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A retrospective observational study to assess adverse
transfusion reactions of patients with and without prior
transfusion history
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N jecti i -
% %5@% 5 &%gé 1nis Background and Objectives This study compares the frequency of adverse trans

fusion reactions (ATRs} after first transfusions with the frequency of ATRs for
subsequent (non-first) transfusions.

Materials and Methods Five hospitals agreed to systematically collect and share
2 years of data. This was a retrospective observational analysis of data including
the number of transfusion episodes and ATRs for red blood cells (RBCs), fresh
frozen plasma (FFP) and platelet concentrates (PCs) given to first-time transfusion
recipients and to those previously transfused.

Results First transfusion ATRs to RBCs, FFP and PCs were 1-08%, 2-849% and
3-349%, respectively. These are higher than ATR incidences to RBCs (0-69%), FFP
(1-91%) and PCs (2-75%) on subsequent transfusions. Specifically, first transfu-
sion incidences of febrile non-haemolytic transfusion reactions (FNHTRs) to RBCs
(0-43%) and allergic reactions to FFP (2-51%) were higher than on subsequent
transfusions (RBCs: 0-23%, FFP: 1-65%).

Conclusion There are risks of ATRs on the first transfusion as well as transfusions

Received: 23 Feb 2014, . . . .
ceerve coruary of patients with transfusion history.

revised 16 September 2014,
accepted 16 September 2014,
published online 23 December 2014

Key words: adverse transfusion reaction,
haemovigilance, transfusion episode.

allergic reaction, first transfusion,

Introduction

Although blood transfusion is regarded as an essential
and life-saving therapy, significant clinical risks are
attributed to the allogeneic origin of blood components.
Also, concerns have been expressed about adverse
transfusion reactions (ATRs) attributed to cytokines that
accumulate in stored autologous blood. As transfusion-
transmitted infections decrease due to improved donor
screening and blood testing [1], non-infectious ATRs

Correspondence: Hidefumi Kato, MD, PhD, Department of Transfusion
Medicine, Aichi Medical University, 1-1, Yazakokarimata, Nagakute, Aichi
480-1195, Japan

E-mail: hkato@aichi-med-u.acjp

attract greater concern. In fact, the risk of transfusion-
transmitted infectious diseases has decreased approxi-
mately 10 000-fold [2], while deaths attributed to
transfusion-related acute lung injury (TRALI) and haemo-
lytic transfusion reactions now account for approximately
72% of all transfusion-related fatalities reported to the
Center for Biologics Evaluation and Research (CBER) of
the US Food and Drug Administration [3]. Although
blood components in Japan — as elsewhere — can be
considered as highly safe, transfusion-associated ATRs
have not been eliminated. Indeed, the overall incidence of
ATRs per transfused unit was 1-53% in Japan [4]. But, the
incidences of ATRs per unique patient per year are still
high: to red blood cells (RBCs), 2-61%; to fresh frozen
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plasma (FFP), 4.32%; and to platelet concentrates (PCs),
13-24% [4].

While the majority of ATRs are not serious, these
reactions can lead to hospitalization for outpatients or
prolonged hospital stays for inpatients. This is a burden
to patients, their families and to healthcare under any
system of delivery and reimbursement. For these reasons,
preventive strategies should be embraced. To this end, it
is prudent to quantify ATRs, search for causality and
investigate mechanisms.

National haemovigilance systems began in France in
1994 [5] and in the United Kingdom in 1996 [6], although
these two systems differ greatly. With the advent of
Directive 2002/98/EC [7], the introduction of haemovigi-
lance systems has become a priority throughout the Euro-
pean Community. The recently established US
Biovigilance Network commenced data collection in 2008
[8]. Less well known, the Japanese Red Cross Society
(JRCS), as a monopoly provider of allogeneic blood, rec-
ognized its duty to co-ordinate blood safety and estab-
lished a haemovigilance system in 1993. In summary, the
emergence of haemovigilance systems is a global phe-
nomenon.

Although most of these systems report the incidence of
ATRs on a per-transfused unit basis, the incidence of
reactions from first vs. subsequent transfusions has not
been published, even though some ATRs are associated
with prior transfusion. Previous exposure to allogeneic
blood may sensitize patients to foreign plasma proteins
[9] as well as cell surface alloantigens. Even so, the
impact of prior transfusion on subsequent ATRs is not
well defined. Herein we report the incidence of first trans-
fusion ATRs vs. subsequent (non-first) transfusion ATRs
from five hospitals over 2 years and consider the factors
that may account for any differences.

Patients 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 assem-
bled in February 2012.

Study design

This was a retrospective observational analysis of data
from standardized records in 5 Japanese hospitals with
established haemovigilance systems (Aichi Medical
University Hospital, Keio University Hospital, Osaka
University Hospital, Shinshu University Hospital, and

Tokyo Metropolitan Cancer and Infectious Diseases Center
Komagome Hospital) from January 2010 through Decem-
ber 2011, covering transfusions and associated ATRs for
red blood cells (RBCs), fresh frozen plasma (FFP) and
platelet concentrates (PCs). The study was approved by
the Aichi Medical University Institutional Review Board,
which is guided by local policy, national law and the
World Medical Association Declaration of Helsinki. For
each type of blood component, the data included the total
number of first transfusion episodes on patients without
any transfusion history and the total number of subse-
quent transfusion episodes for those with transfusion his-
tory, as well as the total number of transfusion-related
ATRs per blood component with respect to both first and
subsequent transfusions. We can identify first transfusions
because physicians and nurses routinely solicit transfu-
sion history from patients or family members and check
hospital databases and medical records. We have defined
a transfusion episode as any number of units of the same
type administered within 24 h of each other. Therefore, if
a patient with no transfusion history received more than
one type of blood component within 24 h, a ‘first transfu-
sion’ for each type of blood component was recorded.
Any blood components thereafter would belong to a sub-
sequent (non-first) transfusion.

Physicians and nurses monitored patients after the start
of each transfusion for the occurrence of any ATRs and
reported to the transfusion medicine service of each hos-
pital whether or not an ATR had occurred. ATRs were
investigated by a physician trained in transfusion medi-
cine, and additional clinical and biological information
was collected to facilitate diagnosis and assessment of
severity. Adverse reactions were deemed ATRs according
to professional assessment of imputability based on clini-
cal and laboratory data.

A standard ATR assessment form included the follow-
ing 16 items as shown in Table 1. A febrile non-haemo-
lytic transfusion reaction (FNHTR) was diagnosed if fever,
chills/rigours and feverishness (subjective feeling of
warmth or glow) occurred during or within 4 h following
transfusion without any other cause such as haemolysis,
bacterial contamination or underlying disease. Allergic
reactions consisted of skin symptoms or signs such as
pruritus, skin rash and urticaria within 6 h of transfusion,
after other potential etiologies of an allergic reaction were
excluded. Any additional findings or comments, including
suspected transfusion-related acute lung injury (TRALI),
transfusion-associated circulatory overload (TACO) or
transfusion-transmitted viral and bacterial infection,
could be entered as free text, and were later analysed.
The definitions of all signs, symptoms and specific clini-
cal syndromes used by the Japan Society of Transfusion
Medicine and Cell Therapy (JSTMCT) are based on
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Table 1 Signs, symptoms and clinical diagnoses of ATRs

Signs/Symptoms

Clinical diagnoses

Fever {more than 38°C and
more than 1°C increase
after a transfusion)

Chills/Rigor

Feverishness (feeling of
warmth or glow)

Pruritus

Skin rash

Urticaria

Respiratory distress

Nausea/Vomiting

Headache

Chest/flank/back pain

Hypotension (a decrease of
more than 30 mmHg

Serious allergic reaction
TRALI

TACO
PTP

GVHD
Haemolytic transfusion reaction
Acute
Delayed
Transfusion-transmitted infection
HBV
HCV
HIV
Bacteria

after a transfusion)

Hypertension (a increase of Others
more than 30 mmHg
after a transfusion)

Tachycardia

Vein pain

Disturbance of consciousness

Haemoglobinuria

Others

ATR, adverse transfusion reaction; TRALI, transfusion-related acute lung
injury; TACO, transfusion-associated circulatory overload; PTP, post-trans-
fusion purpura; GVHD, graft-versus-host disease; HBV, hepatitis B virus;
HCV, hepatitis C virus; HIV, human immunodeficiency virus.

documents issued by the International Society of Blood
Transfusion (ISBT) Working Party for Haemovigilance
[10], which also defined the criteria for grading the sever-
ity 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 JRCS. Types of blood donation were 200 ml or
400 ml of whole blood and apheresis of platelets or
plasma. Since January 2007, only prestorage leuco-
reduced blood components (<1 x 10° leucocytes per unit)
have been manufactured. After venipuncture, the first
25 ml of blood is diverted to decrease the risk of bacterial
contamination, although not all units were tested for bac-
terial contamination. All blood components were screened
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using serological testing for infectious diseases. Further-
more, all blood components were screened using 20-mini-
pool nucleic acid testing to reduce the risk of
transfusion-transmitted infectious diseases (hepatitis B
virus, hepatitis C virus and human immunodeficiency
virus). RBCs are prepared with the additive solution MAP
(mannitol adenine phosphate) and stored for up to
21 days at 5°C. All PCs are collected from single donors
by apheresis, suspended 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 to 400 ml
whole blood donations 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 are irradiated with 15-50 Gy
to prevent transfusion-associated graft-versus-host dis-
ease.

Statistical analysis

Data were analysed for first transfusion episodes and for
subsequent transfusion episodes. To calculate the fre-
quency of ATRs, the number of confirmed ATRs was cor-
related with the total number of first and subsequent
transfusion episodes. All statistical analyses were per-
formed by the chi-squared test, with Yates's correction
for continuity and/or a Student’s t-test. P values below
0-05 were considered statistically significant.

Results

Basic transfusion data set

During this study, there were 7594 RBC, 2469 FFP and
2127 PC furst transfusion episodes (Table 2). As for the

Table 2 Number of transfusions

First transfusion Subsequent transfusion

No. of transfusion episodes

RBC 7594 31 767

FFP 2469 6652

PC 2127 25 866
Gender ratio (female/male)

RBC 0-8 (3380/4214) 0-6 (12 452/19 315)

FFP 0-7 (1031/1438) 0-6 (2463/4189)

PC 0-7 (896/1231) 0-6 (9533/16 333)
No. of units per episode®

RBC 20 1-6

FFP 2-6 3-0

PC 1.2 11

“The values are averages.
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gender distribution of first transfusion episodes, the
female-to-male ratios for each blood component were at
or near 0-7. On the subsequent transfusion episodes, the
female-to-male ratios for each blood component were all
0-6. Thus, the gender distributions are quite similar for
each blood component in both categories of transfusion
episode. Furthermore, none of the differences in the num-
ber of units per episode for each blood component
between first and subsequent transfusions was statistically
significant.

ATRs following transfusion of blood components

As shown in Table 3, the incidence of ATRs to RBCs was
significantly higher on first (1-08%) vs. subsequent
(0-69%) transfusion episodes (P = 0-0004). Also, the inci-
dence of ATRs to FFP was significantly higher on the first
than on subsequent transfusion episodes: 2-84% vs.
1-91%, respectively (P = 0-006). Furthermore, although
there was no significant difference in the incidence of
ATRs to PC between first and subsequent transfusion epi-
sodes, the incidence of ATRs to PC trended higher on first
vs. subsequent transfusion episodes (3:34% vs. 2-75%,
respectively, but  without statistical significance
(P = 0-10).

When the incidence of ATRs to each blood component
was investigated among males, the frequency of ATRs to
RBCs on first transfusion episodes was found to be signif-
icantly higher than that on subsequent transfusion epi-

Table 3 Incidence of ATRs on first transfusion and subsequent transfu-
sion episode bases

Subsequent

First transfusion transfusion

Incidence Incidence
Number (%) Number (%) P value®

RBC

Male 39 093 103 0-53 0-002

Female 43 127 17 0-94 0-08

Total 82 1-08 220 0-69 0-0004
FFP

Male 34 2-36 75 1-79 0-18

Female 36 3-49 52 2-1 0-018

Total 70 3-24 127 1.91 0-006
PC

Male 40 3-25 440 2-69 0-28

Female 31 3-46 2N 2-84 0-30

Total 7 3-34 71 2-75 0-10

ATR, Adverse transfusion reaction.
2P values are for difference of incidences of ATRs between first transfu-
sion and subsequent transfusion episodes.

sodes (P = 0-002) (Table 3). The incidences of ATRs to
FFP and PCs on first transfusion episodes were slightly
higher than those on subsequent transfusion episodes. On
the other hand, for females, the incidence of ATRs to FFP
on first transfusion episodes was significantly higher than
that on subsequent transfusion episodes (P = 0-018). Also,
the incidences of ATRs to RBCs and PCs on first transfu-
sion episodes were slightly higher than those on subse-
quent transfusion episodes among females.

Characteristics of clinical signs and symptoms
associated with ATRs

When the incidence of various ATR types to RBCs was
investigated, the frequency of FNHTR (0-43%) and other
reactions (0-26%) on first transfusion episodes was found
to be significantly higher than on subsequent transfusion
episodes (FNHTR: 0-23%; P = 0-001, other reactions:
0-15%; P = 0-03) (Table 4). The first transfusion incidence
of allergic reactions (0-47%) was slightly higher than for
subsequent transfusion episodes (0-37%). Furthermore,
first transfusion incidence of allergic reactions (2-51%) to
FFP was significantly higher than that on subsequent
transfusion episodes (1:65%, P = 0-01). On the other
hand, there were no significant differences in the fre-
quency of FNHTR, allergic reactions and others to PCs on
first transfusion episodes vs. subsequent transfusion epi-
sodes (FNHTR: 0-33% vs. 0-23%, allergic reactions: 2-82%
vs. 2-49%, others: 0-33% vs. 0-12%).

During the study, serious ATRs to RBCs and FFP were
3 (0-04%) and 4 (0-16%), respectively on first transfusion
episodes (Table 4). On subsequent transfusion episodes,
serious ATRs to RBCs, FFP and PCs were 5 (0-02%), 2
(0-03%) and 7 (0-03%j, respectively. The proportions of
serious ATRs among all ATRs to RBCs, FFP and PCs were
low on first and subsequent transfusion episodes; thus,
the majority of ATRs were not serious.

Discussion

One factor thought to influence the risk of ATRs is trans-
fusion history. Despite this, previous reports about ATRs
have not distinguished first from subsequent transfusions
in their analysis. In the present study, incidences of ATRs
to RBCs, FFP and PCs per first transfusion episode were
1-08%, 2-84% and 3-349%, respectively. On the other hand,
the incidences of ATRs on subsequent transfusion epi-
sodes to RBCs, FFP and PCs were 0-69%, 1-91% and
2-75%, respectively. Thus, the risk of ATRs for patients
with no transfusion history trended higher compared to
patients who had already been transfused. In particular,
the first transfusion incidences of ATRs to RBCs and FFP
are significantly higher than those for subsequent
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Furthermore, the number of RBC units per episode for the
first transfusion was slightly more compared with that on
subsequent transfusion episodes. In particular, the number
of RBC units per episode for the first transfusion tended
to be more than that on subsequent transfusion episodes
for males (data not shown). Therefore, it is suspected that
FNHTRs to blood components are not influenced by pre-
vious allogeneic exposure from transfusion and one risk
of ATRs on the transfusion was correlated with the num-
ber of transfusion units per episode.

It is thought that allergic reactions to blood compo-
nents are influenced by previous allogeneic exposure
from transfusion. Tobian et al. [17] described that
patients must be exposed to plasma multiple times before
having an allergic reaction. In addition, the incidence of
ATRs per patient was influenced by the number of trans-
fusions per patient [4, 11]. However, in this study, the
incidences of allergic reactions to RBCs, FFP and PCs
were 0-47%, 2-51% and 2-82%, respectively on the first
transfusion though these patients were not previously
exposed to allogeneic transfusion (Table 4). Furthermore,
there were 6 serious allergic reactions associated with first
transfusions. Putative mechanisms underlying allergic
reactions include biological response modifiers (BRMs)
such as inflammatory cytokines and chemokines that
accumulate during storage and enter the circulation dur-
ing transfusion, leading to allergic reactions [18-22]. On
the other hand, Savage et al. [23] showed that certain
donors donated PCs that resulted in an allergic reaction
rate of 5-80%, which was greater than the overall inci-
dence of allergic reactions (1-72%). A recent study
observed 1616 (1-72%) allergic reactions among 93 737
transfusions and found that 30% of recipients with an
allergic reaction had allergic reaction rates of more than
5% [23]. Furthermore, in 630 instances where split PCs
were given to two patients in whom one had a reaction,
there were only six instances where the other patient also
had a reaction [23]. On the other hand, Ahmed et al. [24]
reported that pregnancy history directly correlates with
the risk of allergic reaction on initial transfusion. Indeed,
although the data analysis in this study did not consider
pregnancy for female patients, the incidence of ATRs
(3-49%) per first transfusion episode to FFP was signifi-
cantly higher than on subsequent transfusion episodes
(2:11%, P = 0-018, Table 3). Thus, it is suspected that
blood component factors, donor factors and patient fac-
tors including pregnancy may contribute to allergic reac-
tions. Therefore, as the present study shows, risks of
allergic reactions to blood component exist in patients
without previous allogeneic exposure from transfusion.

The incidences of allergic reactions to blood compo-
nents on the first transfusion were higher or almost the
same compared to subsequent transfusion episodes. In

particular, the frequency of allergic reactions to FFP
(2:51%) on the first transfusion was significantly higher
compared to subsequent transfusion (1-65%, P = 0-01). It
is possible that this pattern is due to an increased use of
premedication among patients with reactions to a previ-
ous transfusion. However, most studies performed to date
have failed to demonstrate that premedication is effective
in preventing allergic transfusion reactions [25-28]. Fur-
thermore, in the present study, although most patients
receiving RBCs and PCs were premedicated, the first
transfusion incidences of allergic reactions to RBCs and
PCs were not significantly higher than for subsequent
transfusions. Another possibility is that serial exposure to
blood components may desensitize recipients. A recent
study revealed that recurrent exposure to PCs caused
recipients to become less likely to experience allergic
reactions [29]. Furthermore, experiments show a desensi-
tization effect on repeat exposure to reconstituted donor
serum [30]. It is thought that desensitization is mediated
by two mechanisms, the suppression of proallergic innate
effectors and the upregulation of regulatory T-cell activ-
ity. Proallergic innate effectors could undergo rapid
desensitization against allergens [31]. In addition, func-
tional allergen-specific regulatory T cells can attenuate
allergic responses through suppression of mast cells, ba-
sophils and eosinophils; suppression of allergen-specific T
cells; and reduction of IgE production [31]. Indeed, Jo
et al. [32] showed the acquisition of tolerance to cow’s
milk allergens during childhood is associated with the
suppression of proallergic innate effectors’ activity and
activity of regulatory T cells. Taken together, these find-
ings help explain why the incidence of allergic reactions
to blood components on first transfusions could exceed
that of subsequent transfusions.

We conclude that there are risks of ATRs on the first
transfusion as well as transfusions of patients with trans-
fusion history. It is suspected that FNHIRs are not so
much provoked by previous allogeneic transfusion expo-
sure as by the number of transfusion units per episode.
On the other hand, with regard to allergic reactions,
although both atopic susceptibility in the recipient as well
as particular donor and component characteristics are risk
factors, the first transfusion itself appears to be an impor-
tant risk. Thus, despite the limitations of this study, it
suggests the need for more elaborate analyses of patient
data to further improve transfusion therapy. In particular,
ATR risk factors elucidated here and elsewhere might
refine clinical indications for washing PCs.
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TRANSFUSTON COMPLICATIONS

Repeated exposure rather than the total volume of transfused
components may influence the incidence of allergic
transfusion reactions

Hidefumi Kato,’ Takayuki Nakayama,® Motoaki Uruma,’ Yoshiki Okuyama,? Makoto Handa,’
Yoshiaki Tomiyama,* Shigetaka Shimodaira,” and Shigeru Takamoto™®

BACKGROUND: The plasma fraction of blood
components has an essential role in the etiology of
allergic transfusion reactions (ATRs). The difference of
incidences of ATRs between fresh-frozen plasma (FFP)
and platelet concentrates (PCs), in which plasma is the
main component, is not clearly understood. This study
compares the frequency of ATRs to FFP versus PCs on
both first and subsequent (nonfirst) transfusions and
considers the factors influencing the risk of ATRs.
STUDY DESIGN AND METHODS: Five hospitals
agreed to systematically collect and share 2 years of
data (January 2010 through December 2011). This was a
retrospective observational analysis of data including the
number of transfusion episodes and ATRs for FFP and
PCs on first-transfusion patients (without transfusion
history) and previously transfused patients.

RESULTS: The incidence of ATRs to PCs (2.51%) was
significantly higher than to FFP (1.68%) on 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 first transfusions. This
discrepancy was most pronounced among males: FFP
versus PCs on first transfusions, 2.02% versus 2.60%

(p = 0.30); and on subsequent transfusions, 1.58%
versus 2.46% (p = 0.0007). Among females, FFP versus
PCs on first transfusions was 3.59% versus 3.13%

(p = 0.61) and on subsequent transfusions was 1.87%
versus 2.61% (p = 0.029).

CONCLUSION: Repeated exposure rather than the
total volume of transfused components may influence the
incidence of ATRs.

2576 TRANSFUSION Volume 55, November 2015

Ithough blood transfusion is regarded as an

essential and life-saving therapy, significant clin-

ical risks are attributed to blood components’

ogeneic origin. In particular, adverse reactions

(ARs) are frequent in patients receiving transfusions of

platelet concentrates (PCs).! We have previously demon-

strated that the incidence of ARs to PCs per transfused

unit was 3.8%.? It was also shown that the incidence of

ARs to PCs per patient was 13.2%. Furthermore, most ARs
to PCs were allergic transfusion reactions (ATRs).

ABBREVIATIONS: AR(s) = adverse reaction(s); ATR(s) =
allergic transfusion reaction(s); PC(s) = platelet
concentrate(s).
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