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Objective: To determine the most effective, evi-
dence-based approach to the use of platelet transfu-
sions in patients with cancer.

Ovutcomes: Outcomes of interest included prevention
of morbidity and mortality from hemorrhage, effects on
survival, quality of life, toxicity reduction, and
cost-effectiveness.

Evidence: A complete MedLine search was per-
formed of the past 20 years of the medical literature.
Keywords included platelet transfusion, alloimmuniza-
tion, hemorrhage, threshold and thrombocytopenia.
The search was broadened by articles from the bibliog-
raphies of selected articles.

Values: Levels of evidence and guideline grades
were rated by a standard process. More weight was
given to studies that tested a hypothesis directly related
to one of the primary outcomes in a randomized design.

Benefits/Harms/Cost: The possible consequences of
different approaches to the use of platelet transfusion
were considered in evaluating a preference for one or
another technique producing similar outcomes. Cost
alone was not a determining factor.

Recommendations: Appendix A summarizes the rec-
ommendations concerning the choice of particular
platelet preparations, the use of prophylactic platelet
transfusions, indications for transfusion in selected clin-
ical situations, and the diagnosis, prevention, and man-
agement of refractoriness to platelet transfusion.

Validation: Five outside reviewers, the ASCO Health
Services Research Committee, and the ASCO Board re-
viewed this document.

Sponsor: American Society of Clinical Oncology

J Clin Oncol 19:1519-1538. © 2001 by American
Society of Clinical Oncology.

INTENSIVE THERAPIES producing severe and sus- clarity, multidisciplinary process, review of evidence and
tained thrombocytopenia are used routinely in patients wittdocumentation. Guidelines may be useful in producing
hematologic malignancies and are being applied to manyetter care and decreasing its cost. Specifically, use of
patients with solid tumors as well. Advances in plateletclinical guidelines may provide the following:
collection, storage, and transfusion have decreased the 1. improvements in outcomes,
morbidity of such therapies, and death from hemorrhage is 2. improvements in medical practice,
now an unusual occurrence, despite the larger number of 3. a means for minimizing inappropriate practice
patients being treated aggressively. Platelet transfusions are  yariation,
expensive, however, and are associated with a number of 4. gecision support tools for practitioners,
side effects including febrile or allergic transfusion reac- 5 points of reference for medical orientation and
tions, transmission of bacterial and viral infections, circu- education,
latory congestion, transfusion-related acute lung injury and g (riteria for self-evaluation,
alloimmunization. The ASCO Health Services Research 4
Committee elected to convene an Expert Panel to design 8
guidelines for platelet transfusion because of perceived
wide variation in platelet transfusion practices. This paper
will first describe the types of platelet products available for
transfusion and then provide evidence-based guidelines for
use in different clinical situations.

indicators and criteria for external quality review,

. assistance with reimbursement and coverage deci-
sions, and

9. criteria for use in credentialing decisions.

See Appendix for ASCO Platelet Transfusion Expert Panel member
affiliations.
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1520 SCHIFFER ET AL

In formulating recommendations for platelet transfusion, Table 1. Levels of Evidence and Grade of Evidence for
ASCO considered these tenets of guideline development, Recommendations®*
emphasizing review of data from controlled clinical trials. Type of evidence
However, it is important to realize that guidelines cannot Level
always account for individual variation among patients. : Evidence cbfoined from meta-analysis of

multiple, well-designed, controlled studies.

They are not intended to supplant physician judgment with Randomized trials with low false-positive

respect to particular patients or special clinical situations and low false-negative errors (high

and cannot be considered inclusive of all proper methods of power).

care or exclusive of other treatments reasonably directed at I Evidence obtained from at least one well-

obtaining the same results. Accordingly, ASCO considers d?Signe,d e’fpe”’“e"*"' Sf‘{dy' Randomized
. . . trials with h|gh Folse-posmve and/or

adherence to these guidelines to be voluntary, with the negative errors (low power).

ultimate determination regarding their application to be il Evidence obtained from well-designed,

made by the physician in light of each patient’s individual quasi-experimental studies such as

circumstances. In addition, these guidelines describe ad- nonrandomized, controlled single-group,

ministration of therapies in clinical practice; they cannot f;irf:f:e :;t”" fime, or matched case-

be assumed to apply to interventions performed in the " Evidence from well- designed,

context of clinical trials, given that clinical studies are nonexperimental studies such as

designed to test innovative and novel therapies in a disease comparative and correlational descriptive

for which better therapy is needed. In these guidelines, and case studies.

development involves a review and synthesis of the latest v E":'Z"n::l::’m case reports and clinical

literature; a practice guideline also serves to identify im- .
. ) ) Grade FOI' recommendahon
portant questions for further research and those settings in Grade

which investigational therapy should be considered. A There is evidence of type | or consistent
findings from multiple studies of types Il,
METHODS IHl, or IV.
B There is evidence of types II, lll, or IV, and
Panel Composition findings are generally consistent.
. o . There is evidence of types I, Ill, or IV, but
The Panel was composed of experts in clinical medicine, findings are inconsistent.
clinical research, health services research, and related disci- p There is little or no systematic empirical
plines. The clinical experts represented all relevant medical evidence.

disciplines, including medical oncology, transfusion medicine,

and hematologic malignancies. Both academic and communityatapases for pertinent articles. Directed searches were
practitioners were included. A steering committee under thg,ade of the primary articles.

auspices of the Health Services Research Committee chose

Panel participants for the clinical practice guideline develop-Consensus Development Based on Evidence

ment process. Panel participants are listed in Appendix B.  The entire Panel met twice. The first meeting was

intended to identify topics to be addressed by the guidelines,
to develop a strategy for completion of the guidelines, and
In evaluating the evidence regarding the management ofo do a preliminary review of the initial literature search; the
platelet transfusions, the Panel followed the process fosecond meeting was intended to review the developed
guideline development established by the American Collegguidelines and to evaluate more critically the recommenda-
of Chest Physician&® The process included a systematic tions and supporting evidence. The guidelines were circu-
weighting of the level of the evidence and a systematiciated in draft form, and all members of the Panel had an
grading of the evidence for making a recommendationopportunity to comment on the levels of evidence as well as
(Table 1)?° the systematic grading of the data supporting each recom-
mendation. Final text editing was performed by Drs Schiffer
and Anderson.
Pertinent information from the published literature as of )
mid-1999 was retrieved and reviewed for the creation ofcuidelines and Contflict of Interest
these guidelines. Searches were performed in MedLine The content of the guidelines and the manuscript were
(National Library of Medicine, Bethesda, MD) and other reviewed and approved by the Health Services Research

Process Overview

Literature Review and Data Collection
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ASCO GUIDELINES FOR PLATELET TRANSFUSION 1521

Committee and by the ASCO Board of Directors beforehave shown that the posttransfusion increments, hemostatic
dissemination. All members of the Expert Panel compliedbenefit, and side effects are similar with either product.
with ASCO policy on conflict of interest, which requires Thus, in routine circumstances, they can be used inter-
disclosure of any financial or other interest that might bechangeably. In most centers, pooled PCs are less costly.
construed as constituting an actual, potential, or apparergingle-donor platelets from selected donors are preferred
conflict. Members of the Expert Panel completed ASCO’swhen histocompatible platelet transfusions are needed. Both
disclosure form and were asked to reveal ties to companiepreparations can be stored for up to 5 days after collection
developing products that might potentially be affected byat 20°C to 24°C with good maintenance of platelet viability.
promulgation of the guidelines. Information was requested Level of Evidence: |
regarding employment, consultancies, stock ownership, Grade of Recommendation:A
honoraria, research funding, expert testimony, and member- PCs from Whole Blood. Often referred to as random-
ship on company advisory committees. The Panel madejonor platelets, PCs are prepared by centrifugation of
decisions on a case-by-case basis as to whether an indivigtandard units of whole blood. There are two methods for
ual's role should be limited as a result of a conflict. No doing this: (1) the platelet-rich plasma (PRP) method, and 2)
limiting conflicts of interest were identified as a result of the buffy coat (BC) methofiThe PRP method is used in the
this disclosure procedure. United States, whereas the BC method is in common use in
Europe. In the PRP method, an initial low G force (soft)
spin produces PRP, which is separated from the red cells.
At annual intervals, the Panel chairs and two PanelThe PRP is then centrifuged at a higher G force (hard) spin,
members designated by the chairs will determine the neeéind most of the platelet-poor plasma is removédrhe
for revisions to the guidelines on the basis of an examinafesidual PCs contain approximately 0.5 to 0.%510"
tion of current literature. The entire Panel will be recon- platelets/unit or approximately 60% to 75% of the platelets
vened every 3 years to discuss potential changes, or morfgom the original unit of whole blood. Because some blood
frequently, if new information suggests that more timely centers now supply units with higher numbers of platelets,
modifications may be warranted. When appropriate, theclinicians should be aware of the average dose provided by
Panel will recommend revised guidelines to the Healththeir particular center. One drawback to this method is that
Services Research Committee and the ASCO Board fothe resulting PCs also contain®®1¢ WBCs or approx

Revision Dates

review and approval. imately 50% or more of the leukocytes from the original
unit of whole blood.
Summary of Outcomes Assessed Platelets are stored at 20°C to 24°C using continuous

The most important outcomes of cancer treatment and@entle horizontal agitation in storage bags specifically
supportive care modalities are effects on overall survivaldesigned to permit ©and CQ exchange to optimize
disease-free survival, and quality of life, balanced byplatelet quality>* This combination of storage container,
cost-effectiveness and the toxicity of the intervention used@ditation, preservative solution, temperature, and the use of
Platelet transfusions are used to reduce morbidity and deafiPProximately 50 mL of plasma permits satisfactory pres-
resulting from bleeding associated with thrombocytopenig€rvation of platelets for up to 7 day3:®However, several
or, occasionally, in patients with normal platelet counts butinstances of bacterial contamination of PCs stored for this
with abnormal, dysfunctional platelets. Mortality from hem- period have been reporté;® and the storage time from
orrhage is rare, and morbidity from bleeding is usually collection to transfusion is now limited to 5 da¥/s.
difficult to quantify with precision, however. These out- PCs can also be obtained from 40- to 50-mL BCs
comes were used when available, but it was also necessagpllected at the red cell/plasma interface after high-speed
to consider issues of cost and convenience in certain of theentrifugation of 450 mL whole-blood donatioffs? After
recommendations. More research is needed in many area@entle resuspension in a satellite bag, the BC is centrifuged
and this is pointed out in many sections of this article. ~ at low speed and the platelets collected in the supernatant.

Alternatively, four to six BCs are pooled, diluted in plasma,
GUIDELINES FOR PLATELET TRANSFUSION and centrifuged at low speed to suspend the platelets in the
supernatant, which is then transferred into a large-volume
storage bag. Plasma can be replaced with a crystalloid

Guideline: Platelets for transfusion can be preparedplatelet additive solution, thus reducing the amount of
either by separation of units of platelet concentrates (PCsplasma that might be infused to plasma-incompatible recip-
from whole blood, which are pooled before administration,ients?>2® The BC-PCs must be used within 6 hours of
or by apheresis from single donors. Comparative studiepreparation if the bags have been entered during pooling.

1. Platelet Products
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1522 SCHIFFER ET AL

Storage can be extended to 5 days if the whole procedure iglateletpheresis products now contain less thawx 3.0°
performed in closed systems. A number of studies indicatdeukocytes and can be considered to be leukocyte reduced
that BC-PCs produce comparable in vivo platelet survival(see below).

and contain similar numbers of less-activated platelets and Platelet Use During the 1980s and most of the 1990s, the
fewer white cells compared with PCs prepared with the PRRise of platelets increased more than the use of other blood
method?*-2¢ component§! There was a brief decrease of 5.6% in

Most patients require a dose of platelets larger than camplatelet use between 1992 and 1984ut between 1994
be provided by platelets from one unit of whole blood, andand 1997, platelet use in the United States resumed its
several PCs are usually pooled to obtain an appropriate dosgoward trend, increasing from a total (whole blood plus
for most patients. If the volume of plasma in the final pooledsingle donor) of 7,866,000 units in 1994 to 9,037,000 in
component is too large, as might be the case for somd&997. During this period, an increasing proportion of the
pediatric recipients, some of the plasma can be removeglatelets was produced by apheresis, such that single-donor
before transfusion. From 15% to 55% of platelets are losiplatelets represented 62.4% of the platelets transfused in
during this additional centrifugation stép2® Volume re  1997.
duction should therefore be limited to patients who require Clinical Use of Random Donor Whole-Blood or Sin-
severe volume restriction or situations where ABO incom-gle-Donor Platelets. The mix of random-donor whole-
patible platelets are the only available PC for a neonatélood and single-donor apheresis platelets provided to
or child. different medical centers varies considerably, depending on

Single-Donor Platelets Produced by ApheresisAl- local philosophy, patient mix, blood supply availability,
though the Food and Drug Administration term for this cost, and transfusion-transmitted disease risk. Because sev-
component is “platelets, apheresis,” the component is usueral units of PC are pooled to obtain a dose for one
ally called single-donor platelets. Donors usually undergotransfusion, one reason to use single-donor apheresis plate-
two venipunctures. Blood pumped from one vein passedets is to minimize the number of donors to which the
through a blood-cell separator centrifugation system withpatient is exposed and, theoretically, to minimize the like-
removal of the platelets or other cellular components andihood of disease transmission. Although this may be a
return of the plasma and RBCs to the donor’s other armrelevant consideration in patients who receive only a few
Plateletpheresis usually requires approximately 11/2 to 2ransfusions in total, there is no evidence, particularly with
hours and involves processing 4,000 to 5,000 mL of thecontemporary screening and testing techniques, that there is
donor’s blood?®3>This results in a plateletpheresis product any difference in the incidence of transfusion-transmitted
that contains the number of platelets equivalent to six toinfections in oncology patients who often require dozens of
nine units of PC prepared from whole blood. However, donor exposures to RBC and platelet donors during their
many centers have recently begun to split their apheresibfetime.
collections into two products so that the dose may actually Comparative studies have shown comparable posttrans-
be more equivalent to four to five units of PC. Clinicians arefusion increments, platelet survival, and hemostatic effect
therefore advised to check on the policies of their localusing the two types of platelet componefft$®4344When
blood supplier so as to best determine the appropriatdéistocompatible platelets are required for patients refractory
number of units or apheresis products to transfuse irto random donor transfusions, platelets for subsequent
particular clinical situations. Current standards require thatransfusions should be from selected donors and, thus,
a bag of apheresis platelets must contain at least®'  single-donor platelets are the only platelet product that is
platelets in at least 75% of the products tested. available for these transfusions.

Platelets obtained by plateletpheresis are processed, In general, single-donor platelets cost 50% to 100% more
tested, and labeled similar to whole blood. This includesthan an equivalent dose of pooled PCs. However, whole-
ABO and Rh typing and testing for all required transfusion-blood platelets must be pooled at the time of transfusion,
transmitted diseases. The plateletpheresis product is storeghich adds staff time and costs. In addition, most current
for up to 5 days at 20°C to 24%€3"-%%in the same manner plateletpheresis procedures produce a leukodepleted platelet
as platelets prepared from whole blood. The number ofproduct®**®whereas whole-blood platelets are not usually
platelets contained in each bag is determined, although thikeukoreduced at the time of collection and must be subse-
information may not be recorded on the label. Each aphereguently filtered to remove leukocytes either in the blood
sis product has a volume of approximately 200 mL andbank or at the bedsid¥.Even when these additional steps
contains few red cells, so that red cell crossmatching is nobf pooling and filtering are considered, however, the cost of
necessary. The WBC content varies, depending on thehole-blood platelets remains less than single-donor
instrument and technique used for collection, but mostplatelets’®8
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2. Prophylactic Versus Therapeutic Platelet Transfusion found that daily blood losses in stools from patients with

Guideline: The Panel recommends that prophylactic 2Pastic anemia were & 7 mL at platelet counts of

platelet transfusion be administered to patients with throm:000kL t0 10,0004L but increased to 5G= 20 mL at

bocytopenia resulting from impaired bone marrow function cOUNts below 5,00plL. ]

to reduce the risk of hemorrhage when the platelet count Thus, although there_arg no contemporary randpmued

falls below a predefined threshold level. This threshold levelStudies comparing the incidence of serious bleeding and

for transfusion varies according to the patient's diagnosisPatient survival in patients receiving prophylactic versus

clinical condition, and treatment modality. therapeutic platelet transfusions, the prophylactic approach
Level of Evidence: IV and expert consensus has become standard practfée>°¢ Fatal hemorrhage is

Grade of RecommendationB now an unusual event, even in patients with bone marrow

Platelet transfusions should be given to treat patients wittfailure or in thqse receving |nten5|ye antineoplastic ther-
clinically significant hemorrhage and severe thrombocyto-2PY- However, it should be emphasized that not all throm-

penia. A prophylactic platelet transfusion approach to pre_bocytopenic patients require or benefit from platelet trans-

vent bleeding, as opposed to a therapeutic approach ifusion and that the decision to administer transfusion is not
which platelet transfusion is given after a certain degree of@sed solely on the platelet count but should be individual-

hemorrhage has occurred, is followed by approximatel))zed for specific clinical settings, as discussed below.
80% of clinicians®® Nonetheless. the choice between the Platelet transfusion is generally reserved for patients with

two policies is based on a limited number of older studies MPaired marrow production of platelets, is rarely needed in
In 1966, Han et &P reported that the 63% incidence of patients with mcreas_ed plgtelet destruction such as autom_1-
hemorrhagic deaths occurring in leukemia patients in thdune or drug-associated immune thrombocytopenia, and is
year before the implementation of a prophylactic plateletrelat'vely contrglndlcated in patients with thrombotic
transfusion policy decreased to 15% in the following year.thrombocytopenic purpura beca;}se of concerns about the
A similar reduction was observed in a small double-blinded! Sk Of Precipitating thromboses:
randomized clinical trial performed by Higby etain 21 )
patients with acute leukemia. Of interest, this study showed? Platelet Count Threshold for Prophylactic Platelet
that fever preceded hemorrhage in 10 of the 13 patients whdransfusion: Acute Leukemia
experienced bleeding. Guideline: The Panel recommends a threshold of
In 1982, Murphy et & published a prospective randem 10,0004L for prophylactic platelet transfusion in adult
ized trial comparing prophylactic and therapeutic transfu-patients receiving therapy for acute leukemia, on the basis
sion policies in 56 pediatric leukemia patients treated fromof the results of multiple randomized trials that demonstrate
1972 to 1976. The prophylactic threshold was set at 20,00@hat this approach is equivalent to the use of a 20,000/
plateletsiL. Although patient survival was not significantly threshold. Transfusion at higher levels may be necessary in
different in the two groups, the prophylactic policy was newborns or in patients with signs of hemorrhage, high
associated with a significant reduction in the number of daysever, hyperleukocytosis, rapid fall of platelet count, or
with hemorrhage. However, patients in the prophylactic armcoagulation abnormalities (for example, acute promyelo-
suffered from more prolonged hemorrhagic episodes duringytic leukemia) and in those undergoing invasive proce-
their last month of life, possibly as a result of the develop-dures or in circumstances in which platelet transfusions may
ment of HLA alloimmunization and refractoriness to ran- not be readily available in case of emergencies. The studies
dom-donor platelet support. that form the basis of this recommendation (as well as the
Other data supporting a prophylactic policy were pub-other recommendations in this section) have included ado-
lished by Gaydos et 2 and by Slichter and Harkéf.In a  lescents but not younger children or infants. Nevertheless, it
study dating from the early 1960s, Gaydos et al showed thais probably reasonable to use similar guidelines for children
hemorrhage was more frequent and severe at platelet coungmd older infants. Although modern automated cell counters
below 5,0004L, whereas it occurred in 8% and 4% of are quite accurate at low platelet counts, there can be modest
hospital days at counts exceeding 10,@@0&nd 20,000/ variations in count because of limitations of the counting
L, respectively. These observations were made in an ertéechnology. The decision to transfuse at a precise trigger
when aspirin was frequently used as an antipyretic andevel should therefore consider the clinical context and the
when antibiotic coverage for Gram-negative organisms wagattern of recent platelet counts.
inadequate by contemporary standards. Of note, these au- Level of Evidence: |
thors could not identify a threshold at which the rate of Grade of Recommendation:A
bleeding increased, and they emphasized the importance of The appropriateness of decreasing the threshold of pro-
other factors predisposing to bleeding. Slichter and Harkephylactic platelet transfusion in patients with leukemia from
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the traditional level of 20,000 to 10,000 platelgts/is during induction. Overall, clinically significant hemor-
supported by one observational study and three comparativdiages occurred in 3.1% and 2% of the days in the
studies published between 1991 and 1998. In 1991, Gmiir €t0,0004L and 20,0004L arms, respectively.

al°” reported their 10-year experience in 103 patients with The most recently published evidence supporting the
leukemia who received transfusions at the following levels:safety of the 10,00Q/ threshold was reported in 1998 by
0 to 5,000 plateletsiL in every case; 6,000 to 10,0q&/in ~ Wandt et af? who studied 105 leukemia patients undergo
the presence of fresh minor hemorrhage or body temperdd 216 remission-induction or consolidation treatment
ture greater than 38°C; 11,0Q0/ to 20,0004L in the  Cycles in 17 centers in Germany. Individual participating
presence of coagulopathy and/or heparin therapy and befof@@nters had previously chosen to adopt either a 20,200/

bone marrow biopsy or lumbar puncture; and greater thaP’ @ 10:0004L threshold level for their prophylactic trans-
20,000/L in the presence of (and until control of) major fusion policy. In this study, there were 20 bleeding compli-

bleeding complications and before minor surgical proce-caﬁons (18%) in 110 chemotherapy cycles in the 10,000/
o :
dures. Three fatal hemorrhages occurred, similar to th roup and 18 (17%) in 106 cycles in the 20,q00/group.

L . emorrhagic deaths occurred in two patients at platelet
0,
3.2% mmglence reportgd from anothgr stydy of 31 IOatlmtscounts of 36,00Q/L and 50,0004L treated in hospitals
who received transfusion prophylaxis with a threshold at

using the 20,00Q/L threshold. Mean platelet consumption
15,000 plateletgL.8 Of note is that the serious episodes of g o P P

. . per cycle was one third lower in the 10,000/ group.
hemorrhage often occurred at relatively high platelet counts

- ) " It should be reiterated that all of these studies had
greater than 40,00QL, emphasizing the importance of

Al } {)rovisions for transfusion at counts greater than 10,000/
clinical factors other than the platelet count in the cause ofy, hatients with clinical conditions believed to be associated

bleeding. Gmiir and Schaffriéreported that their protocol with increased risks of bleeding. In addition, although
could also be applied using random-donor platelets rathegontemporary blood cell counters are quite accurate at low
than single-donor, apheresis platelets. platelet counts, small variations in count can result from
Two prospective randomized clinical trials comparing the|imitations of the technology, and the decision to transfuse
20,0004L and the 10,00QLL thresholds were published in  should therefore be based on the clinical situation and the
1997. A single-center study of 72 patients with acutepattern of recent platelet counts as well as the absolute
leukemia performed in lowa City by Heckman et“al platelet count at a given momé&nt
showed a reduction from 11 to seven platelet transfusions As emphasized earlier, it is important that clinicians are
per patient using thresholds of 20,0Q0/and 10,000Q4L, aware of the average number of platelets provided in pooled
respectively. There were no statistically significant differ- PC and apheresis products in their community so as to be
ences between the groups with regard to red cell transfusio@ble to order an appropriate number of units in specific
requirementsl febrile days, days hospita”zed, days thromC|inica| situations. A typical interval between prophylactic
bocytopenic, need for HLA-matched platelets, remissiontransfusions in patients with acute leukemia is every 2 to 4
rate, or death during induction chemotherapy. Moreover, nglays depending on other clinical factors. This can usually be

patient in either group died from hemorrhage or underwenf‘ccompHShed with dos_es of 4 to 6 units of PC/transfusions
major surgery for bleeding complications. in adults of average size. Larger doses may be needed to

A large multicenter trial was performed by the Gruppo achieve higher counts in patients who are bleeding or who

Italiano Malattie Ematologiche dell’Adulto, which enrolled require invasive procedures (see below).
255 assessable patients in 21 Italian cerftefBhis study - .

. . L 4. Hematopoietic Cell Transplantation
focused on platelet support during the first remission induc-
tion in patients with adult acute leukemia, excluding indi- Gwdeh_ne: Fewerstudles.have been performed in recip-
viduals with the French-American-British M3 subtype. A ients of high-dose therapy with stem-cell support. Although
total of 7,336 patient-days were evaluated. Patients wer&UCh patients may experience more mucosal injury than
randomized to the traditional 20,0Q0/ threshold (con- patients receiving conventional antileukemic chemotherapy,
trols) or to a threshold of 10,006 when in stable clinical experience and the available data suggest that

condition and less than 20,000 in the presence of fresh guidelines for prophylactic transfusion similar to those for

hemorrhage, fever greater than 38°C, or invasive procepatients with acute leukemia can be used in transplant
dures. The '10 00QL threshold was éssociated with a recipients, with similar caveats about transfusion at higher

o . counts in patients with complicating clinical conditions. The
21.5% reduction in platelet requirements. There were no ) - .
S . . recent increased use of peripheral-blood stem cells with
significant differences in the number of red cell transfu- . .

. tients with bleedi isod q thshorter durations of thrombocytopenia should further de-
sions, patients with severe bleeding episodes, or deathg ... the hemorrhagic risk.
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Level of Evidence: Ill aplastic anemia. Many such patients have minimal or no
Grade of Recommendation:B significant bleeding for long periods of time despite low
Observations in leukemia patients enamed the Depart- platelet counts. On the basis of clinical experience and
ment of Hematology at the University Hospital de la Princesalimited retrospective studies, the Panel suggests that many
in Madrid to decrease the platelet transfusion trigger at the endf these patients can be observed without prophylactic
of 1992 from 20,00Q/L to 10,0004L in stable bone marrow transfusion, reserving platelet transfusions for episodes of
transplant recipien$ Among the 87 control patients who hemorrhage or during times of active treatment.
underwent transplantation in 1990 to 1991 and received trans- Level of Evidence: IV
fusion with a threshold at 20,0Q4d., there were 12 patients Grade of Recommendation:C
with 14 episodes of severe hemorrhage, three of which were A recently published study from Switzerland described
fatal. Similar outcomes were found among the 103 patient25 patients with aplastic anemia observed for more than
who underwent transplantation in 1993 to 1994; 12 patients8,000 days, who received transfusions prophylactically at
experienced 14 hemorrhages, which were fatal in four casesounts of less than 5,000L when clinically stable, at
Platelet use during the first 100 posttransplantation day$,000uL to 10,0004L if febrile or experiencing recent
decreased from a median of 73 to 54 units of PC per paffent (bleeding, and at higher counts if active bleeding was
< .01). A similar study with 124 patients, reported in 1994, presenf® Only three episodes of nonfatal hemorrhage
showed similar outcomés.The thresholds of 20,000, and  occurred using this approach, and the majority of transfu-
10,0004L were associated with transfusion of 3.34 and 2.68sions were given at counts less than 5,p00/The interval
platelet units/patient/d, respectively, with associated cost savwsetween transfusions in outpatients increased to more than 7
ings for platelet usage. days with greater experience with this more restrictive
In a recent survey of transfusion practices at Unitedtransfusion approach, which suggests that patients had
States transplantation centers in 1995, Bernstein ¥t al many days at counts less than 5,Qa0without developing
reported that five of 18 centers used thresholds of less thadlinically important bleeding that required medical attention
10,0004L to 15,0004L, with the majority using a and earlier transfusion.
20,0004L cutoff. Bleeding was more common in recipients
of allogeneic transplants. Eleven percent of patients had &. Prophylactic Platelet Transfusion in Patients With
severe hemorrhagic event, usually related to genitourinary tracolid Tumors
bleeding, with 2% of patients having hemorrhagic deaths. G igeline: The risk of bleeding in patients with solid
Most bleeding events occurred at platelet counts of greater thag, oy during chemotherapy-induced thrombocytopenia is
20,0004L, however, and therefore would not have been o jareq o the depth of the platelet nadir, although other
preventable using this level as the transfusion trigger. Virtuallys, ~tors contribute as well. Evidence obtained from obser-
identical data were reported from an analysis of 1,402 bong ational studies supports the clinical benefit of prophylactic
marrow transplantations performed at Johns Hopkins HOSpigansfusion at a threshold of 10,0p0/ platelets or less. The

tal.8” Gastrointestinal and hemorrhagic cystitis were the MOSbnel suggests, however, on the basis of expert clinical

common bleeding sites, and only 2% of patients had i”tracrabpinion, that prophylactic transfusion at a threshold of

nial bleeding. Although bleeding was more common in seri->q goo(,L be considered for patients receiving aggressive
ously ill patients who eventually died, hemorrhage was rarelytherapy for bladder tumors as well as those with demon-

an isolated cause of death. . ~ strated necrotic tumors, owing to their presumed increased
These data were largely derived from transplantations;gy of bleeding at these sites

using bone marrow as the source of stem cells. The use of | o\ a| of Evidence: IV
stem cells mobilized from peripheral blood base substan- .,4e of RecommendationB

tially shorten the duration of thrombocytopenia and de-  ggcayse the relationship between platelet count and the
crease the need for. platelet transfgsmns n both the autolg;gy o bleeding was first described in leukemia patients, the
gous and allogeneic transplamatmn settiffy&Expanded _relevance of these findings for patients with solid tumors
use of nonmyeloablative regimens, so-called allogeneiGe eiying modern chemotherapeutic agents has been con-
minitransplantations will possibly further decrease the need;;yqreq. Although only a small minority of patients treated
for platelet transfusions in the futuf@. with conventional solid tumor regimens experience severe,
sustained thrombocytopenia, the need for platelet transfu-
sion is not uncommon with some newer, more aggressive
Guideline: No randomized studies have been per-experimental regimens. Five retrospective studies of solid
formed in patients with sustained, severe thrombocytopeni&umor patients have been reported to daté No prospee
such as can be seen in individuals with myelodysplasia antive or controlled trials in this population have been re-

5. Patients With Chronic, Stable, Severe Thrombocytopenia
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Table 2. Thrombocytopenia and Bleeding in Patients With Solid Tumors

20,000-50,000/ L 10,000-20,000/ uL < 10,000/ uL
Reference % 95% Cl % 95% Cl % 95% Cl

Belt’"

Total cycles of therapy 197 52 21

All bleeding 9.6 6-15 11.5 4-23 38.1 18-62

Maijor bleeding 2.5 1-6 7.7 2-19 14.3 3-36
Dutcher”?

Days at risk 4,393 576*

All bleeding 8 episodes/ 6-12 10 episodes/ 4-21

1,000 days 1,000 days

Goldberg”3

Total cycles of therapy 347 142 49

All bleeding 2.3 1-4 17.6 12-25 40.1 18-45

Maijor bleeding <1 <1-2 2.1 <1-6 10.2 3-22
Fanning”#

Total cycles of therapy 79 62 38t

All bleeding 0 0-5 17.7 9-30 18.4 8-34

Major bleeding 0 0-5 0 0-6 0 0-9
Elting”®

Total cycles of therapy 700 365 197

All bleeding 4.7 3-7 10.1 7-14 20.1 15-27

Maijor bleeding 2.3 1-4 3.6 2-6 7.1 4-12

Abbreviation: Cl, confidence interval.
*Data available for 10,000-20,000/ul and < 10,000/ ul combined.
tData available for 5,000-10,000/uL; data for < 5,000/ L not provided.

ported. Four of these studies confirm the findings in leukedets for bleeding prophylaxis, whereas Fanning €t al
mic patients, ie, the rate of bleeding increased as the platelgfroposed a threshold of 5,0Q0/. None of these thresholds
count decreased and no clear threshold could be demoras been tested in prospective randomized trials. However,
strated (Table 2). For each sequential decrease in platelgbnsidered together, these five observational studies provide
nadir, the rate of bleeding increased by 50% to 100%.  reasonably consistent, level IV, grade B evidence support-
These studies report a relatively low overall rate %%  ing the advisability of providing transfusions to patients

in the three largest studies) of major or life-threateningith solid tumors at a threshold of 10,000/ platelets
episodes of bleeding except when the platelet count felbr less.

below 10,0004L. These observational data also demon-  gecqse of the heterogeneity of this population, several

strate that hemorrhage at necrotic tumor sites, mdUdin%ubgroups may require special consideration. Because pa-

fatal hemorrhages, can occur at platelet counts well abovﬁents with gynecologic, colorectal, melanoma, or bladder
20,0004iL. Belt et af”* reported three fatal hemorrhages ftumors bleed from neérotic tumor’ sites som,etimes after

resulting from thrombocytopenia, one at a platelet Countothese sites have been irradiated, consideration should be

o
60,0004L. Dutcher et af* did not demonstrate any clear ggiven to transfusion at a higher threshold, perhaps 20,000/

relationship between platelet count and the risk of bleedin L it should b dh hat b h h
because the majority of cases of serious bleeding (37 of 44~ t should be noted, however, that because hemorrhage

cases) occurred at platelet counts exceeding 204000/ often qccurs at much higher .counts, it is unknown whether
often at necrotic tumor sites. Elting et’&lreported 32 MOre liberal use of transfusions would decrease bleeding
episodes of bleeding during 700 cycles of chemotherapy iffrom such necrotic sites. Second, there are some patients for
which platelet counts never fell below 20,000/ Eleven ~ Whom a risk of major bleeding of 2% to 5% may be
(34%) of these episodes were related to necrotic tumor§onsidered clinically unacceptable. Included in this group
or metastases. are patients with poor performance status or physiologic

Given these observations, it is extremely difficult to reserve as well as those with limited access to health care
recommend a single threshold below which prophylacticfacilities during thrombocytopenia that is expected to be
transfusion should be prescribed to all patients with solidprofound and prolonged. Depending on their tumor type and
tumors, although thresholds have been suggested by sontkee presence of a necrotic site, these patients can also be
authors. On the basis of their findings, Belt et'adind  considered for prophylactic transfusion at a threshold of
Goldberg et df proposed a threshold of 10,004/ plate-
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20,0004iL platelets. Further clinical research in this area ishematomas, as opposed to the more common epidural
desirable. hematoma. In the 4-year period of study, no patient with a
normal platelet count had this adverse outcome. Five of the
7. Surgical or Invasive Procedures in Thrombocytopenic eight patients had platelet counts less than 200007 he
Patients authors suggest that thrombocytopenia plays a major role in
Guideline: Thrombocytopenic patients frequently re- this complication and that the level of the platelet count, its
quire invasive diagnostic or therapeutic procedures. Comfa@pidity of decline, and the skill of the person performing
mon procedures include placement of permanent or tempdl€ Procedure are important factors in determining the
rary central venous catheters, transbronchial and esophagefety of the procedure. Platelet transfusions were recom-
endoscopic biopsies, paranasal sinus aspirations, bone maprended just before the LP if the count was below
row biopsies, and occasionally even major surgery. The?0,0004L.
Panel suggests, on the basis of accumulated clinical expe- [N 1982, Breuer et & demonstrated that the radicular
rience, as attested to by a variety of consensus conferen€ssels are the most likely source of bleeding rather than
statement&®® that a platelet count of 40,0Q0L to Batson’s plexus, as proposed by Edelson ef”ahfter
50,000 is sufficient to perform major invasive proce- reviewing a large number of cerebrospinal fluid examina-
dures with safety, in the absence of associated coagulatiofiPhs and demonstrating the frequency of finding RBCs as
abnormalities. Certain procedures, such as bone marroWell as the frequency of nerve root irritation, they empha-
aspirations and biopsies, clearly can be performed safely atized the recommendations of Edelson et al, ie, that platelet
counts of less than 20,0Q€L. There are sparse data transfusions be used for platelet counts less than 2Q4000/
(summarized below) about the safety of other invasiveWwith the most skilled person performing the test. Of their 20
procedures at much lower count levels. If platelet transfu-Patients who had LPs with platelet counts less than 20,000/
sions are administered before a procedure, it is critical thattl, only seven received platelet transfusions before the
a posttransfusion platelet count be obtained to prove that therocedure. Of those who did not undergo transfusion, two
desired platelet count level has been reached. Plateléteveloped significant spinal subarachnoid hematomas.
transfusions should also be available on short notice, in case Lastly, Howard et dF reviewed the outcomes of 4,309

intraoperative or postoperative bleeding occurs. For alloimLPs performed on 959 children treated for acute lympho-
munized patients, histocompatible platelets must be availcytic leukemia between 1984 and 1998 at St Jude Children’s

able in these circumstances. Research Hospital. Although the frequency of traumatic
Level of Evidence: IV LPs (> 10 RBC/mL of CSF) increased as platelet counts
Grade of Recommendation: C decreased, no significant iatrogenic complications were

Thrombocytopenic patients frequently require invasivenoted in this large series, which included 378 LPs in patients
diagnostic or therapeutic procedures. A platelet count ofvith platelet counts less than 25,000/ It is unclear
50,000/ is often stated as a standard for the level at whichwhether such an exemplary safety record could be dupli-
major surgery can be performed safely. The largest recordegated in adults, in whom the procedure is often more
series was a retrospective review of 167 operations in 9%echnically difficult.
patients with acute leukemi&.Preoperative platelet trans ~ Liver Biopsy. McVay and Toy reviewed 291 liver
fusions were given to achieve platelet counts of greater thahiopsies performed during 56 consecutive months. In pa-
50,0004.L. Seventy percent of the procedures were majortients with mild thrombocytopenia (platelet counts of
operations, including laparotomy and craniotomies; the50,0004L to 99,0004L), the incidence of bleeding was
remainder were procedures such as tracheotomy, cathetdr4%, with no difference when compared with patients with
insertion, and tooth extractions. There were no deathsiormal platelet count®) An underlying diagnosis of malig
caused by surgery-related hemorrhage, and intraoperativieancy was noted to be a risk factor for bleeding. There are
blood loss was greater than 500 mL in only 7% of theno systematic data concerning more contemporary ap-
operations. Patients with concurrent coagulation abnormalproaches with computed tomography—guided fine-needle
ities were more likely to have significant bleeding. biopsies.

There are few systematic studies describing the outcome Gastrointestinal Endoscopy.Chu et af* examined the
and safety of specific invasive procedures in thrombocyto+esults of 187 upper and lower endoscopies performed on
penic patients: 173 thrombocytopenic patients. These patients were subdi-

Lumbar Puncture (LP). In 1974, Edelson et al de- vided into three groups by level of platelet count (group A
scribed eight thrombocytopenic patients seen over a 4-yeax 20,000£4L, group B 20,00Q4L to 40,0004.L, and group
period who developed spinal subdural hematomas afte€ > 40,0004L). Diffuse oozing occurred mainly in group
LP’" The authors point out the rarity of subdural spinal A and was rare in patients in the other groups, in whom
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unifocal bleeding sources were demonstrated. The diagnoselpful in this regard® The platelet transfusion must
tic yield was 92% for upper endoscopies and 60% fortherefore be closely coordinated with the timing of the
colonoscopy. No major complication was noted in anyplanned surgical intervention.

group, and it was concluded that endoscopy with a cooper-

ative patient could be safely performed in thrombocytopenicg, prevention of Alloimmunization to RhD Antigens
patients by experienced operators without prophylactic

latelet transfusion. No endoscopic bionsies were per- Guideline: Prevention of RhD alloimmunization result-
Formed however ' P P P ing from RBCs contaminating platelet transfusions, either

Fiber-Optic Bronchoscopy (FOB) and Bronchoalveo- through the exclusive use of platelets from RhD negative

lar Lavage (BAL). Weiss et 42 examined prospectively al donors or via anti-D immunoprophylaxis, should be consid-
bone marrow transplant recipients undergoing diagnosticereOI for RhD-negative children (particularly girls) and for
FOB with BAL in a 6-month period. A total of 66 FOBs WoLmenI ofchhll_g-bear.lr:?/ age.
with BAL were performed. As part of the general care of evel of tvidence.

transplantation patients, they received platelet transfusions glrad:a of dRecommendanoS:rl]D ) heir suy
to maintain a platelet count of greater than 20,00/ atelets do not express antigens on their surace,

However, no transfusions were given specifically for thebUt the quantity of RBCs in platelet preparations is suffi-

procedure. Sixty-seven percent of patients had platele([:len'[ to induce Rh sensitization, even in immunosuppressed

counts of less than 50,00 and 20% less than 20,006 cancer patient®>°® Different studies have documented that
’ 206 of cases and were usuallnti-D antibodies can be detected in 7.8% to 19% of

minor and self-limited. The level of platelet count did not N€terogeneous groups of RhD-negative cancer patients ex-
correlate with the rate of complications posed to RhD antigens via transfusiGit® Two small
studies have demonstrated that RhD immunoprophylaxis

Transbronchial Biopsy. Papin et &° reported their 1L fmmu 4
results in 24 severely thrombocytopenic patients. TwentySan Prevent the development of anti-D in this setfifg’

five procedures were performed, and there were thred aken together, these studies report on 57 RhD-negative
self-limited episodes of endobronchial bleeding and a singléncelogy patients who received anti-D immunoglobulin
death from massive hemorrhage. Although preproceduréimunanews'y with platelet transfusions. None of the
platelet transfusions were used in 20 of the 24 patients, nfatients developed endogenous anti-D. Prevention of RhD
posttransfusion platelet counts were obtained. The on&lloimmunization resulting from platelet transfusions, either
fatality occurred in a patient whose prebiopsy platelet counthrough the exclusive use of platelets from RhD-negative
was 23,00Q4L and who had received 6 units of platelets donors or via anti-D immunoprophylaxis, should be consid-
before the procedure and 12 units after the procedure. Th@red for RhD-negative children (particularly girls) and
authors suggested that if the platelet count remains in th&omen of child-bearing age.
10,000{.L to 20,0004L range despite platelet transfusion, ~ Thus, if platelets from an Rh-positive donor or platelets
transbronchial biopsy should not be performed. Others hav&om a donor of unknown Rh phenotype are given to an
emphasized the role of other coagulation abnormalities ifRh-negative recipient, administration of Rh immunopro-
increasing bleeding ris¥ phylaxis should be considered, especially for younger fe-
The accumulated data demonstrate that platelet counts ¢hale patients who might become pregnant after successful
approximately 50,00@lL suffice to perform the procedures treatmenf®°®° Because of the thrombocytopenia, it is
described above, as well as dental extracfiof$and preferable to use a preparation of anti-D that can be
central venous catheter insertidf&° with acceptable risk administered intravenously (IV). In Canada and the United
of side effects. States, WinRho SDF, a licensed IV preparation, is available.
Although strong opinions abound, it is difficult to draw The amount of anti-D immunoglobulin necessary to prevent
firm data-driven conclusions as to the lower level of plateletsensitization depends on the number of contaminating
count that is safe for these various procedures, and morBCs in the PCs. Extrapolating from guidelines used to
systematic research in this area is clearly needed. It must bgrevent maternal sensitization after fetal-maternal hemor-
emphasized that it is critical to determine the posttransfurhage, a dose of 2hg (125 1U) of anti-D immunoglobulin
sion platelet count in patients about to undergo invasivewill protect against 1 mL of RBC¥ If possible, the
procedures. It is inappropriate to assume that a hemostatimmunoglobulin should be given before or immediately
platelet count level has been achieved simply because after the transfusion, although, as in the obstetrical setting,
platelet transfusion was administered. Posttransfusionit may still be efficacious if given within 72 hours of
counts obtained 10 minutes after transfusion can bexposure to the RhD-positive RBCs.

Complications occurred in 1
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9. Prevention of Alloimmunization Using Leukoreduced and mortality. When histocompatible donors are not avail-
Blood Products able, the management of alloimmunized patients is difficult.
The elimination of alloimmunization would greatly simplify

iHlatelet transfusion therapy, and in particular, would in-

fractoriness to platelet transfusion can be decreased h ¢ i A ission th dmi
patients with acute myeloid leukemia (AML) receiving greaset esa_etyo |r_1ten5|ve po_stremlssm_nt erapy agmin-
istered to patients with leukemia. There is substantial in

induction chemotherapy when both platelet and RBC prod-~, o . . )
vitro and preclinical evidence from murine and canine

ucts are leukoreduced by filtration before transfusion (level . o
models, which suggests that the leukocytes contaminating

| evidence). It is therefore appropriate to provide leukore- : . . .

duced blood products to patients with AML from the time of platelet preparations are the primary stimulus for alloimmu-

diagnosis to ameliorate this important clinical problem nization°3>%|t seems that presentation of class | and class
"Il antigens by intact leukocytes is required for initial

Although randomized trials have not been conducted in . .
. S . . processing by the immune system. Because platelets do not
other patient groups, it is likely that alloimmunization can

.express class Il histocompatibility antigens, it is likely that

also be decreased in patients with other types of leukemig . .
. . - it is the leukocyte that serves as the costimulus. Therefore,
and in other cancer patients receiving chemotherapy. Ther . . . .
ere has been considerable interest in the use of different

Guideline: The incidence of alloantibody mediated re-

dministered (f | lasti ! lodvsol Qation of the antigen presenting capacity of the leukocyte to
administered (for example, aplastic anemia, myelodysp Ateduce the incidence of alloimmunization. With regard to

sia), although the consensus of opinion would favor its US&he latter approach, it has been shown that ultraviolet B
in these patients as well. Because leukoreduction add VB) irradiation can abolish reactivity in mixed lympho-

appreciably to the costs of transfusion, it should be use yte reactions and that doses of UVB irradiation can be
only for patients expected to require multiple platelet;qeifieq that do not affect platelet function in vitt®*°°
transfusions during their treatment courses and is N0t A a3rge number of clinical trials have been reported over
indicated for patients with cancer receiving RBCs or ther-, past 10 to 15 years, most of which focused on filtration
apies that do not produce significant and sustained thromg platelets before transfusion to remove leukocy#8g2°
bocytopenia. In some countries, all blood products are NOWrpege filters are capable of relatively reliable, 3 to 4 log
leukoreduced at the time of blood collection and componenteqction in leukocyte contamination of platelets obtained
preparation. Should such prestorage leukoreduction becomginer by apheresis or prepared as PCs. Most, but not all, of
aroutine in the United States, it would alleviate the need folyhace studies were positive and demonstrated reduction of

additional filtration at the time of transfusion. alloantibody production in patients receiving filtered prod-
Level of Evidence: I ucts. There are, however, a number of problems with these
Grade of RecommendationA older trials*?*122|n general, the studies were small with

Alloimmunization against histocompatibility antigens oc- |q\ statistical power, contained patients with a variety of
curs in many recipients of multiple random donor plateletgifferent diagnoses receiving heterogeneous chemotherapy
transfusions and is the most important long-term complicayegimens, used different end points for refractoriness and
tion of platelet transfusion. Estimates of the frequency ofcriteria for alloantibody production, did not appropriately
alloimmunization after platelet transfusion vary widely, stratify for predisposing factors such as prior transfusion or
depending in part on the patient population being studiethregnancy, had discrepant policies with regard to leukocyte
and the intensity of cytotoxic and immunosuppressivedepletion of RBC transfusions, and achieved variable de-
therapy administered. Recent experience suggests that bgrees of leukocyte depletion, with little data reported about
tween 25% and 35% of newly diagnosed patients with AML quality control of the transfused product. There have been
will produce lymphocytotoxic antibody and become alloim- fewer trials published evaluating UVB irradiation, but these
munized and refractory to nonhistocompatible plateletsame criticisms appl$?®*23In addition, two recently pub
transfusiong*0-10 lished small trials failed to show benefit from leukocyte

Despite greater understanding of factors that influence théiltration, including one in which filtration was performed at
results of transfusion from HLA-selected donors, as manythe bedside, rather than at the blood baHit*”All of these
as 40% to 60% of apparently histocompatible plateletmanipulations increase the cost of transfusion. There can be
transfusions administered to alloimmunized patients arean appreciable loss of platelets after filtration (up to 25% to
unsuccessful®? In addition to the costs of such transfu 35%, and sometimes greater when fresh apheresis platelets
sions, recipients of transfusions that do not produce satisare filtered), with a potential to increase the number of
factory increments remain at risk of hemorrhagic morbidity transfusion products requiréd® All RBC transfusions also
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have to be adequately leukoreduced, further adding to theatients achieve complete remission and receive intensive
cost of this treatment. postremission therapy. This is of importance because there
To help address these concerns, a large, randomizedas only a modest reduction in the incidence of refractori-
multi-institutional trial (Trial to Reduce Alloimmunization ness to transfusion in the TRAP study, because the antibod-
to Platelets [TRAP]), which involved eight institutions in ies often developed after 3 to 4 weeks, at a time when the
the United States, was recently completé@ix hundred  patients may no longer have required platelet transfusion
three patients with newly diagnosed AML receiving initial during induction. Thus, the major impact of prevention of
induction therapy with anthracycline/cytarabine-based chealloimmunization may be noted in patients receiving inten-
motherapy were randomized to receive the following:sive consolidation. It has been estimated that only 10% to
pooled PC (control group); filtered PC (leukoreduced);15% of patients with newly diagnosed AML might actually
single donor, filtered platelets collected by apheresis; obenefit clinically from any successful method of reducing
pooled PC that had been UVB irradiated. All manipulationsalloimmunization->*
were performed at the blood bank, not at the patient bedside. The TRAP trial only evaluated adult patients with AML,
Patients were monitored for 8 weeks after the initiation ofbut it is likely, albeit unproved, that filtration would have
therapy, with randomization stratified for prior exposure tosimilar benefits for patients being treated for other cancers
histocompatibility antigens by pregnancy or prior transfu-as well. There are, however, relatively few groups of
sion. All RBC transfusions were leukodepleted by filtration. patients who require repetitive, prolonged courses of ther-
A target level of less than & 10° leukocytes per transfu  apy with the need for repeated multiple platelet transfusions.
sion was used in this study, although there are virtually noFor example, there is no compelling rationale for routine
data about the minimum number of leukocytes that sufficiltration of platelets for patients undergoing high-dose
to serve as an immunologic stimultf§. chemotherapy with peripheral-blood stem-cell transplantation.
There was a statistically significant reduction in the These patients generally only require a few platelet transfu-
formation of lymphocytotoxic antibody (anti-HLA anti- sions for the transplantation and usually do not have further
body) in all three groups receiving modified platelets (17%planned chemotherapy afterw&fiTherefore, the use of these
to 21%), compared with the control group (45%) receiving expensive filters should be monitored and restricted to patients
standard PC%! This reduction was noted in all patients, likely to require long-term transfusion support.
including women with prior pregnancies. Filtration and As in the case for the studies evaluating the indications
UVB irradiation also produced a significant reduction in the for platelet transfusion, most of the studies addressing the
incidence of immune-mediated platelet refractoriness durissue of prevention of alloimmunization/platelet refractori-
ing induction (3% to 5%v 13% in controls). The overall ness have been performed in adult patients with AML.
incidence of refractoriness was relatively low, probably Nevertheless, the conclusions from the adult studies are
because antibody formation tended to occur in the third tdikely generalizable to children particularly because most
fourth week of induction, often when patients were no pediatric patients with AML (or any other malignant dis-
longer requiring platelet transfusions. All of the platelet eases requiring platelet transfusion support) have not had
product manipulations produced the same degree of benefirevious pregnancies or transfusions. In both the TRAP
with similar posttransfusion increments. Thus, there was nstudy and the meta-analysis, these subgroups benefited
additional advantage from the use of single-donor plateletsnore than the study group as a whole from interventions to
compared with filtered, pooled PCs. prevent HLA alloimmunization. With respect to decisions
On the basis of these results, the accumulated conclusiorabout leukocyte-reduced blood components for children
of the earlier trials and a recent metanalySis,it is with malignancies other than AML, considerations similar
appropriate to provide leukoreduced RBC and plateleto those discussed above for adult patients apply. However,
products to newly diagnosed patients with AML and prob- chemotherapeutic regimens are often more aggressive for
ably to patients with other types of acute leukemia. Al- children than adults so that children may more often be
though these conclusions most likely also apply to the use ofandidates for long-term platelet support than are adult
UVB-irradiated platelets, there is no Food and Drug Ad-oncology patients. Three descriptive comparative reports in
ministration—approved irradiation device available at thispediatric patients of current versus older transfusion prac-
time. It should also be noted that only a subfraction oftices support these conclusiot§;*26:127
patients benefit from any successful approach to reduce the As an alternative to filtration of platelets or RBCs after
rate of alloimmunization. Only 30% to 40% of patients storage, there is now ample evidence indicating that re-
become alloimmunized using standard, nonleukocyte-removal of leukocytes just after blood collection (so-called
duced platelets and RBCGSNot all of these 30% to 40% of prestorage leukocyte depletion) is advantageous because of
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accumulating evidence that most transfusion reactions are a The platelet increment is determined by subtracting the
consequence of cytokines elaborated by leukocytes angretransfusion platelet count from the count determined 1
released into the plasma during stordgfe.Other than hour after transfusion. Identical results are obtained, how-
alloimmunization, it is these febrile reactions that are mostever, using a 10-minute posttransfusion count, which is
disturbing and dangerous to the patient. Although economisimple to obtain because the patient must be seen when the
issues presently determine the fraction of RBC collectiongransfusion is completed to switch the IV bagsAlthough
which are leukocyte depleted before storage or fractionit would be desirable to obtain immediate posttransfusion
ation, it is expected that this practice will increase in theincrements after all platelet transfusions, it is reasonable to
future, given its multiple clinical advantages, which also obtain such increments in nonbleeding hospitalized patients
include a reduction in the incidence of transfusion-associif the day-to-day increments are not satisfactory and after all
ated cytomegalovirus infectiorté? Lastly, newer modifica  transfusions to outpatients.
tions of apheresis techniques permit reliable collections of The percentage of platelet recovery, or the corrected
platelets with leukocyte contamination well below the<s — countincrement (CCI), is determined using a formula based
10° cutoff, presumably obviating the need for further on the estimated blood volume or size of the patient as well
leukocyte filtration of these product&®°Leukoreduction s the number of platelets in the infused product. Although
of RBCs would still be required, however. different values of the CCI have been used to define an
adequate transfusion response, the recently completed

10. Diagnosis of Refractoriness to Platelet Transfusion ~ TRAP study used a CClI ot 5,000 to define a satisfactory

Guideline: Although th irical d response, and this definition is endorsed by the Périgie
uidetine: “Although there are no empirical data 10 ooy gpsoiyte incrementx body-surface area @

suggest that monitoring and acting on the postplatelef, | 0 o platelets transfused 10**. Thus, if transfusion

transfusion count decreases the incidence of hemorrhagué:f 4 x 10" platelets produced an increment of 40,a0/

events, the Panel CONSensus is that posttral_wsfusmn platelet , 5 2 recipient, the CCl= 40,000% 2/4 = 20,000.
counts should be obtained after all transfusions, whenever ¢ . aternative. Because most centers do not routinely

possible. The Panel further recommends that additionalyain piatelet counts of the infused product, the Panel suggests
transfusions be administered if the posttransfusion count "?Jsing a rough estimate of an absolute increment of 2000/per
less than the platelet trigger appropriate for that clinical it o pC to be equivalent to a CCI of 5,000. This is based on
situation. Because patients may have a poor increment {0 fq assumption that an average-sized adult has a body-surface
single transfusion yet have excellent platelet increments;iag of 1.76 hand the average platelet count in a unit of PC
with subsequent transfusions, a diagnosis of refractorinesg g 7 < 10* For children. an approximate equivalent calcu

to platelet transfusion should only be made when at leastyiion for the absolute increment is 3,508/omit

two ABO-co_mpaﬂbIg transfusions, sFored_ less than 72 Because patients may have a poor increment to a single
hours, resultin poor increments, as defined in the supportingansfusion yet have excellent platelet increments with

text of the recommendation. subsequent transfusions, a diagnosis of refractoriness to
Level of Evidence: V. platelet transfusion should only be made when at least two
Grade of Recommendation:D, panel consensus ABO-compatible transfusions, stored less than 72 hours,

No formal study has been performed to document theesult in poor increments as defined ab8¥t.is suggested
effectiveness of monitoring and acting on posttransfusionhat the transfusions be ABO-compatible because of evi-
platelet counts. However, it is the consensus of the Panedence that ABO incompatibility (eg, A platelets to group O
that patients remain at risk for hemorrhagic events if therecipients) can sometimes compromise posttransfusion in-
posttransfusion counts are still below the platelet value usedrements:®* Once these criteria are fulfilled, the most likely
to trigger the initial transfusion. Therefore, additional plate- diagnosis is alloimmunization, although immune platelet
let transfusions are believed to be indicated to achieve @estruction as a result of drug-related antibodies, as well as
platelet count above the trigger level. In addition, monitor- hypersplenism, severe disseminated intravascular coagula-
ing the posttransfusion count allows the practitioner totion, shock, and massive hemorrhage, may also result in
determine the adequacy of platelet transfusion therapy. Ipoor platelet increments? Therefore, it is critical to first
patients fail to achieve an adequate platelet increment aftelocument that the patient is in fact alloimmunized, because
transfusion, investigations as to the cause of platelet transuch patients are managed differently than patients with
fusion refractoriness should be initiated. The practitionerother causes of refractoriness to transfusion. Approximately
should then work with the blood bank to determine a90% of patients who are alloimmunized will have alloanti-
rational transfusion program for such patients. body to HLA antigens detectable by lymphocytotoxicity
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assays or platelet antibody testitf:3313t is the consen  patients who present with low leukocyte counts may be unable
sus of the Panel that all patients who are refractory tato be HLA typed except by molecular techniques. Also,
platelet transfusions as defined above have such antibodyatients with less common HLA phenotypes may have few
studies performed to confirm a diagnosis of alloimmunity. compatible donors available. Finally, approximately 40% to
50% of HLA-matched platelet transfusion events do not result
in adequate increments. For such patients, histocompatible
Guideline: Patients with alloimmune refractory throm- platelet donors are best identified using platelet cross-matching
bocytopenia, as defined above, are best managed wittechniques that are available at many blood bafks®” In
platelet transfusions from donors who are HLA-A and addition, potential donors not identified by HLA matching may
HLA-B antigen selected. Most blood centers have accesbe selected by cross-matching. This may be because such
to computerized lists of such donors. For patients (a)recipients have platelet rather than HLA alloantibodies and
whose HLA type cannot be determined, (b) who havetherefore would not respond to HLA-matched platelets.
uncommon HLA types for which suitable donors cannot Repeated transfusions of large numbers of units=(n
be identified, or (c) who do not respond to HLA matched 10+) of pooled random-donor platelets may benefit patients
platelets, histocompatible platelet donors can often bewith active bleeding. This may be related to a transient
identified using platelet cross-matching techniques. Indecrease in the alloantibody titer or the possibility that
many patients, these two techniques are complementaryguch random donor platelet products may fortuitously
There is no evidence that alloimmunized patients benefitnclude some histocompatible unt®**8Therapies used
from nonmatched prophylactic platelet transfusions thatfor the treatment of idiopathic thrombocytopenia purpura
do not produce posttransfusion increments, and the Panélave also been tried for patients with alloimmune refrac-
recommends that such patients be transfused only fotory thrombocytopenia with little success. Perhaps the

11. Management of Refractoriness to Platelet Transfusion

hemorrhagic events. best studied is IV gamma globulin (IVIG). Most nonran-
Level of Evidence: llI domized studies fail to show the benefit of IVIG for
Grade of Recommendation:B, panel consensus patients with alloimmune-refractory thrombocytope-

The transfusion of HLA-matched platelets results in ade-nia3°*4° In addition, a small randomized placebo-
guate increments in approximately 50% to 60% of transfusiorcontrolled study (level Il evidence), failed to show a
events and, if available, are generally used as the initiabignificant benefit of IVIG for such patienté! Cortico-
management for patients with alloimmune refractory thrombo-steroids and splenecton§? the mainstays of treatment
cytopenia®>**2When choosing HLA-matched products, one for ITP, have also not been shown to be of benefit for
should consider the fact that HLA antigens can have variablg@atients with alloimmune thrombocytopenia (level Il
expression on leukocytes (used to determine the HLA type oevidence), nor has the use of plasma exchatiggevel
the patient/donor pair) and platelets. For example, plateletdl evidence).
mismatched for HLA B44 or B45 can still produce satisfactory
increments approximately 75% of the tiri€.Other single- ACKNOWLEDGMENT
antigen mismatched platelets can also produce adequate iNCresyq thank drs Sandra J. Horing, Alan Coates, Howard R. Terebelo

. . -
ments in many patientS> HLA-matched platelets are not scort Murphy, Ben Djulbegvic, Paolo Rebulla, and Ted Lee for their
available for all patients, however. For example, leukemiathoughtful reviews of earlier versions of these guidelines.

APPENDIX A: SUMMARY OF GUIDELINES

1. Platelet Products
Platelets for transfusion can be prepared either by separation of units of platelet concentrates (PCs) from whole blood, which are pooled before
administration, or by apheresis from single donors. Comparative studies have shown that the posttransfusion increments, hemostatic benefit, and side effects
are similar with either product. Thus, in routine circumstances, they can be used interchangeably. In most centers, pooled PCs are less costly. Single-donor
platelets from selected donors are preferred when histocompatible platelet transfusions are needed. Both preparations can be stored for up to 5 days after
collection at 20°C to 24°C with good maintenance of platelet viability.

2. Prophylactic Versus Therapeutic Platelet Transfusion
The Panel recommends that prophylactic platelet transfusion be administered to patients with thrombocytopenia resulting from impaired bone marrow
function to reduce the risk of hemorrhage when the platelet count falls below a predefined threshold level. This threshold level for transfusion varies
according to the patient’s diagnosis, clinical condition, and treatment modality.
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3. Platelet Count Threshold for Prophylactic Platelet Transfusion: Acute Leukemia
The Panel recommends a threshold of 10,000/ L for prophylactic platelet transfusion in adult patients receiving therapy for acute leukemia, on the basis of the
results of multiple randomized frials that demonstrate that this approach is equivalent fo the use of a 20,000/ L threshold. Transfusion at higher levels may be
necessary in newborns or in patients with signs of hemorrhage, high fever, hyperleukocytosis, rapid fall of platelet count, or coagulation abnormdlities (for example,
acute promyelocytic leukemia) and in those undergoing invasive procedures or in circumstances in which platelet fransfusions may not be readily available in case
of emergencies. The studies that form the basis of this recommendation (as well as the other recommendations in this section) have included adolescents but not
younger children or infants. Nevertheless, it is probably reasonable to use similar guidelines for children and older infants. Although modern automated cell
counters are quite accurate at low platelet counts, there can be modest variations in count because of limitations of the counting technology. The decision to
transfuse at a precise trigger level should therefore consider the clinical context and the pattern of recent p|cte|et counts.

4. Hematopoietic Cell Transplantation

Fewer studies have been performed in recipients of high-dose therapy with stem-cell support. Although such patients may experience more mucosal injury
than patients receiving conventional antileukemic chemotherapy, clinical experience and the available data suggest that guidelines for prophylactic
transfusion similar to those for patients with acute leukemia can be used in transplant recipients, with similar caveats about transfusion at higher counts in
patients with complicating clinical conditions. The recent increased use of peripheral-blood stem cells with shorter durations of thrombocytopenia should
further decrease the hemorrhagic risk.

5. Patients With Chronic, Stable, Severe Thrombocytopenia
No randomized studies have been performed in patients with sustained, severe thrombocytopenia such as can be seen in individuals with myelodysplasia
and aplastic anemia. Many such patients have minimal or no significant bleeding for long periods of time despite low platelet counts. On the basis of
clinical experience and limited retrospective studies, the Panel suggests that many of these patients can be observed without prophylactic transfusion,
reserving platelet transfusions for episodes of hemorrhage or during times of active treatment.

6. Prophylactic Platelet Transfusion in Patients With Solid Tumors
The risk of bleeding in patients with solid tumors during chemotherapy-induced thrombocytopenia is related to the depth of the platelet nadir, although other
factors contribute as well. Evidence obtained from observational studies supports the clinical benefit of prophylactic transfusion at a threshold of 10,000/ L
platelets or less. The Panel suggests, however, on the basis of expert clinical opinion, that prophylactic transfusion at a threshold of 20,000/ L be
considered for patients receiving aggressive therapy for bladder tumors as well as those with demonstrated necrotic tumors, owing to their presumed
increased risk of bleeding at these sites.

7. Surgical or Invasive Procedures in Thrombocytopenic Patients
Thrombocytopenic patients frequently require invasive diagnostic or therapeutic procedures. Common procedures include placement of permanent or
temporary central venous catheters, transbronchial and esophageal endoscopic biopsies, paranasal sinus aspirations, bone marrow biopsies, and
occasionally even major surgery. The Panel suggests, on the basis of accumulated clinical experience, as attested to by a variety of consensus conference
statements,>>>% that a platelet count of 40,000/ ul to 50,000/ ul is sufficient to perform major invasive procedures with safety, in the absence of associated
coagulation abnormallities. Certain procedures, such as bone marrow aspirations and biopsies, clearly can be performed safely at counts of less than
20,000/ uL. There are sparse data (summarized below) about the safefy of other invasive procedures at much lower count levels. If platelet transfusions are
administered before a procedure, it is critical that a postransfusion platelet count be obtained to prove that the desired platelet count level has been
reached. Platelet transfusions should also be available on short notice, in case intraoperative or postoperative bleeding occurs. For alloimmunized patients,
histocompatible platelets must be available in these circumstances.

8. Prevention of Alloimmunization to RhD Antigens
Prevention of RhD alloimmunization resulting from RBCs contaminating platelet transfusions, either through the exclusive use of platelets from RhD negative
donors or via anti-D immunoprophylaxis, should be considered for RhD-negative children (particularly girls) and for women of child-bearing age.

9. Prevention of Alloimmunization Using Leukoreduced Blood Products
The incidence of alloantibody mediated refractoriness to platelet transfusion can be decreased in patients with AML receiving induction chemotherapy when
both platelet and RBC products are leukoreduced by filiration before transfusion (level | evidence). It is therefore appropriate to provide leukoreduced blood
products to patients with AML from the time of diagnosis to ameliorate this important clinical problem. Although randomized frials have not been conducted
in other patient groups, it is likely that alloimmunization can also be decreased in patients with other types of leukemia and in other cancer patients
receiving chemotherapy. There are no data in patients who are not receiving chemotherapy in the same time periods that the transfusions are being
administered (for example, aplastic anemia, myelodysplasia), although the consensus of opinion would favor its use in these patients as well. Because
leukoreduction adds appreciably to the costs of transfusion, it should be used only for patients expected to require multiple platelet transfusions during their
treatment courses and is not indicated for patients with cancer receiving RBCs or therapies that do not produce significant and sustained thrombocytopenia.
In some countries, all blood products are now leukoreduced at the time of blood collection and component preparation. Should such prestorage
leukoreduction become a routine in the United States, it would alleviate the need for additional filtration at the time of transfusion.

10. Diagnosis of Refractoriness to Platelet Transfusion
Although there are no empirical data to suggest that monitoring and acting on the postplatelet transfusion count decreases the incidence of hemorrhagic
events, the Panel consensus is that posttransfusion platelet counts should be obtained after all transfusions, whenever possible. The Panel further recommends
that additional transfusions be administered if the posttransfusion count is less than the platelet frigger appropriate for that clinical situation. Because patients
may have a poor increment to a single transfusion yet have excellent platelet increments with subsequent transfusions, a diagnosis of refractoriness to
platelet transfusion should only be made when ot least two ABO-compatible transfusions, stored less than 72 hours, result in poor increments, as defined in
the supporting text of the recommendation.
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11. Management of Refractoriness to Platelet Transfusion
Patients with alloimmune refractory thrombocytopenia, as defined above, are best managed with platelet transfusions from donors who are HLA-A and HLA-

B antigen selected. Most blood centers have access to computerized lists of such donors. For patients (a) whose HLA type cannot be determined, (b) who
have uncommon HLA types for which suitable donors cannot be identified, or (c) who do not respond to HLA matched platelets, histocompatible platelet
donors can often be identified using platelet cross-matching techniques. In many patients, these two techniques are complementary. There is no evidence that

alloimmunized patients benefit from nonmatched prophylactic platelet transfusions that do not produce posttransfusion increments, and the Panel

recommends that such patients be transfused only for hemorrhagic events.
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