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ABSTRACT

Electronic crossmatching is a computer—assisted technology used to confirm if red blood cell (RBC) blood
products are suitable for the intended recipient. In addition to mainland China, electronic crossmatching has been
used in many countries. Here we have developed an electronic crossmatching system for clinical application. The
primary and advanced system of electronic crossmatching was developed, the primary system includes ABO and
RhD blood group antigens, and the advanced system includes 18 common RBC group antigens. We completed
in—situ and online testing; the system was installed in six general hospitals in Dongguan for clinical application. A
total of 31,941 crossmatches were performed by both electronic and serological crossmatching from July Ist, 2015
to April 30th, 2016. The electronic crossmatch shows to be more powerful than the serological crossmatching, if
RBC blood products and recipients were compatible when electronic and serological crossmatch completed, all
blood were issued to clinic. In this condition, no case of hemolytic transfusion adverse reaction occurred. In con—
clusion, the electronic crossmatch system can be used in transfusion medicine and is capable of reducing labora—

tory workload and costs, as well as improving transfusion safety.
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INTRODUCTION

Electronic crossmatching is an electronic method
used to confirm that a blood sample is suitable for
transfusion to the intended recipient by using vali—
dated software logic to determine compatibility. The
electronic crossmatch system has already been imple—
mented in many developed counties, such as the Unit—
ed States, Denmark, Holland, Norway, Britain, Can—
ada and Australia, and will be available imminently
in other countries, namely Japan, Hungary, New
Zealand, Turkey, and Italy”’sl. Electronic crossmatch—
ing is based on the rapid development of information
technology, transfusion medicine and patient identifi—
cation. In addition to the Hong Kong special adminis—
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trative region, until now, the electronic crossmatching
system has not been implemented in mainland China.
In order to validate electronic crossmatching system
developed for the needs of China, we retrospectively
reviewed and analyzed the results of blood—group
identification on 180,000 donors and 100,000 recipi—
ents. The accuracy rates of ABO/RhD groups of do—
nors and recipients we found to all be 100%™, The
positive rates of irregular antibodies screening for do—
nors and recipients were also analyzed, with irregular
antibody panel cells being used to identify specific—
ity. However, the positive rate of irregular antibody
screening for donors was low in Dongguan city, which
is lower than other regions in China'®. Accordingly,
the aim is to confirm all recipients suitable for imple—
menting the electronic crossmatch system.

MATERIALS AND METHODS

ABO group and antibody screening methods

The electronic crossmatching system was devel-
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oped in Dongguan Blood Center, leading on from
our previous study'™. To investigate the feasibility
of its clinical application, electronic crossmatching
was confirmed by the serological tests. The elec—
tronic crossmatching system includes two levels: the
first (the primary system) is in line with the AABB
guide”; the second (the advanced system) is based on
the primary system, but with an expanded application
scope.

ABO group methods included forward typing and
reverse typing. Forward typing was performed by
mixing 1 drop of 5% red blood cell (RBC) suspension
and 1 drop of monoclonal anti—A or anti—B reagent
(Shanghai Blood Biotechnology Co., Ltd., Shang—
hai, China) in two tubes, respectively, centrifuged
at 1,000 rpm for 1 min, and the agglutinate intensity
was checked. Reverse typing was performed with the
standard A, B and O RBC reagents (prepared by the
Blood Transfusion Laboratory) to identify natural
anti—A or anti—B in plasma.

Donor irregular antibody screening was tested by
the Sanquin automatic blood group identification
system, irregular screening cells and microcolumn gel
method (all provided by Sanquin, Amsterdam, Hol—
land). Irregular screening cell group antigen included:
C,D,E, c e Cw, f, V, K, k, Kp', Kp®, Js', Is", Fy",
Fy’, JK', JK", Le', Le, P,, M, N, S, s, Lu’, Lu®, Xg".
Specific identification was performed when irregular
antibody screening was positive. The results of irreg—
ular antibody screening on blood donors were printed
on the blood label. Irregular antibody screening of
recipients (in hospital) were performed by incubating
1 volume (25 pL) of 1 percent reagent RBCs in low—
iron—strength saline with an equal volume of donors”
or recipients” plasma, then the anti—globulin micro—
column gel technique (DiaMed, Switzerland) test was
applied.

ABO/RhD group information database

Recipients” general information was extracted from
the hospital information system (HIS), which included
name, gender, age, birth date, ethnicity, personal ID,
clinical ID, ward number, bed number, transfusion
history, medical history, pregnancy and clinical diag—
nosis. The recipient’s information database in combi—
nation with the electronic crossmatching system were
used to extract automatically; personal ID, clinical ID
and group information which included ABO/RhD his—
tory records and detailed information such as irregular
antibodies and transfusion adverse reaction history
records. The donors” information contained donation
code, ABO/RhD group, irregular antibody screening
and specificity.

ABO/RhD group validation for the first—time
transfusion recipients

For the first—time recipient, two samples were col—
lected at different times for ABO/RhD groups” identi—
fication, which were implemented by different techni—
cians or different laboratories; if only one sample was
available, two different technicians and two different
identification reagents were needed. The results of
twice obtained ABO/RhD groups” identification were
typed into system and only if the two results were
consistent, the electronic crossmatch system was al—
lowed to perform next step.

ABO/RhD group validation for repeated trans—
fusion recipients

For the repeat transfusion recipient, where only one
sample was needed to validate the ABO/RhD group,
the current results were required to be consistent with
their history records. If the history records were not
consistent with the results of the sample, the system
should display a warning message and the recipient
would be regarded as a first—time recipient, in which
case required there collection of the two samples for
ABO/RhD group validation (according to ABO/RhD
group validation for the first—time transfusion recipi—
ents). Flowcharts for electronic crossmatch and blood
issue can be seen in Fig.1.

The advanced system and match rate

Eighteen common RBC group antigens, including:
E,e, C,c, M, N, Mur, S, s, JK*, Ik, Fy*, Fy", added
P, Le’, Le”, K, and Di* were added to the donors” and
recipients general information in the advanced system.
The match rate of ABO/RhD groups between donor
and recipient should be 100%, according to ABO/
RhD groups” compatibility in the primary system, so
if ABO/RhD groups were not compatible, the match
rate would show as zero, and the electronic cross—
match system would terminate. In the advanced sys—
tem, ABO/RhD match rates were set to 60%, and the
18 common RBC group antigens were set to 40%. The
match rate of each antigen was calculated according
to Table 1. If one of the common antigens were the
same between donor and recipient, the antigen match
rate would be added to the ABO/RhD match rate. The
more common antigens that were completely matched
between donor and recipient, the higher the match
rate. If all of the common antigens were same be—
tween donor and recipient, the match rate was 100%.
Therefore, the higher the match rate was, the safer the
transfusion. The advanced system was not allowed to
issue a RBC blood product that contained any posi—
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Fig.1 Flowcharts for electronic crossmatch and issue

Match rate of 18 common antigen
blood groups in Chinese population

Weight of

40% weight

Antigen Frequency(%) Weight of antigen .
blood group of antigen
I8 93.00 0.5440 22.2858 8.9143
e 39.00 0.5440 9.3456 3.7383
C 47.00 0.5440 11.2627 4.5051
c 96.00 0.5440 23.0047 9.2019
M 108.00 0.1836 8.7346 3.4938
N 82.60 0.1836 6.6803 2.6721
S 95.00 0.1836 7.6832 3.0733
s 5.90 0.1836 0.4772 0.1909
Mur 9.60 0.1836 0.7764 0.3106
P1 74.80 0.0544 1.7924 0.7170
Lea 48.00 0.1309 2.7677 1.1071
Leb 42.00 0.1309 2.4218 0.9687
Jka 73.00 0.0323 1.0387 0.4155
Jkb 76.00 0.0323 1.0813 0.4325
Fya 99.00 0.0204 0.8896 0.3559
Fyb 11.00 0.0204 0.0988 0.0395
K 1.00 0.0017 0.0007 0.0003
Dia 7.00 0.0085 0.0262 0.0105

tive antigens against the alloantibodies displayed in
the recipient. If irregular antibodies were present in
any blood products against any one of the 18 common
antigens (as above), it was not allowed to be issued to
the clinic. The match rates were calculated using the
following methods: (D Total match rate = 60%+ the
common antigens match rate; (2) The remaining an—
tigen match rate = antigen frequency X group system
weight X coefficient(0.4405) X 40%, where the group
system weight was the ratio of irregular antibody fre—
quency in the group system and the total positive rates
of irregular antibody. Antigen frequency was refer—
enced to the Chinese population. Irregular antibody
frequency in the group system was calculated by the

meta—analysis of the literature reports *’

Models of transfusion matches

Match models were from all RBC blood products
in blood bank, which were divided into A/RhD", B/
RhD", AB/RhD", O/RhD", A/RhD", B/RhD", AB/
RhD", and O/RhD". The electronic crossmatching
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system calculated the match rates for all RBC blood
products automatically, and RBC blood products in—
formation was displayed according to the match rate.

If the match rate was higher than 60% in the ad-
vanced system, the units were allowed to issue. Only a
senior operator can issue in cases of emergency, cases
when items such as RhD positive RBC blood products
may be given to RhD negative recipients, or A or B
group washed RBC blood products could be given to
AB group recipients.

The electronic crossmatch system was completed
according to above design, followed by in—situ veri—
fication (simulating various conditions) and on—line
verification (connected to the network, according to the
actual situation). After verification, the system was in—
stalled in hospitals of Dongguan city for clinical trials.

This study was approved by the Ethics Committee
of the Dongguan Blood Center and all aspects of the
study complied with the Declaration of Helsinki.

RESULTS

ABO/RID groups, irregular antibody screening and
serological compatibility tests were performed before
transfusion in all hospitals in Dongguan. All blood is
required to be issued by the transfusion information
management system (TIMS), which has been installed
in all hospitals of Dongguan city, and is able to pro—
vide certain information for on—line ordering. Cross—
match tests were performed the day before surgery or
completed within 30 minutes in emergency. The blood
issuing time was shortened helping staff overcome
stress. The crossmatch to transfusion rate (C/T) was
1.6, with about 1% of units being discarded each year
due to expiry.

The crossmatch rate of ABO/RhD groups was
100% based on compatibility. Irregular antibodies in
recipients and donors must be negative, ideally with
negative results from recipients being obtained within
3 days of the transfusion. In cases of its being longer
than 3 days, the electronic crossmatch system is set to
regard the recipient as not having completed the ir—
regular antibody screen and the system will terminate.
If the recipient irregular antibody shows negative, but
their history records showed positive, a warning mes—
sage will display immediately after the current result
is typed into system, and the recipient would be re—
garded as irregular antibody positive.

A total of 31,941 crossmatches were performed by
both electronic and serological crossmatch from July
Ist, 2015 to April 30th, 2016 in Dongguan. About
42,876 units of RBC of compatible blood products
were issued after the completion of electronic cross—

match and serological tests. Because of the elimination
of serological crossmatch testing, the cost of reagents
and consumables were saved. The electronic cross—
match system showed more powerful than serological
tests, and there were no cases of hemolytic reaction.

DISCUSSION

All serological testing aims to guarantee transfusion
safety, by predicting the compatibility before transfu—
sion (through simulation tests in vitro) and detecting
incompatibilities of ABO/RhD groups or irregular an—
tibodies.

In the early 1980s, only 58 cases showed posi—
tive for clinically significant irregular antibodies out
of 1 million serological tests'” . Around this time it
was reported that serological testing consisted of 11
processes from a given blood bank to recipient’s vas—
cular system with a total of 66 steps being involved.
Although every step seemed to be very simple!” ',
the chances of error was very high due to the com—
plicated process of sample handling. If an irregular
antibody was found negative, immediate centrifuga—
tion would be the only method needed and the anti—
globulin method could be omitted™”. This strategy
was published in the 15th edition of the AABB""",
however, the immediate centrifugation method has
been found to fail to completely rule out ABO/RhD
incompatibility. The electronic crossmatch system
has the advantage of reliably checking the ABO/RhD
compatibility between recipients and donors, suggest—
ing that the electronic crossmatch system is safer than
the immediate centrifugation method"”'. The electronic
crossmatching system has also been reported to reduce
the rate of expired blood products and also to reduce
the crossmatch workload by 65% compared with se—
rological testing'". Compared with serological cross—
matching, electronic crossmatching can save 30 min
each time, greatly improving efficiency"*"".

In the present study, we developed a new elec—
tronic crossmatch system with two designs: a primary
system for ABO/RhD compatibility, which was only
applied in Dongguan and an advanced system which
tests for 18 common RBC group antigens. Based
on the results from 31,941 crossmatch tests, results
showed no hemolytic reaction. In emergency, the O/
RhD™ RBC blood products could be transfused into
anyone recipient, RhD positive RBC blood products
could be transfused to RhD negative recipients, and A
or B group washed RBC products could be transfused
to AB group recipients and RBC products could be is—
sued in two minutes. The system was more economi—
cal than serological testing. From our study of 31,941
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electronic crossmatches, when compared with sero—
logical crossmatch, we estimated a saving of ¥638,820
yuan, based on the cost of ¥20 yuan for each serologi—
cal crossmatch, plus total of 479,115 minutes would
be saved if 15 minutes of serological crossmatch were
omitted.

Compatibility is the key procedure before trans—
fusion. It needs to be accurate in the identification
of each recipient. Blood services and hospitals have
established suitable online resources and are able to
access transfusion management system data. How—
ever, regional laws allowing for the implementation of
electronic crossmatching pose the biggest question.

In conclusion, electronic crossmatching can reduce
workload, lower costs, improve transfusion safety and
subsequently replace serology crossmatching.

Acknowledgements and funding

We thank Hong Kong Queen Elizabeth Hospital
for technical assistance. This work was supported by
the Guangdong Medical Science and Technology Re—
search Fund (B2009273).

References

[1]  Arslan O. Electronic crossmatching. Transfus Med Rev,
2006, 20(1): 75-9.

[2]  Arslan O. Donors” blood group declaration before dona—
tion can be used as a tool for electronic crossmatching.
Transfus Med, 2005, 15(6):487-92.

[3] Cox C, Enno A, Deveridge S, et al. Remote electronic
blood release system. Transfusion, 1997, 37(9):960—-4.

[4]  Chapman JF, Milkins C, Voak D. The computer cross—

match: a safe alternative to the serological crossmatch.
Transfus Med, 2000, 10(4):251-6.

[5] Engelfreit CP, Reesink HW, Krusius T, et al. The use of
the computer crossmatch. Vox Sang, 2001, 80(3):184-92.

[6] He ZY, Liu FP, Li WQ, et al. Blood recipients blood
type identification accuracy and irregular antibody posi—
tive rate investigation and research. Journal of Practical
Medicine(in Chinese), 2011, 27(5):877-9.

[7] He ZY, Wang DW, Ye ZJ, et al. Investigation of accu—
racy of blood group examination on blood donors. J Mod
Lab Med, 2010, 25(1):122—4.

[8] Ye ZJ, He ZY. Systems design and simulation applica—
tion for electronic cross matching of blood. J Mod Lab
Med, 2012, 27(2): 101-3.

[9] Suzanne H, Butch MA, MT (ASCP) SBB. Guidelines
for implementing an electronic crossmatch. Bethesda:
American Association of Blood Banks, 2003.

[10] Kuriyan M, Fox E. Pretransfusion testing without sero—
logic crossmatch: Approaches to ensure patient safety.
Vox Sang, 2000, 78(2):113-8.

[11] Goddard K, Shabestari O, Kay JD, et al. Formatively
evaluating the importance of different aspects of an
electronic blood transfusion system from the end users
“point of view: a questionnaire study. Stud Health Tech—
nol Inform, 2010, 160(2):1211-5.

[12] Wildmann FK. Standards for blood banks and transfu—
sion services. 15th ed. Bethesda: American Association
of Blood Banks, 1993.

[13] Cheng G, Chiu DS, Chung AS, et al. A novel system for
providing compatible blood to patients during surgery:
" self—service" electronic blood banking by nursing staff.
Transfusion, 1996, 36(4):347-50.

(Received 19 November 2017, Revised 03 Decem—

ber 2017, Accepted 08 December 2017)



