Is a cross-match necessary before a cat’s first blood
transfusion?
A Knowledge Summary by
Ben Safrany BVetMed, PgC(SAM), MRCVS1*
Sophie Adamantos BVSc, CertVA, DACVECC, DipECVECC, MRCVS, FHEA1

1

Paragon Veterinary Referrals, Paragon Business Village, Paragon Way, Red Hall Crescent, Wakefield,
WF1 2DF
*
Corresponding Author (Ben.Safrany@paragonreferrals.co.uk)

ISSN: 2396-9776
Published: 06 May 2020
in: Vol 5, Issue 2
DOI: 10.18849/VE.V5I2.306
Reviewed by: Nicolette Joosting (BSc, BVSc) and Conor
O'Halloran (BVSc, MRCVS)
Next Review Date: 11 Nov 2021

KNOWLEDGE SUMMARY

PICO question
In transfusion-naïve cats receiving a type specific blood transfusion is cross-matched blood (major and minor)
associated with an increased haematocrit development and reduction in acute transfusion reactions when
compared with those receiving non-crossmatched blood?
Clinical bottom line
Category of research question
Treatment
The number and type of study designs reviewed
Ten papers were critically reviewed. There were four retrospective case series, three prospective crosssectional surveys, a retrospective cohort study, a prospective case series and a prospective randomised control
trial.
Strength of evidence
Weak
Outcomes reported
It would appear that in the United Kingdom the incidence of non-AB transfusion reactions is low. A single study
suggests that cross-matching may result in a greater improvement in haematocrit, but this is unlikely to be
clinically significant. There is evidence to support the hypothesis that non-AB antigens (for example the Mik
antigen) differ with geographic distribution.
Conclusion
Based on the information available it is it is challenging to establish a meaningful clinical conclusion on which to
base a recommendation.
How to apply this evidence in practice
The application of evidence into practice should take into account multiple factors, not limited to: individual
clinical expertise, patient’s circumstances and owners’ values, country, location or clinic where you work, the
individual case in front of you, the availability of therapies and resources.
Knowledge Summaries are a resource to help reinforce or inform decision making. They do not override the
responsibility or judgement of the practitioner to do what is best for the animal in their care.

Clinical Scenario
You are presented with a 5-year-old, neutered male domestic shorthair cat with a 3 day history of progressive
lethargy and hyporexia. A complete blood count reveals a severe, regenerative anaemia (Packed cell volume
(PCV) 11%). Serum biochemistry identifies mild hyperbilirubinaemia. You are suspicious of immune mediated
haemolytic anaemia and send blood to a reference laboratory for further analysis. Survey imaging of the
thorax and abdomen is normal. The cat is blood type A.
You feel a blood transfusion is needed/required. The cat’s owners have another cat who is a suitable blood
donor and is also type A. You wonder whether to proceed with transfusion of blood from this cat immediately,
or whether to perform a cross-match first.
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The evidence
The evidence available consists of predominantly retrospective descriptive studies, with some prospective
experimental studies. The retrospective studies have inherent bias and are therefore low on the hierarchy of
evidence. Furthermore, type independent cross-match incompatibilities are not the primary outcome studied
in most papers. This has led to inconsistency in areas of study design including methodology of blood typing
and cross-matching, criteria for transfusion, blood product used (packed red blood cells versus whole blood),
data collected and methods for calculating scaled haematocrit development (if used). As a result, it is
challenging to establish a meaningful clinical conclusion.
Hct – Haematocrit
PCV – Packed cell volume
pRBC – Packed red blood cells

Summary of the evidence
1. Binagia et al. (2016)
Population: Cats receiving a type specific blood transfusion at referral centres in
Arizona and Michigan between 2012 and 2015.
Sample size: 126 cats receiving 102 transfusions
Intervention details:

•

•

Medical records were reviewed to select cats blood type in
anticipation of a blood transfusion.
Cats receiving a cross-match were compared with those that
did not.

Study design: Retrospective dual-centre cohort study
Outcome studied:

•
•

Incidence of transfusion reactions.
Post transfusion PCV, survival, time to discharge.

Main findings:
(relevant to PICO question):

•

There was no difference in the rate of transfusion reactions,
post-transfusion PCV, or survival between groups.
The non-crossmatched group had a significantly longer
duration of hospitalisation.

•
Limitations:

•

•

•

•
•
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This was a retrospective study and is therefore subject to
more bias than an equivalent prospective study. Accuracy
relies on accurate record keeping, it is possible transfusion
reactions could be under-reported, timings of pre and posttransfusion PCV may be inconsistent.
Only the abstract is available, so key information (for example
the incidence of transfusion reactions) is not available for
review.
It is not stated whether cases were transfusion naïve. Given
the retrospective nature it is likely that the cats that received
cross-matches were previously transfused.
The method and type (major or minor) of cross-match is not
stated.
The criteria for reporting a transfusion reaction are not
defined.
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2. Goy-Thollot et al. (2019)
Population: Healthy, transfusion naïve domestic shorthair cats over the age of 1
year presenting at a hospital in Lyon, France between October 2017
and March 2017.
Sample size: 49 cats
Intervention details:

•
•
•

Blood samples collected from healthy cats presenting for
wellness examination or neutering.
Blood typing was performed using immunochromatographic
and flow cytometric techniques.
Major cross-matching was performed using gel column (GC)
(major cross-match only) and feline antiglobulin-enhanced gel
column (AGC).

Study design: Single centre prospective cross-sectional survey
Outcome studied:

•
•
•

Main findings:
(relevant to PICO question):

•

•

Limitations:

•
•
•

•

The presence of naturally occurring alloantibodies in cats.
The sensitivity of the AGC compared with the GC method of
cross-matching.
The agreement between immunochromatographic and flow
cytometric techniques of blood typing.
Incompatibilities outside of the major AB system were
detected in 3/49 cats and were only detected using the AGC
test.
There was a good agreement between the two cross-match
methods, with additional incompatibilities detected by the
AGC method.
There is only a small sample size.
The study population is healthy and therefore different to
clinically affected cats requiring transfusion.
There is no gold standard cross-matching test to compare the
results to, so it is not clear if additional incompatibilities were
revealed but the AGC method gives false positives, or if the GC
technique underestimated the incidence of incompatible
cross-matches.
The AGC technique has not been used in any of the other
studies, making comparison difficult.

3. Hourani et al. (2017)
Population: Hospitalised anaemic cats receiving a type specific whole blood
transfusion at the University of Berlin (dates not provided).
Sample size: 21 cats received 33 blood transfusions
Intervention details:

•
•
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Medical records were reviewed to select cats receiving a
transfusion of type specific whole blood.
Major, minor and recipient control cross-matches were
performed before all transfusions and then every 2 days
thereafter.
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•

Cross-matching was performed in-house using standard and
tube protocol.

Study design: Prospective single centre case series
Outcome studied:

•
•

Major, minor and control cross-match status.
Hct development.

Main findings:
(relevant to PICO question):

•
•

No acute transfusion reactions were recorded.
15/21 cats’ major cross-matches remained compatible
throughout.
5/20 [sic] cats developed major cross-match incompatibility
2–10 days after the first transfusion.
No incompatible cross-matches in transfusion naïve patients.
Hct development as expected in 17/33 transfusions.
Cross-match incompatible patients achieved a Hct on average
1.04% less than expected.
Cross-match compatible patients achieved a Hct on average
0.53% more than expected.

•
•
•
•
•
Limitations:

•
•
•
•

Cross-matches performed on stored samples, older samples
may increase the occurrence of incompatible cross-matches.
In-house cross-matching only.
Bilirubin not measured, may have aided the detection of
delayed transfusion reactions.
Small sample size.

4. Klaser et al. (2005)
Population: Cats receiving transfusion of type specific whole blood or pRBCs at
the Animal Medical Centre, New York between January and
December 1999.
Sample size: 126 cats receiving 148 transfusions
Intervention details:

•
•

Medical records were reviewed to identify cats receiving a
blood transfusion.
A cross-match was only performed in the event of a previous
transfusion over 4 days earlier.

Study design: Retrospective single centre case series
Outcome studied:

•
•
•

Number of and reasons for transfusions.
Incidence of acute transfusion reactions.
Volume of blood administered, change in PCV and clinical
outcome.

Main findings:
(relevant to PICO question):

•
•

127/148 whole blood transfusions, 21/148 pRBC transfusions.
A median increase in PCV of 6.4 ± 3.9% was observed in all
cats.
Acute transfusion reactions occurred in 11/148 (7.4%)
transfusions, of these, 10 were acute non-haemolytic
transfusion reactions and one was an acute haemolytic
reaction in a untyped cat, suspected to have been transfused
with blood of an incompatible type.

•
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Limitations:

•
•

Retrospective study design.
The increase in Hct, incidence of incompatible cross-matches
and method of cross-matching were not reported.

5. McClosky et al. (2018)
Population: Cats receiving a type specific RBC transfusion at the University of
Pennsylvania between January, 2013 and December, 2016.
Sample size: 300 cats (220 transfusion naïve)
Intervention details:

•
•

Medical records were reviewed to identify cats receiving a
transfusion with or without a major cross-match.
Cross-matches were performed using the tube method.

Study design: Retrospective single centre case series
Outcome studied:

•
•
•
•

Incidence of major cross-match incompatibilities.
Scaled increase in PCV.
Incidence of transfusion reaction.
Survival to discharge, 30 and 60 day survival.

Main findings:
(relevant to PICO question):

•

Major cross-match incompatibilities in 23/154 (14.9%)
transfusion naïve cats and 15/55 (27%) previously transfused
cats.
Cross-matched blood was not associated with significant
difference in scaled increase in PCV when compared with noncrossmatched blood (+0.76 ml/kg and +0.97 ml/kg
respectively).
Febrile transfusion reactions occurred in 8/79 (10.1%) of noncrossmatched transfusions and 4/161 (2.5%) cross-matched
transfusions.
Six cats were administered cross-match incompatible units
(one transfusion naïve), no reactions were observed and the
scaled increase in PCV was +0.86 ml/kg.
Cross-match not associated with improved survival to
discharge or 30 and 60 day survival.
Two non-crossmatched cats developed suspected transfusion
associated adverse effects and died. Post-mortem
compatibility testing or necropsy were not performed.

•

•

•

•
•

Limitations:

•

•

•
•
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This was a retrospective study and is therefore subject to
more bias than an equivalent prospective study. Accuracy
relies on accurate record keeping, it is possible transfusion
reactions could be under-reported, timings of pre and posttransfusion PCV may be inconsistent.
Although a reduction of transfusion reactions was observed in
cats receiving a cross-match it is not clear if this applies to
transfusion naïve cats.
Some (8%) cross-matches performed by case clinician rather
than laboratory staff.
A febrile transfusion reaction was defined as an increase in
body temperature ≥ 2°F during or within 4 hours of the
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•

transfusion. It is possible that this criteria will overestimate
the rate of febrile transfusion reactions.
The two cats that died were not included in adverse event
statistics, it is unclear if their deaths were transfusion related
or related to an underlying disease.

6. Sylvane et al. (2018)
Population: Transfusion naïve cats, older than 4 months, receiving type specific
pRBC transfusion at the Animal Medical Centre, New York from
January 2016 to August 2017.
Sample size: 48 cats
Intervention details:

•
•
•
•
•
•
•

Each cat was randomised to have a major cross-match or not
before transfusion (24 cats in each group).
24/48 cross-matched cats received type specific crossmatched blood.
24/48 non-crossmatched cats received type specific noncross-matched blood.
Blood transfusion was initiated 2 hours after the initial PCV
measurement in both groups.
When cross-matched, each cat was matched to at least 2
donor units.
All cross-matches were performed at an external reference
laboratory.
Donor blood was sourced from a commercial blood bank.

Study design: Prospective randomised control trial
Outcome studied:

•
•

Incidence of acute transfusion reactions.
Scaled increase in PCV.

Main findings:
(relevant to PICO question):

•

Cross-matched cats were cross-matched to at least 2 units of
pRBCs, 52 cross-matches were performed in total.
10/52 (19%) incompatible cross-matches.
4/24 transfusion reactions (16.7%) in cross-matched group,
three were febrile non-haemolytic transfusion reactions
(FNHTR), one was a suspected haemolytic transfusion
reaction.
7/24 transfusion reactions (29.1%) in non-crossmatched
group, all were FNHTR.
There was no significant difference in the rate of transfusion
reactions between groups.
No significant difference in mean PCV post-transfusion scaled
to the dose of pRBC administered was detected between
groups.

•
•

•
•
•

Limitations:

•
•
•

Veterinary Evidence
ISSN:2396-9776
Vol 5, Issue 2
DOI: 10.18849/VE.V5I2.306
next review date: 11 Nov 2021

This study has a relatively small sample size.
The Hct of transfused units of pRBC were not recorded.
FNHTR defined as an increase in body temperature by 1°C
during the transfusion without evidence of haemolysis. There
is a risk of this criteria over-reporting transfusion reactions.
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7. Tasker et al. (2014)
Population: Transfusion naïve cats presenting to the University of Bristol, UK for
clinical evaluation for ill health or as potential blood donors between
January and October 2012.
Sample size: 112 cats
Intervention details:

•
•
•
•
•

Excess blood collected from cats presenting to the centre was
used.
The samples were phenotyped and genotyped for blood group
type.
The samples were cross-matched with a reference sample
from a cat of the same AB phenotype.
Major and minor cross-matches were performed in a
microtitration system.
Reference samples for cross-matches were provided by a
blood bank and stored for up to 28 days.

Study design: Single centre cross-sectional survey
Outcome studied:

•
•

Main findings:
(relevant to PICO question):

•
•
•

Limitations:

•
•
•

The agreement between AB blood phenotyping and
genotyping.
The incidence of incompatible cross-matches in type specific
blood.
No major cross-match incompatibility was detected.
Two incompatible minor cross-matches.
No conclusive evidence of non-AB blood type
incompatibilities.
Cross-matches performed with limited number of reference
samples.
Reference samples were obtained from USA.
This study only reports the incidence of incompatible crossmatches performed on type specific blood, not the outcome
of transfusion.

8. Weingart et al. (2004)
Population: Cats receiving a type specific RBC transfusion at the University of
Berlin between September 1998 and August 2001.
Sample size: 91 cats receiving 163 transfusions
Intervention details:

•
•

Medical records were reviewed to identify cats receiving a
transfusion of type specific fresh whole blood.
Major and minor cross-matches were performed using the
tube method.

Study design: Retrospective single centre case series
Outcome studied:
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•
•

Indications for transfusion.
Hct development.
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Main findings:
(relevant to PICO question):

•
•
•
•

Transfusion frequency and volume.
Survival rate.
Transfusion reactions.
Plasma bilirubin before and 1–5 after transfusion (29
transfusions).

•

Transfusion performed for a variety of reasons including blood
loss, haemolysis, ineffective erythropoiesis, hypoproteinaemia
and severe coagulopathy.
A mild increase in serum bilirubin was detected in 11/29 (38%)
cases.
Transfusion reactions were noted in 2/163 (1.2%)
transfusions. Both were compatible in type and cross-match
and were receiving their second and third transfusions.
There were 7/60 (11.7%) incompatible major cross-matches,
one was in a transfusion naïve cat. Transfusions were
administered regardless, no clinical transfusion reactions were
observed, Hct development was as expected in five cases, but
remained unchanged in two.

•
•

•

Limitations:

•

•
•

•

•

This was a retrospective study and is therefore subject to
more bias than an equivalent prospective study. Accuracy
relies on accurate record keeping, it is possible transfusion
reactions could be under-reported, timings of pre and posttransfusion PCV may be inconsistent.
The number of transfusion naïve cats was not reported.
Cross-matches were not performed in all cats prior to
transfusion. It is not clear how many transfusion naïve cats
were tested prior to transfusion.
Nearly half (44%) of cats included in the study had multiple
transfusions, potentially increasing the risk of transfusion
reactions.
Much lower reported incidence of transfusion reactions
compared with other studies, it is possible transfusion
reactions were under recognised and reported.

9. Weinstein et al. (2007)
Population: Type A blood donor cats and a renal transplant recipient presenting
at the University of Pennsylvania (dates not stated).
Sample size: 66 cats
Intervention details:

•
•
•

All cats blood-typed them major and minor cross-matches
were performed.
Cross-matches performed using the tube and gel column
methods.
Agglutinin titres then performed to characterise
alloantibodies.

Study design: Prospective single centre cross-sectional survey and case report
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Outcome studied:

•
•

Incidence of incompatible cross-matches in type A blood.
Presence of auto and alloantibodies.

Main findings:
(relevant to PICO question):

•

There were incompatible cross-match results in type
compatible erythrocytes in three blood donors.
All three cats produced incompatible cross-matches with the
same cat, suggesting all three cats produced an alloantibody
against the same red cell antigen expressed by this cat.
These findings suggest the presence of an alloantibody against
a common red cell antigen, independent of the AB system,
termed Mik by the authors.
All three cats had no transfusion history, suggesting the
alloantibody was naturally occurring.
The authors also include a case report of a severe haemolytic
transfusion reaction in a cat receiving a type specific
transfusion of pRBCs. They mention two other Mik negative
cats identified at the institution but do not expand.

•

•

•
•

Limitations:

•

•

Data is only presented on a limited number of Mik negative
cats. Data is needed on more Mik negative cats to further
understand their clinical relevance and prevalence.
Single centre report from a colony of research cats.

10. Weltman et al. (2014)
Population: Cats receiving a type specific transfusion of pRBCs between 2000
and 2010 at the Cornell University teaching hospital.
Sample size: 209 cats receiving 233 transfusions
Intervention details:

•

•

•

PRBCs were administered with a major cross-match (43
transfusions in 36 cats) or without a major cross-match (190
transfusions in 173 cats).
Cross-matches performed in all patients that received a
transfusion greater than 3 days previously or as requested by
the clinician in transfusion naïve cats.
Cross-matches were performed using the tube method.

Study design: Single centre retrospective case series
Outcome studied: The change in PCV following packed red blood cell administration
relative to dose of pRBCs administered.
Main findings: The administration of type specific, cross-match compatible pRBCs
(relevant to PICO question): resulted in a significantly greater increase in PCV when compared to
non-crossmatched packed red blood cell administration.
Limitations:

Veterinary Evidence
ISSN:2396-9776
Vol 5, Issue 2
DOI: 10.18849/VE.V5I2.306
next review date: 11 Nov 2021

•

This was a retrospective study and is therefore subject to
more bias than an equivalent prospective study. Accuracy
relies on accurate record keeping, it is possible transfusion
reactions could be under-reported, timings of pre and posttransfusion PCV may be inconsistent.
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•

•
•

Non-crossmatched cats had a lower pretransfusion PCV, it is
possible that they represent a cohort of cats too unwell to
wait for a cross-match.
Most cross-matched cats were not transfusion naïve, reducing
the relevance to the PICO question.
There is a difference in the aetiology of the anaemia between
study groups.

Appraisal, application and reflection
Traditionally, it has been advised that a cross-match has only been required prior to administering type specific
blood to cats if they had a previous transfusion more than 4 days previously. Recently cross-match
incompatibilities and transfusion reactions independent of the AB system have been reported. It has been
hypothesised that naturally occurring alloantibodies to alternative red blood cell antigens are responsible, with
particular interest paid to the Mik antigen, first reported by Weinstein in 2007.
Weltman et al. (2014) showed that administering cross-match compatible blood lead to greater haematocrit
development when compared with non-crossmatched transfusions. Binangia et al. (2016), Hourani et al.
(2017) and Sylvane et al. (2018) failed to repeat these findings in more recent studies, but did identify a
reduced frequency of pyrexic (non-haemolytic) transfusion reactions in cross-matched cats. However,
Weingart et al. (2007) reports two cases with an incompatible cross-match where transfusion did not increase
PCV, suggesting treatment failure.
It is noteworthy that all reports of non-AB transfusion reactions in transfusion naïve cats originate in the
United States, raising the possibility that a geographical element exists. In 2014, Tasker et al. were unable to
demonstrate cross-match incompatibilities independent of the AB system in a cohort of cats from the United
Kingdom.
A limitation of the papers reviewed were inconsistencies relating to the method of cross-match and whether
only a major cross-match, or major and minor cross-matches were performed. In a major cross-match the
donor’s erythrocytes are screened for incompatibility with the recipient’s plasma, whereas a minor crossmatch tests for incompatibilities between donor plasma and recipient erythrocytes. Goy-Thollot et al. (2019)
report an increased sensitivity of a feline antiglobulin-enhanced gel column method of cross-matching which
was not used in any of the other studies. It is possible that such a technique is more sensitive that other
techniques, however, the clinical significance of this is yet to be investigated.
The application of these studies to clinical cases is still debatable. The only prospective randomised study
(Sylvane et al., 2018) failed to show a difference in transfusion reactions between cross-matched and noncrossmatched cats and no difference in increase in haematocrit following transfusion. Based upon the studies
presented here it is challenging to establish a meaningful clinical conclusion on which to base a
recommendation.
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Methodology Section

Search Strategy
Databases searched and dates 1. CAB Abstracts on OVID Platform; 1980–2019
covered: 2. PubMed on NCBI Platform; 1973–2019
Search terms: CAB Abstracts and PubMed:
(Cat OR cats or feline) AND (transfusion OR transfused) AND
(crossmatch OR cross-match OR crossmatched OR cross-matched OR
cross match) OR (non-AB)
Dates searches performed: 11/11/2019

Exclusion / Inclusion Criteria
Exclusion: Book chapters, articles not available in English, clinical review
articles.
Inclusion: Articles available in English which were relevant to the PICO. Articles
had to involve more than one cat.

Search Outcome
Number

Excluded –

Excluded –

of

book

clinical review

results

chapter

article

CAB Abs

39

1

1

PubMed

117

0

9

Database

Total relevant papers when duplicates removed

Excluded – full

Total

article not

relevant

available

papers

29

0

8

96

2

10

Excluded – not
relevant to PICO

10
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