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Transfusion therapy remains one of the most commonly used regimens to treat critically ill neonates. Neonatal
intensive care professional nurses have a responsibility to ensure that the procedure is as effective, and as safe, as
possible. This article aims to provide neonatal intensive care professional nurses with knowledge of the effects of
leukodepletion of blood or blood products, the various available bedside blood-product filters, and the role played by
the filter pore size in preventing transfusion related reactions in neonates.

Introduction

During the past few years, concerns regarding the lack
of efficiency of blood transfusion to treat critically
ill neonates have been compounded by high-profile
occurrences of undesirable transfusion-induced effects.

Often, when faced with the responsibility of transfusing
neonates with blood or blood products, neonatal
professional nurses are faced with the responsibility of
deciding which blood or blood-product filter to use.
This poses a challenge, as most of them lack knowledge
regarding leukodepletion of blood products, of the
various blood or blood-product filters available in
the market, what pore size beside blood or blood-
product filters have, the role played by pore size, as
well as a general understanding of leukodepletion of
blood or blood products. Leukodepletion is a process
that minimises transfusion-associated reactions or
complications.

The objective of this article is to provide neonatal
intensive care professional nurses with knowledge
that will enable them to make relevant, quality clinical
decisions regarding the use of bedside blood or blood-
product filters, when they have to transfuse neonates with
blood or blood products.

Background

Leukodepletion is a process whereby donor leukocytes
are reduced to the level of > 5 x 10 to the power of 8 (7-8

million) red cells per unit of packed red cells, and > 5
x 10 to the power of 6 (5 million) red cells per unit of
platelets.'?

According to universal leukodepletion policy, the
highest level of leukodepletion should be less than 1 x
10 to the power of 6, which is 10 million white blood
cells per unit of blood. In other words, if it is to be
considered safe and incapable of producing transfusion
reactions in its recipient, more than one million white
cells should be removed per unit of blood product.>*

Leukocyte counting

The most accurate measure of leukocyte removal is by
examining the absolute number of leukocytes remaining
after filtration. Seghatchian maintains that when
leukodepletion is performed, pre-storage leukodepletion
is the one criterion preferred and advocated by most of
the developed and developing world.’

Pre-storage leukodepletion is the removal of donor
leukocytes from the blood products immediately after
the donor has been bled, i.e. on the day of collection.’
Post-storage leukodepletion is performed a few days
after obtaining the blood products from the donor.*
This is especially applicable when leukodepletion
is performed at a central institution, away from the
blood collection point. Blood products undergo
fragmentation, and tend to release their intracellular
contents within minutes of being removed from the
body.>**




Indications and advantages

In the past, research denoted an increased appreciation
of white cell depletion from the red cells and platelets
to prevent potential adverse effects, and to reduce the
transmission or reactivation of the cytomegalovirus
(CMV), human immunodeficiency virus (HIV),
Hepatitis A, B, C and other viruses.> ©® The CMV is one
of the viruses that is known to be transmitted by blood
transfusion, as CMV may be found within the white cell
of donated blood products.”

Chu mentions that the transfusion of blood or blood
products may cause immune deviation towards the
secretion of cytokines, which may down regulate
cellular immunity.® Neonates and paediatrics are
often immunocompromised and the unintentional
immunosuppressive effects of blood transfusion will only
compound this predicament.'

The administration of leukodepleted blood products to all
neonates has tended to protect these recipients from the
abovementioned complications and infections, regardless
of their body weight.!! However, Seghatchian states
that leukodepletion alone may not provide complete
protection from some viral transmissions, such as non-
haemolytic transfusion-related reactions, i.e. CMV and
HIV?

Problems

Previously, leukodepletion (with a bedside filter) after
storage tended to be the predominant method of delivery,
but filtration efficacy turned out to be highly variable,
even after only brief periods of storage at 4°C. Hence, pre-
stored leukodepletion has rapidly become the preferred
method. However, the majority of pre-storage filtrations
still take place after a certain holding period, for example,
overnight, and especially where leukodepletion is
performed centrally.**

There is no clear evidence as to the minimum level of
residual leucocytes or lymphocytes subsets that are
needed to prevent certain immunomodulatory effects,
and the transmission of infections including CMV and
non-haemolytic febrile transfusion reactions.'>”® The
removal of viruses, particularly the HIV virus, through
the leukodepletion process, still has to be adequately
researched. Patients have tested HIV positive post-
transfusion. The mode of transmission was blood
products.'?

Furthermore, there is some evidence that certain
donations, or filter combinations, frequently lead to
membrane blockage or filtration failure.* This is possibly
due to high levels of micro-vesicles or large cells, cellular
aggregate, or pinched or structurally abnormal WBCs.
This is of particular relevance to sickle cell trait. In order

to establish a national evidence-based policy throughout
transfusion therapy, a comprehensive evaluation of
donor-related issues, filtration failure and recurrent
blockage is urgently needed.’

Bedside filtration

Bedside filtration means the application of bedside blood
or blood-product filters to administration sets used for
administering blood or blood products to neonates, while
attempting to remove precipitates.' In this article, it refers
to contaminating leukocytes and any pathogens, viruses,
microbes, debris or microaggregate, that might have been
formed or collected during donation and storage, or
while preparing for neonatal transfusion.*

Compliance with national and international standards
requires that all blood components are transfused through
an administration set, containing an integral filter.
Accorsi et al, and Seghatchian, reiterate that within a few
hours of collection, platelet aggregation occurs.*® After
a day or more, the leukocytes start losing their viability,
and combine with the aggregating platelets. Finally, fibrin
precipitation occurs, consolidating the loosely bound
structures, and forming stable microaggregate. The size
of the microaggregate varies between 10-200 unimicron
(nm), and is of similar size to precapillary arterioles of the
lungs. Inadvertent infusion of the microaggregate within
blood products can result in the occlusion of these vessels.

The infusion of microaggregate has been implicated
in various transfusion-associated complications. It
is believed that microaggregates are able to release
biochemically active components which can contribute
to the development of respiratory dysfunction.'
Leukocytes are regarded as the core component of a
microaggregate. The transfusion of chronically ill and
immune-comprised patients, of whom neonates form
a major part, often requires a greater level of leukocyte
depletion. Recent developments in this field have enabled
leukocyte depletion by filtration to be performed, either
at the patient bedside, or in the blood bank.®

The clinical complications associated with transfusion
therapy can, to a large extent, be prevented by the use of
appropriate bedside blood or blood-product filters."”

Types of bedside blood-product filters

Presently, two types of blood-product filters are available
for bedside use during neonatal transfusion, namely
leukodepleting and microaggregate blood filters. The pore
size for a leukodepleting bedside blood-product filter is
normally between 20-40 pum, while microaggregate filters
are between 170-240 pm. The pore size of the bedside
blood-product filters plays a crucial role in preventing even
smaller pathogens and debris, such as microscopic air and
viruses, from entering the neonate’s circulatory system.>®
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Leukodepleting bedside blood-product filters

Leukodepleting bedside blood-product filters can be
used to:

* Remove small blood clots formed during storage and
debris found within the collection bag.

* Remove residual donor white cells from blood
products, and trap microscopic air and viruses prior
to transfusion.

These filters commonly have a smaller um size, which
not only reduces or prevents incidences or complications
associated with transfusion therapy, but also traps and
prevents microscopic air from entering the neonate’s
circulatory system during transfusion."”

Microaggregate bedside filters

Microaggregate bedside filters are capable of removing
only microaggregate, blood clots and debris that may have
collected within the blood bag during storage. They only
trap larger pathogens that would otherwise pass through
the standard 170 um intravenous (IV) administration set
filter. They contain a sieve-like filter, and operate on one
of two principles: screen filtration or depth filtration."”

Indications and advantages of bedside blood-
product filters

Introducing inadvertent particles such as microscopic
air or microemboli, fibrin threats, or microaggregate
to neonates is profoundly dangerous during neonatal
blood transfusion. This can lead to the development
of potentially life-threatening complications, such as
pulmonary embolism, and even death. Although there
have been cases involving peripheral venous access, the
risk is even higher when central or umbilical catheters are
used.'®

The filter attachment point also plays a role in preventing
particles from entering the neonatal circulation which
might be found in the administration set, or those having
entered the set during the priming period. Kunac et al
note that it has been claimed that the placement of an
in-line filter proximal to the cannula, but distal to the
administration set, may protect the patient from being
transfused with particulates because it allows filtration
of the fluid as it is delivered to the patient.' These filters
normally have a pore size of 40 um and less."”

The bedside blood-product filter, that is attached proximal
to the administration set, cannot trap any plastics or
small plastic particles that may be found within the
administration sets.?* The other disadvantage associated
with bedside blood-product filters attached proximally
is that personnel tend to reuse them to the point of
administering clear intravenous solutions, leading to the

unloading and detaching of filtered particles or debris
from the filter into the neonate’s circulatory system.?

When professional neonatal nurses have insufficient
knowledge about leukodepletion and bedside blood-
product filters, it is difficult for them to decide which
bedside blood-product filters to use during neonatal
blood transfusion, with regards to the specific type of
blood or blood products that have been prescribed.

Conclusion

It is of paramount importance that neonatal professional
nurses who are responsible for transfusing neonates
with blood or blood products have sufficient knowledge
regarding leukodepletion of blood or blood products,
as well as the various types of bedside blood-product
filters to use with specific blood products. The sufficiently
knowledgeable neonatal nurse will be able to make the
appropriate decision, and enhance transfusion efficacy,
as well as prevent neonatal morbidity in response to the
effects of leukodepletion.
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Neonatology unit at Bara upgraded
by SiPAP machine donation

The neonatology unit at Chris Hani Baragwanath
Hospital acquired two new SiPAP machines
on November 10%, which will assist greatly in
managing the breathing problems commonly
seen in babies with a low birth weight under
2.5 kgs.

Donated by the Neonatology Department of
Abbott Laboratories South Africa, the SiPAP
machines were sourced by Respiratory Care Africa
(RCA) and are more advanced than the standard
CPAP machines currently being used by the unit.

According to Prof Sithembiso Velaphi, head of Bara'’s
Department of Paediatrics, two thousand babies
are born on average per month at the hospital.
Of these, approximately 15% have a birth weight
below 2.5 kgs, with 3% weighing less than 1.5 kgs.“It
is estimated that 10 percent of the babies between
1.5 and 2.5 kgs will require some assistance with
breathing, with the number escalating to 60% of
the babies below 1.5 kgs,” he says.

“The SiPAP machines will make a big difference
to the outcome of the babies weighing below
1,500 gms.The major benefits of the new machines
are that they kick in when the baby stops breathing
and are less invasive, being attached to the baby
via prongs in the nose, rather than a tube.”

Prof Velaphi notes that “Bara has a record of over-
using equipment because of the high number
of patients needing it. The neonatology unit
currently needs double the number of CPAP
machines in its possession; therefore the new
machines will be in use all the time,” he says.

“We were touched by the work that Professor
Velaphi is doing in his unit,” says Lindy Hales,
Business Unit Manager of Abbott’s Speciality
Care Division. “We wanted to help the
neonatal unit save more babies with breathing
complications and also free the staff up to
attend to other tasks.”
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