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Summary

Background: Compared to blood component safety, the
administration of blood may not be as safe as intended.
The German Interdisciplinary Task Force for Clinical
Hemotherapy (IAKH) specialized registry for administra-
tion errors of blood products was chosen for a detailed
analysis of reports. Methods: Voluntarily submitted criti-
cal incident reports (n = 138) from 2009 to 2013 were an-
alyzed. Results: Incidents occurred in the operation room
(34.1%), in the ICU (25.2%), and in the peripheral ward
(18.5%). Procedural steps with errors were administra-
tion to the patient (27.2%), indication and blood order
(17.1%), patient identification (17.1%), and blood sample
withdrawal and tube labeling (18.0%). Bedside testing
(BST) of blood groups avoided errors in only 2.6%. As-
sociated factors were routine work conditions (66%),
communication error (36%), emergency case (26%),
night or weekend team (39%), untrained personnel
(19%). Recommendations addressed process and quality
(n = 479) as well as structure quality (n = 314). In 189 in-
stances, an IT solution would have helped to avoid the

error. Conclusions: The administration process is prone
to errors at the patient assessment for the need to trans-
fuse and the application of blood products to patients.
BST is only detecting a minority of handling errors. Ac-
cording to the expert recommendations for practice im-
provement, the potential to improve transfusion safety
by a technical solution is considerable.

© 2017 S. Karger GmbH, Freiburg

Introduction

The German transfusion law [1] and the cross-sectional guide-
lines for the use of blood and blood products of the German Medi-
cal Association [2] apply evidence-based recommendations for the
use of each blood product. Their implementation and practical
compliance are promoted by an obligatory structure of dedicated
quality managers of hemotherapy, dedicated responsible physi-
cians in every institution, and dedicated assigned physicians in
each department for the correct use of blood and blood products.
A transfusion committee meeting regularly discusses current prob-
lems to improve efficacy and safety of hemotherapy. Furthermore,
the use of blood and blood product production are regulated by
German pharmaceutical law since they are categorized pharmaceu-
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tical products. Documentation of internal or external audits has to
be reported to regulatory bodies. Hemovigilance reports are pub-
lished by the Paul-Ehrlich-Institut (PEI), reporting statistics of
major transfusion reactions as well as blood product donation, use,
and discard [3]. Bedside confirmation of recipient’s identity and
ABO blood group is undertaken prior to red cell transfusion. Bed-
side testing (BST) is obligatory in Germany for the administrating
physician. Such confirmation testing for blood groups ABO and
ABO+D is also used in a few other European countries. It confirms
patient identity at the bedside immediately before a blood transfu-
sion is started. In addition, BST is intended to confirm the recipi-
ent’s ABO blood group antigens (of lesser vital importance D) pre-
viously determined and thus ensures that there is a match between
the recipient’s blood group and the blood product. Dependent on
the producer of the little test cards, anti-serums for A and B (D) are
either to be mixed with the drop of patient’s blood (SERAFOL) or
are in a liquid compartment where the blood must be injected into
(MEDTRO). Agglutination of the red cells with the anti-serum be-
comes visible and should match the blood group of the blood prod-
uct to be given. This identifies any incompatibility that may occur
if the patient or the blood product had been confused.

Transfusion safety in Germany is believed to be sufficiently ro-
bust at state-of-the-art level. Underreporting of safety issues in
Germany is not a major concern. Whereas fatal errors resulting in
acute hemolytic transfusion reactions are documented in the PEI
hemovigilance registry (ranging from 1 to 3 per million in recent
years), an underreporting of incorrect allocation of products (risk
of incorrectly transfused blood components 0.2 per million) must
be assumed. In absence of hard data, incidences of non-fatal errors
in the German system were estimated between 1:32,000 [4] and 1:
36,000 [5], whereas data from the USA reported higher figures in
the range from 1:12,000 to 1:19,000 [6].

To challenge and improve the blood transfusion safety standard
in Germany, a dedicated critical incident reporting system (CIRS)
for Germany was set up on a voluntary basis in 2009 [7] as a joint
venture of the German Interdisciplinary Task Force for Clinical
Hemotherapy (IAKH) [8] and the German Interdisciplinary Soci-
ety of Critical Care and Emergency Medicine (DIVI). Free of
charge and accessible for the public, error reporting in the IAKH
error registry [9, 10] is encouraged for every user of autologous and
allogeneic blood in every health care institution in Germany. As
opposed to the PEI registry, any kind of error or critical incident
associated with the administration of blood and coagulation prod-
ucts voluntarily can be reported by physicians and other medical
staff. Reports were analyzed and categorized by an interdisciplinary
committee of transfusion medicine specialists, internists, surgeons,
and anesthesiologists. Critical incidents referring to transfusion is-
sues from the German Anesthesiology Societies (DGAI and BDA)
CIRS-AINS medical [11] were also surveyed on behalf of the BDA
by the IAKH committee and included in the IAKH error registry
database.

This article addresses the character of reported errors and criti-
cal incidents within the administration process of blood products
after a 5-year period. Errors in blood product administration were
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analyzed for circumstances, relevance, risk of damage, and contrib-
uting factors. The publication of committee’s recommendations
may be of common interest for other than the reporting institu-
tions — therefore, they are listed and grouped as proposed strategies
of quality improvement.

Material and Methods

Database and Reporting Form

In 2009, the website went online, and the reporting was encouraged by in-
formation in the national medical press [7, 10]. In parallel, the German BDA
started an anesthesia-based critical incident reporting system. All incidents
concerning a blood product were sent to the IKAH committee for analysis and
entry in the IAKH database. The multidisciplinary IAKH committee is consti-
tuted of experts from various clinical departments. All aspects of an error report
were addressed by the respective specialist either in the committee’s session or
by requiring re-submittal after analysis.

To avoid a double entry of the same incident, each report is anonymized by
coding the individual case with the third letter as well as the number of letters of
the first and surname of the patient. The first letter of the area code of the re-
porting institution had to be given. In each type of entry form, general informa-
tion such as the American Society of Anesthesiologists risk class (ASA) stratifi-
cation of the patient according to the perioperative system by the American
Society of Anesthesiologists, the location where the incident happened, and
which profession detected the error is to be entered. The free accessible web
page of error reporting initially had 5 entry forms to report a critical incident
categorized by the process steps: 1) blood product order for each incident that
happens before, after, or while ordering a blood product from the blood bank or
depot including the assessment of the need of transfusion; 2) blood group sam-
ple withdrawal and tube labeling for each incident that happens before, after, or
while blood withdrawal for type and screen, labeling and sending to the immu-
nology laboratory; 3) laboratory handling of blood probes, type and screen, or
release of ordered blood for all incidents in the laboratory, blood bank and
depot from arrival of a blood probe until release of a blood or coagulation prod-
uct to the user or transport system; 4) transport and handling of blood products
for incidents happening while and associated to transport and storage of blood
products, 5) blood product administration for all incidents happening immedi-
ately before, while, or after administration of the blood product to the recipient,
identification of the patient, performance of BST, starting of the transfusion
and documentation, 6) for other incidents such as coagulation management,
autologous processing, or donation. The last form was introduced later and
went active in January 2013. The shorter collection period of this type of error is
considered in the analysis. All minor process steps covered by the 6 forms are
given in table 1. Definition of errors and their categories are listed in table 2.

Analyses, Definitions, and Categories

In addition, during the work process with the registry, a frequent error lo-
cated before the process chain even starts was recognized by the committee -
the indication to transfuse frequently was not in congruence with the existing
guidelines. Without creating a special entry form for that, the correctness of the
transfusion indication was tested. The same applied for the patient identifica-
tion and confusion error. This critical step occurs several times in the adminis-
tration process — prior to type and screen, blood withdrawal, or blood product
administration. The information about a correct or incorrect performance of
the BST is required by the IAKH report form. The classification of an error into
one or more process steps was done by the committee even if the incident was
classified differently by the reporter in accordance to the given categorization of
errors (table 2).

The incoming reports were edited and discussed among committee mem-
bers in a secured phone conference weekly. Reports and categories of errors
were entered in a database. Results are given in absolute counts or errors in the
reported cases as well as in percentage of the 5 year’s sum of all errors reported.
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Table 1. Process steps covered by the reporting form

Form

Category description

Step

1) Blood product order

Each incident that happens before, after,
while ordering a blood product from the
blood bank or depot including the
assessment of the need of transfusion

a) Identification of the patient by entry in the hospital’s PDMS during the
admittance in administration, ICU or emergency unit Assessment of the need
of transfusion in a clinical situation of an individual by clinical situations,
symptoms, laboratory and history

b) Order of the right number of units or products by delegation, by filling an
electronic or analog order form for this patient

¢) Organization of process initiation by defining time, dose, clinical situation
and urgency, responsibility

2) Blood group sample

Each incident that happens before, after,

a) Preparation of blood containers, printing and labeling for the right individual

withdrawal and tube while blood withdrawal for type and b) Identification of the right patient for the blood withdrawal Blood withdrawal
labeling screen, labeling and sending to the off the right patient in correct labeled containers at the right time
immunology laboratory
3) Laboratory handling Each incident that happens before during Errors of blood probe reception
of blood probes and and after blood probe arrival, screen and a) Acceptance of blood probes without correct labeling, in wrong tubes,
products type, release of ordered blood for all insufficient volume, outdated since leaving the patient

incidents in the laboratory, blood bank
and depot from arrival to release of a
compatible product

b) Mismatch at reception of blood probes for type and screen, confusion of
attached documents

Errors of blood group test either in an analyzer, gel cards, elution or other methods

including

c) Wrong results, no results despite antibody detectable, wrong diagnostic tool
such as choose of wrong antibody panel,

d) Delays in working on emergency cases associated with analysis, result reading,
further diagnostic, and result output

Errors associated to release of blood products while

e) Retrieval of correct tested blood unit from storage

f) Product checking out

g) Releasing documentation and signature to the authorized person

4) Transport and handling
of blood products

Each incident that happens on and with
transport of probe from patient to
laboratory, from probe transport to
analyzer, blood product transport and
storage within the blood depot, blood
product transport from blood depot to
the sub-depot or to the patient

a) Incorrect transport conditions i.e. temperature, box, contamination, not
approved storage condition, etc.

b) Avoidable delays of urgent deliveries

¢) Mix-up and confusion of several products for various recipients

d) Damage to or loss of products

e) Inadequate handling of probe during transport and waiting period for
application, i.e. no agitation and extended storage of platelets

5) Blood product
administration

Each incident that happens prior to
product application to the recipient

a) Bedside test not done, wrong done, wrong interpreted, done from the wrong
patient

b) Mismatch of blood group documents of patients, blood group information on
blood product and BST

¢) Inadequate preparation of products and transfusion sets, i.e. incomplete
thawing, incomplete visual control of red cells for hemolysis

d) Inadequate application condition, illegal delegation, inadequate venous access,
wrong application mode or period, etc.

e) Flawless documentation of application process

f) No or insufficient monitoring during transfusion

g) Any other administration error

6) Patient identification

Each incident that happens while
receiving, documenting, matching the
identity of patients, blood products or
probes

a) Wrong patient ID at hospital admission due to mix-up, wrong ID given,
wrong or no wrist band, unconsciousness and later misallocation of
emergency number to ID

b) Wrong identification procedure prior to withdrawal of blood probe or
application of blood product

7) Others such as coagulation
management, autologous
processing or donation

Each incident that occurs in hemotherapy

but does not fit the above classification
within the process chain

a) Problems with or during production of autologous products by cell salvage
and preoperative donation

b) Problems with coagulation management, i.e. incorrect diagnostics, choosing
the incorrect antidote or insufficient dosage, overdose, etc.

¢) Any other error not covered by any previous entry form

PDMS = Patient data management system; ICU = intensive care unit; ID = identity.
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Table 2. Definition of error/incident categories (modified from SHOT categories)

Error category Subcategory Error/incident definition
Avoidable, delayed or Avoidable Blood product unnecessary transfused according to guidelines with respect to clinical
undertransfusion situation / laboratory values. Discarded blood products due to outdated or incorrect
Near misses are not included storage conditions, late return to the supply chain (reports of not indicated transfusions
are not included- see Administration error, Indication below)
Delayed Time delay by an error that happened earlier in the administration process
Over transfusion/TACO Transfusion associated circulatory overload, overdosing of blood product
Undertransfusion Ineffective dose of blood product administered

Coagulation management
and dosing error

Wrong dosing or error in coagulation management associated to the use of plasma and
coagulation factors incl. concentrates, prothrombin complex, cryoprecipitate etc.

Incorrect blood component
transfused

General requirements not
met
Unmatched

Incompatible
Compatible

Specific requirements not
met

Wrong kind of blood product transfused (packed red cells, platelets, plasma, coagulation
factors, outdated products, allogeneic instead of autologous etc.)

Unmatched or universal 0 negative red cells, not blood group matched platelets or AB
fresh frozen plasma in elective cases, application of blood products unscreened for
antibodies or compatibility

Real administration (not near misses) of incompatible blood with respect of major
blood group or allo-antibodies

Compatible blood but wrong recipient

Although necessary no irradiation, leukodepletion, washed, frozen, Jehovah witnesses
transfused without consent etc.

Errors related to cell salvage
and preoperative donation

Production of autologous
products

Use and production of autologous products including preoperative donation and
operation of cell saver device

Cell saver defect, technical malfunction

Mismatch of products following disconnection or confusion of autologous products

Patient identification (ID)

Type and screen probe
bedside test or laboratory

Blood / coagulation product

ID of patient not or wrong done, test withdrawn from wrong patient

Laboratory test (hemoglobin levels , coagulation values or bedside test from wrong
patient

Administration of blood /coagulation product to the wrong patient

Handling and storage errors
Labeling

Laboratory

Storage

Product release /issue

Transport

Labeling of blood samples /
probes / tubes

Labeling of chart or other
documents

Labeling of blood products /
coagulation products / drugs
Laboratory error

Testing error
Storage error

Temperature deviation /
cold chain error
Component expiry

Product / component issue /
release

Transport error

Label not applied on tubes prior to withdrawal or wrong done (incorrect label form
other subject)
Label not applied on chart or documents, incorrect label from other subject, wrong

Confused label on covers from other subjects, wrong content names or dosages

Wrong test results due to pre-analytic errors, diluted blood, test result issued for wrong
subject, blood sample for antibody cross match expired, wrong blood sample sent, etc.
analyzer defect or calibration missed, wrong POCT operation

Storage error of blood products (including ‘30-min rule’), extended storage in sub-depot
location, extended non-agitated storage of platelets, unapproved storage in a food or
drug refrigerator

Storage temperature deviations due to use of inappropriate storage i.e. warming or
cooling devices

Use of outdated products

Mismatch or confusion at off-charge of product off the depot or blood bank, wrong or
inappropriate component issued, wrong unit logged out, adjusting error, incomplete
check out, documentation error

Inadequate transport conditions, duration, products for multiple recipients in one box

Administration error
Indication

Blood management

Indication

Uncorrected preoperative
anemia

Transfusion trigger
unrecognized

Urgency of blood use
Volume status related to
transfusion

Erroneous indication for transfusion due to lab or pre-analytic error, missing guideline
coverage due to misinterpretation of lab values, clinical context, circulatory symptoms,
volume status or ignorance

Uncorrected preoperative anemia in elective surgery

Restrictive transfusion strategy as suggested by guidelines
Not indicated emergency administration of not cross-matched, universal blood

Missing volume replacement for hyper-/hypovolemia, unsecure volume monitoring,
blood products used for volume resuscitation

Critical Incidents in Transfusion Practice

Table 2 continued on next page
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Table 2. Continued

Error category Subcategory Error/incident definition
Consent Informed consent not done Information about risks and complication of blood transfusion for conscious subjects
and elective transfusion wrong or not done or not documented
Blood order Blood order error Missing or incorrect blood order, blood order for wrong patient, missing data on order
form, etc.
Bedside test Bedside test Not or wrong done, wrong interpretation

Preparation for blood
product administration

Monitoring

Documentation

Type and screen, crossmatch

Pretransfusion procedure

Timing

Delegation of transfusion
Screen result expiry
Multiple transfusion

Double unit administration
Monitoring during adminis-
tration

Documentation of
administration

Inadequate timing of
administration

Missed/undone or wrong done type and screen, blood product reservation for elective
transfusion or scheduled surgery, no antibody differentiation ordered

immediately prior to blood product administration :lab value check, matching control
of blood product ID blood group and patient blood group, antibody screen test, outdate
of blood product, visual blood product control, transfusion system, venous access etc.)
Inadequate timing of administration including premature timing of anesthesia before
blood availability (induction of anesthesia without blood availability check)

Start of transfusion cannot be delegated by German transfusion law

Antibody screening test expires after 4 days

More than one transfusion process, more than one patient synchronously or massive
transfusion as contributing factor or error

Ordering and transfusion of two units without review

Vitals and clinical symptoms monitoring for transfusion reaction not done

Undone or wrong done documentation of administration of blood products

For example at night time without urgency

Errors related to IT

Wrong record selected

Failure to consult or identify
historical record

Warning flag not updated or
removed in error

Computer or other IT
systems failure
Incorrect entry

Blood order

Administrator related error

IT user based error: selection of wrong record and/or mismatch of order, test result or
written entry to the wrong file/record. Attribution of diagnoses or diagnostic findings
to the wrong chart/record by computer, analyzers or the operator manually, due to i.e.
similar name, ID number or small font

IT based or user based error: failure to retrieve a historical record in the data base with
the search tool. For example, earlier blood group and antibodies cannot be compared
with actual results for safety reasons

IT user based error: Alert signs such as transfusion relevant antibodies are ignored,
not updated or accidently removed

Errors related to computer system such as no access possibility due to crash, updates or
overhaul; errors related to electronic blood management system, access failure
Incorrect or incomplete result or data entered or accessed manually, undetected or
uncorrected wrong operation (copy, paste, delete)

Blood issued against wrong patient ID (sample or request form), error originates from
electronic blood ordering system

Erroneous combination of records in data base, deletion of data, etc.

Errors related to analog
documentation paper-based

forms/charts/documentation

Paper documentation related
errors

Unreadable, wrong chart, misplaced, not filed in chart, torn, lacking, incomplete content
etc.

Other equipment failure

Technical failure of used
equipment
Wrong or no equipment

i.e. blood warming device for massive transfusion, blood gas analyzer, pressure device
for rapid infusion, clotting of leukocyte depletion filters, etc.

Wrong or no equipment used, although available; monitoring, diagnostics, application
technology not used, although first choice in a clinical situations, such as blood filter
systems, plasmatherm for thawing of frozen blood components, hemoglobin analyzer<

Understaffing Reports, in which the error mainly is attributed to a lack of personnel
Communication Subject to subject No or erroneous transmission of information from, i.e., surgeon to anesthesiologist,
transfusion specialist to blood bank, nurse to physician, transport service to medical
staff, etc.
Subject and technique Missing or erroneous exchange of relevant information from operator, reader or user
including IT to (hospital information system KIS, laboratory and monitoring IT or vice versa

Errors in categorizes and definition for the incidents. Near misses are not distinguished from real errors except when noted.
ID- = Identity check; IT = information technology, KIS = hospital information system; POCT = point of care testing; TACO = transfusion associated circulatory

overload.
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Fig. 1. Chronicle and data base source of the reports. Critical incidents in
hemotherapy were reported into two affiliated databases — the CIRS-Medical of
the German Associations of Anesthesiologists (DGAI and BDA) and the IAKH
database. Except for 2010, round 24 incident reports were posted per year.

In an attempt to confirm the relevance of the critical incident to the reader,
the expert group tried to estimate the frequency of the event in German practice
with the help of published case reports and personal experience of committee
members. Termed as ‘frequency estimate’, the estimated frequency of an error
was classified according to the rate of serious adverse events of pharmaceutical
drugs in approval studies as follows: extremely rare — 1:100,000, rare — 1:10,000,
medium - 1:1,000, occasional - 1:100, frequent — 1:10. In a further attempt to
categorize the potential risk for the recipient’s integrity, which is also termed
‘damage potency’, the committee filed the error case in 5 damage groups from
death risk to minor disabilities, similar to the serious adverse event grading in
pharmaceutical approval studies: 1) no permanent or transient damage, 2)
minor and/or weak transient damage, 3) minor and/or weak transient damage
or light permanent disability, 4) considerable acute and/or considerable perma-
nent disability, 5) death or permanent disability.

To assess the association between an erroneous blood administration pro-
cess to the severity of pre-existing diseases, ASA physical statuses (perioperative
risk stratification by the American Society of Anesthesiologists) were included
in our analysis.

The committee edited and published each case on the IAKH website (www.
iakh.de) together with recommendations to avoid the error both by changes in
the process organization of the reporting institution and by changes of the insti-
tutional structure. The structure quality comprises the use of other or modern
equipment, the increase in personnel, the use of computer technology, the
change of existing equipment by the manufacturer, or a change of existing laws
and guidelines by the respective authorities. Expert risk minimization recom-
mendations were made based on a committee discussion where the potency for
hindrance is either logic, self-explanatory, or based on the experience and
knowledge of the experts.

Results

During the 5-year period since the start in 2009, 138 cases were
reported via TAKH and CIRS-AINS. More than half of cases
(55.9%) originated from the IAKH registry (fig. 1). The webpage-
based anonymous entry of an incident is followed by a detailed as-
sessment of the causes and an error analysis.

In more than as half of the reports (52.7%), multiple errors in
the application process could be identified. One report case con-
tained 2.16 £ 1.6 errors (mean + SD). Categories, numbers, and
rates of reported errors are listed in table 3.

Critical Incidents in Transfusion Practice

Fig. 2. Error location within the administration process chain. Errors were
located in various steps of the blood product donation process. Process steps:
1) blood product order; 2) blood group sample withdrawal and tube labeling;
3) laboratory handling of blood probes, screen and type, release of ordered
blood; 4) transport and handling of blood products, 5) blood product adminis-
tration, 6) patient identification, 7) others such as coagulation management,
autologous processing, or donation (see table 1 for comparison). The adminis-
tration process itself was by far the most frequent source of errors.

s 0OR
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Fig. 3. Institutional location of errors. Incidents occurred in various locations
and surroundings (n = 138). However, from operating room (OR) and intensive
care unit (ICU), 70% of incidents were reported. ER = emergency room.

For all entries, the erroneous process step within the adminis-
tration process was located (fig. 2). Thus, 5.3% of incidents oc-
curred in steps beyond our predefined process steps, such as re-
ports addressing surgical procedure and techniques, pre-donation,
or blood product processing. In addition, in 135 cases, the func-
tional unit in the medical institution could be located, i.e. the place
where the error initiated (fig. 3). Most critical incidents occurred in
operating rooms (OR) (34.1%), intensive care units (ICU) (25.2%)
and peripheral wards (18.5%), and to a more minor degree in the
laboratory (8.9%), emergency admission unit (5.9%), private prac-
tice office (1.5%) and others (e.g. recovery room of the blood dona-
tion unit 5.9%).

Both, near misses and true mismatches were reported in our
critical incident reporting system. As true errors, we categorized
the actual transfusion of wrong blood to the right recipient or vice
versa. Whenever the blood product was administered to the pa-
tient, the error qualified for a true error instead of a near miss.
Thus, transfusion of compatible but confused blood to a recipient
was not categorized as near miss. Near misses were all detected er-
rors where, as a consequence, no administration of the blood prod-
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Table 3. Reported errors by category — number and rates

Error category Subcategory Number of Rate of all
reports errors, %
Avoidable, delayed or undertransfusion (no near misses) Avoidable, discarded /wasted blood products 6 2.01
Delayed 22 6.15
Overtransfusion / TACO 3.02
Undertransfusion 1.01
Coagulation management and dosing error 20 6.71
Sum 60 18.6
Incorrect blood component transfused Wrong kind of blood product transfused 8 2.68
For mismatches during actual administrations or near
misses see table 4
Unmatched 0.67
Wrong blood or recipient Incompatible 6 2.01
Compatible 30 (for details 10.1
Wrong blood or recipient see table 4)
Specific requirements for component not met 1 0.34
Sum 47 15.8
Errors related to preoperative donation or cell salvage Use and production of autologous products 11 3.69
Cell saver defect (technical) 1 0.34
Mismatch of products following disconnection or confusion 1 0.34
of autologous products
Sum 13 4.36
Patient identification (ID) Screen and/or type test probe from wrong patient 9 3.02
Laboratory test or bedside test from wrong patient 2 0.67
Administration of blood /coagulation product 1.68
Sum 16 5.37
Handling and storage errors
Labeling Labeling of blood samples/probes/ tubes 2.35
Labeling of chart, blood order forms or other documents 0.67
Labeling of blood products /coagulation products /drugs 1.68
Laboratory Laboratory/POCT error including result output and 10 3.36
pre-analytic errors
Testing error 1 0.34
Storage Storage errors 4 1.34
Temperature deviation 3 1.01
Component expiry 1 0.34
Product release Unit booking-off from depot or blood bank 5 1.68
Transport Transport error 1 0.34
Sum 39 13.1
Administration error
Indication Indication for transfusion erroneous due to lab or 8 2.68
preanalytic error, missing guideline coverage etc.
Blood management Uncorrected preoperative anemia 1 0.34
Transfusion trigger unrecognized 5 1.68
Urgency of blood use 3 1.01
Volume status assessment related to transfusion 6 2.01
Consent Informed consent not done 1 0.34
Blood order Blood order error (missed, incorrect, wrong patient, 5 1.68
missing data)
Bedside test Bedside test not done 1 0.34
Bedside test wrongly interpreted / wrongly done 4 1.34
Table 3 continued on next page
246 Transfus Med Hemother 2017;44:240-254 Frietsch/Thomas/Schéler/Fleiter/Schipplick/

Spannagl/Knels/Nguyen



Table 3. Continued

Error category Subcategory Number of Rate of all
reports errors, %
Preparation of transfusion procedure administration Type and Screen, crossmatch 6 2.01
Pretransfusion procedure 12 4.03
Timing 5 1.68
Delegation of transfusion 2 0.67
Screening test result expiry 2 0.67
Multiple transfusion processes for various patients 9 3.02
synchronously or massive transfusion as contributing factor
Double unit administration 3 1.01
Monitoring Monitoring during administration 1 0.34
Documentation Documentation of administration 1 0.34
Sum 75 25.2
Errors related to IT
Wrong record selected 0 0
Failure to consult or identify historical record 1 0.34
Warning flag not updated or removed in error 0 0
Computer or other IT systems failure 1 0.34
Incorrect entry 2 0.67
Electronic blood order 3 1.01
Administrator/system related error 0 0
Sum 7 2,85
Errors related to analog documentation paper based Unreadable, wrong chart, etc. 4 1.34
forms/charts/documentation
Sum 4 1.34
Other equipment failure Technical failure of used equipment 4 1.34
Wrong use of equipment or no equipment 5 1.68
Understaffing 3 1.01
Sum 12 4.03
Communication Subject to subject (interindividually/interinstitutionally) 20 6.71
Subject and technique including IT, laboratory and monitoring 5 1.68
Sum 25 8.39
Total sum 298 100

ID = Identity check; IT = information technology; KIS = hospital information system; POCT = point of care testing; TACO = transfusion associated circulatory

overload.

uct to the patient had been occurred. For mismatch of recipient
and blood product (wrong blood for right patient or wrong patient
for wrong blood, near misses (46%) and true errors (53%) are given
as absolute numbers in detail (table 4).

Identification of concerned blood products was possible in all
cases. Blood type testing errors were assigned to red cell transfusion
only. The administration error applied in 63% to packed red cells, in
17% to coagulation concentrates (eventually more if the reporting
form for coagulation mismanagement would be active from the start
in 2009, but this was set up in 2013), and in 11.6% to autologous
products (pre-donation and cell salvage). Fresh frozen plasma and
platelets played a minor role (3.9% and 3.1%, respectively) (fig. 4).

ASA classification of (intended) recipients was ASA III (46.3%)
and IV (23.2%); minor groups were ASA II (17.1%), V (8.5%). and
I(4.9%) (fig. 5).
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EPRC
& PC
= FFP
sCC

# autologous

Fig. 4. Blood product concerned. Administration incidents of all existing
blood products were reported with the predominance of packed red cells (83
out of 129 reports). Nine reports were not referring to a specific product. The
number of critical incidents for autologous product seems relatively high. PRC
= Packed red cells; PC = platelet concentrates; FFP = fresh frozen plasma; CC =
coagulation factor concentrate.
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Table 4. Details on mismatches
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Fig. 5. ASA classification concerned. Incidents occurred in transfusion pro-
cesses for all -from healthy to severely ill recipients (indicated by ASA physical
status classification system), with a clear majority in ASA 3 (by definition pa-
tients with a severe systemic disease) and in ASA 4 (severe systemic disease that
is a constant threat to life). Since the information of the ASA status is not ob-
ligatory in the report forms, 41 cases were not reported.

60.0% - 54.7%

500%
41.2%

40.0%

_ 55%
300% 22.3% 25,

20.0% - 1.7%

10.0% 1.5%

0.0% T T - - v

Fig. 6. Frequency and risk of damage estimate. Reported incidents were more
than rare and inherited the risk of death for the recipient. Estimated frequency
(blue columns) of reported critical incidents were classified by the experts as 1)
extremely rare - 1: 100,000, 2) rare — 1:10,000, 3) medium - 1:1,000, 4) occa-
sional - 1:100, 5) frequent - 1:10. The percentage of reports that was located in
that classification is given on top of the column. The potential to harm the re-
cipient (red columns) was classified as 1) No permanent or transient damage, 2)
minor and/or weak transient damage, 3) minor and/or weak transient damage
or light permanent disability, 4) considerable acute and/or considerable perma-
nent disability, 5) death or permanent disability.

Estimated frequency of critical incidents was 1:10,000 (21%), 1:
1,000 (43%), and 1:100 (25%) (fig. 6). Potential damage was mostly
death or permanent disability in 58% of reports, considerable acute
damage or considerable permanent disability in 25%, and minor
and/or weak transient damage or light permanent disability in 13%
(fig. 6).

Process Quality

Critical incidents occurred in 35.5% of reported cases in a rou-
tine situation (35.5%), in 14% in emergency situations, and in 21%
during irregular work hours at nighttime or weekends (fig. 7). Staff
involved in education or only temporary at work was associated to
the error in 10.2%. Miscommunication or incomplete information
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transfer as a major source of errors could be identified in 19.4%.
However, communication errors among patients, health care
personnel (physicians, nurses, ambulance drivers) and institutions
(laboratory, wards, ICU, emergency department, OR) were an
associated factor that played a role in the development of the
incident in 55% of reported cases. Also the erroneous transmission
of wrong or incomplete datasets of patients, blood orders, or blood
products was defined as communication error. Only in 2 cases, the
incidents were caused by acts of negligence. In total, team conflicts
were obvious in 4 cases.

Indication of administration of blood products frequently was
not in congruence with the existing cross-sectional guidelines for

& Night/weekend service

# Routine

& Emergency

M Leasing or personellin
education

& Communication error

the use of blood and blood products as set by the German Medical
Association [9]. It was correct in 29.0% but incorrect in 36.2%; for
the rest of reports (34.8%), there were no indication if the given
guidelines were followed or not.

Confusions and mismatches as well as wrong dosages of blood
products occurred in almost half of all reports (67 times in 138 re-
ports, 48.6%) (fig. 8). Of all mismatches, blood product confusion
contributed to 18.8%, patient confusion to 8.7%, and probe mis-
match to 7.3%. Wrong doses of blood or coagulation factors were
applied in 13.8%.

25 23

20

& wrong patient
& wrong product

no mismatch

& wrong dose

® wrong probe

2009 2010 2011 2012 2013

Fig. 7. Circumstances and contributing factors. Incidents mainly occurred
under routine circumstances. Emergency situation was a contributing factor
only in 26%. For some reports, more than one contributing factor could be
identified.

Table 5. Survey of committee’s recommendations for structure quality

Fig. 8. Confusion and mismatches, wrong doses. Incidents reported mis-
matches of blood product, of patients, and of patients. Also, administration of
blood products in wrong dosage (according to efficacy or guidelines). White
columns indicate incidents other than mismatch or wrong dosage.

Structure improvement by Number Percentage of all
recommendations
Emergency box of a collection of blood and blood products for trauma and massive bleeding incl. sampling tubes 5 1.57
Establishment of clinical hemotherapy pathways* for patient blood management, bridging of coumarins and 9 2.82
new oral anticoagulants, or for emergency revision surgery
Central coagulation and hemostasis consultant emergency phone 8 2.51
Staining dye for e.g. heparin that avoids confusion with another drug 6 1.88
Central IT registry for patients with multiple antibodies 2 0.63
Establish or install backup for defect POCT in OR, ICU (blood gas, coagulation, hemoglobin) 13 4.08
IT controlled storage and software check for the availability of blood products in the storage 3 0.94
Establish or use blood volume monitor (cardiac output and ejection fraction variability) 8 2.51
ID wrist bands for patient identification / scanner based ID check, bar code scanner for the administration of 17 533
drugs and blood products
ID identity and compatibility check of blood product, probe and patient 18 5.64
Communication / compatibility of PDMS, laboratory and blood banking software (e.g. for plausibility check, 48 15.05
also for documentation of a single patient history for all disciplines within the institution, match of type
and screen with selected product, warning sign for drug orders and decreased liver or kidney function,
documentation of type and screen test result, actual match of estimated blood loss with actual blood loss
calculated from hemoglobin content)
IT control of electronic blood product and coagulation product order, feedback of blood product availability in 27 8.46

storage, automated blood product order for blood loss surgery, indication check and match with guidelines,

Critical Incidents in Transfusion Practice

Table 5 continued on next page
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Table 5. Continued

Structure improvement by Number Percentage of all
recommendations
Change or improve blood/coagulation product release of blood bank or depot and delivery (other than IT 5 1.57
solutions)
Change medical device or drug / use other existing device or drug / introduce new/other/more drugs or 19 5.96
medical devices
Indication check by the computerized order entry system 7 2.19
Use warning sign on devices or blood products 9 2.82
Establish / shut down satellite blood depot 1/2 0.94
GPS/RFID based tracking of blood products or blood samples or other form of transport and delivery 7 2.19
documentation, IT based work status information
IT control of autologous blood donation and cell salvage (scale, printer, donor identity, quality, outcome, 6 1.88
infection rate)
IT control of allogeneic blood product processing and production, document print 2 0.63
Change blood product label, package or concentration or Improve label printer software, bar code scanner 10 3.13
based labeling and printing
Check personnel structure, Improve/increase staffing (quality, qualification or quantity, use shift or rotation 14 4.39
models, prepare for emergency or mass transfusion, use documentation assistance on ward, use personnel
scheduling software)
Cell saver software / warming device/ blood donation scale software or device improvement 8 2.51
Introduce new / change care structures (satellite pharmacy in the OR; genetic testing for coagulation disorder 12 (1, 1y 1L 1L 1 2 3.76
from the general practitioner; do not use tourniquets for knee surgery; unique patient ID number such as 2,1, 2 see details
the social security number; dedicated venipuncture team; intermediate care ward, team coaching or in brackets left)
communication training; enforce care in level 1 hospitals for rare diseases; use miniprobes for blood tests
in adult ICU to minimize iatrogenic blood loss)
Other IT or communication solutions (create unique ID for unknown subjects; check temperature of blood 6(1,1,1,2,1 (see 1.88
product itself in heating devices; use other paging device; communication of infusion pump with PDMS, details in brackets
text message for alarming laboratory values onto pager, handheld or cell phone; software for medical left)
orders that considers GFR of recipient)
Change of laws and guidelines (erase blood group from autologous blood**; introduce obligatory user license 6 (3, 3 see details 1.88
for hemotherapy and cell salvage etc.) in brackets left)
Delta-check of laboratory values 8 2.51
Separate delivery and storage of various blood autologous and allogeneic products for same recipient, 6 (4, 2 see details 1.88
separation of same products for multiple recipients in brackets left)
Information chip about blood group, antibodies, coagulation disorder, or organ malfunction on electronic 13 4.08
insurance card or in electronic data base
Improve blood product transport (temperature preservation and control) 4 1.25
Improve only transfusion documentation software (1 product for 2 subjects/kids) 1 0.31
Ensure information access about hemotherapy guidelines via intranet, handheld, etc. 1 0.31
Use electronic warnings or alert signs (other than for mismatches of KIS and laboratory / blood banking data: 8 251

i.e., for organ malfunction on electronic chart; obligatory WHO checklist for or admission or or management
software with alert warning function, in PDMS for discontinuation of coagulation drugs, ...)

*Clinical pathways (CP) were considered structure quality. As opposed to a standard operating procedure or algorithm, CP requires special structures and

personnel dedicated to the CP.

**The deletion of the labeled blood group from autologous units has several advantages: 1- the match has to be by identity or signature instead of a universal
blood group that fits many; 2- the autologous product is issued and labeled very different from allogeneic products. It works perfectly for cell saver blood and

might improve administration safety for PAD blood, too.

ID = Identification document; GFR = glomerular filtration rate; KIS = hospital information system, PDMS = patient data management system; OR = operation

room; ICU = intensive care unit; POCT = point of care testing; WHO = World Health Organization.
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Recipient’s identity match to the blood group detected by ob-
ligatory BST (mostly done only for ABO without D) was tested
with respect to its capability to avoid the incident reported or to
detect a mismatch of either patient or blood unit. Such kind of er-
rors were detected by BST in only 1.8%. BST was unable to avoid
the reported mismatch in 29.7% or would have detected the confu-
sion in 13.8%. BST was effective to avoid the confusion of a patient,
blood sample, or product in 2.6% and would be suitable to detect it
in 5.8%. However, it failed to avoid 66% of the incidents that have
occurred. BST was performed in 96% of all reported administra-
tions. It was done or interpreted wrongly in 4 of 142 cases. In 2
cases, the correct result did not come to the attention of the admin-
istrator, and once the BST was taken from the wrong patient. In 4
cases of identical ABO blood types, the BST was done but was un-
able to detect the error.

Administration process performance might be improved by de-
tailed task descriptions (‘How is the task to be done in that institu-
tion, step by step?’) and standard operating procedures (SOPs) avail-
able for the field of hemotherapy. The committee gave 479 (3.7 + 0.6
per report) recommendations to improve administration process
quality in total. Among those were 151 (1.27 £ 0.5 per report) collec-
tive staff educational measures such as round tables, team coaching,
lectures or clinic information events on a specific topic per report,
and simulation training. Moreover, to create a permanent change,
214 (1.74 £ 0.5 per report) recommendations targeted to the estab-
lishment of a SOP, a written task description, or an algorithm. The
measure to bring the report to the knowledge of the institutional
transfusion committee was recommended in almost every case (and
excluded from the listed recommendations in table 5).

Structure Quality

Secondary to procedural aspects, safety of blood product ad-
ministration processes is also dependent on the structure of the in-
stitution. Resources that may play a role are understaffing, equip-
ment deficiency, and technical outdated data management. The
latter has a potential to control the administration process if used
as an obligatory measure. The committee addressed administra-
tion-associated structure 319 (2.6 + 0.7 per incident) times. An IT
solution (almost exclusively software replacement) had most likely
avoided the critical incident 189 times (1.6 + 0.4 per report).

Discussion

In summary, during the first 5 years of the registry, two error
reports per month had been registered and discussed by the expert
committee. This analysis predominantly aimed at the nature of the
incidents, and not at the number . Obviously, the results of this
5-year review of a national CIRS specialized in hemotherapy must
be interpreted very cautiously. In contrast to the voluntary hemo-
vigilance study in the UK (SHOT - Serious Hazards of Transfusion
Hemovigilance System) [12] which includes all participating health
institutions in the UK, the IAKH voluntary web-based error regis-
try cannot be used as a solid hemovigilance system. On the other
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hand, the German hemovigilance database of the PEI is not capable
of giving information about non-fatal incidents as only transmis-
sion of infections, immunological transfusion reactions and trans-
fusion-related acute lung injuries (TRALIs) have to be reported.
There was no obligation until 2012 to report confusions or mis-
matches of blood products if they did not result in a lethal incom-
patibility reaction. Due to the lack of an obligation to report a criti-
cal incident to the IAKH error registry, the registry cannot be used
to detect the absolute number of transfusion errors in Germany.
Frequency estimates (fig. 6) given by the committee aim to demon-
strate whether or not the reported incident is clinically relevant. To
evaluate the benefit of these recommendations, further evaluations
would be needed, e.g. comparison of the numbers of incorrectly la-
beled blood samples or comparison of patient misidentification be-
fore and after the implementation of risk minimization measures.
However, a scientifically sound interpretation of the expert recom-
mendation’s efficacy is difficult and therefore remains speculative.

It is possible to evaluate cofactors such as disease severity or
complexity of treatment given (e.g., ASA physical status (fig. 5),
emergency transfusion, night call or untrained staft (fig. 7)) using
the TAKH error registry, and the data obtained resembles those of
administration statistics of blood products in Europe in general
(for ASA status see [13]). However, two-thirds of errors happened
during routine work hours and under regular conditions. This un-
derlines the significance of improving routine administration since
work processes under regular conditions can be better controlled
and standardized.

Coagulation management-associated errors might be more im-
portant as reflected by our results since the special entry form to
report such an error was added later. Furthermore, recommenda-
tions of experts for risk minimization cannot be considered valid
tools to avoid such transfusion errors. However, any tool to im-
prove patient safety is based on the exchange of methods and
measures to avoid risks.

What can be concluded, however, is that the frequency and the
variety of errors when administrating blood or blood products are
much higher than with other drugs [14]. It appears that product
safety is by far superior to administration safety. Moreover, it be-
comes obvious that all possible errors can actually occur every time
and for every aspect of the transfusion process as was previously
suspected. This circumstance is worrying for both recipients and
physicians and thwarts the sense of a possibly false security gener-
ated by the presence of the strict German transfusion law with up-
dated evidence based cross-sectional guidelines for the use of blood
and blood products [9]. The question arises if administration safety
can be guaranteed by laws, guidelines, code of conduct rules, oblig-
atory reports to PEI every year, and the obligation for physicians to
act in a prudent manner. The implementation of guidelines is de-
layed and incomplete [15], and the resistance to change daily prac-
tice should not be underestimated. Moreover, such an implementa-
tion is influenced by various interests at many different levels [16].
However, the knowledge of the frequency and variety of errors
might contribute to overcome current implementation barriers. In
this respect, the results of this analysis are of general interest.
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In addition, the knowledge what causes an error might be used
to develop strategies to avoid it. It is the opinion of the committee
that a considerable part of the reported errors could be eliminated
by changes of administration or IT solutions and eventually the
implementation of strict SOPs (see three case reports and the re-
spective recommendation for avoidance in the Amendment at
http://content.karger.com/ProdukteDB/produkte.asp?doi=
453320). Although the latter approach might be less effective in
emergency situations, it should be kept in mind that the majority
of reported incidents occurred in a routine situation, and, due to
their compact and short form, the adherence to SOPs might be
higher than that to laws or detailed guidelines [16]. However,
even after implementation of SOPs the need for continued educa-
tion of all faculty members remains. According to a recent pro-
spective study, the ‘training methods varied with most perceived
to have minimal effectiveness’ [17]. In this respect it is worth
mentioning that almost 500 committee recommendations for 138
incidents (3.7 per incident) address improvements of education
and process quality.

Another aspect of this analysis was to evaluate whether or not
common techniques assumed to be crucial and effective, e.g., BS-
Tare effective in avoiding transfusion errors. According to the re-
sults of the IAKH registry, BST was able to avoid the mismatch in
only 2.6%. Most errors reported (66%) were unaffected by the BST
although major incompatibility transfusion is still possible. Grein-
acher [4] retrospectively determined 50% of confusions occurring
between BST and transfusion (16 of 32 cases). Thus there is reason-
able suspicion that BST is overestimated in its efficacy to avoid
confusions. BST fails if the probe for cross-match is flawlessly
taken not from the recipient but from another person, if the recipi-
ent’s identity is falsified but has the same blood group as the ID
holder, if the BST is not done or misinterpreted, or if the match of
blood groups and paperwork is done correctly but the transfusion
started to an untested wrong recipient. This demonstrates that BST
does not or only very marginally obviate handling errors such as a
flawless comparison of ABO bedside results with all documents
completed as well as with the products ready for transfusion.
Moreover, it addresses only part of all administration safety issues.
Based on this error analysis, the question arises if BST is worth the
minimal cost as in most of the error reports it was ineffective as
66% of incidents were unchanged by the test result. In those re-
ports concerned, the test was misinterpreted, was not done, the re-
cipient was confused after performance of the test, or the wrong
blood product was used for the test. The knowledge of the limita-
tions of the BST should be kept in mind by administrators of red
blood cells in Germany.

Technical solutions in general might be more effective since
they both can lead the user through guideline-compliant adminis-
tration of blood products and control the administration process
[18]. Special IT-based safety features are proposed to erase user er-
rors, e.g., the use of bar codes [19] and radiofrequency identifica-
tion (RFID) tracking systems [20-22] from blood sampling to
transfusion [23]. Using a computerized administration guide, the
documentation of drug and blood administration can be improved.
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In a lot of German institutions blood product order via phone or
paper forms is still active, not allowing a plausibility check and the
data match to the patient’s chart information and laboratory re-
sults. When considering the technical equipment of German hos-
pitals, improvement of IT-based measures might a very promising
approach to increase hemovigilance in Germany. However, current
publications emphasize the potential of an end-to-end-control of
blood product administration since SHOT lessons teach us that
‘the main risks remain human factors’ [12]. The suggestions by the
IAKH committee comprised procedures — to mention only the
most frequent recommendations - such as the delta check method
of the laboratory software to detect implausible laboratory values
or the compatibility of blood banking software with the institu-
tional patient data management system (PDMS). Procedures and
techniques not yet applied in Germany rarely were suggested by
the committee, e.g. a central registry for patients with multiple an-
tibodies (twice in table 4) as already recommended by Delaney and
coauthors [24].

The most frequent suggestion (15% of all recommendations) of
the expert committee was to establish compatible IT system for
blood banking and PDMS. In the opinion of the committee, this
change inherits the potential to avoid transfusion errors in multi-
ple cases. On the other hand, it depicts a major problem in the IT
structure of German transfusion medicine - the majority of blood
banking software systems is incompatible with the PDMS of the
treatment facilities. As a consequence, double data entry and dou-
ble input errors occur, and information transfer and plausibility
checks are missed. User errors remain undetected. The safety im-
provement with the implementation of compatible systems seems
to be underestimated. The Eurocode International Blood Labeling
System provides a quick solution. To date, the unique product ID,
product type, and blood group are encoded eye-readable and in
three linear barcodes at the product label but in the near future, the
Eurocode system will provide a threefold match in one two-dimen-
sional barcode format. The computer-generated match of data ma-
trix and thus blood product information can easily be read in the
PDMS by scanner cameras [25].

In addition, other IT-associated measures that more or less are
based on the data management systems already in use were recom-
mended, such as the electronic order of blood products [26] and
identification checks [27, 28].

However, the question remains whether or not IT solutions will
be able to increase the safety and performance in real practice. Cur-
rent attempts to improve user performance by directing adminis-
tration procesess and decision steps via computed guidance can be
bypassed in some instances [29]. So it is questionable if a com-
puter-guided order entry can be designed for better performance.
Liberal practice is also reported elsewhere [30-32]. Therefore, the
recommendation to establish an electronic order system is based
on many theoretical but yet unproven advantages, such as adher-
ence to guidelines, plausibility checks, data control, documenta-
tion, and storage-associated issues such as procurement. However,
first attempts in Stanford, CA, and Minneapolis, MN, to install
clinical decision support were promising [33-36].
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Among the IT solutions most frequently suggested by the com-
mittee (listed in table 1) was the scanner-based guided identifica-
tion match from patient [37, 38], blood sample [39, 40], and blood
products - the ‘vein-to-vein’ IT system. Its importance and poten-
tial benefit has only recently been proven [22, 41]. Mismatches in
1% of transfusion processes could be avoided by using a scanner-
based system [19], although its implementation is not free of com-
plications [42]. Even though this system or parts of it are tested by
several institutions, only a few experienced users worldwide cur-
rently are using it today [43, 44]. Furthermore, its implementation
is often restrained by the national data protection guidelines/laws.
The present report, however, demonstrates the urgency to use and
further develop those systems [27, 43, 45-52] in order to markedly
improve patient safety in spite of unsolved data safety issues. En-
coding techniques still could be added and improved in the second
implementation phase, but the benefit of a scanner-based system
seems to be beyond question when considering the variety of inci-
dents summarized in this report. Whether or not the technical re-
finement of vein-to-vein IT systems should be awaited before im-
plementation is a matter of controversial debate. However, a num-
ber of problems are still unsolved, e.g., the choice of frequency and
interference effects when applying RFID technology [22, 53-55].
Lastly, when considering the German hemovigilance report [3], it
becomes obvious that administration safety is not well reported in
Germany. The relation of In the IAKH registry, the erroneous ad-
ministration of the wrong blood product to the wrong patient was
reported as ‘near misses’ 14 times (nearly 10% of reports) even
though the product had actually been administered. The actual rate
of nationwide confusions is not known but clearly is much higher
than the reported deaths due to transfusion errors. The ABO in-
compatibility frequency in Germany resulting in serious transfu-
sion reactions amounts to 6.8% of all reported serious transfusion
reactions per year (data from 1999 until 2009 [56]). To restrict the
safety of blood administration onto fatalities might arouse patient
safety concerns - especially when technical solutions to the prob-
lem are available and inexpensive, at least when compared to fur-
ther reduction of infection transmission rates.
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