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The hemostatic profile of
cold-stored whole blood from
non-greyhound and greyhound
dogs over 42 days

James L. Cooper1, Claire R. Sharp1*, Corrin J. Boyd1,

Melissa A. Claus1,2 and Gabriel Rossi1

1School of Veterinary Medicine, Murdoch University, Murdoch, WA, Australia, 2Perth Veterinary

Specialists, Osborne Park, WA, Australia

Objectives: To compare the hemostatic characteristics of cold-stored whole

blood (CSWB) from non-greyhound dogs (NGD) and greyhound dogs (GD) over

42 days of storage, notably, platelet closure time (PCT) (NGD only), manual

platelet count (PLT) (GD only), ellagic acid (INTEM) and tissue factor activated

(EXTEM) rotational thromboelastometry, prothrombin (PT) and activated partial

thromboplastin time (aPTT), fibrinogen concentration (FIB), and the activities of

factors (F) FII, FV, FVII, FVIII, FIX, FX, FXIII antigen (FXIII:Ag), and von Willebrand

factor antigen (vWF:Ag).

Design: Whole blood from 10 NGD and 10 GD, was refrigerated in CPD blood

bags at 4◦C for 42 days. Blood was analyzed before refrigeration (day 0) and at day

1 (d1), 3, 5, 7, 10, 14, 17, 21, 24, 28, 31, 35, 38, and 42. Multivariate linear mixed

e�ects models were created to evaluate coagulation parameters over time and

compare NGD and GD. Data are summarized as estimated marginal means with

95% confidence intervals. Significance was set at P < 0.05.

Results: The PCT for all NGD CSWB was above the device limit by d7. The PLT

for GD CSWB did not change during storage. The mean alpha-angle for INTEM

and EXTEM decreased to <50% of baseline at d38 and d31 for NGD, and d31

and d17 for GD CSWB. The mean maximum clot firmness (MCF) for INTEM and

EXTEM reduced to <50% of baseline at d42 and d28 for both GD and NGD. PT

and aPTT for NGD and GD increased over time. For NGD CSWB, the mean FVIII

and vWF:Ag activities decreased to <50% of baseline at d7 and d28, respectively,

and FIB reached 0.982 g/dL by d24. For GD CSWB, FVIII, FXIII:Ag and FV activities

decreased to<50% of baseline by d3, d38, and d38, respectively, and FIB was 0.982

g/dL at baseline. Alpha-angle and MCF for both INTEM and EXTEM, and activities

for FII, FV, FIX, FXIII:Agwere significantly lower, and vWF:Agwas significantly higher

overall in GD CSWB compared with NGD. A significant di�erence in the pattern

of change over time was detected between NGD and GD in EXTEM alpha-angle,

INTEM and EXTEM MCF, FII, and FVIII activities.

Conclusions: The in vitro viscoelastic parameters of GD and NGD CSWB

declines over 42 days, but numerous hemostatic parameters (INTEM and EXTEM

alpha-angle and MCF, activity of FII, FV, FV, FVII, FIX, FX, FXIII:Ag, vWF:Ag, and FIB)

remain within 50% of baseline for more than 14 days. CSWB from GD compared

to NGD has reduced hemostatic activity overall, but a similar pattern of decline for

most parameters over time.
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Introduction

Fresh and cold-stored whole blood (CSWB) administration for
severe traumatic hemorrhage is associated with reduced morbidity,
transfusion requirements, and mortality in people (1–7). This
is likely due to the early amelioration of trauma-associated
coagulopathy, and mitigation of iatrogenic resuscitation-associated
coagulopathy. Trauma-associated coagulopathy, a well-recognized
cause of mortality in people, has a prevalence of approximately
30–45% in patients presenting with severe traumatic hemorrhage
(8). Trauma-associated coagulopathy has also been reported in
dogs with a similar prevalence, although study populations are
small and heterogenous with less well-defined inclusion criteria
(9–12). Whole blood delivers a physiologically balanced product
containing red blood cells (RBC), plasma, and platelets to address
the components lost and consumed in severe hemorrhage (1, 5, 8).
Presently, the storage of whole blood for later transfusion is a
regular practice in veterinary medicine, and there is a need for
improved understanding of this product’s ideal duration of storage
and potential applications (13, 14).

CSWB has numerous appealing attributes including the
delivery of a physiological balance of blood components with
simple preparation and storage, however, little is known about its
hemostatic capacity in dogs. Characterization of the hemostatic
potential of CSWB is vital to understanding its utility in veterinary
practice. Viscoelastic testing provides a global assessment of
the kinetics of clot formation and clot strength under low
shear conditions, and may better reflect in vivo clotting
characteristics than traditional plasma-based coagulation assays
(15). In people, in vitro viscoelastic parameters for clot strength
and formation kinetics for CSWB remain within 50% of
measurements at collection for 14–35 days (16–23). Similar
results have been reported in canine CSWB over 28 days when
measured by kaolin activated thromboelastography (TEG) (24).
Rotational thromboelastometry (ROTEM) is another commonly
used viscoelastic modality in humans and is emerging in veterinary
medicine. While mechanistically similar, reported parameters are
not identical between TEG and ROTEM. Presently, there is no
published data on dogs, and limited data from people on the
viscoelastic profile of CSWB evaluated by ROTEM or the activity
profiles of key coagulation factors during storage (17, 20–23, 25,
26).

The platelet component may contribute to the hemostatic
capacity of CSWB, however, clinical studies evaluating the in vivo

efficacy of cold-stored platelets are lacking. In one small study,
children with hemorrhagic shock who were administered CSWB
stored up to 14 days had post-transfusion platelet counts and TEG
parameters comparable to children who received traditional warm
platelets (27). Numerous studies evaluating the in vitro platelet
function have shown promising results, however the findings are
dependent on the combination of additives, storage conditions, and
method of analysis (28). Platelet closure time (PCT) evaluates the
formation of a platelet plug under high shear stress conditions, as
opposed to methodologies that evaluate platelet function under low
shear conditions such as impedance aggregometry. Edwards et al.
demonstrated a rapid decline in impedance platelet aggregation of
canine CSWB, while the global clot forming capacity, measured by
TEG, was maintained for much longer (24). However, the in vitro

capacity of canine CSWB to form a platelet plug under high shear
conditions remains unknown.

Greyhound dogs (GD) are commonly used in blood donor
programs, but exhibit numerous poorly described coagulation
differences compared with non-greyhound dogs (NGD), and up
to 30% of GD experience delayed postoperative hemorrhage (29–
32). Greyhounds have lower platelet counts, shorter PCT, and
more hypocoagulable TEG parameters compared to NGD (33–
35). Other reported differences between GD and NGD include
lower von Willebrand factor antigen (vWF:Ag) and coagulation
factor X (FX) activities, and lower fibrinogen concentration (FIB)
(35, 36). Given their contribution to canine blood banks and the
variability in coagulation components both within GD and between
GD and NGD, a better understanding of the hemostatic capacity
of GD CSWB is critical and has not yet been evaluated in the
veterinary literature.

The primary objective of this study was to characterize changes
in the in vitro viscoelastic properties, prothrombin time (PT)
and activated partial thromboplastin time (aPTT), coagulation
factor (F) activities (FII, FV, FVII, FVIII, FIX, FX, FXIII antigen
[FXIII:Ag], vWF:Ag, FIB, PCT (NGD only), and estimated manual
platelet count (PLT) (GD only) of canine whole blood stored at
4◦C for 42 days. We hypothesized that for NGD, the PCT would
be greater than 300 s by day seven for all bags. For both NGD and
GD, we hypothesized that the mean alpha-angle and maximum
clot firmness (MCF) would decrease over time but remain within
50% of baseline until day 14 of storage. For both NGD and
GD we hypothesized that the PT and aPTT would increase
by no more than 50% from baseline over 42 days. Finally, we
hypothesized that the 95% confidence interval for all coagulation
factor activities would remain above 50% until day 14, and that the
95% confidence interval for FIB would remain above the previously
reported reference interval 0.982 g/L until day 14 of storage (37).
Our secondary objective was to compare the alpha-angle, MCF,
coagulation factor activities and FIB changes betweenNGD andGD
CSWB over the storage period. For this objective, we hypothesized
that the alpha-angles would be lower and MCF weaker across
timepoints for GD CSWB compared to NGD CSWB, and that
coagulation factor activities from GD CSWB would be lower across
timepoints compared to NGD CSWB. A tertiary objective was to
document any bacterial colonization within the stored CSWB bags
at 42 days of storage, and percent hemolysis during storage.

Methods

Animals

Twenty healthy volunteer blood donor dogs (10 NGD and 10
GD) were enrolled from the blood bank of The Animal Hospital at
Murdoch University. They were deemed healthy based on history
and physical examination. To be suitable for blood donation and
enrollment in the study, all dogs were more than 25 kg bodyweight,
had a relaxed temperament, were receiving a regular prophylactic
flea treatment, were up to date with their core vaccines within the
last 12 months, and were not receiving a raw meat diet. There
was no randomization, and enrollment was discussed and offered
to the owners of all blood donor dogs in order of appearance for

Frontiers in Veterinary Science 02 frontiersin.org

https://doi.org/10.3389/fvets.2023.1135880
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Cooper et al. 10.3389/fvets.2023.1135880

donation. Owner consent was obtained prior to enrollment. The
study protocol was approved by the Murdoch University Animal
Ethics Committee (R3111/19).

Blood collection

Whole blood was collected routinely as per the hospital blood
bank protocol. If necessary, dogs received intravenous butorphanol
and/or oral trazodone to facilitate a calm collection. The hair over
the venipuncture site was clipped and skin aseptically prepared
with chlorhexidine and isopropyl alcohol. A standard volume of
whole blood (450mL) was collected into a closed citrate, phosphate,
glucose collection bag (Macopharma R© whole blood CPD 600mL
triple bag collection unit, Macopharma R©, Mouvaux, France;
2.63% sodium citrate, 0.33% citric acid). Jugular phlebotomy was
performed using a pre-fixed 16 g needle attached to the collection
bags by an experienced blood bank nurse or one of the authors. For
storage and future sampling, 150mL of anticoagulated whole blood
was separated into a 150mL plain transfer bag (Terumo R© teruflex
T-150 transfer bag, Terumo Corporation, Tokyo, Japan) within
15min of collection, using a closed, sterile tube welder system
(Terumo R© TSCD R©-II sterile tube welder, Terumo Corporation,
Tokyo, Japan). A needleless sampling port (SWAN-LOCK R© Take
set, Codan Corporation, Santa Ana, CA, USA) was inserted into
one of the spike ports of the transfer bag for all future sampling.
The remainder of the blood donation was processed routinely for
addition to the blood bank.

Blood storage and handling

Each 150mL transfer bag containing whole blood was stored
in a dedicated, monitored, blood bank refrigerator (Liebherr LKUv
1610 Laboratory Refrigerator XT-2000i, Sysmex Corporation,
Kobe, Japan) set to 4◦C. The blood bags were not moved for any
purpose other than sampling, and bags were stored upright along
the long edge of the bag.

Blood sampling

Sampling for testing occurred 15 times per bag at day (d) 0, 1,
3, 5, 7, 10, 14, 17, 21, 24, 28, 31, 35, 38, and 42. The storage time
was chosen to investigate beyond previous studies demonstrating
coagulation factor stability up to 35 days in human CSWB, and 28
days in dog CWSB (22–24). Forty two days was chosen specifically,
since RBC containing products may be stored for up to 42 days
depending on the additive solution used (38). The sampling time
each day varied except for d0 and d1 which were 24 h apart.
The blood bags were removed from the refrigerator and gently
inverted 10 times prior to sampling. Non-sterile examination gloves
were worn for all sampling. The needleless sampling port was
swabbed before and after sampling with alcohol (Alcohol Prep
Pad, Henry Schein R©, NY, USA). A 2mL volume of blood was
removed and then reinfused into the bag prior to sampling to
ensure thorough mixing of blood between the sampling port lumen

and the bag, after which a 10mL syringe was used to sample
10mL of blood for analysis that was then divided for testing.
Smaller aliquots (1 and 2mL) were held at room temperature
prior to performing viscoelastic testing (ROTEM R© delta, Tem
International GmbH, Munich, Germany) and platelet function
assay (PFA-100TM, Siemens Healthineers, Erlangen, Germany),
respectively. A 6mL aliquot of whole blood was centrifuged at
4,000 g for 10min at 4◦C (Thermo ScientificTM CryofugeTM 5500i
centrifuge, Thermo Fisher ScientificTM, MA, USA) and the plasma
was fractionated and stored at −80◦C (Thermo ScientificTM,
TSX60086 Ultra-Low Freezer, Thermo Fisher ScientificTM, MA,
USA) for later coagulation factor analysis.

Analysis of primary and secondary
hemostasis

The PFA-100TM with collagen and adenosine diphosphate
(ADP) cartridges was used to measure PCT up to the device upper
limit of 300 s, for NGD CSWB only. The PCT was run in duplicate
at each timepoint until the day on which both duplicates exceeded
300 s. The mean of the duplicates was used in the final analysis.
Concurrently, 1mL of whole blood was used for a complete blood
count at an external reference laboratory (Vetpath Laboratory
Services, Specialist Diagnostic Services©, WA, Australia) or using
an in-house analyzer (VETSCAN R© VSPro Coagulation Analyzer,
Abaxis Inc., CA, USA) to confirm a minimum platelet count for
accurate interpretation, since less than 100 × 109 platelets per
liter can prolong PCT (39). The commercial laboratory reported
either an automated count, manual platelet count, or a subjective
estimate of “adequate”. An estimated manual platelet count (PLT)
was performed for all GD CSWB at all timepoints by assessment of
a May-Grunwald Giemsa stained blood smear by a board-certified
clinical pathologist. A platelet count was calculated by multiplying
the mean number of platelets across 10 oil immersion fields (×100
objective) of the central monolayer by 15× 109/L (40).

Global coagulation was assessed by the ROTEM R© delta
system (ROTEM R© delta, Tem International GmbH, Munich,
Germany) assays INTEM and EXTEM. In relation to plasma
coagulation factors, INTEM provides an assessment of intrinsic
coagulation factor activity by recalcification of the citrated sample
with star-tem (calcium chloride) and activation of the intrinsic
coagulation pathway with in-tem reagent (containing rabbit partial
thromboplastin phospholipid, and ellagic acid). EXTEM evaluates
the extrinsic coagulation factors by star-tem recalcification and
activation of the extrinsic pathway with r ex-tem reagent
(containing recombinant tissue factor, phospholipid, and a heparin
inhibitor). The ROTEM parameters alpha-angle and MCF were
analyzed to evaluate both the rate of in vitro clot formation, and
maximum clot strength. The PFA-100TM and ROTEM assays were
commenced between 30 and 45min after aliquots were removed
from the CSWB transfer bag, as per manufacturer instructions and
previously published consensus guidelines (41, 42). Samples from
the first timepoint (d0) were run prior to refrigeration.

The ACL TOP R© CTS 300 (Werfen, Barcelona, Spain), a
multiparameter photo-optical turbidimetric analyzer, was used to
measure PT, aPTT and the coagulation factor activities for FII, FV,
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FVII, FVIII, FIX, FX, FXIII:Ag, vWF:Ag, and FIB. Frozen samples
(−80◦C)were thawed in a water bath at 38◦C and batch analyzed by
dog to reduce the impact of inter-assay variation. Immunodepleted
human plasma reagents were prepared according to manufacturer
guidelines (HemosIL R©, Instrumentation Laboratory, Werfen,
Barcelona, Spain). A modified PT was performed to measure
the activity of FII, FV, FVII, and FX, and a modified aPTT
was used to assess FVIII and FIX. For these modified PT and
aPTT assays, the resultant factor activity is proportional to the
correction time for the clotting time of each factor deficient plasma.
Fibrinogen concentration was measured by the Clauss method
using bovine thrombin. A frozen plasma pool collected from 40
healthy NGD was used as a reference sample to calibrate the
individual coagulation factors. This calibration pooled plasma was
assigned a factor activity of 100%. Calibration was performed
for each new lot number of immunodepleted plasma reagent.
Calibration with NGD pooled plasma was used for measurement
of both NGD and GD samples. The FIB was calibrated against
the manufacturer’s citrated human calibration plasma (HemosIL R©,
Instrumentation Laboratory, Werfen, Barcelona, Spain). Daily
quality control was performed using the manufacturer’s normal
control plasma (HemosIL R©, Instrumentation Laboratory, Werfen,
Barcelona, Spain) and coefficients of variation (CV) were reported.
All frozen plasma was thawed and analyzed within 12 months
of collection.

Hemolysis

To build on knowledge regarding the red cell storage lesion
of canine CSWB, serial percent hemolysis was calculated for
both NGD and GD CSWB at d21, d28, d35, and d42. Percent
hemolysis was calculated as previously described: % hemolysis =
[supernatant hemoglobin (g/L) × (100 – packed cell volume)] /
total hemoglobin (g/L) (43). Total hemoglobin concentration (g/L)
was measured from a citrated whole blood aliquot (Hemocue R© Hb
201+ System, Hemocue R©, Ängelholm, Sweden) at the same time
as ROTEM analysis, and supernatant hemoglobin was measured in
citrated plasma (Hemocue R© Plasma/Low Hb system, Hemocue R©,
Ängelholm, Sweden) after centrifugation (4,000 g for 10min at 4◦C;
Thermo ScientificTM CryofugeTM 5500i centrifuge, Thermo Fisher
ScientificTM, MA, USA). Concurrently, a packed cell volume was
determined on the citrated whole blood aliquots.

Bacterial culture

Given the risk of bacterial contamination of CSWB during
extended storage, and the potential for this to influence coagulation
test results, bacterial culture was performed on d42. Specifically,
4mL of blood was sampled and aseptically transferred into a
pediatric blood culture bottle (BacT/ALERT R© Culture Media,
Biomérieux, Marcy-l’Étoile, France) for aerobic and anaerobic
bacterial culture, after the final sample was removed for coagulation
testing. Culture was performed at an external reference laboratory
(Vetpath Laboratory Services, Specialist Diagnostic Services©,
WA, Australia).

Statistical analysis

Descriptive statistics for PCT are reported as the day number
at which all results exceeded the reference interval and analyzer
upper limit of detection. The mean PCT for all bags was also
compared to the institutional reference interval of NGD for freshly
collected citrated (3.2% sodium citrate) whole blood (52–101 s). To
evaluate the ROTEMparameters (alpha-angle andMCF), PT, aPTT,
coagulation factor activities and FIB over time and compare NGD
and GD, multivariate linear mixed effects models were created with
fixed effects of time point, dog type (NGD or GD) and interaction
between time point and dog type, with a random variance of
individual bag nested within dog type. A univariate linear mixed
effects model for GD was created to evaluate change over time
of PLT. Data are summarized as estimated marginal means with
95% confidence intervals. Assumptions of homoscedasticity and
normality of residuals were evaluated by visual assessment of plots
of residuals by fitted values and Q-Q plots of residuals, respectively.
Significance was set at P < 0.05. For coagulation factor activity,
the earliest time point at which the lower bound of the 95%
confidence interval is below 50% activity is reported for both NGD
and GD CSWB. Similarly, the earliest time point at which the
lower bound of the 95% confidence interval of FIB is below 0.982
g/L, a previously published reference interval, is reported for both
NGD and GD CSWB (37). For PT and aPTT, the earliest time
point at which the upper bound of the 95% confidence interval is
above a previously published reference interval is reported (37).
The reference intervals for FIB, PT, and aPTT in that study were
generated from citrated (3.2% sodium citrate) plasma from healthy
dogs frozen at −80◦C for <1 month (37). A power calculation was
not performed due to the novel nature of the study and population.
Open-source statistical software [R version 4.1.2 (44), with nlme

(45) and emmeans (46) packages] was used to perform the analysis.
For the hemolysis data, the first time point at which the percent
hemolysis was >1% is reported. To provide objective information
about the magnitude of hemolysis in the bags that exceeded 1%,
we have reported the median value (Min–Max) for maximum
percent hemolysis.

Results

Blood donor population

Donor dogs included 10 NGD of various breeds (4 mixed breed
dogs, 2 golden retrievers, and 1 each of a Doberman, Australian
shepherd, border collie, and Rhodesian ridgeback), and 10 GD. The
median age for NGD was 68 months (range: 36–117 months) and
78 months (range: 33–107 months) for GD. There were 3 females
and 7 males in both the NGD and GD groups, and all dogs were
neutered. All enrolled dogs except one GD had donated blood
more than once prior. Trazodone (Trazodone hydrochloride, Bova
Aus, NSW, Australia) was administered orally to 2 NGD (5 and
10 mg/kg, 90min prior to collection), and 1 GD (5 mg/kg 30min
prior to collection). Butorphanol (Ilium Butorgesic injection, Troy
Laboratories Pty Ltd, NSW, Australia) was administered IV to 2
NGD (0.2 mg/kg), and 1 GD (0.15 mg/kg).
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FIGURE 1

Serial estimated marginal means with 95% confidence intervals of

the estimated manual platelet count from greyhound whole blood

cold-stored for 42 days.

Platelet closure times: Non-greyhound
dogs

Platelet closure times were performed on 9 out of 10 bags of
NGD CSWB, at 22 timepoints, with concurrent automated platelet
counts at 11 of the 22 timepoints. The CV between duplicates was
calculable for 16 of 22 timepoints and was >15% for four of those
16 timepoints (NGD dog #2 d0, 22%; NGD dog #3 d0, 22%; NGD
dog #5 d1, 22.7%; NGD dog #7 d0, 20%). Platelet counts from
all 11 timepoints were greater than 90 × 109/L, or subjectively
graded as “adequate platelet number”. One NGD did not have a
PCT performed for any timepoint because they were enrolled prior
to the addition of this testing to the study design. The mean PCT
for all bags was greater than 300 s by d7 of storage, and greater than
the institutional reference interval (101 s) by 24 hours of storage.

Estimated manual platelet count:
Greyhound dogs

The estimated manual platelet count was performed for all
GD CSWB at all timepoints. There was no statistically significant
difference in the PLT across timepoints (P = 0.11; Figure 1).

Prothrombin time and activated partial
thromboplastin time

The PT and aPTT were measured for 98% of planned
measurements. For both NGD and GD CSWB, the mean PT
increased over time (P < 0.0001) with the upper limit of the
confidence interval above a previously published reference interval
(37) at d0 for NGD and d7 for GD (Figure 2A). When comparing
the PT of NGD and GD CSWB, the model found no significant
overall difference when time point was not considered (P =

0.2817), and no difference in the pattern of change over time (P

= 0.8987). For both NGD and GD CSWB, the mean aPTT also
increased over time (P < 0.0001) (Figure 2B). For NGD CSWB,
the lower limit of the confidence interval was below the previously
published reference interval until d3, and then the confidence
intervals remained within the reference interval for the remainder
of storage (37). The confidence intervals for aPTT from GD CSWB
were within the reference interval at d0, but the upper confidence
interval for GD CSWB crossed the upper reference interval limit
at d7 of storage (37). When comparing the aPTT of NGD and GD
CSWB, the model found no significant overall difference when time
point was not considered (P= 0.2327), and there was no difference
in the pattern of change over time (P = 0.9765).

Rotational thromboelastometry

ROTEM parameters were determined for 98% of planned
measurements. Some ROTEM data was missing for two NGD
(NGD #8 d10, d14, and d17, NGD #9 d42) and one GD (GD #9
d31, d35, d38). The mean alpha-angle for INTEM (Figure 3A) and
EXTEM (Figure 3B) assays for both NGD and GD declined over
time (P < 0.0001 for INTEM and EXTEM). The mean INTEM
and EXTEM alpha-angle reached 50% of baseline at d38 and d31,
respectively, for NGD CSWB, and at d31 and d17, respectively, for
GD CSWB. The mean MCF for INTEM (Figure 4A) and EXTEM
(Figure 4B) assays for both NGD and GD declined over time (P
< 0.0001 for INTEM and EXTEM). For NGD CSWB the mean
INTEM MCF did not reach 50% of baseline for 42 days of storage
but for GD CSWB 50% of baseline was reached at d42. For both
NGD and GD CSWB the mean EXTEM MCF reached 50% of
baseline at d28. There was a significant overall difference between
dog type for INTEM alpha-angle (P= 0.0025), EXTEM alpha-angle
(P = 0.0007), INTEM MCF (P = 0.0109) and EXTEM MCF (P =

0.0222). A significant difference between dog type in the pattern
of change over time was identified for EXTEM alpha-angle (P =

0.0195), INTEM MCF (P = 0.0167), EXTEM MCF (P = 0.0039),
but not INTEM alpha-angle (P = 0.5920).

Coagulation factor activity

Coagulation factor activities were measured for 97.3% of
planned measurements. Data for all coagulation factors is missing
at some time points from two NGD (NGD #8 d42, and NGD #9 d5,
d10, d17) and one GD (dog #9 d31, d35, d38). The CV for control
results were <15% for all factors except FVII (15.8%), vWF:Ag
(15.9%), and FXIII:Ag (48.3%). The high CV for FXIII:Ag was
due to a large increase in control value results after a change in
reagent lot that did not decrease from this point onwards despite
additional changes in reagent lot. This change occurred following
the complete analysis of the first four NGD and two GD.

There was a significant overall change over time regardless of
dog type in the activities of FII, FV, FVIII, FIX, FX, vWF:Ag (p
< 0.0001 for all, Figures 5A, B, D–F, H), FXIII:Ag (P = 0.0341,
Figure 5G), and FIB concentration (p < 0.0001, Figure 5I). There
was no significant change over time for FVII activity (P = 0.6863,
Figure 5C).
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FIGURE 2

Serial estimated marginal means and 95% confidence intervals for prothrombin time (PT; A) and activated partial thromboplastin time (aPTT; B) of

whole blood from non-greyhound (•) and greyhound (�) dogs cold-stored for 42 days. The dotted lines represent the published reference interval

for citrated plasma from dogs of a mix of breeds using the ACL-TOP® 300 CTS (37).

FIGURE 3

Serial estimated marginal means and 95% confidence intervals for the INTEM (A) and EXTEM (B) alpha-angle of whole blood (CSWB) from

non-greyhound (•) and greyhound (�) dogs cold-stored for 42 days. The open triangle (1) and open circle (o) denotes when the estimated marginal

mean falls below 50% of baseline for non-greyhound and greyhound CSWB, respectively. The dotted lines represent the institutional reference

interval for freshly collected non-greyhound dog citrated whole blood. The asterisk (*) indicates when the lower bound of the 95% confidence

interval for non-greyhound CSWB falls below the institutional reference interval for citrated whole blood. No greyhound ROTEM reference intervals

are available for comparison.

For NGD CSWB, the lower bound of the 95% confidence
interval fell below 50% activity for FVIII at d7 (Figure 5D) and
for vWF:Ag at d24 (Figure 5H). The FIB reached 0.982 g/L at d24
of storage, then increased slightly and did not fall below 0.982
g/L until d35 (Figure 5I). The lower bound of the 95% confidence
intervals for activities of FII, FV, FVII, FIX, FX, and FXIII:Ag in
NGD CSWB all remained>50% for 42 days of storage (Figures 5A,
B, D–G).

For GD CSWB, the lower bound of the 95% confidence interval
fell below 50% activity for FVIII by d3 (Figure 5D), FV by d38
(Figure 5B), and FXIII:Ag by d38 (Figure 5G). The FIB for GD
CSWB was below 0.982 g/L at d0 of storage and continued

to decline thereafter (Figure 5I). The lower bound of the 95%
confidence intervals for activities of FII, FVII, FIX, FX and vWF:Ag
in GDCSWB all remained>50% for 42 days of storage (Figures 5A,
B, D–F, H).

When coagulation factor activity was compared between NGD
and GD CSWB, an overall difference was statistically significant
for FII (P = 0.0025), FV (P = 0.0018), FXIII:Ag (P = 0.0001),
FIX (P = 0.0015), and vWF:Ag (P = 0.0391) activities (Figure 5).
Coagulation factor activities for GD compared to NGDCSWBwere
overall lower for FII, FV, FIX, and FXIII:Ag, and higher for vWF:Ag.
A difference in the pattern of change over time was only statistically
significant for FII (P = 0.0283) and FVIII (P = 0.015) activities
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FIGURE 4

Serial estimated marginal means and 95% confidence intervals for the INTEM (A) and EXTEM (B) maximum clot firmness (MCF) of whole blood

(CSWB) from non-greyhound (•) and greyhound (�) dogs cold-stored for 42 days. The open triangle (1) and open circle (o) denotes when the

estimated marginal mean falls below 50% of baseline for non-greyhound and greyhound CSWB, respectively. The dotted lines represent the

institutional reference interval for freshly collected non-greyhound dog citrated whole blood. The asterisk (*) indicates when the lower bound of the

95% confidence interval for non-greyhound CSWB falls below the institutional reference interval for citrated whole blood. No greyhound ROTEM

reference intervals are available for comparison.

FIGURE 5

Serial estimated marginal means and 95% confidence intervals for percentage coagulation factor activities [FII (A), FV (B), FVII (C), FVIII (D), FIX (E), FX

(F), FXIII:Ag (G), vWF:Ag (H)], and fibrinogen concentration (I) of plasma derived from whole blood from non-greyhound (•) and greyhound (�) dogs

cold-stored for 42 days (CSWB). Plasma was separated from CSWB and frozen at −80◦C before thawing and batch analysis of coagulation factor

activity. The open triangle (1) and open circle (o) denotes when the estimated marginal mean falls below 50% of baseline for non-greyhound and

greyhound CSWB, respectively. The dotted line represents 50% coagulation activity (A–H), and a fibrinogen concentration of 0.982 g/L (I).
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(Figures 5A, D), where GDCSWB exhibited a steeper decline in the
serial estimated marginal means over time relative to NGD CSWB.
The models comparing NGD and GD CSWB found no significant
overall difference for FVII (P = 0.6707), FVIII (P = 0.22), FX (P
= 0.3488), or FIB (P = 0.0934), and no difference in the pattern of
change over time for FV (P = 0.4728), FVII (P = 0.6894), FIX (P
= 0.0747), FX (P = 0.3022), FXIII:Ag (P = 0.5724), vWF:Ag (P =

0.7885) activities, or FIB (P = 0.4014).

Hemolysis

Hemolysis data were available for 9 out of 10 NGDCSWB bags.
The number of samples available at each time point were as follows,
d21 (n = 7), d28 (n = 7), d35 (n = 7), d42 (n = 6). Additionally,
two NGD had hemolysis measurements performed on d31 and d38
(rather than d28 and d35). Five NGD had < 1% hemolysis at all
time points up to and including d35 (NGD #2) and d42 (NGD #5,
6, 8, 9). The four remaining NGD exceeded 1% hemolysis for the
first time on day 28 (NGD #7, 10), and day 31 (NGD # 3, 4). For
the four NGD with > 1% hemolysis the median value of maximum
percent hemolysis was 1.85% (Min 1.74, Max 2.15).

Hemolysis data was available for 10 out of 10 GD CSWB bags.
The number of samples available at each time point was as follows
d21 (n = 9), d28 (n = 10), d35 (n = 10), d42 (n = 8). Five GD had
<1% hemolysis at all points up to and including d42 (NGD #5-9).
The five remaining GD exceeded 1% hemolysis for the first time on
day 21 (NGD #10), day 28 (NGD #3), and day 35 (NGD #1, 2, 4).
For the GD with > 1% hemolysis the median value of maximum
percent hemolysis was 1.49% (Min 1.34, Max 2.51).

Bacterial cultures

Aerobic and anaerobic cultures were performed for 19 out
of 20 CSWB bags at d42. For one NGD CSWB bag there was
inadequate remaining blood at d42 to submit for culture. Two had
positive aerobic cultures; one NGD bag had a light pure growth of
Microbacterium oxydans, and one GD bag had a light pure growth
of Staphylococcus capitis. Both isolates were pan-susceptible to all
antimicrobials tested.

Discussion

The results of our study demonstrated that, as hypothesized,
CSWB from NGD and GD retains numerous clot-forming
characteristics well beyond 14 days despite a rapid loss of platelet
function under high shear stress conditions. When measured by
ROTEM, CSWB from GD exhibited slower clot formation kinetics
and weaker clot strength compared with NGD, a difference that
was not detected by traditional plasma-based assays PT and aPTT.
There was no significant difference in the pattern of change over
time for the measured viscoelastic parameters from NGD and GD
CSWB. Numerous differences in coagulation factor activities were
also identified.

As hypothesized, the PCT for all bags of NGD CSWB reached
the upper limit of detection within 7 days of storage, and was

greater than the institutional reference interval within 24 h of
storage. A rapid loss in platelet function measured in vitro is
a well-described limitation of both cold and room-temperature
platelet storage techniques in people (47) and dogs (48). The PFA-
100TM evaluates platelet function under high shear stress, and best
represents the in vivo high flow, high pressure conditions of the
arterial circulation. Achieving a normal PCT requires an adequate
number of platelets with adequate expression and function of
surface receptors, and degranulation of the procoagulant contents
of the alpha and dense granules. Surface receptors of particular
importance are those active during primary hemostasis such as
expression of the vWF, collagen and selectin binding proteins
glycoprotein GPVI, GP1b-IX-V complex, integrin αIIbβ3, integrin
α2β1 and the ADP receptors P2Y1 and P2Y12 (39, 49). Our data
does not allow for a precise understanding of the rapid loss
in platelet function in NGD CSWB, but mechanisms involving
vWF, collagen and ADP binding are hypothesized to contribute
(39, 42). Our results contrast one study evaluating PCT of human
CSWB where the PCT was still able to be measured for all bags
between 10 and 14 days of storage (26). However, the results of the
referenced study are difficult to interpret, because before 10 days
of storage, numerous bags did not generate a PCT, and numerous
flow obstruction errors were reported. Consistent with our data, a
study of six human CSWB units over 28 days demonstrated rapid
and progressive PCT prolongation, with the PCT exceeding the
healthy adult reference interval within 24 h of storage (50). While
the PFA-100TM has seldom been used for evaluation of stored blood
products, the results of our study suggest that there is a loss in the
ability of platelets from NGD CSWB to form strong aggregations
to resist high flow, and the in vitro loss of this function occurs
much earlier than the decline in viscoelastic clot strength. The in
vivo significance of this early prolongation of PCT is unknown but
may indicate that the ability of platelets from CSWB to contribute
to strong clots in high shear conditions is lost within the first
few days of storage. Edwards et al. investigated platelet function
under low shear stress by impedance aggregometry using ADP and
collagen agonists in NGD CSWB (24). They similarly identified
a faster decline in isolated platelet function relative to decline in
TEG parameters, and similar findings have also been reported in
human CSWB (16, 50, 51). One reason for this disproportionate
early decline in isolated platelet function using these assays is the
absence of the strong platelet agonist thrombin, which is generated
in large amounts in exogenously activated ROTEM and TEG. Due
to financial limitations of our study, PCT was not performed on
the GD CSWB in lieu of additional coagulation factor assays for
both groups of dogs. Given the rapid prolongation of PCT in NGD
CSWB and low PLT recorded for GD CSWB we would expect
similar PCT results in the GD, particularly given data from people
demonstrating the inverse relationship between the sample platelet
count and PCT, especially below 100 × 109 platelets/L (52, 53).
Given this recognized limitation, the PFA-100TM is likely to be an
inaccurate tool for assessment of isolated platelet function in GD
CSWB. While no data exists for PCT in GD CSWB, one study
reported a shorter mean PCT in healthy GD relative to NGD,
however only 20% of the NGDdata points were outside of the range
of GD in that study, and there was a difference in the upper limit of
the standard deviation of only 26 s (33). Whether this would be the
same for PCT in GD CSWB over time is unknown.
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Consistent with our hypothesis, the PLT for GD CSWB
remained stable throughout storage. The CSWB PLT range for
GD in our study was lower than published automated and
manual platelet reference intervals for healthy greyhounds (35, 54)
suggesting that some platelet lysis or clumping may have occurred
during the initial collection period but did not continue during
storage. Additionally, citrate dilution likely also made a small
contribution to the lower platelet counts. Similar stability in the
platelet count of NGD CSWB was reported by Edwards et al. (24).
In people, the serial platelet counts of CSWB are more variable, but
all appear to show an early rapid decline in the first few days of
storage before a plateau for the remainder of storage (16, 19, 21, 22,
25, 50). Our data also aligns with others, in that the platelet count of
canine and human CSWB alone does not provide a good indication
of in vitro platelet contribution to clot formation.

As hypothesized, both the PT and aPTT from NGD and GD
CSWB showed a similar pattern of change over time, with no
significant overall difference inmeans during storage. Furthermore,
PT and aPTT did not increase to 50% above baseline in either NGD
or GD for the duration of storage. The overall change in both PT
and aPTT was minimal and of similar magnitude to that reported
for another NGD CSWB cohort (24). Interestingly, FII, FV, and
FIX activities were all lower in GD than NGD overall, which would
contribute to varying degrees of prolongation in aPTT. Our data
suggests that themagnitude of difference in these coagulation factor
activities between dog type was not enough to result in a statistically
significant difference in aPTT. However, it should be noted that
the contribution of factors XI and XII are unknown because they
were not measured in our study and would also affect the aPTT.
The PT and aPTT assays did not illustrate a similar magnitude in
change to our ROTEM data, likely due to the absence of a cellular
contribution to clot formation, and if used as a sole measurement
of coagulation of CSWB, may underestimate changes in hemostatic
capacity during storage. While the confidence intervals for PT
(NGD and GD) and aPTT (NGD only) fell outside a previously
published reference interval (Figure 2), the clinical significance of
this is unclear due to potential differences in population signalment,
differences in the anticoagulation of samples and the intrinsic
limitation of PT and aPTT to assess global hemostatic capacity (37).

Supporting our hypothesis, the ROTEM alpha-angle,
representing clot formation rate, did not fall below 50% of its
baseline measurement in either NGD or GD before d14 of storage
(Figure 3). Determinants of the alpha-angle include coagulation
factor activity and the resultant rate of thrombin generation,
platelet number and function, fibrinogen concentration, and fibrin
polymerization rate (55, 56). Our data demonstrate that there is
no change over time in platelet number, or the activity of FVII.
As such, the change over time in alpha-angle observed on INTEM
and EXTEM for NGD and GD is likely due to decreases in platelet
function, activities of FII, FV, FVIII, FIX, and X, or fibrinogen
concentration. A similar reduction over time in the kaolin activated
TEG alpha-angle from NGD CSWB was reported by Edwards et al.
(24), and is also observed in viscoelastic studies of human CSWB
(16, 17, 19–21, 51).

The alpha-angle for GD CSWB was significantly lower overall
across timepoints for both INTEM and EXTEM compared with
NGD CSWB. This is consistent with reported TEG alpha values

reported from citrated blood samples from healthy GD and NGD
(34). Our statistical models suggest that this was likely driven by
overall lower activities of FII, FV, and FIX in GD compared to
NGD. A difference in the pattern of change over time between dog
type was also identified for the EXTEM alpha-angle (Figure 3B).
This is likely due, at least in part to the difference in the pattern
of change over time in FII and FVIII activities between NGD
and GD CSWB. Additionally, unmeasured differences in platelet
number or function may have contributed to the EXTEM alpha-
angle differences.

The MCF of both NGD and GD CSWB steadily declined
over the duration of storage (Figure 4). As hypothesized MCF
did not fall to 50% of its baseline measurement before d14 of
storage. Fibrinogen concentration, FXIII activity, platelet number,
and to a lesser extent platelet function are considered the main
procoagulant determinant factors of the MCF in both people
and dogs (55, 57–59). The culmination of our data and that
of Edwards et al. suggests that the decline in MCF of CSWB
during storage is likely due to a decline in platelet function as
demonstrated in NGD (24), as well as decreases in FIB, and the
activity of FXIII:Ag demonstrated both in NGD and GD in our
study. In people, one study using ROTEM also demonstrated a
decline in EXTEM MCF from CPD anticoagulated CSWB over
time, reaching a statistically significant difference from baseline
by d14, however unlike canine CSWB in our study, the median
EXTEM MCF only dropped by 12% after 25 days of storage
(17). Despite the declines in platelet function and coagulation
factor activity during storage, NGD and GD CSWB are still
able to maintain in vitro clot strength within 50% of pre-storage
MCF measurements for at least 42 days (INTEM) and 28 days
(EXTEM). The differences in EXTEM MCF changes between
people and canine CSWB may be due to inherent interspecies
differences or differences in collection, preparation, and
storage techniques.

Greyhound dog CSWB had a lower MCF overall across
timepoints in both INTEM and EXTEM compared to NGD
GSWB. This is consistent with TEG maximum amplitude values
reported from citrated blood samples from healthy GD compared
with NGD (34). Our data suggests that significant differences in
FXIII:Ag (Figure 5G) likely contributed to the lower overall MCF
across timepoints. While our model did not find a statistically
significant overall difference in FIB, visually there does appear to be
considerable dichotomization between NGD and GD CSWB FIB
(Figure 5I) and the lack of statistical significance may represent
a type II statistical error due to the small sample size. This is
plausible since it has been recognized that the reference interval for
fibrinogen concentration is lower in healthy GD relative to NGD
(35). It should also be noted, that although the lower bound of
the 95% confidence interval for FIB from GD CSWB began below
the lower bound of a previously published reference interval (37),
the proportion of GD and NGD in that study was not reported,
and the reference interval is likely not appropriate for GD. A GD-
only reference interval for citrate anticoagulated FIB using the ACL
TOP has not been published. Although our study did not compare
platelet number and platelet function between NGD and GD
CSWB, differences in these parameters likely also contributed to
the difference in MCF, particularly since the GD CSWB PLT in our
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study was substantially lower than that from previously reported
NGD CSWB (24). Comparison of isolated platelet function of
CSWB between dog types has not been reported.

For GD CSWB, the pattern of change in MCF over time
compared with NGD CSWB was also significantly different. Our
data are unable to explain this as our model did not identify a
difference in the pattern of change over time between dog type
in either FXIII:Ag or FIB. Other possibilities include differences
in the pattern of change over time in platelet number, platelet
function, or other unmeasured contributors to the strength of the
fibrin meshwork.

As hypothesized, most coagulation factors from both NGD and
GD remained above 50% activity for the duration of storage. Only
FVIII activity fell below 50% before d14 of storage. While canine
and human FVIII activity in cold-stored plasma typically declines
earlier than other coagulation factors (60–63), it declined much
earlier in our study compared to an investigation of never-frozen
liquid platelet-poor canine plasma, where 50% activity was not
reached until d35 of storage (64) and was not reached at all by the
end of the storage period (14 days) in another study (65). However,
our data is consistent with declines in FVIII activity in human
CSWB (21, 22, 25). The difference in FVIII activity preservation
between cold-stored platelet rich blood products and platelet-poor
plasma has also been reported in healthy human citrated blood
samples, where FVIII activity is significantly lower after 6 h of
storage on ice as whole blood and platelet-rich plasma, compared
with platelet-poor plasma (66). The same is true for samples
refrigerated at 4◦C for 3 h as whole blood prior to centrifugation
and FVIII activity measurements in another study (67). Results
from these studies suggest that this time-dependent, cold-induced,
reduction in FVIII activity is dependent on the presence of platelets.
Concurrent measurements of vWF:Ag and electrophoretic analysis
of vWF multimers in von Willebrand’s disease patients suggest that
this process is also dependent on the presence of high molecular
weight vWF (66). Previous authors have hypothesized that cold-
induced clustering of GP1bα (68) results in increased binding
efficiency of vWF to GP1bα, secondarily reducing the activity
of FVIII due to its existence as a complex with vWF (66, 67).
While it is unknown if this mechanism occurs in dogs, this would
be one explanation for the early decline in FVIII activities in
our population compared with previous platelet-poor refrigerated
plasma products. Due to this rapid decline in FVIII, CSWB appears
unsuitable for a patient with a FVIII deficiency (hemophilia A)
beyond 5 days of storage for NGD CSWB and 24 h for GD CSWB.
However, given the stability of all other factors, it appears suitable
for most other indications for hemostatic transfusion in dogs.
Interestingly, and again consistent with previous human studies
(66, 67), vWF:Ag in our study reached 50% activity 11 days earlier
than that from a study of platelet-poor canine plasma (64).

Our study identified that the activities for FII, FV, FIX,
FXIII:Ag were all lower in GD CSWB compared with NGD
across timepoints. A previous study evaluated GD coagulation
factor activities from frozen plasma, that had been sampled,
fractionated, and frozen, from room temperature stored, CPD
anticoagulated blood, every 8 h for 24 h (36). Contrary to our
findings, FX activity was significantly lower in GD plasma
compared to NGD in that study, and there were no significant

differences in the median activities of FII, FV, or FIX between
dog types, when all three timepoints were combined. In our
study, FIB appeared visually lower in GD CSWB at d0 and all
timepoints compared to NGD, although was not found to be
statistically significant. Lower FIB has been reported in healthy GD
compared with NGD in two previous studies (37, 42), however
no difference was found in another study (39). This variation
in results between studies may represent genetic differences in
the sample populations, or differences in assay sensitivities and
methodologies. Since GD have significantly higher red cell indices
than NGD (35), the relative amount of citrate compared to
coagulation factors with a standard volume blood donation is
also higher, and this dilutional effect also likely contributes to
lower coagulation factor activities. Further investigation into the
effect of various citrate dilutions in GD CSWB is warranted.
Interestingly the activity of vWF:Ag activity in GD CSWB was
higher across all timepoints than in NGD, and never fell below
50% activity. This finding is contrary to a previous report where
vWF:Ag was significantly lower in GD plasma compared to
NGD plasma (36). While the reasons for differences in vWF:Ag
activity between dog type is unclear, one hypothesis is that higher
numbers of circulating large vWF multimers may be an adaptive
evolutionary response to a lower platelet count. The reverse has
been demonstrated in people with essential thrombocythemia
(69). Inherent difference in the genetic pool of our donor dogs
compared to other studies is also possible. The higher vWF:Ag
in GD CSWB is particularly interesting given the significantly
more rapid decline in FVIII activity in GD CSWB compared
with NGD (Figure 5D). Given their relationship as a complex
in plasma, this disproportionate decline may indicate a more
rapid dissolution of the FVIII/vWF:Ag complex in GD CSWB
increasing the opportunity for proteolytic degradation and decline
in FVIII activity.

The origins of the bacteria cultured from two bags of CSWB
were likely contaminants during the frequent sampling that
occurred. S. capitis is a well-recognized human skin commensal
bacterium, however the origins of M. oxydans are less clear,
and its status as skin commensal of people or animals, or an
environmental bacterium remains contested (70, 71). Due to the
single sampling timepoint (d42) for culture, it is unknown at
what point during storage bag contamination occurred or if the
bag became contaminated at all as opposed to contamination of
the sample removed for culture. However, it is unlikely that the
contamination affected the precision of our coagulation assays.
Additionally, it is unknown if this contamination would occur in
CSWB that was not subject to frequent sampling.

Transfusion guidelines recommend that hemolysis of RBC
units be checked prior to administration to a patient, and
only administered if < 1% hemolysis (72). Although most
human and veterinary literature regarding percent hemolysis
focuses on packed RBC, it is likely that excessive hemolysis
in CSWB may also contribute to transfusion reactions or
degradation in hemostatic proteins. Limited studies have assessed
hemolysis in human CSWB; one study demonstrated high
concentrations of plasma free hemoglobin, (50) while another
documented <0.8% hemolysis with CPDA-1 anticoagulant (19).
Our study demonstrated marked bag to bag variation. Fifty
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percent of the CSWB in this study had <1% hemolysis for
the duration of storage, but for the bags that exceeded 1%
hemolysis, there was marked variation in both the time point
at which hemolysis was >1%, and the magnitude of maximum
percent hemolysis. As such, hemolysis should be checked
prior to administration of CSWB to inform clinician decision
making regarding safe administration. Further investigation into
the red cell storage lesion in CSWB is warranted, including
whether the use of different anticoagulants, or the addition of
further RBC preservatives, as occurs for packed RBC storage,
may prevent hemolysis exceeding 1% in CSWB. Although
additional RBC preservatives, such as saline, adenine, glucose,
and mannitol (SAGM), may enhance erythrocyte viability, their
effects on the hemostatic capacity of CSWB would require
further investigation.

Our study has some limitations. Firstly, this was an in vitro

study, such that the in vivo coagulation effects in a canine recipient
of CSWB is unknown. Clinical in vivo studies to evaluate the
hemostatic effects of canine CSWB are required to understand
the utility of this product in a natural population. The study was
performed on a small cohort of dogs, and some data were missing,
introducing the possibility of type II statistical error. Furthermore,
the signalment diversity in our study population may not be
representative of all blood donor populations globally, potentially
limiting external validity. The PCT was not performed for GD
CSWB due to financial limitations, however the rapid prolongation
of PCT for NGD CSWB and low PLT (<100 × 109/L) recorded
for GD CSWB suggest that PCT would likely have limited utility
for evaluation of GD CSWB. While no data exists for PCT on
GD CSWB, based on the results of one study, we hypothesize that
platelet function under high shear stress fromGDCSWB is unlikely
to have been better than that from NGD (33). It is also possible the
PCT results in our study may not accurately represent the platelet
composition of the entire bag of CSWB that would be infused
into the recipient. Studies investigating the PCT of recipients of
CSWB before and after transfusion would help better understand
its in vivo effect. In our study, the blood bag was sampled very
frequently, and it is possible that the handling and sampling of
the blood may have influenced hemostatic performance. Frequent
handling, creation of turbulence in the bag, and potential exposure
to air during sampling, may have influenced platelet activation and
stability of coagulation factors. We did not analyze any bags that
were untouched for 42 days to see if the magnitude of change
was different. Nonetheless, regular mixing of RBC products is
recommended during storage, with frequency varying from every
other day to weekly, and thus bag handling in our study likely
mimicked clinical blood banking conditions, with the exception
of sampling (38). Finally, the ACL TOP R© has only undergone
analytical validation for PT, aPTT, fibrinogen (Clauss method) and
D-dimers in dogs (37). Coagulation factor activity data for canine
FV, FVII, FVIII, FIX, FX, vWF:Ag has been previously reported for
this device, but has not undergone analytical validation (64, 73).
Additionally, the activity of canine FII and FXIII:Ag measured
using the ACL TOP R© have not previously been reported in dogs.
Given the CV of control results for FII were less than 15%, we
are confident about its precision, however the accuracy of these
measurements is unknown. Due to the dramatic change in the CV
of control results for FXIII:Ag associated with a change in reagent

batch, the precision of this factor is less reliable, and requires
further investigation.

Conclusion

Our study showed that the in vitro rate of clot formation
and clot strength of CSWB from NGD and GD as measured by
ROTEM decreases over time. This occurs despite a stable PLT
(GD only) throughout storage, and a rapid loss of platelet function
under high shear conditions within 7 days of storage (NGD only).
Nonetheless, all ROTEM parameters and most coagulation factor
activities remained within 50% of baseline for more than 14 days,
supporting the potential use of CSWB as a hemostatic transfusion
product during the first 14 days of storage. However, CSWB from
GD compared to NGD appears to have less hemostatic activity
but with a similar pattern of decline over time, driven by a lower
PLT, and lower activities in FII, FV, FVIII, FIX, FXIII:Ag, and FIB.
The in vivo significance of these findings remains unknown, but
clinicians should consider both the donor’s breed and the recipient’s
transfusion requirements, when selecting CSWB as a hemostatic
transfusion product.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The animal study was reviewed and approved by Murdoch
University Animal Ethics Committee. Written informed consent
was obtained from the owners for the participation of their animals
in this study.

Author contributions

JC contributed to study design, sample collection, laboratory
analysis, and wrote the manuscript. CS contributed to study
design, sample collection, laboratory analysis, and revision of the
manuscript. CB and GR contributed to study design, laboratory
analysis, and revision of the manuscript. MC contributed to study
design and revision of the manuscript. All authors contributed to
the article and approved the submitted version.

Funding

This work was supported by the Australian Companion Animal
Health Fund, Grant numbers 026/2019 and 021/2021.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Frontiers in Veterinary Science 11 frontiersin.org

https://doi.org/10.3389/fvets.2023.1135880
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Cooper et al. 10.3389/fvets.2023.1135880

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

1. Spinella PC, Perkins JG, Grathwohl KW, Beekley AC, Holcomb JB.
Warm fresh whole blood is independently associated with improved survival
for patients with combat-related traumatic injuries. J Trauma. (2009)
66:S69–76. doi: 10.1097/TA.0b013e31819d85fb

2. Nessen SC, Eastridge BJ, Cronk D, Craig RM, Berseus O, Ellison R, et al.
Fresh whole blood use by forward surgical teams in Afghanistan is associated with
improved survival compared to component therapy without platelets. Transfusion.
(2013) 53(Suppl 1):107S−13S. doi: 10.1111/trf.12044

3. Zhu CS, Pokorny DM, Eastridge BJ, Nicholson SE, Epley E, Forcum J,
et al. Give the trauma patient what they bleed, when and where they need it:
establishing a comprehensive regional system of resuscitation based on patient
need utilizing cold-stored, low-titer O+ whole blood. Transfusion. (2019) 59:1429–
38. doi: 10.1111/trf.15264

4. Williams J, Merutka N, Meyer D, Bai Y, Prater S, Cabrera R, et al. Safety profile
and impact of low-titer group O whole blood for emergency use in trauma. J Trauma
Acute Care. (2019) 88:87–93. doi: 10.1097/TA.0000000000002498

5. Hazelton JP, Cannon JW, Zatorski C, Roman JS, Moore SA, Young AJ, et al. Cold-
stored whole blood: a better method of trauma resuscitation? J Trauma Acute Care
Surg. (2019) 87:1035–41. doi: 10.1097/TA.0000000000002471

6. Gurney J, Staudt A, Cap A, Shackelford S, Mann-Salinas E, Le T, et al.
Improved survival in critically injured combat casualties treated with fresh whole
blood by forward surgical teams in Afghanistan. Transfusion. (2020) 60 Suppl 3:S180–
S8. doi: 10.1111/trf.15767

7. Shea SM, Staudt AM, Thomas KA, Schuerer D, Mielke JE, Folkerts D, et al.
The use of low-titer group O whole blood is independently associated with improved
survival compared to component therapy in adults with severe traumatic hemorrhage.
Transfusion. (2020) 60(Suppl 3):S2–9. doi: 10.1111/trf.15696

8. Savioli G, Ceresa IF, Caneva L, Gerosa S, Ricevuti G. Trauma-induced
coagulopathy: overview of an emerging medical problem from pathophysiology to
outcomes.Medicines. (2021) 8:16. doi: 10.3390/medicines8040016

9. Holowaychuk MK, Hanel RM, Darren Wood R, Rogers L, O’Keefe K, Monteith
G. Prospective multicenter evaluation of coagulation abnormalities in dogs following
severe acute trauma. J Vet Emerg Crit Care. (2014) 24:93–104. doi: 10.1111/vec.12141

10. Lux CN, Culp WTN, Mellema MS, Rosselli DD, Schmiedt CW, Singh A, et al.
Perioperative mortality rate and risk factors for death in dogs undergoing surgery
for treatment of thoracic trauma: 157 cases (1990-2014). J Am Vet Med Assoc. (2018)
252:1097–107. doi: 10.2460/javma.252.9.1097

11. Herrero Y, Jud Schefer R, Muri BM, Sigrist NE. Prevalence of acute
traumatic coagulopathy in acutely traumatized dogs and association with clinical and
laboratory parameters at presentation. Vet Comp Orthop Traumatol. (2021) 34:214–
22. doi: 10.1055/s-0040-1721707

12. Herrero Y, Schefer RJ, Muri BM, Sigrist NE. Serial evaluation of haemostasis
following acute trauma using rotational thromboelastometry in dogs.Vet CompOrthop
Traumatol. (2021) 34:206–13. doi: 10.1055/s-0040-1719167

13. Jagodich TA, Holowaychuk MK. Transfusion practice in dogs and cats: an
Internet-based survey. J Vet Emerg Crit Care. (2016) 26:360–72. doi: 10.1111/vec.12451

14. Poh D, Claus M, Smart L, Sharp CR. Transfusion practice in Australia: an
internet-based survey. Aust Vet J. (2021) 99:108–13. doi: 10.1111/avj.13049

15. Cohen T, Haas T, Cushing MM. The strengths and weaknesses of viscoelastic
testing compared to traditional coagulation testing. Transfusion. (2020) 60(Suppl
6):S21–8. doi: 10.1111/trf.16073

16. Jobes D, Wolfe Y, O’Neill D, Calder J, Jones L, Sesok-Pizzini D, et al. Toward
a definition of “fresh” whole blood: an in vitro characterization of coagulation
properties in refrigerated whole blood for transfusion. Transfusion. (2011) 51:43–
51. doi: 10.1111/j.1537-2995.2010.02772.x

17. Strandenes G, Austlid I, Apelseth TO,Hervig TA, Sommerfelt-Pettersen J, Herzig
MC, et al. Coagulation function of stored whole blood is preserved for 14 days in
austere conditions: A ROTEM feasibility study during a Norwegian antipiracy mission
and comparison to equal ratio reconstituted blood. J Trauma Acute Care Surg. (2015)
78(6 Suppl 1):S31–8. doi: 10.1097/TA.0000000000000628

18. Remy KE, Yazer MH, Saini A, Mehanovic-Varmaz A, Rogers SR, Cap AP, et al.
Effects of platelet-sparing leukocyte reduction and agitation methods on in vitro

measures of hemostatic function in cold-stored whole blood. J Trauma Acute Care
Surg. (2018) 84(6S Suppl 1):S104–14. doi: 10.1097/TA.0000000000001870

19. Meledeo MA, Peltier GC, McIntosh CS, Bynum JA, Cap AP. Optimizing whole
blood storage: hemostatic function of 35-day stored product in CPD, CP2D, and
CPDA-1 anticoagulants. Transfusion. (2019) 59:1549–59. doi: 10.1111/trf.15164

20. Thomas KA, Shea SM, Yazer MH, Spinella PC. Effect of leukoreduction and
pathogen reduction on the hemostatic function of whole blood. Transfusion. (2019)
59:1539–48. doi: 10.1111/trf.15175

21. Bjerkvig C, Sivertsen J, Braathen H, Lunde THF, Strandenes G, Assmus J,
et al. Cold-stored whole blood in a Norwegian emergency helicopter service: an
observational study on storage conditions and product quality. Transfusion. (2020)
60:1544–51. doi: 10.1111/trf.15802

22. Sivertsen J, Braathen H, Lunde THF, Kristoffersen EK, Hervig T, Strandenes G,
et al. Cold-stored leukoreduced CPDA-1 whole blood: in vitro quality and hemostatic
properties. Transfusion. (2020) 60:1042–9. doi: 10.1111/trf.15748

23. Sivertsen J, Hervig T, Strandenes G, Kristoffersen EK, Braathen H, Apelseth TO.
In vitro quality and hemostatic function of cold-stored CPDA-1 whole blood after
repeated transient exposure to 28 degrees C storage temperature. Transfusion. (2022)
62(Suppl 1):S105–13. doi: 10.1111/trf.16970

24. Edwards TH, Darlington DN, Pusateri AE, Keesee JD, Ruiz DD, Little JS, et al.
Hemostatic capacity of canine chilled whole blood over time. J Vet Emerg Crit Care.
(2021) 31:239–46. doi: 10.1111/vec.13055

25. Pidcoke HF, McFaul SJ, Ramasubramanian AK, Parida BK, Mora AG, Fedyk
CG, et al. Primary hemostatic capacity of whole blood: a comprehensive analysis of
pathogen reduction and refrigeration effects over time. Transfusion. (2013) 53(Suppl
1):137S−49S. doi: 10.1111/trf.12048

26. Haddaway K, Bloch EM, Tobian AAR, Frank SM, Sikorski R, Cho BC,
et al. Hemostatic properties of cold-stored whole blood leukoreduced using a
platelet-sparing versus a non-platelet-sparing filter. Transfusion. (2019) 59:1809–
17. doi: 10.1111/trf.15159

27. Leeper CM, Yazer MH, Cladis FP, Saladino R, Triulzi DJ, Gaines BA. Cold-stored
whole blood platelet function is preserved in injured children with hemorrhagic shock.
J Trauma Acute Care Surg. (2019) 87:49–53. doi: 10.1097/TA.0000000000002340

28. Kristoffersen EK, Apelseth TO. Platelet functionality in cold-stored whole blood.
ISBT Sci Ser. (2019) 14:308–14. doi: 10.1111/voxs.12501

29. Saavedra PV, Stingle N, Iazbik C, Marin L, McLoughlin MA, Xie Y, et al.
Thromboelastographic changes after gonadectomy in retired racing greyhounds. Vet
Rec. (2011) 169:99. doi: 10.1136/vr.d2671

30. Marin LM, Iazbik MC, Zaldivar-Lopez S, Guillaumin J, McLoughlin MA, Couto
CG. Epsilon aminocaproic acid for the prevention of delayed postoperative bleeding
in retired racing greyhounds undergoing gonadectomy. Vet Surg. (2012) 41:594–
603. doi: 10.1111/j.1532-950X.2012.00965.x

31. Marin LM, Iazbik MC, Zaldivar-Lopez S, Lord LK, Stingle N, Vilar P,
et al. Retrospective evaluation of the effectiveness of epsilon aminocaproic acid
for the prevention of postamputation bleeding in retired racing Greyhounds with
appendicular bone tumors: 46 cases (2003-2008). J Vet Emerg Crit Care. (2012)
22:332–40. doi: 10.1111/j.1476-4431.2012.00735.x

32. Lara-Garcia A, Couto CG, Iazbik MC, Brooks MB. Postoperative
bleeding in retired racing greyhounds. J Vet Intern Med. (2008) 22:525–
33. doi: 10.1111/j.1939-1676.2008.0088.x

33. Couto CG, Lara A, Iazbik MC, Brooks MB. Evaluation of platelet aggregation
using a point-of-care instrument in retired racing greyhounds. J Vet InternMed. (2006)
20:365–70. doi: 10.1111/j.1939-1676.2006.tb02869.x

34. Vilar P, Couto CG, Westendorf N, Iazbik C, Charske J, Marin L.
Thromboelastographic tracings in retired racing greyhounds and in non-greyhound
dogs. J Vet Internal Med. (2008) 22:374–79. doi: 10.1111/j.1939-1676.2008.0061.x

35. Zaldivar-Lopez S, Marin LM, Iazbik MC, Westendorf-Stingle N, Hensley S,
Couto CG. Clinical pathology of greyhounds and other sighthounds. Vet Clin Pathol.
(2011) 40:414–25. doi: 10.1111/j.1939-165X.2011.00360.x

36. Walton J, Hale AS, Brooks MB, Boag W, Barnett W, Dean R. Coagulation factor
and hemostatic protein content of canine plasma after storage of whole blood at
ambient temperature. J Vet Internal Med. (2014) 28:571–5. doi: 10.1111/jvim.12277

Frontiers in Veterinary Science 12 frontiersin.org

https://doi.org/10.3389/fvets.2023.1135880
https://doi.org/10.1097/TA.0b013e31819d85fb
https://doi.org/10.1111/trf.12044
https://doi.org/10.1111/trf.15264
https://doi.org/10.1097/TA.0000000000002498
https://doi.org/10.1097/TA.0000000000002471
https://doi.org/10.1111/trf.15767
https://doi.org/10.1111/trf.15696
https://doi.org/10.3390/medicines8040016
https://doi.org/10.1111/vec.12141
https://doi.org/10.2460/javma.252.9.1097
https://doi.org/10.1055/s-0040-1721707
https://doi.org/10.1055/s-0040-1719167
https://doi.org/10.1111/vec.12451
https://doi.org/10.1111/avj.13049
https://doi.org/10.1111/trf.16073
https://doi.org/10.1111/j.1537-2995.2010.02772.x
https://doi.org/10.1097/TA.0000000000000628
https://doi.org/10.1097/TA.0000000000001870
https://doi.org/10.1111/trf.15164
https://doi.org/10.1111/trf.15175
https://doi.org/10.1111/trf.15802
https://doi.org/10.1111/trf.15748
https://doi.org/10.1111/trf.16970
https://doi.org/10.1111/vec.13055
https://doi.org/10.1111/trf.12048
https://doi.org/10.1111/trf.15159
https://doi.org/10.1097/TA.0000000000002340
https://doi.org/10.1111/voxs.12501
https://doi.org/10.1136/vr.d2671
https://doi.org/10.1111/j.1532-950X.2012.00965.x
https://doi.org/10.1111/j.1476-4431.2012.00735.x
https://doi.org/10.1111/j.1939-1676.2008.0088.x
https://doi.org/10.1111/j.1939-1676.2006.tb02869.x
https://doi.org/10.1111/j.1939-1676.2008.0061.x
https://doi.org/10.1111/j.1939-165X.2011.00360.x
https://doi.org/10.1111/jvim.12277
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Cooper et al. 10.3389/fvets.2023.1135880

37. Sharkey LC, Little KJ, Williams KD, Todd JM, Richardson R, Gwynn
AD, et al. Performance characteristics of the turbidimetric ACL-TOP CTS 300
coagulation analyzer in dogs and cats. J Vet Emerg Crit Care. (2018) 28:317–
25. doi: 10.1111/vec.12727

38. Caroline K. Red blood cell products. In: Yagi K, Holowaychuk MK, editors.
Manual of Veterinary Transfusion Medicine and Blood Banking. Ames, IW: JohnWiley
& Sons Inc. (2016) 27–42. doi: 10.1002/9781118933053.ch3

39. Hayward CPM, Harrison P, Cattaneo M, Ortel TL, Rao AK, Platelet Physiology
Subcommittee of the Scientific and Standardization Committee of the International
Society on Thrombosis and Haemostasis. Platelet function analyzer (PFA)-100 closure
time in the evaluation of platelet disorders and platelet function. J Thromb Haemost.
(2006) 4:312–9. doi: 10.1111/j.1538-7836.2006.01771.x

40. Wasserkrug-Naor A. Platelet kinetics and laboratory evaluation of
thrombocytopenia. In: Brooks MB, Harr KE, Seelig DM, Wardrop KJ, Weiss DJ,
editors. Schalm’s Veterinary Hematology.Hoboken, NJ: JohnWiley & Sons, Inc. (2022).
p. 675–85.

41. Goggs R, Brainard B, de Laforcade AM, Flatland B, Hanel R, McMichael M, et al.
Partnership on Rotational ViscoElastic Test Standardization (PROVETS): evidence-
based guidelines on rotational viscoelastic assays in veterinary medicine. J Vet Emerg
Crit Care. (2014) 24:1–22. doi: 10.1111/vec.12144

42. Favaloro EJ. Clinical utility of closure times using the platelet function analyzer-
100/200. Am J Hematol. (2017) 92:398–404. doi: 10.1002/ajh.24620

43. Ferreira RRF, Graca RMC, Cardoso IM, Gopegui RR, de Matos AJF. In vitro
hemolysis of stored units of canine packed red blood cells. J Vet Emerg Crit Care. (2018)
28:512–7. doi: 10.1111/vec.12770

44. R Core Team. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna (2021). Available online at: https://www.
R-project.org/

45. Pinheiro J. BD, DebRoy S, Sarkar D, R Core Team. _nlme: Linear and Nonlinear
Mixed Effects Models_ R package version 31-153. (2021).

46. Lenth RV. emmeans: Estimated Marginal Means, aka Least-Squares Means. R
package version 170. (2021).

47. Milford EM, Reade MC. Comprehensive review of platelet storage methods for
use in the treatment of active hemorrhage. Transfusion. (2016) 56(Suppl 2):S140–
8. doi: 10.1111/trf.13504

48. Klein A, Adamik A, Mischke R. [Changes in platelet concentrates from dogs
due to storage. I Platelet count in in vitro function]. Berl Munch Tierarztl Wochenschr.
(1999) 112:243–53.

49. Goggs R, Poole AW. Platelet signaling-a primer. J Vet Emerg Crit Care. (2012)
22:5–29. doi: 10.1111/j.1476-4431.2011.00704.x

50. McRae HL, Kara F, Milito C, Cahill C, Blumberg N, Refaai MA. Whole blood
haemostatic function throughout a 28-day cold storage period: an in vitro study. Vox
Sang. (2021) 116:190–6. doi: 10.1111/vox.13005

51. Assen S, Cardenas J, George M,Wang YW,Wade CE, Meyer D, et al. Hemostatic
potential of cold-stored non-leukoreduced whole blood over time: an assessment of
platelet function and thrombin generation for optimal shelf life. J Trauma Acute Care
Surg. (2020) 89:429–34. doi: 10.1097/TA.0000000000002799

52. Kundu SK, Heilmann EJ, Sio R, Garcia C, Davidson RM, Ostgaard RA.
Description of an in vitro platelet function analyzer–PFA-100. Semin Thromb Hemost.
(1995) 21(Suppl 2):106–12. doi: 10.1055/s-0032-1313612

53. Kuiper G, Houben R, Wetzels RJH, Verhezen PWM, Oerle RV, Ten Cate
H, et al. The use of regression analysis in determining reference intervals for
low hematocrit and thrombocyte count in multiple electrode aggregometry and
platelet function analyzer 100 testing of platelet function. Platelets. (2017) 28:668–
75. doi: 10.1080/09537104.2016.1257782

54. Santoro SK, Garrett LD, Wilkerson M. Platelet concentrations
and platelet-associated IgG in greyhounds. J Vet Intern Med. (2007)
21:107–12. doi: 10.1111/j.1939-1676.2007.tb02935.x

55. Görlinger K, Dirkmann D, Hanke AA. Rotational thromboelastometry
(ROTEM R©). In: Gonzalez E, Moore HB, Moore EE, editors. Trauma Induced
Coagulopathy. Cham: Springer International Publishing (2016). p. 267–98.

56. Ferreira CN, Marinez de. Oliveira S, Luci Maria Sant’Ana D, Maria das Graças
C. O novo modelo da cascata de coagulação baseado nas superfícies celulares e suas
implicações A cell-basedmodel of coagulation and its implications. Revista brasileira de
hematologia e hemoterapia. (2010) 32:416–21. doi: 10.1590/S1516-84842010000500016

57. Smith SA, McMichael MA, Gilor S, Galligan AJ, Hoh CM. Correlation of
hematocrit, platelet concentration, and plasma coagulation factors with results of
thromboelastometry in canine whole blood samples. Am J Vet Res. (2012) 73:789–
98. doi: 10.2460/ajvr.73.6.789

58. Enk NM, Kutter APN, Kuemmerle-Fraune C, Sigrist NE. Correlation of
plasma coagulation tests and fibrinogen Clauss with rotational thromboelastometry
parameters and prediction of bleeding in dogs. J Vet Intern Med. (2019) 33:132–
40. doi: 10.1111/jvim.15365

59. Carll T, Wool GD. Basic principles of viscoelastic testing. Transfusion. (2020)
60(Suppl 6):S1–9. doi: 10.1111/trf.16071

60. Benjamin RJ, McLaughlin LS. Plasma components: properties, differences, and
uses. Transfusion. (2012) 52(Suppl 1):9S−19S. doi: 10.1111/j.1537-2995.2012.03622.x

61. Urban R, Guillermo Couto C, Iazbik MC. Evaluation of hemostatic activity of
canine frozen plasma for transfusion by thromboelastography. J Vet InternMed. (2013)
27:964–9. doi: 10.1111/jvim.12097

62. Wardrop KJ, Brooks MB. Stability of hemostatic proteins in canine fresh frozen
plasma units.Vet Clin Pathol. (2001) 30:91–5. doi: 10.1111/j.1939-165X.2001.tb00264.x

63. Edwards TH,MeledeoMA, Peltier GC, Ruiz DD, Henderson AF, Travieso S, et al.
Effects of refrigerated storage on hemostatic stability of four canine plasma products.
Am J Vet Res. (2020) 81:964–72. doi: 10.2460/ajvr.81.12.964

64. Chee W, Sharp CR, Boyd CJ, Claus MA, Smart L. Stability of ex vivo coagulation
factor activity in never-frozen and thawed refrigerated canine plasma stored for 42
days. J Vet Emerg Crit Care. (2022) 32:189–95. doi: 10.1111/vec.13152

65. Grochowsky AR, Rozanski EA, de Laforcade AM, Sharp CR, Meola DM,
Schavone JJ, et al. An ex vivo evaluation of efficacy of refrigerated canine plasma. J
Vet Emerg Crit Care. (2014) 24:388–97. doi: 10.1111/vec.12202

66. Bohm M, Taschner S, Kretzschmar E, Gerlach R, Favaloro EJ, Scharrer
I. Cold storage of citrated whole blood induces drastic time-dependent
losses in factor VIII and von Willebrand factor: potential for misdiagnosis
of haemophilia and von Willebrand disease. Blood Coagul Fibrinolysis. (2006)
17:39–45. doi: 10.1097/01.mbc.0000198990.16598.85

67. Favaloro EJ, Soltani S, McDonald J. Potential laboratory misdiagnosis of
hemophilia and von Willebrand disorder owing to cold activation of blood samples
for testing. Am J Clin Pathol. (2004) 122:686–92. doi: 10.1309/E4947DG48TVY19C2

68. Hoffmeister KM, Felbinger TW, Falet H, Denis CV, Bergmeier W, Mayadas
TN, et al. The clearance mechanism of chilled blood platelets. Cell. (2003) 112:87–
97. doi: 10.1016/S0092-8674(02)01253-9

69. van Genderen PJ, Budde U, Michiels JJ, van Strik R, van Vliet HH.
The reduction of large von Willebrand factor multimers in plasma in essential
thrombocythaemia is related to the platelet count. Br J Haematol. (1996) 93:962–
5. doi: 10.1046/j.1365-2141.1996.d01-1729.x

70. Kumar R, Jangir PK, Das J, Taneja B, Sharma R. Genome analysis
of Staphylococcus capitis TE8 reveals repertoire of antimicrobial peptides
and adaptation strategies for growth on human skin. Sci Rep. (2017)
7:10447. doi: 10.1038/s41598-017-11020-7

71. Gneiding K, Frodl R, Funke G. Identities of Microbacterium spp.
encountered in human clinical specimens. J Clin Microbiol. (2008)
46:3646–52. doi: 10.1128/JCM.01202-08

72. Davidow EB, Blois SL, Goy-Thollot I, Harris L, Humm K, Musulin S,
et al. Association of veterinary hematology and transfusion medicine (AVHTM)
transfusion reaction small animal consensus statement (TRACS) Part 2: prevention
and monitoring. J Vet Emerg Crit Care. (2021) 31:167–88. doi: 10.1111/vec.
13045

73. Boyd CJ, Claus MA, Raisis AL, Hosgood G, Sharp CR, Smart L.
Hypocoagulability and platelet dysfunction are exacerbated by synthetic colloids in a
canine hemorrhagic shock model. Front Vet Sci. (2018) 5:279. doi: 10.3389/fvets.2018.
00279

Frontiers in Veterinary Science 13 frontiersin.org

https://doi.org/10.3389/fvets.2023.1135880
https://doi.org/10.1111/vec.12727
https://doi.org/10.1002/9781118933053.ch3
https://doi.org/10.1111/j.1538-7836.2006.01771.x
https://doi.org/10.1111/vec.12144
https://doi.org/10.1002/ajh.24620
https://doi.org/10.1111/vec.12770
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1111/trf.13504
https://doi.org/10.1111/j.1476-4431.2011.00704.x
https://doi.org/10.1111/vox.13005
https://doi.org/10.1097/TA.0000000000002799
https://doi.org/10.1055/s-0032-1313612
https://doi.org/10.1080/09537104.2016.1257782
https://doi.org/10.1111/j.1939-1676.2007.tb02935.x
https://doi.org/10.1590/S1516-84842010000500016
https://doi.org/10.2460/ajvr.73.6.789
https://doi.org/10.1111/jvim.15365
https://doi.org/10.1111/trf.16071
https://doi.org/10.1111/j.1537-2995.2012.03622.x
https://doi.org/10.1111/jvim.12097
https://doi.org/10.1111/j.1939-165X.2001.tb00264.x
https://doi.org/10.2460/ajvr.81.12.964
https://doi.org/10.1111/vec.13152
https://doi.org/10.1111/vec.12202
https://doi.org/10.1097/01.mbc.0000198990.16598.85
https://doi.org/10.1309/E4947DG48TVY19C2
https://doi.org/10.1016/S0092-8674(02)01253-9
https://doi.org/10.1046/j.1365-2141.1996.d01-1729.x
https://doi.org/10.1038/s41598-017-11020-7
https://doi.org/10.1128/JCM.01202-08
https://doi.org/10.1111/vec.13045
https://doi.org/10.3389/fvets.2018.00279
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

	The hemostatic profile of cold-stored whole blood from non-greyhound and greyhound dogs over 42 days
	Introduction
	Methods
	Animals
	Blood collection
	Blood storage and handling
	Blood sampling
	Analysis of primary and secondary hemostasis
	Hemolysis
	Bacterial culture
	Statistical analysis

	Results
	Blood donor population
	Platelet closure times: Non-greyhound dogs
	Estimated manual platelet count: Greyhound dogs
	Prothrombin time and activated partial thromboplastin time
	Rotational thromboelastometry
	Coagulation factor activity
	Hemolysis
	Bacterial cultures

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


