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Abstract

Background: Irradiation of cellular blood components is recommended for

patients at risk of transfusion-associated graft-vs-host disease (TA-GvHD).

Prestorage leucodepletion (LD) of blood components is standard in the UK

since 1999.

Study Design and Methods: Analysis of 10 years' reports from UK national

hemovigilance scheme, Serious Hazards of Transfusion (2010-2019), where

patients failed to receive irradiated components when indicated according to

British Society for Haematology guidelines (2011).

Results: There were 956 incidents of failure to receive irradiated components

all due to errors. One hundred and seventy two incidents were excluded from

analysis, 125 of 172 (72.7%) because of missing essential information. No cases

of TA-GvHD were reported in this cohort. The 784 patients received 2809 com-

ponents (number unknown for 67 incidents). Most failures occurred in

patients treated with purine analogues (365) or alemtuzumab (69), or with a

history of Hodgkin lymphoma (HL) (192). Together these make up 626 of

784 (79.9%). Poor communication is an important cause of errors.

Conclusion: Leucodepletion appears to reduce the risk for TA-GvHD. None

of 12 cases of TA-GvHD reported to SHOT prior to introduction of LD

occurred in patients with conditions recommended for irradiated components

by current guidelines. Irradiation indefinitely for all stages of HL is not based

on good evidence and is a difficult guideline to follow. Further research on

long-term immune function in HL is required. Variation between different

national guidelines reflects the very limited evidence.

1 | INTRODUCTION

Transfusion-associated graft vs host disease (TA-GvHD) is a
very rare and usually fatal complication of cellular blood
component transfusion. Since its recognition in 1965,1

measures were introduced to prevent it.2 TA-GvHD is cau-
sed by donor lymphocytes engrafting in the recipient and
irradiation of cellular components to eradicate lymphocytes
is recommended for specific groups of patients in British
Society for Hematology (BSH) guidelines since 1996.3,4
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The Serious Hazards of Transfusion (SHOT) scheme is
the United Kingdom (UK) national hemovigilance organi-
zation since 1996. Hemovigilance reporting includes errors
when specific patient requirements are not met, such as
missed component irradiation, and serious clinical out-
comes including cases of confirmed TA-GvHD.

Since the implementation of universal prestorage
leucodepletion (LD) in UK (United Kingdom) Blood Ser-
vices from August 1999 only three cases of TA-GvHD
have been reported to SHOT compared to four in each of
the preceding 3 years. Irradiated components were not
indicated for these 12 (immunocompetent) patients trans-
fused prior to universal LD.5 One occurred in the period
of transition to universal LD in 1999. This was a patient
with myeloma who received fresh red cells (<7 days old),
not irradiated as there was no indication, and it was not
clear whether the LD components were LD at the bedside
(which may be less effective) or prestorage at a blood cen-
ter. The second case occurring after introduction of LD
followed treatment for relapsed acute lymphoblastic leu-
kemia (ALL) in 2001, and the patient received non-
irradiated LD components. The third case resulted from
an intrauterine transfusion (IUT) with maternal blood
which was not LD or irradiated. The infant died at
3 months of age. This confirms the high risk associated
with HLA-related fresh blood in the absence of irradia-
tion and LD.3,6

Here we review the data reported to SHOT from
January 2010 to December 2019 where patients did not
receive irradiated components when indicated according
to BSH guidelines.3

2 | METHODS

In the UK transfusion-related serious adverse events
(SAE) and reactions (SAR) are reportable by law to the
Medicines and Healthcare products Regulatory Agency
(MHRA)7 and also professionally mandated to be reported
to SHOT. From 2010, reports were made through a
purpose-built online database (Dendrite). Repeat episodes
(not duplicates) for the same patient are reported as sepa-
rate incidents or in some cases are summarized in a single
report. Data are submitted through the MHRA “Serious
Adverse Blood Reactions and Events” (SABRE) online por-
tal by registered transfusion personnel in each Trust or
Health Board, and additional details are sought by SHOT
through the linked questionnaire summarized in Figure 1.
SHOT incident specialists review the information provided
and confirm the classification. Incidents in each category
are reviewed by designated experts (SHOT working expert
group). Annual reports are published each July. Reporting
is confidential and anonymous with no identifiable patient
data. Duplicate reports are identified by source, date of

FIGURE 1 Flow diagram summarizing the SHOT questionnaire for cases where the specific requirements are not met
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incident, patient date of birth, and are excluded from this
analysis.

Reports where non-irradiated components were trans-
fused against guidelines were analyzed from January 2010
to December 2019. Participation in SHOT reporting by UK
National Health Service Trusts/Health Boards is close to
100%, however there are wide variations in reporting levels
between different reporting organizations.8 This suggests
that there may be an element of under-reporting, and it is
likely that not all cases of missed irradiation have been
reported to SHOT. However, TA-GvHD is a severe and usu-
ally fatal disease and missed reporting is very unlikely.

The guidelines for use of irradiated components over
this period in the UK are summarized in Table 1.3

Reports were excluded if key data were missing; also,
those where irradiated components were no longer
required, and those where the reason given was not part
of national guidelines. Incomplete reports with some data
missing are included where we considered that there was

sufficient evidence in the case report to confirm that irra-
diated components were required (Figure 2).

3 | RESULTS

In this 10-year period, SHOT received 956 reports where
patients had received non-irradiated blood components
when indicated (Figure 3). No cases of TA-GvHD were
reported in relation to these incidents.

3.1 | Cases excluded

A total of 172 cases were excluded. There was insufficient
information provided for 125 of 172 (72.7%) particularly
missing diagnosis and indication for irradiated compo-
nents, or unclear timelines in relation to stem cell trans-
plants (SCT). In 32 of 172 (18.6%) irradiated components
were not indicated according to the guidelines,3 for exam-
ple cases of non-Hodgkin lymphoma (NHL), renal trans-
plants conditioned with anti-thymocyte globulin (ATG) or
where there was a hospital-wide irradiation policy. Seven
excluded incidents were near misses: administration of
non-irradiated red cells avoided by intervention of a
patient, relative, or ward staff, or where irradiated red cells
were issued by chance. (Incidents reported to SHOT pri-
marily as near misses are not included in this analysis.) In
eight others a previously appropriate indication had
expired, for example, years following an autologous SCT.

3.2 | Cases included

Figure 3 shows 784 included incidents. The majority were
patients receiving purine analogues (365/784, 46.6%), or

TABLE 1 Indications for irradiation of cellular components

defined by UK guidelines3

1. All HLA-selected components
2. Granulocytes
3. Infants

a. Red cells or platelets for intrauterine transfusion (IUT)
b. Red cells for neonatal exchange transfusion (ET)

following previous IUT and other neonatal ET as long as
this would not cause a delay

c. Top-up red cell transfusions after previous IUT for 6 mo
after the expected date of deliverya

d. Platelet transfusions for neonatal alloimmune
thrombocytopenia and then red cell or platelet
transfusions for 6 mo after the expected date of deliverya

4. Severe T-cell immune deficiency syndromes
5. Hodgkin lymphoma at any stage of disease for life
6. Treatment with purine analogues and alemtuzumab (anti-

CD52) indefinitely
7. Patients with aplastic anemia treated with antithymocyte

globulin or alemtuzumab
8. Solid organ transplants if alemtuzumab was used in the

conditioning regimen
9. Stem cell transplants

a. During autologous harvest and harvest from stem cell
donors and for 7 days prior

b. Autograft from initiation of conditioning until 3 mo post-
transplant or 6 mo post-transplant if conditioning
included total body irradiation

c. Allograft from initiation of conditioning
chemoradiotherapy until 6 mo post-transplant or until
lymphocyte count >1 × 109/L; give indefinitely with
ongoing chronic graft vs host disease or continued
immunosuppressive treatment is required

aThis recommendation was based on two cases of TA-GvHD reported in
immunocompetent infants (1974) after IUT and ET for Rh hemolytic
disease24.

FIGURE 2 Further details of 33 reports included with

missing data
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alemtuzumab (69/784, 8.8%) and those with previous or
current Hodgkin lymphoma (HL) (192/784, 24.5%), these
three indications together account for 626 of 784 (79.9%).
All are indications for provision of irradiated cellular
components indefinitely.

Twenty-three cases of T-cell immune deficiency were
recorded of which 20 had DiGeorge syndrome: ten were
aged 2 years or less, five aged 5 to 20 years and five over
20 years of age. Fifteen neonates who had received previ-
ous IUT had later top-up transfusions with non-irradiated
red cells with no evidence of harm. There were 67 cases
relating to SCT subclassified as shown in Figure 3.

3.3 | Distribution of incidents by
specialty

More than half these incidents occurred in patients whose
transfusions had been authorized by hematologists, 437 of

784 (55.7%). The number of units implicated in each epi-
sode was documented in 717 of 784 (91.5%) reports. The
437 hematology cases correspond to 1685 of 2809 (60.0%)
blood component units (number of units unknown in
32 hematology cases and 67 overall).

A current or previous diagnosis of HL is frequently
missed. In this cohort 6 HL patients received 20 or more
components, a total of 702 of 2809 units, 25.0% of
recorded components. One patient regularly transfused
for Diamond-Blackfan anemia received 486 non-irradi-
ated units from the time HL was diagnosed in 1997 until
2016. More than half the patients with HL were under
hematology or oncology: 105 of 192 (54.7%). The others
were under many specialties including medicine, surgery,
cardiology, and others where the medical staff are
unlikely to be familiar with the lifelong specific require-
ments for HL, and where a historic diagnosis may be
overlooked. The total recorded units transfused for
patients with HL was 1154 of 2809 (41.1%).

FIGURE 3 Classification of reports

where irradiation was missed 2010-2019.

AA, aplastic anemia; ATG,

antithymocyte globulin; HL, Hodgkin

lymphoma; SCT, stem cell transplant.

*Irradiation not part of national

guidelines but indicated as part of a

clinical trial. **One patient received both

a purine analogue and alemtuzumab;

three patients also had allograft stem cell

transplants. +One patient had also

received autograft SCT
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Most incidents were due to clinical errors, 695 of
784 (88.7%) (one not specified). These were usually fail-
ures of communication within a single organization (fail-
ure to inform the transfusion laboratory that irradiated
components were indicated) or between organizations
where patients were under shared care, for example
patients who received a SCT in one center and were then
followed up at a different hospital (nearer to home) with
failure to share relevant information. The remaining
89 of 784 (11.4%) cases were due to errors in the transfu-
sion laboratory.

A summary of what is known about this topic, what
this study adds, and recommendations for further study
is provided in Figure 4.

4 | DISCUSSION

These SHOT hemovigilance data show that several
patients have received many non-irradiated components
when these were indicated, but none developed TA-
GvHD. This disease is a rare but usually lethal event and
universal prestorage LD appears to have a protective role
but is not sufficient to prevent all cases of TA-GvHD. The
criteria for LD established by the UK Blood Services are
that >99% of components should contain <5 × 106

leucocytes per unit and >90% <1 × 106 per unit with 95%
confidence.9 However, not every component is checked

and there is a small failure rate with the risk that viable
lymphocytes may be transfused.5 It is notable that the
12 cases of TA-GvHD reported prior to LD did not have
indications for irradiation at the time of transfusion
(three followed cardiac surgery, five had B-cell diseases,
one neonate and one adult each had non-specific
immune deficiency, and two had no identified risk fac-
tors). HLA-relatedness and transfusion of fresh red cells
are both recognized as important risk factors.6 For these
12 SHOT-reported cases, three were HLA-related (nine
not recorded), and two received red cells <7 days old.5

The most common conditions where irradiation was
missed were in patients with hematological malignancy,
under hematologists and oncologists. These conditions
were treatment with purine analogues or alemtuzumab,
and previous or current HL. Many cases (67) were
reported in relation to SCT. While more than 60% of red
cell transfusions are now given to medical patients, only
28% were under hematology in one regional study.10 This
suggests hematology is overrepresented in these errors,
where irradiation is more often a requirement and train-
ing needs improvement. Communication errors, espe-
cially between clinical and laboratory areas or between
shared care hospitals, gaps in knowledge, failure to iden-
tify indications for specific requirements, and failure to
provide full clinical details on request forms are the rea-
sons for erroneous requests. Staff shortages, distractions,
work pressures, and urgency of requests further

FIGURE 4 What is known and

what this study contributes
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compound this. There are additional opportunities to
detect omission of irradiation later in the transfusion pro-
cess if staff complete their part of the process correctly.
Hematology and oncology medical and nursing staff
should be knowledgeable about specific requirements
and have documented treatment pathways. Before
administration of blood components, staff should always
check that any additional clinical requirements have
been met, particularly the need for irradiated
components.11

The education and training of those responsible for
the prescription, ordering, and administration of blood
components must be improved, especially in high
throughput areas such as hematology. Electronic blood
management systems should be considered in all clinical
settings where transfusion takes place. An “end-to-end”
electronic clinical and laboratory transfusion process
with electronic patient records, electronic blood authori-
zation/prescription supporting clinical decision making,
interoperability with the laboratory information manage-
ment systems (LIMS) and use of national databases for
historical alloantibodies help improve transfusion deci-
sions and promote patient safety.8 Inappropriate adminis-
tration of non-irradiated blood components was avoided
in some cases by a patient or relative questioning staff at
the time of transfusion. A well-informed patient or rela-
tive can be a powerful advocate for transfusion safety.
Patient education and provision of an irradiated blood
component alert card can provide an additional layer of
protection, especially when patients are managed across
multiple sites. Patients must be empowered to question
medical and nursing staff in all matters regarding blood
transfusion and this would help to mitigate risk.

People with a history of HL in remission or cured
may be admitted with an unrelated illness to non-
hematology departments, as evidenced here, or different
hospitals, and a criticism of the 2011 BSH guideline for
life long irradiated components in HL was that it may be
very difficult or impossible to follow. Nevertheless, this
recommendation persists in the updated guideline.5

TA-GvHD is reported in NHL as well as HL, but NHL
was thought to carry a lower risk.12,13 The 1996 guide-
line4 recommended irradiated components for people
with HL “at any stage” of disease, but not those with
NHL, and “life-long” was added to the revised guideline3

based on the same references.12,13 The caution with HL is
based on evidence of long-term immune dysfunction in
apparently cured patients reported in the 1980s14,15 and
earlier.5

It is notable that no cases of TA-GvHD have been
reported in patients with HIV infection despite very
severe T-cell immune deficiency in contrast to cases
reported in immunocompetent recipients. Unfortunately,

once a recommendation is made (irradiated components
for HL 1996) and reinforced (“for life,” 2011) it becomes
dogma because to change it potentially puts patients at
risk (“dread factor”), despite the limited evidence.16

Reflecting the paucity of evidence, different guide-
lines vary in their recommendations for HL, NHL and
other B-cell diseases.17 Although irradiation is not rec-
ommended in UK guidelines for NHL or ALL (unless
there are other indications) both conditions mandate
irradiation in the three centers in Canada and the United
States (US) contributing to the world-wide review6 and
should be “considered” for NHL and in leukemia when
associated with severe lymphopenia according to
Australia and New Zealand guidelines18; both countries
(and Canada) have universal prestorage LD. There is also
considerable variation in policies within the US.19 Previ-
ous Netherlands guidelines have recommended irradia-
tion for HL only stages 3 and 4, but in their current
revision out for consultation20 irradiation is not thought
necessary for HL at any stage (the Netherlands also have
universal prestorage LD).

All cases of HL are not the same. Further studies are
needed to assess immune function by modern methods
in HL at different stages. Perhaps then the requirement
for irradiated components could be stratified by severity
of disease and over time. The evidence should be gath-
ered and assessed.

4.1 | Other considerations and
unanswered questions

HLA-relatedness has been identified as a risk factor for
many years, and the contribution of immune deficiency
is now questioned. In that review of 348 TA-GvHD cases
published from around the world, 227 had no evidence of
immune deficiency.6

Although DiGeorge syndrome in infancy may be asso-
ciated with severe T-cell deficiency this does not persist.
The revised BSH guidelines5 recommend that irradiated
components will not be required for these patients over
2 years of age or adults unless they have a significant his-
tory suggestive of T-cell immunodeficiency as even in
neonates with DiGeorge syndrome immune deficiency is
rare.21

4.2 | What are the disadvantages of
component irradiation?

Irradiation results in increased hemolysis and potassium
leakage from red cells. As a result of this the shelf-life of
red cells for neonatal exchange and for other large
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volume transfusions to infants is reduced to 24 hours after
irradiation.22 Standard irradiated red cells in the UK have a
shelf life reduced from 35 to 14 days. Sourcing irradiated
components may result in delayed transfusion due to avail-
ability or limited stock in individual hospitals. It is impor-
tant to have the right priority: irradiation may add an
additional layer of safety, but LD is protective, and patients
should not die from anemia or bleeding while waiting for
irradiated components. Irradiation also adds cost (approxi-
mately an additional 7% to each component). These prob-
lems are compounded when irradiation is inappropriate in
the first place or continued beyond the indicated duration.
All patients with flags for irradiation in 2016 were studied
in a large center, 232 of 430 had lifelong indications but
181 had temporary indications (autologous SCT in 166) and
flags were not removed in 58; for a further 17 irradiation
was not required. Together these two groups received
849 unnecessarily irradiated components, 497 units of red
cells and 352 of platelets.23

4.3 | This study has some limitations

SHOT data collection relies on hospital transfusion staff
to recognize incidents and enter the reports. The rate of
reporting is very variable even between organizations of
similar size and is almost certainly incomplete.7,8 It is
likely that there are many more instances of missed irra-
diation than reported here. Many reported cases were
excluded from analysis because of incomplete informa-
tion. Over time SHOT has revised and improved the
questionnaires and this study suggests further modifica-
tions would be helpful (eg, details of timing in relation to
SCT, stage of HL), but there needs to be a balance
between the detail requested and the feasibility of com-
pletion by busy hospital staff.
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