ATRs are the most common AR to transfused PCs and
have an incidence of approximately 1% to 3%.3° Most
reactions are mild and are usually associated with cutane-
ous manifestations such as urticaria, rash, pruritis, and
flushing. Severe ATRs, such as anaphylactic shock, are
rare. ATRs are classically thought of as Type I hypersensi-
tivity reactions due to immunoglobulin (Ig)E antibodies
interacting with allergens to activate mast cells and baso-
phils. However, the mechanisms involved are not under-
stood in the majority of cases. Paglino and colleagues®
reported a significant decrease in the frequency of febrile
nonhemolytic  transfusion reactions—although not
ATRs—for red blood cells (RBCs) and PCs after the intro-
duction of universal prestorage leukoreduction. Further-
more, washing PCs and RBCs substantially reduces ATRs;’
hence the suspicion that the plasma fraction of blood
components has an essential role in etiology of ATRs.

However, although plasma is the main component in
fresh-frozen plasma (FFP) and PCs, the incidence of ATRs
to PCs is higher than that of FFR*® The reason for this dif-
ference between FFP and PCs is not clearly understood.
Thus, a mediator in plasma may be necessary, but not suffi-
cient, to cause an ATR. Herein we report an incidence
matrix of ATRs to FFP versus PCs on first versus subsequent
(nonfirst) transfusions, using data from five hospitals over 2
years and consider factors influencing the risk of ATRs.

MATERIALS AND METHODS

Study set-up

Data from standardized records were collected by the
Department of Transfusion Medicine, Aichi Medical Uni-
versity, from its own and four hospitals. The data covered
January 2010 through December 2011 and were
assembled in February 2012.

Study design

This was a retrospective observational analysis of data
from standardized records of five Japanese hospitals with
established hemovigilance systems (Aichi Medical Univer-
sity Hospital, Keio University Hospital, Osaka University
Hospital, Shinshu University Hospital, and Tokyo Metro-
politan Cancer and Infectious Disease Center, Komagome
Hospital) from January 2010 through December 2011, cov-
ering FFP and PC transfusions and associated ATRs. The
study was approved by the Aichi Medical University Insti-
tutional Review Board, which is guided by local policy,
national law, and the World Medical Association Declara-
tion of Helsinki. For each type of blood component, the
data included the total number of first-transfusion epi-
sodes on patients without transfusion history and the total
number of subsequent transfusion episodes for those with
transfusion history, as well as the total number of ATRs
per blood component with respect to both first and subse-
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quent transfusions. We can identify first transfusions
because physicians and nurses routinely solicit transfusion
history from patients or family members and check hospi-
tal databases and medical records. We have defined a trans-
fusion episode as any number of units of the same type
administered within 24 hours of each other. Therefore, if a
patient with no transfusion history received more than one
type of blood component within 24 hours, a “first trans-
fusion” for each type of blood component was recorded.

Physicians and nurses monitored the patients after
the start of each transfusion for the occurrence of any ARs
and reported the results to the transfusion medicine serv-
ice of each hospital whether or not an AR had occurred.
Physicians and nurses more readily identified ARs by
using a standard monitoring form during strictly defined
observation periods during and after transfusion. ARs
were investigated by a physician trained in transfusion
medicine, and additional clinical and biological informa-
tion was collected to facilitate diagnosis and assessment
of severity. ARs were deemed ARs according to professio-
nal assessment of imputability based on clinical and labo-
ratory data. If ARs had occurred in patients who had
received multiple blood components within 6 hours of an
AR, specialist physicians identified blood components
related to the ARs based on clinical and laboratory data.
No data were collected regarding pretransfusion medica-
tions and washing of PCs.

An ATR was defined as having two or more of the fol-
lowing symptoms or signs occurring during the transfu-
sion: skin rash; urticaria; pruritus; localized angioedema;
edema of lips, tongue, and uvula; conjunctival edema;
and hypotension. An ATR could also include respiratory
or gastrointestinal signs and/or symptoms. All ATRs were
within 6 hours of transfusion and other potential etiolo-
gies of an allergic reaction were excluded. The definition
of ATRs used by the Japan Society of Transfusion Medicine
and Cell Therapy is based on documents issued by the
International Society of Blood Transfusion (ISBT) Working
Party for Haemovigilance,® which also defined the criteria
for grading the severity of ATRs as follows: Grade 1 = the
absence of immediate or long-term consequences; Grade
2 =long-term morbidity; Grade 3 = immediate vital risk;
and Grade 4 = death of the recipient. Serious ATRs were
defined as Grade 2 or higher according to documents
issued by the ISBT Working Party for Haemovigilance.

Blood components

Blood collection, preparation, and testing were performed
according to protocols of the blood service headquarters
of the Japanese Red Cross Society. Types of blood
donation were 200 or 400 mL of whole blood and aphere-
sis of platelets (PLTs) or plasma. Since January 2007, only
prestorage leukoreduced blood components (less than 1
X 10° white blood cells/unit) are manufactured. After
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venipuncture, the first 25 mL of blood is diverted to
decrease the risk of bacterial contamination, although
units are not routinely tested for bacterial contamination.
All blood components were screened using serologic test-
ing for infectious diseases. Furthermore, all blood compo-
nents were screened using 20-minipool nucleic acid
testing to reduce the risk of transfusion-transmitted infec-
tious diseases (hepatitis B virus, hepatitis C virus, and
human immunodeficiency virus). All PCs are prepared
from single donors by apheresis; the products are sus-
pended in 200 mL of plasma and stored for up to 4 days at
22°C with agitation. FFP is prepared from whole blood
plasma or by apheresis from single donors. Final volumes
of FFP derived from 200- and 400-mL whole blood dona-
tions are approximately 120 and 240 ml, respectively,
whereas the volume of FFP derived from single-donor
apheresis is around 450 mL. All blood components
excluding FFP were irradiated with 15 to 50 Gy to prevent
transfusion-associated graft-versus-host disease.

Statistical analysis

Data were analyzed for first-transfusion episodes and for
all transfusion episodes. To calculate the frequency of
ATRs, the number of confirmed ATRs was correlated with
the total number of first and total transfused episodes. All
statistical analyses were performed by the chi-square test,
with Yates’s correction for continuity and/or a test. p val-
ues below 0.05 were considered significant.

RESULTS

Basic transfusion data set

During this study, 9121 FFP transfusion episodes involved
3497 patients and 27,993 PC transfusion episodes involved
4052 patients. Of 3497 patients who received FFP, 2469
patients (70.6%) were receiving their first transfusion
(Table 1). In contrast, of the 4052 patients who received
PCs, only 2127 (52.5%) were receiving their first transfu-
sion. Thus, patients receiving blood for the first time
accounted for more than half of all transfused patients
regardless of blood component.

As for the sex distribution of first transfusion epi-
sodes, the female-to-male ratios for FFP and PCs were
both 0.7. On the subsequent (nonfirst) transfusion epi-
sodes, the female-to-male ratios for FFP and PCs were
both 0.6. Thus, the sex distributions are quite similar for
either blood component in either category of transfusion
episode. Furthermore, the number of FFP and PC units
per episode for first transfusions were 2.6 and 1.2 units,
respectively. The number of FFP and PC units per subse-
quent transfusion episode were 3.0 and 1.1, respectively.
Thus, the mean number of FFP units transfused was
slightly greater than the number of PC units transfused in
both categories of transfusion episode.
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TABLE 1. Basic transfusion data
Characteristic FFP PC
Number of transfusion patients

Total transfusion 3497 4,052
First transfusion 2469 2,127
Subsequent transfusion 1028 1,925

Number of units per patient 7.7 7.4
Male 8.2 7.7
Female 71 7.0

Number of episodes per patient 2.6 6.9*
Male 2.8 7.2*
Female 2.4 6.5*

Number of transfusion episodes
First transfusion 2469 2,127
Subsequent transfusion 6652 25,866
Sex ratio (female/male)
First transfusion 0.7 0.7
Subsequent transfusion 0.6 0.6
Number of units per episode
First transfusion 2.6 1.2
Subsequent transfusion 3.0 1.1
* p<0.01 compared with FFP.

The mean numbers of FFP and PC transfusion units
per patient were 7.7 and 7.4, respectively. On the other
hand, the mean numbers of FFP and PC transfusion epi-
sodes per patient were 2.6 and 6.9, respectively. Thus,
although the mean number of units per patient was
almost the same for either blood component, PC transfu-
sion episodes (6.9 per patient) were significantly greater
than FFP transfusion episodes (2.6 per patient, p < 0.01).
Furthermore, there was no significant difference in the
number of units or number of transfusion episodes per
patient by sex in each blood component (number of FFP
units per patient, male and female, 8.2 and 7.1; number of
PC units per patient, male and female, 7.7 and 7.0; num-
ber of FFP episodes per patient, male and female, 2.8 and
2.4; number of PC episodes per patient, male and female,
7.2 and 6.5).

ATRs after transfusion of blood components

During the study, the number of serious ATRs to FFP was
4 (0.16%) on first transfusion episode (Table 2). On subse-
quent transfusion episode, the numbers of serious ATRs
to FFP and PCs were 2 (0.03%) and 7 (0.03%), respectively.
The proportions of serious ATRs among all ATRs to FFP
and PCs were low for first and subsequent transfusion epi-
sodes; thus, the majority of ATRs were not serious.

Among first transfusions, 66 of 2469 episodes of FFP
(2.67%) and 60 of 2127 episodes of PC (2.82%) transfusion
were associated with an ATR. Furthermore, 62 episodes
(2.51%) experienced mild ATRs to FFP and 60 episodes
(2.82%) to PC. Thus, there were no significant differences
in the incidences of ATRs to FFP and PCs on the first
transfusion. On the other hand, on subsequent transfu-
sions, 112 of 6652 episodes (1.68%) of FFP transfusions
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TABLE 2. Incidence of ATRs on first-transfusion and subsequent transfusion episode bases
FFP PC

ATR Number Incidence (%) Number Incidence (%) p value*
First transfusion 2469 2,127

Mild 62 2.51 60 2.82 0.46

Serious 4 0.16 0 0

Total 66 2.67 60 2.82 0.72
Subsequent transfusion 6652 25,866

Mild 110 1.65 643 2.49 <0.0001

Serious 2 0.03 7 0.03

Total 112 1.68 650 2.51 <0.0001
* p values refer to differences of incidences of ATRs between FFP and PCs.

TABLE 3. Incidence of ATRs for males and females
FFP PC

Transfusion Number Incidence (%) Number Incidence (%) p valuet
First

Male 29/1438* 2.02 32/1,231 2.60 0.30

Female 37/1031 3.59 28/896 3.13 0.61
Subsequent

Male 66/4189 1.58 401/16,333 2.46 0.0007

Female 46/2463 1.87 249/9,533 2.61 0.029
* The number of ATRs/transfusion episodes.
1 p values refer to differences of incidences of ATRs between FFP and PCs.

experienced ATRs (Table 2). In contrast, 650 of 25,866 epi-
sodes (2.51%) experienced ATRs to PCs. Also, 110 episodes
(1.65%) experienced mild ATRs to FFP and 643 episodes
(2.49%) to PCs. The incidence of ATRs to PCs was signifi-
cantly higher than that to FFP on the subsequent transfu-
sion (p < 0.001).

When the incidence of ATRs to each blood compo-
nent was investigated among males, the frequency of
ATRs to FFP (2.02%) was found not to be significantly dif-
ferent from PCs (2.60%) on first transfusion episodes
(p=0.30; Table 3). Similar to the result for males, there
was no significant difference in the incidence of ATRs to
FFP (3.59%) versus PCs (3.13%) on first transfusions for
females (p = 0.61). In contrast, the frequency of ATRs to
PCs (male, 2.46%; female, 2.61%) was significantly higher
than to FFP (male, 1.58%; female, 1.87%) for both males
and females for subsequent transfusion episodes (male,
p = 0.0007; female, p = 0.029).

DISCUSSION

We retrospectively analyzed ATRs with stringent criteria
and standardized case reporting forms across five study
sites, over a period of 2 years. The incidence of ATRs to
PCs (2.51%) was significantly higher than that to FFP
(1.68%) in subsequent transfusions (p < 0.001). On the
other hand, there were no significant differences in the
incidences of ATRs to FFP (2.67%) and PCs (2.82%) on the

first transfusion. Furthermore, this discrepancy was for
both males and females.

Although the pathophysiology of ATRs has not been
fully elucidated, both the plasma fraction of blood compo-
nents and the various recipient factors play a role in
ATRs.* Patient hypersensitivities resulting from severe
deficiencies of IgA,' haptoglobin,’* and C4'? have been
described, but these deficiencies are too rare to explain
the high incidence of ATRs. Previous studies have demon-
strated that ATR incidence is dependent on the dose of
plasma in blood components.”** Biogenic amines, eosin-
ophil and neutrophil chemotaxic factors, enzymes, prosta-
glandin, and numerous cytokines have all been found in
the plasma and implicated in ATRs."® In this study, the
incidences of ATRs to FFP and PCs in which plasma is the
main component were significantly higher than to RBCs
in which plasma comprises less than 10% of the volume
(data not shown). Furthermore, there were no significant
differences in frequencies of ATRs to FFP (2.67%) and PCs
(2.82%) on the first transfusion (Table 2). Thus, this study
confirms that blood component factors may contribute to
ATRs as shown by analysis of the incidence of ATRs to FFP
and PCs on patients without prior exposure to allogeneic
transfusion. It is suspected that the plasma component of
FFP and PCs has an essential role in the etiology of ATRs.

The present and previous studies>®'* have reported
that PCs give rise to statistically more ATRs than FFP
(2.51% vs. 1.68%, p<0.001) on subsequent transfusion
episodes. On the other hand, there were no significant
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differences in the incidences of ATRs to FFP and PCs on
first-transfusion episodes. Thus, although plasma is the
main constituent in both FFP and PCs, the incidences of
ATRs to each blood component differed according to the
category of transfusion episode. One possible reason is
that compared with FFP recipients, PC recipients are
more likely to be hematology patients sensitized to
plasma through other blood components. Indeed, in this
study, the mean number of PC transfusion episodes (6.9
episodes per patient, i.e., 27,993 episodes/4052 patients)
was more than those for FFP (2.6 per patient, i.e.,, 9121
episodes/3497 patients; Table 1). On the other hand, the
mean numbers of FFP (7.7 units per patient, i.e., 26,968
units/3497 patients) and PC (7.4 units per patient, i.e.,
73,541 units/4052 patients) transfusion units per patient
were almost the same. Tobian and coworkers’ described
that patients must be exposed to plasma multiple times
before having an ATR. In addition, the incidence of ARs
per patient was influenced by the number of transfusions
per patient>'® Therefore, we speculate that repeated
exposure rather than total volume of blood transfused can
influence the incidence of ATRs.

Furthermore, these different incidences of ATRs to
FFP and PCs on subsequent transfusions were strongly
significant for males and slightly significant for females
(males, 1.58% vs. 2.46%, p=0.0007; females, 1.87% vs.
2.61%, p=0.029; Table 3). We might attribute this to
female patients having long-term exposure to allogeneic
molecules through pregnancy before ever being trans-
fused. Ahmed and colleagues'® reported that the fre-
quency of fetal exposure directly correlates with the risk of
ATR on initial transfusion. Previous work reported that the
positivity rates for anti-human leukocyte antigen antibod-
ies were significantly higher among females than among
males for both patients who have experienced ARs and
donors associated with ARs.'” Seftel and colleagues®
reported that the factors that predict PLT alloimmuniza-
tion were a history of pregnancy and/or transfusion and
receipt of 13 or more PLT transfusions. Therefore, we
speculate that this study includes female recipients whose
ATRs were not significantly influenced by the number of
transfusions because of their prior alloexposure. Never-
theless, the different incidences of ATRs to FFP and PCs
on subsequent transfusions were significant for females.
Therefore, this study supports the concept that one factor
predicting occurrence of ATRs could be exposure by
repeated transfusion.

However, previous studies'®?® have reported that
increases in the number of PC transfusions are associated
with decreases in the number of ATRs. Indeed, in this
study, the incidence of ATRs to FFP (1.68%) on subse-
quent transfusion was lower compared to first-transfusion
episodes (2.67%, p <0.01). A possibility is that preexpo-
sure to blood components may desensitize recipients. It is
thought that desensitization is mediated by two mecha-
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nisms, the suppression of proallergic innate effectors and
the up regulation of regulatory T-cell activity. Proallergic
innate effectors could undergo rapid desensitization
against allergens.”® In addition, functional allergen-
specific regulatory T cells can attenuate allergic responses
through suppression of mast cells, basophils, and eosino-
phils; suppression of allergen-specific T cells; and reduc-
tion of IgE production® On the other hand, the
subsequent transfusion incidence of ATRs to PCs (2.51%)
was not significantly lower than for first-transfusion epi-
sodes (2.82%, p = 0.31). PC recipients, most of whom suf-
fer from hematologic diseases, may be leukocytopenic
due to their diseases and chemotherapy. It is thought that
although PC recipients on subsequent transfusions have
allergen-specific IgE due to repeated exposure by multiple
transfusions, regulatory T cells on most PC recipients are
decreased by leukocytopenia. Therefore, we suspected
that compared with FFP recipients, PC recipients may
have become more sensitized to plasma through other
blood components. However, the data in this study do not
completely support these concepts, so they are, for now,
purely speculative. Taken together, these findings support
the fact that hematologic diseases, food allergy, history of
pregnancy, and such modulate recipients’ susceptibility to
ATRs.

We conclude that repeated exposure rather than total
amount of transfusion by blood components might influ-
ence the incidence of ATRs. It is summarized by Savage
and coworkers’® that both atopic susceptibility in the
recipient as well as particular donor and component char-
acteristics are unique risk factors for the development of
ATRs. Thus, despite the limitation of this study, it provides
insight into risks of ATRs among transfused patients. In
the future, more elaborate analyses of the data collected
from individual patients may allow recommendations to
be made for improvements in transfusion therapy.
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Introduction

The current risk of acquiring viral transmission
through blood components is very small'. Thus, serious
non-infectious hazards of transfusion have emerged
as the most common complications?. The risk of
non-infectious complications, including risks related
to hospital-based steps in transfusion care, is at least
100 times greater than the risk of acquiring human
immunodeficiency virus or hepatitis C virus infection
through blood components®. One of the most frequent
causes of transfusion-associated morbidity or mortality
is mistransfusion, when the wrong blood is transfused to
the wrong patient. Mistransfusion is the final outcome
of one or more procedural errors or technical failures
in the transfusion process, starting with the decision
to transfuse a patient and ending with the actual
administration of blood components®. In particular,
ABO-incompatible transfusions attributable to incorrect
identification of the patient or the blood unit are among
the most serious transfusion hazards®*. The Japan Society
of Transfusion Medicine and Cell Therapy (JSTMCT)
conducted nationwide surveys in Japan regarding
ABO-incompatible blood transfusions (1% survey:
January 1995-December 1999; 2™ survey: January
2000-December 2004). They found that the main cause
of ABO-incompatible transfusion was identification
error between the patient and blood unit®. These two
surveys reported 9 and 8 "preventable" fatalities,
respectively. Mislabelled and wrongly collected patient
samples (wrong blood in tube [WBIT]) can also initiate a
chain of events leading to mistransfusion®. Thus, correct
patient identification at the time of sample collection and
administration of blood components is critical.
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The Serious Hazards of Transfusion (SHOT) scheme
in England showed that approximately 70% of incorrect
blood component transfused (IBCT) errors take place in
clinical areas, with the most frequent error being failure
of the final patient identification checking procedure
at the bedside; the frequency of IBCT events was
calculated as 7 per 100,000 components’. However, the
true incidence of mistransfusion seems to be even higher
due to a failure to recognise many of the errors, and
because complete data on transfusion episodes are not
available. Thus, the pre-transfusion checking procedure
at the bedside is the most critical step to prevent
mistransfusion, and represents the final opportunity
to prevent blood component misuse. However, a large
observational audit revealed a failure to perform the
final bedside checking procedure?, in which the practice
compliance of healthcare workers for identification
and vital sign monitoring of patients receiving blood

transfusions were substandard in many hospitals.
Machine-readable identification technology,
especially a bar code-based electronic identification
system (EIS), is ideally suited for pre-transfusion
checking procedures and has been reported to
significantly improve transfusion practice®!’. The
British Committee for Standards in Haematology
(BCSH) Guidelines for the Use of Information
Technology (IT) in blood transfusion laboratories were
recently up-datedé, providing mainly guidance on the
operational use of laboratory information management
systems (LIMS). Thus, to our knowledge, there are
no available recommendations addressing the issues
regarding the pre-transfusion check procedures at the
bedside employing an EIS. The JSTMCT Task Force



proposed the original draft of recommendations for
the electronic pre-transfusion check procedures at the
bedside and raised public awareness regarding the draft
of recommendations on the home page of the JSTMCT"".
The draft of the current recommendations developed
by the Task Force adopted the opinions were submitted
without major changes to the description. The objective
of this study was to establish recommendations for the
electronic pre-transfusion checking procedures at the
bedside, appropriate for clinical situations, where a bar
code-based EIS is used.

Purpose of the recommendations

This document sets out recommendations specifically
addressing the issues regarding the electronic pre-
transfusion checking procedures at the bedside using
an EIS. The main body of recommendations includes:
1) pre-transfusion checking procedures at the bedside;
2) requirements for electronic pre-transfusion checking
procedures at the bedside; 3) pre-transfusion checking
procedures at the bedside for a conscious patient; 4)
pre-transfusion checking procedures at the bedside for
an unconscious patient or child; 5) pre-issuing checking
procedures at the transfusion service; and 6) monitoring
of the bedside use of issued blood components.

Transfusion policy

Although blood components are administered to
patients in most large-scale community and university
hospitals in Japan, some hospitals have no transfusion
services and do not employ laboratory technologists
licensed by the JSTMCT. It is recommended that
hospitals where blood transfusions are frequently
performed have a transfusion service or appropriate
system with a professional medical doctor(s) responsible
for managing the overall safety of blood transfusions.
Such hospitals should have a multidisciplinary hospital
transfusion committee to oversee the provision
of safe and appropriate transfusion support. The
hospital transfusion committee may be made up
of doctors and nurses from clinical departments
where blood administrations are frequently required,
pharmacists, laboratory technologists, as well as hospital
representatives.

Finally, transfusion practices should be performed
in accordance with the transfusion policy, approved
by the hospital transfusion committee, and should
comply with the Guidelines and Information for Using
Blood Products and Blood Transfusion Therapy (Japan
Guidelines), issued by the Ministry of Health, Labour
and Welfare in Japan (September 2005, partially updated
in March 2012)'%, and also consider the number of people
requiring electronic pre-transfusion checking procedures
at the bedside.
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Pre-transfusion checking procedures at the
bedside
Current recommendations

Regarding the pre-transfusion checking procedures at
the bedside Japan Guidelines recommend that: 1) blood
components should be preserved under appropriate
conditions; 2) the transfusionist (doctor or nurse) should
check the appearance of blood components before
initiating blood administration; 3) organisation and
initiation of blood administration should be performed
individually for each patient; 4) in order to prevent
mistransfusion attributable to clerical errors, the
transfusionist should check the information regarding
both the patient and blood unit, i.e. the patient's name,
blood group, product lot number, date of collection,
results of compatibility testing, and whether or not
blood components have been gamma irradiated; 5)
a standard 2-person visual and verbal double-check
should be performed regarding the above issues before
initiating blood administration at the bedside; and 6)
the transfusionist should check the patient's vital signs,
including body temperature, blood pressure, pulse, and,
if possible, oxygen saturation by pulse oximetry (SpO,)
before initiating blood administration. Finally, Japan
Guidelines recommend the use of an EIS to ensure the
safety and effectiveness of the pre-transfusion check at
the bedside.

Number of people requiring pre-transfusion checking
procedures

When an EIS is used in a hospital, the pre-transfusion
checking procedures at the bedside may involve one
or two healthcare professionals. Potential errors can
be minimised if one individual carries out the pre-
transfusion checking procedure using an EIS. However,
if the electronic pre-transfusion check at the bedside fails
because of human error’®, a 1-person pre-transfusion
check without the new technology may present a
higher risk of mistransfusion than a standard 2-person
double-check, although the number of people required
to check the identity of the patient and blood unit at the
bedside is a subject of debate*. If an electronic pre-
transfusion check is combined into a standard 2-person
double-check it may help reduce confusion among
healthcare professionals if the system malfunctions.
Japan Guidelines recommend a standard 2-person visual
and verbal double-check for pre-transfusion checking
procedures at the bedside, as described above. In
addition, the recent BCSH Guidelines stated that "the
use of a bedside blood tracking system does not replace
the role of the well trained and competency assessed
clinician who administers blood components"*®.

Current recommendations do not positively
recommend a 1-person pre-transfusion check at the
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bedside, even if an EIS is used. Thus, the current
recommendations state that the electronic pre-transfusion
checking procedures at the bedside should be carried
out by a 2-person team, one of whom should be the
transfusionist and the other should be someone who
carries out a second check (second checker); this
need not necessarily be a healthcare professional but
could be the patient her/himself. When the patient is
conscious, the transfusionist (nurse or doctor), together
with the patient, conducts the pre-transfusion checking
procedures at the bedside using an EIS. When the patient
is unconscious or a child, two nurses (or a doctor/nurse
pair) can also conduct the pre-transfusion checking
procedures. In this case, another healthcare professional,
such as the staff member of the transfusion service who
delivered the issued blood component into the clinical
area, instead of the patient, may be available as the
second checker.

Principle of the pre-transfusion checking procedures
at the bedside using an EIS

The current recommendations state that: 1) the
pre-transfusion checking procedures at the bedside
should include, first, a standard 2-person visual and
verbal double-check, followed by an electronic pre-
transfusion check using a hand-held device "just" prior
to the initiation of blood administration; 2) the electronic
pre-transfusion checking procedures at the bedside
should be carried out by a 2-person team, of whom one
should be the transfusionist and the other should be the
second checker; and 3) the second checker may change
according to patient condition, and does not have to be
a nurse or doctor.

Requirements for the electronic pre-transfusion
check at the bedside
a) EIS

A bar code-based EIS: several vendors offer a
bar code-based EIS, which may be a stand-alone
configuration or a built-in product in an electronic medical
chart. In Japan, a bar code-based EIS is based on the
employment of the linear bar code (NW?7), because it
has been added to labels attached to all allogeneic blood
components supplied from branches of the Japanese Red
Cross Blood Centre. The bar code on allogeneic blood
components identifies the blood group, product type,
unit of blood, product number depending on the donor,
and date of collection. In the case of autologous blood
components, in-house barcodes identifying the product
type and product number should be used. An EIS should
be used on all inpatient wards, and in operating rooms and
outpatient units. Inpatient wards with an infrequent need
for blood transfusions, i.e. psychiatric and dermatology
wards, may be excluded from using an EIS.
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A hand-held device: a hand-held device is fitted
with a laser bar code scanner and linked to an EIS with
wireless or wired technology with a docking device,
depending on its vendor. It is capable of reading bar
codes during pre-transfusion checking procedures at the
bedside, receiving transfusion data including the patient's
surname, first name, ID number, and blood group via
a network and sending data regarding the bedside
verification procedure (e.g. name of transfusionist, time
of verification) to the host computer at the transfusion
service. According to the general specifications of an
EIS, if the bar codes of the wristband and blood are
identical, the screen of the hand-held device displays
"OK". Non-matching data result in a warning on the
screen ("NG") with an alarm sound. The same process
is used for the pre-issuing checking procedures at the
transfusion service. A match/non-match is identified by
the software installed in the hand-held device.

Link to a hospital information system: a bar code-based
EIS should be linked to the hospital information system,
as well as to the transfusion management system (or
LIMS) via a network in order to be fully effective'? The
host computer at the transfusion service is linked to the
hospital information system via a network and can: 1)
store data for transfusion (patient's details, details of
blood component, results of pre-transfusion testing); 2)
search for the stored data; 3) send the transfusion data to
hand-held devices at the bedside; 4) receive the data on
the pre-transfusion check at the bedside from hand-held
devices; and 5) monitor the bedside use of the issued
blood component.

Using an EIS: use of an EIS is recommended
on all inpatient wards, except for those that do not
frequently require blood transfusions, and in operating
rooms and outpatient units. Among blood components,
autologous blood components should be used on the
basis of EIS readings, as well as allogeneic blood
components?'. Finally, paediatric patients should receive
blood transfusions based on an EIS, because of special
requirements regarding the administration of blood
components, including small-volume transfusions
and dispensing blood in plastic syringes, where the
management is more likely to be inappropriate compared
to that of blood bags®2.

b) Wristbands

All patients, who are admitted to the hospital or
who are scheduled to receive blood transfusions should
be given wristbands with a bar code and eye-readable
identification, including their surname, first name,
gender, date of birth, patient identification number, and
blood group ABO/RhD. When the wristband is attached
to the patient, two nurses should carefully perform a
visual and verbal double-check. If the wristband needs



to be cut for venous access, or in the case of surgical
intervention, the wristband should then be reattached.
Therefore, multiple wristband printers may be needed,
as described below.

c) Wristband printer

A wristband printer is specially designed to print
the patient's details, as described above. One should
be installed at the check-in counter for admission, in
operating theatres, and on some inpatient wards where
cutting and re-attachment of wristbands are frequently
required, i.e. obstetrics wards with a delivery room, and
at the transfusion service.

d) Compatibility label and compatibility report form

The compatibility label attached to the blood unit
should be printed with bar codes providing data of the
pre-transfusion compatibility testing. The compatibility
report form, which can be duplicated, should be printed
with the same bar code as the compatibility label. A copy
should be sent to the transfusion service irrespective of
whether or not the description includes adverse events.
Both bar codes providing data on the compatibility
testing are used during the electronic pre-transfusion
checking procedures at the bedside, as well as at the
transfusion service.

e) Identification badge for staff members

Identification badges for staff members involved in
the electronic pre-transfusion checking procedures at the
bedside and the transfusion service should be printed
with individual bar codes.

Pre-transfusion checking procedures at the bedside

for a conscious patient
This may be the most common situation in most

hospitals. The entire process of the electronic pre-
transfusion checking procedures for a conscious patient
should be conducted by one nurse (or doctor) and the
patient together, and should be carried out at the bedside
using an EIS. The patient is expected to act as the second
checker. Given this, another healthcare professional,
such as the staff member of the transfusion service who
delivered the issued blood component into the clinical
area, should also be available.
The transfusionist:

- asks the patient to state his/her full name and date of
birth;

- together with the patient, checks the information and
reviews both the blood unit and compatibility report
form;

- sequentially scans the bar codes of his/her own
identification badge, the patient's wristband, and the
blood unit using the hand-held device;
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- together with the patient, verifies the data displayed
on the hand-held device and assesses whether or not
the bar codes on the wristband and blood unit match;

- if the hand-held device displays "OK", blood
administration is initiated "immediately".

Pre-transfusion checking procedure at the bedside

for an unconscious patient or child
This case may be a common situation in intensive

care units (ICUs), emergency rooms, and on inpatient
wards for children. The entire process of the electronic
pre-transfusion checking procedures for an unconscious
patient or child should be conducted by two nurses (or

a doctor/nurse pair) and carried out at the bedside using

an EIS. If two nurses conduct these, one should act as

the transfusionist and the other as the second checker.

In the case of a doctor/nurse pair, a nurse may act as

the transfusionist and a doctor as the second checker.

The second checker may also be another healthcare

professional, such as the staff member of the transfusion

service who delivered the issued blood component into
the clinical area.
The transfusionist:

- together with the second checker, checks the patient's
full name and date of birth and reviews the patient's
wristband;

- together with the second checker, checks the
information and reviews both the blood unit and
compatibility report form;

- sequentially scans the bar codes of his/her own
identification badge, the patient's wristband, and the
blood unit using the hand-held device;

- together with the second checker, verifies the data
displayed on the hand-held device and assesses
whether or not the bar codes on the wristband and
blood unit match;

- if the hand-held device displays "OK", blood
administration is initiated "immediately".

Pre-issuing checking procedure at the transfusion
service

The SHOT scheme reported that approximately
30% of errors pertaining to IBCT events occur in the
hospital transfusion laboratory’. These may involve the
selection of the wrong sample for testing, transposition
of labels, technical or transcription errors in manual
pre-transfusion testing, or knowledge-based errors,
such as the selection of components of an inappropriate
specification. This may lead to a need for the electronic
pre-issuing check at the transfusion service. The
electronic pre-issuing checking procedures should be
performed to ensure that the transfusion service staff
member has attached the right compatibility label to the
right blood unit after completing compatibility testing.
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Although this process is optional and does not play an

essential role in the electronic pre-transfusion check at

the bedside, it may prevent mislabelling and selection of
the wrong blood unit. All blood components should be
delivered from the transfusion service after completing
the electronic pre-issuing check procedure.

The staff member of the transfusion service:

- attaches the compatibility label printed with the bar
codes providing data on the pre-transfusion testing to
the blood unit after completing compatibility testing;

- uses a hand-held device to sequentially scan the
bar codes of his/her own identification badge, the
"original" label of the blood unit, and the newly
attached label of the blood unit (both sides of the
blood unit should be scanned);

- uses a hand-held device to scan the bar codes
of the "original" label of the blood unit and the
compatibility report form, on which the same bar
code as the compatibility label is printed;

- together with another staff member of the transfusion
service, verifies the data displayed on the hand-held
device, and assesses whether or not the bar codes on
both sides of the blood unit match, and whether or not
the bar codes on the blood unit and the compatibility
report form match;

- ifthe hand-held device displays "OK", the blood unit
is issued.

Monitoring of the issued blood components at the
bedside

The BCSH has recommended that transfusion of
blood and blood components should begin as soon as
possible after their delivery to the ward or operating
theatre?’. The risk of mistransfusion may increase when
the issued blood unit remains unused for an extended
period of time at the nursing unit or at the bedside.
Therefore, it may be important to pay special attention
to how the issued blood unit is used at the bedside in
order to improve transfusion safety. When an EIS is used
in most clinical areas in a hospital, it can facilitate use
of a hand-held device as an electronic pre-transfusion
check at the bedside to up-date the information contained
in the host computer at the transfusion service, thereby
allowing bedside use of the issued blood unit to be
monitored. Communication between the transfusion
service and the bedside via a network allows compliance
with the electronic pre-transfusion checking procedures
at the bedside to be monitored'?. Time after issuing (TAI)
is defined as the time from issuing the blood unit at the
transfusion service to initiating blood administration at
the bedside. TAI can be calculated by a staff member of
the transfusion service checking the time the blood unit
is issued and also the time the electronic pre-transfusion
checking procedure is performed by viewing the monitor
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of'the host computer in the transfusion service. Although
this calculation requires the electronic pre-transfusion
checking procedures to be carried out "just" prior to
the initiation of blood administration, TAI on inpatient
wards has been reported to be shortened after initiating
TAI monitoring and the immediate notification to use the
issued blood unit by the transfusion service by phone'2.
Although this secondary function is not an essential
feature of an EIS, it may help improve transfusion safety
in the hospital.

How prevalent is use of an EIS in Japan?

The Association of Transfusion Division of University
Hospitals (ATDUH) issued questionnaires to a small
group of the transfusion service of university hospitals in
Japan (n=91). The members of the ATDUH are teaching
hospitals and representatives of regions distributed
widely across in Japan, and also those of the JISTMCT.
All transfusion service members in university hospitals
were registered. The questions referred to transfusion
practices and use of IT systems, including a transfusion
management system and a bar code-based EIS: system
vendor, who applied for the system, date of initiation
of the system, and compliance with the electronic pre-
transfusion checking procedures at the bedside. Of
the questionnaires sent to 91 transfusion services, 90
(99%) were returned fully completed. Eighty-one (90%)
transfusion services answered that the pre-transfusion
checking procedures had been carried out using a bar
code-based EIS. At present, the overall prevalence rate
of an EIS for pre-transfusion checking procedures at the
bedside in Japanese university hospitals is 90%. Further
studies, including a nationwide survey, are needed to
explore the prevalence of EIS use in Japan.

Conclusions

The current recommendations may be appropriate for
clinical situations, where a bar code-based EIS for the pre-
transfusion checking procedures at the bedside is used.
Although bar code technology is a widely used, reliable,
and inexpensive machine-readable identification system,
bar code-related patient misidentifications have been
reported when a linear bar code is used*. More advanced
systems, such as radiofrequency identification (RFID),
will be introduced in the near future. RFID may have
advantages over bar code-based technology, i.e. more
user-friendly, allowing more information to be recorded,
allowing blood components to be traced. Technology-
based solutions designed to prevent mistransfusion have
recently been developed, and the effectiveness of the
different systems in detecting errors has been reported®.
To reduce human error and the risk of mistransfusion,
we have to address the issue at a hospital level, using a
system-based approach.



Disclaimer

Although the recommendations and information
were believed to be true and accurate at the time of the
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7H~8A 205 40,865 051 41 20,866 215 183 21680 0.87
9A~10R 192 38417 050 418 16,248 257 153 18.289 084
11A~12R 170 39,168 043 387 16374 2.36 164 20,096 0.84
&t 959 198,380 2,030 87,076 793 97,731
/2 # B 1598 330633 054 3383 145126 253 1322 16,2885 0.94
20114 | 1A~2H 195 41555 047 359 18595 193 152 20,602 0.74
3B~4H8 177 45280 0.39 451 18,156 248 176 23010 0.76
5A~6H 220 44792 049 481 19583 246 161 24628 0.65
7H~8A 220 45344 049 519 20841 249 151 26,797 0.56
9A~10R 209 44526 047 504 19198 263 153 23683 0.65
11H~12H 247 47897 052 544 19,709 276 149 23719 0.63
&t 1.268 269,394 2.858 116,082 942 142439
F39/2 % B 2113 44899 047 4763 19347 246 157 237398 067

2010 EOBIMMERBIE1~2H 12 3~48:43 7~12H 145 ThHY, 2011 EX51 TH5.

%2 ERNOBNREAOEEGRENE

2010 ¢ 2011 &

RBC PC FFP RBC PC FFP
& | We | By | We &5 | We | #E | We & | HWe | #HE | We
e ] 0 | % ] ) | BB ) | B ] G | AE | 0 | #E | %
1) H# 280 222 144 52 42 38 400 234 220 | 51 55 36
2) B - RIE 71 56 66 24 32 29 96 5.6 108 | 25 25 16
3) B&-IETYH 75 6.0 62 23 25 23 110 6.4 99 23 38 25
4) BHER - PO AR 123 98 710 | 258 239 217 125 73 1109 | 255 346 224
5) Rk - EEALY 91 72 198 72 88 80 120 70 32 | 75 141 9.1
6) F&3& - BRE 270 214 | 1376 | 501 516 4638 393 230 2168 | 498 | 732 474
7) WRRHGE - FPREEE 35 28 45 16 25 23 52 30 77 18 32 21
8) A - et 58 46 25 09 16 15 61 36 46 11 29 19
9) [ - I - REE R 35 28 12 04 13 12 21 12 16 | 04 6 04
10) A% - BHER 14 11 6 02 1 01 20 12 10 | 02 8 05
1) mEET 63 5.0 36 13 54 49 95 56 78 18 75 49
12) fELH 60 438 18 07 14 13 110 64 24 | 06 21 14
13) Mm% - 4R 32 25 17 0.6 22 20 38 22 35 | 08 18 12
14) & 28 22 -2 00007 0 00 38 2.2 1 002 0 00
15) FRREE 2 0.2 3 01 0 00 1 01 4 | 009 0 00
16) MR (NEZTEYR) 6 05 1 0.04 1 01 9 05 1 002 0 00
17) 2ot 17 13 27 0.98 14 13 22 13 32 | 07 19 12

(210 4, 344275y 7), PC461% (634 4, 13705 (65, 4250 /%y 7), PC024% (1, 416 /Xy 7)),
2%y 7], FFP097% (134, 1371189 7)) Tho FFP 126% (9 f, 711 /8w 7], 20114 ; RBC254%
72.2009 4 & Y £ L 7= 5 {i&Z% T 2010 & ; RBC 1.52% (98 14, 3847 /%y ), PC521% (1214, 230 /3 77),
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#3 EHEILRYER O

2010 4 2011 4
RBC | PC | FEP | RBC | PC | FFP
i mitERIER FeH 3 S
EHET LV F— K 15 11 17 12 20 22
- GRS (TRALD 1 1 1 3 2 0
i BEEFLERM (TACO) 3 1 0 2 0 1
BIBBHAHEER (PT-GVHD) 0 0 0 0 0 0
HmEERR (PTP) 0 0 0 0 0 0
BRI S SEIEM
Stkin 2 0 0 3 0 0
BRI 4 0 0 0 0 0
5.00
4.50
4.00
B 350
1
B oo T
(2007 LVEND
& 250 -
= B5Fi%
(%) 200 (2009?&”)%7]0)
» 397RPR
(2010FE L)

1.50 -

1.00

0.50 -

0.00 -

B2 SRR %z 2 EREOWIEYERORAESR

FFP0.78% (4 &, 51289 7} CTh o7z 2010 LY
S L7239 HiE% TiZ20104 : RBC 0.45% (72214, 160,350
Ny 7], PC209% (1,547, 7384573y ), FFP
0.74% (622 f#, 83997 /8w 7], 20114 ; RBC 041%
(960 f, 231,120 % 27), PC216% (2,212 f, 102,147
8y 7)), FFP062% (804 ff, 128216 /%v ') Tdh o
7o, BMEEHORL 2R CHANOBERRBRARIC
ENTD LN OB EROT— 5 2HAR LA,
T NR S N v 71,152 (0 UCRIER 1 1],
[Husg sl Ny FAERS 668 I LCRIER 1 &) L Bl
VTERBERIBD THRWHIERIH 2 Z LA L 7.
IDZERS, BOBWERAORBERICESELLREA
& LCEmEIfER DB (underreporting) O HE
H2EZ SN,

2010 EPEOHRASMMBERICA Y AT AT B
HToEoMESe 7 Y r— M ERTHRRLZL IS,
BMERD 53 BESAOBIEROBENL 2. J;
[REICK YT 2 BEREE OBRENBASFRRD - OER
B TECWARLRS Likwy. |, TifElIfEE o
BIBEAZEDD Y, PERBLOTEELS DS, |, [#Hi
AEH OBMES—ROBEE LS LARENTE LT,
ETOBDERPLMESINTVELOPEMTH 5. I
LoOBRMPH IS

% =B

S EIVEHE OERIBBIZIBHMORIKS 21 L T8
MBHOREWER LI DICEATHS. 2007
EIZRAT—FL22F v I 4 vick s [ BHEIER



HABmmAlaREam Folk Hok

BHINE Y A7 501, 2011 SIS AR S
SEOREEHEEICHHE S M EILEH 0% 10% BTo
BIER 7 — ¥ AT BRI 2o 72, BYE - EEICOH
5T, WOEEROSEIEL B L LT il
ER OERIEE | SRS TEERERZR
B LI ZatEZONS. HER/NEBEOMER
TR, SAEEPPH WD EIERRERERMT
LB eaZ b ddHrds, SMBIVEROBERINEDI T
EXEMENTEELEIONE. EYATFLND
SR L, & 0E L ORIEREHROIET
BIC 2 LRSI hE—FT, MRECEERR
ERICENDH D LR, [/ UEHTHRERY CEIE
FARERMBRELLZEAAD LN TS IBIE
H 0B S (underreporting) DWEEESNH Y, BiE
DEWERMBE SNV EHZFOERLE L L1557,
WA EESIE Y A7 A pharmacovigilance I2BWT
DEEOFEFRIWME SRV DB 21%
BRALIEERTVAY. ZOBLHEDERE LTI
[EYHFERSICR O] [BERBOREFRD
v, [HEVATAPERFICEMEL TN,
[EYFEHZOFEFER ST, FhEy
LT3, HMTEBIREOFRERE LT,
WMEER O T4 2 BERAR (MLEftoBE8
BOFESEDONTVRY, HRANOBEHRERKR
HpBgEshTwuiy, BHERAREEFIER LT
wihnE) L BEEEOHMEIERA~OEROES (TR
EHOERER] 2H6 4y, BERIFHZRBIL
Twa%) FE26050T, BWEAEEERO R
WEITHR WA DERTY, BOHREORE2H
SPICLTCHERTFE L ALENDS. 72, pharma-
covigilance TIREHERILOUE 2 H 2 72 I B
LTEYOFEFRICETHHT - v —= V72547
bR TVBOT HmMEERICBVTH ARV R T A
SRS BT 2 BRIE AR OERFZ TR, B
MBS OV TERENBRETENLELRD
ha. ZLCHneEfERERLEDICNETEL,
RYAF AIHMBHOBEROEFLLET S0
KCEHTHY, BWEABILROFED T2 0T, H
EONEETS VY ADHMICEMRTELBDLEZS
ha. '

EHO COIRR : AW LRERATICBEL TRichER L
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