identify all ARs—including nonserious ones—more easily
during the strict observation of a patient during and after
transfusion. Indeed, the proportions of serious reactions
among all reported ARs to RBCs, FFP, and PCs were only
2.4%, 6.6%, and 2.5%, respectively, in this study (Figure
2). Furthermore, some studies have reported ARs as those
associated with approximately 0.5% to 3% of transfusions
during or within a few hours of the infusion of blood com-
ponents.! 12 Tt is, therefore, highly likely that our results
reveal the true incidence of ARs (serious and nonserious)
for blood components distributed in Japan.

In addition, the incidences of ARs per patient per year to
RBCs, FFP, and PCs were 2.6%, 4.3%, and 13.2%, respec-
tively—values higher than those on a per transfused unit
basis. The main explanation for this is the fact that many
patients in this study received more than 1 unit of blood
component, with some in multiple-transfusion episodes.
The literature has reported that the risk for ARs for patients
previously transfused before the index transfusion is higher
compared with patients without a transfusion history.!?
Although the data in this study were not analyzed for indi-
vidual patients, the incidence of ARs per patient reflects the
potential risk to a patient of transfusion therapy, taking into
account the typical spectrum of transfusion patients in the
hospitals studied. In particular, more than 10% of patients
transfused with PCs had 1 or more ARs.

The present and previous studies®!“ have reported that
PCs give rise to statistically more ARs than RBCs and FFP
on both a per transfusion and a per patient basis (P <.01). It
is speculated that these differences in AR incidences are due
to variations in transfusion practices regarding each blood
component. Febrile nonhemolytic transfusion reactions and
allergic reactions were particularly frequent. Heddle et al'>16
have reported that FNHTRs to blood components are caused
by WBC antigen-antibody interaction and cytokines, such
as interleukin (IL) 1p, IL-6, and tumor necrosis factor a,
released from WBCs and accumulated in blood components
during storage. There is general agreement that prestorage
leukoreduction will decrease the frequency of FNHTRs.!”
Heddle et al' reported plasma depletion to be more effec-
tive than poststorage leukocyte reduction in preventing ARs
such as FNHTRs and allergic reactions to PCs. The possible
reason for this prevention of ARs is that biological response
modifiers in addition to the WBC-derived cytokines impli-
cated in FNHTRs and other reactions are removed by
plasma depletion. Also, allergic reactions are decreased by
plasma depletion because the idiosyncratic donor proteins
are removed by plasma depletion and not by leukoreduction.
Furthermore, Paglino et al'” reported a significant decrease
in the frequency of FNHTRs—although not allergic reac-
tions—for RBCs and PCs following the introduction of
100% universal prestorage leukoreduction. It is likely that
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some allergic reactions are caused by mediators in the
plasma component of blood components. Although plasma
comprised less than 10% in RBCs, it is the main component
in FFP and PCs. Indeed, although there were no significant
differences in the frequencies of FNHTRs to RBCs (0.9%)
and PCs (1.3%) in the present study on the prestorage
leukoreduced blood components, the frequency of allergic
reactions to FFP (3.3%) and PCs (10.3%) was significantly
higher than to RBCs (1.2%) (Table 3). Thus, the different
quality of blood components may be one reason for varying
incidences of ARs to RBCs, FFP, and PCs.

A second reason might be differences in the char-
acteristics of patients receiving different types of blood
components and in the numbers of transfusion they receive.
Recipients of PCs, most of whom have hematologic dis-
eases, tend to receive transfusions frequently. Indeed, in
this study, the average numbers of transfused units of FFP
(25,787 units/3,151 patients) and PCs (27,992 units/3,604
patients) per patient were more than those for RBCs (62,210
units/11,155 patients). Therefore, we speculate that repeated
allo-exposure with PCs might induce a high incidence of
ARs. A previous study!® reported that a reduction in platelet
transfusions is associated with a reduced alloimmunization
incidence. In addition, the incidence of ARs per patient was
influenced by the number of transfusions per patient,'3 hence
the suspicion that 1 factor predicting the occurrence of ARs
could be transfusion exposure.

In summary, the incidence of ARs per patient reflects
the potential risk of transfusion therapy, taking patient
characteristics into account. Differences in AR incidences
across blood components may be due to varying compo-
nents and transfusion practices. Despite the limitations, this
study provides insight into risks of ARs regarding transfused
patients. In the future, more elaborate analyses of the data
collected from individual patients may allow recommenda-
tions to be made for improvements in transfusion practice.
Furthermore, basic and translational research of the patho-
physiology behind transfusion-related ARs is necessary to
devise novel strategies to minimize these complications, for
example, by washed/replaced PCs.
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1. Introduction

Haemovigilance is defined as the surveillance of trans-
fusion-related adverse reactions occurring in donors and
in recipients. The ultimate purpose of haemovigilance is
to prevent adverse events caused by blood products to en-
sure maximum safety. Various haemovigilance systems
have been implemented around the world, with a different
approach in different countries [1-6].

In Japan, the Japanese Red Cross Society (JRCS) is the
sole provider of labile blood products, and controls blood
collection, processing and supply nationwide. The JRCS, in
cooperation with the national government, has been col-
lecting data on transfusion-related adverse reactions and
infections nationwide since January 1993 [7]. Epidemiolog-
ical surveillance in donors is being performed to ensure
their health as well as the safety and quality of blood com-
ponents. For recipients, suspected adverse reactions,
including infections related to the blood products, are re-
ported from medical institutions to the JRCS on a voluntary
basis, and nearly 2000 suspected cases were reported each
year from 2004 to 2008 [7]. The JRCS investigates the rela-
tionship between transfusion and the reported adverse
events. Based on the analysis, the JRCS evaluates blood
safety with the government to take appropriate and imme-
diate measures, as required, in JRC blood centers and med-
ical institutions. The existing surveillance system for
recipients has functioned well over a number of years,
and most of the reported cases have been relatively mod-
erate to severe. However, comprehensive data on adverse
transfusion reactions in all recipients are unavailable. We
therefore need to establish an improved system for moni-
toring recipients nationwide.

We have developed an alternative reporting system to
collect data on all transfusion-related reactions in recipi-
ents. A pilot study of this online surveillance system has
been performed since January 2007. Here, we describe
our online system and present the data collected by 12
medical institutions from January 2007 to December 2010.

2. Materials and methods
2.1. Participants in the pilot study

Seven university hospitals (Aichi Medical University,
1014 beds; Tokyo Jikei University, 1075 beds; Yamanashi
University, 600 beds, Tokyo Medical University Hachioji
Medical Center, 621 beds; Yamaguchi University, 759
beds; Kurume University, 1186 beds; Kumamoto Univer-
sity, 843 beds) initially participated in the pilot study in
2007, and five small-scale hospitals with fewer than 300
beds (Kuroishi General Hospital, Minami Tama Hospital,
Shibetsu City Hospital, Sanraku Hospital, Yao General Hos-
pital) joined this study 2 years later.

2.2. Online system

In the participating hospitals, doctors or nurses moni-
tored transfusion-related reactions at 0, 5, and 15 min after
starting transfusion, at the end of transfusion, and within
6 h after finishing the transfusion. Severe adverse events

and infections were determined after detailed diagnosis in
JRC blood centers. These data were gathered in the hospital
transfusion department. Doctors or transfusion specialists
in the department reported the data every 2 months via
the worldwide web (https://www.1597532.net/). Data
were collected in the National Institute of Infectious Dis-
eases, and analyzed statistically every 2 months. The online
surveillance system was password-protected, and respon-
dents were provided with an identification and password.

2.3. Statistics

All statistical analyses were performed by the Student ¢
test. Probability values less than 0.05 were considered sta-
tistically significant.

3. Results
3.1. Reporting system and classifications

Our online surveillance system was designed to collect
all transfusion-related reactions in recipients. The system
monitored the total number of transfusions of three types
of labile blood component: red blood cells (RBC), platelet
concentrates (PC) and fresh-frozen plasma (FPP), in each
reporting period (Fig. 1). The number of transfusion reac-
tions, and clinical signs and symptoms were also collected.
They were classified into 16 categories, as shown in Fig. 2.
Additionally, information on diagnostic data was collected
(Fig. 3). Transfusion-related adverse events were catego-
rized into non-haemolytic reactions, haemolytic reactions
and post-transfusion infectious diseases. The non-haemo-
lytic reactions included: severe allergic reaction, transfu-
sion-related acute lung injury (TRALI), transfusion
associated circulatory overload (TACO), post-transfusion
purpura (PTP) and transfusion-associated graft-versus-host
disease (TA-GVHD). Definitions of these severe transfusion
reactions were in accord with the International Society of
Blood Transfusion [8]. For non-haemolytic reactions or
infections, those events not covered by the diagnoses listed
were assigned to the category “Others”.

3.2. Number and frequency of adverse events from 2007 to
2010

We investigated transfusion reactions collected by 12
hospitals from January 2007 to end of December 2010
(Fig. 4). During the period, 241,225 bags of labile blood
products were used in 12 hospitals: 133,993 bags of RBC,
55,861 bags of FFP and 51,371 bags of PC (Fig. 4B). The pro-
portions of RBC, FFP and PC were 55.5%, 23.2% and 21.3%,
respectively, of the total amount of blood bags (Fig. 4A).
There were 3,539 transfusion-related adverse events re-
ported during the period (Fig. 4B). Of the reported reactions,
the blood product that accounted for highest proportion of
adverse events was PC (60.4%), followed by RBC (24.9%)
and FFP (14.7%) (Fig. 4A). When the frequency of transfusion
reactions was calculated according to the total number of
bags, the overall incidence of adverse events was 1.47%
(Fig. 4B). PC was found to induce transfusion reactions at a
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Reporting period: {2007 3] y [1-13] m~ twomonths

Total number of blood components used over the period :

bags

units

RBC

PC

FFP |

Fig. 1. Online surveillance system (1): Screenshot of the total number of the three labile blood components (bags and units) used over each reporting

period. RBC: red blood cells; FFP: fresh frozen plasma; PC: platelet concentrates.

1) Fever

2) Chill - Rigor
3) Feverishness
4)  Pruritus

5) Rash

6) Urticaria

7) = Respiratory distress

8) Nausea - Vomiting

9) Headache

10) Chest, flank or back pain

11) Hypotension

12) Hypertension

13) Tachycardia

14) Vein pain

15) ' Disturbance of consciousness
16) Hemoglobinuria

17) Others
17) Others

Fig. 2. Online surveillance system (2): The total number of transfusion reactions by clinical signs for the three blood components used over the reporting
period is presented. Clinical signs are classified into the 16 categories indicated. Fever: more than 38 °C or a 1 °C or more increase from the baseline;
hypotension: a decrease of more than 30 mmHg from the baseline; hypertension: an increase of more than 30 mmHg from the baseline; tachycardia: more
than 100 times/min for adult, modified according to age for children. Any findings other than the 16 signs can be entered as free text in “Others”.

rate of 4.16%. The incidence of transfusion reactions with
RBC and FFP was 0.66% and 0.93%, respectively. The annual
incidence of adverse events showed a similar tendency
(RBC < FFP < PC) every year, as shown in Fig. 4C.

3.3. Types, clinical signs and diagnoses of adverse events

Next, we analyzed the types, clinical signs and diagno-
ses of adverse events collected from 12 hospitals over

4 years. The types of adverse events among the different
blood components were diverse (Fig. 5A). Febrile non-
haemolytic transfusion reactions (FNHTR) were more of-
ten found with RBC than with FFP or PC. Allergic reac-
tions were observed significantly more often with FFP
or PC than with RBC. In the reactions to RBC, 36.6% were
FNHTR and 31.2% were caused by allergic reactions.
Respiratory distress, a hypotensive reaction, and a hyper-
tensive reaction accounted for 3.9%, 8.0% and 4.4%,
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A Non-haemolytic transfusioh reactions
1. Severe allefgic reaction

TRALI -

TACO

PTP.
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. Others
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B Haemolytic transfusion reactions
1. Acute hemolytic reaction
2. Delayed hemolytic reaction

C Infectious diseases
1. HBV

HCV

HIV

Bacteria -
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Fig. 3. Online surveillance system (3): The total number of transfusion reactions by clinical diagnoses for the three blood components over the period is
presented. Clinical diagnoses are classified into the three categories indicated. Among non-haemolytic transfusion reactions, the events not included in the
diagnoses listed are placed in the category “Others"”. For infections, any findings other than the infectious diseases indicated can be entered as free text in

“Others”.

respectively, of the transfusion-related events. For PC,
more than 80% of the reactions were allergic and 11.6%
were FNHTR. For FFP, 70.8% were allergic reactions. The
clinical signs of transfusion reactions were assessed by
the events per bag of each blood component (Fig. 5B).
In the reactions to RBC, fever occurred in 0.2% of transfu-
sion bags, followed by urticaria in 0.15%. In FFP, pruritus
occurred in 0.23% and urticaria in 0.54%. PC induced fe-
ver, pruritus or urticaria at the rate of 0.32%, 0.98% or
2.85%, respectively.

As shown in Fig. 4B and Table 1, 3,539 reaction events
were collected during the 4-year period, of which 881 were
caused by RBC, 520 FFP and 2,138 PC. Almost all the ad-
verse reactions reported were “Others” in non-haemolytic
reactions. Severe allergic reaction, TRALI or TACO were re-
ported at the rate of 0.1-1.3% for each blood component. In
the adverse events for RBC, four cases of hemolytic reac-
tions and one case of HBV infection were reported.

3.4. Variation in the incidence of adverse events by medical
institutions

We compared the incidence of adverse events in seven
large-scale university hospitals with that in five small-
scale hospitals with fewer than 300 beds. Seven large-scale
hospitals participated in this pilot study since 2007 and the
data reported by these hospitals from 2007 to 2010 were
analyzed (Fig. 6A). A total of 231,662 transfusion bags were

used, of which over half were RBC, followed by FFP (23.6%)
and PC (21.9%). Among the 3,410 adverse events reported,
PC accounted for the majority of transfusion reactions
(62.6%). Five small-scale hospitals joined this study in
2009, and the data reported from these institutions from
2009 to 2010 were analyzed (Fig. 6B). A total of 9,563
transfusion bags were used and 129 adverse events were
reported in these hospitals. Over 80% of transfusion bags
were RBC.

In the large-scale hospitals, the incidence of adverse
events per bag of RBC, FFP or PC was 0.61%, 0.94% and
4.20%, respectively, indicating that adverse events were
more often observed with PC than with FFP or RBC
(Fig. 6C). On the other hand, in the small-scale hospitals,
the incidence of adverse events per bag of RBC, FFP or PC
was 1.46%, 0.98% and 0.59%, respectively, indicating that
the adverse events were more often observed with RBC
than with PC or FFP (Fig. 6C). There was a significant statis-
tical difference in the incidence of transfusion-related ad-
verse reactions per bag of RBC or PC in the large-scale vs.
the small-scale hospitals.

4. Discussion

In our new reporting system, we analyzed the data col-
lected from 12 medical institutions from 2007 to 2010.
During the period, 241,225 labile blood products were
used in these hospitals. Considering the number of blood
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A. Rates of transfusion bags and adverse events by kinds of blood components

BRBC

BFFP @2pc

Transfusion
bags

B/
213
/17 A

\

Adverse events

B. Incidence of transfusion reactions by kinds of blood components

RBC FFP PC Total
No. of transfusion bags 133,993 55,861 51,371 241,225
No. of adverse events 881 520 2,138 3,539
Incidence (%) 0.66 0.93 4.16 1.47
C. Annual incidence of adverse events by kinds of blood components
Year RBC (%) FFP (%) PC (%) Total (%)
2007 0.54 0.63 3.44 1.16
2008 0.61 0.69 4.22 1.45
2009 0.79 1.19 5.36 1.91
2010 0.70 1.30 3.77 1.49

Fig. 4. Proportions of transfusion bags and adverse events from 2007 to 2010. (A) The proportion of transfusion bags for each blood component and the
proportion of adverse events ascribed to each component. (B) The incidence of transfusion reactions by type of blood component. (C) The annual incidence

of adverse events by type of blood component.

products distributed nationwide during the 4 years, we
monitored approximately 1% of the bags distributed in Ja-
pan for each blood component (data not shown). During
this time, 3,539 transfusion-related adverse events were
reported in this system, and the overall incidence of ad-
verse events per bag was 1.47%. This incidence was higher
than the reports from other countries which had 2.2-4.2
events per 1,000 blood products distributed [9-12]. We ob-
served that the rate of reported cases varied considerably
among seven university hospitals (data not shown). The
true incidence of adverse events may be obscured by mis-
diagnosis. The lack of agreed definitions negatively affects
data collection. The difficulty in the diagnosis of transfu-
sion reactions also leads to misreporting. Therefore, shar-
ing diagnostic criteria for transfusion-related reactions is
required. Other studies in Japan have demonstrated similar
incidences of adverse events by type of blood component
(Kurata Y. et al., personal communication, 2007). There-
fore, it is likely that our results reflect the real incidence
of adverse events for blood products distributed in Japan.

PC (4.16%) gave rise to statistically more adverse events
(6-fold) than RBC (0.66%) and FFP (0.93%). Our results were
concordant with a previous report in Switzerland [12],

although it should be noted that all products of PC in Japan
are from single apheresis donor. PC was found to fre-
quently induce fever, pruritus or urticaria. PC recipients,
most of whom suffer from hematological diseases, tend
to receive frequent blood transfusions. The repeated allo-
immunization with PC may induce a high incidence of ad-
verse events. We found that the incidence of adverse
events varied between the university hospitals and the
small-scale hospitals, based on the number of beds and pa-
tient characteristics. In Japan, most patients with hemato-
logical diseases have a check-up in large-scale hospitals
including university hospitals. Actually, the five small-
scale hospitals had no patients with hematological dis-
eases, and their incidence of adverse events to PC was only
0.59%.

This online reporting system makes it possible to collect
all transfusion-related adverse events in recipients rapidly.
The database can perform calculations on the reported
information automatically, and the results, such as the to-
tal number of adverse events or the incidence of adverse
events, are fed back to participants continuously. This
feedback should contribute to improving the safety of
transfusion therapy in each medical institution. There are
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A. Types of adverse events by kinds of blood components
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Fig. 5. Types of adverse events and clinical signs of adverse events by blood component. (A) Proportions of adverse events by type of blood component. (B)
Incidence of clinical signs of adverse events by type of blood component. FNHTR: febrile non-haemolytic transfusion reaction.

a few limitations in this system. The focus of our study was
only on three types of labile blood components. Informa-
tion about the appearance of antibodies for each blood
product was not collected. In addition, reporting of infor-
mation on transfusion errors, including incorrect blood
component transfusion and near-miss events, was out of
the scope of the system. Almost all the adverse reactions
collected for 4 years were “Others” in non-haemolytic
reactions. As regards the severity of transfusion-related
reactions, we speculated that the majority reactions were
relatively mild. We did not confirm the individual cases
of serious adverse events in this system during the period
of the pilot study.

In the future, more detailed analyses of data collected
by this system will be needed to determine how to im-

prove the transfusion service and formulate new strate-
gies to reduce adverse transfusion reactions. Almost all
European Union countries have established a haemovigi-
lance system and the number of haemovigilance systems
outside Europe is steadily increasing. National haemovig-
ilance systems linked to an international network will be
indispensable to ensure the safety and quality of blood
transfusions. Thus, an international standardized and cen-
tralized method for data collection and reporting is re-
quired. We have to continue to carefully monitor and
compare the incidence of adverse events between Japan
and other countries, in order to promote preventive mea-
sures in the manufacture of blood products in Japan, and
other necessary steps to reduce transfusion-related
events.
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Table 1
Clinical diagnosis of transfusion-related adverse events from 2007 to 2010.
RBC cases (%) FFP cases (%) PC cases (%)
Non-haemolytic transfusion reaction
Severe allergic reaction 4 (0.5%) 7 (1.3%) 8 (0.4%)
TRALI 4 (0.5%) 3 (0.6%) 3(0.1%)
TACO 4(0.5%) 1(0.2%) 0
PTP 0 0 0
GVHD 0 0 0
Others 861 (97.7%) 509 (97.9%) 2127 (99.5%)
Haemolytic transfusion reaction
Acute hemolytic reaction 3(0.3%) 0 0
Delayed hemolytic reaction 1(0.1%) 0 0
Infectious diseases
HBV 1(0.1%) 0 0
HCV 0 0 0
HIV 0 0 0
Bacteria 0 0 0
Others 0 0 0
Total all cases 881 520 2138

‘The number of events and their frequency for each blood component are shown. TRALI, transfusion-related acute lung injury; TACO, transfusion associated
circulatory overload; PTP, transfusion purpura; GVHD, graft-versus-host disease; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunode-
ficiency virus.

A. Rates of transfusion bags and adverse events in large-scale hospitals (7 hospitals)

BRBC [OFFP #%PC

rransfu:;;zsa ‘ ///; (n=231,662)

Adverse events || ¢ ; ‘_ (n=3,410)

B. Rates of transfusion bags and adverse events in small-scale hospitals (5 hospitals)

BRBC OFFP %PC

Transfusion |

bags (n=9,563)
Adverse events | - (n=129)
*%
R LT R RRT 472077 B Largg_scale hgspita[s

I ey @ Small-scale hospitals
§ 3 PUSTUOOUUSTO DI OIS - PN
% - 25 WINPT 7 { - SN . o B e
:g 1 . "

0

RBC FFP PC Total

Fig. 6. Comparison of use of transfusion bag type, adverse events and incidence between large-scale and small-scale hospitals. Proportions of type of blood
component and adverse events by type of blood component in seven large-scale university hospitals (A) and in five small-scale hospitals (fewer than 300
beds) (B). (C) The incidence of adverse events per bag of each blood component in large-scale and small-scale hospitals. *p < 0.05 compared with large-scale
hospitals; **p < 0.01 compared with small-scale hospitals.



102 C. Odaka et al./ Transfusion and Apheresis Science 48 (2013) 95-102

5. Conclusions

We have developed a comprehensive online system for
the collection of all adverse reactions in recipients related
to blood transfusion. Despite the limitation of our current
system described above, this system is effective for collec-
tion and analysis of actual adverse events in recipients and
can be used to enhance the existing surveillance system in
Japan.
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