared with long TWEs (Event
2, exposure length = 48 h). Besides experimental group
size differences, units comprising the Event 1 testing
group were known to be a mix of manual and closed-sys-
tem glycerolized RCCs, whereas the products within the
Event 2 group consisted of only manually glycerolized
RCCs. Variables such as collection bag type/manufacturer,
anti-coagulant, storage solution, and the time the unit was
stored in HS prior to cryopreservation, in addition to the
glycerolization method and open- versus closed-system
processing approach used are all notable in interpreting
the downstream quality of TWE RCCs. Good documenta-
tion practices should not only include the specifics related
to the TWE exposures (i.e., maximum time outside of the
critical temperature range and maximum-recorded freezer
temperature) but also provide adequate insight into all the
parameters associated with collection/processing and
cryopreservation.

Closed-system glycerolization on the ACP 215 (Hae-
monetics) (two units in the Event 1 group) compared
with the manual glycerolization method (three units
within Event 1, and all units within the Event 2, multiple
TWEs and No TWEs groups) introduces a multitude of
procedural differences, which were not fully investigated.
Different sized freezing bags, increased handling time
due to bag transfers and additional centrifugations, and
restricted volume transfers because of ACP 215 centrifuge
bowl size limitations all have the potential to influence

both the levels of hemoglobin, RBC hemolysis, and other
in vitro parameters within frozen RCC products.5 The
majority of the frozen products (n = 28/30) analyzed in
this study were manually glycerolized; thus, further
investigation using the closed-system ACP 215 is required
to determine its impact on these variables in relation to
TWE exposures. The different glycerolization methods
included within the Event 1 group may provide an expla-
nation for some of the significant differences in quality
parameters in comparison with the Event 2 group.

Overall, negligible differences in the majority of the
in vitro quality assays were identified between the con-
trols and single TW exposure groups; however, multiple
TWE (n = 2) exposures appeared to potentially produce
more osmotically fragile RBCs with increased oxygen
affinity.19 As mentioned previously due to limited sample
size, caution must be used in claiming that multiple
TWEs are more damaging to RBC quality than the singu-
lar TWEs. Nevertheless, it is critical to note that the
osmotic hemolysis values were highly variable within
the experimental groups. Mykhailova et al., found teen-
age males exhibit increased osmotic hemolysis through-
out HS in comparison with their female and senior
counterparts, while Kanias et al. demonstrated signifi-
cantly higher osmotic hemolysis values in males, espe-
cially those with African American racial
background.27,42 These potential additional sources of
variation within our experimental groups that were unac-
counted for within the original study design highlights
the need in the future to investigate the interplay of
intrinsic donor factors with TWEs.

While minimal deformability changes were seen over
a range of shear stresses, in agreement with our other
in vitro measures of the RCCs, the units experiencing
multiple TWEs showed impairments in deformability
when exposed to varying osmolalities. Our results indicate
a potential inability by RBCs exposed to these two TWEs
to regulate their cell volume and an impaired ability to
deform over the physiologic range of osmolalities; how-
ever, additional testing on RCCs experiencing similar
multiple TWEs is needed.30 Decreased deformability can
lead to increased blood viscosity, and interruptions in
bulk and microcirculatory blood flow.43 The in vivo impli-
cations of decreased deformability have been shown to
include decreased capillary flow, decreased wound heal-
ing, impaired blood flow, and disruption in oxygen
homeostasis.44,45 Multiple TWEs then, like the ones exam-
ined in this study, may provide the opportunity for cumu-
lative rheological damage not seen from a singular TWE,
which in turn may have implications posttransfusion.

The introduction of more than one freeze–thaw cycle
may provide the perfect conditions for progressive dam-
age caused by ice recrystallization. Studies have shown
that ice recrystallization during freeze–thaw cycles leads
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to an increase in ice crystal size at the expense of the
structural integrity of the cell.46 Although glycerol pro-
vides some protection against ice recrystallization, its
protective ability at a concentration of 40% is limited to
its use with a slow cooling rate (1°C/minute) and sus-
tained storage at ≤ �65°C. Further research is required
to determine the range of specifications of the protective
effects for 40% glycerol during different types of TWEs,
including different cooling and warming rates and expo-
sure lengths at various temperatures.

The objective of the current study was to assess the
quality of RCCs that had been cryopreserved for an
extended period and had been exposed to unintentional
“real-world” TWEs. Determining the significance, or lack
thereof, of TWEs impact on RCC quality can assist in evi-
dence-based decision practices regarding inventory man-
agement of units for patients with rare phenotypes,
which is particularly critical as these products may be the
only transfusable unit available to these patients.
The novel findings from this study revealed single expo-
sures to these specific TWEs, which occurred at Canadian
blood centers, did not significantly impact the quality of
RCCs post-deglycerolization. The application of these
conclusions to any unit experiencing a TWE is cautioned
as multiple factors may impact the quality outcome.
These include but are not limited to how the RCCs were
cryopreserved, the maximum temperatures reached out-
side of the critical range, and the length of time spent
outside of that temperature range. Our work emphasizes
that to elucidate the effect of any given TWE, compre-
hensive documentation of all potential variables should
be included in any post-event investigation. While TW
units should still be managed on a case-by-case basis, our
work provides evidence to support a broader policy of
unit retention by inventory management centers.
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