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Influence of cross-match on posttransfusion
packed cell volume in feline packed red blood
cell transfusion
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Abstract

Objective – To evaluate the influence of major cross-match on transfusion efficacy based on the change in PCV
following packed red blood cell (pRBC) administration in cats.
Design – Retrospective study from January 2000 to December 2010.
Setting – University Teaching Hospital.
Animals – Two hundred nine cats received 233 type-specific pRBC transfusions as treatment for anemia. Forty-
three transfusions were cross-match compatible and 190 were not screened with cross-match.
Interventions – Pretransfusion major cross-match.
Measurements and Main Results – Signalment, body weight, dosage of pRBC transfusion, pretransfusion PCV,
posttransfusion PCV, IV fluid volumes administered between the measurement of the pretransfusion PCV and
posttransfusion PCV, time delay between pretransfusion PCV measurement and transfusion administration,
time between administration of transfusion and posttransfusion PCV measurement, and major cross-match
testing data were extracted from the medical records of cats receiving pRBC transfusions and were evaluated
for their influence on posttransfusion PCV scaled to dose of pRBC administered. The mean pretransfusion PCV
was significantly lower for cross-match compatible transfusions (13.7 ± 4.2%) compared to noncross-matched
transfusions (16.1 ± 4.5%; independent samples t-test, P < 0.0001). The PCV increase posttransfusion scaled by
dose was significantly greater for cross-match compatible transfusions (1.02 ± 0.51%/mL/kg) than for noncross-
matched transfusions (0.74 ± 0.65%/mL/kg; independent samples t-test, P = 0.0093). Of age, dose of pRBCs,
cross-match status, reason for transfusion, pretransfusion PCV, and dose of IV fluids administered between the
pretransfusion and posttransfusion PCV, only pRBC dose, cross-match status, and pretransfusion PCV were
independent predictors of change in PCV with transfusion on multiple regression analysis (coefficient = 0.507,
P < 0.0001; coefficient = 1.64, P = 0.041; coefficient = –0.235, P = 0.0009, respectively).
Conclusions – In this retrospective study, administration of type-specific, cross-match compatible pRBC transfu-
sions resulted in significantly greater increases in the posttransfusion PCV when compared to administration of
typed, noncross-matched pRBCs. Future prospective studies evaluating the effect of cross-match on transfusion
efficacy in cats are warranted.

(J Vet Emerg Crit Care 2014; 24(4): 429–436) doi: 10.1111/vec.12204
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Introduction

Feline blood transfusion has become more commonplace
over the past 10 years, likely due to increasing availabil-
ity of species-specific blood components.1,2 The presence
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Abbreviations

CM+ cross-matched, type-specific transfusion
CM– noncross-matched, type-specific transfusion
pRBC packed red blood cell

of alloantibodies against RBC antigens has been well es-
tablished in feline blood, and alloantibodies have been
identified in kittens as young as 2 months old.3–5 Al-
loantibodies are thought to arise from exposure to struc-
tural epitopes to endogenous RBC antigens.3 Common
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antigens present on feline RBCs have been identified and
labeled using the AB blood group system. The preva-
lence of these antigens has been evaluated in Australia,
Austria, Brazil, Denmark, Finland, France, Germany,
Italy, Japan, Netherlands, Portugal, Spain, Switzerland,
Turkey, the United Kingdom, and the United States of
America.2–4,6–14

Previous reports have advocated the use of type-
specific blood in cats naı̈ve to blood transfusion and rec-
ommend the use of cross-match only in previously trans-
fused cats.1,2,15,16 In 2007, Weinstein et al5 documented a
novel RBC antigen in a group of domestic shorthair cats
and labeled it Mik antigen. Four type A recipient cats (all
Mik negative) were reported to have incompatible cross-
match results against 30 Mik-positive type A donor cats.5

The authors also described an acute, hemolytic transfu-
sion reaction following administration of type-specific
RBCs to one Mik-negative recipient.5 The results of this
report suggest a high prevalence of naturally occurring
alloantibodies in the Mik-negative recipient cats against
the Mik antigen expressed by the donor cats. These al-
loantibodies were not identified through traditional AB
blood typing.

Although the prevalence of alloantibodies other than
those against AB antigen have yet to be established, it is
possible that such alloantibodies, such as those against
the Mik antigen, could lead to transfusion reactions or
decreased efficacy of packed red blood cell (pRBC) trans-
fusions. Pretransfusion major cross-matching could po-
tentially identify incompatibilities due to these alloanti-
bodies. The purpose of this retrospective study was to
investigate the influence of cross-matching on the effi-
cacy of feline pRBC transfusion measured by the change
in recipient PCV after transfusion. Our hypothesis was
that type-specific, cross-match compatible transfusions
of pRBCs would yield significantly higher PCV increases
posttransfusion per volume of pRBCs transfused than
type-specific, noncross-matched transfusions.

Materials and Methods

Data collection
Cats receiving pRBC transfusions from January 1, 2000
to December 31, 2010 were identified. Information ob-
tained from all records included age, sex, breed, weight,
reason for transfusion, dose of intravenous fluid ad-
ministered between the measurement of pretransfusion
and posttransfusion PCV (mL/kg), transfusion dose
(mL/kg), pretransfusion PCV, length of time between
pretransfusion PCV measurement and pRBC adminis-
tration, posttransfusion PCV, and length of time be-
tween pRBC administration and posttransfusion PCV
measurement. Patients receiving type-specific transfu-
sions identified as compatible by major cross-match and

cats for which incompatible pRBCs units were identified
by cross-matching were recorded. Patients receiving a
minor cross-match as a part of pretransfusion screen-
ing were also recorded. The reason for transfusion was
assigned to one of the following groups based on data
extracted from the medical record: (1) blood loss, (2) de-
creased production, and (3) destruction. This classifica-
tion scheme was chosen based on previous literature.1,2

Several transfusions were administered as a result of
multiple causes, and were therefore coded with all ap-
plicable causes. Patients were excluded from analysis if
we were unable to retrieve pretransfusion PCV, post-
transfusion PCV, or dose of pRBC transfusion from their
medical record.

pRBC sources
Packed red blood cells were obtained from either client
owned cats participating in our institution’s blood bank-
ing program or from one of two commercial blood
banks.a,b

Screening for blood donor cats at our institution prior
to 2009 included physical examination, complete blood
count, serum biochemistry analysis, urinalysis, feline
blood typing, and infectious disease testing including
feline leukemia virus, feline immunodeficiency virus,
feline infectious peritonitis, and toxoplasmosis. After
2009, feline blood donor screening by our hospital for
client owned blood donors included a physical examina-
tion, complete blood count, serum biochemistry analysis,
urinalysis, feline blood typing, echocardiogram, and in-
fectious disease testing including feline leukemia virus,
feline immunodeficiency virus, heartworm, Mycoplasma
haemofelis, Mycoplasma haemominutum, and Bartonella. Al-
though the age of each individual pRBC unit was not
available in the medical records, all pRBCs were admin-
istered within 35 days of collection if obtained from a
commercial blood bank or within 30 days if obtained
from client owned cats within our institution’s blood
bank. All blood was administered prior to these expira-
tory dates. All blood was collected into citrate, dextrose,
and phosphate anticoagulant and preservative solutions.
All units of pRBCs from commercial blood banks con-
tained adenine, and the majority of the units collected in
our institution’s blood bank program contained adenine.
Information on degree of hemolysis and PCV of trans-
fused pRBCs was not available in this study population.

Blood type identification
When possible, patient blood type identification was
performed by trained laboratory personnel accord-
ing to the slide or tube agglutination procedures de-
scribed previously.17 If immediate transfusion was nec-
essary or the clinical pathology laboratory was not
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available, the patient’s blood type was identified by ei-
ther the immunochromatographic cartridgec or the card
agglutinationd technique as described previously.17

Cross-match procedure
During the period of investigation, major cross-match
procedures were performed in all patients that received
a red blood cell transfusion greater than 3 days pre-
viously or if requested by the clinician in naı̈ve or re-
cently transfused cats. For a number of the type-specific
cross-match compatible transfusions it was not possi-
ble to determine if the recipient was naı̈ve or previ-
ously transfused. Additionally, the rationale for cross-
match in documented naı̈ve cats was not available in
the medical record. Trained laboratory personnel per-
formed all cross-match procedures. To perform major
cross-match, 500 microliters of anti-coagulated donor
blood was placed into a 12 × 75 mm tube. To wash
RBCs, donor pRBCs were centrifuged (1000 × g, room
temperature, 2 minutes) and the RBC pellet was recon-
stituted in 5 mL saline solution.e This procedure was
repeated 2–3 times. The donor RBCs were then recon-
stituted to a two percent solution in saline. Coagulated
recipient blood was centrifuged and the serum harvested
as previously described.18 The recipient serum was di-
luted 1:2 in saline. Five hundred microliters of recipi-
ent serum solution was added to 500 microliters of the
donor RBC solution. A recipient auto-control was per-
formed by adding recipient serum solution to a recipi-
ent RBC solution prepared in the same manner as de-
scribed for donor RBC solution. In addition, a minor
cross-match was performed in a subset of patients in
the same manner utilizing donor serum or plasma and
recipient RBC suspension as substrates. The samples
were covered and allowed to incubate for 30 minutes.
Samples were subsequently centrifuged and observed
for evidence of hemolysis. RBC pellets were then resus-
pended and observed for evidence of agglutination both
macroscopically and microscopically. Any procedure re-
sulting in any detectable hemolysis or agglutination was
deemed incompatible.

Statistical analysis
Data were evaluated for normality with the
Kolmogorov-Smirnov test. All normally distributed
data are presented as the mean plus or minus standard
deviation whereas all nonnormally distributed data
are presented as a median and range. Comparisons
between characteristics of type-specific, cross-match
compatible transfusions (CM+) and type-specific,
noncross-matched transfusions (CM-) were done using
independent samples t-tests if data were normally
distributed and Mann-Whitney U tests if data were not

normally distributed, and comparisons of proportions
between groups were done using Fisher’s exact test due
to the small sample size. A stepwise multiple linear
regression model (backward elimination method) was
used to determine which of the following parameters
were independently associated with the change in PCV
following transfusion: age, reason for transfusion, dose
of pRBCs (mL/kg), cross-match status, pretransfusion
PCV, and dose of intravenous fluid administered con-
currently (mL/kg). Reason for transfusion (a categorical
variable) was evaluated as three individual dichoto-
mous variables (blood loss, decreased production, and
destruction) in the multiple linear regression analysis.
Statistical significance was set at a P value < 0.05. All
statistical analyses were performed with commercial
statistical software.f

Results

Medical records of 391 cats receiving 458 transfusions
were considered for inclusion in the study. A total of
209 cats receiving 233 transfusions met the inclusion
criteria and were included in the study. One hundred
and seventy-three cats received a total of 190 type-
specific, noncross-matched transfusions and 36 cats re-
ceived 43 type-specific, cross-match compatible trans-
fusions. In addition, 3/43 (7.0%) type-specific, cross-
match compatible transfusions were also evaluated by
minor cross-match and considered compatible. A to-
tal of 91 cross-match procedures were performed in
these 43 pretransfusion screenings. An incompatible
unit of pRBCs was identified in a total of 15/91 cross-
matches (16.5%), and at least one incompatible unit of
pRBCs was identified in 11/43 pretransfusion screen-
ings (25.6%). Red blood cell transfusions were admin-
istered greater than 3 days previously in 34/43 cross-
match compatible transfusions (79%). The transfusion
history for 7/43 cross-match compatible transfusions
(16.3%) was not available in the medical record, and
the blood typing card test was considered inaccurate
due to patient auto-agglutination in 1/43 cross-match
compatible transfusion in a naı̈ve recipient (2.3%). The
remaining transfusion was cross-matched one day fol-
lowing a previous type-specific noncross-matched trans-
fusion, and the rationale for cross-match testing in this
cat is not documented in the medical record. The me-
dian age of the cats at the time of transfusion was 8 years
(range 0.08–20), and the median weight was 4.12 kilo-
grams (range 0.38–10.2 kilograms). There were 120 males
(intact 5/120, castrated 115/120) and 89 females (intact
4/89, spayed 85/89). Breeds represented include mix
breeds (181/209), Maine Coon (7/209), Siamese (5/209),
Himalayan (3/209), Persian (3/209), Ocicat (2/209), An-
gora (1/209), Burmese (1/209), Jungle Bob (1/209), Korat
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(1/209), Manx (1/209), Ragdoll (1/209), Rex (1/209), and
Russian Blue (1/209).

The mean dose of pRBCs administered was not sig-
nificantly different between CM+ and CM– transfusions
(CM+: 8.85 ± 3.22 mL/kg; CM–: 8.47 ± 3.22 mL/kg; P =
0.11). The volume of IV fluids administered between the
measurement of pretransfusion PCV and posttransfu-
sion PCV was available in 217/233 transfusions. Intra-
venous fluids were administered during this period in
130 transfusions, and there was no difference in median
concurrent fluid administration dose between the groups
(N = 28, CM+: 3.70 mL/kg, range 0–50.4 mL/kg; N =
189, CM–: 3.33 mL/kg, range 0–109 mL/kg; P = 0.80).
There was no difference in the median ages of cats receiv-
ing a type-specific, cross-match compatible transfusion
compared to those that did not (CM+: 9 years, range 1–20
years; CM–: 8 years, range 0.1–20 years; P = 0.70). There
was no statistically significant difference in the propor-
tion of purebred cats between the CM+ and CM– groups
(11.9% versus 13.7%, P = 1.0). The proportions of transfu-
sions from each pRBC source were similar between the
groups (in house blood bank: CM+ 16.7%, CM– 10%,
P = 0.87; commercial blood bank 1: CM+ 57%, CM–
51%, P = 0.59; commercial blood bank 2: CM+ 26.3%,
CM– 39%, P = 0.20).

For transfusions for which these data were available,
there was a significantly greater delay between pretrans-
fusion PCV measurement and start of transfusion for
CM+ transfusions (N = 38, median 3 hours, range 0.3–
23 hours) when compared to CM– transfusions (N = 165,
median 1.75 hours, range 0–30 hours, P = 0.0012). No dif-
ference was found in the duration of time between the
end of the transfusion and measurement of posttransfu-
sion PCV between CM+ transfusions (N = 42, median
2 hours, range 0–14 hours) and CM– transfusions (N =
187, median 2 hours, range 0–19 hours, P = 0.89).

CM+ transfusions yielded a significantly larger mean
change in PCV scaled to dose of pRBCs adminis-
tered than CM– transfusions (Figure 1 – CM+: 1.02 ±
0.51%/mL/kg; CM–: 0.74 ± 0.65%/mL/kg; P = 0.0093).
Mean pretransfusion PCV was significantly lower for
CM+ transfusions than for CM– transfusions (Figure 2
– CM+: 13.7 ± 4.2%; CM–: 16.1 ±4.5%; P < 0.0001).
There were no significant differences in the proportions
of CM+ compared to CM– transfusions due to presumed
blood loss (23.3% versus 40.2%, P = 0.053), hemolysis
(11.4% versus 8.2%, P = 0.55), or decreased production
(75% versus 64.3%, P = 0.21).

A significant multiple linear regression model
emerged (F3,229 = 20.7, P < 0.001, adjusted r2 = 0.206). Of
age, dose of pRBCs administered (mL/kg), cross-match
status, reason for transfusion (blood loss, decreased pro-
duction, and/or destruction), pretransfusion PCV, and
dose of IV fluid administered between the measure-

ment of the pretransfusion PCV and posttransfusion
PCV (mL/kg) only dose of pRBCs (coefficient = 0.507,
P < 0.0001), cross-match status (coefficient = 1.64, P
= 0.041), and pretransfusion PCV (coefficient = –0.235,
P = 0.0009) were independent predictors of the change
in PCV with transfusion.

Discussion

Alongside the rapid growth in availability of feline blood
components, there has been a growing interest in pre-
transfusion compatibility testing.1,2,5,17 Previous studies
investigating compatibility of RBC units in cats have
predominantly focused on the use of feline AB blood
typing.1–4,6 As all cats in our study received type-specific
pRBC transfusions, AB antibodies cannot account for
the difference in efficacy between CM+ and CM– trans-
fusions. Cross-matching may aid in identifying cats with
antibodies to RBC antigens other than AB, and with the
recent identification of Mik antigen,5 more thorough pre-
transfusion compatibility screening may be warranted.
In this study, cats receiving pRBC units deemed compat-
ible by major cross-match showed a significantly greater
increase in the posttransfusion PCV scaled by dose of
pRBCs administered (1.02 ± 0.51%/mL/kg) than cats
receiving type-specific, noncross-matched units (0.738
± 0.65%/mL/kg). While the differences in efficacy be-
tween the groups may have been due to many factors,
it is possible that the cross-matches performed in these
cats identified incompatibilities due to antigens other
than AB and contributed to the improved efficacy in the
CM+ group.

Two recent studies have investigated the efficacy of
RBC transfusion in cats. In 2004, Weingart et al retro-
spectively compared the expected rise in HCT to the
actual rise in HCT in 91 cats receiving 163 whole blood
transfusions.2 They found that in 22.6% of transfusions,
the actual rise in HCT was less than expected based on
the dose of blood administered. This study asserted an
expected HCT rise of 1% for each 2 mL/kg of whole
blood administered, and previous veterinary publica-
tions have stated an expected PCV rise of 1% for each
1 mL/kg of pRBCs administered.2,16,19,20 In 2005, Klaser
et al reported a mean PCV increase of 7.3% in cats re-
ceiving a mean dose of 9.3 mL/kg of pRBCs.1 Although
the authors did not specifically evaluate the relationship
between the change in PCV and the dose of pRBCs ad-
ministered in each individual cat, the data show an ap-
proximate increase of 0.78%/mL/kg (7.3%/9.3 mL/kg),
very similar to our finding of 0.738%/mL/kg in CM–
transfusions. While the effect of cross-matching was not
evaluated in these studies, they demonstrated less than
expected increases in PCV or hematocrit following RBC
transfusion in their study populations, and these data are
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Figure 1: The change in PCV per dose (in mL/kg) of pRBCs administered (!PCV) was significantly higher for cross-match compatible
transfusions (CM+: 1.02 ± 0.51%/mL/kg) than for noncross-matched, type-specific transfusions (CM–: 0.74 ± 0.65%/mL/kg; inde-
pendent samples t-test, P = 0.0093). The open circles represent all individual data points, the black triangle is the mean and the error
bars denote the standard deviation.

Figure 2: The pretransfusion PCV was significantly higher for noncross-matched, type-specific transfusions (CM–: 16.1 ± 4.5%) than
for cross-match compatible transfusions (CM+: 13.7 ± 4.2%; independent samples t-test, P < 0.0001). The open circles represent all
individual data points, the black triangle is the mean and the error bars denote the standard deviation.
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consistent with the findings in noncross-matched cats in
our study.

In human medicine, pretransfusion compatibility test-
ing is more extensive than in veterinary medicine, and
is designed to minimize the likelihood of reaction. For
routine testing, human medical guidelines for pretrans-
fusion screening recommend initial group (AB and D)
identification followed by screening for clinically sig-
nificant antibodies.21 The indirect antiglobulin test, per-
formed by exposing the recipient plasma or serum to a
solution of known antigenicity, is considered the most
reliable screening test for the presence of clinically rel-
evant antibodies.21 Manual cross-match procedures are
recommended in human transfusion medicine if the re-
cipient currently has or has previously had clinically rel-
evant antibodies identified on antibody screening tests
or if antibody screening tests are not available.21 Based
on standards in human medicine, it could be argued
that cross-match procedures are indicated for all fe-
line transfusions until an accurate antibody screening
method equivalent to the indirect antiglobulin test is
available for cats. The results of our study provide ev-
idence that such pretransfusion cross-matching may be
warranted.

Pretransfusion PCV was found to be an independent
predictor of the change in PCV in this study. To the
authors’ knowledge, there are no studies investigating
this phenomenon in the veterinary or human literature.
The association between lower pretransfusion PCV and
greater changes in PCV with transfusion in our study
is unclear, but possible causes may include a reduction
in endogenous clearance of transfused RBCs or a reduc-
tion in continued RBC loss in patients with more se-
vere anemia. The immunosuppressive consequences of
RBC transfusion have been recognized in human clinical
medicine for many decades, and descriptions of this phe-
nomenon have been published in both human and vet-
erinary literature.22,23 While transfusion-associated im-
mune modulation has not been related to a prolonged
survival of transfused RBCs, this could explain the re-
duced clearance of transfused RBC in some cats in this
study, particularly those receiving multiple transfusions
in the CM+ group. Further investigation into this phe-
nomenon is warranted. Although, the CM+ cats had
significantly lower pretransfusion PCVs than CM– cats,
pretransfusion PCV and cross-match status were inde-
pendent predictors of the change in PCV with trans-
fusion, suggesting the cross-match procedure resulted
in improved efficacy independent of the effect of the
lower pretransfusion PCVs in the CM+ group. The rea-
son for lower pretransfusion PCV in CM+ cats compared
to CM– cats is unclear. Because the majority of CM+ cats
had been previously transfused, these cats may have had
chronic anemias resulting in physiologic tolerance to low

PCV, fewer clinical signs of anemia, and a lower clinical
transfusion threshold.

Pretransfusion compatibility screening by cross-match
can take several hours, and at our institution this pro-
cedure is only performed by trained laboratory per-
sonnel. Not surprisingly, there was a significant de-
lay between the measurement of PCV and the start of
pRBC transfusion in type-specific, cross-match compati-
ble transfusions (median 3 hours) compared to noncross-
matched, type-specific transfusions (median 1.75 hours),
while there was no difference between the CM+ and
CM– groups in the duration of time between the end
of transfusion and measurement of the posttransfusion
PCV in cats in which these data were available. Unfor-
tunately, due to the retrospective nature of this study,
these times could only be roughly estimated from the
medical record, and could not be determined at all for
33 of 233 transfusions. However, it seems likely that pre-
transfusion delays would result in lower posttransfusion
increases in PCV due to the underlying diseases that lead
to anemia, and the fact that our records show greater in-
creases in PCV despite these delays in CM+ transfusions
arguably strengthens the main conclusion of this study
that cross-matching may lead to better transfusion effi-
cacy. Future prospective studies will be required to more
fully investigate the effects of these delays.

Although pRBC are administered to alleviate the
harmful consequences of anemia, recent studies in
human medicine have documented serious dose-
dependent risks of transfusion as well. In addition to
acute hemolytic and nonhemolytic reactions, admin-
istration of pRBCs to critically ill humans has been
associated with immunosuppression and microcircula-
tory dysfunction.24,25 Both prospective and retrospective
evaluations in people have shown that the incidence of
infection, multi-organ failure, systemic inflammatory re-
sponse syndrome, and mortality is increased in patients
receiving transfusions.26–32 Due to these risks, more con-
servative transfusion guidelines in hemodynamically
stable patients have become the standard of care in hu-
man medicine.25,33 Pretransfusion compatibility testing
in our study resulted in significantly higher posttransfu-
sion PCV for a given dose of pRBCs, potentially reduc-
ing the number of transfusions necessary and mitigat-
ing some of these risks of transfusion. Future prospec-
tive studies to investigate these phenomena in cats are
warranted.

This study has several important limitations, and
findings should be interpreted cautiously until fur-
ther, prospective studies are performed. Because the
study population included all cats receiving transfu-
sions at one hospital, there was heterogeneity in the
etiology of the anemia. Previous retrospective analy-
ses investigating feline blood transfusions showed no
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effect of anemia etiology on the efficacy of whole blood
or pRBC transfusions.1,20 Similarly, we found no effect
of the reason for transfusion on transfusion efficacy, but
our ability to definitively determine the reason for trans-
fusion was limited based on the retrospective nature of
this study. In addition, the simplified etiology scheme
used in this study may have failed to identify clinically
relevant differences between the individuals. In future
studies, a uniform population consisting of a simple,
well-documented disease process could offer a more ho-
mogenous population.

Based on previously published recommendati-
ons,1,2,15,16 most cats naı̈ve to transfusion in this popula-
tion were administered type-specific, noncross-matched
pRBCs whereas the majority of cats receiving type-
specific, cross-match compatible transfusions had been
previous administered red blood cell transfusions. Al-
though this contributes to the inhomogeneity of the
study populations, the consequences of previous expo-
sure to foreign red blood cell antigens in the CM+ cats
would likely predispose them to transfusion reaction and
decreased transfusion efficacy, opposing our hypothesis,
and reducing our chances of documenting a difference
between groups. While this represents a significant lim-
itation in the retrospective analysis of this population,
it also highlights the importance of the divergence in
posttransfusion PCV between CM+ and CM– cats in
our study. A randomized, prospective, controlled trial
including only naı̈ve transfusion recipients would elim-
inate this variable between patient groups, and it is pos-
sible that the effect size may be even greater than we
documented in this study.

Comparison of the method of blood typing was not
possible in this population as this information was not
routinely documented in the medical record during the
study period. A recent study investigating feline blood
typing procedures reported a 95% agreement of im-
munochromatographic cartridges and 91% agreement of
card agglutination kits to laboratory methods described
above, suggesting this variable likely had little influence
on the results.17 In future prospective studies, standard-
ized blood typing should be employed. As our clini-
cal pathology laboratory does not routinely perform a
minor cross-match during pretransfusion compatibility
screening in cats for pRBC transfusion, the majority of
our patients did not receive minor cross-matches. Al-
though pRBCs contain minimal donor plasma, without
a documented compatible minor cross-match, the influ-
ence of donor antibody against recipient red blood cell
antigen in this study cannot be evaluated. While this
is a limitation, the presence of donor antibody would
likely influence both study groups. The utility of minor
cross-match should be evaluated in future, prospective
analyses. The method of blood product administration

has recently been investigated in dogs, and the use of
mechanical delivery systems was associated with early
loss of transfused RBCs.34 Syringe and fluid pumps are
commonly used to regulate the speed of pRBC transfu-
sions in our practice, and the use of these devices may
have resulted in less effective transfusions. Because the
method of delivery is not routinely documented in our
pRBC transfusion records, evaluation of delivery tech-
nique was not possible, although it is unlikely that there
were differences in method of delivery between the two
groups of cats.

Previous retrospective studies have reported frequen-
cies of acute, nonhemolytic transfusion reactions (eleva-
tion in body temperature, gastrointestinal signs, face rub-
bing, and angioedema) to be 1.2–7.9%.1,2 In Klaser et al,
one patient presumed to have an acute hemolytic trans-
fusion reaction showed evidence of pigmenturia, fever
and a subsequent decline in PCV.1 In Weingart et al, 4 of
29 patients with total bilirubin measurements were sus-
pected to have hemolytic transfusion reactions leading
to posttransfusion hyperbilirubinemia with a lower than
expected posttransfusion HCT.2 We could not report
the rate of transfusion reaction in our study population
as this information was not well documented through-
out the study period in the pRBC transfusion records,
although this information would have helped determine
the contribution of premature destruction of transfused
RBCs to decreased transfusion efficacy. Although we
could not definitively determine if any of the cats in
this study had acute reactions, by reporting the pRBC
volume received by each cat, not the pRBC unit size,
we ensured that our data was not affected by prema-
ture discontinuation of the transfusion. Thorough docu-
mentation of both nonhemolytic and hemolytic transfu-
sion reactions should be included in future, prospective
studies.

In addition to the previously described limitations,
there are several drawbacks of this study shared by many
retrospective analyses. It was often challenging to accu-
rately extract information about the timing of diagnostic
tests and transfusion administration, the rationale for
individual transfusions, and the presumed causes of the
anemias from the medical records. Packed red blood cells
were obtained from multiple sources, leading to some
variability in the anticoagulant and preservative solu-
tions used and potentially in the handling of individual
units. However, all pRBCs were obtained from one of 2
high quality commercial blood banks or from our insti-
tution’s blood bank, which follows standard veterinary
blood banking protocols. It was not possible to determine
the age of each unit administered because these data
are not routinely recorded in our medical records, but
all units administered were within recommended stor-
age intervals (a maximum of 35 days old at the time of
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administration if obtained from a commercial blood bank
and a maximum of 30 days old at the time of adminis-
tration if obtained from our institution’s blood bank).

Historically the identification of AB blood type in
the cat has been accepted as adequate for compatibility
testing in naı̈ve feline RBC recipients, with cross-match
procedures generally reserved for previously transfused
cats. In this study, we found that administering type-
specific, cross-match compatible pRBCs to cats led to a
greater increase in the posttransfusion PCV as compared
to administering AB type-specific, noncross-matched
pRBCs. While this analysis provides evidence suggest-
ing more thorough compatibility testing in cats may be
warranted before administration of pRBC transfusion,
given the previously described limitations inherent in
this retrospective study, prospective studies evaluating
the effect of cross-match on the efficacy of RBC transfu-
sion in cats, particularly those naı̈ve to transfusion, are
necessary before specific alterations to recommendations
for clinical transfusion practice can be made.

Footnotes
a Northwest Veterinary Blood Bank, Bellingham, WA.
b Animal Blood Resources Blood Bank, Dixon, CA.
c Quick Test A + B, Alvedia, Limonest, France.
d RapidVet-H Feline Blood typing card, DMS Laboratories, Flemington, NJ.
e 0.9% Saline, CardinalHealth, Dublin, OH.
f MedCalc Software version 12.3.0.0, Mariakerke, Belgium.
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