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Pooled platelet concentrates
provide a small benefit over
single-donor platelets for
patients with platelet
refractoriness of any etiology
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Abstract

Background: At our institution, patients with platelet refractoriness (of any etiology) are some-

times switched from apheresis platelets to pooled platelets before human leukocyte antigen

(HLA)-matched units become available.

Study design and methods: Seven patients were analyzed. Platelet counts were available from

57 single-unit transfusions (26 pooled, 31 apheresis). A mixed linear effects model was used and

significance was determined using a likelihood ratio test.

Results: When analyzed as the only fixed effect in the model, the use of pooled versus single-

donor units and time from transfusion to post-transfusion blood sampling each showed a signif-

icant effect on platelet count increments. A mixed linear effect model including both factors

showed that transfusing a pooled unit correlated with a 4500�2000/mL greater platelet count

increment compared with a single-donor unit, and an increase in time from transfusion to post-

transfusion blood sampling lowered the platelet count increment by 300�100/mL per hour.

Conclusion: A small but potentially clinically relevant benefit was observed in transfusing pooled

random-donor platelets compared with single-donor units for patients with platelet refractori-

ness (of any etiology).
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Introduction

Platelet refractoriness is a common clinical
problem that can cause significant patient
morbidity and increased healthcare costs.
Previous studies in multiply transfused
hematology/oncology patients have
reported an incidence of platelet refractori-
ness of up to 28% to 34%.1,2 An objective
definition for refractoriness is based on the
corrected count increment (CCI).
Calculated by taking into account the
post-transfusion increment, the quantity of
platelets transfused, and the recipient’s
body surface area, a CCI of less than
5000/mL within 1 hour post-transfusion
for two sequential transfusions has been
widely used to define refractoriness.3,4 In
practice, a platelet increment of less than
5000 to 10000/mL at 24 hours post-
transfusion is often used as an indicator of
refractoriness because obtaining a post-
transfusion count within 1 hour after trans-
fusion CCI can be logistically challenging
and is not reliably accomplished at our
institution.

Both immune and non-immune factors
contribute to platelet refractoriness.
Antibodies against class I human leukocyte
antigens (HLA) are the most common
cause of immune-mediated refractory
status.5 Antibodies against other platelet
antigens, such as human platelet antigens
(HPA) and membrane glycoproteins Ia/
IIa, Ib/IX, and IIb/IIIa, have also been
reported.5–7 Non-immune conditions that
could accelerate platelet consumption
include splenomegaly, bleeding, fever, infec-
tion, increased height and weight, and van-
comycin or heparin therapy.3,4 It is
common for refractory patients to be con-
currently affected by both immune and
non-immune causes.

Current treatments for immune refracto-
riness include HLA-matched or cross-
matched products. With most patients
presenting with a multifactorial etiology, it

is common that refractoriness persists with
HLA-matched transfusion.8 To prevent sig-
nificant hemorrhage during the time that is
required to prepare the matched products,
an assessment of different platelet product
types may be a helpful strategy.

Since August 2014, it has been a policy at
our institutional blood bank to provide
single-donor (apheresis) products for plate-
let transfusions to minimize alloimmuniza-
tion. Under this policy, pooled units are
only rarely used. This mirrors the practice
across the United States. However, at our
institution, when immune refractoriness is
suspected and/or when HLA-matched
products are pending, some clinicians ask
us to switch to pooled random-donor
units on the basis of the hypothesis that
greater HLA diversity may partially spare
transfused platelets from immune-mediated
clearance. Our hospital has a long-standing
on-site HLA lab, and, for this reason, the
platelet antibody screen and platelet cross-
match have not been used by our blood
bank to date. This study aimed to examine
the clinical benefit of switching from single-
donor apheresis products to pooled
random-donor units.

Materials and methods

Patients and data collection

We performed an retrospective search of
institutional blood bank records and iden-
tified seven patients who were switched
from single-donor units to pooled platelet
concentrates from August 2014 to
December 2015. The sole criterion for
switching (and thus, the sole criterion for
inclusion in this review) was hematologist
request. No attempt in real time was made
by the transfusion medicine service physi-
cians to filter or approve such requests. In
each case, the physicians requested the
switch because their stated concern was
that the patient may show refractoriness
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(of any etiology). The University of

Wisconsin Health Sciences Institutional

Review Board (IRB) Office approved this

study and waived the requirement for

informed consent.
Refractoriness was defined as a platelet

count increase of less than 5000/mL after

receiving a single-donor unit for more

than two consecutive transfusions.

Patients who received pooled units without

previous laboratory evidence of refractori-

ness were excluded. For each patient, clini-

cal information was collected including the

following: age, sex, previous and active

medical diagnoses, anti-HLA antibody

workup results, treatment course, transfu-

sion history, and platelet counts during

pooled unit transfusion.

Product source and quality control

All single-donor and pooled platelet prod-

ucts were supplied by the American Red

Cross (ARC) in Madison, WI, USA. All

single-donor units were collected by aphe-

resis. Each pooled unit was prepared by

combining five whole blood-derived platelet

concentrates. All products were leukocyte-

reduced. On the basis of 9 months of avail-

able quality control data provided by the

ARC, a single-donor platelet unit contained

an average platelet yield of 4.2� 1011 plate-

lets; the average yield in a pooled unit was

4.1� 1011 platelets.

Statistical analysis

To make comparisons under similar

immune and non-immune conditions, anal-

ysis of each patient was limited to the

period beginning 3 days before the first

use of a pooled unit and ending the day

when the last pooled unit was transfused

during the same admission. The platelet

count increment after a single-unit transfu-

sion was calculated if both pre- and post-

transfusion data were available. In some

cases, patients received two or more units
of platelets between blood samplings, and
these data were excluded.

Mixed linear effects analyses were per-
formed to evaluate the effect of each of
the following factors on platelet increments:
the use of pooled versus single-donor unit,
pre-transfusion platelet count, time from
pre-transfusion blood sampling to transfu-
sion, time from transfusion to post-
transfusion blood sampling, and HLA
class I-calculated panel reactive antibody
(PRA). Each factor was first evaluated as
the only fixed effect in a model that includ-
ed a random intercept for different patients.
Factors generating P< 0.05 were further
incorporated into a multivariate mixed
linear effects model (that also included a
random intercept for different patients),
and the effect size of each factor was deter-
mined. Model assumptions were ensured by
visual examination of residual and quan-
tile–quantile plots. Models with and with-
out considering the factor in question were
compared using likelihood ratio tests. A P
value of <0.05 was considered significant.
The analysis was performed using the lme4
package in R.9,10 The analysis method was
previously described by Winter.11

Results

Patient characteristics

As shown in Table 1, among the seven
patients, four were women and three were
men, with a median (range) age of 54 (26 to
70) years. All patients had multiple transfu-
sion histories secondary to hematologic dis-
eases. One patient was 10 days after the
initiation of chemotherapy for diffuse
large B cell lymphoma and the other six
patients were 0 to 52 days post-bone
marrow or peripheral blood stem cell trans-
plantation when they received the first
pooled platelet unit. Six patients had avail-
able anti-HLA antibody testing results with
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Table 1. Platelet count increments with single-unit transfusions

Case # (Age/Sex) & History

Transfusion

Date Unit Type

Pre-Tx count

in �103/mL
(time to Tx)

Post-Tx count

in �103/mL
(time to Tx)

6/4/15 Single-donor 9 (�4 hours) 7 (þ21 hours)

6/5/15 Single-donor 7 (�6 hours) 4 (þ18 hours)

1 (59/F) 6/6/15 Single-donor 4 (�2 hours) 2 (þ21 hours)

6/7/15 Single-donor 2 (�3 hours) 8 (þ3 hours)

Multiple myeloma; PBSCT

on 5/29/15; PRAa¼ 18%

6/7/15 Pooled 8 (�8 hours) 5 (þ11 hours)

6/8/15 Single-donor 5 (�5 hours) 8 (þ4 hours)

6/10/15 Pooled 9 (�1 hours) 23 (þ3 hours)

6/11/15 Pooled 9 (�1 hours) 9 (þ12 hours)

11/7/15 Single-donor 2 (�7 hours) 2 (þ2 hours)

11/7/15 Single-donor 2 (�0 hours) 2 (þ2 hours)

11/8/15 Pooled 12 (�7 hours) 7 (þ7 hours)

2 (70/F) 11/9/15 Pooled 7 (�4 hours) 6 (þ21 hours)

11/10/15 Single-donor 6 (�5 hours) 6 (þ3 hours)

MGUS with systemic 11/11/15 Pooled 7 (�4 hours) 7 (þ3 hours)

amyloidosis; PBSCT on

11/11/15 Pooled 7 (�5 hours) 11 (þ3 hours)

10/30/15; PRAa unavailable

11/12/15 Pooled 11 (�9 hours) 15 (þ7 hours)

11/12/15 Pooled 15 (�1 hours) 12 (þ8 hours)

11/13/15 Pooled 12 (�12 hours) 59 (þ1 hours)

8/9/15 Single-donor 15 (�12 hours) 10 (þ11 hours)

8/12/15 Pooled 23 (�0 hours) 12 (þ23 hours)

3 (54/F) 8/29/15 Single-donor 3 (�10 hours) 1 (þ1 hours)

8/30/15 Single-donor 1 (�4 hours) 1 (þ8 hours)

Myelodysplastic syndrome;

BMT on 8/3/15;

PRAa¼ 86%

9/1/15 Pooled 1 (�4 hours) 2 (þ7 hours)

9/1/15 Pooled 2 (�3 hours) 2 (þ12 hours)

12/9/15 Single-donor 11 (�12 hours) 21 (þ12 hours)

12/12/15 Pooled 14 (�24 hours) 17 (þ2 hours)

9/10/15 Single-donor 3 (�3 hours) 4 (þ6 hours)

4 (66/M) 9/10/15 Single-donor 4 (�3 hours) 4 (þ3 hours)

9/10/15 Single-donor 4 (�2 hours) 7 (þ4 hours)

DLBCL; R-DHAP started

on 9/3/15; PRAa¼ 0%

9/11/15 Single-donor 7 (�5 hours) 6 (þ7 hours)

9/12/15 Single-donor 6 (�3 hours) 5 (þ21 hours)

9/13/15 Pooled 5 (�4 hours) 5 (þ21 hours)

9/15/15 Pooled 3 (�6 hours) 8 (þ18 hours)

9/16/15 Pooled 8 (�5 hours) 14 (þ18 hours)

10/19/15 Single-donor 5 (�4 hours) 6 (þ19 hours)

10/20/15 Single-donor 6 (�5 hours) 5 (þ20 hours)

5 (51/F) 10/21/15 Single-donor 5 (�2 hours) 4 (þ2 hours)

10/21/15 Single-donor 3 (�9 hours) 4 (þ10 hours)

(continued)
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an HLA class I calculated PRA ranging

from 0% to 86%. Possible non-immune

causes of accelerated platelet consumption

are summarized in Table 2.

Factor effects on platelet increments

The seven patients received a total of 57

single-unit platelet transfusions (26 pooled

and 31 single-donor units) for which plate-

let count increments could be calculated

(Table 1). The median (range) platelet

count increment was 0 (�12,000 to 11,000)

per mL for a single-donor unit and 3000

(�11,000 to 47,000) per mL for a pooled

unit.
Three (9.7%) single-donor and six

(23.1%) of pooled unit transfusions

achieved a �5000/mL platelet count incre-

ment. During the analyzed period, none of

the patients experienced clinically signifi-

cant bleeding.
When analyzed as the only fixed effect in

a model, the use of pooled compared with

single-donor units (P¼ 0.04) and time from

transfusion to post-transfusion blood sam-

pling (P¼ 0.02) each demonstrated a signif-

icant effect on platelet count increments.

Table 1. Continued.

Case # (Age/Sex) & History

Transfusion

Date Unit Type

Pre-Tx count

in �103/mL
(time to Tx)

Post-Tx count

in �103/mL
(time to Tx)

Chronic myelogenous

leukemia; BMT on 8/31/15;

PRAa¼ 74%

10/22/15 Pooled 4 (�5 hours) 10 (þ2 hours)

10/23/15 Single-donor 5 (�12 hours) 16 (þ13 hours)

10/25/15 Pooled 10 (�7 hours) 11 (þ5 hours)

10/26/15 Pooled 8 (�3 hours) 12 (þ20 hours)

10/28/15 Pooled 6 (�3 hours) 7 (þ21 hours)

12/4/15 Single-donor 23 (�8 hours) 11 (þ10 hours)

6 (45/M) 12/5/15 Single-donor 10 (�4 hours) 7 (þ14 hours)

12/5/15 Single-donor 11 (�0 hours) 10 (þ7 hours)

Myelodysplastic syndrome; BMT

on 11/16/15; PRAa¼28%

12/6/15 Single-donor 11 (�3 hours) 10 (þ2 hours)

12/7/15 Pooled 6 (�2 hours) 9 (þ5 hours)

12/7/15 Pooled 9 (�6 hours) 12 (þ1 hours)

12/8/15 Pooled 6 (�4 hours) 10 (þ3 hours)

5/27/15 Single-donor 7 (�8 hours) 2 (þ21 hours)

5/28/15 Single-donor 4 (�4 hours) 5 (þ2 hours)

7 (26/M) 5/28/15 Single-donor 2 (�4 hours) 4 (þ2 hours)

5/29/15 Pooled 4 (�6 hours) 33 (þ3 hours)

PNH; PBSCT on 5/29/15;

PRAa¼86%

6/6/15 Single-donor 10 (�10 hours) 7 (þ15 hours)

6/7/15 Single-donor 7 (�7 hours) 9 (þ17 hours)

6/8/15 Pooled 9 (�7 hours) 13 (þ17 hours)

a HLA class I calculated panel reactive antibody.

Tx, transfusion; PBSCT, peripheral blood stem cell transplantation; PRA, panel reactive antibody; MGUS, monoclonal

gammopathy of undetermined significance; BMT, bone marrow transplantation; DLBCL, diffuse large B-cell lymphoma;

R-DHAP, chemotherapy including rituximab, dexamethasone, ara-C and cisplatin; PNH, paroxysmal nocturnal hemoglo-

binuria; HLA, human leukocyte antigens.
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Pre-transfusion platelet counts, time from
pre-transfusion blood sampling to transfu-
sion, and PRA were not significant predic-
tors (Table 3).

A mixed linear effect model was further
built including both the use of pooled com-
pared with single-donor units and time
from transfusion to post-transfusion blood
sampling as two fixed effects without inter-
action terms. A random intercept for differ-
ent patients was also included. In this
model, transfusing a pooled unit correlated
with a platelet count increment of 4500�
2000/mL, which was greater than a single-
donor unit (P¼0.03). As expected, the per-

hour increase in the time from transfusion

to post-transfusion blood sampling

lowered the platelet count increments by

300�100/mL (P¼0.02; Table 3).

Discussion

In this study, pooled products resulted in

greater platelet count increments compared

with single-donor apheresis products in

platelet transfusion refractory patients.

Three (42.9%) patients had >50% HLA

class I calculated PRA. The increased plate-

let antigen diversity in pooled products

might explain the benefit seen in refractory

patients because transfused platelets may be

partially spared from immune-mediated

clearance. However, the use of pooled prod-

ucts incurs a high risk of further

alloimmunization.
Moreover, previous studies in hemato-

logic patients without refractoriness have

reported no difference in12 or superior13

platelet increments from single-donor units

compared with pooled concentrates. One

article that focuses on immune refractory

patients in particular demonstrated that

there was no significant difference in mean

the CCI or success rate when transfusing

apheresis platelets compared with pooled

platelets to HLA-sensitized patients.14 Our

Table 2. Possible non-immune causes of refrac-
toriness during the analyzed period

Case # Possible Factors

1 Fever; small subarachnoid hemorrhage

2 Fever

3 Fever; acute graft-versus-host disease;

cytomegalovirus viremia

4 Left hand spontaneous hematoma

5 Fever; Henoch–Sch€onlein purpura;

nutritional coagulopathy

6 Fever; Crohn’s disease with ileostomy

bleeding; splenomegaly

7 Fever; Pseudomonas aeruginosa

bacteremia

Table 3. Factors associated with platelet count increment in a mixed linear effects model

Univariate* Multivariate**

Factor Slope P-value Slope P-value

Unit type: pooled versus single-donor 4.5 0.04 4.5 0.03

Pre-Tx platelet count (�103/mL) �0.3 0.2

Time from pre-Tx blood sampling to Tx (hours) �0.5 0.09

Time from Tx to post-Tx blood sampling (hours) 20.3 0.02 20.3 0.02

HLA class I calculated PRA

As continuous variable 0 0.66

�50% versus <50% 1.2 0.5

* Factor was analyzed as the only fixed effect in the model.

** Both the use of pooled versus single-donor units and time from transfusion to post-transfusion blood sampling were

included as two fixed effects in the model.

Tx, transfusion; PRA, panel reactive antibody; HLA, human leukocyte antigens.
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study is different in the following two main
ways: 1) it is much smaller; and 2) we did
not focus solely on HLA-sensitized
patients. Our clinicians used this pooled
platelet strategy as soon as we recognized
the low CCIs (i.e., often when no HLA anti-
body results were available or would be
available for at least several days). Thus,
careful evaluation of patient conditions
and etiologies are recommended for inter-
preting the reported data and for choosing
transfusion strategies.

One patient did not have class I HLA
antibody test results because the ordering
physician did not order the test. We includ-
ed this patient because our sole criterion for
providing pooled platelets was hematologist
request regardless of the soundness of the
request at the time. Since then, we have
introduced a more structured process for
approving HLA-matched platelets, which
has had variable success. However, at the
time, the process was largely “customer
service” based, and we fulfilled any request
for pooled platelets from a hematologist no
matter the timing of the post-transfusion
platelet counts or what the antibody testing
results (if any) showed.

Limitations of this study include the small
subject number, mixed immune and non-
immune etiologies of refractoriness among
patients, and varying blood sampling times.
We attempted to correct for these potential
confounding variables by incorporating any
factor with a univariate result of P<0.05
into a multivariate model. Because no signif-
icant hemorrhage event occurred during the
study, it remains unclear whether pooled
products offer a benefit over single-donor
products in preventing hemorrhage. We con-
cede that some patients had immune refrac-
toriness and some did not show this
refractoriness. We included all eligible
patients who had two consecutive CCIs <5
because, as soon as these low CCIs are iden-
tified, the clinical team considers the patient
“platelet refractory with a possible immune

component” and wants to do whatever is
possible to increase the platelet count to pre-
vent spontaneous bleeding. This is a relative-
ly aggressive strategy. We also chose to
exclude patients who received more than
one unit before drawing a post-transfusion
platelet count because we could not discern
the contributions from each individual unit.

We also concede that pooled platelets
have many real or potential disadvantages
over apheresis platelets. These include
increased donor exposures to infectious dis-
ease transmission risk, increased donor
exposures to HLAs that may increase
patient alloimmunization, and decreased
availability. This analysis also does not
include a thorough study of patient out-
comes. Thus, there may be potential disad-
vantages to the patients’ clinical outcomes
that we did not find because they were
beyond the scope of this research.

We do not claim that using pooled pla-
telets is without tradeoffs. The primary aim
of our analysis was to answer the question,
“Do patients with platelet refractoriness (of
any etiology) benefit from pooled
platelets?” This question was implicit in
our clinicians’ requests for these products
as a temporary measure.

Finally, the difference in platelet counts
was 4500� 2000/mL. On the one hand, this
can be viewed as a very small difference. On
the other hand, nearly all patients with
platelet refractoriness (especially bone
marrow transplant [BMT] patients) for
whom we receive consults had platelet
counts of less than 10,000/mL. Thus, we
speculate that this potential benefit of
around 4500/mL may make a clinically rel-
evant difference if it leads to a count over
10,000/mL or if it prevents spontaneous
bleeding or stops active bleeding.

Conclusion

We observed a small but potentially clinically
relevant benefit in transfusing pooled
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random-donor platelets compared with
single-donor units for patients with platelet
refractoriness (of any etiology). The data
(while few) appear to support the practice
of switching to the use of pooled products
when refractoriness (of any etiology) may
be present in patients who are awaiting
matched products and class I HLA antibody
test results.
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