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latelet transfusion is a cornerstone of
treatment in many malignant hematologi-
cal disorders.1 The aim of platelet transfu-

sion is to prevent morbidity and mortality sec-
ondary to the hemorrhage that can occur in
patients when chemotherapy or the natural his-
tory of the disease cause severe thrombocytope-
nia.

Most commonly platelets are administered
prophylactically, with the aim of maintaining
the patient’s platelet count above 20u109/L,
usually regarded as a safety level in stable

patients. Other protocols suggest transfusing
platelets only for the treatment of hemorrhagic
episodes.2

Approximately one third of chronic recipients
of red blood cells (RBC) and platelet concen-
trates (PC) develop antibodies reactive against
platelet and leukocyte antigens, most frequently
antigens of the HLA system. This event, caused
by white cells present in standard blood com-
ponents, can decrease post-transfusion platelet
count increment and in vivo platelet survival.
As a consequence, resolution of hemorrhagic
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ABSTRACT
The most significant advances in platelet transfusion therapy for oncology-hematology patients

can be summarized as follows: 1) prophylaxis versus treatment of hemorrhage. Usual practice is
based on hemorrhage prophylaxis. Debate is still open on the transfusion trigger, which is tradi-
tionally set at 20u109/L platelets: some authors suggest it could safely be decreased in stable
patients to 10 or 5u109/L platelets; 2) preparation of platelet concentrates. Platelets prepared
from platelet-rich plasma or buffy-coats obtained from multiple bag donations should be used as
the first-choice for all patients, while apheresis platelets, which have a significantly higher cost of
production, should be reserved for patients refractory to random donor support. The final choice,
however, of a prudent strategy must also consider logistic aspects, such as product availability,
distance from site of production to site of use, etc; 3) leukocyte reduction. Filtration is the method
of choice to prepare leukocyte-reduced platelets. Leukocyte-reduced platelets can be used to pre-
vent transmission of CMV in selected patient groups for whom this is indicated. When leukocyte
reduction is used for the prevention of NHFTR, it should be performed with fresh platelets and
reserved for patients developing more than 1 reaction. Routine leukocyte reduction for all oncol-
ogy-hematology patients cannot be recommended at this time, in the absence of definitive infor-
mation on the cost-effectiveness of this approach; 4) quality control. Studies are under way to
check whether evaluation of the swirling phenomenon, that is produced by good quality platelets
when inspected with the naked eye against a strong light source is a useful and inexpensive test
for quality control; 5) correction of refractoriness to random donor platelet support. Effective
platelets for refractory patients can be obtained through HLA typing and/or platelet cross-match-
ing. Although HLA typing can be very effective, cross-matching seems to be equally effective, sim-
pler and less expensive.
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episodes is more difficult in alloimmunized
patients.

This condition, defined as refractoriness to
platelet support, exposes the patient to the risk
of life-threatening hemorrhagic episodes.
Providing effective platelets to refractory recipi-
ents requires considerable organizational and
laboratory efforts.

The aim of this review is to discuss different
platelet transfusion protocols and different
methods for the preparation of platelet concen-
trates. In addition, strategies aimed at provid-
ing effective platelets to refractory patients will
be presented.

Platelet transfusion protocols in blood malignan-
cies: prophylaxis vs treatment of hemorrhage

As indicated above, it is common policy to
administer one PC, containing on average
70u109 platelets, per 10 kg of body weight,
when the platelet count falls below 20u109/L.1,3

This practice is based on data published about
30 years ago by Gaydos and coworkers,4 who
reported that hemorrhagic episodes in acute
leukemia were more important and frequent
when the platelet count was below 5u109, while
they occurred only in 8 and 4% of days if the
platelet count exceeded 10 and 20u109 respec-
tively.

Whether to use this policy or the possible
alternative of limiting platelet transfusion to the
treatment of hemorrhagic episodes is still under
debate. In fact, although the prophylactic
approach is undoubtedly effective in preventing
unexpected hemorrhagic episodes,3 it also
entails the use of a larger number of concen-
trates, which theoretically increases the risk of
the recipient developing transfusion-associated
infections and refractoriness. In 1987, the
Consensus Development Conference on platelet
transfusion of the US National Institutes of
Health did not make definitive recommenda-
tions on this issue, although it was remarked
that “[the level of 20u109 platelets] might safely
be lower for some patients based on clinical judge-
ment and close observation”.2,5

This possibility was already suggested by data
published in 1978 by Slichter and Harker, who

measured blood loss in the stools of 20 throm-
bocytopenic patients. While at platelet counts of
5-10u109 blood loss in stools was 9±7 mL,
below 5u109 it rose to 50±20 mL.6 In the same
year Solomon and coworkers published a study
in adult leukemics,7 comparing two policies: a)
transfusion in the case of clinically significant
hemorrhage or in the presence of a platelet
count below 20u109; b) as in a), but only in
cases when a platelet count below 20u109 was
preceded by more than a 50% decrease in the
previous 24 hours. These authors concluded
that routine prophylactic transfusion at 20u109

did not offer advantages over treatment b)
above, which, conversely, had lower costs and
less risk of transfusion-transmissible infections.
Similar conclusions were drawn in pediatric
patients by Murphy et al.,8 who showed that the
prophylactic approach was not associated with
improved survival, percentage of complete
remissions or fewer hemorrhage-related deaths.
In addition, some patients in the prophylaxis
arm of the trial experienced refractoriness and
untreatable hemorrhage.

Further data on this topic have been collected
more recently by Gmür et al.,9 who studied over
10 years 102 leukemic patients treated according
to the following protocol: a) transfusion was
given in all cases when the morning platelet
count was below 5u109; b) at values between 6
and 10u109 prophylactic transfusion was limited
to the cases with recent minor hemorrhages or
body temperature above 38°C; c) at values
between 11 and 20u109 platelets were given only
to patients with coagulopathy, treated with
heparin or undergoing marrow biopsy or lum-
bar puncture. In addition, platelets were given
for major hemorrhages and to patients under-
going extensive surgery. The 102 patients devel-
oped 28 non-fatal and 3 fatal (3%) hemorrhagic
episodes.

This incidence is similar to that (3.2%)
reported by Bayer et al.,1 who evaluated a proto-
col of prophylactic platelet transfusion at a
threshold level of 15u109 platelets in 31 patients
with acute leukemia. In addition to lacking
advantages in terms of survival, this protocol
required three times more PC than that of
Gmür et al.9 Since the latter authors used pre-
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dominantly apheresis platelets transfused within
6 hours of collection in their study, it has been
pointed out that their conclusions could not be
immediately applicable in settings using stan-
dard PC stored for up to 5 days.10 Gmür and
Schaffner, however, reported that in their more
recent experience the use of standard PC stored
for 3-4 days did not determine an increase of
hemorrhagic episodes.11

The bulk of these data suggest that in stable
patients a more restrictive policy based on spe-
cific and detailed indications offers advantages
over the current practice of administering
platelets in all cases when the platelet count falls
below 20u109. On the basis of these data, a pos-
sible lowering of the threshold in stable patients
to 1012 or even 5u109 platelets9,13 has been sug-
gested. 

In this regard, it must be pointed out that
lower thresholds require more careful observa-
tion of the time interval between platelet count
determination and the start of platelet transfu-
sion. Moreover, a critical aspect of these proto-
cols concerns the accuracy of the patient’s
platelet count, which decreases with the num-
ber of platelets. In one study very low counts
determined with automated counters were
checked with manual microscopic methods,9 a
probable sign of the belief that at very low levels
platelet manual counts are more accurate than
automated ones. 

However, notwithstanding the extreme accu-
racy of modern automated counters,14,15 we are
unaware of extensive studies reporting the rela-
tive accuracy of manual versus automated
counts below 20u109 platelets.16,17

Preparation and storage of platelet concentrates

Platelet-rich-plasma methods
The availability of multiple plastic bag sys-

tems allowed the development of easily stan-
dardizable methods for the preparation of PC.
A number of these methods are based on initial
centrifugation of a 450 mL unit of whole blood
at low speed to concentrate the platelets in
approximately 200-250 mL of supernatant plas-
ma. The platelet-rich plasma (PRP) is then
transferred into a satellite bag, which is cen-

trifuged at high speed in order to concentrate
the platelets at the bottom of the bag. Finally,
the supernatant platelet-poor plasma is trans-
ferred into a new satellite bag, except for 50-70
mL that are used to resuspend the platelet but-
ton after 90 minutes of undisturbed platelet rest
to favor their spontaneous disaggregation.18,19

Buffy-coat methods
Other methods have been developed, based on

the use of the buffy-coat (BC), a fraction of 40-
50 mL collected at the red cell/plasma interface
formed after centrifugation of whole blood.20 In
the method currently in use at the author’s
Institution, whole blood units are centrifuged at
high speed in order to concentrate the platelets
in the BC, which is then transferred into a satel-
lite bag.21 BC contain approximately 10% red
cells, 10% plasma, 60-70% white cells and 70-
80% of the platelets originally present in the
whole blood unit. After gentle resuspension, 4-7
BC are pooled in a bag containing 350 mL of a
simple glucose-free crystalloid medium
(Plasmalyte A, Baxter, Deerfield, IL, USA), com-
monly used in surgery as a crystalloid replace-
ment fluid. The pool of BC suspended in this
medium (composed after the admixture of
approximately 30% plasma and 70% Plasmalyte
A) is then centrifuged at low speed to concen-
trate the platelets in the supernatant, which is
ultimately transferred into a storage bag. The
platelet concentrate from buffy-coat (BC-PC) is
used within 6 hours if the bags have been
entered during pooling. Alternatively, storage
can be extended to 5 days if the whole procedure
is performed in a closed system with the aid of a
sterile connection device (SCD 312, Terumo,
Tokyo, Japan).22 In the latter case, the storage bag
must have optimal gas exchange characteristics
to maintain sufficient O2 influx and CO2 efflux,
and to preserve platelet aerobic metabolism. In
fact, increased quantities of lactic acid (resulting
from anaerobic metabolism) and of CO2 can
cause a significant pH drop, which is associated
with irreversible platelet damage.23 While the tra-
ditional and inexpensive PVC containers are
adequate for BC-PC storage for 1 day, more
expensive and more gas-permeable polyolefin
containers are necessary for 5-day storage.24
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Some studies suggest that the quality of BC-
PC is equal or superior to that of PRP-PC.25-27

Compared with PRP-PC, platelets in BC-PC are
less activated possibly as a result of more gentle
centrifugation. Moreover, leukocyte contamina-
tion of concentrates is also inferior in BC-PC.21

Although it is not known if this decrement is of
clinical significance, it seems wise to aim at
obtaining low white cell counts in blood com-
ponents in general, given the important side
effects that the infusion of allogeneic leukocytes
can cause in recipients.28 Finally, the use of a
crystalloid medium eliminates the need to con-
sider plasma incompatibility between donor and
recipient, since the donor’s ABO agglutinins are
diluted to a titer with no clinical effect.26

Because of their good quality and of the prac-
tical advantages of this method of preparation,
BC-PC have become the routine platelet prod-
uct in several Centers in Europe.26,27,29,30

Apheresis
A different approach to platelet procurement

is platelet apheresis. In this procedure a number
of platelets corresponding to that contained in
5-8 whole blood donations can be collected in
about one hour from a blood donor connected
to a blood separator. Detailed results, advan-
tages and disadvantages of different machines
and procedures are reported in the literature.31-34

The chief disadvantages of platelet apheresis are
the cost of the blood separator and its dispos-
ables and the potential inconvenience caused to
the donor by extracorporeal circulation. Along
with these disadvantages one must consider the
advantage of the smaller number of donors
necessary for each patient. In this regard, a
number of studies provided no conclusive evi-
dence that the use of single-donor apheresis
platelets can determine a lower incidence of
HLA alloimmunization and refractoriness.35-37

Accordingly, the routine use of single-donor
platelet transfusion to reduce the frequency of
anti-HLA alloimmunization is still controver-
sial.5

Also of note is the theoretical advantage of a
decreased risk of acquiring transfusion-trans-
missible infections.38 In this regard, it is difficult
to determine if the risk decrease is clinically rel-

evant, since the current risk of acquiring trans-
fusion-transmitted infections is quite low fol-
lowing the implementation of reliable assays for
the identification of donors at risk of transmit-
ting the causative agents of hepatitis B and C
and of AIDS.39 Although in some settings PC
from standard donations can be insufficient to
meet the patients’ needs, and procurement
through apheresis may be necessary, the use of
random PC from standard donations as first-
choice product for all patients has been recom-
mended, while single-donor PC, collected by
apheresis, are necessary to obtain effective sup-
port in patients refractory to random donor
transfusion.3,5,40

Storage
PC prepared from PRP or BC or obtained

through apheresis must be stored at 22±2°C
under continuous gentle agitation,41 since stor-
age at 4°C causes platelet activation.42 This acti-
vation determines good hemostatic activity
immediately after infusion, but also decreases
platelet survival in circulation. Even short peri-
ods of storage at temperatures below 20°C
before fractionation of whole blood units can
induce substantial damage and decrease in vivo
viability and in vitro properties.43

PC should not be stored for more than 5 days
in order to reduce the risk of bacterial contami-
nation and septic shock in recipients. The main
cause of bacterial contamination is inadequate
asepsis of the donor’s arm at the time of veni-
puncture.44 Bacterial contamination is usually
limited to a very low number of concentrates,
and is generally caused by microorganisms of
little or no clinical significance. However, great
attention must be paid to this problem, particu-
larly by not exceeding the maximum storage
time of 5 days, since most fatal septic complica-
tions following platelet transfusion have been
reported after the use of PC during their 4th-5th
day of storage.45 In addition, older platelets also
carry an increased risk of causing transfusion
reactions. In fact, in a recent series of 2,707
platelet transfusions given in our hospital to 192
patients, we found that the frequency of transfu-
sion reactions reported after transfusion of 5-
day-old PC was more than ten times that with
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1-2-day-old PC (Riccardi et al, 1994, unpub-
lished observations). This is possibly due to
cytokine release from white cells contained in
PC during storage (see Leukocyte reduction
below).

Cryopreservation
A number of methods have been developed to

permit frozen platelet storage. The vast majori-
ty of protocols require deep freeze storage capa-
bility and involve the use of DMSO as a cryo-
protectant,46 although glycerol, glucose and
other reagents have also been used.47-49 In spite
of some interesting in vivo results obtained with
certain protocols, in particular for autologous
use,50-52 no method has produced results that
would promote routine use of cryopreserved
platelets. To the best of our knowledge, the
average in vivo effectiveness of platelets cryo-
preserved in experienced Centers corresponds
to 50% of that of fresh PC.

Leukocyte reduction
An important aspect of platelet production is

the removal of contaminating leukocytes. With
current filtration techniques it is possible to
obtain PC containing less than 1% of the origi-
nal number of white cells.53 These technical
developments prompted a number of studies
aimed at discovering whether the use of leuko-
cyte-reduced blood components can prevent
HLA alloimmunization and platelet refractori-
ness. In general, these studies have shown that
the frequency of alloimmunization can decrease
from 20-50% to 10-30%.54-57 However, it has not
been clearly shown yet whether this decline in
the frequency of HLA alloimmunization is par-
alleled by reductions in patient refractoriness to
random donor support, morbidity and mortali-
ty. Different opinions exist in this regard;58,59 but
in consideration of the high cost of red cell and
platelet filters, a generalized use of leukocyte-
reduction filters in blood malignancy has not
been recommended.60,61 A recent study support-
ing the cost-effectiveness of white-cell reduction
filters in adult acute myelogenous leukemia, as
well as similar investigations in other patient
categories might help to change this recommen-
dation in the future.62

Other techniques aimed at preventing HLA
alloimmunization, including PC irradiation
with UV light,63 are currently under evaluation.
Several pending questions will hopefully be
answered upon completion of a well-designed,
sufficiently large controlled clinical trial cur-
rently being carried out in the US, called TRAP
(Trial to Reduce Alloimmunization to Platelets).

As for virus transmission, several studies indi-
cate that leukodepleted blood components do
not transmit CMV.64-66 However, some concern
has been raised by a recent report from a large
study performed in patients following bone
marrow transplantation.67 In this study, the
probability of any CMV event, including the
median time of onset, was reported not to be
significantly different in recipients of blood
products from seronegative donors vs recipients
of blood filtered through Pall filters (3 of 246 vs
5 of 241, respectively, p=0.33). In spite of this
finding, 5 patients in the filtered blood arm were
initially reported to have developed CMV dis-
ease, and 4 of the 5 died of CMV pneumonia,
whereas no recipient of seronegative blood
products developed CMV disease (p=0.02).
From this finding the authors concluded that fil-
tered blood should be reserved as a second
choice when seronegative blood is not available
for patients undergoing bone marrow trans-
plantation. As reported by Lane in a recent
review on leukoreduction,57 somewhat different
conclusions from this study were presented
orally at the American Society of Hematology
Meeting, December 6, 1993, St. Louis, MO,
“apparently based on a more thorough analysis of
the data than was possible at the time the abstract
was submitted”. In fact, “since two of the five
events in the study patients and one event in the
control patients occurred within 21 days of the
start of the study, they were considered unrelated
to blood component use. The investigators con-
cluded that there was no significant difference
between the use of blood from CMV seronegative
donors and leukocyte-reduced blood components,
and that the choice of one vs the other technique
should be made on the basis of cost”.

The prevention HTLV transmission, another
leukotropic virus, although probable,68 has not
been demonstrated conclusively. Conversely, it
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has been clearly shown that the transmission of
non leukocyte-restricted viruses such as HIV is
not prevented by leukocyte reduction by filtra-
tion.69

In regard to the prevention of non-hemolytic,
febrile transfusion reactions (NHFTR) to
platelets, filtration is not as effective as it is in
red cell transfusion.70-73 This is suggested by
recent studies performed both in the general
population of PC recipients and in groups of
patients with previous NHFTR (reactors). Table
1 reports a summary of some comparative
studies together with previous data obtained by
Décary et al. in recipients of standard PC
pools.74 The data indicate that leukocyte reduc-
tion by filtration, although capable of slightly
reducing the incidence of NHFTR in some
studies, was inferior to single donor (apheresis)
PC in one study,75 and was associated with a
paradoxically increased occurrence in others.72,76

It must be pointed out that in most studies
patients given unfiltered PC were different from
those treated with filtered PC, and this can cre-
ate some difficulty in the interpretation of these
data. However, these studies clearly indicate
that the efficacy of filtration leukocyte reduc-

tion of stored platelets in decreasing the fre-
quency of NHFTR in recipients is not as
impressive as that of RBC.

A clue to interpreting these findings comes
from recent studies showing that cytokines are
released by white cells into the platelet suspend-
ing medium during PC storage,71,77,78 and that
early white cell removal can prevent cytokine
release.79 It is known that certain cytokines,
including interleukin-1b, interleukin-6, inter-
leukin-8 and tumor necrosis factor, can medi-
ate the onset of symptoms frequently reported
during NHFTR.79,80 The observation that the
release of these cytokines in PC is particularly
evident from the third to the fifth day of
storage78 is in accordance with our findings that
reactions occur more frequently towards the
end of the platelet storage period.

Definitive conclusions on the role of PC
leukocyte reduction in the prevention of
NHFTR to platelets cannot be drawn at the
moment. The current level of information sup-
ports the need for further study in this area. For
the time being, we believe that, if filtration is
used with the goal of preventing NHFTR,
platelet filters should be used only with PC

Platelets in hematological malignancies

Author Year Type of PC Number of
transfusions

Number of
reactions

Transfusion
reaction rate (%)

(A) General population

Décary 1984 Standard PC 795 22 2.8

Goodnough 1993 Standard PC 1901 32 1.7
Filtered PC 1704 90 5.3

Riccardi 1993 Buffy-coat PC 1476 7 0.47
Filtered buffy-coat PC 2014 24 1.19

(B) Reactors

Chambers 1990 Standard PC 583 125 21.4
Single donor PC 438 37 8.4

Mangano 1991 Standard PC 202 55 27.2
Filtered PC 206 40 19.4

Goodnough 1993 Standard PC 152 20 13
Filtered PC 152 15 10

Table 1. Frequency of reactions reported after the transfusion of different types of filtered and non-filtered PC to general patient
populations (A) and to patients with previous reactions when transfused with standard PC (reactors) (B).



stored for not more than 2-3 days, and that the
filtered PC should be administered only to
patients with anti-HLA antibodies in the
serum, showing repeated NHFTR also occurred
with fresh platelets.

Irradiation
Transfusion-associated graft versus host dis-

ease (TA-GVHD) is a rare but almost unvari-
ably fatal complication of the transfusion of cel-
lular blood components. The small number of
residual white cells present in leukodepleted
blood components prepared with some current,
highly effective filters is still capable of causing
TA-GVHD.8 1 It appears that donor HLA
homozygosity can play a role in determining
TA-GVHD.82 Immunoincompetent patients are
at greater risk of developing TA-GVHD than
other categories, although this complication
has also been reported in immunocompetent
subjects.83-85 Therefore, in selected patient cate-
gories gamma irradiation is used to abolish
lymphocyte reactivity in blood components
completely and to prevent TA-GVHD. A recent
report on successful treatment of TA-GVHD
supports the use of OKT3 (5 mg/d), cyclo-
sporin A (250 mg/d) and granulocyte colony-
stimulating factor (250 eg/d) in such cases.86

Discordant data are present in the literature
concerning the damage induced in platelets by
gamma irradiation. Although it is commonly
accepted that irradiated PC can be stored for 5
days,87 some authors suggest limiting post-irra-
diation storage to 3 days.88 More detailed infor-
mation on irradiation protocols used in differ-
ent institutions is presented and discussed in
the excellent papers by Anderson et al.89,90

In vitro quality control
The Standards of the American Association of

Blood Banks require that at least 75% of PC
contain 55u109 platelets or more.19 According to
current Italian law on blood transfusion91 and to
the Council of Europe,92 the limit that should be
met by at least 75% of units is 60u109

platelets/unit. Notwithstanding this require-
ment, a recent survey performed by the Co-
operative Group on Quality of Blood Components

of the Italian Society of Blood Transfusion
(SIITS/AICT) indicates that only 43% of routine
PC prepared in 15 Italian Centers that volun-
teered to participate in the study contained
more than 60u109 platelets per unit.93 This may
be due to several factors, including blood collec-
tions below 405 mL in some of these Centers, in
contrast to the 450 mL ± 10% volume required
by the current Italian law,91 or incomplete opti-
mization of procedures for PC preparation.
Since several reports indicate that it is not diffi-
cult to exceed 70u109 platelets per PC,18,19 action
should be taken to reach such levels even under
routine conditions.

Besides quantitative aspects, a number of
assays have been proposed for in vitro quality
control of platelet concentrates, which is regu-
lated by many agencies.19,92 Nonetheless, clear
evidence of correlation of any in vitro assay or
combination of assays with in vivo results is
lacking.94 This notwithstanding, tests designed
to evaluate platelet morphology seem more
informative than biochemical or functional
(aggregation) assays.94 Of the morphological
assays, the very simple determination of the
swirling phenomenon (a particular shimmering
effect produced when discoid, good quality
platelets are observed in agitation with the
naked eye against a strong light source) seems
promising.95 International multicenter studies
are currently being performed by the BEST
(Biomedical Excellence for Safer Transfusion)
Working Party of the International Society of
Blood Transfusion to elucidate if swirling eval-
uation can replace the battery of cumbersome
and expensive tests traditionally employed in
PC quality control.

Future directions
This brief overview on methods of PC prepa-

ration, storage and quality control would be
incomplete without a mention of some research
programs aimed at producting semi-artificial
platelets.96-98 Some of these studies aim at the
insertion of platelet membrane glycoproteins,
which carry the most important receptors
involved in platelet function, into artificial or
natural membranes, such as liposomes or red
cell membranes. In spite of the interest generat-
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ed by these research programs, at the time of
this writing it is difficult to determine whether
they will find practical applications in transfu-
sion medicine in the near future.

Evaluation of in vivo effectiveness of platelet
transfusion

A platelet transfusion is deemed effective if it
results in correction of hemorrhage or if it
determines a significant increment in the
platelet count of the recipient. Effectiveness can
also be determined by correction of a prolonged
bleeding time. Since the evaluation of bleeding
time is not sufficiently practical, in routine con-
ditions the post-transfusion platelet increase
remains the cornerstone for determining effec-
tiveness. 

The recommended dose of 70u109/L platelets
(one average PC) per 10 kg of body weight
should, theoretically, determine a posttransfu-
sion rise of approximately 100u109 platelets. In
fact, platelets contained in 7 concentrates
administered to a 70 kg patient (total approxi-
mately 500u109/L platelets) are diluted into a
blood volume of approximately 5 L (70 mL/kg).
However, in clinical practice increments are
much lower. The causes for this have been iden-
tified in studies showing that approximately one
third of transfused platelets are immediately
sequestered by the spleen, and that up to 60% of
platelets may be unable to circulate as a result of
damage induced during storage.43,99 Moreover, a
number of clinical factors such as fever, infec-
tion, and the administration of certain drugs
further reduces effectiveness.100,101 On the basis of
the experimental evidence of the above men-
tioned studies, a platelet transfusion is com-
monly considered effective if 1 hour after trans-
fusion it determines a platelet count increase
equal to or greater than 40% of that expected.
The expected increment, which takes into
account splenic sequestration of approximately
1/3 of transfused platelets, is calculated with the
following formula:

Number of platelets administered u 2/3 
Expected increment = 

Patient’s body weight u 70 mL

The actual increment is computed by the dif-
ference between the pretransfusion count and
that obtained 1 hour after the end of transfu-
sion. The following formula is thus used to
determine the effectiveness:

Effectiveness =
(Post – pre-transfusion count) u Patient’s body weight u 70 mL u 3/2

Number of platelets administered

This formula is known as the Milwaukee for-
mula, from the center first proposing its use in
1976.102

An apparently different formula derived from
a similar approach is known as CCI (corrected
count increment). In this computation as well
post-transfusion increment is corrected to allow
meaningful comparisons between patients of
different size. However, body surface area (BSA)
is used as a correction factor instead of blood
volume, and the correction factor for splenic
pooling is not considered. The following formu-
la is used to determine the CCI: 

(Post- pretransfusion platelet count) u BSA 
CCI = u 100

Number of platelets administered

As clearly indicated by their structure, the
Milwaukee formula and the CCI are different
modalities of expressing the same evaluation. In
fact, the same variables are used in the compu-
tation (platelet increment and dose), while cor-
rections for patient size are made with blood
volume and BSA, which are related to each
other.103,104

Hogge et al. determined the CCI in different
conditions. They found that mean CCI calculat-
ed at 1 hour and at 24 hours after the end of
transfusion in patients without lymphocytotoxic
antibodies in the serum were 16.1u109/L and
12u109/L platelets, while in patients with lym-
phocytotoxic antibodies they were 5.6 and
2.600u109/L, respectively.105 These data suggest-
ed that the effectiveness of platelet transfusion
should be considered acceptable if the 1-hour
CCI exceeds 10u109/L, while repeated values
below 5u109/L indicate refractoriness.106 Other
authors use slightly or even significantly differ-
ent levels.103
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The post-transfusion platelet count used in
the computation of CCI is traditionally deter-
mined one hour after the end of transfusion,
although counts performed after 10 minutes
produce similar results.107 If the 1-hour count
cannot be determined, it is common practice to
rely upon the 24-hour count, which is often
coincident with the complete blood count
determined on the day following the transfu-
sion. The 24-hour CCI corresponds to approxi-
mately 2/3 of the 1-hour or 10-minute CCI.100,103

Therefore, routine patient monitoring is suf-
ficiently accurate if it is based on the determi-
nation of the 24-hour CCI, while the 1-hour
determination can be limited to patients show-
ing unsatisfactory 24-hour CCI. It has been
claimed that low 1-hour CCI are determined by
the presence of platelet-reactive antibodies in
the recipient, while good 1-hour CCI followed
by insufficient values at 24 hours suggest that
the causes of ineffectiveness are mainly related
to clinical factors, although recent experimental
data do not support this view.100,101,103

In 1990 we evaluated the effectiveness of 2432
platelet transfusions prepared with the PRP
method and given in 1988-1989 in our
Institution to 189 unselected hematological
recipients (approximately 90% of patients were
affected by acute leukemia). The median 1-hour
effectiveness, determined with the Milwaukee
formula was 42% of expected. It was 58% and
22% in patients without and with anti-HLA
antibodies in the serum respectively. The latter
were approximately 1/3 of the total number of
patients. In addition to anti-HLA alloimmu-
nization, an important detrimental factor asso-
ciated with reduced effectiveness was body tem-
perature above 38.5°C.

Strategies for providing effective transfusions
to refractory patients: HLA selection or cross-
match?

Because refractoriness to random donors is
often caused by anti-HLA antibodies,105,108 trans-
fusion of HLA compatible platelets is often
effective in refractory patients.109 However, this
strategy is expensive and cumbersome, since it
requires the availability of several thousand

typed donors.110,111 In addition, approximately
one quarter of HLA compatible platelet transfu-
sions are ineffective.3 Besides clinical factors
capable of decreasing the effectiveness of platelet
support, other reasons for ineffectiveness
include the presence of non-HLA (platelet spe-
cific) antibodies capable of reacting with trans-
fused platelets, and an incomplete HLA match.
Moreover, selection on the basis of HLA type
can exclude donors with an HLA type different
from that of the recipient, but potentially effec-
tive for some recipients alloimmunized to dif-
ferent antigenic determinants. These considera-
tions prompted the development of a different
strategy, based on a cross-match between recipi-
ent and donor, that is currently recommended
as an alternative to HLA typing.112 The cross-
match can be performed with donor lympho-
cytes or platelets. While employing the lympho-
cytes as target cells offers the advantage of rely-
ing upon the lymphocytotoxicity test, a well-
known, standardized assay, the use of platelets
can offer other important advantages. Firstly,
purified donor platelets are easier to obtain than
purified donor lymphocytes. Secondly, some
HLA specificities are weakly and variably
expressed on platelets. It is thus possible that
antibodies reacting in vitro with lymphocytes
might prove unreactive or less reactive in vitro as
well as in vivo to platelets from the same donor.
These considerations are supported by a large
number of recent studies treating the use of
platelets as a target in the cross-match.113-123

An excellent review by von dem Borne et al.
on theoretical and practical aspects of platelet
cross-matching124 reports a comparison of
results obtained in 9 studies using 5 different
techniques (immunoradiometric assays with
polyclonal and monoclonal antibodies, ELISA,
immunobead assays, immunofluorescence,
solid phase). In the 9 studies, 601 platelet trans-
fusions selected by cross-match were adminis-
tered to 141 patients refractory for immunolog-
ical reasons. The overall efficiency of the assays,
expressed as the ratio of [true positive+true
negative] to the total number of tests, was 87%.
In view of these data von dem Borne and
coworkers recommended the use of platelet
cross-match for refractory patients. These rec-
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ommendations are also supported by a recent
report by Friedberg et al.,125 who performed a
study on 220 platelet transfusions given to a
well-characterized cohort of refractory patients
free from non immune detrimental factors. In
this study cross-match-compatible platelets
selected with a solid-phase assay provided simi-
lar post-transfusion increments, independently
of the HLA match. In addition, it was found
that “none of 31 cross-match-incompatible
platelets transfused provided an adequate incre-
ment, including 13 that were ordered as HLA-
matched platelets”. In addition to these clinically
important findings, the advisability of platelet
cross-matching vs HLA type is also supported
by economic considerations.126,127

The system in use since 1991 at the author’s
Institution is based on a platelet cross-match
performed with immunofluorescence against
platelets of ABO compatible, non HLA-typed
donors. Several hundred platelet samples of
donors readily accessible and potentially avail-
able to undergo a plateletpheresis procedure if
compatible are stored in DMSO in microtiter
plates at –80°C. Platelet-specific and HLA anti-
gens remain stable under these conditions for at
least 12 months.128 Test results are read with a
FACScan cytofluorimeter (Becton Dickinson,
Mountain View, CA, USA). Cross-matching one
plate, which includes 40 donor platelet samples,
requires 3-4 hours. Other methods, such as solid
phase, are currently under evaluation.

PATIENT ID: 64643 CENTER: Policlinico
NAME: _________________ DIAGNOSIS: AML FROM: 01-03-94
ABO/Rh: B+ TO: 10-04-94

DATE TR POOL AGE PLT DOSE PRE POST %EFFICACY CCI CCI DF ABS
TYPE days ABO 1H 24H 1H 24H 1H 24H

2/3/94 R 35M 1 B 280 6 32 43 11760 NEG
4/3/94 R 35M 2 B 360 7 50 55 15127
7/3/94 R 35S 4 B 330 5 22 24 6524* F
9/3/94 R 35M 2 O 420 7 63 61 16886

14/3/94 R 35M 2 O 310 3 28 37 10213
16/3/94 R 35M 2 B 300 8 29 31 8543 NEG
18/3/94 R 35M 1 B 290 8
21/3/94 R 35S 2 B 300 5 32 39 10984
23/3/94 R 35M 2 B 380 12 49 42 11883
28/3/94 R 35M 2 O 450 5 56 49 13831
1/4/94 R 35M 2 O 390 8 39 35 9701 NEG
5/4/94 R 35M 3 B 360 7 56 47 13221
8/4/94 R 35S 2 B 400 10 43 47 13119

MEAN 2.1 350 7 42 42 11816
SD 0.7 50 2.3 12 9.9 2752
MIN 1 280 3 22 24 6524
MAX 4 450 12 63 61 16886

No. 13 13 13 12 12 12

Figure 1. PLATELET report from patient 64643, showing adequate CCI values during March-April 1994. TR: Type of transfusion
(R: random; C: crossmatched; H: HLA-typed); DOSE: Number of platelets administered (u109); PRE and POST: pre- and post-
transfusion platelet counts (u109/L); %EFFICACY: efficacy of platelet transfusion, expressed as “% of expected” and computed
with the “Milwaukee” formula (see text); CCI: corrected count increment; DF: clinical and pharmacological detrimental factors
capable of decreasing CCI (F: fever; S: splenomegaly; D: DIC; A: administration of amphotericin B). An asterisk identifies 1-hour
CCI values below 7.5u109/L.
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Figure 2. An algorithmic approach to platelet transfusion [modified from Djulbegovic (ref. #130)].

THERAPEUTIC PROPHYLACTIC

Patients with significant  active
bleeding (e.g. melena, hemoptysis or
internal bleeding involving a vital
organ) with platelet count < 50x109/L

Bleeding associated with functional
bleeding disorders (bleeding time 
> 20-30 min)

ITP, TTP
Heparin-induced thrombocytopenia
Post-transfusion purpura

Determine platelet count 10-60 min after the end of
transfusion (increments at 18-24h correspond to 2/3
of those at 10-60 min)

< 7.5x109/L (about 40% of expected)
on 2-3 consecutive occasions

Check non immune detrimental factors
Test platelet-reactive antibodies in patient serum
every 1-2 weeks
Immune refractoriness to random platelet trans-
fusion (alloimmunization) usually occurs within
4-6 weeks of treatment

Use cross-matched platelets or platelets from
HLA-typed donors (avoid potential BMT donors)
according to local availability

Acceptable response to platelet
transfusion; continue as needed

do not administer

patients may have petechiaebleeding patients

Platelet corrected count increment (CCI) =

(post-transfusion count) – (pre-transfusion count)
u BSA

number of platelets transfused

1 unit is expected to increase the platelet count
in 70-kg adult by 5-10x109/L (usual dose is 6-10
units of concentrate)

Use ABO compatible blood if possible (due to
small amount of red cells in concentrate and
slightly decreased survival of ABO incompatible
platelets)

Use fresh filtered platelets after > 1 NHFTR to
fresh platelets

THROMBOCYTOPENIA WITH MPV < 6.4 fL
(more important than platelet count in the prediction of
hemorrhage in severe thrombocytopenic patient)

THROMBOCYTOPENIA CAUSED BY LOW PLATELET PRODUCTION

Stable patient with thrombocytopenia (e.g. aplastic anemia,
MDS, etc.) without infection and no other risk for bleeding 
≤ 5.0x109/L
Acute leukemia with chemotherapy-induced thrombocytope-
nia and no infections: ≤ 10x109/L
Use of heparin with chemotherapy (e.g., M3): ≤ 30x109/L 
Very rapid decline in platelet count (>50% in the last 24h: 
≤ 20x109/L)
Thrombocytopenia and brain tumors: ≤ 30x109/L 
Thrombocytopenia associated  with coagulation abnormali-
ties or in patients receiving platelet-inhibitory drugs: 
≤ 50x109/L 

PREPARATION FOR OR DURING SURGICAL PROCEDURES

The majority of surgeries: ≤ 50x109/L 
Liver biopsy: ≤ 60x109/L 
Brain, eye, spinal surgery: ≤ 100x109/L 

PLATELET TRANSFUSION
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Continuous and timely patient monitoring is
facilitated by the use of PLATELET, an MS-DOS
compatible piece of software developed in coop-
eration with V. Sirelson (Optimark Corporation,
Randwick, NY) for managing patient data, that
is currently under final validation and field eval-
uation.129 PLATELET automatically performs the
calculations for platelet transfusion effectiveness
and provides patient reports. An example of a
patient report is given in Figure 1.

Serum samples from all platelet recipients are
screened for the presence of platelet reactive
antibodies every 2 weeks, or more frequently if
inadequate CCI are obtained. A physician from
the transfusion service is responsible for coor-
dinating this program.

So far, 52 platelet transfusions selected with
the system described above for 19 refractory
patients have given 1-hour CCI above 7.5u109/L
in 65% of cases. These findings support similar
data in the literature,127 which indicate that ran-
dom donor cross-matching is effective in
approximately two thirds of transfusions given
to refractory patients.

Conclusions
Significant advances regarding platelet sup-

port in oncology-hematology patients have been
made in recent years. A compact view of these
advances is provided by the algorithmic
approach to platelet transfusion in oncology-
hematology recently designed by Djulbegovic130

that summarizes the most recent guidelines
issued on this topic,2,13 and can be used as an
educational tool for clinicians and blood
bankers. In Figure 2 we present a slightly modi-
fied version of this algorithm that adheres more
strictly than the original to the concepts pre-
sented in this review. Apart from minor details,
the main differences regard (a) the use of leuko-
cyte-reduction filters, which is recommended in
the original algorithm if prolonged platelet use
is suspected. We choose not to recommend this
before the conclusion of current multicenter
clinical trials that should fully balance the
advantages and disadvantages of this approach.
Moreover, we have added (b) a step before
implementing immunological platelet selection

through HLA typing or cross-match for refrac-
tory patients, since it is important to ascertain
whether detrimental clinical factors (fever,
infection, splenomegaly, drugs, etc) do or do
not play a major role in decreasing the effective-
ness of platelet support. Finally, the original
algorithm does not include (c) a strategy for the
prevention of NHFTR, which has been added in
our version. This strategy supports the use of
fresh PC when leukoreduction filtration proce-
dures are performed.
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