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Consecutive national surveys of ABO-incompatible blood
transfusion in Japan

Y. Fujii," Y. Shibata,” S. Miyata,® S. Inaba,* T. Asai,® Y. Hoshi,® J. Takamatsu,” K. Takahashi,® H. Ohto,® T. Juji'® & K. Sagawa"’
' Department of Blood Transfusion, Yamaguchi University Hospital, Yamaguchi, Japan
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3Division of Transfusion Medicine, National Cardiovascular Center; Osaka, Japan

*Kanagawa Red Cross Blood Center, Kanagawa, Japan

SShizuoka Red Cross Blood Center, Shizuoka, Japan
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Background and Objectives Morbidity and mortality from ABO-incompatible transfu-
sion persist as consequences of human error. Even so, insufficient attention has been
given to improving transfusion safety within the hospital.

Materials and Methods National surveys of ABO-incompatible blood transfusions
were conducted by the Japanese Society of Blood Transfusion, with support from the
Ministry of Health, Labor and Welfare. Surveys concluded in 2000 and 2005 analysed
ABO-incompatible transfusion data from the previous 5 years (January 1995 to
December 1999 and January 2000 to December 2004, respectively). The first survey
targeted 777 hospitals and the second, 1355 hospitals. Data were collected through
anonymous questionnaires.

Results The first survey achieved a 77-4% response rate {578 of 777 hospitals). The
second survey collected data from 251 more hospitals, but with a lower response rate
(61-2%, or 829 of 1355 hospitals). The first survey analysed 166 incidents from 578
hospitals, vs. 60 incidents from 829 hospitals in the second survey. The main cause of
ABO-incompatible transfusion was identification error between patient and blood
product: 55% (91 of 166) in the first survey and 45% (27 of 60) in the second. Patient
outcomes included nine preventable deaths from 1995 to 1999, and eight preventable
deaths from 2000 to 2004.

Conclusion Misidentification at the bedside persists as the main cause of ABO-
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Introduction

ABO-incompatible transfusion preceded Landsteiner's
discovery of human blood groups, but persists more than
100 years later as an important cause of adverse events due
to human error [1-3]. Haemovigilance systems in Europe and
North America target ABO-incompatible blood transfusion
[1,2,4]. In Japan, Red Cross blood centres collect haemovig-
ilance data, but specifically target transfusion-transmitted
virus infections and immune phenomena such as allergic
reactions, transfusion-related acute lung injury, and transfusion-
associated graft-vs.-host disease [5]. Therefore, the actual
incidence of ABO-incompatible blood transfusion in our
country has been uncertain. In order to investigate and guide
methods of prevention, consecutive national surveys were
initiated by the Japanese Society of Blood Transfusion (now
the Japanese Society of Transfusion Medicine and Cell
Therapy) {6,7].

Materials and methods

The Japan Society of Blood Transfusion developed anonymous
questionnaires, targeting 777 hospitals from January 1995 to
December 1999, and 1355 hospitals from January 2000 to
December 2004, Data were analysed and reported in 2000
and in 2005. The first survey solicited cases arising from
whole blood (WB), red cell concentrate (RCC) and fresh frozen
plasma (FFP) transfusions at 777 hospitals, each having at
least 300 beds. The scope of the second survey expanded to
include cases arising from platelet concentrate transfusions,
and targeted 1355 hospitals, including 777 of the same
hospitals targeted in the first survey and 578 additional
hospitals with fewer than 300 beds, where at least one trans-
fusion specialist was working. Not only accidents but also
incidents {errors without adverse reactions) were solicited. In
regard to transfusion oversight, blood transfusion management
systems and laboratory testing outside of core hours were
investigated in first survey {Tables 1and 2). To these, the second
survey added utilization of electronic equipment for bloed
transfusion management and product testing (Tables3
and4).

Results

A 74-4% response rate was achieved in the 1995-99 survey,
corresponding to 578 of 777 hospitals. A 61-2% response rate
was achieved in the 2000-04 survey, corresponding to 829
of 1355 hospitals. From 578 participating hospitals in the
first survey came 166 case reports, vs. only 60 case reports
from the 829 hospitals participating in the second survey
including six cases reported from hospitals with fewer 300
beds (Table 5). These cases include those without adverse
reactions. Nevertheless, the number of fatalities reported in

© 2009 The Author(s)

Table 1 ABO-incompatible blood transfusion questionnaire form 1 of the
first survey (1 January 1995 to 31 December 1999)

‘|. Did the ABO-incompatible blood transfusion occur in the past 5 years

{1 January 1995 to 31 December 1999)?7
{The targets are whole blood, red cell concentrates, and fresh frozen plasma;
and platelets concentrates should be excluded.)
(1) Yes (Please give details using investigation form 2 on the next page.)
{2) No
11. Questions on system of blood transfusion management
1. Number of hospital beds: Select from the following:
(1) 300 to less than 400 beds
(2) 400 to less than 500 beds
(3) 500 to less than 600 beds
{4) 600 to less than 700 beds
(5) 700 to less than 800 beds
(6) 800 to tess than 900 beds
(7) 900 to less than 1000 beds
(8) More than 1000 beds
. Amount of transfused blood components during the last fiscal year:
Select from the following:
(1) 3000 to less than 10 000 units
(2) 10 000 to less than 20 000 units
(3) 20 000 to less than 30 000 units
(4) 30 000 to less than 40 000 units
(5) 40 000 to less than 50 000 units
(6) More than 50 000 units
. Section that manages blood supply:
(1) Blood transfusion service
(2} Laboratory
(3) Pharmacy
(4) Others
4. Pretransfusion testing out of core hours:
(1) Duty by laboratory technician
(2) The doctor takes charge
(3) Laboratory technician's system of on call
(4) Others
. Doctor accredited by the Japan Society of Blood Transfusion:
(1) Yes
(2) No
Laboratory specialist accredited by the Japan Society of Blood
Transfusion:
{1) Yes
(2) No
7. Hospital transfusion therapy committee:
1) Yes
(2) No
8. Please describe any special method to prevent of ABO-incompatible blood
transfusion in your hospital.

N

(5]

(22l

o

each survey was nearly equal: nine in the first survey and
eight in the second. In the second survey, the mean number
of transfused blood components reported from 540 hospitals
during survey period was 14 855 bags, but in first survey
the exact number of transfused blood components was not
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Table 2 ABO-incompatible blood transfusion questionnaires form 2 (case report) of the first survey (1 January 1995 to 31 December 1999)

1. Content of case:
{Please describe details and the reason for the discovery of ABO-incompatible blood transfusion.)
2. Persons concerned who made a mistake:
(1) Doctor
(2) Nurse
(3) Laboratory technician
(4) Others ()
3. Time period:
(1) Regular {daylight) hours
(2) Out of core hours
4. Was it an urgent blood transfusion?
(1) Yes
{2) No
Site of blood transfusion:
(1) Ward
(2) Operation room
(3)Icy
(4) Emergency room
(5) Others
. Blood product:
(1) Whole blood
(2) Red cell concentrates
(3) Fresh frozen plasma
7. ABO type:
Blood type of blood preparation
Patient’s blood type
8. Amount of blood transfusion (ml):
9. How long did it take you to become aware of ABO-incompatible biood transfusion from the beginning of transfusion?
10. Did you explain the situation to the patient and family?
(1) Yes
(2) No
{3) Uncertain
11. Was there any symptom of shock?
(1) Yes
{2) No
(3) Unknown
12, Was there any sign of haemolysis?
(1) Yes
(2) No
(3) Unknown
13. Was there any sign of disseminated intravascular coagulation?
1) Yes
(2} No
(3) Unknown
14. Was there any sign of renal insufficiency?
(1) Yes
(2} No
(3) Unknown
15. What kind of treatment was performed?
16. Outcome:
(1) Death
(2) Survival with adverse effects
(3) Survival without adverse effects
17. Improvement plan concerning ABO-incompatible blood transfusion prevention adopted after the case occurred:
18. Others
(If you think there is anything else pertinent to this case, please describe the details)

o

o

© 2009 The Author(s)
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Table 3 ABO-incompatible blood transfusion questionnaire form 1 of the
second survey (1 January 2000 to 31 December 2004}

Table 4 ABO-incompatible blood transfusion questionnaire form 2 (case
report} of the second survey (1 January 2000 to 31 December 2004)

|. Did the ABO-incompatible blood transfusion occur in the past 5 years
{1 January 2000 to 31 December 2004)?
(The targets are whole blood, red cell concentrates, fresh frozen plasma, and
platelet concentrates.)
{1) Yes (Please give details using investigation form 2.}
(2} No
il. Questions on system of blood transfusion management
1. How many beds does your hospital have?
() beds
2. How many units of total blood transfusion products were administered
over 5 years 1 January 2000 to 31 December 20047
Whole blood
Red cell concentrates
Fresh frozen plasma
Platelets concentrates
3-8, Same as those of the first survey
9. Do you electronically verify patients and blood products before
transfusion at bedside?
(1) Yes
(2) No
(3) Only in a part of the ward
10. Is a computer-based ordering system used to request the blood supply?
(1) Yes
{2) No
(3) Its introduction is scheduled
11. Is the ordering computer system used to request the pretransfusion
testing?
(1) Yes
(2} No
(3) its introduction is scheduled
12. Isa computer-based system used for the stock-taking and managing the
delivery of the blood products?
(1) Yes
(2) No
(3) Its introduction is scheduled
13. Is an automatic blood transfusion testing machine used?
(1) Yes
(2) No
(3) Its introduction is scheduled

{ ) units, { ) bags
{ ) units, { ) bags
( ) units, { ) bags
( ) units, { ) bags

collected. The number of reported cases of ABO-incompatible
blood transfusion according to the number of hospital beds
isshown in Fig. 1. A decrease in the number of reported cases
was recognized in large hospitals, defined as having more
than 700 beds. Table 6 shows the numbers of reported cases
according to the type of blood product. A decrease of RCC
minor mismatch and FFP was more remarkable than that of
RCC major mismatch. Outcomes in patients receiving RCC
major mismatch included nine deaths in the first survey and
eight in the second. The cause of death includes the possibility
of underlying disease in nine of 17 cases according to the

© 2009 The Author(s)

1-18. Same as those of the first survey
19. Did it occur before introducing the portable digital assistant to blood
transfusion confirmation at the bed side?
(1) Yes
{2) No

Table 5 Analysed data

First survey Second survey

Survey period 1 January 1995 to

31 December 1999

1 January 2000 to
31 December 2004

Target hospital 77 1355
> 300 beds 777 777°
< 300 beds ] 578
Response {%) 578 (74-4) 829 (61-2)
> 300 beds 578 (74-4) 502 (64-2)
< 300 beds 327 (55°7)

Reported cases®

WB + RCC + FFP® RCC+ FFPY  PC*

> 300 beds 166 48 6
< 300 beds 0 4 2
Total 166 52 8

2777 hospitals the same as those targeted in the first survey.

®Reported cases inciuding those without adverse reactions.

“Cases arising from whole blood (WB), red cell concentrate (RCC), and fresh
frozen plasma (FFP), including those arising from unknown components.
dCases arising frem RCC and FFP, including those arising from unknown
components.

“Cases arising from platelet concentrate.

Table 6 Number of reports according to the type of blood product

First survey>  Second survey®

Whole biood major mismatch 3 0

Whole blood minor mismatch

Red cell concentrate major mismatch 48 22

Red cell concentrate minor mismatch 38 9

Fresh frozen plasma n 19

Platelet concentrate Not reported 8

Unknown 4

Total 166 60

21 January 1995 to 31 December 1999.
51 January 2000 to 31 December 2004.

contents of cases in questionnaire form 2. In six of the
remaining eight deaths, unambiguously due to ABO-incompatible
transfusion, the patients were of group O blood type. Data
from the second survey suggest a risk of ABO-incompatible
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Fig. 1 Number of reported cases of accidental

ABO-incompatible blood transfusion of red cell
concentrate and fresh frozen plasma according to

Number of reported cases

the number of hospital beds.
®: Number of reported cases of ABO-incompatible

blood transfusion of whole blood, red cell
concentrates, and fresh frozen plasma in the first

300

400— 500~ 600— 700- 800
400 500 600 700 800 900
beds beds beds beds beds beds

Number of hospital beds

survey (1 January 1995 to 31 December 1999).
[J: Number of reported cases of ABO-incompatible

900— > 1000 bload transfusion from red cell concentrates and
1000 beds fresh frozen plasma reported only from hospitals
beds having at least 300 beds in the second survey

(1 January 2000 to 31 December 2004).

Number of hospitals

Table 7 Pretransfusion testing out of core hours

First survey®

Second survey®

> 300 beds (%)

> 300 beds (%)

< 300 beds (%)

Duty of laboratory specialist 347 (60-35) 476 (751)
Laboratory specialist on call 163 (28-35) 147 (23-2)
The doctor takes charge 43 (7-5) 4{0-6)
Others 22 (3-8) 7(11)
Total 575 (100) 634 (100)

26 (139}
157 (83-9)
2(14)
2(11)
187 (100}

#1 January 1995 to 31 December 1999.
®1 January 2000 to 31 December 2004,

transfusion as 1:200000 and a risk of the death as 1:
3 000 000. The status of pretransfusion testing out of core
hours is shown in Table 7. Electronic correlation of patients
and blood products seems to have had limited implementa-
tion in 1999, when the first survey was executed, but was
reported in 8-8% of facilities in 2004 when the second survey
was executed.

Main causes of transfusion error

Identification error between patient and blood product
The main cause of transfusion error was misidentification
between patient and blood product: 55% of cases (91 of 166)
in the first survey, and 45% (27 of 60) in the second (Table 8).
RCC major mismatch comprised 36 cases in the first survey

and 14 cases in the second survey. Among the reported cases,
no technology-based identification systems were in place.

Phlebotomy error

Phlebotomy errors were reported in 2% of cases (four of 166}
in the first survey, and 3% (two of 60) in the second. All
phlebotomy errors were emergency situations where the
blood typing and cross-matching were performed on the
same specimen.

Prescription error

Prescription errors were reported in 11% of cases (19 of 166)
in the first survey, and 13% (eight of 60) in the second. In
these cases, blood component orders of an incorrect ABO
blood group were sent to the laboratory. Fresh frozen plasma

© 2009 The Author(s)
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Table 8 Main causes of transfusion error

First survey®  Second survey®

Identification error 91 27
Phlebotomy error 4 2
Prescription error 19 8
Testing error by doctor 21 10
Laboratory error outside of core hours 12 6
Laboratory error during care hours 5

Other 14 3
Total 166 60

31 January 1995 to 31 December 1999.
®1 January 2000 to 31 December 2004.
“Blood components orders of incorrect ABO blood group.

or platelet concentrate orders of an incorrect ABO blood
group sent to the laboratory were undetected by laboratory
methods due to the omission of the minor cross-match. No
reported prescription error was associated with an RCC major
mismatch.

Testing error by doctors

Testing errors by doctors were reported in 13% of cases
(21 of 166) in the first survey, and 17% (10 of 60) in the
second. In hospitals where these errors arose, laboratory
services for blood transfusion were not available.

Laboratory error outside of core hours

Laboratory errors outside of core hours were reported in
7% of cases (12 of 166) in the first survey, and 10% (six of
60) in the second. These errors included technical testing
errors in 10 cases, issuance of the wrong units in four
cases, and use of the wrong patient sample for testing in
one case, and, in four cases the details of errors were not
reported.

Laboratory error during reqular (daylight) hours
Laboratory errors during regular (daylight) hours were
reported in 3% of cases (five of 166) in the first survey, and
7% {four of 60) in the second. These errors included technical
testing errors in three cases, clerical error in transcription in
one case, issuance of the wrong units in two cases, and use
of the wrong patient sample in three cases.

Other errors

In the first survey: a wrong blood type was displayed at the
bedside in one case; 11 cases had no reports about the main
cause; and in two cases, a main cause could not be clearly
discerned. In the second survey, two ABO-incompatible bone
marrow transplant recipients received the wrong blood,
and in one other case, incompatible FFP was taken from an
operating room refrigerator.

© 2009 The Author(s)

Discussion

Based on data from the second survey, the risk of ABO-
incompatible transfusion and that of death is about half of
those reported by Serious Hazards of Transfusion (SHOT) [1].
In Japan, at least 8000 hospitals transfuse blood, perhaps
more if the smallest hospitals are counted, but this investiga-
tion focused on the hospitals responsible for about 80% of
the blood products transfused in Japan. The Japanese Red
Cross {JRC) is the only supplier of allogeneic blood components
used in Japan, The collection of allogeneic blood by a hospital
transfusion service is rare and permitted in emergency cases
if the JRC has failed to supply the bloed products to hospitals.
The total amount of all blood components supplied by the
JRC corresponded to the total amount of blood components
transfused in Japan. In the fiscal year of 2004, when the
second survey was done, the total amount of blood components
supplied by the JRC Blood Center was 16 668 784 units, and
the total amount of blood components transfused in the
829 hospitals which responded to the second survey was
7 962 317 units, with about 47-8% of blood components
supplied by the blood centre.

ABO-incompatible blood transfusion arises from human
error [8]. Eighty per cent of ABO-incompatible blood trans-
fusions were reported from the clinical setting of a ward or
operating room and 20% were reported from a laboratory.
No reported errors were associated with blood banking
procedures of the JRC. There were no mislabelling of units or,
weak A or B antigens typed as 0. This underscores the value
of an incident reporting system that collects data from
hospitals, and provides analytical feedback to each facility
[9-11]. Ildentification errors between patients and blood
products provoke most RCC major mismatch transfusions.
Preventive efforts are important because these errors are
eminently preventable. Many hospitals had their own trans-
fusion procedural manual, including the final identification
between patients and blood products in the clinical area. In
many cases, procedural deviations occurred, including half
of the hospitals that maintained their own procedures.
Following the first survey, a standardized blood transfusion
procedure manual emphasizing the final identification
between patients and blood products was developed by the
Japanese Society of Blood Transfusion, and this procedure
has been widely propagated through distributing a poster
showing the procedural manual by the Japanese Society of
Blood Transfusion and JRC [6]. The second survey collected
only about 30% as many identification errors as were
reported in the first survey, even with the participation of an
additional 251 hospitals. It may be that the dissemination of
a standard procedure contributed to a decrease in identification
error. This was the main intervention undertaken to reduce
the incidence of ABO-incompatible transfusion after the first
survey. However, incorrect blood recipient identification at
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the patient’s bedside persists as the main cause of ABO-
incompatible transfusion. Fducation programmes may be
helpful to the extent that they reach all staff involved in
transfusion. This is challenging under the best of circumstances,
and more so where staff tunover is high. It thus behooves us
to monitor employment trends in the healthcare sector.
Technological interventions also have the potential to
interdict human error, provided that the technology is not
bypassed for reasons of expediency or lack of understanding
[12-15]. The introduction of electronic correlation of patients
and blood products has progressed in large-scale hospitals.
Pretransfusion testing out of core hours is another problem.
In 7-5% of hospitals in the first survey, laboratory services for
blood transfusion out of core hours were not available, thus
forcing clinicians into the role of laboratory professionals.
The number of facilites where a doctor performs pretransfu-
sion testing outside of core hours decreased from the first
survey, and the number of facilities where laboratory staff
perform all testing increased. Even so, laboratory staff who
do mnot routinely perform transfusion-related testing are
likely to be more error prone than those who are devoted to
the blood bank or transfusion service. These were the main
differencesbetween the twosurveys.

The second national survey of ABO-incompatible blood
transfusion was completed 5 years after first survey. Ideally,
investigative data should be collected continuously and
reported at least annually, as occurs in other countries with
formal haemovigilance systems [1,2]. We aspire to blend the
Japanese experience described herein with international
best practices described elsewhere, with the ultimate goal of
mitigating the needless morbidity and mortality arising from
human error.

A part of this research was supported by the Ministry of
Health, Labor and Welfare.
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