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Abstract

Objective: To describe patient characteristics, underlying disease processes, clini-
cal outcomes, transfusion dose and type (therapeutic or prophylactic), platelet count
changes, and adverse events associated with platelet concentrate (PC) administration
in dogs.

Design: Retrospective study.

Setting: University teaching hospital.

Animals: A total of 149 dogs, representing 189 PC transfusion episodes.
Interventions: None.

Measurements and Main Results: In this population, 39 of 149 dogs (26.2%) were
diagnosed with primary immune-mediated thrombocytopenia, 22 of 149 (14.8%) had
decreased bone marrow production, 12 of 149 (8.0%) received PC during a massive
transfusion, 3 of 149 (2.0%) had congenital thrombocytopathia, 59 of 149 (39.6%) had
severe thrombocytopenia of other causes, and 14 of 149 (9.4%) underwent transfu-
sion for miscellaneous causes without a documented severe thrombocytopenia.n 117
of 149 dogs (78.5%), >1 site of hemorrhage was noted. The most common sites of
hemorrhage were the gastrointestinal (Gl) tract in 89 of 149 (59.7%) and the skin in
78 of 149 (52.3%). Overall survival to discharge was 59.1% (88/149). The median PC
dose was 0.8 units per 10 kg of body weight per transfusion episode (range: 0.2-6.7).
Of 189 episodes, 29 of 189 (15.7%) were prophylactic, and 158 of 189 (83.6%) were
therapeutic. For 99 of 189 transfusion episodes, paired pre- and postplatelet counts
were available within 24 hours. The median platelet count change was 5.0 x 10%/L
(5000/uL; range: -115 x 10%/L to 158 x 10%/L [-115,000 to 158,000/uL]); the post-
transfusion platelet count was significantly higher than pretransfusion (P < 0.0001).

The increase in platelet count after transfusion was greater in the prophylactic group

Abbreviations: BSA, body surface area; DEA, dog erythrocyte antigen; FWB, fresh whole blood; G, gastrointestinal; IMTP, immune-mediated thrombocytopenia; PC, platelet concentrate; pRBCs,

packed RBCs.
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1 | INTRODUCTION

Platelet transfusions can be administered in an effort to prevent
hemorrhage or treat active bleeding in patients with thrombocy-
topenia or thrombocytopathia. In veterinary medicine, most platelet
transfusions are therapeutic, being administered to patients with
uncontrolled hemorrhage, particularly in cases of CNS, pulmonary,
or cardiac hemorrhage.! In contrast, people more commonly receive
platelet transfusions as a prophylactic measure to prevent hemorrhage
in those at increased risk of spontaneous bleeding due to their disease
process or invasive procedures.?* In human medicine, published
guidelines for prophylactic and therapeutic platelet transfusion are
available, with criteria for administration and target platelet counts
associated with a concomitant decrease in hemorrhage risk.>* There
is a paucity of studies describing platelet transfusions in dogs with
thrombocytopenia or thrombocytopathia; therefore, platelet trans-
fusion thresholds, efficacy, and adverse events have not been well
described.

Platelet-containing products available for dogs include fresh whole
blood (FWB), fresh platelet products such as platelet-rich plasma and
platelet concentrate (PC), cryopreserved platelets, and lyophilized
platelets. Large volumes of FWB are required to increase the platelet
count significantly, and patients who do not require red blood cells
and plasma may be at risk for polycythemia, circulatory overload, and
additional transfusion reactions.” PC offers the benefit of containing
a higher concentration of platelets as compared to FWB; however,
this product is not widely accessible and has a short shelf life. Cryop-
reserved and lyophilized platelet products offer longer storage times
and immediate availability, but the duration of survival and function
of transfused platelets may not equal those observed with PC, which
remains the product of choice for use in people.! Despite the recog-
nized utility of PC, large-scale studies evaluating its clinical use in dogs
are lacking.>®

The objective of this study was to describe the clinical charac-
teristics, underlying disease processes, and clinical outcomes of dogs
receiving PC transfusions. A secondary objective was to describe the
transfusion dose, classification of prophylactic or therapeutic admin-

than the therapeutic group (P = 0.0167). Transfusion reactions were suspected during
2 of 168 episodes (1.2%).

Conclusions: Immune-mediated thrombocytopenia was the most common disease
process that resulted in PC transfusion. PC was more frequently administered to
animals with active hemorrhage rather than prophylactically, and most dogs had evi-
dence of hemorrhage in multiple organ systems, particularly the Gl tract and skin. PC
transfusions typically appeared safe, and the median platelet count increased after

active bleeding, canine, platelet, transfusion

istration, platelet count changes posttransfusion, and adverse events

associated with PC administration.

2 | METHODS
2.1 | Data collection

All canine PC transfusions performed at the William R. Pritchard
Veterinary Medical Teaching Hospital at the University of California,
Davis, between January 2008 and December 2019 were retrospec-
tively evaluated. The electronic medical records of patients that were
billed and received >1 PC transfusions were reviewed, and the fol-
lowing patient information was retrieved: breed, sex, age, weight, and
clinical diagnosis assigned by the attending clinician.

Pretransfusion platelet count was documented in the 24 hours
preceding transfusion, and posttransfusion platelet count was doc-
umented in the 24 hours after PC transfusion. The platelet count
closest in time to the transfusion was recorded if >1 platelet count
was performed in the 24 hours before or after a transfusion. The
platelet change was defined as the difference between the pre- and
posttransfusion platelet counts; the value was positive if the patient’s
platelet count increased posttransfusion and negative if the platelet
count decreased posttransfusion. All platelet counts were measured
with a hematology analyzer? or estimated via blood smear evaluation
by the primary clinician or the reference laboratory.” For automated
platelet counts, a blood smear was reviewed to assess for platelet
clumping and the presence of macroplatelets. If clumps were present,
the value recorded represents the lowest potential platelet count.
Thrombocytopenia was defined as a platelet count <150 x 10%/L
(150,000/;4L),8 and severe thrombocytopenia was defined as a platelet
count of <50 x 10?/L (50,000/uL).”

Additional data retrieved from the medical record included sites of
hemorrhage, based on patient examination, noted on diagnostic tests,
or observed on necropsy. Patients with documented hemorrhage at
any point during their visit were included in the following categories:

CNS, pulmonary, gastrointestinal (Gl), ocular, epistaxis, cutaneous,
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urinary tract, intracavitary (abdominal, pleural, or pericardial), or
other. Patients were included in multiple categories if >1 site of
hemorrhage was documented. Further information recorded included
the pretransfusion HCT or PCV (the closest value to the time of
transfusion), dog erythrocyte antigen (DEA) 1 blood type, transfusion
rate, adverse events during transfusion (as described in the following
section), number and types of other blood products administered,
discharge status for the visit (alive, euthanized, or died in hospital), and

concurrent administration of vincristine.”

2.2 | Disease mechanisms resulting in platelet
transfusion

For each dog, the disease process that necessitated a PC transfusion
was assigned to 1 of the following categories: primary immune-
mediated thrombocytopenia (IMTP), decreased bone marrow pro-
duction, congenital thrombocytopathia, massive transfusion, severe
thrombocytopenia of other cause, and miscellaneous causes without a
documented severe thrombocytopenia. Each patient was only assigned
to 1 category.

Primary IMTP was diagnosed in patients with a platelet count
<40x 107/L (40,000/uL) at the time of presentation and no concurrent
illnesses known to be associated with thrombocytopenia, including
malignant neoplasia, bone marrow disease, severe systemic infections,
or other immune-mediated diseases.’?"12 Exclusion of these illnesses
was determined based on physical examination, CBC, serum chemistry
analysis, serology for infectious disease as indicated, and thoracic and
abdominal imaging. Patients vaccinated or treated with medications*
associated with secondary IMTP in the preceding 42 days were
excluded from this category. Patients were only included in the IMTP
category for this study if they had completed the diagnostics as men-
tioned previously. Patients that did not meet the full diagnostic workup
were included in the category of severe thrombocytopenia of other
causes.

Patients were considered to have decreased bone marrow pro-
duction if their platelet count was below the laboratory reference
range of 150 x 10?/L (150,000/uL) and if an underlying cause of bone
marrow suppression was documented. These causes included previ-
ous exposure to cytotoxic drugs, including chemotherapeutics'*~17 or
estrogens.'® Dogs were also classified in this category if infiltrative
bone marrow disease, including neoplasia, myelodysplastic syndromes,
megakaryocytic aplasia, or hypoplasia, was diagnosed on cytological or
histological bone marrow examination.

The diagnosis of congenital thrombocytopathia included patients
identified with intrinsic platelet defects, such as Glanzmann
thrombasthenial? or Scott syndrome,2° based on genetic testing,
ELISA, or flow cytometry.

Massive transfusion was defined as transfusion of a volume of whole
blood or blood components greater than the patient’s estimated blood
volume within a 24-hour period, or replacement of half of the patient’s
estimated blood volume within a 3-hour period.2! Total blood volume

for dogs was estimated to be 90 mL/kg. Animals receiving blood prod-

ucts as part of therapeutic plasma exchange were not included in this
category.

Severe thrombocytopenia of other causes included patients with
an initial platelet count <50 x 107/L (50,000/uL) that did not ful-
fill criteria for other categories. This cutoff was chosen due to the
increased concern for hemorrhage during invasive procedures in these
patients.322

Patients that did not fulfill the criteria for the categories listed pre-
viously or that received platelets without a documented platelet count
were included in a category known as miscellaneous causes without a

documented severe thrombocytopenia.

2.3 | Platelet concentration preparation

Preparation of PC was performed according to University of Cal-
ifornia, Davis Blood Bank standard protocols. Blood was collected
from healthy canine donors that met the UC Davis Canine Commu-
nity Blood Donor Program enrollment criteria. A physical examination,
CBC, serum chemistry analysis, and relevant infectious disease test-
ing were performed yearly for each donor. After standard aseptic
preparation of the skin, a jugular venipuncture was performed, and
approximately 450 mL of whole blood was collected into a polyvinyl
chloride bag containing a citrate phosphate dextrose solution.” Whole
blood was centrifuged® (1000 x g, 24°C) for 6 minutes and 45 seconds
(1 min, 45-s acceleration, 5-min run time). This platelet-rich plasma was
isolated in a satellite bag? and centrifuged (2000 x g, 24°C) for 12 min-
utes (2-min acceleration, 10-min run time). Most of the supernatant
was expressed into a transfer bag, leaving approximately 60 mL of
plasmain the satellite bag along with the platelet pellet. After both cen-
trifugation protocols, the PC was kept at room temperature for 1 hour
and then gently agitated® to resuspend the platelets in the remaining
plasma before subsequently being stored at 22°Cf with constant gen-
tle agitation. Units were generally stored for a maximum of 5 days prior
to disposal if they were unused. When available, characteristics of PC
units, including platelet count, storage time, platelet culture, and DEA
1 blood type of the donor, were retrieved from the electronic medical

record system.

2.4 | PC transfusion

For this study, a transfusion episode was defined as all PC units trans-
fused to a patient within a 24-hour interval beginning with the first
PC unit transfused. If additional PC units were transfused beyond the
first 24-hour interval, a new transfusion episode would begin at the
start of the next PC transfusion. All transfusion episodes that occurred
during the study period were included. The PC units were adminis-
tered using an Hemo-Nate filter® while under constant agitation with
a commercial rocker, and this was followed with a 0.9% saline flush. PC
units were transfused at a rate of 3 mL/kg/h for 10 minutes, which was
increased to 10 mL/kg/h until completion in the absence of any trans-

fusion reaction, unless the primary clinician specified a different rate
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for administration. Patients were monitored for the presence of trans-
fusion reactions such as an increase in rectal temperature of >1°C,
tachycardia, tachypnea or respiratory distress, nausea, hypersalivation,
acute vomiting or diarrhea, urticaria, facial swelling, pruritus, or other
concerns noted during the transfusion episode.?

In this study, a therapeutic transfusion was defined as a PC transfu-
sion episode administered to a patient to reduce current hemorrhage.
Prophylactic transfusion referred to the administration of PC to
patients without symptomatic blood loss at the time of PC transfusion;
these patients were considered by the primary clinician (and stated in
the medical record) to be at increased risk of spontaneous bleeding due
to their disease process, thus necessitating a PC transfusion before an
impending invasive procedure or discharge home. If a patient received
both a therapeutic and a prophylactic transfusion in the same trans-
fusion episode (ie, in the same 24-h period), that transfusion episode
was considered therapeutic for the study purposes. If retrospective
evaluation of the medical record could not determine whether a trans-
fusion episode should be characterized as therapeutic or prophylactic,

the type of transfusion was listed as unknown.

2.5 | Statistics

Population demographics are presented using nonparametric descrip-
tive statistics. Conditions for normality were tested using the
D’Agostino and Pearson test and the Shapiro-Wilk test. The data
did not meet conditions for normality, so nonparametric testing
was performed. A chi-squared test was used to compare categorical
variables. Pre- versus posttransfusion platelet counts were com-
pared between groups, and the degree of platelet count changes was
compared between the therapeutic and prophylactic groups using a
nonparametric, paired Wilcoxon rank-sum test." Significance was set
at P<0.05.

3 | RESULTS

3.1 | Patient characteristics and underlying disease
mechanisms

Over the 11-year study period, 189 platelet transfusion episodes were
performed in 149 dogs. Of these 149 dogs, there were 77 neutered
females (51.7%), 50 neutered males (33.6%), 9 entire females (6.0%),
and 13 entire males (8.7%). The median age at presentation for all
dogs was 8.1 years (range: 0.5-15.0). The median weight on presen-
tation was 20.8 kg (range: 1.7-85.5). The most commonly represented
breeds included the German Shepherd Dog (10/149 [6.7%]), Labrador
Retriever (10/149 [6.7%]), Golden Retriever (7/149 [4.7%)]), and mixed
breed dogs (28/149 [18.8%)).

Of the 149 dogs in this population, 39 (26.2%) were diagnosed with
primary IMTP, 22 (14.8%) were diagnosed with decreased bone mar-
row production, 3 (2.0%) had congenital thrombocytopathia, 12 (8.0%)

received PC as part of a massive transfusion, 59 (39.6%) were diag-

nosed with severe thrombocytopenia of other causes, and 14 (9.4%)
underwent PC transfusion for miscellaneous causes without a doc-
umented severe thrombocytopenia. Within the category of severe
thrombocytopenia of other causes, the most commonly reported
diseases were secondary IMTP (28/59 [47.4%]) and sepsis (12/59
[20.3%]). The miscellaneous category included patients with neoplastic
disease (6/14 [42.8%]), most of which received a PC transfusion periop-
eratively (5/6 [83.3%]), and patients with known ingestion of aspirin or
anticoagulants (4/14 [28.5%]). All patients in the massive transfusion
category underwent surgical intervention for neoplastic disease (6/12
[50.0%]), cardiac surgery (3/12[25.0%)]), or liver surgery (3/12[25.0%]).

In 117 of 149 dogs (78.5%), >1 anatomic site of hemorrhage was
noted. The most common sites were the Gl tract in 89 (59.7%) and the
skin in 78 (52.3%). Of the 39 dogs with primary IMTP, the most com-
monly reported sites of hemorrhage were the skin in 32 (82.0%) and
the Gl tract in 31 (79.4%). The skin and Gl tract were also the most
common sites for hemorrhage in patients with decreased bone marrow
production (12/22 [54.5%] for each site) and severe thrombocytope-
nia of other causes (31/59 [52.5%] and 34/59 [57.6%)], respectively).
Cavitary bleeding was the most common site of hemorrhage in dogs
that received a massive transfusion (10/12 [83.3%]) and those with
miscellaneous causes without a documented thrombocytopenia (9/14
[64.3%]). Only 9 of 149 patients (6.0%) experienced no known hem-
orrhage before platelet transfusion. Table 1 summarizes the sites of
hemorrhage for each underlying disease mechanism.

The overall survival to discharge was 59.1% (88/149). The sur-
vival for patients with primary IMTP was 66.7% (26/39). Dogs with
severe thrombocytopenia of other causes had the lowest survival, at
52.5% (31/59) (Table 1). Among nonsurvivors, 72.1% (44/61) were
euthanized, and the remaining 27.9% (17/61) died.

3.2 | PC transfusion episodes

In this study, 271 PC units were transfused, of which 130 were DEA
1 positive and 141 were DEA 1 negative. For 250 units, a platelet
count was measured. The median platelet concentration in the trans-
fused units was 870 x 107/L (870,000/uL; range: 442 x 107/L to
2042 x 10%/L [442,000-2,042,000/uLl]), which represents a median of
approximately 52 x 107 platelets transfused per unit. The median stor-
age time of the PC units was 3 days (range: 0-7). In this study, 5 units
(4 DEA 1 negative and 1 DEA 1 positive) were transfused after being
stored for >5 days. Information regarding platelet culture was avail-
able for 209 of 271 PC units. The culture was positive in 7 of 209 PC
units (3%), with all of these units suspected of being contaminated
during plating of the PC unit, as noted in the medical record by the lab-
oratory and based on the organism identified and its growth pattern.
Organisms isolated were Bacillus sp. (3/7), Aspergillus sp. (1/7), Micro-
coccus sp. (1/7), Streptococcus viridans (1/7), and coagulase-negative
Staphylococcus sp. (1/7).

Patients received a median of 1.0 PC unit per transfusion episode
(range: 0.5-6.0). The median PC dose was 0.8 units per 10 kg of
body weight per transfusion episode (range: 0.2-6.7). Twenty dogs
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TABLE 1 Sites of hemorrhage and survival rate for dogs undergoing platelet concentrate transfusions based on the underlying disease

mechanism.
Severe throm-
Decreased Congenital bocytopenia
All patients Massive bone marrow thrombocy- of other
transfused Primary IMTP  transfusion production topathia causes Miscellaneous
(N=149) (N=39) (N=12) (N=22) (N=3) (N=59) causesN = 14
Site of CNS 27 14 0 1 0 10 2
hemorrhage 84 31 4 12 0 34 3
Pulmonary 19 ) 2 3 0 6 2
Ocular 25 17 0 1 0 6 1
Cutaneous 78 32 0 12 1 31 2
Epistaxis 29 9 2 7 0 8 3
Urinary 19 4 2 1 0 12 0
Cavitary? 29 1 10 4 0 5 9
Other® 27 5 3 4 1 13 2
None 9 1 0 1 1 5 1
Survival (%) 59.1 66.7 58.3 54.5 100 525 571

Note: N is the number of dogs.

Abbreviations: Gl, gastrointestinal; IMTP, immune-mediated thrombocytopenia.

2Cavitary bleeding includes abdominal, thoracic, and pericardial hemorrhage.

bOther includes pancreatic, heart, prostate, oral cavity, lymph node, and adrenal gland hemorrhage.

underwent >1 transfusion episode. One dog received 10 PC units over
39 days. The PC dose for each underlying disease mechanism is listed
in Table 2.

Of the 189 PC transfusion episodes, 29 (15.7%) were considered
prophylactic, whereas 158 (83.6%) were therapeutic transfusions. For
2 of these transfusion episodes, the reason for transfusion was not
clearly expressed in the medical record. Therapeutic transfusions rep-
resented 94.0% (47/50) of the transfusion episodes for primary IMTP.
In contrast, prophylactic transfusions were more commonly admin-
istered to patients with thrombocytopenia of other causes, such as
suspected secondary IMTP (8/15) and sepsis (5/15) (Table 2).

A platelet count in the 24 hours before a PC transfusion was avail-
able in 172 of 189 transfusion episodes (91.0%). Of these, 10 of 172
platelet counts (5.8%) were obtained by blood smears by the primary
clinician; the remainder were automated platelet counts and reviewed
by a reference laboratory. For these 172 transfusion episodes, the
median platelet count before transfusion was 8.0 x 107/L (8000/uL;
range: 0.0-519 x 10?/L [0-519,000/uL]). The median platelet count
was 14 x 107/L (14,000/uL; range: 2.0 x 10%/L to 211 x 10%/L
[2000-211,000/uL]) prior to prophylactic transfusions and 8.0 x 107/L
(8000/uL; range: 0.0-519 x 10?/L [0-519,000/uL]) prior to therapeu-
tic transfusions. For 149 of 172 samples (86.6%), information regarding
platelet clumping was available, and 14 of 149 samples (9.4%) were
found to have clumps. An HCT or PCV was available in the 24 hours
before transfusion for 185 of 189 episodes (97.9%). The median HCT
(or PCV) was 21.0% (range: 7.0%-55.0%). A platelet count measured
within 24 hours after a PC transfusion was available in 105 of 189
episodes (55.5%). For these 105 episodes, the median platelet count
after transfusion was 16 x 10%/L (16,000/uL; range: 2.0 x 10°/L to

468 x 107/L [2000-468,000/uL]). For 61 of 105 samples, informa-
tion regarding platelet clumping was available, and 12 of 61 samples
(19.6%) had clumps. The laboratory data pre- and post-PC transfusion
for each underlying disease mechanism are summarized in Table 2.

In 99 PC transfusion episodes, platelet counts measured both within
the 24 hours before and after transfusion were available for compar-
ison. The median platelet count change per transfusion episode was
5.0 x 10?/L (5000/uL; range: -115 x 10?/L to 158 x 107/L [-115,000
to 158,000/uL]), which corresponds to a median platelet count change
of 4.0 x 107/L platelets per unit of PC transfused (4000/uL; range: -
57.0 x 107/L to 158 x 107/L [-57,000 to 158,000/uL]). Compared to
the pretransfusion platelet count, the posttransfusion platelet count
was significantly higher in transfusion episodes with paired values
(P < 0.0001). The difference was also significant in specific disease
categories, including patients with primary IMTP (P < 0.0001), throm-
bocytopenia due to decreased bone marrow production (P = 0.0008),
and thrombocytopenia of other causes (P < 0.0001). There were
insufficient data to compare in the other disease categories. Table 3
summarizes the platelet count change for the underlying diseases with
sufficient sample sizes for comparison.

Among these 99 transfusion episodes for which a platelet count
was measured within the 24 hours before and after PC transfusion,
16 (16.2%) were prophylactic PC transfusions, 81 (81.8%) were ther-
apeutic, and 2 were unknown. The median platelet count change per
transfusion episode was +17.0 x 107/L (17,000/uL; range: -4.0 x 10?/L
to 108 x 10?/L [-4000 to 108,000/uL]) in patients receiving a prophy-
lactic transfusion and 4.0 x 107/L (4000/uL; range: -115 x 107/L to
158 x 107/L [-115,000 to 158,000/uL]) in patients receiving a thera-
peutic PC transfusion. There was a significant increase in platelet count
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TABLE 3 Total platelet count change and platelet count change per unit for transfusion episodes with paired values pre- and posttransfusion

SAINT-PIERRE ET AL.

(within 24 h), based on the underlying disease mechanism and the type of transfusion (prophylactic vs therapeutic).

Pretransfusion
platelet count

Posttransfusion
platelet count

Platelet count change
post PC transfusion

Platelet count change
per PC unit transfused

(x10%/uL or (x10%/uL or
x107/L) x107/L)
All transfusions episodes (N = 99) 7.0 (0.0-383) 16.0 (4.0-268)
Primary IMTP (N = 34) 7.0(0.0-59.0) 9.0(2.0-92.0)
Decreased bone marrow production 6.0(0.0-56.0) 14.0(3.0-164)
(N=25)
Severe thrombocytopenia of other 9.0 (0.0-36.0) 29.5(2.0-121)
causes (N =32)
Prophylactic PC transfusions 8.5(5.0-59.0) 445 (6.0-121)

(N=16)

Therapeutic PC transfusions 7.0(0.0-383.0) 12 (2.0-268)

(N=81)

P-value (x103%/uL or x10%/L) (x20%/uL or x10°/L)
<0.0001 +5.0(-115.0to +158.0) +4.0(-57.5t0 +158.0)
<0.0001 +2.0(-5.0to +75.0) +1.5(-5.9t0 +71.0)
0.0008 +4.0(-7.0to +158.0) +3.0(-7.0to +158.0)
<0.0001 +11.5(-11.0to +108.0) +6.0(-3.3to0 +128.0)
0.0004 +17.5(-4.0to +108.0) +15.2(-2.0to +106.0)
<0.0001 +4.0(-115.0to +158.0) +3.0(-57.5to +158.0)

Note: N is the number of PC transfusion episodes in which a platelet count measured within the 24 hours before and after PC transfusion was available for
comparison. A negative value represents a decrease in the platelet count post-PC transfusion, whereas a positive value represents an increase in platelet
count post-PC transfusion. A P-value <0.05 represents a statistically significant difference between pre- and posttransfusion platelet counts. Data represent

median (range).

Abbreviations: IMTP, immune-mediated thrombocytopenia; PC, platelet concentrate.

after prophylactic transfusions (P = 0.0004) and therapeutic transfu-
sions (P < 0.0001). The increase in platelet count post-PC transfusion
was greater in the prophylactic transfusion group than in the therapeu-
tic group (P = 0.0167). Table 3 summarizes the median platelet count
change for each type of PC transfusion. For therapeutic transfusions,
93 of 158 patients (58.9%) had <10.0 x 10°/L (10,000/uL), 111 (70.2%)
had <20.0 x 107/L (20,000/uL), and 125 (79.1%) had <50.0 x 10?/L
(50,000/uL]) prior to PC transfusion. For prophylactic transfusions,
11 of 29 patients (37.9%) had <10.0 x 10?/L (10,000/uL), 14 (48.3%)
had <20.0 x 10?/L (20,000/uL), and 20 (69.0%) had <50.0 x 10?/L
(50,000/uL) prior to PC transfusion.

Throughout their hospitalization, 104 of 149 dogs (69.8%) received
at least 1 additional type of blood product. This included 99 dogs
(66.4%) that were administered packed RBCs (pRBCs), 44 (29.5%)
that received plasma products, and 8 (5.3%) that received FWB. For
patients receiving a massive transfusion, the median ratio of plasma
product:pRBC:PC was 5.5:5.5:1.

3.3 | Transfusion reactions

Information regarding transfusion reactions was available for 168
of 189 PC transfusion episodes (88.9%). A transfusion reaction was
suspected during 2 of 168 episodes (1.2%). One patient became appar-
ently nauseated (lip smacking, swallowing) and febrile, although this
patient was concurrently receiving 1 unit of pRBCs. The other patient
was suspected to have developed mild facial swelling, which resolved
without any medication prescribed. This patient had received a PC
unit stored for 7 days. No transfusion reactions were noted upon
transfusion of the other 4 units stored for >5 days.

In the study period, 8 DEA 1-positive PC units were administered
to DEA 1-negative patients. Among these, 1 dog underwent 3 mis-
matched PC transfusion episodes. No transfusion reactions were noted
during these transfusion episodes.

4 | DISCUSSION

This is the largest report of the clinical use of PC transfusion in
dogs to date, and the product was found to be typically safe, with
a low rate of transfusion reactions. In this population, PC was most
commonly administered to animals with active hemorrhage rather
than as a prophylactic measure. The median platelet count increased
after PC administration to this population, although the efficacy of
platelet transfusion in reducing or preventing hemorrhage could not be
determined given the retrospective nature of the study.

In veterinary medicine, most platelet transfusions are administered
to patients with primary or secondary IMTP, and it was previously
reported that 64%-87% of patients undergoing platelet transfusions
in the form of fresh, cryopreserved, or lyophilized platelets were pri-
mary IMTP patients.>232> Other underlying diseases that have been
reported include sepsis, neoplasia, tick-borne diseases, trauma, Gl
bleeding associated with nonsteroidal anti-inflammatory administra-
tion, and cardiopulmonary bypass.>24-2% |n this study, primary IMTP
only accounted for 26.2% of the PC transfusions, which is lower than
previous reports. This finding may be due to the inclusion of patients
without thrombocytopenia in the current study or the stringent crite-
ria used to categorize patients in the primary IMTP group. While this
report is in agreement with previous studies regarding the general dis-
ease processes that result in platelet transfusions, it is the first report
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to describe the use of PC as part of a massive transfusion protocol in
dogs.

In the present population with a high overall mortality rate, patients
with congenital thrombocytopathia and primary IMTP had the high-
est survival rate. Dogs with primary IMTP have reported survival
rates that vary between 74% and 97%,%27-32 which is higher than
the 66.7% survival rate reported in this study. This difference likely
represents increased severity of disease for dogs in this study that
required platelet transfusions. The survival rate for dogs receiving
massive transfusions (58.3%) was higher than previously reported
(26.6%)°3 but similar to human patients undergoing massive transfu-
sion for nontrauma-related hemorrhagic shock.34-3¢ Comparison of
outcomes among other disease mechanisms is more challenging given
the heterogeneity of those populations.

Common sites of hemorrhage previously reported in dogs receiving
platelet transfusions include cutaneous, Gl tract, ocular, oral, nasal, res-
piratory tract, urinary tract, and the CNS.>2637 |n the present study,
we found a similar distribution of hemorrhage, as has been previously
reported.® In patients with IMTP, the most commonly reported sites of
hemorrhage are the skin followed by the Gl tract, which is similar to
our findings.3%31 In our study, 36% of IMTP patients were suspected to
have CNS hemorrhage. The incidence of CNS hemorrhage in dogs with
IMTP is unknown. In pediatric human patients with IMTP, there is a
reported incidence of 0.19%-0.78%.38 As this study only included ani-
mals with IMTP that required a platelet transfusion, the true incidence
of CNS bleedingin the general IMTP population s likely overestimated.

Studies comparing prophylactic and therapeutic platelet transfu-
sions in dogs are scarce. In a study of fresh and lyophilized platelet
transfusions, 30% of transfusions were administered prophylactically.’
Another study reported 60% of cryopreserved platelet transfusions
were given prophylactically.2 In our study, only 15% of the transfu-
sions were prophylactic. Given the lack of clear platelet transfusion
triggers in veterinary medicine and reliance on clinical acumen and
product availability, this difference is not surprising and most likely
reflects differences in clinical practice. In human guidelines, pro-
phylactic transfusion of platelets is recommended in patients with
<10 x 107/L (10,000/uL) to prevent spontaneous hemorrhage and in
patients with <50.0 x 10?/L (50,000/uL) prior to invasive procedures.>
Regarding therapeutic transfusions, there is little evidence concerning
platelet transfusion triggers, and current human guidelines recom-
mend maintaining a platelet count >30 x 107/L to 100 x 107/L
(30,000-100,00/uL) depending on the localization and severity of the
underlying hemorrhage.* In our study, the median platelet counts
for patients receiving prophylactic and therapeutic transfusions were
14.0 x 107/L (14,000/uL) and 8.0 x 10%/L (8000/uL), respectively;
nonetheless, clinical decisions to transfuse platelets are multifactorial
and not based solely on platelet number. Appropriate platelet transfu-
sion triggers are unknown in veterinary medicine and require further
evaluation.

One goal in platelet transfusions is to increase the platelet count,
although the ability of various veterinary products to do so is still
controversial. While fresh platelet products have been reported to

increase platelet counts in experimental animals, there are still lim-

ited data in clinical animals that demonstrate this or compares fresh
platelets to other products. An experimental study in irradiated dogs
demonstrated that fresh PC significantly increased the platelet count
in transfused dogs compared to nontransfused patients.® Another
experimental study in dogs demonstrated a significantly higher recov-
ery of platelets after transfusion of fresh platelets compared to
cryopreserved platelets.3* However, clinical studies have shown mixed
results for all platelet products. In a study evaluating patients receiving
fresh PC compared to lyophilized platelets, platelet counts imme-
diately after transfusion were variable in both groups; while post-
transfusion platelet counts appeared higher with administration of
fresh platelets, neither product successfully consistently increased the
platelet count.” Despite having hemostatic function, lyophilized or
cryopreserved platelets have not been demonstrated to significantly
change the platelet count in veterinary patients.243%:40

In this study, the increase in platelet count post-PC transfusion was
greater in the prophylactic transfusion group than in the therapeu-
tic group. This finding is not surprising as it is expected that platelets
would be consumed during active hemorrhage. In addition, most of the
IMTP patients in this study were included in the therapeutic trans-
fusion group. These dogs may have had ongoing immune-mediated
destruction of transfused platelets, further reducing the posttransfu-
sion platelet count. In human medicine, the lack of a clinically significant
increase in platelet count after PC transfusion is often considered the
result of immune-based platelet refractoriness in patients undergoing
repeated PC transfusions due to the presence of antibodies against
various platelet antigens.*? This phenomenon, which has been pre-
viously reported in dogs,?’ is considered unlikely in this study given
the use of single-donor PC units and the small number of patients
undergoing repeated PC transfusion.

Differences in platelet count based on the dose of platelets received
have been evaluated more systematically in human medicine. A large
human trial assessed the platelet increment after prophylactic PC
transfusion using 3 different PC doses.*? The increments noted for
the low (1.1 x 101! platelet/m? of body surface area [BSAJ), median
(2.2 x 10 platelet/m? of BSA), and high PC dose (4.4 x 10!
platelet/m? of BSA) were 10.0 x 10?/L (10,000/uL), 19.0 x 10?/L
(19,000/uL), and 38.0 x 107/L (38,000/uL), respectively. It must be
noted that the low dose used in this large human trial represents sig-
nificantly more platelets than the units used in our study, which is not
surprising because human PC products are derived from apheresis or
pooled platelets collected from whole blood of multiple donors. How-
ever, despite the higher concentration of platelets in human PC units,
the platelet increment posttransfusion for the low dose in the human
study is similar to the one reported in this study.

There are limited data on the occurrence of transfusion reactions
secondary to PC administration in veterinary medicine. In a study
of 15 dogs receiving fresh PC transfusion, 13% developed an acute
mild transfusion reaction, with clinical signs such as urticaria, perior-
bital swelling, and emesis.> Similar prevalence (17%) and clinical signs
were noted in a study of 5 dogs receiving multiple PC transfusions.®
However, these animals were also receiving whole blood transfusions,

so adverse reactions to PC specifically cannot be determined.® The
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frequency of transfusion reactions reported in these 2 studies is sim-
ilar to human studies, where the incidence of adverse events after PC
transfusion varies between 2.2% and 13.7%.%2-4° In the present study,
transfusions reactions were rare, and their evaluation was compli-
cated by the administration of other blood products before or after PC
transfusion. However, the prevalence here was lower than previously
reported in veterinary medicine. This finding may be due to the retro-
spective nature of the study, the lack of standardization for recording
such events, and the different circumstances under which patients
received platelets. For example, some patients underwent PC transfu-
sion while under general anesthesia during surgical intervention, which
could have affected evaluation of the temperature and heart rate and
therefore underestimated the true incidence of adverse reactions.

One of the commonly described disadvantages of PC is its short
storage time of 5 days. This time limit is related to the development
of platelet storage lesions, a decrease in platelet function and viabil-
ity, and potential bacterial proliferation.#¢47 In human medicine, the
current evidence suggests that prolonged storage times (5-7 days)
appear to be associated with dampened platelet count elevations
posttransfusion compared to platelets stored for <3 days.*84? Some
evidence suggests that platelet function in canine PC progressively
decreases over a 7-day time frame,° but another recent experimental
veterinary study showed that platelet function assessed by aggre-
gometry remained acceptable in PC stored up to 7 days despite the
presence of storage lesions.*® The clinical impact of these findings
is much harder to evaluate given the difficulty in assessing platelet
function and viability in vivo, as well as the efficacy of PC transfu-
sion to resolve active hemorrhage. Gram-positive skin commensals
are most frequently implicated in infections associated with platelet
transfusions and likely contaminate the unit during blood collection.
Gram-negative contamination is less common and might be secondary
to transient bacteremia in asymptomatic human donors.”! Regardless
of the cause, bacterial contamination of PC units is rare, with an inci-
dence of <1%, but is still of significant concern in human medicine
because of the implications in recipients.’?~5* Information regarding
contamination of PC units in veterinary medicine is scarce, and the cur-
rent evidence supports the fact that bacterial contamination is a rare
phenomenon.®4¢4754 |n our study, the incidence of a positive culture
was 3%. These positive cultures were suspected by the laboratory per-
sonnel to be bacterial contaminants during plating, as opposed to true
contamination of the PC units during collection; however, the clinical
implication of such culture results remains difficult to evaluate given
the retrospective nature of this study.

This study has several limitations. The retrospective aspect limits
the accuracy of categorizing underlying disease mechanisms and their
influence on platelet change post-PC transfusion. The retrospective
nature also limits standardization of data collection, such as timing and
evaluation of platelet count pre- and post-PC transfusion, which was
only performed at the primary clinician’s discretion. The presence of
platelet clumping is another limitation, as it leads to underestimation of
the patient’s actual platelet count and might interfere with the calcula-
tions of platelet change posttransfusion. It is important to note that the

descriptive design of this study and the lack of a control group do not

allow for the evaluation of the efficacy of PC transfusion to stop hem-
orrhage or increase platelet count posttransfusion. Prospective studies
are required for further evaluation. In this study, most of the nonsur-
vivors were euthanized, which further limits the evaluation of mortality
for this population, as it may not reflect severity of iliness but, rather, an
owner’s decision to halt therapy.

In this retrospective study, dogs undergoing PC transfusion were
commonly diagnosed with immune-mediated disease. They frequently
had evidence of hemorrhage in multiple organ systems, particularly the
Gl tract and skin. PC transfusions were most commonly administered
therapeutically and led to increased platelet count posttransfusion.
However, this increase in platelet count was more substantial in pro-
phylactic transfusions. Administration of PC transfusions appeared

relatively safe, with a low reported incidence of transfusion reactions.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

ORCID

Laurence M. Saint-Pierre DVM
9156

KateS. Farrell DVM, DACVECC
2443

Krystle L. Reagan DVM, PhD, DACVIM
3426-6352

https://orcid.org/0000-0002-9140-

https://orcid.org/0000-0002-8536-

https://orcid.org/0000-0003-

ENDNOTES

2ADVIA 120 Hematology System, Siemens Healthineers, Erlangen, Ger-
many.

bImuflex WB-SP LGQ506A6 Blood Bag System, Terumo Corporation,
Tokyo, Japan.

¢Sorvall RC 12 BP, Kendro Laboratory Products, Stortford, UK.

dStorage Bag XT612, Terumo Corporation, Tokyo, Japan.

€PF 15i Platelet Agitator, Noblesville, IN.

fPC 100i Platelet Incubator, Helmer, Noblesville, IN.

gHemo-Nate Filter, Utah Medical Products, Midvale, UT.

hGraphPad Prism, Version 9, San Diego, CA.

REFERENCES

1. Callan MB, Appleman EH, Sachais BS. Canine platelet transfusions. J
Vet Emerg Crit Care. 2009;19(5):401-415.

2. Rhodes A, Evans LE, Alhazzani W, et al. Surviving Sepsis Campaign:
international guidelines for management of sepsis and septic shock:
2016. Intensive Care Med. 2017;43(3):304-377.

3. Kaufman RM, Djulbegovic B, Gernsheimer T, et al. Platelet trans-
fusion: a clinical practice guideline from the AABB. Ann Intern Med.
2015;162(3):205-221.

4. Estcourt LJ, Birchall J, Allard S, et al. Guidelines for the use of platelet
transfusions. Br J Haematol. 2017;176(3):365-394.

5. Davidow EB, Brainard B, Martin LG, et al. Use of fresh platelet concen-
trate or lyophilized platelets in thrombocytopenic dogs with clinical
signs of hemorrhage: a preliminary trial in 37 dogs. J Vet Emerg Crit
Care.2012;22(1):116-125.

6. Abrams-Ogg AC, Kruth SA, Carter RF, et al. Preparation and transfu-
sion of canine platelet concentrates. Am J Vet Res. 1993;54(4):635-642.

7. Russel K. Platelet kinetics and laboratory evaluation of thrombocy-
topenia. In: Weiss DJ, Wardrop K, eds. Schalm’s Veterinary Hematology.
6th ed. Blackwell Publishing; 2010:576-585.

85U017 SUOWIWIOD BAIEa.D 3(ceotjdde aup Aq peussnob e sejole VO ‘88N Jo sejni Joy Ariq1aulUQ AB]1M UO (SUOIIPUOD-PUe-SLLBIWOD™AB | IM ALeiq 1 BulUoy//:Sdny) SuonipuoD pue swis 1 8y} 88s *[£20z/0T/cz] Uo ARiqiauluo A8 |im ‘AseAluN [BUI0D Aq T8ZET ATTTT OT/I0P/L0o" A3 1M AReiq1|BulUo//:Sdny WOl pepeoumoq ‘€ ‘€202 ‘TEVPALYT


https://orcid.org/0000-0002-9140-9156
https://orcid.org/0000-0002-9140-9156
https://orcid.org/0000-0002-9140-9156
https://orcid.org/0000-0002-8536-2443
https://orcid.org/0000-0002-8536-2443
https://orcid.org/0000-0002-8536-2443
https://orcid.org/0000-0003-3426-6352
https://orcid.org/0000-0003-3426-6352
https://orcid.org/0000-0003-3426-6352

SAINT-PIERRE ET AL.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kraft W, Durr UM, Firll M, et al. Referenzbereiche [Reference inter-
vals]. In: Kraft W, Dirr UM, eds. Klinische Labordiagnostik in der
Tiermedizin. 5th ed. Schattauer F.K Verlag; 1999:43-77.

. Allen EC, Tarigo JL, LeVine DN, Barber JP, Brainard BM. Platelet num-

ber and function in response to a single intravenous dose of vincristine.
J Vet Intern Med. 2021;35(4):1754-1762.

Huang AA, Moore GE, Scott-Moncrieff JC. ldiopathic immune-
mediated thrombocytopenia and recent vaccination in dogs. J Vet
Intern Med. 2012;26(1):142-148.

Simpson K, Chapman P, Klag A. Long-term outcome of primary
immune-mediated thrombocytopenia in dogs. J Small Anim Pract.
2018;59(11):674-680.

Cooper SA, Huang AA, Raskin RE, Weng H-Y, Scott-Moncrieff JC.
Clinical data, clinicopathologic findings and outcome in dogs with
amegakaryocytic thrombocytopenia and primary immune-mediated
thrombocytopenia. J Small Anim Pract. 2016;57(3):142-147.

Bloom JC, Thiem PA, Sellers TS, Deldar A, Lewis HB. Cephalosporin-
induced immune cytopenia in the dog: demonstration of erythrocyte-,
neutrophil-, and platelet-associated IgG following treatment with
cefazedone. Am J Hematol. 1988;28(2):71-78.

Heading K, Brockley L, Bennett P. CCNU (lomustine) toxicity in dogs: a
retrospective study (2002-07). Aust Vet J. 2011;89(4):109-116.
Griessmayr PC, Payne SE, Winter JE, Barber LG, Shofer FS. Dacar-
bazine as single-agent therapy for relapsed lymphoma in dogs. J Vet
Intern Med. 2009;23(6):1227-1231.

Hume KR, Johnson JL, Williams LE. Adverse effects of concurrent car-
boplatin chemotherapy and radiation therapy in dogs. J Vet Intern Med.
2009;23(1):24-30.

Rinkardt NE, Kruth SA. Azathioprine-induced bone marrow toxicity in
four dogs. Can Vet J. 1996;37(10):612-613.

Sontas HB, Dokuzeylu B, Turna O, Ekici H. Estrogen-induced myelotox-
icity in dogs: a review. Can Vet J. 2009;50(10):1054-1058.

Boudreaux MK, Kvam K, Dillon AR, et al. Type | Glanzmann’s thrombas-
theniain a Great Pyrenees dog. Vet Clin Pathol. 1996;33(5):503-511.
Jandrey KE, Norris JW, Tucker M, Brooks MB. Clinical characteriza-
tion of canine platelet procoagulant deficiency (Scott syndrome). J Vet
Intern Med. 2012;26(6):1402-1407.

Santoro Beer K, Thomer A. Massive transfusion. In: Drobatz KJ, Hop-
per K, Rozanski E, Silverstein D, eds. Textbook of Small Animal Emergency
Medicine. John Wiley & Sons, Inc; 2019:1156-1160.

Hux BD, Martin LG. Platelet transfusions: treatment options for
hemorrhage secondary to thrombocytopenia. J Vet Emerg Crit Care.
2012;22(1):73-80.

Davidow EB, Blois SL, Goy-Thollot |, et al. Association of Veterinary
Hematology and Transfusion Medicine (AVHTM) Transfusion Reaction
Small Animal Consensus Statement (TRACS). Part 1: definitions and
clinical signs. J Vet Emerg Crit Care. 2021;31(2):141-166.

Goggs R, Brainard BM, LeVine DN, et al. Lyophilized platelets versus
cryopreserved platelets for management of bleeding in thrombocy-
topenic dogs: a multicenter randomized clinical trial. J Vet Intern Med.
2020;34(6):2384-2397.

Bode AP, Lust RM, Read MS, Fischer TH. Correction of the bleeding
time with lyophilized platelet infusions in dogs on cardiopulmonary
bypass. Clin Appl Thromb Hemost. 2008;14(1):38-54.

Ng ZY, Stokes JE, Alvarez L, Bartges JW. Cryopreserved platelet con-
centrate transfusions in 43 dogs: a retrospective study (2007-2013). J
Vet Emerg Crit Care. 2016;26(5):720-728.

Williams DA, Maggio-Price L. Canine idiopathic thrombocytopenia:
clinical observations and long-term follow-up in 54 cases. J Am Vet Med
Assoc. 1984;185(6):660-663.

Simpson K, Chapman P, Klag A. Long-term outcome of primary
immune-mediated thrombocytopenia in dogs. J Small Anim Pract.
2018;59(11):674-680.

Scuderi MA, Snead E, Mehain S, Waldner C, Epp T. Outcome based on
treatment protocol in patients with primary canine immune-mediated

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

WILEY- ¢

thrombocytopenia: 46 cases (2000-2013). Can Vet J. 2016;57(5):514-
518.

O’Marra SK, Delaforcade AM, Shaw SP. Treatment and predictors of
outcome in dogs with immune-mediated thrombocytopenia. J Am Vet
Med Assoc. 2011;238(3):346-352.

Huang AA, Moore GE, Scott-Moncrieff JC. ldiopathic immune-
mediated thrombocytopenia and recent vaccination in dogs. J Vet
Intern Med. 2012;26(1):142-148.

Putsche JC, Kohn B. Primary immune-mediated thrombocytopenia in
30 dogs (1997-2003). J Am Anim Hosp Assoc. 2014;44(5):250-257.
Jutkowitz LA, Rozanski EA, Moreau JA, Rush JE. Massive transfusion in
dogs: 15 cases (1997-2001). J Am Vet Med Assoc. 2002;220(11):1664-
1669.

Teixeira PG, Inaba K, Karamanos E, et al. The survival impact of plasma
tored blood cell ratio in massively transfused non-trauma patients. Eur
J Trauma Emerg Surg. 2017;43(3):393-398.

Morse BC, Dente CJ, Hodgman El, et al. Outcomes after massive
transfusion in nontrauma patients in the era of damage control
resuscitation. Am J Surg. 2012;78(6):679-684.

Farooq N, Galiatsatos P, Aulakh JK, Higgins C, Martinez A. Massive
transfusion practice in non-trauma related hemorrhagic shock. J Crit
Care. 2018;43:65-69.

Valeri CR, Feingold H, Melaragno AJ, Vecchione JJ. Cryopreser-
vation of dog platelets with dimethyl sulfoxide: therapeutic effec-
tiveness of cryopreserved platelets in the treatment of thrombocy-
topenic dogs, and the effect of platelet storage at —80°C. Cryobiology.
1986;23(5):387-394.

Psaila B, Petrovic A, Page LK, et al. Intracranial hemorrhage (ICH)
in children with immune thrombocytopenia (ITP): study of 40 cases.
Blood. 2009;114(23):4777-4783.

Appleman EH, Sachais BS, Patel R, et al. Cryopreservation of canine
platelets. J Vet Intern Med. 2009;23(1):138-145.

Cronkite EP. Measurement of the effectiveness of platelet transfu-
sions. Transfusion. 1966;6(1):18-22.

Cohn CS. Platelet transfusion refractoriness: how do | diag-
nose and manage? Hematology Am Soc Hematol Educ Program.
2020;2020(1):527-532.

Slichter SJ, Kaufman RM, Assmann SF, et al. Dose of prophylactic
platelet transfusions and prevention of hemorrhage. N Engl J Med.
2010;362(7):600-613.

Blumberg N, Gettings KF, Turner C, Heal JM, Phipps RP. An associa-
tion of soluble CD40 ligand (CD154) with adverse reactions to platelet
transfusions. Transfusion. 2006;46(10):1813-1821.

Yamanaka M, Yanagisawa R, Kojima S, Nakazawa H, Shimodaira S.
Investigation of factors associated with allergic transfusion reaction
due to platelet transfusion and the efficacy of platelets resuspended
in BRS-A in adult patients. Transfusion. 2019;59(11):3405-3412.
Muylle L, Wouters E, Bock R, Peetermans ME. Reactions to platelet
transfusion: the effect of the storage time of the concentrate. Transfus
Med. 1992;2(4):289-293.

Haines JM, Hwang JK, Wardrop KJ. The effects of additive solu-
tions on the development of storage lesions in stored canine platelet
concentrates. J Vet Emerg Crit Care. 2021;31(2):247-255.

Lasta CS, Hlavac N, Marcondes NA, et al. Quality control in veterinary
blood banks: evaluation of canine platelet concentrates stored for five
days. BMC Vet Res. 2020;16(1):25.

Aubron C, Flint AWJ, Ozier Y, McQuilten Z. Platelet storage duration
and its clinical and transfusion outcomes: a systematic review. Crit Care
Med. 2018;22(1):185.

Caram-Deelder C, Kreuger AL, Jacobse J, Bom JG, Middelburg RA.
Effect of platelet storage time on platelet measurements: a systematic
review and meta-analyses. Vox Sang. 2016;111(4):374-382.

Allyson K, Abrams-Ogg AC, Johnstone IB. Room temperature storage
and cryopreservation of canine platelet concentrates. Am J Vet Res.
1997;58(11):1338-1347.

85U017 SUOWIWIOD BAIEa.D 3(ceotjdde aup Aq peussnob e sejole VO ‘88N Jo sejni Joy Ariq1aulUQ AB]1M UO (SUOIIPUOD-PUe-SLLBIWOD™AB | IM ALeiq 1 BulUoy//:Sdny) SuonipuoD pue swis 1 8y} 88s *[£20z/0T/cz] Uo ARiqiauluo A8 |im ‘AseAluN [BUI0D Aq T8ZET ATTTT OT/I0P/L0o" A3 1M AReiq1|BulUo//:Sdny WOl pepeoumoq ‘€ ‘€202 ‘TEVPALYT



” | WILEY

51
52.

53.

54.

SAINT-PIERRE ET AL.

A7
nary Emergency @ @ @ &
» Critical Care

Brecher ME, Hay SN. Bacterial contamination of blood components.
Clin Microbiol Rev. 2005;18(1):195-204.

Pietersz RNI, Reesink HW, Panzer S, et al. Bacterial contamination in
platelet concentrates. Vox Sang. 2014;106(3):256-283.
Schrezenmeier H, Walther-Wenke G, Muller TH, et al. Bacterial
contamination of platelet concentrates: results of a prospective mul-
ticenter study comparing pooled whole blood-derived platelets and
apheresis platelets. Transfusion. 2007;47(4):644-652.

Noorulamin M, Hussain AB, Ali AM, et al. Frequency of bacterial con-
tamination in platelet concentrates in a tertiary care cardiac hospital
in Rawalpindi, Pakistan. J Pak Med Assoc. 2018;68:1243-1245.

How to cite this article: Saint-Pierre LM, Farrell KS, Hopper K,
Reagan KL. Retrospective evaluation of fresh platelet
concentrate administration in dogs: Patient characteristics,
outcomes, and transfusion practices in 189 transfusion
episodes (2008-2019). J Vet Emerg Crit Care.
2023;33:360-370. https://doi.org/10.1111/vec.13281

85UB017 SUOWILLIOD BAIFER1D) 8|l dde auj Aq pausenob ae ssoie WO ‘88N JO S3NJ oy A%1q1T 3UIIUO AB]1M UO (SUOTPUOD-PLE-SWS}L0D A8 |IM A eIq 1[ouUo//Stiy) SUORIPUOD pue swie | 81 88S *[£202/0T/c2] uo AkeiqiTauliuo Ao |IM AISeAIUN |BUI0D AQ T8ZET 8A/TTTT OT/I0P/L0D A8 |IM A1 1[Bul|UO//Sd1y Wou) papeojuMoq ‘€ ‘€202 ‘TEVHILYT


https://doi.org/10.1111/vec.13281

	Retrospective evaluation of fresh platelet concentrate administration in dogs: Patient characteristics, outcomes, and transfusion practices in 189 transfusion episodes (2008-2019)
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Data collection
	2.2 | Disease mechanisms resulting in platelet transfusion
	2.3 | Platelet concentration preparation
	2.4 | PC transfusion
	2.5 | Statistics

	3 | RESULTS
	3.1 | Patient characteristics and underlying disease mechanisms
	3.2 | PC transfusion episodes
	3.3 | Transfusion reactions

	4 | DISCUSSION
	CONFLICT OF INTEREST STATEMENT
	ORCID
	ENDNOTES
	REFERENCES


