N
N

N

HAL

open science

Serious Hazards of Transfusion in Children (SHOT)

P Bolton, Elaine Harrison

» To cite this version:

P Bolton, Elaine Harrison. Serious Hazards of Transfusion in Children (SHOT). Pediatric Anesthesia,
2010, 21 (1), pp.10. 10.1111/j.1460-9592.2010.03474.x . hal-00600132

HAL Id: hal-00600132
https://hal.science/hal-00600132

Submitted on 14 Jun 2011

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00600132
https://hal.archives-ouvertes.fr

Pediatric Anesthesia

Pediatric Anesthesia

Serious Hazards of Transfusion in Children (SHOT)

Journal: | Pediatric Anesthesia

Manuscript ID: | PAN-2010-0377.R1

Wiley - Manuscript type: | Review (commissioned)

Date Submitted by the

Author: 18-0ct-2010

Complete List of Authors: | Bolton, P; Yorkhill NHS Trust, Department of Anaesthesia
Harrison, Elaine; Royal Hospital for Sick Children, Transfusion

Key Words: | Transfusion, Hazard, Children

SCHOLARONE™
Manuscripts




Page 1 of 25 Pediatric Anesthesia
1
> ;
3
3 COPYRIGHT TRANSFER AGREEMENT N
5 o BLACKWELL
i , < £
‘ IL]2 | ML P Do)
7 Date: L5 / -y / O Contributor name: Z( / L'”T O
~NE O AR e YEK = A0 2
8 Contributor address: ut" / Ot A lem > 1 /’(—6—3 ( ‘A L\'T—J KH fL[‘ (‘TL p ] (J'—OL’\)
9
. R ¢ e e S g
10 Manuscript number (if known); b&’“@ ] OL)S HA Z/‘\XQQ:, O\ : ‘Q*& [\‘) St LS ’CJJ\)
1 2 REe <
12 Re: Manuscript entitled { i(\-) L ;—t £, 0 N = HQ l
ra
13
14 (the "Contribution)
15 catonin __DC - ANESTHER]
16 for publication in C D ‘ /‘\\j ‘e l < e ’\-5 > ‘(_, > I (the “Journal™)
17 published by “Wiley- "
18 (“Wiley-Blackwell ).
;-g Dear Contributor(s):
Thank you for submitting your Contribution for publication. In order to expedite the editing and publishin i
' ‘ 3 g process and enable Wiley-Blackwell to
21 disseminate your Contribution to the fullest extent, we need to have this Copyright Transfer Agreement signed and returned as directed in the Journal’s
22 instructions for authors as soon as possible. If the Contribution is not accepted for publication, or if the Contribution is subsequently rejected, this
23 Agreement shall be null and void. Publication cannot proceed without a signed copy of this Agreement.
24
25
26 A. COPYRIGHT 3. Final Published Version. Wiley-Blackwell hereby licenses back to the
27 1. The Contributor assigns to Wiley-Blackwell, during the full term of copy- fhonérlbt:t%r tthe fo\!owmg g ARG i gl S shEd erelori
28 right anq any extensions or renewals, all copyright in and to the Contribution, & -ontrbution:
9 and all rights therein, including but not limited to the right to publish, repub- a. Copiesfor colleagues. The personal right of the Contributor only to send
lish, transmit, sell, distribute and otherwise use the Contribution in'whole or in or transmit individual copies of the final published version in any format to
30 part in electronic and print editions of the Journal and in derivative works colleagues upon their specific request provided no fee is charged, and
31 throughout the world, in all languages and in all media of expression now further-provided that there is no systematic distribution of the Contribu-
32 known or later developed, and to license or permit others to do so. tion, e.g. posting on a listserve, website or automated delivery.
33 2. Reproduction, posting, transmission or other distribution or use of the final b. Re-use in other publications. The right to re-use the final Cantribution or
34 C(;n;rlbutlon in whole or in part in any medium by the Contributor as permit- Fam thereof for any publication authored or edited by the Contributor
ted by this Agreement requires a citation to the Journal and an appropriate excluding journal articles) where such re-used material constitutes less
35 Fredit 1o Wiley-Blackwell as Publisher, and/or the Society if applicable, suitable tha_n half of the total material in such publication. In such case, any modifi-
36 in form and content as follows: (Title of Article, Author, Journal Title and cations should be accurately noted.
Volumerissue, Copyright © [year], copyright owner as specified in the Journal) i i i i ibution i i
37 ! . : ar], p ‘ ¢. Teaching duties. The right to include the Contribution in teaching or
Links to the final article on Wiley-Blackwell's website are encouraged where ini i i s instituti ol
38 pobagisshoin training duties at the Contributor’s institution/place of employment includ-
: ing in course packs, e-reserves, presentation at professional conferences
39 in-hou ini i i ibuti i
-house training, or distance learning. The Contribution may not be used
40 B. RETAINED RIGHTS in seminars outside of normal teaching obligations (e.g. commercial sermi-
a1 Notwithstanding the above, the Contributor or, if applicable, the Contributor's nars). Electronic posting of the final published version in connection with
42 Employer, retains all proprietary rights other than copyright, such as patent teachrmg/trammg at the Contributor's institution/place of employment is
rights, in any process, procedure or article of manufacture described in the permitted subject to the implementation of reasonable access control
43 Contribution. mechanisms, such as user name and password. Posting the final published
44 version on the open Internet is not permitted.
45 C. PERMITTED USES BY CONTRIBUTOR d. Oral presentations. The right to make oral presentations based on the
46 1. Submitted Version. Wiley-Blackwell licenses back the following rights to Contribution.
47 the Contributor in the version of the Contribution as originally submitted for 4. Article Abstracts, Figures, Tables, Data Sets, Artwork and Selected
48 publication: Text (up to 250 words).
a. After publication of the final article, the right to self-archive on the Con- a. Contri ifi f i
: ! : : ‘ i . Contributors m - dif -
49 tributor’s personal website or in the Contributor's institution‘'s/employer's T s Iy et
SraRRar g : ! ! purpose. For on-line uses of the abstracts, Wiley-Blackwell encourages but
50 1?]5Tltutl0na| repository or archive. This right extends to both intranets and does not require linking back t the final published versions
51 the Internet. The Contributor may not update the submission version or ) ‘
50 replace it with the published Contribution. The version posted must contain b. Contributors may re-use figures, tables, data sets, artwork, and selected
a legend as follows: This is the pre-peer reviewed version of the following text up to 250 words from their Contributions, provided the following
53 article: FULL CITE, which has been published in final form at [Link to final conditions are met:
54 article]. (i) Fulland accurate credit must be given to the Contribution.
55 b. The right to transmit, print and share copies with colleagues. (i) Modifications to the figures, tables and data must be noted.
- Otherwise, no changes may be made.
56 2. Accepted Vi Re- -revi i ’ b
fmai)c\f;gi;n o ?;Z'%r;‘n?;bﬁ? r?f ;hﬁ gccgpted arjd Beeh revxewedl‘(but not (iii) The reuse may not be made for direct commercial purposes, or for
57 o mpriesiisige sl h;‘; as rgeme ty SePti;:ﬂteri‘QfeefmegF with Wiley- financial consideration to the Contributor.
58 Qoveminé reuseyof this version TEe detZJr;sSoﬁlhoszere?a‘;oni;iggga2?1?;!3 - Ngt_hmg herfain S e e e
59 b : ' i ethical practices.
gs allowing open web use, are set forth at the following website:
60 http://www.wiley.com/go/funderstatement. NIH grantees should check the

box at the bottom of this document.

CTA-A



0
1
2
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

PRPRPOO~NOOUOPRAWDNPE

Pediatric Anesthesia

D. CONTRIBUTIONS OWNED BY EMPLOYER

1. If the Contribution was written by the Contributor in the course of the
Contributor's employment {(as a “work-made-for-hire” in the course of
employment), the Contribution is owned by the company/employer which
must sign this Agreement (in addition to the Contributor's signature) in the
space provided below. In such case, the company/employer hereby assigns to
Wiley-Blackwell, during the full term of copyright, all copyright in and to the
Contribution for the full term of copyright throughout the world as specified in
paragraph A above.

2. In addition to the rights specified as retained in paragraph B above and the
rights granted back to the Contributor pursuant to paragraph C above, Wiley-
Blackwell hereby grants back, without charge, to such company/employer, its
subsidiaries and divisions, the right to make copies of and distribute the final
published Contribution internally in print format or electronically on the Com-
pany’sinternal network. Copies so used may not be resold or distributed externally.
However the company/employer may include information and text from the
Contribution as part of an information package included with software or
other products offered for sale or license or included in patent applications.
Posting of the final published Contribution by the institution on a public access
website may only be done with Wiley-Blackwell’s written permission, and payment
of any applicable fee(s). Also, upon payment of Wiley-Blackwell’s reprint fee,
the institution may distribute print copies of the published Contribution externally.

E. GOVERNMENT CONTRACTS

In the case of a Contribution prepared under U.S. Government contract or
grant, the U.S. Government may reproduce, without charge, all or portions of
the Contribution and may authorize others to do so, for official U.S. Govern-

Page 2 of 25

ment purposes only, if the U.S. Government contract or grant so requires. (U.S.
Government, U.K. Government, and other government employees: see notes
atend)

F. COPYRIGHT NOTICE

The Contributor and the company/employer agree that any and all copies of
the final published version of the Contribution or any part thereof distributed
or posted by them in print or electronic format as permitted herein will include
the notice of copyright as stipulated in the Journal and a full citation to the
Journal as published by Wiley-Blackwell.

G. CONTRIBUTOR'S REPRESENTATIONS

The Contributor represents that the Contribution is the Contributor's original
work, all individuals identified as Contributors actually contributed to the Con-
tribution, and all individuals who contributed are included. If the Contribution
was prepared jointly, the Contributor agrees to inform the co-Contributors of
the terms of this Agreement and to obtain their signature to this Agreement or
their written permission to sign on their behalf. The Contribution is submitted
only to this Journal and has not been published before. (If excerpts from copy-
righted works owned by third parties are included, the Contributor will obtain
written permission from the copyright owners for all uses as set forth in Wiley-
Blackwell's permissions form or in the Journal's Instructions for Contributors,
and show credit to the sources in the Contribution.) The Contributor also
warrants that the Contribution contains no libelous or unlawful statements,
does not infringe upon the rights (including without limitation the copyright,
patent or trademark rights) or the privacy of others, or contain material or
instructions that might cause harm or injury.

CHEfK ONE BOX:

"\ }’Contr'\buto r-owned work

ATTACH ADDITIONAL SIGNATURE
PAGES AS NECESSARY

/6/8/ (O

N,
Contributer’s signature %V _
T

Type or print name and title pH} L‘F F// \f"g(:) L-_T (J\\/J

z~ /] rors ,
Co-contributor’s signature (_,, ///Cf& vV OC/% )

Date
| (el e Houvvise.
Type or print name and title L (CL( ’u, /%W vVl Sd /7
[_! Company/Institution-owned work
(made-for-hire in the )
course of employment) Company or Institution (Employer-for-Hira) Date $
Authorized signature of Employer Date

u U.S. Government work Note to U.S. Government Employees

A contribution prepared by a U.S. federal government employee as part of the employee’s official duties, or
which is an official U.S. Government publication, is called a “U.S. Government work,” and is in the public
domain in the United States. In such case, the employee may cross out Paragraph A.1 but must sign{in the
Contributor's signature line) and return this Agreement. If the Contribution was not prepared as part of the
employee’s duties or is not an official U.S. Government publication, itis not a U.S. Government work.

u U.K. Government work
(Crown Copyright)

Note to U.K. Government Employees

The rights in a Contribution prepared by an employee of a U K. government department, agency or other
Crown body as part of his/er official duties, or which is an official government publication, beleng to the
Crown. U.K. government authors should submit a signed declaration form together with this Agreement.
The form can be obtained via http:/Avww.opsi.gov. uk/advice/crown-copyright/copyright-guidance/
publication-of-articles-written-by-ministers-and-civil-servants. htm

[_} Other Government work

Note to Non-U.5., Non-U.K. Government Employees
If your status as a government employee legally prevents you from signing this Agreement, please contact
the editorial office

[_I NIH Grantees

Note to NIH Grantees

Pursuant to NIH mandate, Wiley-Blackwell will post the accepted version of Contributions authored by NIH
grant-helders to PubMed Central upon acceptance. This accepted version will be made publicly available
12 months after publication. For further information, see www.wiley.com/go/nihmandate.

CTA-A



Page 3 of 25 Pediatric Anesthesia

©CoO~NOUTA,WNPE

1 Serious Hazards of transfusion in Children
5 (SHOT)

19 Elaine Harrison. Transfusion Practitioner. Royal Hospital for Sick Children, Yorkhill, Dalnair
20 St. Glasgow G3 8SJ. Scotland, UK.

22 Dr Philip Bolton. Consultant Anaesthetist. Royal Hospital for Sick Children, Yorkhill, Dalnair
St. Glasgow G3 8SJ. Scotland UK.

28 Correspondence to philbolton2000 @ yahoo.co.uk



mailto:philbolton2000@yahoo.co.uk

©CoO~NOUTA,WNPE

Pediatric Anesthesia Page 4 of 25

Introduction

The Serious Hazards of Transfusion (SHOT) is the United Kingdom’s national audit of
clinical transfusion practice. It has been collecting data since 1996 and in the first ten
years it collected 3239 reports of adverse reactions relating to the transfusion of labile
blood components (from a total of 23.4 million). SHOT is funded by the four United
Kingdom blood transfusion services and is affiliated to the Royal College of
Pathologists. Strategic direction is provided by a steering group which has wide
representation from UK Royal Colleges and professional bodies including the Royal

College of Anaesthetists and the Intensive Care Society.

Whilst reporting to SHOT has historically been voluntary, a number of governing
bodies and laboratory accreditation organisations have made reporting compulsory.
Reporting of serious adverse events and reactions related to blood transfusion is now
a legal requirement, following implementation of the Blood Safety and Quality
Regulations in 2005 (1) for which the Medicines and Healthcare products Regulatory
Agency is the competent authority. This means that SHOT has near universal up take
by all UK blood transfusion laboratories. SHOT produces an annual report where a
break down of the previous year’s incidents are presented and discussed. New and
continuing trends are identified and recommendations on how to improve practice are

then suggested.

4.2% of red cells are transfused to patients less than 18 years old and 1.7% to
children less than 1 year old (2). Looking at SHOT data for these groups, there is a
disproportionate number of adverse reactions in these groups, which can be estimated

at 18:100,000 transfusions for children less than 18 years of age and 37:100,000 in
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those under 1 year. (3) The adult rate is only 13:100,000. So why do children have a
higher incidence of adverse reactions during transfusion of blood products with nearly
three times the adult rate in infants? To answer this, the figures need to be broken

down.

©CoO~NOUTA,WNPE

13 SHOT classifies incidents reported into 12 different categories. (table 1)

18 1. Incorrect blood component transfused
20 a. Special requirements not met

b. Administrative

25 c. Laboratory error

27 2. Inappropriate / Unnecessary transfusion
3. Handling and storage

32 4. Acute transfusion reaction

34 5. Autologous

37 6. Transfusion transmitted infection

39 7. Transfusion related acute lung injury

41 8. Delayed transfusion reaction

a4 9. Transfusion related circulatory overload
46 10. Post transfusion purpura

11.Graft v's host disease

51 12.Anti-D related

53 13. Transfusion associated dyspnoea



©CoO~NOUTA,WNPE

Pediatric Anesthesia Page 6 of 25

Incorrect blood component transfused

This was the most common category in both adults and children, but it was particularly

common in children, making up more than 80% of reports (3).

Special requirements not met

Many children have very specific requirements. CMV negative blood is required for all
children less than one year of age. Blood must be irradiated to kill any remaining white
cells if the recipient is immunocompromised (for example Di George syndrome).
Omission of CMV negative or irradiated blood were the most common mistakes seen
in this group. Failure to use irradiated blood in an immunocompromised child can put
them at risk of graft verses host disease. This is an extmemly rare, but universally fatal

complication of transfusion.

Another example occurred (4) when an exchange transfusion was undertaken in a
neonate with blood which was more than 5 days old. This caused in an electrolyte
imbalance leading to serious arrhythmia. Methylene blue treated plasma must be used
in all children born after 1996 to minimise the theoretical risk of transmission of
nvCdJD. This problem can be minimised by electronically flagging up all children born

after this date to minimise the risk of this occurring.

Administration errors

There are a number of unique problems seen in children with regard to identification.
Neonates may not have been named and young children can not confirm their identity.
Twins have the same date of birth and surname and can often be cared for in the
same neonatal unit. SHOT 1999 illustrated this problem where the wrong identical twin

neonate was transfused in error(6). There were 2 cases where blood samples were
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taken simultaneously from a mother and baby and mislabelled. In one case it resulted
in a group O baby transfused with group A blood (7) Another problem peculiar to
children is the potential to treat members of the same family together. An example of
the potential for confusion occurred when 2 brothers who were both to be transfused
for thalassaemia major swapped beds for a prank between the checking of the blood

and it's administration and received each others blood.(8)

Lab errors

These remain most common in the neonatal group reflecting the complicated nature of
transfusion in this age group. For example incompatible transfusions were reported
(4,9) with a number of neonates because of maternal antibodies which had not been
detected in the baby’s sample. The mother’'s sample had mistakenly not been taken

into account during the crossmatch process.

Inappropriate / Unnecessary transfusion

While blood can be transfused on the strength of a mistaken haemaglobin to an adult
or a child there are a number of situations where children are at particular risk of over
transfusion. The importance of clear prescription and communication can be illustrated
by 2 examples. In the first a prescription for 50ml of blood to be given over 4 hours
was misunderstood as 50ml/hour of blood for 4 hours, resulting in morbidity (6). In the
second case a 2-year old child was under shared care for treatment of a malignancy.
The central hospital requested that the shared care hospital transfuse 2 paedipacks of
red cells without mentioning the number of mis required. Two adult units were

transfused resulting in a very high haemoglobin which required venesection.
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Both of these cases highlight the importance of having a standardised method to
prescribe blood which is unlikely to be misunderstood and to always use mls as the

volume rather than units.

Handling and Storage Errors

The strict requirements for neonatal transfusion are also seen in this category with half
of the errors reported in this category involving neonates. For example the blood for
exchange transfusion in a neonate was more than 5 days old at the time it was given.

(10)

Acute Transfusion Reactions

This is the most common non-error related category, making up around a quarter of all
cases reported. The overall incidents in children is similar to adults. Neonates are
rarely seen in this group. There are a number of possible explanations for this.
Neonates are relatively immunosupressed and therefore may not mount such an
obvious reaction to blood products. Also neonates requiring blood are commonly
unwell and a transfusion reaction may be thought to be due to other factors. Platelets
have made up about half of all acute transfusion reactions. This increased in 2008 to
72% of the total (10). Since platelet transfusions make up a very small amount of the
total units transfused, it is apparent that acute transfusion reactions are at least 5 — 6
times more likely in this group (11) The high incidence of reaction to platelets is not
seen in adult practice where red cell transfusion most commonly cause acute

reactions. The reactions reported in children also tended to be more severe than in
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adults with 52% in 2008 being classed as severe allergic / anaphylactic type

compared to 20% of adult reactions. (10)

Autologous transfusion problems

This category relates mostly to intra-operative cell salvage and re-transfusion. Only 2
of the 28 reports in 2008 relate to children (10), but it is mentioned here because of
the potential increase in use in paediatric surgery in the future. The 2 children reported
were teenagers having orthopaedic surgery. There were technical difficulties with the
cell salvage equipment resulting in abandoning of the technique without any harm to
either child. Looking at the adult data from this year, the most common report (5
cases) was of hypotension during re-infusion of the blood. Common factors in all of

these reports were:-

e Use of acid citrate dextrose as anticoagulant

e Use of a leucodepletion filter during reinfusion of red cells

These patients may have been relatively hypovolaemic and thus more susceptible to
vasoactive cytokines present in the blood. All of these episodes were transient, being
corrected by stopping the infusion +/- vasopressors. There were no long term

sequelae.
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Transfusion Transmitted Infections

This is the category that most members of the general public (and some clinical staff)
worry about, after the problems of hepatitis B & C, HIV and more recently concern of
the possibility of nvCJD. The fact is, however this is a rare event, making up 2% of all
paediatric reports. In the last 2 years (2007-8) there has been only one report of a
bacterial infection which was the result of a platelet transfusion. There were no viral
infections reported in the last 4 years in children. The last recorded episode was in
2004 when a 2-year old girl was infected with hepatitis B from a regular platelet donor

during the very early acute phase of infection. (SHOT 2004)

When considering the possibility of long incubation infections occurring in children, it is
important to remember that the transfusion recipients may be living with the
consequences for many decades into the future. While nvCJD remains vanishingly
rare, with no reports of infection in children, new, unexpected and novel infections may

occur in the future, so vigilance is vital.

Transfusion Related Acute Lung Injury (TRALI)

This is a rare condition in children with only 2 reports in 2008 (10). Both were
teenagers. It may be an important category however in anaesthesia and intensive care
medicine, since it is probably under reported. It is hard to diagnose, since an isolated
deterioration in lung function can commonly being attributed to other causes in sick
and unstable patients. This may also be the reason why there are so few reports of

TRALI in neonates, although this may be due to an impaired immune response in this

group.
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More than 95% of the cases in the last ten years have been caused by plasma or

platelets.

Recommendations

SHOT makes recommendations at the end of every annual report which reflects any
changes in practice or trends which are developing. The reports also comment on
previous recommendations and discusses how they have progressed. SHOT 2007 re-
emphasised the importance of Laboratory staff being appropriately trained and aware
of the special requirements for children under the age of 16. Also the importance of
ward staff who prescribe blood products being suitably trained and experienced to
calculate the appropriate volume of blood required for a transfusion in a child. This

prescription must always be in mls, never in units.

The British Committee for Safety in Haematology has produced formal guidelines for
transfusion of neonates and older children, which are based on the evidence from

SHOT(12).

Discussion

The majority of adverse reactions in children were error related. Often the error was
from the issuing laboratory, but errors from clinical staff were an important factor in
many incidents. Anaesthetists treat a wide range of children requiring transfusion
support who are often unstable with a complex clinical picture. In this environment,
changes in the clinical condition of a child may be due to many factors. Suspicion that

a drop in blood pressure may be the result of an acute transfusion reaction or
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worsening ventilation may be the result of a transfusion related acute lung injury is
helped when the anaesthetist is aware of what group of children are most at risk and

which products most commonly are associated with these conditions.

Neonates are a particular challenge for anaesthetists. Knowledge of their specific
transfusion requirements will help to prevent inappropriate and potentially dangerous
practice from occurring. This is particularly true when a specific diagnosis or treatment
is being managed, such as Di-George syndrome or ECMO. Good communication with
the issuing blood bank is vital to ensure that the correct blood is issued in these very

complicated cases.

Conclusion

The advances in surgical and medical care for children, such as cardiac surgery and
oncology have been paralleled by the advances in transfusion practice, without which
the clinical work would have been impossible. Continued reporting of adverse events
and reactions to SHOT will contribute to a growing body of evidence on transfusion
hazards that can influence future transfusion safety strategies and improve education.
Improved quality of practice is already suggested by the increasing number of reports
over the last 10 years while the number of serious events has declined. All of this

should result in improved patient outcome.

10
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Introduction

The Serious Hazards of Transfusion (SHOT) is the United Kingdom’s national audit of
laboratory and clinical transfusion practice. It has been collecting data since 1996 and
in the first ten years it collected 3239 reports of adverse reactions relating to the
transfusion of labile blood components (from a total of 23.4 million). SHOT is funded
by the four United Kingdom blood transfusion services and is affiliated to the Royal
College of Pathologists. Strategic direction is provided by a steering group which has
wide representation from UK Royal Colleges and professional bodies including the

Royal College of Anaesthetists and the Intensive Care Society.

Whilst reporting to SHOT has historically been voluntary, a number of governing
bodies and laboratory accreditation organisations have made reporting compulsory.
Reporting of serious adverse events and reactions related to blood transfusion is now
a legal requirement, following implementation of the Blood Safety and Quality
Regulations in 2005 (1) for which the Medicines and Healthcare products Regulatory
Agency is the competent authority. This means that virtually all UK blood transfusion
laboratories report to SHOT. SHOT produces an annual report where a break down of
the previous year’s incidents are presented and discussed. New and continuing trends

are identified and recommendations on how to improve practice are then suggested.

4.2% of red cells are transfused to patients less than 18 years old and 1.7% to
children less than 1 year old (2). Looking at SHOT data, there is a disproportionate
number of adverse reactions in these groups, which can be estimated at 18:100,000
transfusions for children less than 18 years of age and 37:100,000 in those under 1

year (3). The adult rate is only 13:100,000. So why do children have a higher
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incidence of adverse reactions during transfusion of blood products with nearly three
times the adult rate in infants? Also how can awareness of the errors in transfusion of
children improve their care during surgery? To answer this, the figures need to be

broken down.

SHOT classifies incidents reported into 13 different categories. (table 1)

1. Incorrect blood component transfused
a. Special requirements not met
b. Administrative
c. Laboratory error
2. Inappropriate / Unnecessary transfusion
3. Handling and storage
4. Acute transfusion reaction
5. Autologous
6. Transfusion transmitted infection
7. Transfusion related acute lung injury
8. Delayed transfusion reaction
9. Transfusion related circulatory overload
10. Post transfusion purpura
11.Graft v's host disease
12. Anti-D related

13. Transfusion associated dyspnoea
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Incorrect Blood Component Transfused

This was the most common category in both adults and children, but it was particularly

common in children, making up more than 80% of reports (3).

Special requirements not met

Many children have very specific requirements for blood products. There are a number
of reasons for this. In the first year of life, children have an immature immune system
and are at particular risk of certain blood born infections. A number of congenital
syndromes are associated with the requirement for neonatal surgery. If the diagnosis
has not been confirmed, a precautionary policy is required with blood transfusion.
CMV negative blood is required for all children less than one year of age. Blood must
be irradiated to kill any remaining white cells if the recipient is immunocompromised
(for example Di George syndrome). Omission of CMV negative or irradiated blood
were the most common mistakes seen in this group. Failure to use irradiated blood in
an immunocompromised child can put them at risk of graft verses host disease. This is

an extremely rare, but universally fatal complication of transfusion.

Some procedures, which only occur in the pre-natal or neonatal period require very
specific blood products, for example intra-uterine transfusion or neonatal exchange
transfusion. Failure to adhere to these strict criteria has caused significant electrolyte
imbalance in infants leading to serious arrhythmia (4). Children born after 1996 in the
UK have in theory avoided exposure to new variant Creutzfeldt-Jakob Disease
(nvCdJD) in the food chain. In an attempt to avoid the potential for transmission of this
infection, methylene blue treated plasma must be used in all children born after this
date. Many of these problems can be minimised by using an electronic flagging

system based on the patient’s date of birth. This recommendation was made in the
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2007 SHOT report (5).This group of errors however still accounts for the biggest

difference between children and adults.

Administration errors

There are a number of unique problems seen in children with regard to identification.
Neonates may not have been named and young children can not confirm their identity.
Twins have the same date of birth and surname and can often be cared for in the
same neonatal unit. SHOT 1999 illustrated this problem where the wrong identical twin
neonate was transfused in error (7). There were 2 cases where blood samples were
taken simultaneously from a mother and baby and mislabelled. In one case it resulted
in a group O baby transfused with group A blood (8). Another problem peculiar to
children is the potential to treat members of the same family together. An example of
the potential for confusion occurred when 2 brothers who were both to be transfused
for thalassaemia major swapped beds for a prank between the checking of the blood

and it's administration and received each others blood (9).

Laboratory errors

These remain most common in the neonatal group reflecting the complicated nature of
transfusion in this age group. For example incompatible transfusions were reported
(4,10) with a number of neonates because of maternal antibodies which had not been
detected in the baby’s sample. The mother’'s sample had mistakenly not been taken

into account during the crossmatch process.

Inappropriate / Unnecessary Transfusion
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While blood can be transfused on the strength of an inaccurate haemoglobin to an
adult or a child, there are a number of situations where children are at particular risk of
over transfusion. The importance of clear prescription and communication can be
illustrated by 2 examples. In the first case, a prescription for 50ml of blood to be given
over 4 hours was misunderstood as 50ml/hour of blood for 4 hours, resulting in
morbidity (7). In the second case a 2-year old child was under shared care for
treatment of a malignancy. The central hospital requested that the shared care
hospital transfuse 2 paedipacks of red cells without mentioning the number of mls
required. Two adult units were transfused resulting in a very high haemoglobin, which
required venesection. Both of these cases highlight the importance of having a
standardised method to prescribe blood which is unlikely to be misunderstood and to

always use mis as the volume rather than units.

Handling and Storage Errors

The strict requirements for neonatal transfusion are also seen in this category with half
of the errors reported involving neonates. For example the blood for exchange

transfusion in a neonate was more than 5 days old at the time it was given (11).

Acute Transfusion Reactions

This is the most common non-error related category, making up around a quarter of all
cases reported. The overall incidents in children is similar to adults. Neonates
however are rarely seen in this group. There are a number of possible explanations for
this. Neonates are relatively immunosupressed and therefore may not mount such an
obvious reaction to blood products. Also neonates requiring blood are commonly

unwell and a transfusion reaction may be thought to be due to other factors.
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Platelets have made up about half of all acute transfusion reactions. This increased in
2008 to 72% of the total (11). Since platelet transfusions make up a very small amount
of the total units transfused, it is apparent that acute transfusion reactions are at least
5 — 6 times more likely in this group (12). The high incidence of reaction to platelets is
not seen in adult practice where red cell transfusion most commonly cause acute
reactions. The reactions reported in children also tended to be more severe than in
adults with 52% in 2008 being classed as severe allergic / anaphylactic type

compared to 20% of adult reactions (11).

Autologous Transfusion Problems

This category relates mostly to intra-operative cell salvage and re-transfusion. Only 2
of the 28 reports in 2008 relate to children (11), but it is mentioned here because of
the potential increase in use in paediatric surgery in the future. The 2 children reported
were teenagers having orthopaedic surgery. There were technical difficulties with the
cell salvage equipment resulting in abandoning of the technique without any harm to
either child. Looking at the adult data from this year, the most common report (5
cases) was of hypotension during re-infusion of the blood. Common factors in all of

these reports were:-

e Use of acid citrate dextrose as anticoagulant

e Use of a leucodepletion filter during reinfusion of red cells

These patients may have been relatively hypovolaemic and thus more susceptible to

vasoactive cytokines present in the blood. All of these episodes were transient, being
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corrected by stopping the infusion +/- vasopressors. There were no long term

sequelae.
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1 Transfusion Transmitted Infections

15 This is the category that most members of the general public (and some clinical staff)
18 worry about, after the problems of hepatitis B & C, HIV and more recently concern of
20 the possibility of nvCJD. The fact is, however this is a rare event, making up 2% of all
paediatric reports. In the last 2 years (2007-8) there has been only one report of a

25 bacterial infection which was the result of a platelet transfusion. There were no viral
27 infections reported in the last 4 years in children. The last recorded episode was in
2004 when a 2-year old girl was infected with hepatitis B from a regular platelet donor

32 during the very early acute phase of infection (4).

37 When considering the possibility of long incubation infections occurring in children, it is
39 important to remember that the transfusion recipients may be living with the
consequences for many decades into the future. While nvCJD remains vanishingly

44 rare, with no reports of infection in children, new, unexpected and novel infections may

46 occur in the future, so vigilance is vital.

51 Transfusion Related Acute Lung Injury (TRALI)

This is a rare condition in children with only 2 reports in 2008 (11). Both were
58 teenagers. It may be an important category however in anaesthesia and intensive care
60 medicine, since it is probably under reported. It is hard to diagnose, since an isolated

deterioration in lung function can commonly being attributed to other causes in sick
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and unstable patients. This may also be the reason why there are so few reports of
TRALI in neonates, although this may be due to an impaired immune response in this
group.

More than 95% of the cases in the last ten years have been caused by plasma or

platelets.
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Recommendations

SHOT makes recommendations at the end of every annual report which reflects any
changes in practice or trends which are developing. The reports also comment on
previous recommendations and discuss how they have progressed. SHOT 2007 re-
emphasised the importance of Laboratory staff being appropriately trained and aware
of the special requirements for children under the age of 16. Also the importance of
ward staff who prescribe blood products being suitably trained and experienced to
calculate the appropriate volume of blood required for a transfusion in a child. This

prescription must always be in mls, never in units.

The British Committee for Standards in Haematology has produced formal guidelines
for transfusion of neonates and older children, which are based on the evidence from

SHOT (13).

Discussion

The majority of adverse reactions in children were error related. Often the error was
from the issuing laboratory, but errors from clinical staff were an important factor in
many incidents. There were a number of categories where children were more
commonly seen than adults. These include failure to meet special requirements,
failure to correctly identify the patient and difficulties with crossmatching. While acute
transfusion reactions are equally common in children and adults, platelet reactions are

more common in children.

10
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Anaesthetists treat a wide range of children requiring transfusion support who are
often unstable with a complex clinical picture. In this environment, changes in the
clinical condition of a child may be due to many factors. Suspicion that a drop in blood
pressure may be the result of an acute transfusion reaction, or worsening ventilation
may be the result of a transfusion related acute lung injury is helped when the
anaesthetist is aware of what group of children are most at risk and which products

most commonly are associated with these conditions.

Neonates are a particular challenge for anaesthetists. Knowledge of their specific
transfusion requirements will help to prevent inappropriate and potentially dangerous
practice from occurring. This is particularly true when a specific diagnosis or treatment
is being managed, such as Di-George syndrome or ECMO. Good communication with
the issuing blood bank is vital to ensure that the correct blood is issued in these very

complicated cases.

The advances in surgical and medical care for children, such as cardiac surgery and
oncology have been paralleled by the advances in transfusion practice, without which
the clinical work would have been impossible. Continued reporting of adverse events
and reactions to SHOT will contribute to a growing body of evidence on transfusion
hazards that can influence future transfusion safety strategies and improve education.
Improved quality of practice is already suggested by the increasing number of reports
over the last 10 years while the number of serious events has declined. All of this

should result in improved patient outcome.

11
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