Washing in hypotonic saline reduces the fraction of irreversibly-damaged
cells in stored blood: a proof-of-concept study
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Background. During hypothermic storage, a substantial fraction of red blood cells (RBCs)
transforms from flexible discocytes to rigid sphero-echinocytes and spherocytes. Infusion of these
irreversibly-damaged cells into the recipient during transfusion serves no therapeutic purpose and may
contribute to adverse outcomes in some patients. In this proof-of-concept study we describe the use
of hypotonic washing for selective removal of the irreversibly-damaged cells from stored blood.

Materials and methods. Stored RBCs were mixed with saline of various concentrations to
identify optimal concentration for inducing osmotic swelling and selective bursting of spherical cells
(sphero-echinocytes, spherocytes), while minimising indiscriminate lysis of other RBCs. Effectiveness
of optimal treatment was assessed by measuring morphology, rheological properties, and surface
phosphatidylserine (PS) exposure for cells from several RBCs units (n=5, CPD>AS-1, leucoreduced,
6 weeks storage duration) washed in hypotonic vs isotonic saline.

Results. Washing in mildly hypotonic saline (0.585 g/dL, osmolality: 221.7+2.3 mmol/kg) reduced
the fraction of spherical cells 3-fold from 9.5+3.4% to 3.2+2.8%, while cutting PS exposure in half
from 1.48+0.86% to 0.59+0.29%. Isotonic washing had no effect on PS exposure or the fraction of
spherical cells. Both isotonic and hypotonic washing increased the fraction of well-preserved cells
(discocytes, echinocytes 1) substantially, and improved the ability of stored RBCs to perfuse an
artificial microvascular network by approximately 25%, as compared with the initial sample.

Discussion. This study demonstrated that washing in hypotonic saline could selectively remove
a significant fraction of the spherical and PS-exposing cells from stored blood, while significantly
improving the rheological properties of remaining well-preserved RBCs. Further studies are needed

to access the potential effect from hypotonic washing on transfusion outcomes.
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Introduction

Red blood cells (RBCs) deteriorate progressively
during hypothermic storage by accumulating oxidative
damage and gradually losing their membrane surface area,
volume, and physiologically-relevant deformability!-.
During storage, membranes of stored RBCs will typically
develop protrusions that become increasingly spicular
and ultimately leave the cell body as microvesicles. This
process results in a disproportionately greater loss of
membrane surface area than cell volume, leading to a
substantial increase in the sphericity of the cell. Affected
cells transform from biconcave discocytes through
intermediate stages of echinocytosis (echinocyte 1, 2,
and 3) to sphero-echinocytes, and finally spherocytes*!!.
RBCs proceed through this transformation at different
rates producing a morphologically heterogeneous
population during storage (Figure 1). While the initial
stages of echinocytosis can be partially reversed®'?, the
transformation into a sphero-echinocyte or spherocyte

is likely irreversible because of the extensive membrane
loss through microvesiculation'!'4,

Spherocytes are rigid and therefore capable of
obstructing capillaries'>'®. They are also prone to
lysis and are quickly removed from the circulation
by the phagocytic cells of the recipient's spleen'”'%.
Infusing spherocytes serves no therapeutic purpose
and may produce a host of negative complications,
including organ failure and impairment of the body's
defences against infection, particularly in susceptible
patients'?2. Sequestering a large number of these
cells may overwhelm the reticuloendothelial system
in chronically-transfused patients, contributing to iron
overload*?.

In this proof-of-concept study, we investigated a
simple technique for removing spherocytes from stored
blood via washing in hypotonic saline. Biochemical,
biophysical and morphological assays showed that this
technique substantially improved the overall quality of
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Figure 1 - Typical morphological appearance of (a) fresh
red blood cells (RBCs) containing primarily
discocytes (D), and (b) RBCs that have been
stored hypothermically for 42 days showing cells
in various stages of morphological deterioration,
including echinocyte 1 (El), echinocyte 2 (E2),
echinocyte 3 (E3), sphero-echinocyte (SE),
spherocyte (S) and stomatocyte (ST).

Scale bar: 10 pm.

stored RBCs. This simple and cost-effective approach
could potentially be integrated with conventional
centrifugation-based washing techniques to improve the
quality of transfusion therapy for patients, particularly
those frequently receiving older and/or multiple units
of stored blood.

Materials and methods
Blood samples

Red blood cell units (CPD>AS-1, leucoreduced)
were purchased from the Gulf Coast Regional Blood
Center (Houston, TX, USA), stored in a blood
bank refrigerator (Helmer iB111, Helmer Scientific,
Noblesville, IN, USA) at 2-6 °C, and sampled upon
expiration. Prior to sampling, RBC units were placed
on a rocking platform (model 100; VWR, West Chester,
PA, USA) for 15 minutes. RBC samples were withdrawn
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using a sterile syringe (BD, Franklin Lakes, NJ, USA)
through a sampling site coupler (Fenwal Inc., Lake
Zurich, IL, USA).

Design and fabrication of the microfluidic device for
studying response of individual RBCs to hypotonic
treatment

The microfluidic device was fabricated using
conventional soft lithography from polydimethylsiloxane
(PDMS)?. The device consisted of two layers: 1) a first
layer comprising a network of parallel distribution
channels (105 pm in width) connecting the inlet and the
outlet of the device; and 2) a second layer comprising
an array of circular wells (20 pm in diameter). All
microchannels were approximately 5 um deep. The
device was assembled by reversibly sealing the two
layers with their patterned sides facing each other. To
load cells into the device, a pulse of a dilute suspension
of stored RBCs (1% haematocrit in isotonic saline) was
injected via the inlet, causing the reversible seal between
the two device layers to be broken momentarily, before
reforming and trapping RBCs within the microfluidic
wells. The flow of hypotonic or isotonic saline through
the feeding channels was used to adjust osmolality in
the wells; it took approximately 120 seconds for any
osmolality adjustment at the inlet to affect the RBCs
within the wells.

RBC washing procedure

The washing procedure was performed by pipette
mixing 1 mL of stored RBCs with hypotonic or isotonic
saline at a 1:4 ratio (by volume) in a 50 mL centrifuge
tube, incubating the mixture for a specified time, and
then bringing the osmolality of the sample back to
within the isotonic range (290+15 mmol/kg) by adding
isotonic saline (0.9 g/dL) to the mixture at a 1:9 ratio
(by volume). Washed samples were then centrifuged
gently (100 g for 5 min) to remove the excess saline and
adjust the haematocrit to approximately 60%, matching
the haematocrit of the initial sample from the unit. All
blood samples were processed at room temperature.
RBCs from both the saline-washed and initial sample
(which served as the negative control) were then
assayed for free haemoglobin (Hb) concentration,
surface phosphatidylserine (PS) exposure, RBC
morphology, and the ability of RBCs to perfuse an
artificial microvascular network (AMVN). To adjust
the haematocrit of the initial sample, a 50 mL sample
was centrifuged at 3,000 g for 5 min, and the resulting
supernatant was removed and used in sample preparation
for the morphological and rheological analyses described
below. Hypotonic saline was prepared by diluting
isotonic blood bank saline (Thermo Fisher Scientific,
Waltham, WA, USA) with ultrapure water. Osmolality
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of all mixtures and saline solutions were measured using
a vapour pressure osmometer (Vapro 5520; Wescor Inc.,
Logan, UT, USA).

Measurement of Hb concentrations

The concentration of free Hb in the supernatant was
measured using modified Drabkin's method?*?’. Briefly,
each sample was centrifuged at 1,500 g for 15 min. Forty
puL of supernatant from each sample was added to 160
uL of Drabkin's reagent (RICCA Chemical Company,
Arlington, TX, USA), incubated for 20 min, and the
absorbance was measured at 550 nm using a plate reader
(SpectraMax M5, Molecular Devices, Inc., Sunnyvale,
CA, USA). Human Hb standard (Pointe Scientific Inc.,
Canton, MI, USA) was diluted in ultrapure water to yield
a standard calibration curve for concentrations ranging
from 0 to 500 mg/dL. The measurement of free Hb was
performed in triplicate for each sample.

Measurement of PS exposure

Each sample was diluted in annexin binding buffer
(10 mM HEPES, 0.14 M NaCl, 2.5 mM CaCl,, pH 7.4)
to yield a concentration of approximately 1 million
RBC/100 pL. The cells were fluorescently labelled
with 2 pL annexin-V and AlexaFluor® 488 conjugate
(Thermo Fisher Scientific Inc., Waltham, MA, USA),
and counted using a BD FACS Aria™ III Cell Sorter (BD
Biosciences, San Jose, CA, USA). A protocol using a
non-calcium-containing buffer (i.e. RBC samples diluted
with PBS and then labelled as above) was used as the
negative threshold. Scatter plots (FSC-A vs SSC-A,
FSC-H vs FSC-W, SSC-H vs SSC-W) were used to
differentiate RBC singlets. In the FITC channel, any
individual RBC event that was as bright as, or brighter
than, the brightest 0.1% RBC singlets in the negative
threshold are considered positive for PS exposure. For
each sample and control, 20,000 total individual RBC
events were collected. The FC data was analysed using
FACS Diva v.6.1.2 software (BD Biosciences). The
measurement of PS exposure was made in duplicate
for each sample.

Morphological analysis

Samples were diluted to a haematocrit of 1% using
either isotonic saline (washed samples) or storage
medium supernatant (initial samples). A 4 pL drop of
each sample was placed on a microscope glass slide
coated with PDMS and covered with thin pieces of
PDMS to create a film. For each sample, images of
at least 2,000 cells were acquired with an inverted
microscope (IX73, Olympus America Inc., Center
Valley, PA, USA) equipped with a CMOS digital camera
(MC1362, Mikrotron GmbH, Germany). A band-pass
blue filter (394+50 nm, B-390; Hoya Corp USA,

Fremont, CA, USA) was used to improve the image
contrast. The morphology of RBCs was classified based
on Bessis' standard®?®.

Measurement of the AMVN perfusion rate

The rheological properties of all RBC samples
were assayed by measuring their ability to perfuse an
artificial microvascular network (AMVN) following the
technique previously described in detail®**. Briefly,
washed samples were diluted with isotonic saline to a
haematocrit of 40+£0.5%; initial samples were diluted
to 40+0.5% haematocrit using the storage medium
supernatant. A 30 pL sample was driven through the
AMVN device using a pressure differential created
using a 20 cm water column. The AMVN perfusion rate
was measured by acquiring and analysing images of
the post-capillary venule section of the AMVN device
using a custom image analysis algorithm implemented
in MATLAB® (The Math Works Inc., Natick, MA,
USA). The measurement of the AMVN perfusion was
performed in triplicate for each sample.

Statistical analysis

The results are presented as mean values + standard
deviation, or mean values+standard deviation (minimum-
maximum). Statistical significance was determined
using a paired two-tailed Student #-test; p<0.05 was
considered significant in data between samples from
differet treatment methods.

Results
Selective lysis of sphero-echinocytes and spherocytes
in hypotonic saline

To verify the hypothesis that the elevated
susceptibility of sphero-echinocytes and spherocytes
to osmotic lysis could be used for eliminating them
from stored blood, we trapped individual RBCs in
wells of the microfluidic device and observed their
response to changes in the osmolality of the suspending
medium (from 290 mmol/kg down to 225 mmol/kg,
and back to 290 mmol/kg). There was no significant
change in the morphology of discocytes and echinocytes
during the hypotonic treatment (Figure 2). In contrast,
sphero-echinocytes and spherocytes swelled and burst
in the hypotonic environment. These preliminary
experiments at the single-cell level suggested that an
optimal hypotonic treatment that would selectively lyse
sphero-echinocytes and spherocytes while preserving all
other cells was possible.

To determine the optimal concentration of saline for the
hypotonic treatment, we mixed 20 pL. RBC samples with
0.225,0.315, 0.405, 0.45, 0.495, 0.54, 0.585, 0.63, 0.675,
0.765, 0.855, or 0.9 g/dL saline at 1:4 ratio (by volume),
and incubated for 0.17 (10 sec), 0.5 (30 sec), 1, 2, 5, 10,
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Figure 2 - Effect of hypotonic treatment on fresh red blood cells (RBCs) of different morphologies.
Individual RBCs were trapped in circular microwells of 20 um diameter and 5 pm depth. The osmolality of the
suspending medium was adjusted to 225 mmol/kg at t=20 sec, and back to 290 mmol/kg at t=250 sec. There was
an approximately 120 sec delay for the osmolality within the microwells to equilibrate with that of the medium
flowing over them through the main channel of the device. Scale bar: 10 pm.

20 or 30 min. Table I shows the resulting osmolality
of RBC samples mixed with hypotonic saline at these
concentrations. After incubation, the osmolality of
the mixture was brought back to within the isotonic
range (290+15 mmol/kg) by adding isotonic saline
(0.9 g/dL) at a 1:9 ratio (by volume). We used overall
percentage of haemolysis as the metric for optimisation
of the hypotonic treatment. The initial sample of
stored RBCs we used for these experiments contained
12.6+£3.1% of sphero-echinocytes and spherocytes
combined. Selective lysis of all the spherical cells
in the sample would, therefore, increase the overall
percentage of haemolysis in the sample by 12.6+3.1%.
Our preliminary microfluidic experiments showed
that exposure to mildly hypotonic saline (e.g. 225
mmol/kg) (Figure 2) which was roughly equivalent to
washing in 0.585 g/dL saline (Table I) induced lysis of
sphero-echinocytes and spherocytes, but kept other cells
intact. We reasoned, therefore, that the concentration
of hypotonic saline for the optimal treatment should
be low enough to induce lysis of sphero-echinocytes
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and spherocytes (e.g. 0.585 g/dL), yet high enough to
keep the overall percentage of haemolysis less than the
fraction of sphero-echinocytes and spherocytes in the
sample (i.e. 12.6+3.1%).

Figure 3 shows the dependence of percentage of
haemolysis, RBC morphology, and PS exposure on
the concentration of saline and treatment duration.
Percentage of haemolysis followed a similar pattern for
all concentrations of hypotonic saline, rising rapidly and
reaching a plateau after the initial 5 min of treatment. The
percentage of haemolysis remained stable for up to 30
min for saline concentrations over 0.585 g/dL, and rose
slightly over time for more hypotonic saline (Figure 3a).
As saline tonicity decreased, percentage of haemolysis
increased from 2.040.5% for 0.9 g/dL saline, to 10.7+0.2%
for 0.585 g/dL saline, and finally to 76.6+1.3% for the least
concentrated saline (0.225 g/dL) used in this study (=30 min)
(Figure 3b). The percentage of haemolysis for saline solutions
that were more hypotonic than 0.585 g/dL. was significantly
higher than the percent fraction of sphero-echinocytes
and spherocytes in the initial sample, suggesting an
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Hypotonic washing of stored RBCs

Table I - Osmolalities of stored red blood cell samples mixed with saline of various concentrations in a 1:4 ratio.

Saline concentration (g/dL) Sample osmolality (mmol/kg)
0.225 129.8+4.3
0.315 150.8+1.0
0.405 177.842.5
0.45 187.7£1.0
0.495 198.7+2.3
0.54 209.5+1.8
0.585 221.742.3

0.63 234.0+1.5
0.675 246.5+3.3
0.765 270.5+£2.6
0.855 291.2+1.8

0.9 303.7+2.3

Values shown are mean+standard deviation (n=3).
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Figure 3 - Optimisation of the hypotonic treatment.
(a) Dependence of percentage of haemolysis on duration of treatment with 0.225, 0.45, 0.495, 0.585, and 0.9 g/dL saline. (b)
Dependence percentage of haemolysis on concentration of saline (range 0.225-0.9 g/dL) for different treatment durations
(t=0.5, 2, and 30 min). (c) Dependence of red blood cell RBC morphology on the concentration of saline for t=30 min
treatment duration. (d) Dependence of surface phosphatidylserine (PS) exposure on concentration of saline for t=30 min
treatment duration. All values shown as mean =+ standard deviation (n=3) for all studies.
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indiscriminate lysis of all RBCs. As the concentration of
saline decreased from 0.9 g/dL to 0.585 g/dL, the fraction of
sphero-echinocytes decreased from 11.0+3.5% to 3.5+2.7%
and the fraction of spherocytes decreased from 1.7+0.8%
to 0.1+0.1%, while the fraction of well-preserved cells
(discocyte and echinocyte 1) increased from 44.5+9.4% to
55.7£7.0% and the fraction of stomatocytes increased from
1.1£0.1% to 3.1+£0.8% (Figure 3c¢). Finally, reducing saline
concentration decreased PS exposure from 0.80+0.19%
for isotonic saline down to a minimum of 0.52+0.04%
for 0.585 g/dL hypotonic saline. A further reduction of
saline concentration, however, produced a sharp increase
in PS exposure, also suggesting indiscriminate lysis
for concentrations of saline below 0.585 g/dL (Figure
3d). We, therefore, chose 0.585 g/dL as the optimum
concentration of saline for the hypotonic treatment
because it appeared to greatly reduce the population of
sphero-echinocytes and spherocytes in the sample, while
minimising indiscriminate lysis of well-preserved RBCs.

The effect of hypotonic washing on properties of
stored RBCs

Table II illustrates the impact of washing with 0.585
g/dL hypotonic saline on the morphology of stored
RBCs from several RBC units (n=5), and compares
the hypotonic treatment with washing in isotonic
saline. Hypotonic washing significantly increased the
fraction of discocytes and echinocytes 1 from the initial
38.1£19.5% (range 24.4-72.4%) to 61.0£10.7% (range
53.3-79.9%) after the treatment, and significantly
reduced the fraction of echinocytes 2 and 3 from the
initial 52.0£18.7% (18.9-64.0%) to 32.2+11.4% (12.9-
42.0%). The effect of isotonic washing on these types
of RBCs was about the same as hypotonic washing. The
effect of hypotonic washing on the sphero-echinocytes
and spherocytes, however, was drastically different
from that of washing in isotonic saline. The number
of these cells was reduced by hypotonic treatment

nearly 3-fold from the initial 9.5+3.4% (7.0-15.2%)
down to 3.24+2.8% (1.4-8.0%), but remained effectively
unchanged at 9.2+3.6% (6.6-15.3%) by washing in
isotonic saline. Both types of washing increased the
fraction of observed stomatocytes significantly: from
the initial 0.4+0.2% (0.2-0.6%) to 3.6+0.9% (2.1-4.2%)
for hypotonic washing, and to 2.4+1.4% (1.0-4.1%) for
isotonic washing. Table II also compares the effect of
hypotonic and isotonic washing on PS exposure and the
ability of stored RBCs to perfuse an AMVN. Hypotonic
washing reduced PS exposure more than 2-fold, from
1.48+0.86% (0.49-2.51%) in the initial sample down
to 0.59+0.29% (0.30-1.05%), while isotonic washing
kept PS exposure relatively unchanged at 1.40+0.84%
(0.49-2.64%). Hypotonic washing increased the AMVN
perfusion rate from 0.16+0.01 (0.14-0.18) nL/s in the
initial sample to 0.2040.02 (0.18-0.22) nL/s, which was
only marginally (although statistically significantly)
higher than the 0.19+0.01 (0.17-0.21) nL/s measured
for isotonic washing. Finally, Table II compares the
number of RBCs recovered after each type of washing
as a percentage of all RBCs that were present in
the initial sample. The RBC recovery for hypotonic
washing was 82.0+9.7% (65.6-90.2%), which was
significantly lower than the 85.2+8.5% (70.4-91.3%)
we measured for the isotonic washing.

Discussion

Red blood cells respond to decreasing osmolality
by swelling, i.e. by utilising their excess surface
area to change shape, become more spherical and
contain the increasing cell volume?'. Spherical cells
(sphero-echinocytes and spherocytes) have very little
excess surface area and therefore cannot contain the
osmotically-driven increase in cell volume by simply
changing shape. They also cannot expand their surface
area significantly because the RBC membrane can
only accommodate 2-4% area expansion before

Table II - The effect of hypotonic treatment (washing in 0.585 g/dL saline) on red blood cell (RBC) morphology,
phosphatidylserine (PS) exposure, the ability of RBCs to perfuse an artificial microvascular network (AMVN),
and percentage of RBC recovery for RBCs from 6-week old RBC units (n=5).

Parameter

Initial sample

‘Washed sample

Isotonic saline Hypotonic saline

Morphological class D +El 38.1£19.5% 56.8+11.9%* 61.0+10.7%*
E2 +E3 52.0£18.7% 31.6+13.4%* 32.2+11.4%*
SE+S 9.543.4% 9.24+3.6% 3.2+2.8%*F
ST 0.4+0.2% 2.4+1.4%* 3.6+0.9%*
PS exposure (%) 1.48+0.86 1.40+0.84 0.59+0.29*F
AMVN perfusion rate (nL/s) 0.16+0.01 0.19+0.01* 0.20+0.02*+

RBC recovery (%) 100%

85.2+8.5%* 82.0+9.7%*1

Values shown are mean+standard deviation; *p<0.05 compared with initial sample; Tp<0.05 compared with washing in isotonic saline.
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losing integrity*?. Our experiments on stored RBCs
that were individually confined in microfluidic
wells have shown that sphero-echinocytes and
spherocytes typically burst even in mildly hypotonic
environments, whereas non-spherical types of RBCs
remain largely intact under the same conditions
(Figure 2). At the larger scale (millilitres of blood),
hypotonic washing reduced the fraction of sphero-
echinocytes and spherocytes nearly 3-fold (down to
3.24+2.8% from 9.5+3.4% in the initial sample), while
isotonic washing kept the fraction of spherical cells at
about the same level (9.2+£3.6%). Both hypotonic and
isotonic washing had approximately the same effect
on other types of RBCs (Table II).

Interestingly, in this study, the fraction of
stomatocytes increased substantially after both types
of washing (more so for hypotonic washing, although
the difference was not statistically significant)
(Table II). RBCs progress through the echinocytic
transformation by continually shedding vesicles and
losing more membrane surface area than volume
to finally become spherical. Others had previously
noticed that echinocytes washed in albumin-Tris
buffer could reverse their shape to discocytes or
stomatocytes®??. It is, therefore, likely that the
increase in stomatocytes observed for both types of
washing was due to late-stage echinocytes, which
lost so much surface area that upon shape recovery
they appear stomatocytic rather than discocytic. The
larger increase in the fraction of stomatocytes after
hypotonic washing could also be explained by the
well-known stomatocytogenic properties of hypotonic
saline®*3.

Hypotonic washing reduced PS exposure nearly
2-fold (down to 0.5+0.29% from 1.48+0.86% in the
original sample) (Table II), bringing it to the level
usually seen in RBCs stored for only 1-3 weeks***”. PS
(phosphatidylserine) is a membrane phospholipid that
is normally found in the inner leaflet of the membrane.
Extracellular exposure of PS is an established marker
of RBC senescence in vivo, and it has been shown to
increase during hypothermic storage!>**3-40. Because
isotonic washing had no significant effect on either
the level of PS exposure (1.48+0.86% initially,
1.40+0.84% after isotonic washing) or the fraction of
sphero-echinocytes and spherocytes (9.5+£3.4% initially,
9.2+£3.6% after isotonic washing), it is tempting to
speculate that the dramatic reduction of PS exposure
after hypotonic washing was due to the selective lysis
of sphero-echinocytes and spherocytes. A direct study
capable of measuring the level of PS exposure for
sphero-echinocytes and spherocytes separately from
other types of stored RBCs is needed to test the causality
of this correlation.

Washing in either isotonic or hypotonic saline
improved the ability of stored RBCs to perfuse
an artificial microvascular network (AMVN) by
approximately 25%, which agrees well with our earlier
work®?. Recently, we demonstrated the effect of RBC
shape on microvascular perfusion in the AMVN*, and
therefore such a substantial improvement observed in
this study could be explained by overall normalisation
of RBC shape produced by both types of washing
(Table II). In our recent study on the differences in
mechanical properties of RBCs stored conventionally
vs anaerobically, we showed that the presence of a
small fraction of poorly deformable cells (e.g. sphero-
echinocytes and spherocytes) capable of plugging
capillaries could affect network perfusion*’. Selective
removal of sphero-echinocytes and spherocytes could,
therefore, explain the somewhat higher AMVN perfusion
rates measured for hypotonic washing (Table II).

Hypotonic saline with a concentration as low as
0.45 g/dL (osmolality 154 mmol/kg) is routinely used
as a maintenance intravenous fluid*, although recent
studies strongly suggest that the use of isotonic saline for
maintenance hydration carries a significantly lower risk
of adverse events*. The osmolality of hypotonic saline
used in our washing procedure (221.7+2.3 mmol/kg)
(TableI) is, therefore, well within the range of osmolality
of intravenous fluids currently used in routine medical
practice. We observed that for the hypotonic saline
concentrations ranging 0.495-0.675 g/dL, the difference
in PS exposure and the fraction of sphero-echinocytes and
spherocytes was relatively small, and therefore a wide
range of hypotonic saline concentrations could be used to
accomplish the selective removal of sphero-echinocytes
and spherocytes from stored blood. Although the RBC
recovery for hypotonic washing was lower than that for
isotonic washing (because of the selective lysis of sphero-
echinocytes and spherocytes), it was still higher than 80%
(Table II), which is comparable to the cell recoveries
observed for conventional cell washers*#6. We chose 30
min as the maximum period of time for which RBCs were
exposed to the hypotonic saline in this study, and used
this time period to complete the experiment in which we
evaluated the effectiveness of hypotonic washing with
saline of optimum concentration (Table II). For a saline
concentration of 0.585 g/dL, however, equilibrium of
the sample occurred significantly faster and incubations
longer than 2-3 min did not produce a significant change
in haemolysis (Figure 3a and b). This relatively rapid
timescale of the hypotonic washing procedure matches the
speed of conventional automated cell washers which often
require a minimum of 5-7 min to process an RBC unit*’#8.
All of these considerations taken together suggest that
hypotonic washing of stored RBC units could potentially
be implemented within existing practices.
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Conclusions

In summary, we have demonstrated that washing
stored RBCs in mildly hypotonic saline (but not in
isotonic saline) could substantially reduce the fraction of
spherical and PS-exposing cells in the overall population
of stored RBCs. Both hypotonic and isotonic washing,
however, induced a similar degree of overall RBC shape
normalisation and caused a significant improvement
in the ability of stored RBCs to perfuse an artificial
microvascular network with respect to the initial sample.
Collectively, our data show that washing in hypotonic
saline is capable of selectively removing spherical and
PS-exposing cells while maintaining the established
benefits of RBC washing.
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