ABC of Transfusion
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Multiple.packs for collection of blood. Left to
right: transfer pack containing optimal
additive solution; primary pack containing
450 ml of blood in anticoagulant; and pack
for collection of platelets with extended shelf
ife.
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Transfusion of platelets and granulocytes may be needed for patients with
life threatening thrombocytopenia and neutropenia caused by bone marrow
failure. These may be the direct consequence of the patient's disease-for
example, acute leukaemia or aplastic anaemia -but pancytopenia is often
encountered in patients who have had intensive treatment with cytotoxic
drugs or bone marrow transplantation. Platelet and granulocyte
transfusions have made such potentially curative intensive cytotoxic
treatment (with or without bone marrow transplantation) possible.

Preparation of platelet and granulocyte concentrates
Platelet and granulocyte concentrates can be prepared by collecting blood
from a single donor into one of three interconnected packs; alternatively, a
to collect platelets or leucocytes directly
product may be left in a single pack, or pooled
concentrates may be prepared from several donations. In special
circumstances (described below) both platelet and granulocyte concentrates
can be collected from donors whose platelet or granulocyte antigens, or both

blood cell processor may be used
from

a

donor. The final

(for example, human leucocyte antigen-HLA) are matched with the
patient's antigens.

Properties of granulocyte concentrates

Properties of platelet concentrates

Method of collection

Method of collection

Property
Volume (ml)
Platelet content

(x101/l)
Red cell content
Leucocyte content

Shelf life (days)*
Main potential risk
Main advantage
Cost

From whole blood

From whole blood

By cell separator

Property

(buffy coat)

(leucapheresis)

Anticoagulant

Acid citrate dextrose A
or B

Sedimenting agent

Citrate phosphate
dextrose or citrate
phosphate dextrose
adenine-1
None

Volume (ml)

60

Dextran or hydroxyethyl
starch
200 to 500

0-6

10

80

450

0-18

0 60

By cell separator

50-70

20-500

0-5-1-1

2-0-6.0

Negligible
Negligible

Negligible
May be considerable and
require further
processing
3
1
Bacterial contamination Circulatory overload
Good survival
Suitable for special
preparations (HLAtyped, Pi (Al negative)
Low
High

*Concentrates stored in polyolefin packs have a shelf life of five days when
stored at 20-24°C with agitation.

Average granulocyte
content (x 109)
Average platelet
content (x 109)
Average red cell
content (x 10l2)
Main potential risks
Main advantage

Pulmonary infiltration
Circulatory overload,
pulmonary infiltration
Suitable for HLA typed
None

Cost

Low

concentrates
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PLATELET AND GRANULOCYTE TRANSFUSIONS

Platelet transfusion
The indications for platelet transfusion are:

* Abnormalities ofplatelet function
Platelet transfusions are indicated in patients with inherited disorders of
platelet function (for example, Glanzmann's disease, Bernard-Soulier
syndrome, and platelet storage pool deficiency) who develop serious
haemorrhage or who require operation. Patients with acquired defects of
platelet function secondary to myeloma, paraproteinaemia, and uraemia are
better having the underlying defect treated as platelet transfusion may be
ineffective. Defects of platelet function caused by drugs are treated by
stopping the offending drug; in an emergency a platelet transfusion may be
required and it will be effective once the drug has been eliminated from the
circulation.

Patient with newly diagnosed adult acute
lymphoplastic leukaemia and severe
thrombocytopenia, platelet count 1Ox 109/l.
Note typical distribution of purpuric lesions,
predominantly over the legs.

Antithrombocyte
Cyclophosphamide
globulin
Androgens ;
Cyclosporin A
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* Dilutional thrombocytopenia
Dilutional thrombocytopenia secondary to massive transfusion or
exchange transfusion should be treated with platelet transfusion only if the
platelet count is less than 50 x 10/1 and the patient is bleeding.
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transplantation

Progress chart of patient undergoing bone
marrow transplantation for severe aplastic
anaemia. Note unusually prolonged
thrombocytopenia. Regular platelet
transfusions were necessary for six months
after the transplant. A indicates platelet
transfusion and B red cell transfusion.

Corrected platelet increment=
(Pl- PO) x BSA/n
PO= platelet count before transfusion (1 09/l)
P, = platelet count one hour after transfusion
(109/l)
BSA= recipient's body surface area
n number of units of platelet concentrate
transfused
A corrected platelet increment one hour after
administration that is higher than 7-5x 109/l
indicates a successful transfusion of platelets
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During and after cardiopulmonary bypass haemorrhage may be caused
by dilutional thrombocytopenia as well as by the defective functioning of
platelets that were damaged in the extracorporeal circulation. Platelet
transfusion is indicated for both components of this bleeding diathesis.
* Autoimmunne thrombocytopenic purpura
Severe thrombocytopenia in autoimmune thrombocytopenic purpura
does not respond to platelet transfusion, because the transfused platelets are
destroyed by the circulating autoantibodies. If life is threatened platelet
transfusions may be given, but they are unlikely to be effective.
The indications for antigen matched platelet transfusions are:
* Patients who have become resistant to random platelet transfusions
(because of antibodies to HLA that were formed by sensitisation by
previous transfusions or pregnancy) must have their HLA type determined
so that matched platelets may be given.
* Patients with the rare P1 (Al negative) phenotype may develop anti-PPA'
after transfusion or pregnancy. P1 (Al positive) fetuses and infants of
P1 (Al negative) mothers with anti PlA may develop severe
thrombocytopenia by transplacental transfer of anti-PP'. P1 (Al negative)
platelets must be used for all such patients.

Administration ofplatelet concentrates
Ideally ABO and Rhesus specific platelet concentrates should be used,
but in an emergency ABO and Rhesus compatible (or even incompatible)
platelet concentrates may be given. It must be remembered that giving
group 0 platelet concentrates to group A or B subjects may result in
immune haemolysis and that Rh D negative subjects given Rh D positive
platelets may develop anti-D through sensitisation by red cells present in
the platelet concentrate.
* Treatment regimen-The recovery of platelets one hour after transfusion
is 50-80%, and their half life in the circulation is about four days. A suitable
daily regimen, therefore, is one unit of platelet concentrate/lO kg recipient's
body weight. Alternatively, a single collection from a cell separator (which
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* Bone marrow failure caused by disease or myelotoxic treatment
Severe bleeding in patients with either bone marrow failure resulting
from disease or bone marrow suppression caused by treatment with
myelotoxic drugs or irradiation, or both, may be prevented (or treated) by
maintaining the platelet count at 20x 10/1. The frequency and amount of
platelet transfusions may have to be increased in those patients with
increased platelet consumption because of haemorrhage, systemic
infection, disseminated intravascular coagulation, splenomegaly, or
alloantibodies against platelet specific or HLA antigens.
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Photomicrographs of sections of bone
marrow from the iliac crest of a patient with
drug induced aplastic anaemia who required
transfusions of platelet concentrates (above)
and from a patient with no haematological
abnormality (below). Note the paucity of
cellular elements and absence of
megakaryocytes (large multinucleated cells)
in the abnormal section.

One of the several filters available for
removing white cells from blood and platelet
concentrates.

Adverse effects of platelet transfusion
The main adverse effects of platelet transfusion are the development of
platelet refractoriness, alloimmunisation, transmission of disease (to be
dealt with elsewhere), and-rarely-graft versus host disease.
* Platelet refractoriness- Over two thirds of recipients receiving multiple
transfusions of platelet concentrate from random donors become
alloimmunised to HLA and will become "refractory," in that the expected
platelet increment will not be achieved because of rapid immune
destruction of the transfused platelets, usually by antibodies to HLA.
Refractoriness may be defined as the failure of two consecutive transfusions
to give a corrected increment of greater than 7- 5 x 1 09/1 one hour after
transfusion in the absence of fever, infection, severe haemorrhage,
splenomegaly, or disseminated intravascular coagulation. Before labelling a
patient "refractory" the viability, dose, and method of administration of
the platelets should be checked. The presence of antibodies to HLA in the
patient's serum should be confirmed by lymphocyte toxicity testing, and
that of anti-PIP excluded by a platelet immunofluorescent test. All patients
with indications for platelet transfusion who meet the above definition of
refractoriness should if possible receive HLA compatible platelet
concentrate collected from appropriately matched donors with a blood cell
separator.
At present, prevention of platelet refractoriness can be achieved by giving
red cell and platelet concentrates that contain less than 107 white cells,
which is the minimum number of white cells required for immunisation
against HLA antigens. There are several types of filter on the market that
can be used for depleting the numbers of white cells in concentrates of red
cells and platelets.
* Graft versus host disease -This is a rare complication of platelet
transfusion. Engraftment of donor lymphocytes already present in the
platelet concentrate may occur only in the most immunocompromised
recipients. These are patients who have undergone bone marrow
transplantation, premature babies, and patients with severe combined
immune deficiency. Graft versus host disease may be avoided by irradiating
the platelet (and granulocyte) concentrates with 15-30 Gy.

Granuloeyte transfusions
Indications for granulocyte transfusion are limited to carefully selected
cases in which the possible benefits are thought to outweigh the
considerable hazards. Most patients who become neutropenic after
intensive chemotherapy or irradiation develop fevers that usually either
respond to appropriate broad spectrum antimicrobial drugs given
intravenously or resolve when the bone marrow regenerates. Transfusion
of granulocyte concentrate should be considered only for the following
reasons:
* Severe persistent neutropenia and infection - If the neutrophil count is
persistently less than 0-2 x 109/1 and there is clear evidence of bacterial or
fungal infection that has not been controlled by treatment with the correct
antibiotic for 48-72 hours.
Neutropenic patient
cellulitis of

with

severe

spreading

right eye caused

with Pseudomonas

by infection
aeruginosa. He was

antipseudomonal antibiotics
given intravenously and daily transfusion of
granulocyte concentrates.

treated with two

* Abnormal neutrophilfunction and persistent infection-Patients with
established bacterial or fungal infection that has not responded to
appropriate antimicrobial drugs and who are known to have severely
abnormal neutrophil function (for example, those with chronic
granulomatous disease and some cases of myelodysplasia).
0 Neonatal sepsis-Neonates, especially premature infants, with sepsis
may benefit from granulocyte transfusions, although the effectiveness has
not yet been proved.
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is equivalent to six units of platelets) may be given. The efficiency of each
platelet transfusion should be checked by clinical observation and by
calculating the "corrected platelet increment."
* Equipment-Platelet concentrate can be transfused through a standard
blood administration set; if it is available, however, a platelet
administration set is preferable.

Patient with severe skin changes and
jaundice caused by liver damage in graft
versus host disease, which can be caused by
transfusing blood that has not been irradiated
to immunocompromised recipients.

Chest x ray picture showing bilateral
interstitial infiltrates caused by
cytomegalovirus pneumonitis. The virus may
be transferred in blood products from
seropositive donors, is contained in the
leucocyte fraction of the blood, and can cause
severe infection in immunocompromised
patients and premature infants.

Adverse effects ofgranulocyte transfusions
* Alloimmunisation -Granulocyte concentrate provides a powerful
antigenic stimulus, and most patients develop HLA and granulocyte
specific antibodies. These cause platelet refractoriness and severe nonhaemolytic febrile transfusion reactions if the patient has further
transfusions of blood or blood components. Febrile reactions should be
treated by slowing or stopping the infusion and giving hydrocortisone
100 mg and chlorpheniramine 10 mg intravenously.
* Transmission ofinfection -It is important to note that the risk of
transmission of cytomegalovirus is particularly high with granulocyte
concentrate transfusions because the latent virus is present in the white
cells of subjects who have had the infection in the past. Patients at risk of
becoming infected with cytomegalovirus, therefore, should be given
granulocyte concentrate only from cytomegalovirus seronegative donors.
* Pulmonary infiltration -This is a serious complication of granulocyte
concentration transfusions and may include fluid overload with
pulmonary oedema, antibody mediated granulocyte sequestration in the
lungs, and exacerbation of pre-existing pulmonary infection. In most cases
the patients remain symptom free; in the most severe form, however, the
adult respiratory distress syndrome may ensue and some patients may
require ventilatory and cardiovascular support.
* Graft versus host disease-This may occur in immunocompromised

recipients.

Conclusions

The tables on page 1 are modified from Brozovic B,
Brozovk M, Manual of clinical blood transfusion.
Edinburgh: Churchill Livingstone, 1986, by
permission of the authors and publisher.

Transfusion of platelet and granulocyte concentrates may save the lives
of severely ill patients with thrombocytopenia and neutropenia.
Inappropriate use of these blood components, however, may expose the
patient to unnecessary risks and waste scarce resources.
The correct use of platelet and granulocyte concentrates is dependent on
careful liaison between experts at regional transfusion centres and in
hospital transfusion laboratories and the staff responsible for the care of the
patients.
J M Hows is consultant haematologist, Hammersmith Hospital, London, and B Brozovic is
consultant haematologist, North London Blood Transfusion Centre.

ANY QUESTIONS
What precautions should a grandmother, who has recurrent herpes simplex of the
nose and lips, take to protect her infant grandchildren? Is she infectious between
attacks ofherpes?

People with open cold sores shed herpes simplex virus from the lesions and
can pass the agent to others by contact, either with the lesions or with,
for example, contaminated hands. Apart from occasional shedding in
oropharyngeal secretions the virus is not shed between outbreaks of cold
sores.

Nearly all people become infected with herpes simplex virus type I
during childhood, and the viral genome is thereafter carried life long in
the nervous system. Primary infection is commonly asymptomatic or
accompanied by mild febrile symptoms, often with oropharyngeal ulcers.
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Superinfection by other strains of virus does occur but usually in health
care or laboratory staff.

Thus infants exposed to grandparental cold sores are, in general terms,
no more at risk of acquiring infection than most young children and the
clinical consequences are similar; the age of acquisition is simply likely to
be advanced. It is reasonable that a grandmother with open herpes lesions
should refrain from kissing her grandchildren and that, when practicable,
she should wash her hands before holding them. The position would, of
course, be different if the infant were suffering from T lymphocyte
deficiency (cell mediated immunity) resulting from a genetic or acquired
disorder. -A M DENMAN, honorary consultant physician, Harrow, Middlesex
Juel-Jensen BE. The herpes viruses. In: Weatherall DJ, Ledingham JGG, Warrell DA, eds. Oxford
textbook of medicine. 2nd ed. Oxford: Oxford Universitv Press, 1987:5.59-67.
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Administration ofgranulocyte concentrate transfusions
It is reasonable to attempt a three day trial of granulocyte concentrate
transfusions in patients with the above indications. If there is a good
response, the transfusions may be continued.
ABO and Rhesus specific granulocyte concentrate should be used,
and red cell compatibility testing against the patient's serum carried out
because of the high red cell content of the product. Transfusion of
1010 granulocytes/day is an effective dose: this is equivalent to one donation
collected by the blood cell separator or to granulocyte concentrate (buffy
coat) harvested from 12-18 single units of whole blood. Hydrocortisone
100 mg and chlorpheniramine 10 mg should be given intravenously before
infusion to prevent an immediate febrile transfusion reaction.

