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Abstract
Background aims. Removing DMSO post-thaw results in: reduced infusion reactions, improved recovery and stability of
viable CD34þ cells. Validated methods use 5%e8.3% Dextran 40 with 2.5%e4.2% HSA for this purpose. Recent shortages
of clinical grade Dextran require identification of suitable alternatives. Methods. PBPC were used to compare a standard 2X
wash medium of 5 parts 10% Dextran 40 in saline (DEX) with 1 part 25% HSA (8.3% DEX/ 4.2% HSA) with Hydroxyethyl
Starch (HES)-based solutions. Cells in replicate bags were diluted with an equal volume of wash solution, equilibrated 5
minutes, the bag filled with wash medium, pelleted and the supernatant expressed. Bags were restored to the frozen volume
in wash medium and tested by single platform flow cytometry and CFU. Total viability, viable TNC, MNC, and CD34þ cell
recovery, and CD34þ cell viability were compared immediately post-thaw and after 90 minutes. Results. 5.2% HES/4.2%
HSA did not differ from our standard in CD34 recovery or viability. Due to concerns that high concentrations of HES could
affect renal function we tested 0.6% HES/2.5% HSA resulting in significantly poorer CD34 recovery and viability. Results
improved using 2.4% HES/4.2% HSA and when 0.6% HES/4.2%HSA was used no significant differences were seen. CFU
assays confirmed no differences between the standard dextran arm and HES at 2.4% or 0.6% so long as HSA was at 4.2%.
Conclusions. We conclude that HES from 0.6% to 5.2% with 4.2% HSA is a suitable substitute for Dextran 40 as a
reconstitution/washing medium for PBPC products.
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Introduction

Autologous cellular therapy products are commonly
cryopreserved to allow time for preparative regimens
to be administered. Hematopoiesis is restored by
infusion of the stored cells after clearance of pre-
parative regimen drugs from the circulation.
Although not as common, products from allogeneic
donors may also be cryopreserved for logistical rea-
sons or when cells in excess of those needed to
restore hematopoiesis have been collected. The exact
methods used for cryopreservation and thawing vary,
and there is no clearly defined optimal method for all
hematopoietic progenitor cell (HPC) product types
[1,2]. Studies performed by Rubenstein et al [3]
during the early days of cord blood banking
showed improved recovery of viable CD34þ cells
when thawed cells were first diluted and then washed
with a solution of 10% dextran 40 in saline mixed
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equally with 5% human serum albumin (HSA). The
wash medium was used to return the cells to their
original cryopreserved volume for infusion. This
procedure removed red blood cell (RBC) stromal,
dead cells and other cellular debris and reduced the
clumping typically seen in unwashed products. The
wash procedure was later modified to mix five parts
of 10% dextran 40 with 1 part 25% HSA to yield a
solution with 8.3% dextran 40/4.2% HSA that has
become standard at most cord blood banks [4].
Subsequent studies have shown that simple dilution
of RBC reduced cord blood products in dextran-
based solutions was equally effective in preserving
CD34þ cells post-thaw [5]. However, because of
reports of serious adverse events, including death,
associated with the use of unwashed, RBC-replete
cord blood units, a dextran/albumin wash method
is now required by standards [6] and is
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recommended by experts in the field [7] for RBC-
replete units.

Although initially used for cord blood, dextran/
albumin wash methods were also useful in thawing
other HPC products, including bone marrow buffy
coat fractions that contain significant RBC stroma [3]
and peripheral blood progenitor (PBPC) products
[1,8,9]. The incidence of infusion reactions to non-
washed thawed products in adults has been reported
to vary widely from 8% to 82%, and although mostly
mild, serious, even life-threatening events have been
reported [8]. At our own center, a review of 1188
(89% PBPC, 4% marrow and 7% cord blood prod-
ucts) washed product infusions over the past 10 years
showed an infusion reaction rate of only 5.1%, most
of which were hypertension and none of which were
serious. The post-thaw stability of viable CD34þ cells
in thawed washed products is significantly prolonged,
allowing for thawing in the laboratory resulting in a
better ability to troubleshoot potential problems such
as fractured or leaking bags [10].

The basis for improved recovery of CD34þ cells
using dextran/albumin wash methods is believed to
be a decrease in osmotic shock as dimethyl sulfoxide
(DMSO) leaves the cell membrane in the presence of
these solutions. Over the past 2 years, there have
been periodic shortages of 10% dextran 40 in saline
on the market, and, to a lesser extent, dextran 40 in
10% dextran has also been affected. These shortages
reached acute proportions during this past year,
requiring that alternatives to dextran 40 in saline be
identified if the advantage of using washed products
was to be maintained. Here we report a series of
experiments, first to verify solutions of 10% dextran
40 in dextrose and then to validate use of hydrox-
yethyl starch (HES) as alternatives to 10% dextran
40 in saline for washing thawed PBPC products.
Methods

Products

Products used in this study were cryopreserved at
final cell concentrations of �4.0 � 108 cells/mL
in DMSO (10%), 25% HSA (16%, equals 4%
HSA) and 24% isotonic electrolyte solution, either
Plasmalyte A or Normosol R. Products (n ¼ 34) were
approved for discard according to agreements in place
at collection. All products were controlled-rate frozen
in two or more bags of equal content such that each
experiment had its own paired control.
Wash solutions

The standard wash solution, except where indicated,
was prepared from 10% dextran 40 in saline
(Hospira) (five parts) diluted with 25% HSA (one
part) to contain 8.3% dextran with 4.2% HSA. Test
solutions used 10% dextran 40 in 5% dextrose
(Hospira) or 6% HES in saline (Hespan, Braun
Medical, Inc.). HES was diluted with isotonic elec-
trolyte solution to achieve the indicated concentra-
tion. Wash solutions were chilled to 1e6�C after
preparation.
Wash procedure

The primary bag was removed from its cassette and
overwrap and placed in a sterile zip-lock bag. The
sealed, air-free bag was placed in a 37�C water bath
and thawed with gentle kneading until only a few ice
crystals remained. The product was transferred to a
biosafety cabinet and removed from the zip-lock bag.
Thawing solution equal to the product volume was
slowly added with gentle mixing and cells allowed to
equilibrate for 5 min. Cells were then transferred to a
300-mL transfer pack that was filled with additional
chilled wash solution and centrifuged at 514 g for 15
min at 10�C. Bags were transferred to the biosafety
cabinet, placed in a plasma extractor, connected to a
new transfer pack, and supernatant was expressed to
the level just above the cell pellet. Cells were restored
to their original cryopreservation volume, mixed,
and sampled for end of washing testing. The bag
was placed at 1e10�C before a second sampling
90 min post-washing. For each paired experiment,
products were thawed at the same time by different
technologists using separate equipment and wash
solutions.
Testing

In all experiments product samples were tested for
total nucleated cell (TNC) count using a hematology
analyzer (AcT2 diff, Coulter). Flow cytometry was
used to assess overall viability, CD34þ cell viability
and viable recovery of CD34þ cells, TNCs and
mononuclear cell (MNC) count. All flow studies
were performed using a single platform, no wash and
no lyse method as originally described by Sartor et al.
[11]. Testing was repeated after 90 min. Cell
recoveries were based on values at cryopreservation
and CD34 viability was determined by analyzing
both 7-aminoactinomycin D (7-AAD) negative
(viable) and positive (dead) populations. Some ex-
periments included assessment of colony forming
units (CFU) using MethoCult Classic medium
(Stem Cell Technologies) by a modified plate
method CFU assay [12]. CFU cultures were plated
in duplicate at Medical College of Wisconsin and
after inoculation into MethoCult tubes and transport
to Duke University Medical Center.



Table I. 5.1% HES þ 4.2% HSA compared to standard Dextran/
Albumin wash solution.

Standard arm
Mean � SD

5.1%HES/4.2%
HSA

Mean � SD P value

Immediate post-thaw
% Viable TNC
recovery

52.9 � 8.0 50.9 � 10.4 NS

% TNC viability 57.2 � 5.9 55.4 � 7.2 NS

Figure 1. Dextran 40 in 5% dextrose verification: wash medium prepared from 10% dextran 40 in saline (black bar) was compared with
medium prepared from 10% dextran 40 in 5% dextrose (white bar) and used to thaw paired product bags from three patients. The final
solutions for both arms included 8.3% dextran with 4.2% HSA. Outcomes included % recovery of CD34þ cells, MNC, and TNC (A). A
total of 47 autologous patients received products washed with medium containing dextran in saline (solid line), and 87 patients received
products washed with medium containing dextran in dextrose (dashed line) were monitored for recovery of absolute neutrophil count to 500
(B) and recovery of platelets to 20,000 unsupported by transfusions (C).
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Results

Verification of dextran in dextrose

Initial shortages of dextran 40 were limited to
dextran 40 in saline, 10% dextran 40 in 5% dextrose
was still available. We found sources indicating that
dextran 40 in 5% dextrose was being used as an
alternative to dextran 40 in saline to wash cord blood
products [4,13], so to verify results in our laboratory,
we tested 3 PBPC products using both solutions. We
assessed viable CD34 recovery in addition to recov-
ery of total viable TNCs and MNCs. The data
showed no significant differences using a paired t test
as shown in Figure 1A. As a follow-up to this practice
change, we compared engraftment kinetics in autol-
ogous recipients receiving products washed with
either solution. A total of 67 patients receiving
autologous products washed using dextran 40 in
saline were compared with 87 patients receiving
autologous products washed with dextran 40 in 5%
dextrose. No significant difference was seen in
engraftment of granulocytes to 500 or platelets to
20,000 (Figure 1B).
% Viable MNC
recovery

67.2 � 11.4 65.1 � 13.0 NS

%Viable CD34
recovery

70.4 � 11.1 72.5 � 11.3 NS

% CD34 viability 75.5 � 14.4 74.4 � 12.2 NS
90 min post-thaw
% Viable TNC
recovery

54.7 � 7.7 51.1 � 9.4 NS

% TNC viability 59.9 � 6.9 55.1 � 6.8 0.0015
% Viable MNC
recovery

67.5 � 13.5 66.2 � 12.5 NS

%Viable CD34
recovery

74.0 � 22.5 76.3 � 13.6 NS

% CD34 viability 80.1 � 8.9 77.7 � 8.2 NS

Experiments (n ¼ 7) comparing the standard arm of 8.3% dextran
in saline þ 4.2% HSA with HES at 5.1% þ 4.2% HSA immedi-
ately after thawing and at 90 min.
Validation of HES compared with standard dextran 40
wash solution

Dextran 40 in saline became available for a period of
time after our initial verification study and was in use
when we were notified of a potential long-term
shortage of both dextran 40 in saline and dextran
40 in 5% dextrose. HES has been routinely used to
deplete RBCs from cord blood and marrow [14].
Therefore, we choose to evaluate this agent as a
substitute for dextran 40 in the post-thaw wash
procedure. However, HES has a higher molecular
weight (w10� higher) than dextran 40 and was
available only as a 6% solution, so it was not clear
what concentration would be optimal for a post-thaw
wash solution. There were no published data using
HES to wash thawed HPC products, so we planned a
more extensive validation study to include assess-
ment of overall and CD34þ cell viability in addition
to recovery of viable MNCs, CD34þ cells and
TNCs.

Initial studies mimicked our standard procedure
by mixing five parts HES to one part 25% HSA (final
5.1% HES with 4.2% HSA). Results showed no
significant difference in any parameter tested
immediately post-thaw (Table I). At 90 min post-
thaw, TNC viability was 60% in the standard arm,



Figure 2. Validation study results for wash solutions prepared with dextran 40 versus solutions containing different concentration of HES.
Data are shown for paired products washed in medium containing the standard arm of 8.3% dextran in saline with 4.2% HSA (STD)
compared with 0.6% HES/2.5% HSA (A) (n ¼ 7); 8.3% dextran 40 in dextrose/4.2% HSA (dextrose) compared with 2.4% HES/4.2% HSA
(B) (n ¼ 2); standard arm compared with 2.4% HES/4.2% HSA (C) (n ¼ 5); and standard arm compared with 0.6% HES/4.2%HSA (D)
(n ¼ 7). Data are shown immediately at the end of washing (Imm) and after 90 min at 1e6�C (90). Results are as follows: total TNC viability
(stripped bars, panel A only), CFU/2 � 104 cells plated (gray bars, panels BeD), CD34þ cell viability (open bars), and recovery of CD34þ
cells (black bars). Paired t tests were used as a measure of differences for all experiments.
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compared with 55% in the HES arm, which was
significant (P ¼ 0.0015), but no difference in the
recovery or viability of CD34þ cells was seen;
therefore, we concluded that this HES wash solution
was acceptable for use. However, after medical di-
rector review, there was concern that the infusion of
HES at this concentration might increase risks of
renal impairment in our large population of patients
transplanted for multiple myeloma and amyloidosis
[15e18]. Therefore, we performed additional studies
to determine whether lower concentrations of HES
would also work.
Validation of reduced concentrations of HES compared
with standard dextran 40 wash solution

By this time, other laboratories were reporting
anecdotal small-scale experiments using cord blood
products washed with 0.6% HES/2.5% HSA with
results comparable to 5% dextrose/2.5% HSA [19].
Here viable content but not recovery of CD34þ cells
was assessed. On the basis of that information, we
performed five experiments comparing our standard
dextran arm with 0.6% HES/2.5% HSA as shown in
Figure 2A. Results showed significantly poorer
CD34þ cell viability immediately post-wash and at
90 min in the HES arm. At 90 min, CD34þ cell
recovery was additionally significantly worse in the
HES arm. Similar results were found for overall
TNC viability both immediately and after 90 min.
HES at 0.6% with 2.5% HSA was not a suitable
alternative for our standard dextran arm.

By this time, both dextran 40 formulations were
unavailable for sale; therefore, we proceeded to
perform five additional experiments using 5.1%
HES/4.2% HSA as the control arm compared to
2.4%HES/4.2% HSA as the test arm. In this series of
paired experiments, no significant difference in any
measured parameters either immediately post-wash
or after 90 min was seen (data not shown). We
considered 2.4%HES/4.2% HSA an acceptable
substitute for our standard wash solution and a total
of five patients received products thawed using this
medium without adverse event and each engrafted in
the expected time frame established for their product
source and transplant type (data not shown).

Shortly after conclusion of the experiments
described here, 10% dextran 40 in 5% dextrose
became available, and we switched back to using this
reagent in our thawing procedure. Given that supply
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had yet to stabilize, we determined to continue vali-
dation studies by performing CFU assays to confirm
there was no effect on CD34þ cell function. We
performed 2 experiments including CFU data,
comparing dextran in dextrose with 2.4%HES/4.2%
HSA, with no difference in outcomes. Data are
shown for CD34þ cell viability and recovery and of
CFU immediately post-wash and at 90 min in
(Figure 2B). Likewise no differences in other out-
comes were observed (not shown). We obtained
sufficient 10% dextran 40 in saline to complete the
validation studies to include assessment of the stan-
dard arm (dextran in saline) with 2.4% HES/4.2%
HSA with CFU in an additional five experiments. As
shown in Figure 2C, again there was no difference in
CFU growth or in recovery or viability of CD34þ

cells in the products. A final series of seven products
were tested to determine whether the unacceptable
result of using 0.6% HES/2.5% HSA was due to the
lower percentage of HSA in the wash solution. When
HSA was increased to 4.2%, differences between the
HES arm and the standard arm disappeared
(Figure 2D). In this series of experiments, there were
also no significant differences in overall viability,
TNC recovery or MNC recovery (not shown).
Immediate post-thaw results compared with 90 min post-
thaw

One observation from aggregate data was that
CD34þ cell recoveries and viability tended to be
higher at the 90-min assessment. This was true for
the majority of paired experiments in both arms,
although in the small five to seven product compar-
isons results did not always reach significance.
However, when comparing all experiments, differ-
ences became significant for CD34þ cell viability and
recovery.
Discussion

Damage to cryopreserved cellular therapy products
arises not only from intra- and extra-cellular ice
crystal formation but also from osmotic stresses that
occur during freezing and thawing [16]. Most cryo-
preservation solutions used for PBPC products
include DMSO. The low molecular weight of
DMSO allows it to easily enter the cell membrane
where it reduces intracellular ice crystal growth.
Although DMSO preserves cell viability during the
freezing process, it can also be toxic to cells after
thawing, causing cell membrane thinning and pore
formation [20]. In addition to directly damaging
thawed cells, DMSO itself has a dose-related toxicity
during infusion [8]. Efforts to mitigate the toxicity of
DMSO by reducing its concentration in the frozen
product or by removing DMSO post-thaw have been
effective. One agent, HES, has long been used in cell
processing procedures to remove RBCs because of
its ability to cause RBCs to adhere to each other [14]
and in cryopreservation solutions as an extracellular
cryoprotectant agent to improve viable cell recovery
for bone marrow [21], PBPC [22] and cord blood
[16,23]. HES has a much higher molecular weight
than DMSO and remains in the extracellular space
where it increases efflux of water from cells, resulting
in reduced ice crystal formation secondary to cell
dehydration. Studies comparing cryoprotectant
solutions using a mixture of HES with DMSO have
in general found that 6% solutions of HES with 5%
DMSO is optimal [16] with improved cell recoveries
compared with 10% DMSO and fewer infusion re-
actions secondary to a lower DMSO content [24,25].

Wash procedures to remove DMSO from thawed
cord blood units have mostly demonstrated cell loss
[5]; however, this is not always the case [26]. We, like
others [1,8,9,27], have seen a greatly reduced inci-
dence of infusion reactions since routinely washing
thawed products more than a decade ago. Therefore,
when the primary reagent used for cell washing, 10%
dextran 40 in saline, became intermittently unavai-
lable, we began the process of searching for a suitable
substitute. HES seemed a logical choice, but we
needed to determine the optimal concentration for
use.

Our studies were designed to eliminate as many
variables affecting outcome as possible. To that end,
we paired experiments using products frozen in two
or more bags of equal content. Two staff members
were involved with thawing and washing each paired
procedure, and a single staff member performed the
evaluation assays. Accurate assessment of cell
recovery and viability was of primary importance to
achieve reliable results. To this end, we choose a
single platform no lyse/no wash flow analysis together
with flow-based viability assessments that has been
shown to provide a more accurate measure of cell
numbers [11,28,29]. One interesting observation
from our study was that CD34þ cell viability, and as
a result CD34þ cell recovery was most often higher
for the 90-min post-thaw assessment. This phe-
nomenon was not seen for total TNC viability or
recovery. We speculate that exposure to wash solu-
tions, both dextran 40eand HES-containing solu-
tions, increasingly stabilizes cell membranes over this
time period preventing uptake of 7-AAD, with a
selective benefit to CD34þ cells [16].

Our initial studies substituted 10% dextran 40 in
5% dextrose for dextran in saline because this
formulation was readily available at the time. We
performed limited studies using paired product bags
from three donors. All measured parameters,
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including recovery of viable CD34þ cells, were
comparable. The suitability of the dextrose formula-
tion was confirmed by the lack of effect on engraft-
ment kinetics for autologous recipients of products
washed with either formulation. However, 10%
dextran 40 in 5% dextrose also became unavailable,
leading us to explore use of 6% HES as an alternative.
We demonstrated that HES concentrations from
5.1% to 0.6% were as good as 10% dextran 40 in
saline as a wash medium as long as we kept the
concentration of HSA at 4.2%. In choosing which
concentration of HES to use clinically, we needed to
consider reports that HES solutions used as a plasma
expander increased the likelihood of cardiac diffi-
culties or renal impairment [15,17], although overall
toxicity of HES in vivo has been low [16] and toxicity
of HES does not appear to be worse than other colloid
solutions [18]. Given that the lowest concentration
tested of 0.6% HES resulted in significantly poorer
CD34þ cell viability and recovery when used with
2.5% HSA. Recoveries improved when HSA was
increased to 4.2%. Therefore, we feel the 0.6% HES
may be approaching a lower limit of effectiveness. We
determined that an intermediate HES concentration
of 2.3% with 4.2% HSA would be the preferred
backup reagent in the event that dextran 40 once
again becomes unavailable. However, for patients
with known renal impairment, we would consider
using the lower 0.6% HES for reconstitution/washing
of products for infusion. All five of the patients
receiving products washed with 2.3% HES in 4.3%
HSA engrafted with expected kinetics (data not
shown) and without any reported infusion reactions.

It is important to note that our findings may be
affected by both the nature of the cryopreservation
medium used and the cellular content of the cellular
therapy product. Although the study by Reich-Slotky
et al. [30] indicated that 0.6% HES in 2.5% HSA was
comparable to 5% dextran 40 in 2.5% HSA in
thawing cord blood units, the number of experiments
performed was low (n ¼ 3), and other concentrations
of dextran, HSA, and HES were not compared. Cord
blood products differ from PBPC products in cellular
composition, with cord blood typically containing a
higher percentage of granulocytes. Furthermore, the
use of HES in the cryopreservation medium [5] could
affect washing results. Before changing to HES-
containing reconstitution/washing medium, centers
should verify our findings using products and cryo-
preservation solutions not tested in this study.
Disclosure of interest: The authors have no com-
mercial, proprietary, or financial interest in the
products or companies described in this article.
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