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Abstract

Despite the increasing availability of feline blood, which is collected and stored for
transfusion purposes, few studies have assessed the effect of storage on feline whole blood (WB)
units. The purpose of this study was to investigate selected hematologic and biochemical changes
during storage of feline WB units and to determine when they occurred. Data from a quality
control program for WB units was used in this study. Twelve feline WB units, collected using an
open system, were sampled every 7 days from the point of collection to the end of storage at 35
days (DO, D7, D14, D21, D28, and D35). Measurements at each time point were: (1)
hematologic parameters; (2) percentage hemolysis; (3) morphologic index scored at 0 - 3, based
on echinocyte transformation of the erythrocytes; and (4) selected biochemical parameters.
Aerobic and anaerobic culture was performed at DO and D35. Results were compared

statistically to DO (statistical significance set at <0.01).

Storage did not result in statistically significant changes in measured hematological
parameters. There were statistically significant increases in percentage hemolysis and
morphologic index, starting from D21 (P=0.000 and P=0.004, respectively). Glucose decreased
significantly from D21 (P<0.003); potassium increased significantly from D7 (P<0.003); and
sodium increased significantly, starting from D28 (P=0.009). Bacteria were not isolated. Blood
in feline WB units collected using an open system underwent some significant storage changes
that were time-dependent. As these changes could affect the quality and the utility of stored WB
used in feline transfusion medicine, further study is required to determine their clinical

importance.
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Introduction
Despite the growing interest in veterinary transfusion medicine, little is known about
feline transfusion medicine, and most information is still extrapolated from human and canine

transfusion medicine.

Though easily adaptable for dogs, commercial blood collection sets for human use are not
usable for feline blood collection because their blood volume is too small for standard 450 mL
human closed-collection systems. For these reasons and because feline-specific closed blood
collection systems have limited availability, open or semi-closed collection systems (in which
anticoagulant must still be added through an injection port before collection) are most commonly
used for feline blood donation (Blasi Brugué et al., 2018; Heinz et al., 2016; Spada et al., 2018,
2017; Weingart et al., 2004). During blood donation, feline blood is usually collected into a
syringe through a butterfly catheter and, if collected for storage, transferred aseptically to a 50-
150 mL transfer-pack container and sealed to prevent bacterial contamination (Lucas et al.,
2004). The small volume of blood collected from each cat (approximately 50-60 mL) poses
challenges for separation of the whole blood (WB) unit into components, such as packed red
blood cells (PRBC) and plasma units. Given the difficulties in obtaining specific blood

components, WB is most commonly used in feline transfusion medicine.

There is a scarcity of published information on feline WB storage time (Biicheler and
Cotter, 1994; Crestani et al., 2018) and although legal standards for storage do not exist, feline
WB units are usually stored for 21 (Lucas et al., 2004) to 35 days (Blicheler and Cotter, 1994;

Crestani et al., 2018).
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The Food and Drug Administration (FDA), which regulates the collection and storage of
human blood products used for transfusion in the USA, relies primarily on two measures of
efficacy and safety: 24-h recovery and survival >75% of radiochromium-labelled red blood cells
(RBCs), and hemolysis <1% at the end of the approved storage period (FDA, 1985). No
hemolysis limit has been officially adopted in veterinary transfusion medicine, but the <1%
hemolysis limit imposed in human medicine has been frequently used for blood unit evaluation
in veterinary studies (Blasi Brugué et al., 2018; Crestani et al., 2018; Ferreira et al., 2018; Price

et al., 1988).

Changes in the biochemical and biological properties of RBCs during storage are termed
storage lesions. These include specific changes in RBC morphology, from deformable biconcave
discs to poorly deformable echinocytes, and ultimately, non-deformable spheroechinocytes, and
biochemical changes derived from RBC metabolism. Morphological changes reduce the survival
time of RBCs in the recipient and affect the capacity of RBCs to distribute oxygen and remove
carbon dioxide from tissues (Berezina et al., 2002; Blasi et al., 2012; Obrador et al., 2015).
Additionally, some biochemical changes could potentially harm the recipient. Storage changes
such as echinocyte transformation, increased hemolysis, decreased glucose, and increased
potassium have been documented in feline WB units after 35 days storage (Crestani et al., 2018;
Spada et al., 2018), but the chronology of these changes during storage have not been

investigated.
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Given the lack of information on storage lesions in feline WB units collected using an
open system, the aims of this study were: (1) to investigate selected hematologic and
biochemical changes that occur during feline WB unit storage; and (2) to determine when the
changes occur with respect to time since collection. We hypothesized that during blood storage,
there would be a progressive increase in hemolysis, echinocyte shape transformation and
biochemical changes consistent with RBC metabolism in a closed system e.g. decreased glucose

content and increased potassium.

Materials and methods
Donor population and blood collection

The study was performed on non-leukoreduced feline WB units (volume, 60 mL) from
the Veterinary Transfusion Research Laboratory (REVLab), University of Milan, Milan, Italy, in
2018. Suitable feline blood donors donated blood under general anesthesia after informed owner
consent, following the guidelines on veterinary transfusion from the Italian Health Minister* and
as previously described (Spada et al., 2015). Briefly, blood was collected with a ratio of citrate
phosphate dextrose adenine (CPDA) anticoagulant-preservative solution:blood of 1:7, using an

open system consisting of three 20 mL syringes.

Blood was transferred to a 150 mL empty transfer bag (TERUFLEX Transfer Bag,
TERUMO EUROPE) using a sterile bag spike (Combifix Adapter; B Braun Vet Care) placed

aseptically in each bag. Blood units were stored in a controlled-temperature dedicated blood

! See: Italian Ministry of Health, 2016. Linea guida relativa all ‘esercizio delle attivita riguardanti la medicina
trasfusionale in campo veterinario.
http://www.trovanorme.salute.gov.it/norme/renderPdf.spring?seriegu=SG&datagu=01/02/2016 &redaz=16A00611&
artp=1&art=1&subart=1&subart1=10&vers=1&prog=001 (accessed 13 October 2019)
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bank refrigerator (EMOTECA 250, Fiocchetti), with a continuous temperature record and alarm,
and the temperature was consistently maintained at 4+2 °C. Units were stored vertically and
manually mixed gently and inverted every 48 h during the entire storage period to maximize cell

exposure to the preservative solution.

Before sampling, feline WB units were gently mixed by inversion for 1 min, thena 1.5 -
5 mL aliquot was aseptically collected using the sterile bag spike. Blood samples were collected
from the units at DO (the day of blood collection) and every 7 days until 35 days of storage (D7,
D14, D21, D28, and D35), i.e. the date of final storage/expiration of the WB units (Buicheler and

Cotter, 1994).

After collection, samples were transported to an on-site clinical veterinary transfusion
laboratory and all analyses were performed within 1 h by a single clinical pathologist who was
not masked to storage time. Blood samples (1.5 mL) from all sampling days, were placed in an
Eppendorf tube for hematologic evaluation and for morphologic evaluation of smears. The tube
was centrifuged to obtain plasma for estimation of hemolysis, and measurement of glucose,
sodium and potassium. At DO and D35, a further 3.5 mL blood was kept in the original sampling

syringe and submitted for microbiologic analysis.

All the analyses were performed as part of a regular quality control program for feline
blood unit production at REVLab. For this study, one feline WB unit was analyzed each month

for a total of 12 months.
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The study was conducted using a protocol approved by the University of Milan Animal
Welfare Bioethical Committee (OPBA_26_2018_permission). Written owner consent for blood
collection, use of blood samples, and use of data for scientific purposes, was routinely obtained

during feline consultations and prior to blood donation.

Hematological parameters

The following hematological parameters were assessed using an automated
multiparameter hematology analyzer with software for animal samples (Cell-Dyn 3500 analyzer,
Abbott Diagnostics Europe): RBC count, hemoglobin (Hb), hematocrit (HCT), mean cell volume
(MCV), mean cell Hb (MCH), mean cell Hb concentration (MCHC), and RBC distribution width

(RDW).

Erythrocyte morphology and morphological index

Erythrocyte morphology was assessed using May Grunwald-Giemsa-stained (MGG
Quick Stain, Bio-Optica) blood smears using light microscopy. Normal erythrocytes were scored
0, and echinocytes were scored from +1 to +3 as follows: echinocyte | (score +1), irregularly
contoured discocyte with up to five protrusions; echinocyte Il (score +2), flat cell with multiple
spicules; and echinocyte 111 (score +3), ovoid or spherical erythrocyte with multiple spicules. For
each sample, 200 RBCs were scored and the morphological index (M) was calculated as the

sum of scores/200 (Ergul Ekiz et al., 2012; Sollberger et al., 2002).

Hemolysis
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Following measurement of hematologic parameters and blood smear examination, blood
samples were centrifuged at 3500 g for 10 min; free Hb was measured in the plasma using an
automatic analyzer (Cell-Dyn 3500 analyzer, Abbott Diagnostics). Hemolysis was reported as a
percentage, calculated using HCT and the concentrations of total and plasma Hb according to the
following equation (Blasi Brugué et al., 2018; Crestani et al., 2018; Niinistd et al., 2008;
Sowemimo-Coker, 2002; Wardrop et al., 1997):

Hemolysis (%) = [(100 — HCT (%)] x [supernatant Hb (g/dL) / total Hb (g/dL)].

The Hb detection range of the Cell-Dyn 3500 based on linearity studiesH was 0-24 g/dL.

Biochemical parameters

Selected serum biochemical parameters, including glucose, sodium, and potassium
concentrations, were evaluated in CPDA plasma samples from feline WB units. Glucose was
measured spectrophotometrically using an automated analyzer (COBAS MIRA Classic; Roche
Diagnostics). Sodium and potassium concentrations were determined using a flame photometer

(1L 943; Instrumentation Laboratory).

Microbiologic analysis

To evaluate possible bacterial contamination, microbiologic analysis was performed on
feline WB samples at DO and D35. Duplicate blood samples were seeded aseptically in tryptic
soy broth (Oxoid) at a ratio of 1:10. Then tubes were incubated at 37 °C for 24 h under aerobic
and anaerobic conditions (BBL GasPak Plus System; Becton Dickinson). After incubation, if the

broth-culture was clear (negative; turbidity evaluation based on comparison with a negative

2 See: Abbott Cell-Dyn 3500 System, Operator’s Manual
https://resources.psmile.org » abbott > cell-dyn » at_download » file
(accessed 13 October 2019)
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control uninoculated tube containing tryptic soy broth), it was incubated again under the same
conditions for a further 24 h (repeated for a total of up to 72 h). If a positive culture was detected
(turbid sample), 100 uL of the broth was plated onto blood agar plates (Oxoid) and incubated at
37 °C for 24-48 h under aerobic or anaerobic conditions (depending on the incubation conditions
previously used for the positive sample). Colonies were identified by macroscopic and
microscopic evaluation (e.g. Gram stain), biochemical tests and use of selective media (e.g.
MacConkey agar for Enterobacteriaceae, mannitol salt agar for Staphylococcaceae; Markey et

al., 2013).

Statistical analysis

Data were analyzed statistically using statistical software (MedCalc version 16.4.3).
Data distribution was assessed using the Shapiro-Wilk test. Comparison of differences between
DO and all other time points (D7, D14, D21, D28 and D35) was performed using paired
Student’s t-tests or Wilcoxon signed-rank tests for paired samples, for normally and non-
normally distributed data, respectively. Statistical significance was set at P<0.01. Correlation
between storage time and degree of hemolysis, and between MI and degree of hemolysis, was

assessed by calculating Pearson correlation coefficients (r).

Results

Twelve feline WB units were analyzed at DO and D35 for all parameters. For technical

reasons, 7/12 units were analyzed at D7 and D14, and 9/12 units were analyzed at D21 and D28.

Hematologic parameters

10
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Results of hematologic evaluation of the feline WB units are reported in Table 1.

Hematologic parameters did not change from DO for any storage time point.

Morphologic index
Results of morphological evaluation are reported in Table 2. Erythrocyte Ml increased

significantly compared to DO from D21 onwards (P=0.003).

Hemolysis

Mean and median percentage hemolysis are reported in Table 3. Considering 1%
hemolysis as the maximum acceptable value for quality blood units, as recommended in human
transfusion medicine by the FDA, all feline WB units had hemolysis < 1% at DO (Fig. 1). There
was a significant increase in hemolysis compared to DO from D21 onwards (P<0.bOOD. Storage
time and hemolysis were positively correlated (r = 0.73; P<0.001, 95% confidence intervals
0.58, 0.83; Fig. 1). The Pearson correlation coefficient between MI and hemolysis was 0.65 (P

<0.001, 95% confidence intervals 0.46, 0.78; Fig 2).

Biochemical parameters

Biochemical parameters are reported in Table 4. Glucose decreased significantly from
D21 onwards (P=0.003). Sodium concentrations increased significantly compared to DO only at
D28 (P=0.009). Significant increases in serum potassium concentrations occurred from D7

(P=0.001).

Microbiologic analysis
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No changes in color (brownish or purplish discoloration) were observed in any of the
stored feline WB units. No aerobic and anaerobic bacteria were cultured from any of the samples

submitted at DO and D35.

Discussion

Changes in hematologic and biochemical parameters during storage of blood units or
components are important in determining maximum storage time before blood transfusion.
Hematologic, morphologic and biochemical parameters were monitored for 35 days in 12 feline
WB units in this study. After storage for 21 days, the percentage hemolysis and echinocyte
transformation of normal erythrocytes in feline units increased significantly compared to values

at collection (DO).

In agreement with recent studies performed in feline WB units collected with an open
(Spada et al., 2018) and a closed system (Crestani et al., 2018), no statistically significant

changes in hematologic parameters were demonstrated during storage in this study.

There is some inevitable damage to some RBCs during the collection, processing and
storage of blood for transfusion purposes (Acker et al., 2012; Sowemimo-Coker, 2002).
Hemolysis must be minimized to maintain the quality of the transfusion product, as high
concentrations of Hb have toxic effects on myocardial, renal, vascular and central nervous
system tissues (Buehler and D’Agnillo, 2010). In human medicine, accidental transfusion of

hemolyzed blood has resulted in hemoglobinemia and hemoglobinuria (Sandler et al., 1976;

12
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Sloan et al., 2009), and in consumptive coagulopathy (Sloan et al., 2009). Consumptive
coagulopathy was the suspected cause of death in a canine hemorrhagic shock model in which
dogs received 2 mL/kg of hemolyzed (frozen and thawed) autologous blood (Hardaway et al.,
1979). Inappropriate storage conditions may have resulted in increased hemolysis in blood units
transfused to four dogs that went on to develop acute, life-threatening, transfusion reactions
(Patterson et al., 2011). These studies underline the potential harmful effects of free Hb in
hemolyzed stored canine blood. A recent study (Blasi Brugué et al., 2018) reported mean
percentage hemolysis of 0.07% in feline PRBC units when stored for <24 h. However, when
these units were preserved for up to 28 days, 13.8% of units exceeded the 1% FDA limit.
Another recent study found that eight feline WB units collected using a closed system had mean
hemolysis <1% after storage for 35 days (Crestani et al., 2018). In our study, mean percentage
hemolysis was lower than the FDA limit for only the first 21 days of storage, i.e. 2 weeks shorter
duration of storage than the study by Crestani et al. (2018). The difference in percentage
hemolysis at 28 days of storage was not considered to be related to the different systems used for
blood collection, as hemolysis at point of collection (D0) was <1% for both collection systems.
In addition, a recent study on stored canine PRBC units (Ferreira et al., 2018) reported no
correlation between pre- and post-storage hemolysis, or any effects due to disturbances in the

collection process.

Different collection systems could affect the amount of hemolysis at the time of
collection. A previous study (Crestani et al., 2018) used a feline-specific closed system with a
special self-cleaning valve to sample blood from the unit to be analyzed. We hypothesize that

this valve reduced the potential for shear stress derived from sample collection. Additionally, as
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blood in this closed system went directly from the collection syringe to the blood bag, with no
RBC stripping in the sample tube, shear stress and hemolysis might have been reduced
(Sowemimo-Coker, 2002). This hypothesis is supported by the low mean percentage hemolysis
at collection in a previous study (Crestani et al., 2018), which was substantially less (i.e. 0.11%)
than the hemolysis at DO in our study. This emphasizes the importance of species-specific
equipment to facilitate blood donation in small animals, such as cats, to improve the quality of

blood units.

The results of our study emphasize the need to implement quality control programs in
veterinary blood banks so that hemolyzed WB units can be identified. Thus, despite the generally
accepted shelf-life of 35 days for feline WB units, one should be aware that any WB unit stored
for >3 weeks should be evaluated for hemolysis as an indicator of its viability. However, our
results do not support the practice of disposing of units after >3 weeks, as almost half of the
feline WB units we studied had acceptable hemolysis values for up to 5 weeks of storage.
Additionally, the effects of transfusing blood with >1% hemolysis into feline blood recipients

have not been investigated.

RBCs undergo progressive shape changes during storage, from deformable discs to more
rigid echinocytes. Echinocytes are less deformable than discocytes and at high shear rates, their
cell spicules become entangled, increasing blood viscosity (Sollberger et al., 2002). This change
is initially reversible, but once spheroechinocytes are formed, these changes are permanent
(Berezina et al., 2002; Obrador et al., 2015). Morphological assessment of RBCs in preserved

blood units, such as those performed in our study, might therefore provide important information
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on the quality of blood units. Statistically significant alterations of RBC shape, as shown by
progressive increase in M, started during the second week of storage. In accordance with the
results of previous studies (Crestani et al., 2018; Spada et al., 2018), in which there were
statistically significant increases in echinocyte numbers between D0 and D35 of storage, the
changes in RBC shape in our study were accompanied by progressive increases in M1 and
hemolysis. However, in vivo studies are needed to understand whether morphological changes
detected during feline WB storage could be reversed after transfusion and to determine the

clinical consequences of transfusing such altered RBC into the recipient.

Changes in selected biochemical parameters evaluated in this study were consistent with
RBC metabolism in a closed system, as previously documented in feline WB and PRBC units
(Crestani et al., 2018; Heinz et al., 2016). Although there were statistically significant changes in
biochemical parameters from DO in this study, the overall magnitude of these changes was
unlikely to be clinically relevant and are unlikely to cause clinically significant electrolyte
disturbances in recipient cats. In human transfusion medicine, potentially fatal complications can
occur after rapid infusion of stored units due to excessive serum potassium concentrations. Feline
RBC membranes lack sodium—potassium-ATPase pump activity (Chan et al., 1964), suggesting
limited capacity for potassium accumulation in stored feline WB units. In our study, although
serum potassium concentration increased during early storage, the median concentration at D35
was low and within the feline potassium reference interval. In addition, as feline WB units are
diluted in the total feline blood volume after transfusion, this potassium change should not harm

the recipient; this may be true for most biochemical changes during the blood storage.
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Serum glucose concentration decreased during storage due to consumption by RBCs.
However, due to the dextrose content of CPDA-1, glucose concentrations remain persistently
high at the end of storage, as previously shown (Crestani et al., 2018). Care should be taken in

hyperglycemic cats that receive large transfusions of fresh or stored WB units.

This study has some limitations. Hemoglobin concentration used for calculation of
percentage hemolysis was measured using an automated analyzer rather than accepted reference
methods (Drabkin's cyanmethemoglobin and the Harboe spectrophotometric method). Based on
linearity studies, the automated analyzer used in this study has a Hb detection range of 0-24
g/dL. However, linearity studies cannot reliably determine if the analyzer can distinguish very
low Hb concentration, e.g., 0.1 vs. 0.0 g/dL. Because of this, it is difficult to determine analyzer
accuracy at very low Hb concentrations. Additionally, hemolysis measurements could have been
affected by the method of analysis. The measurement of hematocrit can also be a source of bias,
since hematocrit is a calculated value. Substantial bias has been reported when automated
analyzers were used to estimate hemolysis, and some analyzers over-estimate total Hb
concentration (Acker et al., 2012). Since we used an automated analyzer to measure Hb,

percentage hemolysis could have been overestimated in our study.

Just one clinical pathologist evaluated the morphologic changes and she was not masked

to sample storage time. This could have reduced objectivity when evaluating morphological

change, but should not have affected the final assessment of erythrocyte changes during storage.

The number of samples was relatively small, and at some time points only a limited
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number of blood units was analyzed. This may have reduced our ability to detect differences
between samples by reducing statistical power. The limited number of total feline WB units
analyzed in this study represented the number of units used for quality control in a veterinary
blood bank over a year. Feline blood units are a limited resource, as feline blood donors were
limited (in comparison with canine blood donors); therefore, the number of units analyzed in this

study reflects the limitations encountered in feline transfusion medicine.

Conclusions

Feline WB units underwent some changes during storage. Biochemical changes, such as
increased serum sodium, potassium and decreased glucose concentrations, are unlikely to be
clinically relevant in recipients, as the changes were minor and WB units are diluted in the
circulation of the recipient after transfusion. More important changes included increased
hemolysis and echinocyte transformation in stored RBCs. These changes should be clinically
evaluated in in vivo studies to better understand their effects on the quality and safety of feline

WB units after weeks of storage.
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Table 1.

Effect of storage on hematological parameters in feline whole blood citrate phosphate dextrose adenine (CPDA) units collected with

an open system for transfusion purposes.

Parameter Day n? Mean (% change fromD0) SD 95% Cl  Median (% change from DO) Range 95%Cl PP®
(reference interval) Min Max
Red blood cell count 0 12 6.6 1.0 59,72 6.4 50 91 5872 -
(6.5-11.1 x10%/L) 707 7.0 (+6.1) 07 63,76 7.5 (+17.2) 57 76 61,75 0.208
14 7 6.9 (+5.0) 12 57,81 6.8 (+6.3) 49 87 54,84 0.199
21 9 6.3 (-4.6) 0.8 5.7,6.9 6.4 (0.0) 48 75 56,72 0.108
28 9 6.3 (-4.6) 0.7 57,69 6.4 (0.0) 47 75 59,69 0194
35 12 6.4 (-3.0) 1.0 58,71 6.3 (-1.6) 48 88 58,68 0.045
Hematocrit 0 12 25.1 48 220,281 23.0 20.837.3 219,285 -
(31.7-48%) 707 248 (-1.2) 22 227,269 24.0 (+4.4) 22.728.7 22.7,275 0.187
14 7 25.5 (+1.6) 43 215,295 24.6 (+7.0) 20.332.6 21.4,31.4 0.156
21 9 22.9(-8.8) 2.9 20.6,25.1 23.2 (+0.9) 19.728.5 19.9,25.6 0.074
28 9 23.1(-8.0) 3.0 207,254 23.1 (+0.4) 19.629.3 20.0,24.8 0.460
35 12 24.8(-1.2) 5.3 21.4,282 235 (+2.2) 19.4356 20.4,29.1 0.569
Hemoglobin 0 12 8.7 1.6 76,97 8.1 7.0 126 74,100 -
(10.6-15.6 g/dL) 707 8.7 (0.0) 08 7.9,95 8.8 (+8.6) 77101 7.9,97 0.069
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Mean cell volume

(36.7-53.7 fL)

Mean cell hemoglobin

(12.3-17.3 pg)

Mean cell hemoglobin concentration

(30.1-35.6 g/dL)

14

21

28

35

14

21

28

35

14

21

28

35

o

12

12

8.7 (0.0)
7.9(:9.2)
7.9(-9.2)
8.3 (-4.6)
38.1
35.5 (-6.8)
37.2(-2.4)
36.4 (-4.5)
36.7 (-3.7)
38.5 (+1.1)
13.2
12,5 (-5.3)
12.7 (-3.8)
12.6 (-4.6)
12.6 (-4.6)
12,9 (-2.3)
34.7

35.2 (+1.4)

1.7

1.2

1.2

15

43

2.9

53

4.8

51

5.9

2.0

15

2.5

1.9

1.9

1.8

1.8

14

71,103

7.0,8.9

70,838

73,93

35.3,40.9

32.7,38.2

322,421

32.7,40.0

32.8,40.6

34.7,42.3

12.0,14.5

11.1,13.9

10.3,15.0

11.2,14.1

111,141

11.7,14.1

335,358

33.9,36.5

8.4 (+3.7)
7.6 (-6.2)
7.6 (-6.2)
8.1(0.0)
39.3
34.6 (-12.0)
37.1(-5.6)
35.1(-10.7)
35.4 (-9.9)
38.2 (-2.8)
134
12.0 (-10.5)
12.8 (-4.5)
12.1 (-9.7)
11.9 (-11.2)
12.3(-8.2)
34.2

35.2 (+2.9)

6.7 11.2

6.4 9.8

6.4 9.8

6.4 11.2

30.644.4

32.140.7

30.744.0

30.744.4

30.545.4

31.251.8

9.6 16.6

10.815.5

9.3 16.3

10.115.8

10.216.0

10.316.5

31.637.7

33.738.0

6.8,10.8

6.7,9.3

6.6, 9.4

6.8,9.8

34.1,41.0

32.8,39.5

30.7,43.1

31.1,413

311,418

34.0, 40.7

11.7,15.1

11.2,14.5

9.8,15.7

11.0,15.0

111,149

115,148

335, 36.8

33.8, 36.7

0.322

0.645

0.553

0.164

0.889

0.534

0.245

0.578

0.649

0.033

0.366

0.953

0.836

0.314

0.031

22



477
478
479
480
481
482

14

21

28

35

Red blood cell distribution width 0
(16.7-22.9%) 7

14

21

28

35

12

12

9

12

34.0 (-2.0)
34.8 (+0.3)
343 (-1.2)
33.8 (-2.6)
17.8
18.1 (+1.7)
17.9 (+0.6)
18.5 (+3.9)
18.0 (+1.1)

18.8 (+5.6)

2.4

2.7

24

2.1

2.2

1.6

14

15

1.8

2.8

31.6,36.3

32.7,36.9

32.5,36.2

324,351

16.4,19.3

16.5,19.7

16.6,19.2

17.3,19.7

16.6,19.4

17.0,20.6

34.0 (-0.6)
34.0 (-0.6)
33.5 (-2.1)
33.4(-2.3)
17.3
17.3(0.0)
17.4 (+0.6)
18.5 (+6.9)
17.2 (-0.6)

18.1 (+4.6)

30.638.7

31.840.6

31.839.0

31.538.0

15.322.6

16.720.7

16.720.8

16.820.8

15.920.4

31.4,36.6

32.9,37.6

33.0,37.5

321,341

15.8,19.7

16.7,20.5

16.8,19.8

17.0, 20.5

16.0, 19.9

0.578

1.00

0.425

0.064

0.812

0.046

0.020

0.141

15.825.8 16.5,20.6 0.024

SD, standard deviation; CI, confidence interval; Min, minimum percentage change from D0O; Max, maximum percentage change from

DO

2 Number of samples analyzed at each sample time obtained at time of unit collection (D0), and every 7 days up to day 35 (D7, D14,

D21, D28 and D35).

b P-value for paired differences (compared to DO)

23



483
484
485
486

487
488
489
490
491
492
493

494

Table 2.

Effect of storage on erythrocyte morphological index in feline whole blood citrate phosphate dextrose adenine (CPDA) units collected

with an open system for transfusion purposes.

Day n® Mean (% change from D0) SD 95% CI Median (% change from DO) Range 95%Cl P°®
Min Max
0 12 0.4 0.3 0.2,0.7 0.3 01 1.2 0.2,08 -
707 1.5 (+275) 0.07 14,16 1.5 (+400) 15 1.6 - 0.062
14 7 1.3 (+225) 04 08,17 1.3 (+333) 04 18 08,18 0.046
21 9 1.5 (+275) 03 13,18 1.5 (+400) 0.8 1.9 1.3,1.8 0.003°
28 9 1.6 (+300) 0.3 14,19 1.7 (+467) 11 20 13,19 0.003°¢
3B 12 1.8 (+350) 0.2 16,20 1.9 (+533) 1.1 21 18,20 0.000°

SD, standard deviation; CI, confidence interval; Min, minimum percentage change from DO; Max, maximum percentage change from

DO

2 Number of samples analyzed at each sample time obtained at time of unit collection (DO0), and every 7 days up to day 35 (D7, D14,

D21, D28 and D35).
b P-value for paired differences (compared to DO)

¢P <0.01
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Table 3.
Effect of storage on percentage hemolysis in feline whole blood citrate phosphate dextrose adenine (CPDA) units collected with an

open system for transfusion purposes.

Day n® Mean (% change from D0O) SD 95% Cl  Median (% change from DO) Range 95%Cl PP®
Min Max

0 12 0.3 0.1 02,04 0.4 0.1 06 02,05

707 0.6 (+100) 0.2 04,08 0.7 (+75) 0.3 0.8 04,08 0.010
14 7 0.6 (+100) 0.2 04,08 0.7 (+75) 0.3 0.8 04,08 0012
21 9 0.9 (+200) 01 07,10 0.9 (+125) 0.6 1.2 07,10 0.000°
28 9 1.1 (+267) 02 09,13 1.0 (+150) 0.7 1.8 0.9,13 0.000°¢
35 12 1.2 (+300) 05 08,15 1.1 (+175) 04 26 08,15 0.001¢

SD, standard deviation; CI, confidence interval; Min, minimum percentage change from DO; Max, maximum percentage change from

DO

2 Number of samples analyzed at each sample time obtained at time of unit collection (DO0), and every 7 days up to day 35 (D7, D14,

D21, D28 and D35).

b P-value for paired differences (compared to DO)
¢P <0.01
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506 Table 4.
507  Effect of storage on selected biochemical parameters in feline whole blood citrate phosphate dextrose adenine (CPDA)-1 units
508 collected with an open system for transfusion purposes.

509
Parameter Day n? Mean (% change from DO) SD 95% ClI Median (% change from DO)  Range 95% ClI pb
Min Max

Glucose 0 12 28.8 82 235,340 28.8 148 48.0 26.2,32.2 -
(44-61mmollL) 7 7 28.2 (-1.6) 7.8 209,354 26.2 (-9.0) 224 455 230,369  0.015
14 7 23.5(-18.4) 41 197,273 21.7 (-24.5) 19.7 311 19.9,284  0.015
21 9 23.8 (-17.4) 6.7 18.7,29.0 21.7 (-24.7) 17.8 395 19.2,282  0.003°
28 9 22.8 (-20.8) 87 16.1,295 23.5 (-18.4) 13.0 431 16.8,252  0.003°¢
35 12 20.4 (-29.2) 84 15.0,258 18.8 (-34.7) 12.4 433 13.7,238 0.001°

Sodium 0 1 181.9 7.4 176.9,186.9 180.4 171.4193.9 176.4,188.7 -
(141-152 mmol/L) 7 7 180.9 (-0.6) 73 174.1,1876 181.8 (+0.8) 169.3192.4 172.7,1885 0.349
14 7 186.1 (+2.3) 9.4 177.4,1949 188.1 (+4.3) 173.9197.2 175.6,196.1 0.028

21 9 189.4 (+4.1) 152 177.7,201.1 185.1 (+2.6) 164.7217.0 179.3,202.9 0.053
28 9 188.6 (+3.7) 7.4 182.8,1943 188.4 (+4.4) 176.7202.8 182.5,192.7 0.009°¢

35 11 186.1 (+2.3) 7.3 181.1,191.0 182.8 (+1.3) 176.8197.5 179.2,192.1  0.029

Potassium 0 11 3.2 03 2934 3.2 26 38 30,35 -

(8.7-58mmollL) 7 7 3.7 (+15.6) 03 34,40 3.8 (+18.8) 33 42 33,41 0.001°¢



510
511
512
513
514
515
516

14 7 4.2 (+31.3) 0.2 39,44 4.2 (+31.3) 39 48 3.9,45 0.000°

21 9 4.5 (+40.6) 05 41,49 4.5 (+40.6) 41 57 41,48  0003°
28 9 4.3 (+34.4) 04 40,46 4.3 (+34.4) 36 50 42,47 <0.0001°
35 11 4.3 (+34.4) 03 41,46 4.5 (+40.6) 37 49 40,46 <0.0001°

SD, standard deviation; CI, confidence interval; Min, minimum percentage change from D0O; Max, maximum percentage change from
DO

2 Number of samples analyzed at each sample time obtained at time of unit collection (D0), and every 7 days up to day 35 (D7, D14,
D21, D28 and D35).

b P-value for paired differences (compared to DO)

¢P <0.01
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Figure legends

Fig. 1. Scatter diagram indicating the progressive increase in percentage hemolysis during
storage for feline whole blood units collected with an open system for transfusion purposes.
Dashed line represents the 1% hemolysis Food and Drug Administration (USA) limits for human

transfusion medicine.

Fig. 2. Scatter diagram indicating the relationship between percentage hemolysis and

morphological index for feline whole blood units collected with an open system for transfusion

purposes. n = number of data pairs (number of samples).

29



