International Journal of Clinical Transfusion Medicine

Dovepress
open access to scientific and medical research

Review

International Journal of Clinical Transfusion Medicine downloaded from https://www.dovepress.com/ on 08-Jan-2023
For personal use only.

Open Access Full Text Article

Best practices in the differential diagnosis
and reporting of acute transfusion reactions
This article was published in the following Dove Press journal:
International Journal of Clinical Transfusion Medicine
21 January 2016
Number of times this article has been viewed

Christopher M Hillis 1–3,*
Andrew W Shih 1,3,*
Nancy M Heddle 1,3,4
Department of Medicine,
Department of Oncology, 3McMaster
Transfusion Research Program,
McMaster University, Hamilton,
4
Centre for Innovation, Canadian
Blood Services, Ottawa, ON, Canada
1
2

*These authors contributed equally
to this work

Abstract: An acute transfusion reaction (ATR) is any reaction to blood, blood components, or
plasma derivatives that occurs within 24 hours of a transfusion. The frequencies of ATRs and
the associated symptoms, reported by the sentinel sites of the Ontario Transfusion Transmitted
Injuries Surveillance System from 2008 to 2012, illustrate an overlap in presenting symptoms.
Despite this complexity, the differential diagnosis of an ATR can be determined by considering predominant signs or symptoms, such as fever, dyspnea, rash, and/or hypotension, as these
signs and symptoms guide further investigations and management. Reporting of ATRs locally
and to hemovigilance systems enhances the safety of the blood supply. Challenges to the development of an international transfusion reaction reporting system are discussed, including the
issue of jurisdiction and issues of standardization for definitions, investigations, and reporting
requirements. This review discusses a symptom-guided approach to the differential diagnosis
of ATRs, the evolution of hemovigilance systems, an overview of the current Canadian system,
and proposes a best practice model for hemovigilance based on a World Health Organization
patient safety framework.
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Acute transfusion reactions (ATRs) are adverse events to blood, blood components,
or plasma derivatives that occur within 24 hours of administration. Any reaction
beyond 24 hours is termed a delayed transfusion reaction.1 ATRs occur in 0.5%–3%
of transfusions.2 While appearing relatively insignificant, one must consider the
ubiquitous nature of transfusion therapy, with approximately 1.5 million transfusions
per year administered in Canada alone.3 Reporting of ATRs is crucial to monitor the
safety of one of the most widely used treatments in medicine.4
Reporting is performed locally by transfusion medicine services that then report to
a regional or national hemovigilance system, if established. A hemovigilance system as
defined by the International Hemovigilance Network is “a set of surveillance procedures
covering the whole transfusion chain, intended to collect and assess information on
unexpected or undesirable effects resulting from the therapeutic use of labile blood
products, and to prevent their occurrence or recurrence”.5 Canada’s national voluntary
hemovigilance system is the Transfusion Transmitted Injury Surveillance System
(TTISS), which was established by the Public Health Agency of Canada (PHAC) in
2001 following recommendations from the Krever report.3
Table 1 lists the most common ATRs, their respective frequencies, putative etiologies, clinical presentations, and management. The majority of ATRs reported to
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1:46,444

1:16,296

1:77,407*

AHTR
Clinical or laboratory features of hemolysis
within 24 hours of transfusion.

Severe allergy/anaphylaxis
Allergic reaction involving respiratory
and/or cardiovascular system

Septic

Bacterial contamination of
donor unit

Allergy to transfused donor
antigens

Transfusion of incompatible
blood red cells11

Predominant cause: cytokine
accumulation during product
storage.
Minor cause: leukocyte antibody
reacting with transfused
leukocytes
I. Anti-HLA or anti-granulocyte
antibodies
II. Leukocyte priming
substances

1:1,641

Possible
1:61,926
Definite
1:92,889

Volume overload due to
underlying cardiac disease and/or
too rapid infusion rate

1:8,008

TRALI
Within 6 hours of transfusion: acute onset;
hypoxemia; bilateral infiltrates on CXR; no
circulatory overload; no alternative risk
for ALI10

Allergy to transfused
donor antigens (protein or
carbohydrate)

1:1,463

Minor allergic
Within 4 hours of transfusion any one of:
morbilliform rash with pruritus; urticaria
(hives); localized angioedema; edema of
lips, tongue, and uvula; periorbital pruritus,
erythema and edema; conjunctival edema
TACO
Within 6 hours of transfusion any four of:
acute respiratory distress; tachycardia;
hypertension; acute/worsening pulmonary
edema on CXR; positive fluid balance
FNHTR
An increase in temperature of $1°C over
baseline and $38°C within 4 hours of
transfusion

Etiology

Frequency
estimates
Sentinel sites*
Ontario TTISS
(2008–2012)

Reaction
Definition9

Fever, chills, hypotension,
dyspnea

Rash, wheeze, stridor,
dyspnea, angioedema,
hypotension

Fever, pain, dyspnea,
vomiting, hypotension

Dyspnea, fever,
hypotension

Fever, chills

Dyspnea, orthopnea,
cough

Urticaria, pruritus

Symptoms/Signs

Table 1 Acute transfusion reactions: frequencies, associated symptoms, etiology, management, and prevention

Stop transfusion and
administer intramuscular
epinephrine (A).
As for minor allergic plus
supportive care including
vasopressors
Stop transfusion.
Supportive care to maintain
hemodynamics.
Empiric antibiotics

Stop transfusion
Supportive care, maintain
urine output

Temporarily stop the
transfusion and administer
antipyretic (C).
Steroids may stop rigors
Resume transfusion if
symptoms subside (B)
Discontinue transfusion.
Supplemental oxygen,
mechanical ventilation as
required

Discontinue transfusion.
Administer diuretics

Temporarily stop the
transfusion and administer
antihistamine ± steroids (C).
Resume transfusion if
symptoms subside (B)

Management (level of
evidence♦)

Donor platelet testing for
bacterial contamination.
Diversion pouch at donation

Washed products.
IgA-deficient products (for IgAdeficient patients with anti-IgA
antibodies) (C)

Strict attention to avoid clerical
errors12

Use of only male or nulliparous
female plasma

Pre-storage leukoreduction
Premedication (antipyretic)
Administer fresher products
Wash the product

Premedication with antihistamine
and/or steroids (C).
Plasma reduction of cellular
products (C).
Use of pooled solvent-detergent
plasma for plasma exchange (B)
Premedication (diuretic)
Divide unit into smaller aliquots
Decrease infusion rate

Prevention (level of
evidence♦)
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Notes: *Sentinel sites of the Ontario TTISS (n=25) report all transfusion reactions. The frequency of each acute transfusion reaction was calculated based on 2,021 transfusion-related adverse events reported by sentinel sites from
2008–2012; ♦adapted from guideline on the investigation and management of acute transfusion reactions.69 Prepared by the BCSH Blood Transfusion Task Force. (A, high; B, moderate; C, low).
Abbreviations: ACE, angiotensin-converting enzyme; BCSH, British Committee for Standards in Haematology; BP, blood pressure; TACO, transfusion-associated circulatory overload; CXR, chest radiograph; FNHTR, febrile nonhemolytic transfusion reaction; TRALI, transfusion-related acute lung injury; HLA, human leukocyte antigen; AHTR, acute hemolytic transfusion reaction; TAD, transfusion-associated dyspnea; TTISS, Transfusion Transmitted Injury
Surveillance System.

Suspend transfusion and
assess severity.
Resume transfusion if
symptoms subside and no
other pulmonary
transfusion reaction is
suspected
Unknown
1:58,055

Dyspnea

Vasodilation and smooth muscle
relaxation triggered by
bradykinin synthesis13

Hypotensive reaction
Isolated fall in systolic or diastolic BP of
.30 mmHg within 1 hour of transfusion
and systolic BP ,80 mmHg
TAD
Respiratory distress within 24 hours of
transfusion that does not meet the
criteria of TRALI, TACO, or
allergic reaction

1:35,726

Isolated hypotension

Stop transfusion.
Saline bolus if necessary.
Usually self-limited

Switch from ACE inhibitors to
alternative antihypertensive

Hemovigilance and acute transfusion reactions

International Journal of Clinical Transfusion Medicine 2016:4

the Canadian TTISS from 2006 to 2012 were non-severe,
with 52.1% of adverse reactions being grade 1 (no medical
intervention deemed necessary).6 However, ATRs can also be
fatal, with a transfusion-related mortality rate of 1 in 322,580
as reported by the UK’s Serious Hazards of Transfusion
(SHOT) data, and a 0.1% fatality rate for reported adverse
events in the USA from 2010 to 2012.7,8
Standardized definitions of ATRs, investigations, and
reporting have varied internationally and over time. This
variability makes it difficult to compare data from different
hemovigilance systems. Here we discuss current best practices for both identification and reporting of ATRs.

Presentation of ATRs
ATRs present with a range of overlapping signs and/or
symptoms.9 For example, a patient who presents with fever
during a transfusion may be experiencing a hemolytic transfusion reaction, a febrile non-hemolytic transfusion reaction
(FNHTR), a septic transfusion reaction, or transfusion-related
acute lung injury (TRALI; Table 1). Upon recognition of
any reaction, the default practice should be discontinuation
of the transfusion, maintenance of venous access, and rapid
clinical assessment. Each ATR must be evaluated in context
based on the patient’s underlying disease, with strict attention
to the clinical status of the patient prior to the transfusion.
The blood product should be visually inspected for discoloration or clumping of cells, and a clerical check performed
to ensure that the right product is being transfused to the
right patient.
Patients should be told to report any reactions they may
experience in the 24 hours following a transfusion. Patients
unable to report symptoms should be directly monitored.
A transfusion may only be resumed with caution if the ATR
was felt to be mild, for instance only isolated pruritus or rash.
Otherwise, a transfusion reaction investigation should be
instituted and the unit not resumed. The British Committee
for Standards in Haematology has published guidelines on
the investigation and management of ATRs.1

Symptom-guided differential
diagnosis of ATRs
A careful review of a patient’s history will help to determine
if the acute reaction is related to the transfusion or is more
likely caused by the patient’s underlying condition. Data
from Ontario’s TTISS illustrates the overlap of presenting
symptoms between ATRs. For instance, while fever is often
felt to be a sign that differentiates TRALI from transfusionassociated circulatory overload (TACO),10 it is evident that
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a proportion of patients with TACO will also have fever
as a presenting sign (Table 2). These reactions have been
characterized previously9,11 and are summarized for reference in Table 1.
Despite the complexity, using a symptom-based approach
is an effective means to determine the type of ATR. While
the range of symptoms and signs in ATRs is broad, the
predominant presenting symptom or sign can narrow the differential diagnosis of an ATR. This guides further diagnostic
considerations and reporting.

Fever
Fever associated with an ATR is defined as a rise in temperature .1°C and a temperature .38°C during or up to 4 hours
following a transfusion, and has a differential diagnosis of:
FNHTRs, acute hemolysis reactions, TRALI, or a bacterial
transfusion-transmitted infection (TTI).12 The .1°C rise in
temperature is not based on evidence, but has been universally
accepted as a definition for fever in the context of an ATR.13
Fever is usually due to an FNHTR; however, pre-storage

leukoreduction has decreased these reactions to less than
2% of products transfused.14 Prior to leukoreduction rates
of FNHTRs range from 0.5% to 38%.15,16 Other symptoms
of an FNHTR are chills, rigors, and nausea/vomiting, and
these may be present in the absence of fever (“atypical”
or “afebrile” FNHTR).17 If clinical and procedural assessment reveals no concerning features, an antipyretic can
be administered and the transfusion resumed with careful
observation.1,4
Acute intravascular hemolytic transfusion reactions
(AHTRs) may also present with fever. AHTRs are a medical
emergency because they may progress to disseminated intravascular coagulation, shock, and multi-organ failure.18 Patients
can present with fever alone or accompanied by chills, dyspnea,
back or flank pain, nausea/vomiting, and light-headedness.19
Presentation includes hemoglobinuria, hemoglobinemia, absent
haptoglobin, increased lactate dehydrogenase, and indirect
hyperbilirubinemia.20 AHTR caused by antibodies other than
ABO can also present with fever, but signs and symptoms are
typically less severe and this reaction is suspected with a lower

Table 2 Ontario’s Transfusion Transmitted Injury Surveillance System data on presenting symptoms and associated ATR diagnoses
from 2008 to 2012 (n=2,834)
Primary symptom/sign
(% of all ATRs)

Five most frequent ATR presenting
with specified symptom

ATR presenting with specified
symptom

Urticaria (23.3)

Minor allergic
Severe allergic
FNHTR
Anaphylactic shock
TACO

87.1%
10.1%
0.9%
0.5%
0.3%

Chills/rigors (21.0)

FNHTR
Minor allergic
TACO
Severe allergic
Acute hemolytic transfusion reaction

62.4%
7.7%
6.2%
5.5%
3.2%

Dyspnea (13.6)

TACO
Severe allergic
FNHTR
Minor allergic

36.3%
15.5%
15.3%
8.0%

TRALI + possible TRALI

5.7% + 4.7%

FNHTR
Minor allergic
TACO

83.7%
3.9%
3.9%

Possible TRALI + TRALI
Bacterial infection

1.9% + 0.8%
1.9%

TACO
Possible TRALI
FNHTR
TRALI
TAD

52.1%
18.9%
13.2%
12.6%
10.0%

Fever (9.1)

Hypoxemia (6.7)

Abbreviations: ATR, acute transfusion reaction; FNHTR, febrile non-hemolytic transfusion reaction; TACO, transfusion-associated circulatory overload; TRALI, transfusionrelated acute lung injury; TAD, transfusion associated dyspnea.
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than expected hemoglobin increment following transfusion.12
To confirm or exclude an AHTR, a number of procedures/tests
should be performed, including: a clerical check at the bedside
to identify human error, such as incorrect labeling, sample
collection from the wrong patient, or patient misidentification;
a positive direct antiglobulin test; and visual presence of free
plasma hemoglobin. Additional serological testing of pre and
post transfusion samples may be required.
Bacterial TTIs are caused by bacterial contamination of
product resulting in sepsis. Patients demonstrate a systemic
inflammatory response, including fevers, chills, flushing,
nausea/vomiting, dyspnea, tachycardia, and hypotension.21,22
Patients can progress to overt shock, disseminated intravascular coagulation, and multi-organ failure. If the inoculum
in the product is small, patients may not have symptoms
immediately during the transfusion.23 Bacterial contamination
from transfused red cells typically presents during or shortly
after the transfusion; whereas reactions from bacterially contaminated platelets typically have a longer lag between the
transfusion and presentation.24 Risk is exponentially greater
with platelets given room temperature storage.
An acute bacterial TTI is typically associated with a temperature increment of $2°C, which may be a useful distinguishing feature as other reactions presenting with fever tend
to have a smaller temperature increment.25 Differentiating
between AHTR and sepsis can be challenging at the bedside;
however, hemolytic reactions will usually be characterized
by the presence of hemoglobinemia and hemoglobinuria.
Red cell products that are contaminated with bacteria may
appear discolored, and a Gram stain of the product may be
positive. Interventions for treatment of both reaction types
can be instituted while awaiting diagnostics to differentiate
between them. When bacterial TTI is suspected, it is important to quarantine co-components from the blood donation
until culture results are available. Consideration should also
be given to alternative life-threatening diagnoses such as

TRALI or anaphylaxis when the clinical picture includes
fever and also predominant respiratory or allergic signs and
symptoms, respectively.

Dyspnea
Similar to fever, dyspnea is associated with many ATRs.
The differential diagnosis of dyspnea is broad and often
complicated by a patient’s underlying medical condition.
ATRs with dyspnea as a predominant symptom include:
TRALI, TACO, transfusion-associated dyspnea (TAD) and
anaphylaxis. Dyspnea also occurs with AHTRs and bacterial TTI reactions. Patients complaining of dyspnea should
be promptly assessed because ATRs causing dyspnea range
from mild to life-threatening.
The symptoms of TRALI range from mild dyspnea to
severe non-cardiogenic pulmonary edema with hypoxia, fever,
hypotension, and respiratory collapse. The US Food and Drug
Administration reports TRALI as the leading identifiable cause
of transfusion-related mortality;26 however, the incidence of
TRALI has decreased by two thirds with the use of plasma
only from male donors, nulliparous female donors, or parous
female donors with no evidence of alloimmunization.26,27
When assessing a patient with acute dyspnea during or
shortly following a transfusion, it is challenging to differentiate between TRALI, TACO, and anaphylaxis, because all may
have hypoxia. The key to differentiating TRALI from TACO
is physical examination findings of volume overload (Table
3). Both anaphylaxis and TACO may present with stridor
and wheeze, but are quickly differentiated by the presence
of hypotension with anaphylaxis.
TACO accounted for one third of adverse reactions
reported to the TTISS from 2006 to 2012,6 and the real incidence is likely higher as TACO is known to be under-reported.
Risk factors for TACO are cardiac disease, renal impairment,
advanced age, and myocardial infarction.28 Diuretics serve as
a diagnostic therapeutic intervention to differentiate TACO

Table 3 Differentiating TRALI from TACO
Product
Fever
Blood pressure
Onset
JVP
Volume status
BNP
CXR
Response to diuretic

TRALI

TACO

Plasma or platelets
Present or absent
Hypotension
During or within 6 hours of transfusion
Normal
Euvolemic
Normal
Non-cardiogenic pulmonary edema
Nil

All blood products, volume-dependent
Typically absent
Hypertension
Within 6 hours of transfusion
Elevated
Hypervolemic
Elevated
Cardiomegaly, pulmonary edema, vascular redistribution
Clinical improvement

Note: Data from Lieberman et al.28
Abbreviations: CXR, chest X-ray; TRALI, transfusion-related acute lung injury; TACO, transfusion-associated circulatory overload; JVP, jugular venous pressure; BNP,
brain natriuretic peptide.
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from other causes of dyspnea.29 Vigilance for and reporting
of TACO is important because a significant proportion of
events are due to failure to recognize early warning signs or
risk factors for TACO.30
TAD emerged as an ATR classification to allow hemovigilance systems to report pulmonary transfusion reactions
that present with mild dyspnea and do not fit into another
reporting category.31 TAD is not a pathophysiologic entity
and the diagnosis can only be made when a patient has
isolated respiratory symptoms temporally related to a
transfusion and does not meet criteria for TRALI, TACO,
or other ATRs.32 Careful review of potential TAD cases is
imperative, as illustrated by the New Zealand Blood Service
Haemovigilance group who found that upon further review,
over half of reported TAD cases actually met criteria for
another pulmonary transfusion reaction.33 Clinicians need to
be vigilant for non-pulmonary ATRs that present with dyspnea (ie, AHTRs, septic transfusion reactions, and allergy/
anaphylaxis). While the category of TAD may separate into
different categories once the pathophysiology of individual
events are determined, capturing these events ensures that
they are not ignored.

Rash and other cutaneous symptoms
Cutaneous symptoms most often relate to allergic reactions.34
When a patient describes skin changes or skin symptoms,
clinicians must first determine that this is not the initial
presentation of a more severe reaction. Skin changes may
occur with AHTRs, disseminated intravascular coagulation,
bacterial sepsis, and anaphylactic reactions.1,23
The most frequent rash is urticarial (hives), either localized or widespread, and can be associated with pruritus,
erythema, flushing, or mild respiratory symptoms (dry
cough, wheeze).17,23 Other rashes associated with transfusion are maculopapular, erythema, or flushing. Allergic
reactions are caused by passive transfer of allergens,
including plasma proteins, carbohydrates, and non-plasma
proteins, and are mediated by histamine.35,36 The incidence
of allergic-type reactions varies by blood product but is
higher for plasma and platelets owing to higher concentrations of plasma.37 Allergic ATRs may also manifest
with gastrointestinal symptoms.23 Reducing the plasma
volume of platelets reduces the risk of allergic ATRs, but
may result in some platelet loss and function caused by
centrifugation.35 Studies assessing pharmacologic prophylaxis of allergic reactions have had mixed results.38–40
Currently, there is no standard of practice to prevent recurrent mild allergic reactions.41

6

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

Dovepress

Patients may describe untoward sensory reactions limited
to the skin. Pruritus is often followed by the development
of urticarial lesion, but can be the sole manifestation of an
allergic ATR.34 Tingling may be a prodrome of angioedema,42
a localized non-pitting edema of subcutaneous/submucosal
tissue indicating an allergic-type ATR. The eyelids and
mouth are the most commonly affected tissues but the airway
can become compromised.43 Tingling, particularly perioral,
alternatively can be due to hyperventilation or hypocalcemia
caused by citrate anticoagulation during a plasma or red cell
exchange procedure.44

Hypotension
Hypotension is a medical emergency and is associated with
life-threatening ATRs, including anaphylaxis, bacterial
TTI, TRALI, or AHTRs, and non-life-threatening ATRs,
such as severe FNHTRs. Isolated hypotension, a diagnosis
of exclusion, occurs most often with platelet transfusions
and resolves shortly after the transfusion.45 It is thought that
these reactions are mediated by bradykinin,46,47 and patients
on angiotensin-converting enzyme inhibitors are more prone
to this adverse event.48
Transfused protein and carbohydrate antigens likely
mediate allergic ATRs, which in their most severe form
present as anaphylaxis.49 Immune-mediated anaphylactic
reactions may occur in recipients with a specific protein
deficiency who have formed antibodies to that protein, for
instance, a patient with immunoglobulin (Ig)A deficiency and
pre-formed IgG or IgE class anti-IgA antibodies.12,50 Unlike
sepsis, hemolysis, or TRALI, all of which also manifest with
dyspnea, anaphylaxis is associated with wheeze, stridor,
urticaria, and/or angioedema.51 Patients with an anaphylactic
ATR should be assessed by an immunologist and in future
receive appropriate pre-treatment and modified blood products, as required (ie, washed, IgA-deficient).1

Best practices in ATR reporting
Intervening to prevent morbidity and mortality is the first
priority during an ATR and treatment should be directed
toward symptoms and signs rather than classification.1 For
instance, a hypotensive patient requires acute resuscitation
with intravenous fluids while the clinician attempts to classify the ATR for more definitive management. Classifying an
ATR is challenging, but using a symptom-guided framework
can assist clinicians. Focused reporting and communication
allows clinicians, hospitals, and blood transfusion services
to assist in appropriate investigations, management of future
transfusions, and to identify practice concerns.
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National hemovigilance programs make systems-level
contributions to transfusion safety. The British Committee
for Standards in Haematology and American Association of
Blood Banks (AABB) both strongly recommend reporting to
national schemes to analyze transfusion hazards and make
recommendations for improved safety.1 Hemovigilance systems elucidate transfusion practices, trigger research identifying new hazards, and improve patient outcomes. There are
limitations, given that ATRs are typically underreported,52
variable definitions of adverse events exist, 52,53 and a
European survey reported that few countries verified their
accepted reports and that participation in mandatory reporting is not always documented.54 Although improving ATR
reporting may improve transfusion safety,55 hospitals reporting more reactions have not been found to be necessarily
safer.56 Best practices allow for complete data collection
for root cause analysis, data verification, and independent
adjudication.

Hemovigilance internationally
A variety of models for hemovigilance exists internationally.
Hemovigilance programs in Canada, France, Germany,
and Switzerland are managed by national regulations and
oversight. Other models include management by medical
societies (the Netherlands, UK) and blood manufacturers
(Japan). Even within countries, there are diverse systems.
In the USA, the US Food and Drug Administration mandates reporting for fatalities of both donors and recipients
and product deficiencies (such as product contamination).
Multiple additional hemovigilance-related elements exist
in the USA, including federally sponsored multicenter
epidemiological studies, such as the Retrovirus Epidemiology Donor Studies57 and the National Blood Collection and
Utilization Survey developed by the US Centers for Disease
Control.58 The AABB established the AABB Biovigilance
Network in 2008 to harmonize adverse event reporting systems including hemovigilance.59 Systems internationally are
at different stages of development, with examples of emerging systems in South Africa, Zimbabwe, and Uganda in
Africa; Honduras, Ecuador, and Brazil in Central and South
America; and the People’s Republic of China, Vietnam, and
Thailand in Asia.60
Efforts to standardize hemovigilance systems began in
Europe. After France mandated the reporting of all adverse
events in blood recipients (1994)61 and the SHOT scheme was
developed (1996),7 the European Union (EU) legislated the
EU Blood Safety Directives. The latter included the establishment and maintenance of blood quality systems to ensure
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traceability, and a “set of organized surveillance procedures to
collect and evaluate information on the adverse or unexpected
events or reactions resulting from the collection of blood or
blood components”.62
The Directives led to the development of hemovigilance
systems in many European countries, often based on SHOT.
All member countries are legislated to report to their competent authority annually all serious adverse reactions and
events caused by a process failure (even if the blood product is
not transfused). For example, SHOT reports to the Medicines
and Healthcare Products regulatory authority. Adverse events
occurring in clinical areas not involving laboratory quality
issues are not mandatory to report by EU legislation but are
reported in SHOT.7

Development of international
collaborations in hemovigilance
Even with the advancement of hemovigilance through the
Directives, the need for a common structure for blood product
safety was identified, which led to the development of the
European Haemovigilance Network. Its objectives included
information exchange, implementing rapid alerts for compromised blood products, an early warning system, education,
process standardization and reporting, data compilation, and
further implementation of the European Blood Directive. Its
activities also include the harmonization of information and
definitions to evaluate differences between countries.63 The
European Haemovigilance Network has become the International Hemovigilance Network and accepts non-EU associate
members. As of 2013, there are 32 member states.5

Hemovigilance in Canada:
Ontario’s system
Canada was one of the first associate members of the
International Hemovigilance Network.63 Despite a desire
to harmonize systems, each province and territory still
has its own protocols for collecting and reporting ATRs to
the PHAC reflecting the provincial-based funding model
for blood. Standardized definitions and reporting forms
are used.
In general, when an ATR is identified at the bedside,
the laboratory is contacted to initiate an investigation.
The transfusion medicine laboratory director is responsible for overseeing this investigation, which may also
involve medical trainees, a transfusion safety officer,
or a designee from the transfusion medicine laboratory. Details of the adverse reaction are recorded on the
Canadian Adverse Events Transfusion Reporting Form
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developed by PHAC. Information recorded on the PHAC
form and definitions for adjudicating the severity of the
reaction are summarized in Table 4. Reaction definitions
and reporting forms are standardized across Canada. The
local transfusion medicine physician is responsible for
categorizing the event.
The cause-effect relationship between the transfusion and the ATR is also classified as definite, probable,
possible, doubtful, ruled out, or not determined. The
Transfusion Medicine Service must immediately report a
potential reaction related to blood product quality to the
blood supplier (Canadian Blood Services, Héma-Québec).
Suspected bacterial contamination must be reported
within 24 hours to the supplier, who then reports to Health
Canada (the regulator of the blood system). An overview
of the guidelines for hospitals to report adverse transfusion events is outlined in Figure 1. Serious adverse events

related to purified plasma products are reported directly to
the manufacturer, who then reports it to Health Canada.
Clinicians, laboratory personnel, blood bank directors,
and blood suppliers must all be actively involved in the
process of ATR reporting.
The hospital transfusion medicine service submits a complete PHAC form to the Provincial TTISS Office. In Ontario,
the provincial TTISS office is located at McMaster University,
Hamilton, ON, Canada. The transfer of information can occur
either by fax or through a web-based form. At the provincial
office, each case is reviewed and if relevant data are missing
or the reaction is classified as “not determined”, attempts
are made to collect missing data and classify the reaction.
All cases of suspected TRALI are sent to the blood supplier
and an adjudication committee makes a final classification
decision. Events classified as “not determined” also undergo
adjudication for reclassification purposes. In all other cases,

Table 4 Data collected for adverse transfusion reactions recorded for the Public Health Agency of Canada (PHAC)
Patient characteristics

Transfusion characteristics

Patient demographics
ABO blood group
Pregnancy history
Transfusion history
Immunocompromised state
Patient diagnosis
Other clinical history

Date and time of occurrence and reporting
Place of transfusion
Premedication and anesthesia used
Suspected blood/blood components
Measures taken (treatments)
Hospital procedures involved
Report of possible transfusion related blood–borne infection

Signs/Symptoms and lab results

Adjudication of ATR

Vitals
• Temperature, Pulse, Respiration rate, Blood pressure
Chills/rigors

ATR diagnostic category

Urticaria
Other skin rash
Shortness of breath
Hypoxemia (with oxygen saturation)
Nausea/vomiting
Pain (to be specified by form user)
Jaundice
Hemoglobinuria
Oliguria
Diffuse hemorrhage

Severity of adverse event in accordance to proposed ISBT/IHN definitions62
Severity of adverse event in accordance to proposed ISBT/IHN definitions62
• Grade 1 (Non-severe)
• Grade 2 (Severe)
• Grade 3 (Life-threatening)
• Grade 4 (Death)
Outcome of Adverse Event
• Death
• Major or long-term sequelae
• Minor or no sequelae
• Not determined
Relationship of transfusion to recipient’s death

Shock

Subsequent investigations/actions

Other symptoms (to be specified by form user)
Clinical information for TRALI
• Chest X-ray results
• Evidence of circulatory overload
Abnormal laboratory tests
As determined by the user of the PHAC adverse events reporting
form blood culture results on product and recipient

Action and description if hospital, equipment/supplies, procedure involved
Medical follow-up, treatment, or preventative
Measures
Supplier/manufacturer notified
Status of investigation

Note: Listed in order of appearance on the PHAC Adverse Events Reporting Form. © All Rights Reserved. Transfusion Transmitted Injuries Surveillance System User’s Manual
Version 3.0. Public Health Agency of Canada, 2007. Reproduced with permission from the Minister of Health, 2015.66
Abbreviations: ATR: acute transfusion reaction; TRALI: transfusion-related acute lung injury; PHAC: Public Health Agency of Canada.
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Initiate process for reporting
adverse event for
blood/blood component

Complete Canadian transfusion
adverse event reporting form
(do not delay reporting to
complete all fields)

Promptly report all serious adverse
events with potential relation to
product quality to CBS/HQ

If bacterial contamination is
suspected, report to CBS/HQ
within 24 hours by phone and fax

Complete remaining fields on
Canadian transfusion adverse
event reporting form

Send copy of completed Canadian
transfusion adverse event
reporting form as per provincial/
territorial surveillance protocol

Send copy of completed Canadian
transfusion adverse event
reporting form to CBS/HQ
who will report to health Canada’s
regulatory branch

Non-nominal data are reported
to the public health agency of
Canada surveillance by
Provincial/territorial blood offices
Figure 1 Flow diagram for hospitals to report adverse events for blood and blood components to provincial/territorial blood offices and Canadian Blood Services/
Hema-Quebec.
Notes: © All Rights Reserved. Transfusion Transmitted Injuries Surveillance System User’s Manual Version 3.0. Public Health Agency of Canada, 2007. Reproduced with permission
from the Minister of Health, 2015.66
Abbreviations: CBS, Canadian Blood Services; HQ, Hema-Quebec.

the hospital’s designation as to the type of reaction is the
final classification.
Best practice in hemovigilance should include reporting
from as many institutions as possible and reporting of all
adverse transfusion events. Ontario hospitals participating in TTISS account for 66.2% of the blood components
transfused in the province (49/159 hospitals reporting as
of December 2014). Ontario sites not participating in the

International Journal of Clinical Transfusion Medicine 2016:4

sentinel site model are only required to report transfusion
reactions, which are reportable to PHAC (primary reactions
graded as severe). Hence, information is not typically provided on the less severe “non-reportable” ATRs such as
delayed serological transfusion reactions, FNHTRs, and
minor allergic reactions.
The sentinel site model was introduced in 2009 and
includes 25 hospitals in four major health care regions in
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Ontario hospitals
n=159

Hospitals participating
in TTISS
n=49
2,685 ATEs

Hospitals reporting only
PHAC reportable ATEs
n=24
300 ATEs

PHAC reportable ATEs
Blood components 238 ATEs
Plasma derivatives 58 ATEs
Both product types 4 ATEs
Total 300 ATEs

Sentinel site hospitals
reporting all events
n=25
2,385 ATEs

PHAC reportable ATEs
Blood components 379 ATEs
Plasma derivatives 188 ATEs
Both product types 5 ATEs
Total 572 ATEs

Non-reportable ATEs (minor)*
Blood components 1,642 ATEs
Plasma derivatives 169 ATEs
Both product types 2 ATEs
Total 1,813 ATEs

Total PHAC reportable ATEs
For all blood products all
TTISS participating hospitals
Blood components 617 ATEs
Plasma derivatives 246 ATEs
Both product types 9 ATEs
Total 872 ATEs
Figure 2 Summary of Ontario hospitals participating in TTISS and ATEs reported.
Notes: Reproduced from Ontario Transfusion Transmitted Injuries Surveillance System (TTISS) Program Report: 2008–2012. McMaster Transfusion Research Program,
McMaster University, December 2014.70 *includes FNHTR, minor allergic and delayed serologic.
Abbreviations: TTISS, Transfusion Transmitted Injury Surveillance System; ATE, adverse transfusion events; PHAC, Public Health Agency of Canada.

Ontario. These sites are financially compensated to report
all ATRs, including these “non-reportable” events, to the
Ontario TTISS Office. A summary of the Ontario hospitals
participating in TTISS and their contributions are shown in
Figure 2.
Ontario’s TTISS is a passive hemovigilance system, with
hospitals only forwarding cases quarterly when data are
requested by PHAC, and there is a 6-month delay in submitting data as cases are still being finalized at the hospital
level. Future goals of TTISS in Ontario are to decrease the
lag time between collection and reporting, increase participation, and transition into an active reporting system where
cases are continually gathered from hospitals and monitored
for trends.

Framework for an
international standard
There is a need for standardized reporting of ATRs because
currently there is variability in data collection systems,
the type of data collected, and definitions, which limit the
utility of hemovigilance data. While hemovigilance has
been developing internationally, recognition for the need to
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reduce medical errors has been developing in parallel. The
World Health Organization developed the World Alliance
for Patient Safety to introduce draft guidelines for adverse
event reporting to improve patient safety. These guidelines
could serve as a framework for hemovigilance systems. The
components and characteristics of a successful reporting
system according to the World Health Organization are
outlined in Table 5.64
The guidelines state that the design of any reporting system depends on its goals. If the system is built
for education, a voluntary system may be better compared with a mandatory system, which is more appropriate for accountability. Hemovigilance programs
differ in whether reporting is voluntary or mandatory.
Modern hemovigilance systems often will be established for both education and accountability and have a
combination of both voluntary and mandatory reporting. In Ontario’s TTISS, while learning remains a core
focus of the system, incorporating accountability to
improve the process of transfusion is necessary. Currently, most non-hemovigilance adverse event reporting
systems worldwide are voluntary.
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Table 5 Components and characteristics of successful reporting
system as outlined by the WHO World Alliance for Patient Safety
draft guidelines for adverse event reporting
WHO World Alliance for Patient Safety
Components of a reporting system
• Established aim of system
• E stablished process of system including types of reports/events
generated
• Specification of reporting process
• Design of a classification system
• Hazard and systems analysis
Characteristics of successful reporting systems
Non-punitive
Reporters are free from fear of
retaliation against themselves or
punishment of others as a result of
reporting.
Confidential
The identities of the patient, reporter,
and institution are never revealed.
Independent
The reporting system is independent of
any authority with power to punish the
reporter or the organization.
 Expert analysis
Reports are evaluated by experts who
understand the clinical circumstances
and are trained to recognize underlying
systems causes.
Timely
Reports are analyzed promptly
and recommendations are rapidly
disseminated to those who need to
know, especially when serious hazards
are identified.
Systems-oriented
Recommendations focus on changes
in systems, processes, or products,
rather than being targeted at individual
performance.
Responsive
The agency that receives reports
is capable of disseminating
recommendations. Participating
organizations commit to implementing
recommendations whenever possible.
Notes: Copyright © 2005. Reproduced with permission WHO. World Alliance For
Patient Safety WHO Draft Guidelines For Adverse Event Reporting And Learning
Systems: From Information To Action. 2005.67

Reporting systems may either attempt to capture adverse
events along the entire course of care delivery or may focus
on particular types of events. While many hemovigilance
systems focus particularly on ATRs only, other systems such
as SHOT have included “near misses”. SHOT demonstrated
that human error accounts for the majority of non-FNHTR
adverse transfusion events.7 A future goal of the Ontario
TTISS will be to include error-related and “near-miss” events
in reporting and to perform root causes analyses of events
in a local setting.
Given the collaborative nature of hemovigilance and the
complex data transmitted, use of an Internet-based system
is necessary going forward. Yet financial barriers exist
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that impair the widespread adoption of Internet reporting
schemes. Multiple infrastructure-related barriers including the lack of an electronic system have been reported in
areas such as sub-Saharan Africa.65 Ontario has adapted
the REDCap (Research Electronic Data Capture; a secure
web-based application designed to support data capture for
research studies),66 for adverse event reporting and exploratory analyses.
A recent AABB validation study highlights the difficulty in reporting systems’ abilities to balance the ease
of classif ication and recognition that what promotes
learning in patient safety cannot be defined in discrete
data elements. Even with definitions, staff responsible for
reporting ATRs classified cases differently from an expert
panel.53 The utility of hemovigilance systems is dependent
on appropriate definitions and reproducible classifications.
As international collaboration matures, this will need to
be an area of study as discrepancies will hinder comparative reports.
Finally, the World Health Organization guidelines
describe methods of learning from reporting, including alerting to significant new hazards, systematically investigating a
serious event, collecting large datasets, and performing risk
and systems analyses. In Ontario, we are expanding data collection and hope to leverage this to improve underreporting
of ATRs, to establish better estimates of risk, and to develop
bedside management algorithms.
According to the guidelines, the two largest impediments
to the development of a successful process are resourcerelated issues and maintaining confidentiality.64 In existing
national reporting systems, there is variation in sponsorship,
participation, and function.64 Systems outside of health care
demonstrate that success is more likely when those reporting
are not concerned about adverse consequences to themselves
or others. This requires a balance between a system that
protects the safety of those potentially reporting incidents
with the accountability and transparency demanded by the
health care system and public.

Summary
ATRs present in complex clinical scenarios and systems and
cases should be managed completely from bedside clinical
care to international reporting. We propose a framework such
as that outlined in Figure 3.
The f irst priority is management of the patient.
A symptom-based approach to guide treatment and to assist
in diagnosis of the patient is recommended. A multidisciplinary team should be involved in collecting characteristics
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Identification of transfusion reaction and management using a symptom-guided
framework

Multidisciplinary approach to data
collection and transfusion
reaction categorization

Notification of blood bank for
investigation and mediating
reporting to local/national
systems and blood suppliers

Reporting of all transfusion reactions to
national hemovigilance system using
complete and reproducible definitions

Standardization of hemovigilance systems
using WHO world alliance for patient safety
draft guidelines for adverse event reporting

Collaboration of hemovigilance systems
internationally for promotion of transfusion
safety and standards
Figure 3 A framework for the continuous management of adverse transfusion events.
Abbreviation: WHO, World Health Organization.

of the case and collaborating to adjudicate the accurate classification of the ATR. We recommend that all ATR cases be
collected in a mandatory national hemovigilance system,
preferably an active surveillance system.
The WHO World Alliance for Patient Safety draft guidelines for adverse event reporting is a framework that could be
used with successful aspects of other hemovigilance systems
to standardize practice. Definitions of ATRs must be standardized internationally to make comparisons between jurisdictions
meaningful. In addition, countries with mature hemovigilance
systems must provide support to countries seeking to develop
12
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hemovigilance systems. Successful individual hemovigilance
systems have been established, but to advance transfusion
safety, international collaborations are needed to establish optimal transfusion practices and reporting worldwide.
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