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Abstract

Background: Leukoreduction is a routine procedure in human transfusion medicine
but is uncommon in veterinary.

Objectives: To evaluate the effect of leukoreduction on the quality of canine whole
blood (WB) and blood products during storage.

Animals: Ten canine blood donors.

Methods: This is a case series study. An amount of 450 mL of blood was collected from
each dog. Five WB and 5 packed red blood cells (pRBC) bags were divided into 2 units each:
leukoreduced (LR) and non-leukoreduced (nLR). RBC count, erythrocytes' mean osmotic fra-
gility (MOF), 2,3-diphosphoglycerate (2,3-DPG), adenosine triphosphate (ATP), percentage
of hemolysis, potassium (K), lactate, glucose, and cytokines were measured weekly from day
of donation (TO) to day 35 (T35); pH, coagulation times, and clotting factors were evaluated
at TO and T35 from WB and in fresh frozen plasma after 1 year of storage.

Results: Leukoreduction showed positive effects on lactate (T35: LR WB
14.42 mmol/L SD 2.71, nLR WB 22.42 mmol/L SD 1.86, LR pRBC 20.88 mmol/L SD
2.65, nLR pRBC 36.81 mmol/L SD 2.34; P < .0001), pH (T35: LR WB 6.88 SD 0.16,
nLR WB 6.69 SD 0.20, P =.02; LR pRBC 6.57 SD 0.23, nLR pRBC 6.22 SD 0.11;
P <.001), and K (LR pRBC 4.08 mmol/L SD 0.88, nLR pRBC 5.48 mmol/L SD 0.90;
P < .001). Increasing values of IL8 were observed in nLR units during storage (TO:
4167 + 11 888 pg/mL; T35: 6367 + 11 612 pg/mL).

Conclusion and Clinical Importance: LR blood units are recommended to critically ill
dogs with marked inflammatory conditions.
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1 | INTRODUCTION

Transfusion of whole blood (WB) and blood components, such as
packed red blood cells (pRBC) and plasma, has gained importance in
veterinary medicine. Whole blood contains red blood cells (RBC), leu-
kocytes, platelets, and plasma proteins including clotting factors. To
optimize blood use, WB can be separated into pRBC by centrifugation
removing the supernatant plasma, and it is indicated for managing
hemolysis and nonregenerative anemia.

Despite of additive solutions, morphological and biochemical
changes occur in stored blood, reducing the function and the survival
of RBCs and potentially causing adverse effects in recipients.?® The
entity of these changes, named “storage lesions,” differs among
species*® and additive solutions.®®

In human transfusion medicine, the growing literature on the
adverse effects of blood storage and the possible clinical implications
for transfusion recipients has recently identified the quality of blood
stored as 1 of the most critical issues.”*° Consequently, methods of
preserving blood to optimize its characteristics and limit degradation
during storage are required. In particular, the metabolites of leuko-
cytes such as cytokines, histamine, elastase, and acid phosphatase
seem fundamental to the development of storage lesions and
post-transfusion reactions.!! The leukoreduction of the human blood
units reduces number of white blood cells (about 1-5 x 10° per blood
unit).'? The prestorage filtration, soon after the blood donation,
reduces the lesions of RBCs during the storage period by removing
the leukocytes before their fragmentation and avoiding the accumula-
tion of cytokines of leukocyte origin in stored blood and blood
components.*>14

In veterinary transfusion medicine, the biochemical changes of
canine pRBC during storage and the effect of leukoreduction on the
in vitro quality of RBCs have been scarcely investigated. #7815

The aims of this study were as follows: (a) to investigate the
effect of prestorage leukoreduction on the in vitro biochemical
changes, which occur in canine WB stored in CPDA-1 and in pRBC
stored in saline-adenine-glucose-mannitol (SAGM) medium, during
35 days of storage; (b) to investigate the coagulative profile and the
concentration of the clotting factors in WB soon after donation and at
the end of the storage period (35 days), as well as in fresh frozen

plasma (FFP) after 1 year of storage.

2 | MATERIALS AND METHODS

21 | Animal selection and sampling protocol

The study, including blood collection and samples analysis, was
performed in 2 years. Ten dogs have been selected from the list of
blood donors of the canine blood bank of the Istituto Zooprofilattico
Sperimentale delle Venezie (IZSVe), Legnaro (ltaly). According to the
Italian Ministry of Health guidelines, the donors were clinically
healthy, over 25 kg, between 2 and 8 years, regularly vaccinated,

and protected against endo- and ectoparasites.®

Five double and 5 triple bag collection systems, with an inte-
grated leukoreduction filter, were used (AB bags, Futurlab srl, Italy).
All the bag systems were equipped with a self-cleaning valve that
allowed blood samples collection ensuring sterility during the study
period. Approximately 450 mL of blood has been collected, from the
jugular vein of each donor, in a primary bag and gently mixed with the
anticoagulant preservative solution (63 mL of CPDA-1 for double
systems and CPD for the triple systems).

Blood collected in the double system was cooled for 2 hours at
4°C, and half of the WB was passed through the leukoreduction
filter into the secondary bag by gravity, obtaining leukoreduced
whole blood (LR WB); the remaining WB was left unfiltered (non-
leukoreduced [nLR] WB) in the primary bag. Both units were stored
at 4°C in a blood bank refrigerator for 35 days.

Blood collected in triple systems was centrifuged at 40509 for
12 minutes at 4°C in a refrigerated centrifuge (Multifuge 4 KR,
Thermo Scientific), within 2 hours after the donation. The plasma was
driven to the empty satellite bag by a manual plasma extractor and
stored at —30°C as FFP. After being suspended in 100 mL of SAGM
medium, half of the pRBC were filtered obtaining leukoreduced pRBC
(LR pRBC) units, and the remaining half was left unfiltered (nLR pRBC)
in the primary bag. Both units were stored at 4°C in a blood bank
refrigerator for 35 days.

From each bag, 10 mL of WB, LR WB, pRBC, and LR pRBC was
collected weekly (TO, T7, T14, T21, T28, and T35), starting from the
day of donation (T0), by using a sterile vacutainer system for hemato-

logical and biochemical analyses.

2.2 | Hematological analysis

Residual leukocytes in LR units were investigated immediately after
filtration using a commercial kit BDLeucocount with FACSCalibur flow
cytometer (BD Biosciences, San Jose, California), following the
manufacturer's instructions.

Hematological analysis was performed on a Cell-Dyn 3700
analyzer (Abbott Laboratories, Abbott Park, lllinois); RBC morphology
was assessed by light microscopy on Wright-Giemsa stained slides
(Aerospray, Delcon, Italy) and the average number of abnormal cells
(echinocytes, spherocytes, schistocytes, and other shapes) was
recorded per 1000x microscopic monolayer field and of at least
5 fields observed.'”

Erythrocytes' mean osmotic fragility (MOF) was measured as
previously described.®> Briefly, WB was incubated for 30 minutes
at room temperature in isotonic-to-hypotonic sodium chloride
solutions (0.90, 0.75, 0.65, 0.60, 0.55, 0.50, 0.45, 0.40, 0.30, 0.20,
0.10, and 0.00% NaCl). After centrifugation at 250g for
10 minutes, the hemolysis index (H index) was determined using
the supernatant on a clinical chemistry analyzer (Cobas C501,
Roche Diagnostics GmbH, Mannheim, Germany). The H index is a
semiquantitative spectrophotometric measurement of the free
hemoglobin (Hb) concentration in mg/dL. The analytical sensitivity

of the H index method is of 5 mg/dL. The mean osmotic fragility
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values are equivalent to NaCl concentration at which 50% of RBC
lyzed.

The pH was measured at TO and T35 (GLP21 pH meter, Crison
Instruments, Lainate, Italy). Intraerythrocyte 2,3-diphosphoglycerate
(2,3-DPG) and ATP concentrations were evaluated as previously
described.® Briefly, 500 pL of RBC pellet was treated with 1.5 mL of
refrigerated 8% trichloroacetic acid and then centrifuged at 30763 for
10 minutes at +4°C: the supernatant was neutralized with sodium car-
bonate (Na,CO3) 1 M and frozen at —80°C until the day of analysis.
The 2,3-DPG concentration was evaluated by UV spectrophotometry
with an enzymatic assay (2-3-DPG, Roche Diagnostics GmbH,
Mannheim, Germany), while the ATP concentration was determined
by a luminescence assay system (ATPLite, Perking Elmer Inc., Wal-
tham, Massachusetts).*®? The results of both analyses have been
normalized with the Hb concentration obtained from the RBC pellet
before acid extraction.

The remaining part of the blood sample was centrifuged at 1200g
for 15 minutes at 4°C. The plasma was then frozen at —20°C in order
to be analyzed as described later.

2.3 | Plasma analysis

The plasma H index was used to determine the free Hb concentration
in mg/dL. The percentage of hemolysis was calculated with the fol-
lowing formula?®

TABLE 1
blood cells (pRBC)

(100 —hematocrit)*plasmaHb (g/dL)

Hemolysis (%) = TotalHb (3/dL)

The concentration values of potassium (K), lactate, and glucose
were analyzed in plasma samples using a clinical chemistry analyzer
(Cobas C501, Roche Diagnostics GmbH, Mannheim, Germany). In
particular, K and glucose concentrations were determined using com-
mercial kits from Roche Diagnostics, while lactate concentration was
determined using a Randox colorimetric kit (Randox Laboratories Ltd.,
Crumlin, County Antrim, United Kingdom).

The concentration values of canine interleukin-6 (IL-6), IL-8, and
tumor necrosis factor (TNFa) were assessed in all plasma samples with
the kit Invitrogen ProcartaPlex Multiplex Immunoassay (Thermo
Fisher Scientific, Waltham, Massachusetts). Assays were performed in
duplicate according to the manufacturer's guidelines. The lower limits
of detection for IL-6, IL-8, and TNFa were 8.2 pg/mL, 8.2 pg/mL, and
2.7 pg/mL, respectively.

24 | Coagulation analysis

The coagulation profile, prothrombin time (PT), activated partial throm-
boplastin time (aPTT), and fibrinogen, as well as coagulation factors (VII,
VIII, IX, XI, and XlI), were determined in WB at TO and T35, as well as in
FFP at 1 year of storage. The ACL7000 instrumentation and dedicated

kits (Instrumentation Laboratory, Bedford, Massachusetts) were used for

Mean levels and SDs at different sampling times (TO, T35) for erythrocyte indices and pH in whole blood (WB) and packed red

Mean (SD)
Parameter (laboratory reference range) Time nLR WB LRWB nLR pRBC LR pRBC
RBC (5.37-8.40 M/pL) TO 5.37 (0.50) 5.20(0.57) 8.40 (0.68) 8.24 (0.56)
T35 5.39 (0.69) 5.28 (0.62) 8.42(0.71) 7.70(1.18)
HGB (13.0-19.5 g/dL) TO 13.10 (1.20) 12.48 (1.38) 20.66 (1.43) 19.96 (0.85)
T35 13.06 (1.56) 12.67 (1.70) 20.62 (1.56) 18.62 (2.73)
HCT (39-56%) TO 38.48 (4.60) 37.28 (5.26) 59.72 (3.67) 58.64 (2.67)
T35 38.96 (5.51) 37.76 (5.55) 68.50 (4.54) 57.18 (8.31)
MCV (64-75 fL) TO 71.52 (3.33) 71.48 (3.22) 71.20 (1.79) 71.24 (1.82)
T35 72.26 (2.82) 71.30 (3.09) 81.48 (3.38) 74.34 (3.47)
MCH (21.3-26.7 pg) TO 24.38 (0.58) 24.00 (0.65) 24.64 (0.66) 24.26 (0.70)
T35 24.28 (0.90) 24.00 (0.90) 24.50 (0.41) 24.22 (0.59)
MCHC (32.1-36.3 g/dL) TO 34.16 (1.20) 33.64 (1.29) 34.60 (0.44) 34.04 (0.38)
T35 33.62 (1.29) 33.72 (1.44) 30.10 (0.95) 32.58 (0.75)
RDW (11.5-16.7%) TO 15.78 (0.43) 15.32(0.78) 18.52 (1.57) 17.62 (1.05)
T35 16.44 (1.04) 16.42(1.13) 19.88 (2.58) 17.94 (1.75)
pH TO 7.13(0.18) 7.19 (0.17) 7.09 (0.06) 7.10 (0.03)
T35 6.70 (0.20) 6.88 (0.16) 6.22 (0.11) 6.57 (0.23)

Note: HCT, MCV, and MCHC: significant difference (P < .01) between TO and T35 for nLR pRBC and between nLR and LR pRBC at T35; pH, significant
difference (P < .01) between TO and T35 for all bags and between LR and nLR at T35.

Abbreviations: Hb, hemoglobin; HCT, hematocrit; MCH, mean hemoglobin concentration; MCHC, mean corpuscular hemoglobin concentration; MCV,
mean corpuscular volume; LR, leukoreduced; nLR, not leukoreduced; pRBCs, packed red blood cells; RBC, red blood cells; RDW, red blood cell distribution width.



STEFANI ET AL.

Journal of Veterinary Internal Medicine AC\?/I M | 939

PT, aPTT, and fibrinogen, while the STA Compact instrumentation and
related commercial kits (Stago Italia SRL, Milan, Italy) were used for coag-

ulation factors.

2.5 | Statistical analysis

Descriptive analyses were performed to evaluate the distributions of
the collected parameters and potential outliers. The effects of the
type of bag (WB vs pRBC), type of unit (LR vs nLR), sampling time,
and their interactions on parameters distribution were assessed using
linear mixed models. Accounting for the study design, the dog was
included in the models as random effect while the type of unit and
sampling time within each dog were considered repeated effects.
Regarding 2,3-DPG, ATP, osmotic fragility, percentage of hemolysis,
glucose, K and lactate, the Kronecker product, built with the unstruc-
tured and first-order autoregressive covariance structures, was used
for modeling the repeated effects type of unit and sampling time,
respectively. For RBC parameters, coagulation profile data, and pH,
the sampling points considered in the statistical analyses were TO and
T35, modeled in the repeated effect using a compound symmetry
covariance structure. The Akaike Information Criterion (AIC) and the
residual diagnostics were used to evaluate the goodness of fit of
the models and to support the choice of the covariance structures.
The comparison of the coagulation data in FFP and all combinations
between type of bags and sampling time was performed using non-
parametric K-sample test on the equality of medians. Statistical signifi-
cance was set to P <.05. All the analyses were performed using
SAS v.9.4.

3 | RESULTS

In all the LR WB and LR pRBC units, residual leukocytes' count
resulted fewer than 1x10° WBC/units (0.002 + 0.003 x 10°
WBC/unit). When significant differences were not observed between
LR and nLR units, they were considered together as WB and pRBC.

The mean values with SD of the RBC-related indices are summa-
rized in Table 1. During storage, hematocrit (HCT) and mean corpus-
cular volume (MCV) increased significantly in nLR pRBC; at T35,
significant differences were observed between LR and nLR pRBC for
HCT and MCV, being higher in nLR units.

An almost complete PLT depletion was observed after
leukoreduction, with platelet count at TO of 142 +72 K/uL and
396 + 271 K/pL in nLR WB and nLR pRBC units, and of 0.36 + .68 K/
pL and 0.26 + .37 K/pL in LR WB and LR pRBC, respectively.

On microscopic examination, RBC morphology showed an
increasing presence of echinocytes during storage, starting from a
total absence or weak presence (1+, corresponding to an average of
5-10 echinocytes per 1000x field) at TO, to a moderate presence (2+,
corresponding to an average of 11-100 echinocytes per 1000x field)
at T35.17 During storage, we did not observe other abnormal shapes

on blood films.

American College of

ege of
Veterinary Internal Medicine

At TO, no differences in MOF were observed between bags. In
WB bags, the MOF values showed a slight but significant decrease
(P =.003) from TO (0.44% NaCl) to T35 (0.42% NaCl). Moreover, at
T35, pRBC bags showed significantly higher mean values than WB
(P =.03), particularly due to an increasing trend over time of nLR
pRBC (P < .001). In fact, a significant difference between LR and nLR
pRBC units was observed from T14 (Figure 1A).

At TO, the pH mean values were not statistically different
between bags. At T35, significant lower values were detected in all
units compared with TO, with significantly lower values in nLR than in
LR units for both types of bags (P < .001) (Table 1).

At TO, no differences in ATP values were observed between bags.
An overall significant decreasing trend was observed for both types of
bags (P < .001) during storage. The pRBC units showed slightly higher
mean values than WB at T7 (P = .05) and T14 (P = .03). Comparing LR

(A) 0.60

MOF% NaCl

(B)

2
g P-4
&
<
P < .001
P=.02
P<.001
coO{ _ B o
T0 s T4 ™ T28 T35
Groups: — RWB  ----- LR-pRBC ——— nLR-WB —— nLR-pRBC
FIGURE 1 Mean levels at each observation time (TO, T7, T21,

T28, and T35) of, A, mean osmotic fragility (MOF) and B, ATP for each
type of blood units; error bars show SEs for each observation. Time
variable was shifted for allowing the display of the groups of blood
units
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vs nLR units, in WB units no differences were observed during stor-
age, while LR pRBC showed a less pronounced decreasing trend than
nLR (P = .04) (Figure 1B).

At TO, no differences in 2,3-DPG concentrations were observed
between bags. Both WB and pRBC units showed a significant
decrease during storage; particularly, from T21 to the end of the stor-
age period, the pRBC units had significantly lower mean 2,3-DPG
values than WB units (T35: WB 11.66 pmol/g Hb, pRBC 5.10 pmol/g
Hb, P = .02). No differences were observed between LR and nLR units
(Figure 2A).

The hemolysis (%) measured at TO showed no significant differ-
ences between bags. An overall significant increasing trend was
observed for both type of bags (P <.001), showing higher mean
values in pRBC than in WB at T35 (0.66% vs 0.41%, P = .03). No dif-
ferences were observed between LR and nLR units during storage
(Figure 2B).

(A) 20

P=.03
a
I
2
3
g P <.001
o
o
=}
&
o
~
kg
-
~. &
~ P <.001
5 ~
TSP <.001
0
T0 A T4 ™1 T28 T35
08
P <.001
06 /7 P <.001
P
P
7
®
)
@
>
5
£
£ P <.001
P <.001
0.0
T0 s T4 ™ T28 T35
Groups: —— LRWB ~ ----- LR-pRBC ——— nLR-WB —— nLR-pRBC

FIGURE 2 Mean levels at each observation time (TO, T7, T21,
T28, and T35) of, A, 2,3-DPG and, B, hemolysis for each type of blood
units; error bars show SEs for each observation. Time variable was
shifted for allowing the display of the groups of blood units

The K mean concentration at TO was significantly higher in WB
(3.52 mmol/L) than in pRBC bags (1.95 mmol/L) (P < .001). A signifi-
cant increasing trend was observed in both types of bags (P < .001).

Higher mean values of K were observed in nLR pRBC with respect to

K mmol/L

/EFN .001
o

¥
- 3| p<.o01
-7 4 P<.o01

Lactate mmol/L
N
\,

To T T4 ™ T28 T35

©)

<.001
<.001

Glucose mmol/L.

TO 7 T4 ™1 T28 T35

Groups: —— LRWB  ----- LRPRBC ~ ——— nlRWB  —— nLR-pRBC

FIGURE 3 Mean levels at each observation time (TO, T7, T21, T28,
and T35) of, A, lactate, B, potassium, and C, glucose for each type of
blood units; error bars show SEs for each observation. Time variable
was shifted for allowing the display of the groups of blood units
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TABLE 2 Mean levels and SDs of coagulation variables in whole blood at different sampling times (TO, T35) and in fresh frozen plasma at 1 year of storage

FFP

nLR WB

LR WB

P for the comparisons with all combinations
between type of bags and sampling time

TO

TO vs T35
<.001
.031

LR vs nLR

T35

TO

T35

TO

Parameter (laboratory reference range)

PT (5.4-7.8 seconds)

ns
p

9.57 (1.45)

ns

11.66 (2.87)
15.52 (2.13)

10.64 (1.82) 9.28 (1.51)

9.38 (1.45)
19.22 (4.42)

.02 with nLR at TO

.036 17.01 (2.62)

13.74 (0.91)

20.26 (2.13)

aPTT (9.4-15.6 seconds)

ns
ns
ns
ns
na
na

24.38)
9.48)
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13.3)
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52.33
63.59
76.52
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<.001
<.001
<.001
na
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<.001
24
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na
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13.26)
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14.94)

7.73)

134.40 (19.78)
54.80
52.40
53.60
83.40
89.40

145.80 (16.27)
62.40 (17.01)
84.00 (14.28)
66.20 (11.37)
93.25(17.63)
102.25 (16.88)
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Note: na indicates statistical analyses not performed due to the reduced number of observations and high observed variability.

Abbreviations: aPTT, activated partial thromboplastin time; FFP, fresh frozen plasma; LR, leukoreduced; nLR, non-leukoreduced; PT, prothrombin time; WB, whole blood.

@For all parameters, no significant interaction between type of bags and sampling time. Mean values between nLR WB and LR WB.

o g e
LR starting form T21, while no difference was found comparing LR
and nLR WB units (Figure 3A).

At TO, the mean concentration of plasma lactate showed no sig-
nificant differences between bags, but it significantly increased during
storage in all types of bags (P <.001); pRBC showed higher values
than WB bags starting from T7 (P =.004); LR units showed signifi-
cantly lower values than nLR ones, starting from T7 for pRBC and
from T21 for WB (Figure 3B).

As expected, glucose levels showed a significant decrease in all
blood units, particularly evident in LR pRBC units (4.35 mmol/L at
T35) (Figure 3C).

During storage, the IL-8 mean concentration remained at a
stable low level in LR wunits (TO: 137 +221 pg/mL; T35:
150 £ 245 pg/mL at T35), while increasing values were observed
in nLR units during storage (TO: 4167 + 11 888 pg/mL; T35:
6367 + 11 612 pg/mL at T35). Due to the high variability among
units, no statistical evaluation was performed. Interleukin-6 and
TNFa concentrations remained under the detection limit in all
bags at all storage times.

Regarding the coagulation profile, the PT showed no significant
differences between LR and nLR WB units at TO and T35; notwith-
standing significant higher mean values were observed at T35 for both
units (P < .001). The mean values of PT measured in WB at TO and T35
and in FFP after 1 year showed no significant differences. The aPTT
mean values were higher in LR than in nLR units (P =.04), and they
increased significantly at T35 (P = .03); differently, no significant differ-
ences were observed between TO and the FFP, as well as between T35
and the FFP. The fibrinogen mean concentration was significantly lower
in LR WB than in nLR units (P < .001); moreover, a significant decrease
was observed at T35 in both units, compared with TO (P < .001). Not-
withstanding, no significant differences were observed between TO and
the FFP as well as between T35 and the FFP (Table 2).

The mean concentration of factors VII, VIII, and IX showed no
significant differences between nLR WB and LR WB. During storage,
a significant decrease of the mean concentration was observed for all
the clotting factors (P < .05). However, no significant differences were
observed between TO and FFP and between T35 and FFP. Factors XI
and XlI showed high variability among bags; thus, no statistical evalua-

tion has been performed (Table 2).

4 | DISCUSSION

The primary aim of our study was to evaluate the in vitro quality of
canine WB and pRBC during 35 days storage and to evaluate the pos-
sible effect of leukoreduction on hematological and biochemical
parameters. In our study, leukoreduction successfully met the US FDA
threshold of 5 x 10° WBC/unit?! and the less than 1 x 10® WBC/unit
standard of the Council of Europe.??2 Moreover, leukoreduction cau-
sed an almost complete platelets' depletion, confirming the reduction
greater than 99% in LR blood canine units.?® In cold-stored WB, the
platelet count declines by 1% to 2% per day, with limited impact on
clotting time or on clot strength as measured by
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thromboelastography. Animal studies have confirmed that platelets
from stored WB participate in clot formation.?* Leukoreducing WB
using a platelet-saving filter did not compromise hemostatic
properties.?®

In our study, the evaluated erythrocytes indices remained stable
during storage, except for MCV that slightly increased particularly in
nLR pRBC. The increase in MCV is described for stored human,'#
feline,® and canine RBCs.? The increase of MCV might be due to the
progressive impairment of the ATP-dependent Na-K pumps of the
RBC membrane, which cannot function properly during storage,'* and
to the prolonged contact with the anticoagulant solution.?” The higher
MCV value observed in nLR units might have also resulted from the
presence of leukocyte products, which can affect erythrocyte mem-
brane properties.**

Membranous changes that affect RBC during storage can
decrease their elasticity, causing a gradual echinocytic shape transfor-
mation.** In our study, echinocytosis showed a mild increase in all
bags during the storage period. Echinocytosis is considered a revers-
ible morphological alteration and is likely attributable to RBC antico-
agulant contact and to the duration of storage time, as well as to the
constant depletion of ATP and 2,3-DPG.7%7

The osmotic fragility test is conventionally used to assess erythro-
cyte resistance to hemolysis, using a series of hypotonic solutions of
NaCl.28 In healthy animals, the MOF (corresponding at the NaCl con-
centration at which 50% of RBCs lyzed) occurs around 0.5% NaCl.??
In our study, pRBC showed higher MOF values than WB starting from
T28, particularly due to the increasing trend in nLR pRBC units from
T14. However, the mean value at the end of the storage was still to
be considered as normal in all type of bags. The blood sample storage
conditions could have a strong influence on erythrocyte shape, vol-
ume, and integrity because of the continuous anaerobic metabolism
of these blood elements, leading to increased vulnerability at a rela-
tively high osmotic strength.?® In a recent study, the MOF of RBCs
increased constitutively during storage, but it was significantly lower
in WB than in pRBC units, throughout the storage period.°

Loss of RBC integrity during storage results in hemolysis, causing
the release of free Hb in the red cell suspending media. The rate of in-
bag hemolysis depends on the individual donor, the preservative solu-
tion, and the duration of storage.3! Many other factors are believed to
cause hemolysis in blood units, such as preparative procedures,
mechanical stress, bacterial contamination, temperature, osmotic and
pH changes, presence of leukocytes, and intrinsic RBC membrane
defects.3? In our study, the percentage of hemolysis was negligible at
TO in all the bags, suggesting that the preparative procedures, includ-
ing separation and filtration, did not adversely affected RBCs. During
storage, an increasing trend has been observed, being significantly
higher in the pRBC bags than in WB at T35, but remaining below the
most stringent regulatory guidelines, fixed at <0.8% for LR WB by the
Council of Europe Guide for blood components.?? Differently from
pRBC, WB units retain all the components of the donation, including
plasma, that might exert pleiotropic cytoprotective effects on stored

RBCs by providing survival factors, nutrients, amino acids,

erythropoietin, and ROS scavengers, such as albumin and uric
acid.®334 in vitro studies reported that, while the supernatant of long-
stored pRBCs induces hemolysis in fresh RBCs, incubation of stored
RBCs with fresh plasma at 37°C results in reduced hemolysis.>®
Recently, Tzounakas et al % reported that warming of cold blood sup-
plemented by CPDA-1 up to 17°C in less than 8 hours before compo-
nent processing led to increased incidence of in-bag hemolysis in
pRBC but not in WB units, supporting the protective effect of plasma
on the biopreservation of RBCs.

In our study, the leukoreduction did not have any evident effect
on the percentage of hemolysis during storage. It has been reported
that RBCs may be damaged if they are forced through leukoreduction
filters and that hemolysis is more likely to occur in undiluted RBC con-
centrates with high hematocrits than in WB.2? On the other hand,
many studies reported that the presence of leukocytes in unfiltered
RBC units might contribute to the increase in hemolysis during stor-
age.®2 None of these 2 conditions seems to have occurred in our
investigation.

In our study, glucose concentration significantly decreased in all
types of bags during storage, with the lowest values in nLR pRBC.
Lactate concentrations significantly increased in all bags, being signifi-
cantly higher in pRBC than in WB starting from T14. Leukoreduction
had significant effect on lactate production in both types of bags, with
lower lactate concentrations in LR units from T7 in pRBC and from
T21 in WB.

There was a significant negative correlation between glucose and
lactate, as well as between glucose and MOF, in all types of bags (data
not shown). Moreover, a significant positive correlation was found in
nLR pRBC between lactate and MOF.

In addition to lactate accumulation, the glycolytic process leads to
protons' accumulation, causing a progressive acidosis of stored
blood.3! The average pH values decreased significantly during the
storage period in all types of bags, with lower values in the pRBC than
in WB bags. Leukoreduced units showed significantly higher values
than nLR ones. LR units have significantly higher pH than other
groups during 28 days of storage in other studies.®®

Due to the progressive inactivation of the ATP-dependent Na-K
pumps of the RBC membrane, human-stored RBC solutions develop
increased potassium concentrations and decreased sodium concentra-
tions during storage.’ In our investigation, K levels increased signifi-
cantly in all types of bags, with the lowest concentrations observed in
LR pRBC at the end of the storage period. Similar results have been
reported in canine LR pRBC, stored in different additive solutions,® as
well as in feline WB stored in CPDA-1 for 35 days.5 In contrast, a
study of nLR feline pRBC reported a decrease in K mean levels.®” The
impact of the increased concentrations of K in blood products on the
canine recipients is currently unknown.

In our study, mean ATP concentration decreased from TO to T35 in
all types of bags, and leukoreduction had no statistical significant effect,
even though a less pronounced decreasing trend in LR pRBC units was
observed. All type of bags maintained mean ATP values at T35 over the

indicated threshold, as previously published data for dogs.”%%8
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The erythrocyte 2,3-DPG is a glycolytic intermediate that can mod-
ify of Hb-oxygen affinity in many species, including human beings, dogs,
and rats. The decrease in 2,3-DPG mean concentration is well described
in human and canine stored blood, resulting in a significantly lower deliv-
ery of oxygen to the tissues.” In our study, the pRBC bags had signifi-
cantly lower values than WB from T21 until the end of the storage
period. In contrast to published data,'®> we observed that the
leukoreduction did not improve significantly the 2,3-DPG erythrocyte
concentration; the decrease of 2,3-DPG seems to be independent of leu-
kocyte presence, but ascribable to alteration of the glycolytic pathway
and to the fall of pH values. In fact, it is known that a major factor caus-
ing the degradation of 2,3-DPG is the decrease in pH during storage.®

In our survey, the IL-8 median concentration remained at low
levels in LR WB and LR pRBC units, during all the storage period,
while an increasing trend was observed in nLR units. Similarly, previ-
ous studies found that leukoreduction prevented IL-8 accumulation in
canine pRBC, while it significantly increased in nLR units during stor-
age.3%3%40 Even though IL-8 has no direct pyrogenic effects, it has
been speculated that the passive inoculation of cytokines might have
a synergistic effect on the cytokine network of critically ill patients,
contributing to the systemic inflammatory response.** Notwithstand-
ing, the inflammatory effects of IL-8 passive infusion on canine blood
recipients remain unknown.

In our study, IL-6 and TNFa concentrations remained always under
the detection limit in all bags and at all storage times. In a previous study,
IL-6 concentration was higher in canine WB than in LR or irradiated WB
at every storage time, but it did not increase in a time-dependent man-
ner, while TNFa was under the detection limit in all the groups.3®

A significant increase in aPTT values and a simultaneous decrease in
fibrinogen, factors VII, VIII, and IX concentration were observed in WB
between TO and T35. No significant differences were observed between
WB at TO and FFP, as well as between WB at T35 and FFP, demonstrat-
ing that, contrary to a common belief, the WB maintains good levels of
clotting factors during all the storage period, including those considered
more labile factors. Evaluating the effect of leukoreduction on concentra-
tion of clotting factors, a slight but significant difference between LR and
nLR WB units was observed for aPTT, fibrinogen, and factor IX. In
humans, it is known that LR FFP has lower concentrations of factors VI,
VIII, and Xl, as well as it has longer aPTT.#? Differently, a recent study on
canine FFP showed no significant differences between LR and nLR
units.*® Further studies in both human and veterinary medicine showed
that leukoreduction causes a significant decline in FVIII activity and
fibrinogen concentration.***> In our study, the mean concentration of
factor VIII was lower in LR WB than in nLR ones at TO and T35, even
though the difference was not statistically significant. Currently, it is
unknown how leukoreduction can affect activity and concentration of
clotting factors, even though it is supposed that the type of filter and the
length and temperature of storage before leukoreduction may be
involved in this mechanism.*? The different results obtained by different
studies in veterinary medicine may be because of the low number of
samples considered, the differences in the LR procedure, and the high
variability of these parameters. Since no specific standard exist, and stud-

ies indicate a high variability among donors, further clinical and

N
therapeutic trials are needed to define the minimal clotting factors levels
in blood products to support surgical hemostasis.

The main limitation of this study is the small number of subjects
enrolled because of ethical and practical reasons, as well as the high
variability of some variables. Nevertheless, the results obtained are
coherent with the literature already available on canine pRBC, and
add new insight into canine WB biochemical characteristics during
storage time and into canine FFP after 1 year of storage.

In conclusion, our results demonstrate the good biochemical qual-
ity of both canine WB and pRBC during 35 days of storage; moreover,
better biochemical conditions in WB than in pRBC, particularly for the
percentage of hemolysis, MOF, pH, lactate, and 2,3-DPG, probably
due to the protective effects of survival and nutritive factors con-
tained in plasma, have been recorded. WB can be used in all cases of
anemia to restore the correct RBC volume, but it is primarily rec-
ommended for managing acute, severe hemorrhage. In both human
and veterinary transfusion medicine, pRBC separation from WB is a
common practice, with the advantages to economize blood use, to
prolong storage time, and to better address the patient component
deficiency. pRBC is more indicated than WB in case of normovolemic

anemia, while FFP in case of clotting factors deficiency.
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