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B L O O D C O M P O N E N T S

A prospective observational cohort safety study of 5106 platelet
transfusions with components prepared with photochemical

pathogen inactivation treatment

Jean C. Osselaer, Nathalie Messe, Tor Hervig, Jose Bueno, Emma Castro, Aurora Espinosa,

Patrizia Accorsi, Klaus Junge, Michele Jacquet, Jocelyne Flament, and Laurence Corash

BACKGROUND: Inactivation of pathogens and white
blood cells in platelet (PLT) components with amo-
tosalen and UVA light (INTERCEPT, Cerus Europe BV)
has entered clinical practice in European blood centers.
A prospective cohort study was implemented to charac-
terize the safety profile of this new PLT component in a
broad patient population.
STUDY DESIGN AND METHODS: Apheresis or buffy-
coat PLT components were leukoreduced, suspended
in approximately 35 percent plasma and 65 percent PLT
additive solution, and treated with the INTERCEPT
process. Blood centers were requested to complete a
safety data form after each transfusion.
RESULTS: Data for 5106 INTERCEPT components
administered to 651 patients were monitored. A total of
5051 (98.9%) transfusions and 609 (93.5%) patients
had no reported reactions. Fifty-five (1.1%) transfusions
were associated with adverse events, and 42 (0.8%)
were possibly, probably, or related to the PLT transfu-
sion. Adverse events occurred in 42 (6.4%) patients,
but in only 32 (4.9%) patients was a causal relationship
to PLT transfusion established. One reaction was
serious, and no deaths were related to PLT transfusion.
Among the transfusions reactions, the most frequent
clinical events in descending frequency were chills,
fever, dermatologic reactions, dyspnea, nausea or vom-
iting, and hypotension. No episodes of transfusion-
related acute lung injury were reported.
CONCLUSIONS: In this cohort study, 99.2 percent of
transfusions were without reactions attributed to PLTs.
INTERCEPT PLTs exhibited a safety profile similar
to that previously reported for conventional PLT
components.

I
n late 2002 a photochemical treatment (PCT)
process (INTERCEPT Blood Systems, Cerus Europe
BV, Leusden, Netherlands) for inactivation of patho-
gens and white blood cells that may contaminate

platelet (PLT) components received CE Mark registration
and became available for routine use within certain Euro-
pean countries. During the clinical development of this
technology, randomized controlled trials were conducted
in selected patient populations frequently supported with
PLT transfusions during periods of thrombocytopenia.1,2

By necessity for conduct of the clinical trials, these studies
primarily enrolled patients with hematology–oncology
disorders. The trials focused on posttransfusion PLT count
increments1 and on assessments of hemostatic efficacy in
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patients with relatively stable thrombocytopenia requir-
ing repeated PLT transfusions.2 Based on the design of
these clinical trials, the number of patients studied was
determined by the statistical power required to assess the
primary endpoints. In the European trial of whole blood–
derived buffy-coat PLT components, 52 patients received
311 PCT PLT component transfusions. To assess hemo-
static efficacy, a larger study was conducted in the United
States in which 318 patients received 2678 PCT PLT com-
ponent transfusions. In both studies patients were
assessed specifically for acute transfusion reactions for
6 hours after study transfusions and for other adverse
events for either 72 or 28 days1 after the last study PLT
transfusion. In both studies the incidence of acute trans-
fusion reactions after receipt of photochemically treated
PLTs was low, and the safety profile was similar to that of
conventional PLTs.3

In general, prospective studies regarding the safety of
PLT transfusion have been limited. The largest prospective
PLT transfusion study before the SPRINT study2,3 was the
TRAP study of PLT alloimmunization, which enrolled 533
patients treated with 6379 transfusions, but this study did
not specifically examine safety.4 After CE Mark registration
of the INTERCEPT system, an observational cohort safety
study was implemented to prospectively collect informa-
tion on at least 5000 PLT transfusions to extend the safety
profile of PLT components prepared with PCT adminis-
tered to a broad patient population.

MATERIALS AND METHODS

General study design
Blood transfusion centers with the INTERCEPT Blood
System for PLTs for routine production of PLT compo-
nents were invited to participate in this study. Patients in
clinical care institutions who received PLTs prepared with
PCT were specifically monitored for adverse health effects
for 24 hours after each transfusion; however, there was no
time limitation on reporting adverse events after transfu-
sion. The sole inclusion criterion for enrollment was
receipt of at least one PLT component prepared with PCT.
Patients who received PLT transfusions administered in an
outpatient clinic were observed for approximately 6 hours
after transfusion and assessed before discharge. Study
personnel contacted outpatient transfusion recipients the
following day to complete the assessment with the stan-
dard data record form. There were no other inclusion
or exclusion criteria. Patients in this study received only
PLT components prepared with pathogen inactivation
treatment.

The study was designed as a prospective, single
cohort observational study to be consistent with Euro-
pean Hemovigilance Network recommendations for sur-
veillance of adverse reactions to transfusion of labile
blood components and with those of national transfusion

services.5,6 Study centers transfusing PLT components pre-
pared with PCT for pathogen inactivation (INTERCEPT
Blood System for Platelets) in routine clinical practice
were requested to complete a report for each PLT trans-
fusion regardless of whether or not an adverse event
occurred following transfusion. Transfusions associated
with serious adverse events were reported in greater
detail. Patients were assigned a center specific study
number to preserve anonymity.

Conduct of the study
In each study center blood transfusion service, hemovigi-
lance plan coordinators (HPCs) were designated as
responsible persons for the conduct of the hemovigilance
plan and coordinated all the related activities on site.
These HPCs, with expertise in transfusion medicine, were
responsible for oversight of data collection, ensuring data
completion, reviewing assessments for relation to PLT
transfusion, and completion of reporting information on
any adverse event after PLT transfusion regardless of
potential relation to the transfusion.

Before initiation of the study, clinical care personnel
were trained to the study protocol and the specific form for
data collection. For each study PLT component issued for
transfusion, a specific transfusion report form was issued
with the PLT component (Fig. 1). This form was completed
by the primary care physician and returned to the HPC in
the blood center.The primary care attending physician was
responsible for assessing the relation of adverse events to
the PLT transfusion. The HPC reviewed the completed
forms and contacted the primary care physician if data
were incomplete or assessments of relation did not match
the reported clinical data. The HPC had access to patient
medical care records to query transfusion reports. The ulti-
mate decision for assessment of the relation of adverse
events to the PLT transfusion was the responsibility of the
primary treating physician. HPCs were charged with popu-
lating the database, by completing electronic data entry. In
centers where electronic data entry was not possible, paper
forms were submitted and a sponsor representative popu-
lated the database. The active HPCs were Dr P. Accorsi,
Pescara Italy (Site 02); Dr J.L. Bueno, Madrid Red Cross,
Spain (Site 04); Dr A. Espinosa, Trondheim, Norway
(Site 03); Dr T. Hervig, Bergen, Norway (Site 08); and Dr J.C.
Osselaer, Mont Godinne, Belgium (Site 01).

A data and safety monitoring board (DSMB) was con-
stituted to review the study protocol and provide oversight
of the study. The DSMB reviewed an interim analysis of the
data after 2500 transfusions and the final report after 5106
transfusions.

Study report forms
The report form used for this study was developed on the
basis of hemovigilance report forms already in use and
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 PLATELET TRANSFUSION REPORT

Patient
Age : Sex : F      M 

INTERCEPT Platelet Characteristics and Transfusion

Type: Characteristics:Hospital name and city :
___________________________________ Leucodepleted Irradiated

Location: Surgical   Medical    ICU 
Outpatient Other __________

Plasma depleted Other, specify

Reporting

Apheresis platelets

Random-donor platelets

Antigen matched ________________

Product id #: __________________________ Blood Bank id #:___________
Reporting date :

Reporter name: _____________________

Signature: __________________________
Date and time of transfusion :

Did the patient experience any acute adverse transfusion reaction within 24 hours after transfusion ?

Yes No If no, stop here

If yes : Start date and time of adverse reaction:

Causal relation Grade
Unrelated
Probably Unrelated
Possibly Related
Probably Related
Related

0 Isolated dysfunction without clinical or biological manifestation
1 Absence of immediate or long-term life-threatening
2 Long-term life-threatening
3 Immediate life-threatening
4 Death

Symptoms / Signs

Fever Urticaria Dyspnea Shock

Chills Skin rash Nausea/vomiting Platelet refractoriness

Cardiac arrhythmia Jaundice Lower back pain TRALI

Hypotension Pulmonary oedema Chest / abdominal Other
Specify: ______________Itching Bronchospasm pain Specify _______________

Clinical signs

Parameters Before transfusion After transfusion

Temperature °C ND °C ND

Blood pressure
(Systolic/Diastolic)

- mmHg ND - mmHg ND

Pulse per min ND per min ND

Transfusion-related laboratory abnormalities

Parameters (specify) Date Value Unit

Bacteriological assessments

Blood culture Date

 Negative     or  Positive

If positive, strain: _______________________________

Platelet culture Date

 Negative     or  Positive

If positive, strain: _______________________________

Conclusion/Diagnosis/Additional examinations (e.g. X-Ray, …)

Please keep a copy of this report in the patient file and do not forget to complete a “Delayed Transfusion
Reaction Report” if any delayed transfusion reaction occurs (e.g. GVHD, …)

Fig. 1. Case report form for reporting responses to PLT transfusions and classification of adverse events after transfusion.
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DELAYED TRANSFUSION REACTION REPORT

Patient
Age : Sex : F      M 

Hospital name and city :
___________________________________

Location: Surgical   Medical    ICU 
Outpatient Other __________

Reporting

Reporting date :

Reporter name: _____________________

Signature: __________________________

Start date of the delayed transfusion reaction:

Products transfused that can be related to this event (by decreasing imputability order)

Product number Date of transfusion Blood bank ID

Comments

Please keep a copy of this report in the patient file

Type of product
(RBC/SDP platelets/random
donor platelets/plasma/other)

Suspected or confirmed diagnosis

Fig. 1. Continued.
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was reviewed by the DSMB before utilization (Fig. 1).
Information was collected in several specific categories:
patient demographics, PLT component characteristics,
transfusion time, transfusion-related events, documenta-
tion of adverse events, causal relation, severity, symp-
toms, clinical findings, and laboratory data. For each
transfusion the following signs, symptoms, and specific
clinical syndromes were evaluated with a checklist
format: fever, chills, cardiac arrhythmia, hypotension
and/or hypertension, itching, urticaria, skin rash, jaun-
dice, pulmonary edema, bronchospasm, dyspnea, respi-
ratory distress, nausea, vomiting, lower back pain, chest
pain, abdominal pain, clinical shock, refractoriness to
PLT transfusion, and transfusion-related acute lung
injury (TRALI). Criteria were provided for the diagnosis
of TRALI.7 Any other findings classified as adverse events
were entered as free text. The following clinical signs
were recorded before and after each transfusion: tem-
perature, blood pressure, and heart rate. After study
transfusions, abnormal clinical laboratory values, results
of diagnostic procedures, chest radiographs, and bacte-
rial cultures from patient and blood component sources
were recorded from the medical record as required to
verify the adverse event and relation to transfusion. A
supplemental form was provided, on which adverse
events occurring more than 24 hours after the transfu-
sion, considered as potential delayed transfusion reac-
tions, were reported with free text to define the event and
the relationship to the imputed PLT component.

The relation of the adverse event to the PLT trans-
fusion was classified within the following categories: un-
related, probably unrelated, possibly related, probably
related, and related. Adverse events classified as possibly,
probably, or related to transfusion were defined as trans-
fusion reactions. Adverse events and transfusion reactions
were graded for clinical severity by the HPC within
the following categories: Grade 0 = isolated dysfunction
without clinical or biologic manifestation; Grade 1 =
absence of immediate or long-term life-threatening
effects; Grade 2 = long-term life-threatening effects;
Grade 3 = immediate life-threatening effects; and
Grade 4 = death.

Preparation of PLT components
PLT components were collected by apheresis or by whole
blood–derived buffy-coat procedures from volunteer
donors according to standard operating procedures at
each center. Donors were screened and tested for
transfusion-transmitted pathogens according to each
center’s standard operating procedures in compliance
with respective national regulations. All components
were leukoreduced, either by filtration or by process leu-
kodepletion. PLT components (containing 2.5 ¥ 1011-
6.0 ¥ 1011 PLTs) were suspended in approximately

35 percent plasma and 65 percent PLT additive solution
(AS; Intersol, Baxter Transfusion Therapies, La Chatre,
France) and prepared with amotosalen-HCl (nominal
final concentration 150 mmol/L) and a 3 J per cm2 UVA
light treatment (320-400 nm) according to the manufac-
turer’s instructions (Cerus Europe BV).8 Treated PLT
components were stored for up to 5 days with tempera-
ture control (22-24°C) according to standard operating
procedures for each center in compliance with national
regulations. Photochemical pathogen inactivation treat-
ment was used in place of bacterial detection to prevent
bacterial contamination and in place of gamma irradiation
for prevention of transfusion associated graft-versus-
host disease (GVHD) at all centers except Trondheim,
Norway.

PLT transfusion
Primary care physicians ordered PLT components for
transfusion according to standard indications within each
institution. Primary care physicians prescribed pretrans-
fusion medication per standard of care. Participating
primary care physicians were requested to report all
adverse health effects for a period of 24 hours after each
transfusion with the standard report form and could
report any adverse health effects after a study transfusion
without time limitation.

Statistical analyses
A detailed statistical analysis plan for the study was pre-
pared and approved before analysis. All statistical analy-
ses, summary tables, and data listings were generated with
computer software (SAS Version 8.2, SAS Institute, Cary,
NC). The primary assessment was the incidence of trans-
fusion reactions. The number and proportion (%) of trans-
fusions and of patients with one or more transfusion
reactions were summarized overall, by seriousness and by
relationship to PLT transfusion. Corresponding 95 percent
confidence intervals (CIs) were calculated for the overall
summaries on a per-transfusion basis. In addition, the
patient population profile, the characteristics of the PLT
transfusions, and the characteristics of the adverse events
after PLT transfusion were analyzed. Analyses to identify
risk factors potentially associated with transfusion reac-
tions were conducted with multivariate logistic regression
analysis and by assessing association at a 10 percent sig-
nificance level.

Data were analyzed on a per-transfusion or a per-
patient basis as appropriate. All INTERCEPT PLT transfu-
sions administered to patients were part of the full
analysis population and were analyzed, whether or not an
adverse event was observed. All analyses were conducted
with this full analysis population.
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RESULTS

A total of 5106 transfusions with PLT components pre-
pared with PCT were documented during the study from
October 1, 2003, to December 16, 2005, and constitute the
full analysis population of this study. Overall, 4494 trans-
fusion reports (88.0%) were issued from Mont Godinne,
Belgium; 282 transfusion reports (5.5%) from Bergen,
Norway; 189 transfusion reports (3.7%) from Madrid,
Spain; 139 transfusion reports (2.7%) from Trondheim,
Norway; and 2 reports from Pescara, Italy.

Study patient demographics
A total of 651 patients received transfusions during the
conduct of this hemovigilance plan (Table 1). Slightly
more patients were male. The median age for all patients
was 65 years (range, <1-93 years). The majority of patients
received PLT transfusions in nonintensive care hospital
locations, although a substantial number of study PLT
components were transfused in intensive care units and a
small proportion in outpatient clinics (Table 1). Hemato-
oncology diseases with or without chemotherapy and/or
stem cell transplant constituted 58.1 percent of the
primary diagnoses among the transfused patient popula-
tion (Table 1). A significant number of patients receiving
PLT transfusion (26.9%) underwent cardiovascular
surgery. Other diagnoses included surgical interventions
(such as orthopedic, neurologic, obstetric, organ trans-
plant, and multiple trauma). Additional primary indica-
tions for PLT transfusions were systemic sepsis due to
unspecified sources, gastrointestinal bleeding, and sepsis
secondary to localized infections.

Overall, 223 patients (34.3%) had no previous trans-
fusion history at time of the first study PLT transfusion,
and 362 patients (55.6%) had already received another
blood product before the first study transfusion. Informa-
tion about transfusion history was missing for 66 patients
(10.1%). Among the 362 patients with a transfusion
history, 22 patients (3.4%) reported experiencing a trans-
fusion reaction of some type in association with prior
transfusions. The majority of the PLT components (3525/
69.0%) were administered to patients who had already
received another blood component before the first study
PLT transfusion. Among these transfusions, 634 (12.4%)
PLT products were transfused to patients reported to have
experienced at least one transfusion reaction in the past.

PLT component demographics
A large proportion of the PLT components were transfused
on nonintensive hospital care units. Most of the PLT com-
ponents (90.3%) were administered to hematooncology
patients. While a significant number of patients receiving
study PLT components (26.9%) were undergoing cardio-
vascular surgery, they used only 5.5 percent of the total
PLT components, because most of these patients required
only one PLT transfusion episode.

Most of the study components were manufactured
from apheresis collections (92.0% vs. 8.0% for buffy-coat
products). All centers, except Trondheim, elected to use
PCT PLTs without gamma irradiation (97.3%) for patients
at risk of transfusion-associated GVHD based on reported
data9 showing that the photochemical process effectively
inactivates T cells. Among the 5106 study products trans-
fused, 158 PLT units (3.1%) were human leukocyte antigen
(HLA) matched.

Extent of exposure
During the observational period, the range of study trans-
fusions per patient was 1 to 156, with a mean of 7.8 � 16.2
transfusions per patient. The median value was 2 transfu-
sions per patient. A substantial proportion of patients
(58.4%) received between 2 and 10 PLT components
(Table 2).

Adverse events and transfusion reactions after
PLT transfusions
On a per-transfusion basis, 55 of 5106 transfusions (1.1%;
95% CI, 0.81-1.40) were reported with adverse events after
PLT transfusion and 3 of these (0.1%) were reported with
serious adverse events. Forty-two transfusions (0.8%; 95%
CI, 0.59-1.11) were reported with adverse events (Table 3)
causally related to the proximate PLT transfusion; thus
these transfusions were associated with a transfusion
reaction. These adverse events were within the spectrum

TABLE 1. Patient demographics at first study
transfusion

Patient characteristics (n = 651)

Sex n (%)*†
Male 385 (59.1)
Female 262 (40.2)

Age (years)
Mean � SD 61.2 � 17.0
Median (range) 65 (<1-93)

Patient location†
Intensive care unit 214 (32.9)
Outpatient care unit 46 (7.1)
Nonintensive care unit 391 (60.1)

Hematology-oncology patients 378 (58.1)
Conventional chemotherapy 315 (48.4)
Stem cell transplant (SCT) 47 (7.2)
No chemotherapy or SCT 16 (2.5)

Surgery patients 221 (33.9)
Cardiovascular 175 (26.9)
Organ transplant 8 (1.2)
Other surgical procedures 38 (5.8)

Other diagnoses 52 (8.0)

* Four patients had missing data for sex.
† Data are reported as number (%).
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of adverse events associated with transfusion reactions
(Table 3). One of 42 transfusions was reported with a
serious adverse event, Grade 3, causally related to PLT
transfusion. All of the other transfusion-related adverse
events were Grade 1. Thirteen transfusions had adverse

events reported that were excluded as related to the trans-
fusion (Table 4), and 2 of these transfusions had serious
adverse events reported that were excluded as related to
the transfusion.

On a per-patient basis, 42 patients (6.5%) experienced
adverse events after study transfusions. Eight patients
(1.2%) experienced adverse events after two different
study transfusions, and 1 patient (0.15%) had adverse
events after six different study transfusions. Among the
patients experiencing adverse events after transfusion, 32
patients (4.9%) experienced adverse events attributed to
the study PLT transfusion (possibly related, probably
related, or related) and were classified as patients with a
transfusion reaction. Three of the 42 patients had serious
adverse events after PLT transfusion, but for only 1 patient
was the serious adverse event attributed to the PLT trans-
fusion. Of the 42 transfusion reactions in 32 patients, 33
transfusions were associated with a single symptom
and/or sign, 8 with two, and 1 with six. Among these 42
transfusions classified as resulting in transfusion reac-
tions, the time to the first reaction was variable (Table 5).
Only 4 transfusions were preceded by medication to
reduce potential transfusion reactions (antihistamines
and corticosteroids for 3 and corticosteroids alone for 1
transfusion).

Transfusions associated with suspected bacterial
sepsis
Five transfusions were associated with chills and fever or
hypotension that met institutional criteria for suspicion of
transfusion-associated sepsis, resulting in bacterial cul-
tures of PLT components and patients (Table 6). Twenty-
one other PLT components were cultured based on blood
center surveillance practice, but were not associated with
suspected sepsis, and all of these were sterile.

TABLE 2. Patient exposure to study PLT
components

Number of study transfusions
Number of patients
and proportion (%)

Received at least one study transfusion 651 (100)
Received only 1 transfusion 271 (41.6)
Received more than 1 transfusion

From 2 to 10 transfusions 271 (41.6)
From 11 to 20 transfusions 47 (7.2)
From 21 to 40 transfusions 33 (5.1)
From 41 to 60 transfusions 11 (1.7)
From 61 to 80 transfusions 8 (1.2)
From 81 to 100 transfusions 7 (1.1)
More than 100 transfusions 3 (0.5)

Number of transfusions per patient
Mean � SD 7.8 � 16.2
Range 1-156
Median 2

TABLE 3. Adverse events related to PLT
transfusions classified as transfusion reactions*

Adverse event (clinical observation) Number of events (%)

Chills 27 (36.0)
Fever 14 (18.6)
Urticaria 14 (18.6)
Dyspnea 4 (5.3)
Skin rash (not otherwise specified) 4 (5.3)
Nausea/vomiting 3 (4.0)
Itching 3 (4.0)
Other: flushing 3 (4.0)
Hypotension 3 (4.0)

* Adverse events (n = 75) reported after PLT transfusions attrib-
uted to the transfusion and classified as part of a transfusion
reaction involving 42 of 5106 transfusions.

TABLE 4. Adverse events classified as unrelated to PLT transfusions
Patient Adverse events* Causality† Grade‡ Basis for causality assessment

01-010 Fever, chills, nausea, vomiting Probably unrelated 1 Prior infection under treatment
01-008 Cardiac arrhythmia Probably unrelated 1 Condition before transfusion
01-096 Hypotension Probably unrelated 3 Hypotension before transfusion
01-099 Chills Probably unrelated 1 Anxiety crisis, not verified as chills, no fever
01-168 Chills, headache Probably unrelated 1 Fever before transfusion with prior infection
01-098 Fever, chills, hypotension, flushing Unrelated 3 Prior sepsis due to dental abscesses
01-106 Dyspnea, nausea, vomiting Probably unrelated 1 Indwelling catheter infection documented
01-178 Fever, chills Probably unrelated 1 Febrile neutropenia before transfusion
01-230 Chills Probably unrelated 1 Event after RBC transfusion
01-389 Chills, nausea, vomiting Probably unrelated 1 Coincident with other medications
01-421 Fever, dyspnea, chest-abdominal pain Probably unrelated 1 Onset 2 hr after transfusion, blood cultures negative
01-427 Chills Probably unrelated 1 Onset 76 min after transfusion, blood cultures negative
01-395 Chills Unrelated 1 No fever increase, PLT unit culture negative

* Adverse events reported after PLT transfusion.
† Causal relation to transfusion as assessed by primary care physician.
‡ Adverse event severity grade where: Grade 0 = isolated dysfunction without clinical or biological manifestation; Grade 1 = absence of

immediate or long-term life-threatening consequence; Grade 2 = long-term life-threatening consequence; Grade 3 = immediate life-
threatening consequence; Grade 4 = death.
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Patient 01-007 had chills, fever, and urticaria after a
transfusion. Culture of a tubing segment was positive
for micrococcus, but blood culture from the patient
was negative. The urticaria was attributed to antibiotic
medication. The tubing segment culture result was con-
sidered a laboratory contaminant. Patient 01-039 experi-
enced chills without fever, but with dyspnea after a
transfusion. No other symptoms or signs were reported.
Culture of the administration tubing set was positive for
coagulase-negative staphylococcus, but blood cultures
from the patient were negative. Patient 01-464 ex-
perienced posttransfusion hypotension. Culture of a
detached tubing segment was positive for Staphylococcus
warneri, but culture of the PLT component and blood
cultures were negative. Patient 01-178 developed fever
and chills after a PLT transfusion with a positive blood
culture for Escherichia coli. Culture of the PLT compo-
nent, however, was negative. Patient 01-098 developed
fever (39.9°C) with chills and hypotension 12 hours after
a PLT transfusion. Blood culture was positive for the
presence of Actinomyces, but culture of the associated
PLT component was negative. Subsequently, the source
of sepsis was identified as a dental abscess. In summary,
no posttransfusion adverse events suspicious for
transfusion-associated sepsis were confirmed with
concomitant-positive PLT component and patient blood
cultures.

Serious adverse events after PLT transfusion
Three serious adverse events were reported after PLT
transfusion. Patient 01-096 had severe hemodynamic
instability after liver biopsy associated with bleeding and
was transferred to intensive care. After the onset of hem-
orrhage, she received a study PLT transfusion followed by
severe hypotension (blood pressure, 42/22; heart rate,
92 beats/min). She was treated with fresh-frozen plasma
(FFP), vasopressors, and fibrinogen and recovered. The
primary care physician assessed the event as probably
unrelated to the PLT transfusion and attributed the
hypotension secondary to hepatic hemorrhage with
hemodynamic instability.

Patient 01-098, receiving chemotherapy for acute
leukemia, experienced fever, chills, and hypotension
12 hours after his 31st PLT transfusion. Subsequent blood
cultures were positive for the presence of Actinomyces, but
the PLT component culture was negative. The source of
sepsis was attributed to a dental abscess and was classi-
fied as unrelated to the PLT transfusion.

Patient 01-464 developed hemorrhage during mitral
valve surgery and was treated with PLT transfusions and
methylene blue FFP. He experienced hypotension after the
second study transfusion. Cultures of the PLT component
and blood cultures were negative. One day later the
patient experienced a second hypotension episode after
transfusion of red blood cells (RBCs). The investigator
attributed the event as an allergic adverse event related to
the PLT transfusion. The patient had no other allergic
symptoms. The patient recovered and was discharged in
good condition.

Risk factors associated with transfusion reactions
Both patient and PLT component characteristics were
analyzed for association with transfusion reactions. The
analyses showed that 6.0 percent of male patients experi-
enced at least one transfusion reaction and 7.3 percent of
the female patients experienced at least one transfusion
reaction (p = 0.59; odds ratio [OR], 1.19). Stratification by
age showed that 4.6 percent of the patients older than
64 years of age presented with at least one transfusion
reaction compared to 8.3 percent of patients below
64 years of age (p = 0.06; OR, 0.54). Finally, 8.8 percent of
patients with a prior history of transfusion experienced at
least one reaction while only 4.5 percent of patients with
no prior transfusion history experienced at least one reac-
tion (p = 0.07; OR, 1.99). These factors may be confounded
with the diagnostic category of the patients; however,
there were no significant associations between diagnostic
category and transfusion reactions. Most of the trans-
fusions with attributed reactions were associated with
apheresis preparations. Only one random-donor PLT
component was reported with a transfusion reaction, but
this low incidence of reactions was most likely due to the

TABLE 5. Number of study transfusions before
the first transfusion reaction

Transfusions before first reaction
Transfusions with
reactions (n = 42)

1 8
2 6
3 5
4 5
5 2
6-11 7
11-20 3
>20 6

TABLE 6. Transfusions associated with
suspected bacterial sepsis

Patient ID Vital signs Culture result

01-007 36.8/38.6°C Patient blood culture negative
BP* 150/80

01-039 36.1/36.1°C Patient blood culture negative
BP 140/80

01-464 Afebrile, severe
hypotension

PC culture negative

01-178 39°C 12 hr after PC culture negative
BP 120/80

01-098 37.3/39.9°C PC negative, dental abscess
positive

BP 60/40

* BP = blood pressure; PC = platelet component.
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disproportionate use of apheresis components in this
study and not a true effect of preparation method.

Extent of exposure before the first transfusion
reaction
Among the 42 transfusions associated with a transfusion
reaction, reactions occurred after single and multiple
transfusions (Table 5). These data suggest that repeated
exposure to INTERCEPT PLTs did not increase the likeli-
hood of a transfusion reaction. Among the 10 patients
without a previous transfusion history who experienced a
transfusion reaction, 3 patients had an event at the first
PLT transfusion, 1 after the 4th, and 6 patients after more
than 5 transfusions. Patient 01-113 experienced the first
reaction (urticaria and flushing) after the 139th INTER-
CEPT transfusion. Thus, for this patient population
without prior blood product exposure, the risk of a trans-
fusion reaction after INTERCEPT PLTs did not appear to
increase with increased exposure.

DISCUSSION

Generally when a new type of labile blood component is
introduced into routine clinical practice, initial informa-
tion characterizing the safety profile is derived from a
limited number of observations during the clinical devel-
opment phase.3 The introduction of PCT PLTs into routine
clinical practice provided an opportunity to collect more
information on the tolerability and safety of PCT PLTs in a
broader patient population and under routine clinical
conditions in contrast to a clinical trial environment. This
approach is consistent with the recent recommendation
from a consensus conference that new blood safety tech-
nologies should be evaluated with postmarketing hemo-
vigilance studies.10

A prospective observational study with obligatory
reporting for all transfusions regardless of outcome was
designed to assess the safety profile of PCT PLTs in routine
clinical practice. The data from the present study repre-
sent the largest prospective experience to date for record-
ing potential adverse events associated with PLT
transfusions compared to prior studies of retrospective
design and limited size.11-14 This study was planned to be
consistent with European hemovigilance practices in
which reporting of all grades of transfusion-associated
reactions has been emphasized.5,6 In contrast to passive
hemovigilance studies, in this study obligatory reporting
for all PLT transfusions was required irrespective of
outcome. This study focused on adverse events that could
be linked to PLT transfusions, specifically in the first
24 hours after transfusion, but there were no specific
limitations on when adverse events could be reported
after transfusion. This study captured information on
repeated transfusions within patients to determine poten-

tial effects of repeated exposure to this new type of PLT
component.

A potential limitation of this study was the absence of
a concurrent control group receiving conventional PLT
components with which to determine a comparative inci-
dence of acute transfusion reactions. Another limitation
was the potential for overreporting due to the absence of
a blinded design and the increased awareness among
observers that a new type of PLT component was under
evaluation.

These potential limitations were addressed in several
ways. A large portion of the transfusions were adminis-
tered at the Mont Godinne Blood Transfusion Center,
which had prospectively collected data for both PLT and
RBC transfusions during an 18-month period before
routine implementation of PLT components treated with
pathogen inactivation. After the universal introduction of
treated PLT components into clinical use at this center, the
methods for RBCs did not change. During both periods
of observation, PLT ASs were used to reduce exposure to
allogeneic plasma.15 Thus, in this center, we were able to
compare the prevalence of transfusion associated adverse
events with the same group of observers for one compo-
nent with a new intervention (PCT PLTs) and another
component that was unchanged (RBCs). Based on a com-
parison of the two observation periods, Osselaer and
coworkers15 reported a significant reduction in reactions
to treated PLT components, from 1.3 to 0.9 percent
(p = 0.02), while the incidence of reactions to RBCs was
equal in both periods (0.4%). The experience from this
two-period, two-component analysis suggested that
observer sensitivity for overreporting did not occur. In
addition, these data provided a background rate for acute
transfusion reactions for leukoreduced PLT components
with PLT AS (1.3% of transfusions).

Other estimates on the background prevalence of
transfusion reactions can be obtained from the literature.
On a per-transfusion basis, the prevalence has been
reported to range from 18 to 31 percent; however, these
studies were conducted some years ago with variable
methods of PLT preparation.11,16-18 More recently, the inci-
dence of moderate and severe transfusion reactions has
been reported from the TRAP study, which examined 8769
PLT transfusions in 598 patients during induction therapy
for acute leukemia.19 The overall incidence of reactions
was 2.2 percent of transfusions, and 22 percent of patients
experienced at least one transfusion reaction. In com-
parison to the TRAP trial, in this study in which all grades
of reactions were reported, both the proportion of
transfusions associated with a reaction (0.8%) and the
proportion of patients (4.9%) experiencing at least
one transfusion reaction causally attributed to a PLT
component were lower.

Another comparison can be made with data from the
hemovigilance network in France.5 In that study, which
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reported data for transfusion reactions during 2 years in
which the reporting system was first implemented, an
incidence of four events per 1000 PLT components (0.4%)
was reported. This may be an underestimate, however,
since each whole-blood PLT concentrate in a pool was
tabulated as an individual component. More recently,
Kerkhoffs and colleagues14 compared the incidence of
transfusion reactions for leukoreduced pooled PLT com-
ponents in plasma and plasma with AS in a study of 168
patients and 765 transfusions. They observed an inci-
dence of 5.5 percent of transfusions with reactions for
PLTs in plasma versus 2.4 percent of transfusions for PLTs
in a mixture of plasma and AS. On a per-patient basis,
9.5 percent of patients transfused with PLTs in plasma-ASs
had reactions compared to 15.5 percent of patients sup-
ported with PLTs suspended in plasma.

In this study, which is the largest prospective PLT
transfusion study to date specifically designed to capture
all grades of transfusion reactions, the prevalence of reac-
tions per transfusion and per patient was at the lower
range of those reported in studies with conventional com-
ponents. Younger patient age and prior exposure to blood
transfusions were risk factors trending to a higher inci-
dence of transfusion reactions. Recently, a higher rate of
transfusion reactions also was reported in a hemovigi-
lance survey of pediatric hematology patients.20

Prior exposure to INTERCEPT PLT transfusions did
not increase the likelihood of a transfusion reaction. In
comparison to other studies of PLT components in
plasma-AS mixtures, the incidence of transfusion reac-
tions on a per-patient basis for components prepared with
PCT was reduced further. Importantly, this study enrolled
a substantial number of patients with hematology–
oncology disorders treated with complex therapies and
supported with repeated PLT transfusions as well as sur-
gical patients requiring PLT support. No incidents of
TRALI, transfusion-transmitted bacterial sepsis, or death
associated with acute transfusion reactions were observed
in this study. Based on this experience in a broad patient
population, PLT components prepared with PCT were well
tolerated in routine clinical practice. The types and sever-
ity of acute reactions to PLT components prepared with
pathogen inactivation treatment were consistent with
previous reports of adverse events to conventional PLT
components, and the data from this study provide addi-
tional data on the safety of PLT components treated with
amotosalen and UVA light.
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Background

 

An active haemovigilance programme was implemented to survey
adverse events (AE) associated with transfusion of platelets photochemically treated
with amotosalen and ultraviolet A (PCT-PLT). The results of 5106 transfusions have
already been reported. Here we report the results of an additional 7437 PCT-PLT
transfusions.

 

Methods

 

The focus of this ongoing haemovigilance programme is to document all
AEs associated with PCT-PLT transfusion. Data collected for AEs include: time of event
after starting transfusion, clinical descriptions, vital signs, results from radiographs
and bacterial cultures, event severity (Grade 0–4) and causal relationship to PCT-PLT
transfusion.

 

Results

 

One thousand four hundred patients (mean 60 years, range 1–96) received
PCT-PLT transfusions. The majority of the patients (53·4%) had haematology–oncology
diseases and required conventional chemotherapy (44·8%) or stem cell transplantation
(8·6%). Sixty-eight PCT-PLT transfusions were associated with AE. Acute transfusion
reactions (ATR), classified as an AE possibly related, probably related, or related to
PCT-PLT transfusions were infrequent (

 

n

 

 

 

=

 

 55, 55/7437 

 

=

 

 0·7%) and most were of
Grade 1 severity. Thirty-nine patients (39/1400 

 

=

 

 2·8%) experienced one or more ATRs.
The most frequently reported signs/symptoms were chills, fever, urticaria, dyspnoea,
nausea and vomiting. Five AEs were considered severe (

 

≥

 

 Grade 2); however, no
causal relationship to PCT-PLT transfusion was found. Repeated exposure to PCT-PLT
did not increase the likelihood of an ATR. No cases of transfusion-related acute lung
injury and no deaths due to PCT-PLT transfusions were reported.

 

Conclusions

 

Routine transfusion of PCT-PLT is well-tolerated in a wide range of
patients. ATRs related to PCT-PLT transfusion were infrequent and most were of mild
severity.
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Introduction

 

INTERCEPT Blood System

 



 

 uses a photochemical treatment
methodology [PCT: amotosalen plus ultraviolet A (UVA)
light] to inactivate viruses, bacteria, protozoa, and leucocytes
in platelet (PLT) and plasma components. The PLT system
received CE Mark registration in Europe in 2002. Several
centres in Belgium, Spain, Norway and Italy began routine
production of PCT-PLT in 2003. An active haemovigilance
programme was immediately implemented to prospectively
collect information on PCT-PLT transfusions administered
to patients in routine clinical settings. Prior to CE Mark
registration, the safety data of PCT-PLT were primarily
obtained from controlled clinical trials with a limited number
of patients and predetermined clinical and safety end-points
[1–3]. The postmarketing haemovigilance programme pro-
vided a means to extend the characterization of the safety
profile of PCT-PLT in routine use and in a broad patient
population. The results of the first 5106 PCT-PLT transfusions
have already been reported [4]. With additional centres in
Belgium, Spain and France starting with the routine production
of PCT-PLT, the database of this haemovigilance programme
has been expanded [5].

In March 2007, the Canadian Blood Services and Héma-
Québec organized a consensus conference to provide recom-
mendations and guide decision-making about new pathogen
inactivation technologies [6]. The panel, consists of nine
healthcare professionals and members of the public, stressed
the importance of postmarketing surveillance studies in the
introduction of new technologies for blood safety. The panel
recommended that specific studies should be mandated by
the regulatory authorities and supported by the manufacturers
and/or the blood suppliers. Postmarketing surveillance for
adverse reactions to pathogen inactivation products should
be linked to the national haemovigilance systems if possible.
Depending on the new pathogen inactivation technologies
implemented, specific additional surveillance outcomes
may be identified. The panel also suggested that chronically
transfused patients might serve as an ideal surveillance
population to identify long-term toxicities of pathogen-
inactivated products.

The active haemovigilance programme described in this
study is in concordance with these recommendations.
Although this programme is not directly linked to a specific
country haemovigilance system nor designed to replace any
existing haemovigilance system, the format of data collec-
tion is modelled after the data collection format of the French
haemovigilance system for documentation of transfusion
incidents [7]. The focus of the current programme is on all
adverse events (AE), serious or non-serious, occurring after
the start of PCT-PLT transfusion. Following the recent report
of 5106 PCT-PLT transfusions [4], here we report the results
of an additional 7437 transfusions of PCT-PLT.

 

Materials and methods

 

General study design

 

This was a prospective observational active haemovigilance
study. The objective of this study was to document the
transfusion safety profile for approximately 7500 PCT-PLT
components prepared with the INTERCEPT Blood System

 



 

for platelets (Cerus Europe BV, Leusden, the Netherlands).
These components were prepared in three centres in Belgium
(CTS UCL Mont Godinne, CTS Brabant-Hainaut and AZ
Sint Jan AV), three centres in France (EFS-Alsace, EFS-
Auvergne-Loire and EFS-Bretagne), and one centre in Spain
(CHEMCYL Valladolid) and administered to thrombocytopenic
patients under standard clinical practice in hospitals. There
were no randomization requirements, no inclusion criteria
and no exclusion criteria of patients other than the need
to receive a platelet transfusion. Baseline demographical
information was collected on all study participants. Patients
were assigned a centre-specific study number to preserve
anonymity.

Patients who received transfusions of PCT-PLT were moni-
tored for any AEs after the start of each platelet transfusion,
which is consistent with European Haemovigilance Network
recommendations for surveillance of AE to transfusion of
labile blood components, and with those of national trans-
fusion services [7,8]. However, in this study, reporting was
obligatory for all PCT-PLT transfusions in each participating
clinical site. A transfusion report was required for each PLT
transfusion regardless of whether or not an AE occurred. In
case of occurrence of an AE, additional clinical and biological
information was collected to allow diagnosis and assessment
of causality and severity. The data in the final database
were anonymous and were reported on a per-transfusion
basis as well as on a per-patient basis. Transfusions associated
with serious AEs were reported in greater detail.

 

Study report forms

 

The report form used for this haemovigilance programme
was developed on the basis of haemovigilance report forms
already in use. Information was collected in several broad
categories: patient demographic/diagnosis data, platelet com-
ponent characteristics, transfusion events and documentation
of all AEs following transfusion. An acute transfusion reaction
(ATR) was defined as an AE possibly related, probably related,
or related to a PCT-PLT transfusion.

AEs were graded for clinical severity within the following
categories: Grade 0, isolated dysfunction without clinical or
biological manifestation; Grade 1, absence of immediate or
long-term life-threatening effects; Grade 2, long-term life-
threatening effects; Grade 3, immediate life–threatening
effects; and Grade 4, death. For each transfusion, the following

14



 

©

 

 2008 The Author(s) 
Journal compilation 

 

©

 

 2008 Blackwell Publishing Ltd., 

 

Vox Sanguinis 

 

(2008) 

 

94

 

, 315–323

 

Haemovigilance of photochemical treated platelets

 

317

 

signs, symptoms and specific clinical syndromes were
evaluated: fever, chills, cardiac arrhythmia, hypotension,
itching, urticaria, skin rash, jaundice, pulmonary oedema, bron-
chospasm, dyspnoea, respiratory distress, nausea, vomiting,
lower back pain, chest pain, abdominal pain, and shock.
Any other findings could be entered as free text including
refractoriness to platelet transfusion and transfusion-related
acute lung injury. The following available clinical signs were
recorded before and after each transfusion: temperature,
blood pressure and heart rate. Abnormal clinical laboratory
values, results of diagnostic procedures (chest X-ray) and
bacterial cultures from patient and blood component
sources were recorded when associated with an AE following
a PCT-PLT transfusion.

 

Preparation of platelet components

 

Platelet components were collected by apheresis or from
whole blood-derived buffy-coat procedures according to each
centre’s standard operating procedures. Volunteer donors
were screened and tested for transfusion-transmitted
pathogens according to each centre’s standard operating pro-
cedures in compliance with respective national regulations.
All components were leucocyte reduced, either by filtration
(Sepacell PLS-5A, Asahi Biomedical, Tokyo, Japan) or process
leucodepletion (Amicus Cell Separator, Fenwal, La Chatre,
France; Haemonetics MCS

 

+

 

, Haemonetics, Braintree, MA,
USA). Platelet components containing 2·5 to 6·0 

 

×

 

 10

 

11

 

 platelets
were suspended in approximately 35% plasma and 65%
InterSol

 



 

 (Fenwal) and prepared with amotosalen (nominal
final concentration 150 

 

µ

 

M

 

) and a 3 J/cm

 

2

 

 UVA light treatment
(320–400 nm) according to the manufacturer’s instructions
for use (Cerus Europe BV). After treatment, PCT-PLTs were
stored up to either 5 or 7 days under temperature-controlled
conditions (22 

 

±

 

 2 

 

°

 

C) before release for transfusion
depending on country-specific regulations. PCT-PLTs were
transfused before the expiration period of 5 days in France
and Spain or 7 days in Belgium. PCT-PLTs were not cultured
for bacterial contamination prior to release, and PCT was
used in place of 

 

γ

 

-irradiation for prevention of transfusion-
associated graft-versus-host disease in all sites except EFS-
Bretagne and EFS-Auvergne-Loire.

 

Platelet transfusion

 

PCT-PLT components for transfusion were ordered according
to standard indications within each institution. The investi-
gator was requested to report all AEs occurring after starting
transfusion without time limitation. The severity of each AE
(Grade 0 to 4) and the relationship of each AEs to the preced-
ing platelet transfusion were assessed by the investigator.
Serious adverse events were reported in greater detail with a
narrative for each event.

 

Statistical analyses

 

All statistical analyses, summary tables and data listings
were generated using SAS® version 8·2. The primary assess-
ment of safety was the proportion of ATR for the transfusions
reported. The safety profile of PCT-PLT transfusions included
information on: the number of PCT-PLT transfusions by
patient; the patient population profile; the characteristics of
the PCT-PLT transfused, and the characteristics of the AE
following platelet transfusion.

Data were analysed on a per-transfusion basis as well as
on a per-patient basis. All PCT-PLT transfusions administered
to a patient were included in the full analysis population,
whether or not an AE was observed. Data were summarized
for each parameter using descriptive statistics (mean, standard
deviation, median, and range).

Statistical tests were performed for the exploration of risk
factors only (multivariate logistic regression at 10% signifi-
cant level). The variables included in the analysis are patient
gender, age, previous transfusion history, type of platelet
concentrate, 

 

γ

 

-irradiation, antigen-matching and primary
diagnosis. Variables with descriptive statistics were tested for

 

P

 

 values and odds ratio. The number and proportion (%) of
transfusions with one or more AEs were summarized overall,
by seriousness and by relationship to platelet transfusion.
Corresponding 95% confidence intervals (CIs) were calculated.

The non-survival analysis method is a univariate analysis
of the number of transfusions received before the first
occurrence of an AE. Only patients with at least one AE were
considered in this analysis.

 

Results

 

Distribution of transfusions

 

A total of 7437 PCT-PLT transfusions were documented
between May 2005 and January 2007 and constitute the full
analysis population. The distribution of transfusion reports
were: 3057 (41·1%) from CTS UCL Mont Godinne, 2048
(27·5%) from EFS-Alsace, 899 (12·1%) from CTS Brabant-
Hainaut, 572 (7·7%) from EFS-Auvergne-Loire, 440 (5·9%)
from AZ Sint Jan AV, 381 (5·1%) from CHEMCYL, and 40
(0·5%) from EFS-Bretagne.

 

Patient demographics

 

A total of 1400 patients underwent transfusion (Table 1). The
majority of the patients were male (61·3%) and the mean age was
60 years (range < 1–96 years). Haematology–oncology diseases
treated by chemotherapy (44·8%) and stem cell transplantation
(8·6%) constituted 53·4% of the primary diagnoses and
therapies among the transfused population. A significant
number of patients receiving platelet transfusion (17·2%)
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were undergoing cardiovascular surgery or solid organ
transplantation. Other diagnoses included haematology–
oncology diseases not treated by chemotherapy and/or stem
cell transplantation and surgery other than cardiovascular
surgery and solid organ transplantation.

Of all patients, 837 patients (59·8%) had already received
another blood product before the first PCT-PLT transfusion
(Table 1). Among these patients, 53 patients (6·3% of 837) had
a history of a transfusion reaction of some type in the past.

 

Platelet component demographics

 

Most of the PCT-PLT units were manufactured from apheresis
platforms (4822, 64·8% vs. 2615, 35·2% for buffy-coat prod-
ucts). The majority of the PCT-PLTs (7357, 98·9%) were not
treated with 

 

γ

 

-irradiation [9]. Among the 7437 PCT-PLTs

transfused, only 2·5% (189 units) of platelet units were
human leucocyte antigen-matched products.

A large proportion of the PCT-PLT components (5908,
79·4%) were transfused in non-intensive care hospital wards
(Table 1). Intensive care units and day-hospital units were the
location for 15·4 and 5·1% of the PCT-PLT transfusions (1145
and 382 units, respectively). While most of the PCT-PLT com-
ponents (5463, 73·5%) were administered to haematology–
oncology patients, only 480 PCT-PLT components (6·5%)
were administered to surgery patients.

The majority of the PCT-PLT components (5029, 67·6%)
were administered to patients who had already received
another blood component before the first PCT-PLT transfu-
sion (Table 1). Among these transfusions, 382 (7·6% of 5029)
PCT-PLT components were transfused to patients reported to
have experienced at least one transfusion reaction in the past.

 

Number of transfusions per patient

 

The range of PCT-PLT transfusions per patient was 1 to 129,
with an average of 5·3 

 

±

 

 10·8 (median: 2) transfusions per
patient. Of the 1400 patients who received PCT-PLT trans-
fusions, 529 patients (37·8%) received only one PCT-PLT
transfusion during this study period, 418 patients (29·9%)
received two to three transfusions, and 453 patients (32·4%)
received more than four PCT-PLT transfusions during the study.
The majority of patients who received multiple transfusions
had a primary diagnosis of haematology–oncology diseases
treated by chemotherapy and/or stem cell transplantation.

Two patients from CTS UCL Mont Godinne received more
than 100 transfusions analysed in this haemovigilance plan.
One 56-year-old man (J01-636) who was treated by con-
ventional chemotherapy for haematology–oncology disease
received 129 PCT-PLT components within an 8-month period
(from April 2006 to November 2006). One 72-year-old
woman (J01-071) who was also treated by conventional
chemotherapy for haematology–oncology disease received
107 PCT-PLT components within a 10-month period (from
August 2005 to November 2006).

 

Adverse events following PCT-PLT transfusion

 

On a per-transfusion basis, 68 (0·9% of 7437 transfusions,
95% CI: 0·7–1·2%) transfusions were associated with an AE
(Table 2). Of which, 55 (0·7% of 7437 transfusions, 95% CI:
0·6–1·0%) were classified as ATR possibly related, probably
related, or related to PCT-PLT transfusion. Only five events
were classified as serious AEs (0·07%, 95% CI: 0·0–0·2%),
and were judged as probably unrelated to the PCT-PLT trans-
fusion based on the observation of alternative causes for
symptoms and no evidence of causal relationship to the platelet
transfusion. No cases of transfusion-related acute lung injury
and no deaths due to PCT-PLT transfusions were reported.

Table 1 Patient and transfusion demographics

Patient 
characteristics 
(n ==== 1400)

Transfusion 
characteristics 
(n ==== 7437)

Gender (n, %)

Male 858 (61·3%) 4354 (58·5%)

Female 542 (38·7%) 3082 (41·4%)

Unknown 1 (< 0·1%)

Age (years)

Mean ± SD 60·0 ± 17·8

Median 63

(minimum–maximum) (<1–96)

Location of transfusion

Intensive care unit 1145 (15·4%)

Outpatient 382 (5·1%)

Regular ward 5908 (79·4%)

Unknown 2 (< 0·1%)

Haematology–oncology patients 748 (53·4%) 5463 (73·5%)

Conventional chemotherapy 627 (44·8%) 4481 (60·3%)

Stem cell transplant 121 (8·6%) 982 (13·2%)

Surgery patients 241 (17·2%) 480 (6·5%)

Cardiovascular surgery 209 (14·9%) 349 (4·7%)

Solid organ transplantation 32 (2·3%) 131 (1·8%)

Other diagnoses 397 (28·4%) 859 (11·6%)

Missing diagnosis 14 (1·0%) 635 (8·5%)

History of a previous transfusion

Yes 837 (59·8%) 5029 (67·6%)

No 398 (28·4%) 1927 (25·9%)

Unknown 165 (11·8%) 481 (6·5%)

If ‘Yes’ – did they experience a transfusion-related adverse event?a

Yes 53 (6·3%) 382 (7·6%)

No 779 (93·0%) 4639 (92·2%)

Unknown 5 (0·6%) 8 (0·2%)

aFor per-patient basis, the denominator is 837; for per-transfusion basis, the 

denominator is 5029.
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On a per-patient basis, 45 patients (3·2% of 1400 patients)
who received at least one transfusion of PCT-PLT experienced
the 68 AEs following PCT-PLT transfusions (Table 2). Only
39 patients (2·8% of 1400 patients) experienced the 55 ATRs
attributed to the PCT-PLT transfusion. Four patients experi-
enced serious AEs following transfusion; however, no causal
relationship to PCT-PLT transfusion could be established.

All AEs regardless of the relationship with the PCT-PLT
transfusion occurred within 4 h after the start of the platelet
transfusion (mean time: 0·3 

 

±

 

 0·51 h, 0–3·3 h). The majority
of AEs (64, or 94·1% of 68 AEs) occurred in patients who were
not premedicated. The other four AEs occurred in patients
who were premedicated with antipyretic or antihistaminic
drugs, or corticosteroids.

 

Characteristics of clinical signs and symptoms 
associated with adverse event

 

On a per-transfusion basis, the most frequently observed
symptoms/signs (

 

≥

 

 0·1% of the total 7437 transfusions) were
fever, chills, urticaria, dyspnoea, nausea and/or vomiting
(Table 2). The individual incidence of each of the following
signs/symptoms was 

 

<

 

 0·1%: itching, hypotension, skin rash,
respiratory distress, lower back pain, chest or abdominal

pain, shock and tachycardia. All additional symptoms
included in the category of other, such as refractoriness to
platelet transfusion, hypertension, cephalea, pain in the leg,
flush, malaise, cyanosis, oxygen desaturation and volume
overload were also reported but with an individual incidence
of less than 0·1%. Most of ATRs were described principally as
Grade 1 chills and urticaria (Table 2).

On a per-patient basis, the most frequently observed
symptoms/signs (

 

≥

 

 0·5% of the total 1400 patients) were
fever, chills, urticaria and dyspnoea (Table 2). Approximately
0·1–0·4% of the population (from 2 to 5/1400) experienced
the following signs/symptoms: skin rash, nausea/vomiting,
shock, lower back pain and tachycardia. Clinical refractoriness
to transfusion, hypertension, headache and flushing were
additional symptoms reported in the category of ‘other’. Less
than 0·1% of the study population (only 1/1400) experienced
the following signs/symptoms such as hypotension, itching,
respiratory distress and chest/abdominal pain. Symptoms
such as pulse increase, leg pain, cyanosis, oxygen desaturation,
malaise and/or volume overload were also reported in the
category of ‘other’. Most of the ATRs consisted of various
combinations of fever (0·4%), chills (2·0%), urticaria (0·9%),
skin rash (0·3%), dyspnoea (0·4%), nausea/vomiting (0·2%),
tachycardia (0·1%) and others symptoms (0·7%) (Table 2).

Table 2 Clinical characteristics of adverse events (AE)

On a per-transfusion basis n (% ==== n ×××× 100/7437) On a per-patient basis n (% ==== n ×××× 100/1400)

Any AEs

AE attributed 
to platelets 
(ATR)b SAEa 

SAE attributed 
to plateletsa,b Any AEs

AE attributed 
to platelets 
(ATR)b SAEsa 

SAE attributed 
to plateletsa,b

Number with at least one event 68 (0·9%) 55 (0·7%) 5 (< 0·1%) 0 (0·0%) 45 (3·2%) 39 (2·8%) 4 (0·3%) 0 (0·0%)

Signs/Symptomsc

Fever 8 (0·1%) 6 (< 0·1%) 0 (0%) – 7 (0·5%) 5 (0·4%) 0 (0%) –

Chills 45 (0·6%) 40 (0·5%) 2 (< 0·1%) – 31 (2·2%) 28 (2·0%) 1 (< 0·1%) –

Itching 2 (< 0·1%) 2 (< 0·1%) 0 (0%) – 1 (< 0·1%) 1 (< 0·1%) 0 (0%) –

Hypotension 1 (< 0·1%) 0 (0%) 1 (< 0·1%) – 1 (< 0·1%) 0 (0%) 1 (< 0·1%) –

Urticaria 14 (0·2%) 14 (0·2%) 0 (0%) – 13 (0·9%) 13 (0·9%) 0 (0%) –

Skin rash 5 (< 0·1%) 5 (< 0·1%) 0 (0%) – 4 (0·3%) 4 (0·3%) 0 (0%) –

Dyspnoea 8 (0·1%) 6 (< 0·1%) 1 (< 0·1%) – 8 (0·6%) 6 (0·4%) 1 (< 0·1%) –

Respiratory distress 1 (< 0·1%) 0 (0%) 1 (< 0·1%) – 1 (< 0·1%) 0 (0%) 1 (< 0·1%) –

Nausea/vomiting 8 (0·1%) 5 (< 0·1%) 3 (< 0·1%) – 5 (0·4%) 3 (0·2%) 2 (0·1%) –

Lower back pain 6 (< 0·1%) 1 (< 0·1%) 0 (0%) – 2 (0·1%) 1 (< 0·1%) 0 (0%) –

Chest/abdominal pain 1 (< 0·1%) 1 (< 0·1%) 0 (0%) – 1 (< 0·1%) 1 (< 0·1%) 0 (0%) –

Shock 4 (< 0·1%) 0 (0%) 4 (< 0·1%) – 3 (0·2%) 0 (0%) 3 (0·2%) –

Tachycardia 4 (< 0·1%) 3 (< 0·1%) 1 (< 0·1%) – 3 (0·2%) 2 (0·1%) 1 (< 0·1%) –

Other 14 (0·2%) 11 (0·1%) 3 (< 0·1%) – 12 (0·9%) 10 (0·7%) 3 (0·2%) –

aSerious adverse event (SAE): long-term life threatening, immediate life threatening or death.
bCausal relationship that was possibly related, probably related, or related to PCT-PLT transfusion.
cNumber of signs/symptoms can exceed number of AE due to multiple observed signs/symptoms per AE.
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Serious adverse events following platelet 
transfusion

During the course of this surveillance, five serious AEs
were reported following transfusion of PCT-PLT (0·07%,
95% CI: 0·0–0·2). These serious AEs were assessed by the
investigators as being ‘unrelated or probably unrelated’ to
the PCT-PLT transfusions and were attributed to progression
of underlying illness.

Patient B01-201 was admitted to hospital for a presumed
pulmonary infection postchemotherapy. Additional co-
morbidities at the time of admission were septic shock, acute
renal insufficiency, neutropenia and thrombocytopenia.
Intravenous (i.v.) antibiotic therapy was initiated and multiple
transfusions of blood products (including PCT-PLT) were
administered. One hour after administration of the second
platelet unit, the patient complained of dyspnoea, respiratory
distress was found to be hypotensive and tachycardic. Severe
volume overload was determined to be the aetiology and
treatment with oxygen, diuretics, and dialysis was initiated.
The event was assessed by the investigator to be unrelated to
the PCT-PLT transfusion.

Patient J01-382 experienced chills, nausea and sudden
hypotension during transfusion with PCT-PLT. Prior to this,
the patient had received at least four PCT-PLT transfusions
with no AE. The transfusion was stopped and the patient was
treated with i.v. fluids and recovered. Four days later, the
patient experienced a second hypotensive episode after trans-
fusion, which was spontaneously resolved. Subsequent to this,
the patient received 19 additional PCT-PLT transfusions
without any clinical sequelae. This patient did not receive any
angiotensin-converting enzyme (ACE) inhibitors. Based on the
patient’s history and the lack of transfusion reaction with the
subsequent transfusions, the investigator assessed both of
these events as probably unrelated to PCT-PLT transfusion.

Patient J01-516 was admitted for ischaemic cardiomyopathy
and underwent double vessel coronary artery bypass graft
(CABG). The patient’s postoperative recovery was complicated
by a significant decrease in blood pressure, which occurred 10
min after start of transfusion of PCT-PLT. Despite vasopressor
support and a 6-min period of circulatory arrest, the patient’s
condition continued to deteriorate and he died. Cause of death
was attributed to an aortic dissection with major disseminated
intravascular coagulopathy and mesenteric infarct and was
assessed by the investigator as unrelated to the PCT-PLT
transfusion.

Patient J01-780 experienced a hypotensive episode, cyanosis,
oxygen desaturation and nausea approximately 30 min after
receipt of PCT-PLT. The patient received oxygen therapy to
treat the event and recovered. The patient had received two
units of PCT-PLT before and one unit after this event with no
adverse reactions. The patient had a history of hypotensive
episodes, which occurred in the absence of transfusions.

Based on the patient’s history, the event was assessed by the
investigator as probably unrelated to the PCT-PLT transfusion.

Risk factors associated with adverse event

The risk for AE was not correlated with the patient gender,
age, or antigen-matching. The risk for AE for patients who
already had been transfused before the first PCT-PLT trans-
fusion appeared trending higher compared to patients who
did not have any transfusion history; however, the difference
did not reach statistical significance (P = 0·0675; odds ratio:
1·875; 95% CI: 0·956–3·648). Buffy-coat-derived platelets
were associated with a lower risk for AE compared to apheresis
products (P = 0·0305; odds ratio: 0·473; 95% CI: 0·240–0·932).
Irradiated PCT-PLTs were of similar risk for AE compared to
non-irradiated PCT-PLTs (P = 0·0848; odds ratio: 6·344; 95%
CI: 0·776–51·862). No trending can be concluded because,
of the total 7437 platelet transfusions, only 80 PCT-PLT
components were γ-irradiated in EFS-Bretagne and EFS-
Auvergne-Loire. Haematology–oncology patients treated
with conventional chemotherapy were at a higher risk for AE
compared to the other patients (P ≤ 0·0001; odds ratio: 7·660;
95% CI: 3·014–19·467).

Number of transfusions prior to the first 
adverse event

Among the 45 patients who experienced at least one AE,
repeated exposure to PCT-PLT did not appear to increase the
likelihood of a transfusion reaction (Table 3). By using the
non-survival analysis method (a subset analysis for patients
with any AE only), the mean number of transfusions before
first AE occurrence was 8·8 ± 10·1 (median = 4, minimum = 0
and maximum = 37).

Discussion

In accordance with the recommendations made by the panel of
the Canadian Consensus Conference, an active haemovigilance
programme has been implemented in Europe to document
the occurrence of AE following transfusion of PCT-PLT [6].
To date, two reports have been prepared. The first report was
on the transfusion of 5106 PCT-PLT components administered
to patients in five European centres from October 2003 to
December 2005 [4]. The second report as described here was
on additional 7437 transfusions of PCT-PLT administered to
patients in seven European centres between May 2005 and
January 2007. This represents a total of 12 543 independent
transfusions documented to date. There are no overlaps of PCT-
PLT transfusions reported in this haemovigilance programme.

Overall, the incidence of ATR attributed to transfusion of
PCT-PLT in both of the haemovigilance reporting periods was
infrequent either on a per-transfusion basis (0·8% first period
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vs. 0·7% second period) or on a per-patient basis (4·9% first
period vs. 2·8% second period). The slightly higher occur-
rence of ATR per patient in the first reporting period was not
surprising, because the mean number of transfusions per
patient (7·8 ± 16·2) [4] was greater than those observed in the
second period (5·3 ± 10·8). All ATRs were mild in severity and
of Grade 1 or lower. No serious AE from both study periods
were attributed specifically to transfusion of PCT-PLT.

On a per-transfusion basis, the prevalence of ATR has been
reported in the literature to range from 18 to 31%; however,
these studies were conducted some years ago with variable
methods of platelet preparation [10–13]. More recently, the
incidence of moderate and severe ATR has been reported from
the trial to reduce alloimmunization to platelets (TRAP) study,
which examined 8769 platelet transfusions in 598 patients
during induction therapy for acute leukaemia [14]. In the TRAP
study, platelet components were prepared by four methods:
unfiltered pooled whole blood-derived platelets in plasma;
filtered pooled whole blood-derived platelets in plasma;
unfiltered pooled whole blood-derived platelets in plasma
treated with ultraviolet B illumination to reduce human
leucocyte antigen sensitization; and filtered apheresis plate-
lets in plasma. None of these components were prepared with
additive solutions. The overall incidence of ATR was 2·2% of
transfusions, and 22% of patients experienced at least one
ATR. In comparison to the TRAP trial, the current study in
which all grades of reactions were reported, both the proportion
of transfusions associated with a reaction was lower (0·7%)
as well as the proportion of patients (2·8%) experiencing at
least one ATR. The use of 65% InterSol, a platelet additive
solution, in the preparation of PCT-PLT may partially con-
tribute to the reduction in the observed incidence of ATR [15].

The incidence of ATR in this study can be compared to data
from the haemovigilance network in France [7]. In France,

data were reported for transfusion reactions, with an incidence
of four events per 1000 platelet components (0·4%), during
2 years in which the reporting system was first implemented.
However, this may be an underestimate since each whole
blood platelet concentrate in a pool was tabulated as an
individual component transfusion. More recently, Kerkhoffs
et al. [16] compared the incidence of transfusion reactions
for leucoreduced pooled platelet components in plasma and
plasma with additive solution in a study of 168 patients and
765 transfusions. They observed an incidence of 5·5% of
transfusions with reactions for platelets in plasma vs. 2·4%
of transfusions for platelets in a mixture of plasma and
additive solution. On a per-patient basis, 9·5% of patients
transfused with platelets in plasma plus additive solutions
had reactions compared to 15·5% of patients supported with
platelets suspended in plasma. These results further support
the role of the platelet additive solution, InterSol, in the
reduction of ATR observed in this study.

During the conduct of this study, an interim analysis of
2497 PCT-PLT transfusions administered to 606 patients in
the three regions of France (EFS-Alsace, EFS-Auvergne-Loire
and EFS-Bretagne) was performed [5]. Of the 606 patients, the
predominant recipients of PCT-PLT were haematology–
oncology patients (46·2%); 39·9% treated with chemotherapy
and 6·3% treated with stem cell transplantation. These propor-
tions were only slightly lower than those in the overall study
population of 1400 patients, yet only four of the 606 patients
(0·7%) reported an AE, including one serious AE of volume
overload classified as unrelated to PCT-PLT transfusion. This
low rate of AE observed in the French regions could contribute
to the overall low incidence of ATR per patient in this study.

Premedication in patients did not play a role in the overall
low incidence of ATR reported in this study. Information on
premedication was only requested in case of AE occurrence.
Of the 68 transfusions with occurrence of at least one AE,
only two antipyretic, two antihistaminic and one corticosteroid
were prescribed to patients. For the majority (64/68, or
94·1%) of these transfusions, patients were not premedicated.

The active haemovigilance programme described here
is a prospective observational study, which was designed to
assess the safety profile of PCT-PLT in routine clinical
practice. The data from this programme represent the largest
prospective experience to date for recording potential AE
associated with platelet transfusions compared to prior studies
of retrospective design and limited in size [10,16–18]. The
present study was designed to be consistent with European
haemovigilance practices in which reporting of all grades of
transfusion-associated reactions has been emphasized
[7,8]. In contrast to other haemovigilance studies, obligatory
reporting for all platelet transfusions was required irrespec-
tive of whether or not an AE was observed. The current study
focused on AE that could be linked to PCT-PLT transfusions
after starting transfusion, but there were no specific limitations

Table 3 Number of PCT-PLT transfusions per patient prior to the first 

adverse event (AE)

Number of PCT-PLT transfusions 
per patient until first occurrence of AE

Full analysis population 
(n ==== 1400)

1 11 (0·79%)

2 6 (0·43%)

3 3 (0·21%)

4 3 (0·21%)

5 1 (0·07%)

6–10 9 (0·64%)

11–19 6 (0·43%)

≥ 20 6 (0·43%)

N (non survival analysis method) 45

Mean ± SD 8·8 ± 10·1

Median 4

Minimum–maximum 0–37
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on when adverse events could be reported following
transfusion. Based on the patient population supported
with platelet transfusion, the study was designed to capture
repeated transfusions of PCT-PLT within patients to determine
potential effects of repeated exposure to this new type of
platelet component.

A limitation of the present study is the absence of a
concurrent control group receiving conventional platelet
components with which to determine a comparative baseline
incidence of ATR. However, because reporting is obligatory,
the expected outcomes of this active haemovigilance study
are the increase in clinical experience with transfusion of
PCT-PLT, the detection of unexpected AE following PCT-
PLT transfusions in patient populations and for indications
that were not studied previously in a formal clinical trial
environment, and the establishment of a safety database for
future reference.

In the current study, which was specifically designed to
capture all grades of transfusion reactions, the prevalence of
ATR per transfusion, was at the lower range of those reported
in studies with conventional components. Prior exposure to
PCT-PLT transfusions did not increase the likelihood of an ATR.
The overall incidence of ATR was lower than that previously
reported either on a per-transfusion or on a per-patient basis.
Based on experience in a broad patient population, platelet
components prepared with amotosalen photochemical treat-
ment were well-tolerated in routine clinical practice.
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Transfusion of platelet components prepared with
photochemical pathogen inactivation treatment during a

Chikungunya virus epidemic in Ile de La Réunion

Patrice Rasonglès, Marie France Angelini-Tibert, Philip Simon, Caroline Currie, Herve Isola,

Daniel Kientz, Marc Slaedts, Michele Jacquet, David Sundin, Lily Lin, Laurence Corash, and

Jean Pierre Cazenave

BACKGROUND: During the Chikungunya virus
(CHIKV) epidemic on Ile de La Réunion, France, more
than 30% of 750,000 inhabitants were infected. Local
blood donation was suspended to prevent transfusion-
transmitted infection (TT-CHIKV). To sustain the avail-
ability of platelet (PLT) components, the Établissement
Français du Sang implemented universal pathogen
inactivation (INTERCEPT, Cerus Europe BV) of PLT
components (CPAs). The study assessed the safety of
PLT components treated with pathogen inactivation
transfused in routine clinical practice.
STUDY DESIGN AND METHODS: This was a retro-
spective observational study using patient medical
records and the AFSSAPS hemovigilance database
(eFIT) to identify TT-CHIKV and adverse events (AEs)
classified as acute transfusion reactions (ATRs) to PLT
components prepared with pathogen inactivation.
RESULTS: During 1 year, 1950 INTERCEPT-CPAs
were transfused to 335 adult, 51 pediatric, and 41 infant
patients. Nineteen AEs were observed in 15 patients
and 10 were classified as ATRs. Eight ATRs occurred in
6 pediatric hematology-oncology patients. No ATRs
were observed in infants. The most frequently reported
signs and symptoms were Grade 1 urticaria, itching,
chills, fever, and anxiety. No cases of transfusion-
related acute lung injury, TT-sepsis, or TT-CHIKV were
detected.
CONCLUSIONS: INTERCEPT-CPAs were well toler-
ated in a broad range of patients, including infants. ATR
incidence was low and when present ATRs were of mild
severity.

S
tarting in 2005, an epidemic of Chikungunya
virus (CHIKV) in the overseas French department
of Ile de La Réunion, an island in the South Indian
Ocean, resulted in the infection of more than

one-third of the 750,000 inhabitants by early 2006.1 CHIKV
is an enveloped single-stranded alpha virus from the
Togaviridae family transmitted by Aedes mosquitoes. It
generally causes a mild febrile illness characterized by
arthralgias lasting up to 10 days, but the recent epidemic
was associated with myalgias, dermatitis, hemorrhage,
meningoencephalitis, respiratory failure, cardiovascular
decompensation, and fulminant hepatitis with persistent
arthralgias in some patients.2 Subsequently, more than
700 cases of CHIKV infection were reported in metro-
politan France among returning travelers, and 1 infection
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after needle stick of a health care worker.3,4 Owing to the
high prevalence of CHIKV infection and the potential for
transfusion-transmitted (TT) infection, the Établissement
Français du Sang (EFS [French National Transfusion
Service]) suspended blood donation on Ile de La Réunion
to prevent TT-CHIKV.1 To meet the requirements for safe
blood components on Ile de La Réunion, red blood cells
and plasma components (fresh-frozen plasma) were sup-
plied by EFS from metropolitan France. Because of the
limited shelf life (5 days) of platelet (PLT) components,
EFS-La Réunion implemented pathogen inactivation
preparation of apheresis PLT components (CPAs) to main-
tain local PLT component supplies.5

Prior research studies had demonstrated that CHIKV
was inactivated by photochemical treatment with amo-
tosalen HCl and UVA light (INTERCEPT Blood System for
platelets, Cerus Europe BV, Amersfoort, The Nether-
lands).6 In addition, this system had been shown to
inactivate high levels of a broad spectrum of viruses,
bacteria, protozoa, and white blood cells (WBC) in PLT
components.7-9 The INTERCEPT system received CE Mark
registration as a Class III drug device and as of 2005
received approval from the Agence Française de Sécurité
Sanitaire des Produits de Santé (AFSSAPS, French Agency
of Medical Safety of Health Products) for use with both
apheresis- and whole blood–derived PLT components in
France.

The INTERCEPT Blood System was implemented in
routine practice as of March 13, 2006, by EFS-Ile de La
Réunion. To date, approximately 4000 INTERCEPT-CPAs
have been administered to a broad range of patients on
Ile de La Réunion. After the first year of routine use of
pathogen inactivation to prepare PLT components, we
conducted a retrospective analysis of the response to
transfusion of 1950 components to determine the inci-
dence of acute transfusion reactions (ATRs) and serious
adverse events (SAEs) attributed to use of this novel com-
ponent. In addition, we determined the incidence of
TT-CHIKV infection for the first year after implementation
of pathogen inactivation treatment during the CHIKV
epidemic.

MATERIALS AND METHODS

Collection of PLT components
Before introduction of the INTERCEPT system, CPAs were
the sole type of PLT component provided by EFS-La
Réunion. All CPAs were collected in donor plasma with
integral filtration leukoreduction (Haemonetics, Brain-
tree, MA). After introduction of INTERCEPT, PLTs were
collected in approximately 40% donor plasma and 60%
PLT additive solution (InterSol, Fenwal, La Chatre, France)
from donors with PLT counts of 250 ¥ 109/L or more using
a blood component collection system (Haemonetics
MCS+ system with the CSDP software) to allow automatic

addition of InterSol. The targeted PLT dose per collection
was 4.0 ¥ 1011 or greater. WBC contamination was reduced
by filtration with an integral WBC filter (Haemonetics).
In addition to standard viral screening tests, donors
were tested for CHIKV infection by an investigational
reverse-transcriptase polymerase chain reaction assay
(RT-PCR).3,10

Pathogen inactivation treatment of PLT
components
CPAs containing 2.5 ¥ 1011 to 6.0 ¥ 1011 PLTs in 300 to
390 mL of approximately 40% plasma and 60% InterSol
were prepared with pathogen inactivation using the
INTERCEPT processing system (INT2202, Cerus Europe
BV) according to manufacturer’s instructions for use.
Briefly, a unit of CPA was mixed with amotosalen (nominal
final concentration of 150 mmol/L) and illuminated with
long-wavelength ultraviolet UVA (320-400 nm) light for a
3 J/cm2 treatment. The illuminated PLT mixture was incu-
bated in a compound adsorption device in a temperature
controlled PLT shaker/incubator (22 � 2°C) for 6 to 16
hours before transferring to the final storage container.
Treated CPAs were stored for up to 5 days under standard
blood bank conditions before issue for transfusion.

Hemovigilance surveillance

General study design
This was a retrospective analysis of data recorded pro-
spectively in primary care medical records and as part
of the AFSSAPS active hemovigilance surveillance pro-
gram.11 There were no patient inclusion or exclusion cri-
teria other than the requirement for PLT transfusion. All
patients who received PLT transfusion support during the
defined study period were included in the analysis. Case
report forms (CRFs) were used to collect patient data12 on
each transfusion of INTERCEPT-CPAs between March
13, 2006, and March 13, 2007, regardless of whether an
adverse event (AE) was reported.

The primary endpoint of the study was the propor-
tion of transfusions with ATR after administration of PLT
components. ATRs were defined as AEs possibly related,
probably related, or related to a PLT transfusion. SAEs
were defined as AEs that were fatal, life-threatening, or
disabling; resulted in or prolonged hospitalization or
morbidity; or were incapacitating. Secondary endpoints
included evidence of acute TT-CHIKV infection (based on
nucleic acid amplification of viral sequences). All trans-
fused patients were monitored for 7 days after each trans-
fusion for potential TT-CHIKV infection using standard
EFS operating procedures.10 Data also were collected on
use of INTERCEPT-CPAs by patient primary diagnosis cat-
egory and clinical indication for transfusion.
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Data collection methods
All patients transfused with PLTs prepared by EFS-La
Réunion from March 13, 2006, through March 13, 2007,
were identified from the EFS-La Réunion electronic data-
base for the collection, production, and issuance of blood
components. Each patient was identified with a unique
study number to preserve anonymity. The following data
were collected: PLT product code; patient unique identifi-
cation number associated with the component, patient
demographics (age, sex), and primary diagnosis based
on clinical care area; primary therapy (chemotherapy,
hematopoietic stem cell transplant); surgery (cardiovas-
cular or organ transplant); or other (general medical or
multisystem organ failure).

Primary care medical records of each patient were
reviewed for the 24 hour period before each transfusion to
establish a baseline profile of the patient’s clinical condi-
tion, for 7 days after each PLT transfusion to identify new
AEs arising after transfusion, and to record the relation-
ship of AEs to PLT transfusion in the primary medical
record as assessed by primary care physicians. This review
was conducted by an observer without knowledge of AEs
reported in the AFSSAPS hemovigilance system (eFIT).11

For the 24 hours before and for the 7 days after each PLT
transfusion, medical records were specifically reviewed
for evidence of clinical conditions that could be attributed
to transfusion-related reactions, including fever (increase
in temperature of 2 or 1°C with chills), chills, nausea, skin
rash, urticaria, dyspnea, bronchospasm, tachycardia or
bradycardia (change in heart rate by >25 bpm), hypoten-
sion or hypertension (decrease or increase in systolic or
diastolic blood pressure >30 mm Hg, respectively), hemo-
globinuria, hemolysis, and change in general well-being.
Specific criteria were provided for the diagnosis of
transfusion-associated acute lung injury (TRALI).13 Clini-
cal microbiology laboratory records were reviewed for
documentation of transfusion-associated sepsis. The
diagnosis of transfusion-associated sepsis required the
isolation of the same bacteria species from the patient and
the implicated PLT component.

Transfusion CRFs were completed for each PLT trans-
fusion regardless of whether or not an AE was noted in the
medical record. In case of the occurrence of an AE, addi-
tional clinical and biologic information as well as test
results for CHIKV infection (nucleic acid testing [NAT] by
RT-PCR) were collected. These data were used by the
medical record reviewer for assessment of causality and
severity based on the medical record. Clinical severity of
AEs was classified according to the following scale: Grade
0 = isolated dysfunction without clinical or biologic
manifestation; Grade 1 = absence of immediate or long-
term life-threatening effects; Grade 2 = long-term life-
threatening effects; Grade 3 = immediate life-threatening
effects; and Grade 4 = death. The relationship of AEs to the
most proximate PLT transfusion was classified using the

same criteria as used by the AFSSAPS hemovigilance
system.11

The standardized CRFs had been validated in a prior
hemovigilance study.14 Data from the CRF were entered
into an independent electronic database used for
postmarketing hemovigilance programs12,14 and reviewed
by the principal investigator for incomplete data. At the
conclusion of the study, AEs classified as transfusion reac-
tions based on review of the primary care medical records
were compared against AEs previously reported under the
AFSSAPS hemovigilance program recorded in the eFIT
database11 to determine the total incidence of AEs attrib-
uted to PLT transfusion. These data were then analyzed to
determine the incidence of ATRs.

Statistical analyses
A statistical analysis plan for the study was prepared
and approved before analysis. All statistical analyses,
summary tables, and data listings were generated using
computer software (SAS, Version 8.2, SAS Institute, Cary,
NC). The primary assessment was the incidence of
transfusion reactions. The number and proportion (%) of
transfusions and the proportion of patients with one or
more transfusion reactions were summarized overall, by
seriousness and by relationship to PLT transfusion. Corre-
sponding 95% confidence intervals (CIs) for the binomial
proportion were calculated using the F distribution
method. The 95% CI were based on number of patients
with any AE/ATR and the number of transfusions associ-
ated with any AE/ATR. In addition, the patient population
profile, the characteristics of the PLT components, and the
characteristics of the AEs after PLT transfusion were ana-
lyzed. Analyses to identify risk factors potentially associ-
ated with transfusion reactions were conducted using
multivariate logistic regression analysis and by assessing
association at a 10% significance level. Data were analyzed
on a per-transfusion and a per-patient basis. All INTER-
CEPT PLT components administered to patients were part
of the full analysis population and were analyzed, whether
or not an AE was observed. All analyses were conducted
using this full analysis population.

RESULTS

PLT component characteristics
Each CPA was treated with pathogen inactivation using
the INTERCEPT Blood System on either Day 0 or Day 1
after PLT collection and stored for up to 5 days before
release for transfusion. PLT components were released
after completion of serologic and NAT. Pathogen inactiva-
tion treatment was used without bacteria detection
other than routine quality control (QC) assays. Pathogen
inactivation treatment replaced cytomegalovirus (CMV)
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serology for patients who required CMV-safe PLTs and
replaced gamma irradiation for prevention of transfusion-
associated graft versus host disease.

The INTERCEPT process resulted in a mean PLT loss
of 7.8% due to volume loss during container transfers. The
mean PLT yield of INTERCEPT-CPAs was 4.2 ¥ 1011 �

0.7 ¥ 1011 PLTs per component. The residual WBC count
met the national QC requirement (<0.5 ¥ 106/unit).
Approximately 15% of PLT components were divided into
2 units before transfusion to fulfill clinical demand. The
proportion of split PLT components was similar to that
in the period before implementation of pathogen
inactivation.

Patient demographics
Between March 13, 2006, and March 13, 2007, a total of
1950 INTERCEPT-CPAs were transfused to 427 patients
(Table 1). Each patient received at least one INTERCEPT-
CPA. The patient population consisted of 335 adult
patients (>18 years), 51 pediatric patients (�1 to <18
years), and 41 infants (<1 year). There were more male
patients in each age group (Table 1).

Hematology-oncology disorders treated with chemo-
therapy and stem cell transplantation constituted 29.0%
of the primary diagnoses among the transfused patient
population and these patients received 61% of the PLT
components (Tables 1 and 2). The largest patient group
supported with PLT components was the general medical
population (58.5%), but they received only 30% of the PLT
components. A number of patients receiving PLT trans-
fusions (12.2%) underwent major surgical proce-
dures including cardiovascular surgery or solid organ

transplantation. Among the pediatric patient group, the
proportion of hematology-oncology patients (66.7%) was
significantly higher (p = 0.001) than among the adult
patient group (26.3%).

Approximately half of the patient population (51.5%)
received transfusions in intensive care units and the other
half (48.5%) were transfused on non–intensive care hospi-
tal services (Table 1). There were no outpatient transfu-
sions in the current surveillance program. Subgroup
analysis showed that, while most of the pediatric patients
(78.4%) were transfused in non–intensive care hospital
wards, the majority of infants (90.2%) were transfused on
intensive care units.

PLT transfusion exposure
Approximately 53% of patients had a prior history of
transfusion exposure to some blood component. The
median number of PLT transfusions per patient was 2.0
(range, 1-66; Table 2). Of 1950 PLT transfusions, 1372
transfusions were administered to adult patients while
487 and 91 transfusions were administered to pediatric
patients and infants, respectively. Based on the respec-
tive patient population, 36 to 47% of patients received
two or more PLT transfusions. The number of transfu-
sions per pediatric patient (9.5 � 14.7) was significantly
higher (p < 0.001) compared to those in the adult popu-
lation (4.1 � 6.2) while the opposite was true for infants
(2.2 � 2.4, p < 0.002). Based on primary diagnosis cat-
egory, hematology-oncology patients in all age groups
received a higher proportion of PLT transfusions
per patient than those in other diagnosis groups
(Table 2).

TABLE 1. Demographics of patients transfused with INTERCEPT-CPAs*
Demographic Patients (n = 427) Adult (n = 335) Pediatric (n = 51) Infants (n = 41)

Gender
Male 262 (61.4) 202 (60.3) 35 (68.6) 25 (61.0)
Female 165 (38.6) 133 (39.7) 16 (31.4) 16 (39.0)

Age (years)
Mean � SD 42.4 � 24.8 52.6 � 17.1 9.4 � 5.3 NA†
Median 46.0 53.0 10.0 NA†
Range <1 to 87 >18 to 87 1 to 18 <1

Care location
Intensive 220 (51.5) 172 (51.3) 11 (21.6) 37 (90.2)
Nonintensive 207 (48.5) 163 (48.7) 40 (78.4) 4 (9.8)

Hematology-oncology primary therapy 124‡ (29.0) 87 (26.3) 34 (66.7) 3 (7.3)
Conventional chemotherapy 102 (82.2) 69 (79.3) 30 (88.2) 3 (100)
Stem cell transplant 14 (11.3) 10 (11.5) 4 (11.8) 0 (0)

Surgery 52 (12.2) 48 (14.3) 3 (5.9) 1 (2.4)
Cardiovascular 49 (94.2) 45 (93.8) 3 (100) 1 (100)
Solid organ transplant 3 (5.8) 3 (6.2) 0 (0) 0 (0)

General medical 250 (58.5) 199 (59.4) 14 (27.4) 37 (90.3)
Missing diagnosis 1 (0.2) 1 (0.3) 0 (0) 0 (0)

* The number of patients (n) and the proportion (%) within each category are presented.
† Age for infants was only recorded as <1 year. NA = not applicable.
‡ Eight adult patients had no active therapy specified at time of transfusion.
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AEs and ATRs after PLT transfusion

The incidences of AEs and ATRs were evaluated on a per-
transfusion as well as per-patient basis (Table 3). On a
per-transfusion basis, 19 transfusions (95% CI, 1.0%-
1.5%) were associated with an AE. Of these AEs, 10 (95%
CI, 0.5%-0.9%) were classified as ATRs possibly, probably,
or related to INTERCEPT-CPA transfusion. No SAEs, no

cases of TT-sepsis, no cases of TRALI, and no deaths due
to INTERCEPT-CPA transfusions were reported. On a
per-patient basis, 15 patients (95% CI, 3.5%-5.7%) who
received at least one transfusion of INTERCEPT-CPAs
experienced an AE after PLT transfusions (Table 3).
Only 8 patients (95% CI, 1.9%-3.6%) experienced
an ATR attributed to INTERCEPT-CPA transfusion
(Table 3).

TABLE 2. Transfusion exposure among patient populations
Population All patients (n = 427) Adult patients (n = 335) Pediatric patients (n = 51) Infant patients (n = 41)

All patients
Transfusions (n) 1950 1372 487 91
Mean � SD 4.6 � 7.7 4.1 � 6.2 9.5 � 14.7 2.2 � 2.4
Median 2.0 2.0 4.0 1.0
Range 1-66 1-46 1-66 1-11

Hematology-oncology
Transfusions (n) 1192 738 446 8
Mean � SD 9.6 � 11.7 8.5 � 8.9 13.1 � 16.8 2.7 � 2.9
Median 6.0 6.0 6.5 1.0
Range 1-66 1-46 1-66 1-6

Surgical
Transfusions (n) 149 135 8 6
Mean � SD 2.9 � 3.6 2.8 � 3.7 2.7 � 1.5 6.0 � 0.0
Median 2.0 2.0 3.0 6.0
Range 1-24 1-24 1-4 6.0

General medical
Transfusions (n) 596 486 33 77
Mean � SD 2.4 � 3.6 2.4 � 3.8 2.4 � 2.8 2.1 � 2.3
Median 1.0 1.0 1.0 1.0
Range 1-37 1-37 1-11 1-11

Missing diagnoses
Transfusions (n) 13 13 0 0
Mean � SD 13.0 � 0.0 13.0 � 0.0
Median 13.0 13.0
Range 13 13

TABLE 3. Clinical characteristics of AEs and ATRs among patient populations*

Characteristic

All patients (n = 427)
Transfusions (n = 1950)

Adult patients (n = 335)
Transfusions (n = 1372)

Pediatric patients (n = 51)
Transfusions (n = 487)

Any AE ATRs Any AE ATRs Any AE ATRs

Patients with 1 or >AE 15 (3.5) 8 (1.9) 6 (1.8) 2 (0.6) 9 (17.6) 6 (11.8)
Transfusions with 1 or >AE 19 (1.0) 10 (0.5) 6 (0.4) 2 (0.1) 13 (2.7) 8 (1.6)
Signs/symptoms per transfusion†

Fever 5 (0.3) 1 (<0.1) 2 (0.1) 1 (<0.1) 3 (0.6) 0
Chills 7 (0.4) 2 (0.1) 4 (0.3) 2 (0.1) 3 (0.6) 0
Itching 5 (0.3) 4 (0.2) 1 (<0.1) 0 4 (0.8) 4 (0.8)
Urticaria 7 (0.4) 6 (0.3) 1 (<0.1) 0 6 (1.2) 6 (1.2)
Dyspnea 1 (<0.1) 0 1 (<0.1) 0 0 0
Anxiety 4 (0.2) 0 2 (0.1) 0 2 (0.4) 0
Other 6 (0.3) 2 (0.1) 1 (<0.1) 0 5 (1.0) 2 (0.4)

Signs/symptoms per patient†
Fever 4 (0.9) 1 (0.2) 2 (0.6) 1 (0.3) 2 (3.9) 0
Chills 5 (1.2) 2 (0.5) 4 (1.2) 2 (0.6) 1 (2.0) 0
Itching 5 (1.2) 4 (0.9) 1 (0.3) 0 4 (7.8) 4 (7.8)
Urticaria 5 (1.2) 4 (0.9) 1 (0.3) 0 4 (7.8) 4 (7.8)
Dyspnea 1 (0.2) 0 1 (0.3) 0 0 0
Anxiety 4 (0.9) 0 2 (0.6) 0 2 (3.9) 0
Other 6 (1.4) 2 (0.5) 1 (0.3) 0 5 (9.8) 2 (3.9)

* Data are reported as number (%). No AEs were reported for infant patients; thus, these patients and transfusions are not included in this
table.

† Number of signs/symptoms can exceed number of AEs due to multiple observed signs/symptoms per AE.
ATR = causal relationship that an AE was possibly related, probably related, or related to INTERCEPT-CPA transfusion.

PATHOGEN INACTIVATION AND CHIKUNGUNYA VIRUS

Volume 49, June 2009 TRANSFUSION 1087

26



Overall patient population:
characteristics of clinical signs
and symptoms associated with
PLT transfusion
Of all AEs, on a per-transfusion
basis, the most frequently observed
symptoms/signs (0.3%-0.4% of 1950
transfusions) were fever, chills, itching,
and urticaria (Table 3). Anxiety (0.2%)
was the second most frequently reported symptom/sign.
Only one incident of dyspnea was reported. Additional
symptoms in the category of “other” included tachycardia,
facial flushing, body pain, and cough, but with an indi-
vidual incidence of 0.1% or less of transfusions. Most of
the ATRs were described principally as Grade 1 urticaria
(0.3%) and itching (0.2%) with all other symptoms/signs
observed at a rate of 0.1% or less of transfusions.

On a per-patient basis, the most frequently observed
symptoms/signs (1.2% of 427 patients) were chills, itching,
and urticaria (Table 3). Fever and anxiety (0.9%) were the
second most frequently observed symptoms/signs. One
patient (0.2%) experienced a single episode of dyspnea.
Additional symptoms in the category of “other” included
tachycardia, facial flushing, body pain, and cough, each
with an individual incidence of 0.5% or less on a per-
patient basis. Most of ATRs were described as Grade 1
itching (0.9%), urticaria (0.9%), and chills (0.5%) with all
others observed at a rate of 0.2% or less per patient.

Characteristics of AEs and ATRs in pediatric
patients
Pediatric patients experienced a higher incidence of AEs
than adult patients (Table 3). On a per-transfusion basis,
13 AEs (2.7%) and 8 ATRs (1.6%) occurred in pediatric
patients compared to 6 AEs (0.4%) and 2 ATRs (0.1%) in
adult patients. On a per-patient basis, 9 pediatric patients
(17.6%) experienced at least 1 AE compared to 6 adult
patients (1.8%). Similarly, 6 pediatric patients (11.8%)
experienced at least 1 ATR compared to 2 adult patients
(0.6%).

For all AEs reported in pediatric patients, the
symptoms/signs were predominantly Grade 1 in severity
consisting of fever, chills, itching, urticaria, anxiety, tachy-
cardia, and facial flushing (Table 3). For pediatric patients
experiencing ATRs, the symptoms/signs included itching,
urticaria, tachycardia, and facial flushing, none of which
were reported in adult patients. No AEs were associated
with the 91 INTERCEPT-CPA transfusions administered to
41 infants who required PLT support.

Characteristics of AEs and ATRs associated with
transfusion of split components
Of the 1950 transfusions, 540 INTERCEPT-CPAs were
obtained from a split PLT component. The rates of AEs and

ATRs on a per-transfusion basis for split components were
0.4 and 0%, respectively, compared to 1.2 and 0.7% for
whole components. Of the 19 AEs reported, only 2 AEs
(one in a 77-year-old male patient and one in a 16-year-
old male patient) were associated with transfusion of a
split INTERCEPT-CPAs (Table 4).

Incidence of TT-CHIKV
A substantial proportion of transfusions were adminis-
tered to hematology-oncology patients treated with
potentially immune-suppressive therapy. There were no
cases of TT-CHIKV reported in this survey based on the
test results using an investigational assay for viral nucleic
acid or posttransfusion clinical observation for signs and
symptoms of CHIKV infection.

DISCUSSION

CHIKV resulted in an epidemic on La Réunion Island in
which approximately 41% of the population was infected.
Serologic and epidemiologic surveillance studies esti-
mated the prevalence of asymptomatic infection at 15% of
total CHIKV infections.1 Efforts to identify infected blood
donors with either serologic assays or CHIKV specific
nucleic acid amplification assays have shown consider-
able variability and suboptimal sensitivity.15 The mean risk
of contamination of a blood donation throughout the epi-
demic was estimated at 132 per 100,000 donations, and at
the peak of the epidemic, the risk was estimated at 1,500
per 100,000 donations.1 At the time of the current study,
optimal methods to detect infected donors with low viral
titers were not available, and a NAT with sensitivities of 40
to 350 copies/mL was only developed later.16 In the period
of this study, collection of CHIKV-contaminated PLTs
from asymptomatic donors was plausible. During the epi-
demic before use of pathogen inactivation, two cases of
TT-CHIKV were suspected, but neither case could be con-
clusively proven.10 At least one blood-borne transmission
due to a needle-stick has been documented.4

This study accomplished multiple objectives. Fore-
most, it provided hemovigilance data to evaluate the
effectiveness of the INTERCEPT Blood System to prevent
PLT TT-CHIKV during an epidemic. These data are espe-
cially relevant given the specific association of CHIKV with

TABLE 4. Effect of split components on the frequency of AEs and
ATRs*

Component Transfusions AEs ATRs

Split INTERCEPT-CPAs 540 2 (0.4) 0 (0)
Whole INTERCEPT-CPAs 1410 17 (1.2) 10 (0.7)

Total 1950 19 (1.0) 10 (0.5)

* Data are reported as number (%).
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PLTs,17,18 which could lead to low detection sensitivity for
serum-based tests. In addition to evaluating the efficacy to
prevent TT-CHIKV, this study provided an opportunity to
extend the safety profile of INTERCEPT PLTs transfused
to a broad patient population. Finally, this study permit-
ted an evaluation of the operational logistics of the
INTERCEPT PLT system implemented under emergency
conditions.

Data provided by EFS-La Réunion for the years 2004
and 2005 with conventional PLT components suspended
in 100% plasma indicated an ATR incidence of 2.2 and
5.4% of PLT transfusions among heavily transfused
pediatric oncology-hematology patients, respectively.19 In
comparison, this study demonstrated a lower incidence
(1.6%) of ATRs per PLT transfusion. These results are con-
sistent with reported ATR frequencies reported for
INTERCEPT PLT components in routine use from multiple
European centers,12,14 but lower than the frequencies
reported for treated PLT components in the EuroSprite
(6%) and the SPRINT clinical trials (3%).20,21 The higher
incidence of ATRs observed in the clinical trials may have
been due to differences in patient populations, which in
the clinical trials consisted largely of heavily transfused
hematology-oncology patients undergoing hematopoietic
stem cell transplantation. Similar to previous studies, all
of the ATRs observed in the current survey were of mild
severity, and none were indicative of clinical CHIKV. It is
relevant to note that the size of this study was insufficient
to characterize the incidence of septic transfusion reac-
tions, although none were reported.

The clinical symptoms of CHIKV infection include
fever, severe polyarthralgia, myalgia, dermatitis, hemor-
rhage, meningoencephalitis, respiratory failure, cardio-
vascular decompensation, and fulminant hepatitis with a
mortality rate of one in 1000 during the La Réunion epi-
demic.22 Thus, review of primary medical records should
have been sufficiently sensitive to detect TT-CHIKV. No
TT-CHIKV cases were detected in the patient population
monitored in this study after implementation of the
INTERCEPT Blood System for PLTs.

The retrospective surveillance described in this
report provided an opportunity to evaluate the sensitivity
of the AFSSAPS active hemovigilance system11 to detect
transfusion-related AEs. We did not detect any additional
transfusion-related AEs in our independent review of
primary medical records compared to the AFSSAPS/eFIT
database for transfusion-related incidents. This limited
experience is consistent with the sensitivity of the
AFSSAPS hemovigilance system in detecting transfusion-
related AEs.

This study included a substantial number of pediat-
ric patients, some of whom were infants. None of the
prior studies with INTERCEPT PLT components included
a substantial infant patient population. Interestingly,
pediatric patients had the highest rate of AEs and ATRs

after transfusion of INTERCEPT-CPAs. This finding may
not be surprising because the proportion of hematology-
oncology patients and the levels of PLT component
exposure were higher among pediatric patients. On
the other hand, no AEs or ATRs were observed in
infants who received INTERCEPT-CPA transfusions
largely for nonmalignant medical disorders, but this
population was of limited size and less intensively
transfused.

The study also provided experience with the imple-
mentation and operational logistics of the INTERCEPT
system in a remote, small regional blood center. EFS-Ile de
La Réunion performs approximately 100 to 150 apheresis
PLT collections per month.23 Complete conversion to
pathogen inactivation of PLT components was achieved in
2 weeks. In routine operation, no additional personnel
were required after implementation of the INTERCEPT
system.

This is the first study to demonstrate the utility of
pathogen inactivation as a proactive approach to prevent
a potentially TT infection during an epidemic. The tech-
nology facilitated the availability of PLT components
that otherwise were in limited supply. This experience
is relevant given the observation of imported cases of
CHIKV infection in metropolitan France, Germany,
the United Kingdom, Belgium, Norway, the Czech
Republic, Canada, and the United States3,24,25 and the
autochthonous outbreak of CHIK infection in the Emilia-
Romagna region of Italy.26 The success of EFS-La Réunion
in implementing the INTERCEPT Blood System demon-
strates the utility of pathogen inactivation to support
the availability of labile blood components during an
epidemic.
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T R A N S F U S I O N P R A C T I C E

Universal adoption of pathogen inactivation of platelet
components: impact on platelet and red blood cell

component use

Jean Claude Osselaer, Chantal Doyen, Laurence Defoin, Cecile Debry, Maité Goffaux,

Nathalie Messe, Maryse Van Hooydonk, Andre Bosly, Jin Sying Lin, Lily Lin, and Laurence Corash

BACKGROUND: Pathogen inactivation of platelet (PLT)
components (INTERCEPT Blood System, Cerus
Europe) was implemented into routine practice at a
blood center supporting a tertiary care hospital. Utiliza-
tion of platelet components (PCs) and red blood cell
(RBC) components was analyzed for 3 years before
and 3 years after introduction of pathogen inactivation
to assess the impact of pathogen inactivation on com-
ponent use.
STUDY DESIGN AND METHODS: This was a retro-
spective analysis of prospectively collected data. An
electronic database used in routine blood bank hemo-
vigilance to monitor production and use of blood com-
ponents was analyzed to assess clinical outcomes.
RESULTS: Transfusion records were analyzed for 688
patients supported with conventional PCs and 795
patients supported with pathogen inactivation PCs.
Additional analyses were conducted for intensively
transfused hematology patients. Patient demographics
(age category, sex, and diagnostic category) were not
different in the two observation periods. For all patients,
mean numbers of PC per patient were not different for
conventional PCs and pathogen inactivation PCs
(9.9 � 19.5 vs. 10.1 � 20.9, p = 0.88). Data for hema-
tology patients (272 conventional PCs and 276 patho-
gen inactivation PCs) confirmed that days of PLT
support were not different (31.6 � 42.6 vs. 33.1 � 47.9,
p = 0.70) nor was total PLT dose (1011) per patient
(87.3 � 115.4 vs. 88.1 � 111.6, p = 0.93). RBC use, for
all patients and hematology patients, was not different
in the two observation periods, either during periods of
PLT support or outside periods of PLT transfusion
support.
CONCLUSION: Pathogen inactivation of PCs had no
adverse impact on component use during a 3-year
observation period of routine practice.

D
uring the past four decades multiple new pro-
cedures and practices have been introduced
to improve the safety and efficacy of platelet
(PLT) transfusion therapy. Technology inno-

vations for collection and preparation have included
plateletpheresis, preparation of whole blood–derived
buffy coat PLTs, additive solutions (ASs), process and fil-
tration leukoreduction, initial blood draw diversion, and
gamma irradiation.1 Additional innovations to detect bac-
terial contamination,2 change the PLT transfusion thresh-
old,3 reduce the incidence of alloimmunization,4 and
change the PLT transfusion dose5 have been evaluated in
clinical trials of varying size and scope, and many of these
innovations have been introduced into routine clinical
practice.6,7 In 2003 pathogen inactivation preparation of
PLT components was introduced into clinical practice in
Europe.8,9

_02151 1412..1422

These innovative technologies have been evaluated in
clinical trials; however, additional information regarding
the impact of new technology on blood center operations
and patient outcomes can be obtained from the experi-
ence in routine use. A recent international consensus
conference on pathogen inactivation technology recom-
mended that data be collected during routine use to
monitor impact as these novel technologies were
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adopted.10 In 2003 the Blood Transfusion Center (BTC),
Cliniques Universitaires Mont Godinne (CUMG), initiated
universal routine use of PLT components prepared with
photochemical pathogen inactivation treatment (INTER-
CEPT Platelet System, Cerus Europe BV, Amersfoort, The
Netherlands) for transfusion support of patients with
thrombocytopenia. Three randomized controlled clinical
trials were conducted with this pathogen inactivation
technology in support of CE Mark registration,11-13 but
data on component utilization were collected only for
conduct of clinical trials in which the experimental com-
ponents were produced in limited quantities rather than
in routine production.

The BTC Mont Godinne is the sole source of PLT com-
ponents and the principal source of red blood cell (RBC)
concentrates for a tertiary care medical center. The blood
center collects data on the use of blood components
under the auspices of a hemovigilance program. We
conducted an analysis of the utilization of PLT and RBC
components for 3 years before the adoption of pathogen
inactivation technology for PLTs and for 3 years after the
adoption of this technology to evaluate the impact of this
new technology on component utilization under routine
clinical practice conditions.

MATERIALS AND METHODS

Overall study design
The BTC Mont Godinne collects and supplies all blood
components for a 400-bed teaching hospital of the Uni-
versité Catholique de Louvain (Mont Godinne, Yvoir,
Belgium). The BTC performs approximately 2000 platelet-
pheresis and 7000 whole-blood collections per year to
support a diverse patient population with major subpopu-
lations cared for by hematology-oncology and cardiovas-
cular surgery specialists. The BTC issues all labile blood
components for transfusion and maintains an electronic
database to record the transfusion or destruction of all
issued blood components. Longitudinal transfusion
records are maintained for all recipients of these compo-
nents either in hospital or in outpatient treatment clinics.
Data for this study on utilization of blood components
were obtained from electronic blood bank records and
clinical laboratory records. The period from October 1,
2000, to September 30, 2003, constituted the control period
when all PLT components were prepared without patho-
gen inactivation treatment, and the period from November
1, 2003, through October 30, 2006, constituted the test
period when all PLT components were prepared with
pathogen inactivation. One of the authors (JCO) has been
the medical director of the BTC during the entire period
covered by this study and supervised the hemovigilance
program. Individual patient informed consent was not
required to obtain the data collected as this study was
conducted under the existing hemovigilance program for

the BTC in compliance with Belgian Law to monitor the
impact of new technologies on blood transfusion prac-
tice.14 Patient privacy was protected under the hemovigi-
lance program.

Collection and preparation of PLT components

Control period
During this 3-year period 85% of PLT components were
collected on a cell separator (Amicus, Fenwal, Inc., Round
Lake, IL) and 15% on another cell separator (Spectra,
Gambro BCT, Boulder, CO) with process leukoreduction.
For components collected on the Amicus device, T-Sol PLT
AS (Fenwal, Inc., La Châtre, France) was used in a ratio of
approximately 35% plasma and 65% T-sol. For compo-
nents collected on the Spectra device, PLTs were sus-
pended in 100% plasma. For both platforms, components
were prepared as conventional PLT components in com-
pliance with national regulatory requirements. After com-
ponent preparation the PLT concentrations (109/L) and
the volumes (mL), based on weight, of each component
were measured and the total PLT dose per component was
calculated (1011 PLTs). PLT components were treated with
gamma irradiation as required for patient specific indica-
tions, and tested for cytomegalovirus (CMV) antibodies
as required for patient specific indications. During this
period, PLT components were stored for up to 5 days.

Test period
During this 3-year period all PLT components were col-
lected on the Amicus cell separator (Fenwal, Inc.) with
process leukoreduction and with the InterSol PLT AS
(Cerus Europe BV) in a ratio of approximately 35% plasma
and 65% Intersol. After collection, the PLT concentrations
(109/L) and volumes (mL), based on weight, of each com-
ponent were measured and the total PLT dose was calcu-
lated (1011 PLTs). These components were prepared with
pathogen inactivation under the CE Mark registration and
in accordance with national regulatory requirements.
Within the first 24 hours after collection, all PLT com-
ponents were treated with pathogen inactivation
(150 mmol/L amotosalen HCl and 3 J/cm2 UVA light, 320-
400 nm) according to the manufacturer’s directions for use
(INTERCEPT, Cerus Europe BV). For quality control (QC),
the final volume of treated PLT components was measured
on approximately 30% of components and used to esti-
mate the final PLT content of each component based on
volume loss. Pathogen inactivation treatment was used in
place of gamma irradiation and CMV serology testing to
meet specific patient indication requirements, and it was
used instead of bacteria detection to meet national regula-
tory requirements. With pathogen inactivation treatment,
PLT components were stored for either 5 or 7 days in accor-
dance with national regulatory requirements.

During both study periods, blood center operational
logistics permitted issuance of PLT components within the
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same time frame after collection, testing, and pathogen
inactivation treatment (Fig. 1). The preparation of RBC
concentrates did not change in any substantial manner
during the 6-year study observation period, and all RBC
concentrates were leukoreduced by filtration during both
periods. RBC concentrates were treated with gamma irra-
diation and tested for CMV antibody per specific patient
requirements using the same methods in both study
periods.

Transfusion of PLT and RBC components and data
collection
During both study periods, primary care physicians
ordered all blood components per standard of care. A pro-
portion of patients had multiple PLT transfusions and
multiple periods of PLT support during the 6-year obser-
vation period. A period of PLT support was defined as the
interval between the first PLT transfusion and all subse-
quent PLT transfusions with less than 5 days between PLT
transfusions. If an interval of more than 5 days occurred
between PLT transfusions, then a new period of PLT
support was considered initiated. The total duration of
PLT support for each patient was defined as the number of
days between the first and the last PLT transfusion within
the same period of PLT support. The days of PLT support
for multiple periods were summed to obtain a total dura-

tion of support for each patient during
each observation period. These defini-
tions were based on the assumption
that if no PLT transfusions were required
after a 5-day interval then transfusion-
dependent thrombocytopenia was no
longer present. These definitions have
previously been used in randomized
clinical trials to evaluate PLT transfusion
therapeutic efficacy.11-13

The BTC Mont Godinne entered all
blood components into an electronic
database at time of collection and label-
ing (Blood Bank Management System,
4S Information Systems, Minthorne,
UK; or CTS Serveur, INLOG, Limonest,
France). When components were issued
for transfusion a standard form accom-
panied each component and was
returned to the blood center after trans-
fusion or with unused components. No
patients were excluded from this analy-
sis. The BTC maintained a longitudinal
transfusion record for each patient sup-
ported with blood components includ-
ing unique patient identification data,
clinical service location for transfusion,
unique blood component identification

number, date of transfusion, dose of PLT component
transfused, and age of PLT component transfused. The
BTC obtained patient clinical laboratory data from elec-
tronic laboratory records linked to unique patient identi-
fication records with protection of patient confidentiality
under the hemovigilance program. Using these electronic
data capture systems, greater than 99% of issued blood
components were traceable within the system.

Data analysis and statistical methods
Data from the BTC were extracted into a computer data-
base (SAS, SAS, Inc., Cary, NC). Values for all continuous
variables were summarized as mean and standard devia-
tion (SD), median, and range. Differences in mean values
between the two observation periods were compared by
two-sample t-test for continuous data and Fisher’s exact
test for categorical data. Differences in median values
between the two observation periods were compared by
the two-sample Wilcoxon test. All p values reported were
two-sided, and statistical significance was declared at a p
value of less than 0.05.

RESULTS

PLT collections, yields, and processing losses
During the control period, 5576 collections were per-
formed with a mean yield of 6.28 ¥ 1011 PLTs. The 95%

Fig. 1. Operational logistics for production and release of PLT components using

three methods. Before culture = conventional testing without bacterial culture; bac-

terial culture = conventional testing with bacterial culture; and INTERCEPT patho-

gen inactivation with conventional testing.
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central interval for the distribution of transfused doses in
the control period ranged from 2.1 ¥ 1011 to 6.3 ¥ 1011 PLTs.
During the test period, 5997 collections were performed
with a mean yield of 6.82 ¥ 1011 PLTs. After routine imple-
mentation of the INTERCEPT technology, 12,002 products
were treated with pathogen inactivation. Approximately
50% of collections were targeted as double-dose collec-
tions and were divided into two therapeutic PLT doses.
The 95% central interval for the distribution of transfused
doses ranged from 1.9 to 5.3 ¥ 1011 PLTs during the test
period. Eight pathogen inactivation procedures had tech-
nical failures (0.06%), of which 5 were due to operator
error and 3 were due to disposable failures associated with
incorrect placement of a clamp during storage leading to
pinhole leaks. As part of the QC process, 4066 components
during the test period were assayed for volume loss during
pathogen inactivation processing. Mean volume loss
without accounting for addition of amotosalen (15 mL)
was 8.2 � 2.2% and the distribution of volume losses
exhibited a 25th percentile of 7.0% and a 75th percentile of
9.4%. Volume loss correlated with PLT loss. With consider-
ation of the dilution due to addition of amotosalen (4.4%),
the mean processing loss was 12.6%.

Patient populations and demographics
During the control period, 688 patients received one or
more PLT components compared to 795 patients during
the test period (Table 1). The increased number of
patients in the test period reflected increased clinical
activity as new clinical programs were implemented at the
CUMG. Patient demographics with respect to age distri-
bution, sex, and primary diagnostic category did not differ
significantly in the two treatment periods (Table 1).
During the two study periods approximately 90% of the

population receiving PLT support also required one or
more RBC concentrates, and the demographics for these
patients did not change significantly during the two
periods (Table 2).

Utilization of PLT and RBC components
For the complete patient population receiving one or
more PLT components in either period, the mean number
of PLT transfusion support periods and the distribution of
support periods were not statistically different (Fig. 2,
Table 3). The mean duration of PLT support, the mean
number of PLT transfusions, the total PLT dose, and the

TABLE 1. Demographics of all patients receiving
PLT components in the two observation periods

Study period Control Test p Value

Patients (n) 688 795
Mean age, years 60.8 62.9 0.01

�16 (%) 0.9 1.0
17-64 (%) 49.7 45.3
�65 (%) 49.4 53.7 0.23*

Male (%) 62.8 62.3 0.87
Primary diagnosis (%)†

Hematology 39.5 34.7
Oncology 6.5 8.8
CV surgery 31.7 34.7
Other‡ 22.2 21.8 0.12*

* Represents p value for the distribution.
† Patients were classified by primary diagnosis based on the

clinical service providing medical care and ordering blood
components.

‡ The designation of other refers to patients on general medical
services and surgical services other than cardiovascular (CV)
surgery.

TABLE 2. Demographics of all patients receiving
both PLT and RBC components in the two

observation periods
Study period Control Test p Value

Patients (n) 629 721
Mean age, years (%) 61.3 62.9 0.06

�16 (%) 0.8 0.8
17-64 (%) 48.8 45.5
�65 (%) 50.4 53.7 0.48*

Male (%) 61.7 61.0 0.82
Primary diagnosis (%)†

Hematology 40.9 36.9
Oncology 6.0 7.9
CV surgery 32.3 35.9
Other‡ 20.8 19.3 0.19*

* Represents p value for the distribution.
† Patients were classified by primary diagnosis based on the

clinical service providing medical care and ordering blood
components.

‡ The designation of other refers to patients on general medical
services and surgical services other than cardiovascular (CV)
surgery.
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mean dose of PLTs per day of transfu-
sion support were not different between
the two treatment periods (Table 3). For
patients receiving both PLT and RBC
components (control, 629; test, 721), the
mean numbers of RBC concentrates
transfused per patient (Table 4) were
not different in the two observation
periods (control 16.5 � 20.9 vs. test
16.5 � 21.5, p = 0.98).

Because RBC concentrates may be
transfused to correct anemia due to
blood loss or marrow hypoproduction
arising from many different causes, we
also examined the use of RBC concen-
trates during periods of PLT transfusion
support and outside periods of PLT
transfusion support to determine if there
were differences during transfusion-
dependent thrombocytopenia and out
side periods of transfusion-dependent
thrombocytopenia. No significant dif-
ferences were observed between study
periods in the use of RBC components
during support of thrombocytopenia
and outside periods of PLT component
transfusion support (Table 4).

The broad patient population sup-
ported with PLT and RBC components
was heterogeneous with respect to
primary diagnoses and the level of PLT
support required. To more specifically
define the impact of pathogen inactiva-
tion on PLT component therapy, the
subset of hematology patients was analyzed separately.
This population required more intensive transfusion
support with less acute blood loss due to surgical inter-
vention and, thus, was a more homogeneous population
in which to evaluate both PC and RBC use. The majority
(more than 60%) of hematology patients had more than
one period of PLT transfusion support (Fig. 3). The distri-
butions of the periods of support were not statistically
different between the two observation periods (Fig. 3).

Hematology patients were more intensively trans-
fused with PLT components, had more periods of PLT
support, and had more days of PLT support than the
general patient population (Table 5). Comparison of the
two observation periods demonstrated no significant dif-
ferences in the mean number of PLT transfusion support
periods, mean number of days of transfusion support,
number of PLT transfusions, the dose of PLTs, nor the PLT
dose per day of PLT support (Table 5). We examined the
use of RBC components for hematology patients during
the entire transfusion period as well as during and outside
periods of PLT support (Table 6). In this analysis we

included patients who received PLTs without RBC trans-
fusion during PLT support and patients who received both
PLT and RBC support. We observed no significant differ-
ences in use of RBC components by hematology patients
during the entire observation period during periods of PLT
support and outside periods of PLT support (Table 6).

Similarly, data were analyzed for a population of
oncology patients followed during the 6-year observation
period. These patients were less intensively transfused
with PLT components than the hematology patients, but
did have multiple periods of PLT support; however, the
distribution of periods of support was not different (Fig. 4,
Table 7). Significant differences in favor of INTERCEPT PC
were detected in transfusions per patient, total PLT dose,
and the dose per day of support. There were no significant
differences in RBC concentrate use during the entire
observation period for patients receiving PLT transfusions
and for patients receiving PLT and RBC components
(Table 8).

To examine the impact of transfusion practice and
clinical responses to PLT and RBC transfusions, the mean

TABLE 3. PLT transfusion support for all patients before and after
adoption of pathogen inactivation treatment of PLT components

Parameter Control* Test* p Value

Number of patients (n) 688 795 0.01
Periods of PLT support (n) 2.2 (3.2) 2.2 (4.4) 0.86
Days of PLT support (days) 14.2 (30.5) 13.1 (32.0) 0.49
Transfusions/patient (n) 9.9 (19.5) 10.1 (20.9) 0.88
Transfusions/day of support (n) 1.0 (0.5) 1.1 (0.6) <0.01

Total dose/patient (1011) 41.5 (82.8) 36.7 (76.5) 0.24
Dose per day of support (1011) 4.2 (2.1) 4.0 (2.3) 0.20

* Data presented as mean (SD).

TABLE 4. RBC use by all patients during the observation periods,
during periods of PLT support, and outside periods of PLT support

before and after adoption of pathogen inactivation treatment of
PLT components

Parameter Control* Test* p Value

RBC use during the entire observation period
Patients (n)† 688 795
RBC units/patient (n) 15.1 (20.5) 15.0 (21.0) 0.90
RBC use during the entire observation period
Patients (n)‡ 629 721
RBC units/patient (n) 16.5 (20.9) 16.5 (21.5) 0.90
RBC use during periods of PLT support
Patients (n)§ 545 634
RBC units/patient (n) 10.4 (14.4) 10.7 (16.2) 0.71
RBC use outside periods of PLT support
Patients (n)|| 504 581
RBC units/patient (n) 9.4 (14.5) 8.8 (13.6) 0.47

* All values expressed as mean (SD).
† Patients transfused with PLT components during the observation period.
‡ Patients transfused with RBC components and PLT components during the entire

observation period.
§ Patients transfused with RBC components during periods of PLT transfusion support.
|| Patients transfused with RBC components outside periods of PLT transfusion support.
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and median lowest daily PLT counts were determined on a
per-transfusion basis for the various patient populations
during both observation periods (Table 9). We did not
analyze data for the oncology patients due to the small
number of transfusions; however, we did analyze data
separately for cardiovascular surgery patients since they
received PLT transfusions at higher PLT count levels. There
was a very broad and asymmetric distribution of the daily
lowest PLT count for all patient groups, and the median
values were considerably different from the mean values.
The proportion of PLT transfusions with recorded PLT
counts in the medical record on the day of transfusion was
similar in each period for each patient group (Table 9).
While the mean values for the daily lowest PLT count were
significantly higher (p < 0.001) in the test period for all
patient groups, the median values were not statistically
different (p = 0.23). Exploratory analyses using analysis of
covariance (ANCOVA) models were performed on the
transfused PLT dose with the nadir of PLT count included
as a covariate in the models. Treatment group (test vs.
control) and patient’s primary diagnosis (hematology,
oncology, cardiovascular surgery, and other) were also

included in the models. Results from
these exploratory analyses showed that,
within each treatment group, the
adjusted means (after the adjustment
for the nadir of PLT count and/or the
primary diagnosis) were nearly the
same as the unadjusted sample means,
and the observation of significant differ-
ences for the means and the nonsignifi-
cant difference for the median remain
unchanged with and without the adjust-
ment for the nadir of PLT count and/or
the primary diagnosis.

To further examine the impact of
the adoption of pathogen inactivation
treatment of PLT components on RBC
use as a surrogate measure for bleeding,
we determined the mean daily lowest
hemoglobin (Hb) level per patient for
those patients receiving both PLT and
RBC concentrates (Table 10). No dif-
ferences in the mean lowest daily Hb
level were detected in any patient
groups before and after implementa-
tion of pathogen inactivation for PLT
components.

DISCUSSION

This study provides an assessment of
the impact of pathogen inactivation
on the utilization of PLT and RBC
components in both broad and
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Fig. 3. The distribution of the periods of PLT transfusion

support for hematology patients receiving PLT components.
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vation periods.

TABLE 5. PLT transfusion support for hematology patients before and
after adoption of pathogen inactivation treatment of PLT components

Parameter Control* Test* p Value

Number of patients (n) 272 276
Periods of PLT support (n) 3.7 (4.6) 4.1 (6.9) 0.40
Duration of support (days) 31.6 (42.6) 33.1 (47.9) 0.70
Transfusions/patient (n) 20.8 (27.1) 24.2 (30.5) 0.17
Transfusions/day of support (n) 0.8 (0.4) 0.8 (0.3) 0.13

Total dose/patient (1011) 87.3 (115.4) 88.1 (111.6) 0.93
Dose per day of support (1011) 3.2 (1.4) 3.0 (1.3) 0.12

* Data presented as mean (SD).

TABLE 6. RBC use by hematology patients during the observation
periods, during periods of PLT support, and outside periods of PLT

support before and after adoption of pathogen inactivation treatment
of PLT components

Parameter Control* Test* p Value

RBC use during the entire observation period
Patients (n)† 272 276
RBC units/patient (n) 24.5 (27.1) 26.4 (30.4) 0.43
RBC use during the entire observation period
Patients (n)‡ 257 266
RBC units/patient (n) 25.9 (27.2) 27.4 (30.5) 0.55
RBC use during periods of PLT support
Patients (n)§ 222 244
RBC units/patient (n) 16.4 (19.1) 17.6 (23.3) 0.54
RBC use outside periods of PLT support
Patients (n)|| 237 235
RBC units/patient (n) 12.7 (18.8) 12.7 (19.2) 1.00

* All values expressed as mean (SD).
† Patients transfused with PLT components during the observation period.
‡ Patients transfused with RBC components and PLT components during the entire

observation period.
§ Patients transfused with RBC components during periods of PLT transfusion support.
|| Patients transfused with RBC components outside periods of PLT transfusion support.
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specialized patient populations. This study is unusual in
its scope, in that it covers a relatively long period during
which the new technology was used in routine practice,
and it provides data from a comparative period before

adoption of the new process. In addition
to providing information on the impact
of the innovation, the study provides
information on the utilization of PLT
and RBC components in a broad patient
population and in specific patient
populations with more intense transfu-
sion requirements. To our knowledge,
this is the first study to examine the
impact of a new PLT preparation tech-
nology on the routine production and
utilization of PLT components for an

observation period as long as 6 years.
In Phase 1 and 2 clinical trials with autologous radio-

labeled 5-day-old PLT components transfused to healthy
subjects, we detected a 15% to 20% reduction in PLT
viability.15 Subsequently, a large Phase 3 clinical trial dem-
onstrated increased utilization of PLT components treated
with pathogen inactivation compared to conventional
PCs.12 This observation was due in part to difficulties with
production of consistent PLT doses during the clinical trial
and the stringent requirement to avoid off-protocol trans-
fusions.12 Analysis of patients in both treatment groups
supported with components consistently containing
more than 3.0 ¥ 1011 PLTs, showed no difference in utiliza-
tion of PLT components.16 In light of these observations,
we sought to evaluate PLT component utilization in the
context of routine practice with production of PLT com-
ponents over long periods.

In this study, the patient populations in the two
observation periods were comparable with the exception
of a 15% increase in the number of patients receiving PLT
transfusions due to increased clinical activity at the study
center. In both periods, approximately 90% of patients
were transfused with PLT and RBC components providing
the opportunity to examine the impact of the new PLT
technology on use of RBCs. There was considerable varia-
tion in the duration of PLT support due to heterogeneity of
the patient population, even among specific diagnostic
groups, such as hematology patients. This heterogeneity
reflected the diverse population of patients who received
PLT support in clinical practice and provided a realistic
measure of the impact of a new technology. In addition,
the long time of observation in which patients experi-
enced multiple periods of PLT support during multiple
chemotherapy cycles contributed to the heterogeneity,
but provided a comprehensive assessment of the impact
of the new technology on component use.

A substantial number of more intensively transfused
hematology patients were available in both periods to
allow assessment of the impact of pathogen inactivation
on PLT and RBC utilization among repeatedly transfused
patients. During both observation periods, hematology
patients received the majority of PLT components due to
longer periods of transfusion-dependent thrombocytope-

TABLE 7. PLT transfusion support for oncology patients before and
after adoption of pathogen inactivation treatment of PLT components

Parameter Control* Test* p Value

Number of patients (n) 45 70
Periods of PLT support (n) 2.0 (1.5) 1.8 (2.6) 0.72
Duration of support (days) 7.9 (11.2) 5.0 (11.0) 0.17
Transfusions/patient (n) 6.8 (9.1) 3.9 (6.1) 0.05
Transfusions/day of support (n) 1.0 (0.4) 1.0 (0.4) 0.91

Total dose/patient (1011) 27.5 (37.7) 14.5 (22.5) 0.02
Dose per day of support (1011) 4.3 (1.7) 3.7 (1.4) 0.04

* Data presented as mean (SD).

TABLE 8. RBC use by oncology patients during
the two observation periods, before and after

adoption of pathogen inactivation treatment of
PLT components

Parameter Control* Test* p Value

RBC use during the entire observation period
Patients (n)† 45 70
RBC units/patient (n) 8.6 (9.0) 8.0 (7.7) 0.73
RBC use during the entire observation period
Patients (n)‡ 38 57
RBC units/patient (n) 10.2 (9.0) 9.9 (7.4) 0.86

* All values expressed as mean (SD).
† Patients transfused with PLT components during the observa-

tion period.
‡ Patients transfused with RBC components and PLT compo-

nents during the entire observation period.
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nia. While it is possible that changes in chemotherapy
regimens over the 6-year observation period resulted in
less intensive marrow suppression minimizing the impact
of a change in PLT component use, several factors argue
against this effect. First, the mean duration of PLT trans-
fusion support and the number of periods of transfusion
support were similar in the two observation periods, indi-
cating that changes in primary disease treatment had
minimal impact on the marrow suppression and the
extent of transfusion-dependent thrombocytopenia. In
addition, the similar use of RBC components during and
outside periods of PLT support in both observation
periods is consistent with a lack of change in hematopoi-
etic function secondary to primary disease therapy.

Implementation of pathogen inactivation did result
in mean PLT losses of 12.6%. This was partially compen-
sated for by collection of larger PLT doses during the

period after implementation of patho-
gen inactivation. This required an addi-
tional 10 minutes of donor collection
time, but was well tolerated without
impact on donor recruitment or reten-
tion. For the broad patient population,
adoption of pathogen inactivation for
PLT components had no significant
impact on utilization of PLT compo-
nents as measured by multiple indices
including mean number of transfusions
per patient, mean total dose of PLTs per
patient, or mean PLT dose per day of
support. The only significant difference
detected was an increase in the mean
number of PLT transfusions per day of
support from 1.0 to 1.1 (p < 0.01) among
the broad patient population. This dif-
ference may have arisen due to a small
decrease in the mean duration of PLT
support from 14.2 to 13.1 days (p = 0.49)
after implementation of pathogen inac-
tivation. The reason for the slight
decrease in the mean duration of PLT
support is unclear. Because the decrease
in duration of PLT support was not sig-
nificant, we concluded that the increase
in mean number of PLT transfusions per
day was likely not clinically relevant.
This difference was not detected among
hematology or oncology patients.

Because PLT transfusions are used
to support patients with either quantita-
tive or qualitative PLT deficits with
potential for bleeding, we examined the
use of RBC concentrates as an indirect
measure of hemostasis. While RBC
transfusions may be administered to

correct anemia due to hypoproduction as well as bleeding,
data on use of RBC support provide a partial measure of
the impact of PLT transfusion on prevention of bleeding.
For all patients supported with PLT components in either
period, there was no impact on the requirement for RBC
transfusion after introduction of pathogen inactivation of
PLT components. This trend was consistent for patients
supported with PLT and RBC components during periods
of PLT support, when patients would be at greatest risk for
bleeding, and outside periods of PLT support when RBC
use would be most reflective of transfusion to support
hypoproductive anemia.

The broad patient population included a substantial
proportion of cardiovascular surgery patients (approx.
one-third of the population in both periods) with short-
term PLT support and obligatory intraoperative blood
loss. To examine the impact of pathogen inactivation in a

TABLE 9. Daily lowest PLT count for patients transfused before and
after adoption of pathogen inactivation treatment of PLT components

Parameter Control Test p Value

All patients
PLT transfusions (n)* 6812 7994
PLT dose/transfusion† 4.2 (1.0) 3.6 (0.9) <0.001
PLT count (109/L)‡ 47.1 (71.4) 63.5 (95.3) <0.001
Median PLT count (109/L) 23.0 22.0 0.39§
Cardiovascular surgery patients
PLT transfusions (n)* 415 534
PLT dose/transfusion† 4.3 (1.0) 3.8 (0.8) <0.001
PLT count (109/L)|| 71.2 (51.4) 77.4 (45.1) 0.09
Median PLT count (109/L) 59.0 68.0 0.005§
All hematology patients
PLT transfusions (n)* 5658 6686
PLT dose/transfusion† 4.2 (1.0) 3.6 (0.9) <0.001
PLT count (109/L)¶ 44.1 (72.3) 60.6 (97.8) <0.001
Median PLT count (109/L) 21.0 20.0 0.23§
Intensively transfused hematology patients**
PLT transfusions (n)* 5630 6663
PLT dose/transfusion† 4.2 (1.0) 3.6 (0.9) <0.001
PLT count (109/L)†† 44.0 (72.0) 60.5 (97.7) <0.001
Median PLT count (109/L) 21.0 20.0 0.25§

* The total number of PLT transfusions administered during each period with at least
one PLT count on the day of transfusion.

† The mean (SD) for the PLT dose (1011).
‡ The mean daily lowest PLT count (SD) for transfusions with a PLT count available in

the medical record on day of transfusion. During the control and test periods there
were 4690 (68.8%) and 5797 (72.5%) transfusions, respectively, with recorded PLT
counts.

§ Based on two-sample Wilcoxon test.
|| The mean daily lowest PLT count (SD) for transfusions with a PLT count available in

the medical record on day of transfusion. During the control and test periods there
were 320 (77.1%) and 370 (69.3%) transfusions, respectively, with recorded PLT
counts.

¶ The mean daily lowest PLT count (SD) for transfusions with a PLT count available in
the medical record on day of transfusion. During the control and test periods there
were 4144 (73.2%) and 4914 (73.4%) transfusions, respectively, with recorded PLT
counts.

** Intensively transfused hematology patients were defined as those patients who
received two or more PLT transfusions in a treatment period.

†† The mean daily lowest PLT count (SD) for transfusions with a PLT count available in
the medical record on day of transfusion. During the control and test periods there
were 4120 (73.1%) and 4893 (73.4%) transfusions, respectively, with recorded PLT
counts.
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more stable and intensively transfused population, we
specifically analyzed data for hematology patients. This
subpopulation comprised slightly more than one-third of
the broad patient population in both observation periods,
and the hematology patients had more periods of PLT
support and a longer cumulative duration of PLT support
(mean, 32-33 days) compared to that of the general popu-
lation (mean, 13-14 days). The multiple periods of PLT
support (approx. four as the average) included many
patients repeatedly transfused during each 3-year obser-
vation period. Multiple indices of PLT component utiliza-
tion including mean transfusions per patient, mean
transfusions per day of PLT support, mean total PLT dose
per patient, and mean dose per day of support were not
statistically different between the observation periods.
Among hematology patients, we observed a significantly
lower PLT dose per day of PLT support (3.0 ¥ 1011 vs.
3.2 ¥ 1011 PLTs per day, p = 0.05) after introduction of
pathogen inactivation. However, the data for this inten-
sively transfused population supported during multiple
periods of PLT transfusion over a 3-year observation
period did not indicate any impact on PLT utilization after
introduction of pathogen inactivation for PLT compo-
nents (Table 5).

The hematology patient subpopulation provided a
patient population in which to evaluate the impact of a
change in PLT component preparation on the use of
RBCs both during and outside periods of PLT support.
This population was not substantially impacted by major

surgical interventions, thus providing a more reliable
estimate of the impact of a change in PLT component on
both hemostasis, as measured by RBC transfusion
requirements during periods of PLT support, and the
impact on RBC production, as measured by RBC trans-
fusion outside periods of PLT support. No significant dif-
ferences in RBC use were detected after introduction of
pathogen inactivation for PLT components. We interpret
these observations to indicate that hemostasis and RBC
production were not affected by a change in PLT compo-
nent preparation.

We also examined the impact of pathogen inactiva-
tion on PLT use by oncology patients. However, this was a
small patient population; and the data were limited. Con-
sistent with the observations for hematology patients, we
did not detect any highly significant impact on PC or RBC
use due to the change in PLT component; however, these
observations require confirmation in a larger population.

As an added means to examine the impact of a change
in PLT component on transfusion practice and clinical
outcome, we examined data on the daily lowest PLT count
and daily lowest Hb level on days of PLT and RBC transfu-
sions. We hypothesized that the lowest PLT count and the
lowest Hb within 1 day on days of PLT and RBC transfu-
sion, respectively, would provide a comparative indicator
of the level of thrombocytopenia and anemia on the day of
transfusion in the two observation periods. These data
were analyzed on a per-transfusion basis as the laboratory
indices were related to specific transfusion events. We
analyzed these data for all patients as well as for specific
subsets including cardiovascular surgery patients, hema-
tology patients, and intensively transfused hematology
patients (those with two or more periods of PLT transfu-
sion support). During the 6-year period of this study at
CUMG, the broadly accepted clinical threshold for PLT
transfusion was a PLT count of 10 ¥ 109 to 20 ¥ 109/L and
for RBC transfusion a Hb level of 9 to 10 g/dL. The BTC
Mont Godinne does not require a specific pretransfusion
PLT count or Hb level to issue a blood component.
Primary care physicians ordered blood components based
on individual patient assessments and their independent
clinical judgment.

We used the PLT count data in two ways. First, the
daily lowest PLT count served as a comparison of potential
changes in degree of thrombocytopenia between the two
observation periods. For all the patient groups analyzed,
the mean lowest daily PLT count was associated with a
large SD, and the difference in the mean and median
values was a result of the heterogeneous distribution of
PLT levels in the large patient population. Except for car-
diovascular surgery patients, the median values were
not significantly different between the groups and were
21 ¥ 109 to 23 ¥ 109/L, reasonably close to expected trans-
fusion threshold values for patients with hypoproliferative
thrombocytopenia. This trend was similar for more inten-

TABLE 10. Daily lowest Hb level for patients
transfused before and after adoption of
pathogen inactivation treatment of PLT

components
Parameter Control Test p Value

All patients
Patients (n)1 626 713
Hb (g/dL)2 8.5 (1.1) 8.5 (1.0) 0.82
Median Hb (g/dL) 8.6 8.5
Cardiovascular surgery patients
Patients (n)* 201 257
Hb (g/dL)† 8.3 (1.0) 8.2 (1.0) 0.11
Median Hb (g/dL) 8.2 8.1
All hematology patients
Patients (n)* 257 266
Hb (g/dL)† 9.0 (0.7) 8.9 (0.7) 0.12
Median Hb (g/dL) 9.0 8.9
Intensively transfused hematology patients‡
Patients (n)* 235 249
Hb (g/dL)† 8.9 (0.6) 8.9 (0.6) 0.42
Median Hb (g/dL) 9.0 8.9

* The number of patients transfused with both PLT and RBC
concentrates and a Hb level recorded in the medical record
on the day of PLT transfusion.

† The mean (SD) daily lowest Hb level (g/dL) per patient for
each patient group.

‡ Intensively transfused hematology patients were defined as
those patients who received two or more PLT transfusions in
a treatment period.
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sively transfused hematology and oncology patients as
well. Cumulatively, these data suggest that after imple-
mentation of pathogen inactivation, patients did not
experience a lower PLT count nadir during PLT support.

We postulated that the mean lowest daily Hb level
could serve as a surrogate measure for hemostasis pro-
vided that there was no indication for differential suppres-
sion of erythropoiesis by the new PLT component. We
concluded that the similar use of RBC components
outside periods of PLT support, especially for hematology
patients, supported this hypothesis. The lack of difference
in the lowest daily mean Hb levels on days of PLT transfu-
sion is consistent with the conclusion that the new PLT
components provided adequate hemostasis.

Recently, two multicenter hemovigilance studies
monitoring the safety of 12,543 PLT components trans-
fused to 2051 patients have shown that PLT components
prepared with pathogen inactivation were well tolerated
when used in routine practice.17,18 In conjunction with
these observations, the current study utilizing longitudinal
data collected as part of a hemovigilance program demon-
strates that PLT components prepared with pathogen inac-
tivation can be implemented into routine practice without
substantially impacting PLT or RBC component utilization
over a substantial period of transfusion support.
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O R I G I N A L A R T I C L E

Use of additive solutions and pathogen inactivation treatment of
platelet components in a regional blood center: impact on

patient outcomes and component utilization during
a 3-year period_2873 1..8

Jean-Pierre Cazenave, Hervé Isola, Chantal Waller, Isabelle Mendel, Daniel Kientz, Michel Laforêt,

Jean-Pierre Raidot, Gérard Kandel, Marie-Louise Wiesel, and Laurence Corash

BACKGROUND: The Etablissement Français du Sang
Alsace (EFS Alsace) successively implemented univer-
sal use of platelet additive solutions (PASs) and patho-
gen inactivation (PI) for platelet components (PCs). To
assess the impact of these changes, EFS Alsace evalu-
ated PC use, red blood cell (RBC) component use, and
transfusion-related adverse events after implementation
of these new technologies.
STUDY DESIGN AND METHODS: EFS Alsace pro-
spectively collects data on production, distribution, and
response to transfusion of all blood components with
greater than 99.5% data acquisition. Adverse events
attributed to platelet (PLT) transfusions were collected
through a mandatory, active hemovigilance program. A
retrospective review of prospectively collected data was
conducted covering three periods: 1) apheresis and
whole blood–derived PCs in plasma, 2) apheresis and
whole blood–derived PCs with PAS, and 3) PCs pre-
pared with PI and PAS. Data on component utilization
were analyzed for all patients receiving PCs in each
period and for the subset of hematology-oncology
patients to evaluate PC use in an intensely transfused
population. Values for all continuous variables were
summarized as mean and standard deviation, median,
and range.
RESULTS: Approximately 2000 patients received PCs
in each period. PLT and RBC use per patient was not
increased after PI (analysis of variance, F = 1.9 and
2.9, respectively) and the incidence of acute transfusion
reactions was significantly reduced (p < 0.001).
CONCLUSIONS: Universal use of PI was implemented
without impacting component use, as indicated by total
dose of PLTs per patient, and outcomes to transfusion
were improved.

T
he Etablissement Français du Sang Alsace (EFS
Alsace) is the sole provider of blood components
for approximately 2 million inhabitants of the
Alsace region of France and issues approxi-

mately 17,000 platelet components (PCs) per year. In 2005,
the EFS Alsace implemented routine use of platelet addi-
tive solution (PAS) for production of PCs to reduce recipi-
ent exposure to allogeneic donor plasma and to increase
salvage of plasma for production of therapeutic and frac-
tionated plasma. The following year, 2006, the EFS Alsace
implemented routine use of photochemical pathogen
inactivation (PCT) to reduce the risk of transfusion-
transmitted infection and adverse immune reactions
associated with transfusion of PCs.

Each of these interventions has the potential to
impact the therapeutic efficacy of PCs as well as impact
utilization of other blood components and patient out-
comes in response to transfusion therapy.1,2 Component

ABBREVIATIONS: CSDP = concentrated single-donor platelet

(program); EFS Alsace = Etablissement Français du Sang Alsace;

PAS(s) = platelet additive solution(s); PC(s) = platelet

component(s); PCT = photochemical pathogen inactivation;

PI = pathogen inactivation; TA-GVHD = transfusion-associated

graft-versus-host disease.

From the Etablissement Français du Sang (EFS)–Alsace,

INSERM UMR-S949, and the Université de Strasbourg, Stras-

bourg, France; and Cerus Corp., Concord, California.

Address reprint requests to: Jean-Pierre Cazenave, Etablisse-

ment Français du Sang-Alsace, 10 rue Spielmann, BP 36, 67065

Strasbourg Cedex, France; e-mail: jeanpierre.cazenave@efs-

alsace.fr.

Received for publication March 31, 2010; revision received

July 9, 2010, and accepted July 12, 2010.

doi: 10.1111/j.1537-2995.2010.02873.x

TRANSFUSION **;**:**-**.

Volume **, ** ** TRANSFUSION 1

42

OYKIC
テキストボックス
市販後調査及び観察研究の報告⑤



utilization and transfusion-related adverse events were
selected as outcome variables because of clinical rel-
evance to patient management. A decrease in therapeutic
efficacy due to changes in PC treatment could result in the
need for more transfusion support. A change in the inci-
dence of adverse events associated with novel PCs would
be highly relevant to both patients and treating physi-
cians. To assess the impact of use of PASs and pathogen
inactivation (PI) treatment, EFS Alsace conducted a retro-
spective review of PC use, red blood cell (RBC) component
use, and transfusion-related adverse events during three
different periods to evaluate the effect of each change in
platelet (PLT) preparation. This review provided useful
information regarding the progressive effects of each
change for all patients supported with PCs during each
observation period, and for specific patient populations,
such as pediatric and hematology-oncology patients,
which might be differentially affected by changes in the
manufacture of PCs.

MATERIALS AND METHODS

Overall study design
The study covered three observation periods, each lasting
from 9 to 13 months in duration. The variable length of
each period was in part determined by the time required
for switching between types of PCs and data for each
period were utilized only once production consisted
entirely of the new type of PC product. Period 2 was arbi-
trarily shorter due to the decision to implement PI as soon
as possible. During the 13-month period from January
2003 to February 2004 (Period 1) all PCs derived either
from whole blood collections or by apheresis collections
were prepared in 100% allogeneic donor plasma. During
the 9-month period from September 2005 to June 2006
(Period 2) all PCs were prepared in PAS (53%-68%) and
residual donor plasma (32%-47%). During the 11-month
period from September 2006 to August 2007 (Period 3) all
PCs were prepared in PAS (53%-68%) and residual plasma
(32%-47%) with PCT for PI. During each of these three
periods, data were collected on the production, transfu-
sion, and transfusion-related adverse events for all
patients supported by the EFS Alsace.
Data were collected in compliance
with a national hemovigilance program
with protection of patient confidential-
ity, and individual patient informed
consent was not required.3 Data on
PC and RBC component use were
analyzed for all patients receiving
PCs during each observation period
and for the subset of hematology-
oncology patients. Hematology-
oncology patients were selected for
separate analysis with respect to blood

component utilization because they are intensively trans-
fused for prophylaxis of bleeding and provide a more strin-
gent population in which to assess component utilization.

Production of PCs
The variables for preparation of PCs during each of the
three periods are summarized in Table 1. Whole blood was
collected into CPDA-1 anticoagulant from volunteer
blood donors who met the EFS requirements for blood
donation. Whole blood–derived buffy coat PCs were pre-
pared as previously described.4 Single-donor apheresis
PCs were collected from qualified donors using an apher-
esis system (MCS+, Haemonetics, Braintree, MA). During
the three periods, all PCs were leukoreduced by filtration
(<1 ¥ 106 white blood cells [WBCs]/PC) to produce a thera-
peutic PC that was stored for up to 5 days with reciprocal
agitation under temperature control (22-24°C) before
transfusion.

Period 1
Whole blood donation had a mean volume of 462 �

14 mL. Six whole blood–derived buffy coat concentrates
were pooled and suspended in 100% donor plasma.
Single-donor apheresis PCs were suspended in 100%
donor plasma. During this period, two target doses for
apheresis components were used, 3.5 ¥ 1011 or 5.5 ¥ 1011

PLTs per collection. Both whole blood–derived pooled
buffy coat and apheresis PCs were irradiated with
2500 cGy, using a cesium source, according to established
indications for prevention of transfusion-associated graft-
versus-host disease (TA-GVHD).

Period 2
Whole blood donation had a mean volume of
460 � 11 mL. Six buffy coat concentrates were pooled and
suspended in approximately 35% donor plasma
and 65% PAS (T-Sol, Fenwal, Inc., La Châtre, France).
Single-donor apheresis PCs were collected from qualified
donors using the MCS+ platform with the concentrated
single-donor PLT (CSDP) program (Haemonetics) and
suspended in approximately 45% donor plasma with 55%

TABLE 1. Variables for preparation of PCs
Variable Period 1 (Plasma) Period 2 (PAS) Period 3 (PI)

Buffy coat PCs
Whole blood (mL) 462 � 14 460 � 11 461 � 11
Anticoagulant CPDA-1 CPDA-1 CPDA-1
Pool size 6 6 6
Plasma target (%) 100 35 35
PAS (%) 0 65 65

Apheresis PCs
Platform MCS+ MCS+/CSDP MCS+/CSDP
Target dose (¥1011) 3.5 or 5.5 4.5 4.5
Plasma target (%) 100 45 45
PAS (%) 0 55 55
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T-Sol. During this second period, the collection target
for apheresis products was set at 4.5 ¥ 1011 PLTs per
collection. Both whole blood–derived pooled buffy coat
and apheresis PCs were irradiated with 2500 cGy
according to established indications for prevention of
TA-GVHD.

Period 3
Whole blood donation had a mean volume of
461 � 11 mL. Six buffy coat concentrates were pooled and
suspended in approximately 35% donor plasma and 65%
PAS (Intersol, Fenwal, Inc.). Single-donor apheresis PCs
were collected from qualified donors using the MCS+ plat-
form and CSDP software (Haemonetics) and suspended
in approximately 45% donor plasma with 55% Intersol.
During the third period, the collection target for apheresis
products was set at 4.5 ¥ 1011 PLTs per collection. Both
pooled whole blood–derived and apheresis PCs were
processed (Fig. 1) within 24 hours of collection using
amotosalen-HCl and UVA light photochemical PI treat-
ment (INTERCEPT Blood System for Platelets, Cerus
Europe BV, Amersfoort, the Netherlands) according to the
manufacturer’s directions for use.5 In both cases, residual
amotosalen and photoproducts were removed after 4 to 8

hours of incubation using a compound adsorption device.
Apheresis PCs were released on Day 1 and pooled whole
blood–derived PCs on Day 2 (Fig. 1). PI treatment was
used in place of gamma irradiation for prevention of
TA-GVHD. Residual amotosalen levels were measured in
1% of treated PCs for quality control.

Transfusion of PCs and hemovigilance monitoring
In all three study periods the PLT count and total PLT
content were determined for each apheresis PC. In the
first two periods, the PLT count and PLT content of
pooled leukoreduced whole blood–derived buffy coat
components were determined in a subset (3% for Period
1 and 17% for Period 2) of components for process
control. In Period 3 PLT count and total PLT content was
determined for each pooled leukoreduced whole blood–
derived buffy coat component. PLT counts were mea-
sured by electrical impedance with calibration using an
optical PLT counter (Sysmex XE 2100D, Roche Diagnos-
tics, Meylan, France). Total PLT content of transfused
components was determined based on PLT concentra-
tion and component volume expressed as total
PLTs ¥ 1011.

Fig. 1. PC processing workflow. The time in hours starting with the day of collection (Day 0) is indicated. Apheresis components are

stored overnight on temperature-controlled shakers (22-24°C) followed by PI treatment and incubation in a compound absorption

device (CAD) container from a minimum of 6 hours to a maximum of 16 hours before release for transfusion. Whole blood collec-

tions are stored overnight after collection. On Day 1 buffy coat concentrates are isolated, pooled, and treated with PI followed by

CAD incubation and release on the beginning of Day 2. 1Serology/NAT 8 a.m.–3 p.m. daily. PI and CAD = pathogen inactivation

using the INTERCEPT Blood System; NAT = nucleic acid testing.
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The EFS Alsace blood center maintains a database to
monitor the production, issuance, transfusion, and utili-
zation of all blood components. The blood center data-
base contains information on patient demographics and
clinical service location of transfusion. In each period,
primary care physicians ordered PCs for transfusion
according to French national guidelines published by the
French Agency of Medical Safety of Health Products in
2003 and based on a recommended dose of 0.5 ¥ 1011 to
0.7 ¥ 1011 PLTs per 7 kg in adults and 0.5 ¥ 1011 PLTs per 5
or 7 kg in pediatric patients for support of thrombocy-
topenia. The response to transfusion of blood compo-
nents was monitored through the national active
hemovigilance program under the direction of French
Agency of Medical Safety of Health Products.3 Under this
program, all blood transfusions are monitored and poten-
tial transfusion adverse incidents are evaluated for sever-
ity and relationship to the transfused
component in a transfusion incident
report. Declaration is mandatory
for each transfusion, whether or not
a transfusion incident report has
occurred. The severity of incidents is
classified based on WHO criteria: Grade
1—absence of immediate or long-term
vital threat, Grade 2—potential long-
term morbidity, Grade 3—immediate
vital threat, and Grade 4—death of the
patient. The relation of the transfusion
to the adverse effect is evaluated using a
five-point scale basis: 0—excludes any
causal relationship, 1—is doubtful, 2—is
possible, 3—is likely, and 4—is unques-
tionable. The transfusion incident
reports are submitted to regional
hemovigilance network coordinators
and entered into an electronic database.

Statistical analysis
Descriptive analyses were conducted
for the demographic and clinical vari-
ables. Values for all continuous variables
were summarized as mean and stan-
dard deviation (SD), median, and range.
A one-way analysis of variance (ANOVA;
single factor) was used to test the equal-
ity of PLT content per product, of the
number of PCs transfused per patient,
and of total dose of PLTs received by
the patient between the three periods
studied (Table 2). When the difference of
ANOVA during the three periods was
significant, a t test was used a priori to

compare between Period 1 and 2, Period 1 and 3, and
Period 2 and 3. All p values reported were two-sided, and
significance was declared at a p value of less than 0.05
(p < 0.05). All statistical calculations were done with com-
puter software (Excel, 2007 SP2 MSO, Microsoft Corp.,
Redmond, WA).

RESULTS

Demographics of patients transfused with PCs
In each of the three periods, 1678 to 2069 consecutive
patients received one or more PCs (Table 3). Within each
period, the largest proportion of PLT transfusions were
administered on hematology-oncology care services
(Table 3). Patients ranged in age from less than 1 to 106
years of age (Table 3).

TABLE 2. Production and utilization of PCs
Variable Period 1* Period 2† Period 3‡

Number of components 10,629 9,151 13,241
PLT content of transfused components§
Mean dose/unit (¥1011) 5.2 4.4 4.2
Median (¥1011) 5.4 4.7 4.4
Range (¥1011) 0.6-9.2 0.8-7.8 0.5-7.3

PC use/patient (n)||
Patients 2,050 1,678 2,069
Mean 5.2b 5.5c 6.4b,c

Median 2.0 2.0 2.0
Range 1-104 1-114 1-289

Total PLT dose/patient (¥1011)¶
Mean 27.1 24.1 26.9
Median 10.9 9.4 9.1
Range 0.2-543 0.2-503 0.5-1,302

* PCs were prepared in plasma. During Period 1, PLT content of whole blood–derived
PC was determined in 3% of components.

† PCs were prepared in plasma with PAS. During Period 2, PLT content of whole blood–
derived PC was determined in 17% of components.

‡ PCs were prepared in plasma with PAS and PI treatment.
§ ANOVA, difference if F � 3.0. The difference is significant for the three periods

(F = 4396.9). t test for two samples assuming equal variances: aP1 – P2, bP1 – P3,
cP2 – P3. p < 0.05.

|| ANOVA, difference if F � 3.0. The difference is significant for the three periods
(F = 6.8). t test for two samples assuming equal variances: aP1 – P2, p = 0.37;
bP1 – P3, p = 0.0008; cP2 – P3, p = 0.01.

¶ ANOVA. The difference is not significant for any comparisons: F = 1.9.

TABLE 3. Demographics of patients transfused with PCs
Demographic Period 1* Period 2† Period 3‡

Number of patients 2050 1678 2069
Median age (years) 64 63 63
Age range (years) 3-97 <1-99 <1-106
Male (%) 59 60 62
Proportions (%) of patients transfused by clinical service
Hematology-oncology 56.1 50.5 58.1
General medical 36.6 43.6 36.3
Cardiovascular surgery 7.3 5.9 5.7

* PCs were prepared in plasma.
† PCs were prepared in plasma and PAS.
‡ PCs were prepared in plasma and PAS with PI treatment.
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Characteristics of PCs
During the three periods the PLT content per component
changed as the methods of production changed (Table 2).
With the introduction of PASs, production methods
were adjusted to equalize the PLT content of apheresis
and whole blood–derived PCs that were ordered inter-
changeably by primary care physicians. All PCs transfused
demonstrated retention of swirling when issued by the
blood center. PLT content per PC unit was significantly
less in Period 2 compared to Period 1 (p < 0.05) and in
Period 3 compared to Period 2 (p < 0.05) (Table 2). During
Period 3, all the 13,241 components were tested for PLT
content; the mean � SD PLT content was 4.2 ¥
1011 � 0.4 ¥ 1011 and the mean � SD loss due to PI was
24 � 4 mL containing 0.3 ¥ 1011 � 0.07 ¥ 1011 PLTs. For
PCs treated with PI, residual amotosalen levels were
measured in 1% of products (n = 201). The mean residual
amotosalen concentration for whole blood and aphe-
resis components was 0.24 � 0.09 mmol/L (median,
0.22 mmol/L; maximum, 1.25 mmol/L).

Utilization of PCs
The utilization of PCs was determined
per patient based on the number of
components transfused and the total
number of PLTs transfused per patient.
The latter was of specific importance
as the PLT content per component
changed according to changes in the
methods of production during the three
periods (Table 2). For each period, the
relative proportion of whole blood–
derived and apheresis PCs remained
constant, approximately 65%:35%,
respectively. The mean number of PCs
transfused per patient increased in
Periods 2 and 3 compared to Period 1
(Table 2); however, the number of trans-
fusion episodes and the total dose of
PLTs transfused per patient were not dif-
ferent between the two periods (Table 2).

Utilization of RBC components
Utilization of RBCs was determined
for patients who received one or more
PCs during each observation period
(Table 4). In each observation period,
approximately 85% of patients trans-
fused with PCs received at least one RBC
unit. No significant difference in utiliza-
tion of RBCs was detected between the
three observation periods.

Acute transfusion reactions
Adverse events after transfusion of PCs were evaluated for
relationship to transfusion and all events classified as
doubtful, possible, likely, or unquestionable were defined
as acute transfusion reactions. These events also included
the observation of newly detected alloantibodies to RBC
antigens with or without evidence of hemolytic transfu-
sion reactions (Table 5). Cumulatively, for all three
periods, 145 adverse events were reported, of which 46
were newly detected RBC alloantibodies without hemoly-
sis secondary to concomitant transfusion of RBCs in 85%
of the patients receiving PCs (Table 5). In Period 1, one
death due to volume overload was reported. All other reac-
tions were Grades 1 (61%) and 2 (33%) in severity. During
Period 3 among the 18 reported reactions not due to RBC
alloantibodies, eight were characterized by febrile reac-
tions, three were characterized as allergic reactions, and
one episode of transfusion-related acute lung injury
(TRALI) associated with high-titer HLA antibodies from a
multiparous donor was reported during Period 3 in asso-
ciation with transfusion of PI-treated apheresis PCs
without exposure to any other blood components. Six
transfusion reactions were not characterized further. No

TABLE 4. Utilization of RBC components
Variable Period 1* Period 2† Period 3‡

Number of patients transfused with PCs 2,050 1,678 2,069
Number (%) of patients transfused

with PCs and RBCs
1,715 (83.7) 1,355 (80.8) 1,749 (84.5)

Number of RBC units§ 24,693 17,732 23,824
Mean number RBC units/patient 14.4 13.1 13.6

* PCs were prepared in plasma.
† PCs were prepared in plasma and PAS.
‡ PCs were prepared in plasma and PAS with PI treatment.
§ ANOVA. The difference between the three periods is not significant: F = 2.9.

TABLE 5. Adverse reactions after transfusion of PCs
Variable Period 1* Period 2† Period 3‡

Number of patients transfused 2,050 1,678 2,069
Number of components transfused 10,629 9,151 13,241
Number of patients with adverse reactions 59 33 36
Number of adverse events§ 67 41 37
Number of RBC alloantibodies detected 11 16 19
Number of RBC alloantibodies/1000 PCs 1.03 1.75 1.43
Number of transfusion reactions 56 25 18
Number of total reactions/1000 PCs 6.3 4.5 2.8
Number of PC-related reactions/1000 PCs|| 5.3a,c 2.7a,b 1.4b,c

Patients with PC reactions (%)¶ 2.9a,c 2.0a 1.7c

* PCs were prepared in plasma.
† PCs were prepared in plasma and PAS.
‡ PCs were prepared in plasma and PAS with PI treatment.
§ Total transfusion reactions including alloantibodies detected to RBC antigens.
|| Transfusion reactions excluding RBC alloantibodies not associated with symptomatic

reactions. Chi-square test with a = 0.05, difference if p < 0.05: aP1 – P2, p = 0.0053;
bP2 – P3, p = 0.0214; cP1 – P3, p = 7 ¥ 10–8.

¶ Symptomatic reactions to PCs, excluding RBC alloantibodies. Chi-square test with
a = 0.05, difference if p < 0.05: aP1 – P2, p = 0.0094; bP2 – P3, p = 0.0779; cP1 – P3,
p = 6.7 ¥ 10–8.

ROUTINE USE OF PATHOGEN-INACTIVATED PLT COMPONENTS

Volume **, ** ** TRANSFUSION 5

46



cases of transfusion-related sepsis were reported in any
period. The incidence of transfusion-related adverse
events per 1000 PCs transfused was significantly reduced
with the implementation of PAS (p = 0.005) and further
reduced with the implementation of PI (p = 0.021). Analy-
sis of the incidence of transfusion-related adverse events
per patient demonstrated significant reduction after
implementation of PAS (p = 0.009) and further reduction
with the implementation of PI (p = 0.0779).

Utilization of PCs by intensively
transfused patients
To further characterize the impact of changes in PC pro-
duction, the utilization of PCs and RBCs by intensively
transfused patients with hematology-oncology disorders
was examined. Evaluation was restricted to Periods 1 and
3 since use of PAS without PI was only an intermediate
phase in the evolution of the PLT production process
at EFS Alsace. During both Period 1 and Period 3 all PCs
were leukoreduced (<1 ¥ 106 WBCs/PC), and the propor-
tion of whole blood–derived buffy coat and apheresis
PCs remained constant (62:38), respectively. Mean PLT
content per PC was lower during Period 3 (4.2 ¥ 1011) com-
pared to Period 1 (5.2 ¥ 1011) due to a decision to harmo-
nize the PLT content of both types of products.

Approximately similar numbers of hematology-
oncology patients were transfused during Periods 1
and 3 (Table 6). Although the number of PCs transfused
per patient was increased during Period 3 compared to
Period 1, the total dose of PLTs per patient was not
increased (Table 7). The increase in the number of PCs
was due to decreased PLT content per unit in Period 3
compared to Period 1.

DISCUSSION

In 2005, the EFS Alsace regional blood
center initiated changes in the routine
preparation of PCs with the introduction
of PAS, which was followed by imple-
mentation of PI treatment in 2006. Each
of these changes had the potential to
impact the PLT content of components,
the utilization of components, and
patient outcomes. To assess these
potential impacts, EFS Alsace con-
ducted a retrospective analysis of three
different periods, each of approximately
1 year duration. The comparison of each
of these innovations with conventional
PCs in 100% plasma provided a means to
assess the impact in a controlled
manner since the same blood center and
processing staff prepared PCs in each of

the observation periods. Although primary care physicians
were aware of the changes in methods of PLT production,
they continued to prescribe PCs based on similar standard
of care guidelines in each of the observation periods. This
provided approximately similar clinical conditions to
monitor patient responses in each of the periods.

This analysis was based on a comprehensive longitu-
dinal database that tracked greater than 99% of PCs with
respect to patient demographics and utilization by
patients. In addition, the response to transfusion with
respect to adverse outcomes was evaluated using an active
hemovigilance program3 for which data for greater than
99% of transfusions were reported in the EFS Alsace
region. This study offered a unique opportunity to
examine the impact of these changes in PLT production
when implemented in routine use for support of a broad
spectrum of patients. In addition, this study included
a substantial population of intensively transfused
hematology-oncology patients who may have been more
sensitive to changes in the methods of PC production.

TABLE 6. Age demographics of
hematology-oncology patients transfused

with PCs
Demographics Period 1* Period 3†

Number of patients 671 699
Number (%) of infants-toddlers‡ 10 (1.5) 5 (0.7)
Number (%) of children§ 49 (7.3) 49 (7.0)
Number (%) of adults|| 612 (91.2) 645 (92.3)

* PCs were prepared in plasma.
† PCs were prepared in plasma and PAS with PI treatment.
‡ Infants and toddlers were 1 month to less than 3 years of

age.
§ Children were 3 to 17 years of age.
|| Adults were greater than 17 years of age.

TABLE 7. Utilization of PLT and RBC components by
hematology-oncology patients

Variable Period 1* Period 3† p value

Number of patients 671 699
Number of PCs transfused
Mean � SD‡ 8.7 � 12 11 � 20 0.01
Median|| 4.0 4.0
Range|| 1-103 1-264

Total PLT dose
Mean � SD‡ 45.3 � 62.8 46.1 � 86.1 0.85
Median 21.6 18.4
Range|| 0.8-536 1.5-1189

Number of RBC units transfused
Mean§ 15.2 � 16.5 13.6 � 18.4 0.10
Median|| 9.0 8.0
Range|| 0-93 0-272

* PCs were prepared in plasma.
† PCs were prepared in plasma with PAS and PI treatment.
‡ Mean number of PCs transfused per patient.
‡ Mean total dose of PLTs (1011) per patient.
§ Mean number of RBC units per patient.
|| Data expressed per patient.
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Patient demographics, in terms of age, sex, and
primary care service for PC transfusion, were comparable
between the three periods. Each of the observation
periods included between 1678 and 2069 patients with
transfusion of between 9151 and 13,241 PCs and 17,732 to
24,693 RBC units. Thus, this observational study encom-
passes a large experience, indeed much larger than that of
most clinical trials in transfusion medicine that have been
used to support implementation of major changes in
transfusion practice, such as leukoreduction and adjust-
ment of the transfusion threshold.6,7 When adjustments
were made for differences in PLT content of individual
components, there were no significant differences in the
total PLT dose required per patient, either for all patients
or for intensively transfused hematology-oncology
patients. Changes in the methods of PC production did
not impact utilization of RBCs, indicative of preservation
of effective hemostasis during periods of PLT transfusion
support. This observation is of particular interest with
respect to cardiovascular surgery patients and general
medical patients who have not been studied in the ran-
domized clinical trials of PCs treated with PI.5,8,9 While the
utilization of PCs and RBCs did not change in response to
modifications in PLT processing, the incidence of adverse
events imputed to transfusions of PCs decreased on both a
per-transfusion and a per-patient basis. This observation
is consistent with the significant reduction in acute trans-
fusion reactions noted in a prior large randomized clinical
trial.9 Only a single case of TRALI was reported during
each of these observation periods; this case was attribut-
able to high-titer HLA antibodies in a multiparous apher-
esis PLT donor. No cases of transfusion-related sepsis were
reported in any period.

The conclusions regarding efficacy and safety that
may be drawn from this study are potentially limited due
to the lack of a blinded, randomized trial design. However,
the study has the advantage of comparative observation
periods in a single region in which the staff preparing the
PCs and the primary care physicians prescribing PCs and
monitoring patient outcomes remained relatively stable.
Moreover, the study was conducted in observation
periods when each of the PC methods reflected routine
production practices. Thus, the study involved assess-
ment of the changes in PC production under realistic con-
ditions. In addition, monitoring of patient clinical
outcomes utilized objective measures, such as utilization
of PCs and RBCs, and an active hemovigilance program
with oversight by clinical monitors who were not associ-
ated with the blood center producing the blood compo-
nents. On the basis of these factors, we believe that the
data reported from this study indicate that PASs and PI
treatment can be implemented into routine practice
without impacting either PC or RBC utilization and with a
reduction in acute transfusion reactions. The experience
with respect to the safety profile and tolerability of PCs

treated with PI in this study is consistent with that
reported for several other large postmarketing hemovigi-
lance studies.10-12 It is also similar to the Belgian experi-
ence of universal routine use of Intercept-inactivated PCs
for 3 years, that enables learning of how well the products
function in broad populations.13 In addition, the PI
process was used in place of gamma irradiation for pre-
vention of TA-GVHD and in place of cytomegalovirus
serology resulting in the use of a single PLT inventory with
elimination of these additional tests and procedures.
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T R A N S F U S I O N P R A C T I C E

Therapeutic efficacy of platelet transfusion in patients with acute
leukemia: an evaluation of methods_2540 766..775

Torunn O. Apelseth, Øystein Bruserud, Tore Wentzel-Larsen, and Tor Hervig

BACKGROUND: Clinical effect of platelet (PLT) trans-
fusion is monitored by measures of PLT viability (PLT
recovery and survival) and functionality. In this study we
evaluate and compare transfusion effect measures in
patients with chemotherapy-induced thrombocytopenia
due to treatment of acute leukemia.
STUDY DESIGN AND METHODS: Forty transfusions
(28 conventional gamma-irradiated and 12 pathogen-
inactivated photochemical-treated PLT concentrates
[PCs]) were investigated. PC quality was analyzed
immediately before transfusion. Samples were collected
from thrombocytopenic patients at 1 and 24 hours for
PLT increments and thromboelastography (TEG) with
assessments of bleeding score and intertransfusion
interval (ITI). Data were analyzed by Spearman’s corre-
lation. Patient and PC variables influencing the effect of
transfusion were analyzed by use of a mixed-effects
model.
RESULTS: PLT dose, storage time, and pathogen inac-
tivation correlated with PLT recovery but not with PLT
survival (including ITI), TEG, or clinical bleeding. Fever
was negatively correlated with PLT survival but did not
affect PLT recovery. After 1 and 24 hours, strong corre-
lations were observed within measures of PLT viability
and between PLT increment and the TEG value
maximal amplitude (MA). Negative correlation was
observed between late MA increment and clinical bleed-
ing status after transfusion (r = -0.494, p = 0.008). PLT
count increments did not correlate to clinical bleeding
status.
CONCLUSIONS: PLT dose and quality of PCs are
important for optimal immediate transfusion response,
whereas duration of transfusion effect is influenced
mainly by patient variables. The TEG value MA corre-
lates with PLT count increments and bleeding, thus
reflecting both PLT viability and functionality.

A
llogeneic platelet (PLT) transfusions are used to
prevent (prophylactic transfusions) and control
(therapeutic transfusions) bleeding in patients
receiving intensive chemotherapy.1-5 But even

though the risks of severe transfusion reactions and trans-
mission of pathogens are minimized due to technologic
progress and pathogen reduction methods, PLT transfu-
sions are not free of complications.6-8 It is therefore impor-
tant to continue the search for an optimal transfusion
policy in patients receiving PLT transfusions. Large ran-
domized clinical trials are now performed aiming to
define the optimal use of PLT transfusions, both by evalu-
ation of transfusion strategies and by investigations of the
influence of variables like PLT dose and transfusion trig-
gers on the results of treatment.3,5

The tests used to assess the clinical efficacy of PLT
transfusion reflect different approaches to minimize
bleeding in patients. They influence routine transfusion
practice as well as the results of clinical PLT transfusion
studies. The clinical effect of PLT transfusion is monitored
by measures of PLT viability and functionality. In studies
of thrombocytopenic patients, PLT viability is usually

ABBREVIATIONS: API = absolute platelet increment;

ITI = intertransfusion interval; MA = maximal amplitude;

PC(s) = platelet concentrate(s); PCT = photochemical treated;

TEG = thromboelastography.
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investigated by immediate PLT count increments, reflect-
ing the PLT recovery together with late PLT count incre-
ment and intertransfusion interval (ITI) which reflects the
PLT survival.4,5,9-12 PLT functionality may be monitored by
bleeding assessments12,13 and point-of-care tests of hemo-
stasis and PLT function like the thromboelastography
(TEG) analysis.14 While PLT count increments are funda-
mental in the prophylactic PLT transfusion strategy, the
therapeutic transfusion strategy is based on bleeding
assessments.

In our study we aim to evaluate and compare
methods for measurement of clinical efficacy in acute leu-
kemia patients receiving regular PLT transfusions due to
severe chemotherapy-induced thrombocytopenia.

MATERIALS AND METHODS

Study design
This prospective observational study was approved by the
local research ethics committee (Region III, University of
Bergen, Bergen, Norway), and patients were recruited
from the Section for Hematology, Department of Medi-
cine, at Haukeland University Hospital from December
2006 until April 2007. During the study period, all patients
diagnosed with acute leukemia expected to be in need of
PLT transfusions due to severe chemotherapy-induced
cytopenia were invited to participate in the study. With
one exception, all patients accepted. After informed
written consent was obtained, 10 patients with acute leu-
kemia were included in the study, giving a total of 188
patient-days with chemotherapy-induced cytopenia. Of a
total of 109 PLT transfusions, 40 PLT transfusions were
selected to be characterized in detail based on the follow-
ing criteria: daytime transfusions and data collection
performed according to procedures. The study unit was
defined as the PLT transfusion.

Preparation of PLT concentrates for transfusion
All PLT concentrates (PCs) fulfilled the European require-
ments.15 Single-donor PCs (n = 17) were collected by
single-needle apheresis procedure employing the elutria-
tion principle to provide leukoreduced PLTs (Fenwal
Amicus cell separator, Baxter Healthcare Corp., Deerfield,
IL). Prestorage leukofiltered buffy coat PCs (n = 23) were
produced by use of automated procedures (OrbiSac, Car-
idianBCT, Inc., Lakewood, CO). Twelve of the 40 single-
donor and buffy-coat PCs were pathogen inactivated by
photochemical treatment using amotosalen and UVA light
(Intercept Blood System for Platelets, Cerus Corp.,
Concord, CA). Photochemical-treated (PCT) PCs were
suspended in PASIII (Intersol, Fenwal, Inc., Lake Zurich,
IL) and conventional PCs in PAS II (T-sol, Fenwal, Inc.)
with 35% to 37% autologous plasma. Conventional PCs

(n = 28) were gamma-irradiated immediately before
transfusion (25 Gy; Gammacell 3000 Elan, Nordion Inter-
national, Inc., Ottawa, Ontario, Canada). PCs were stored
up to 168 hours at 22 � 2°C under constant agitation in a
flatbed PLT incubator (Helmer, Noblesville, IN). Bacterial
testing was performed on all conventional PCs (BacT/
ALERT, bioMerieux, Inc., Marcy l’Etoile, France). The
preparation method of PCs transfused was not influenced
by the investigators.

Patients
All patients were treated according to the same institu-
tional guidelines with conventional intravenous
cytarabine-based chemotherapy, and all developed severe
chemotherapy-induced leukopenia with neutrophil
counts below 0.5 ¥ 109/L. PLT transfusions were requested
by the patient’s physician in accordance with interna-
tional guidelines.3,4,9 Prophylactic PLT transfusions were
given to nonfebrile and clinically stable patients with
peripheral blood PLT counts below 10 ¥ 109/L and to
febrile patients when PLT counts were below 20 ¥ 109/L. In
patients with increased risk of bleeding (e.g., before inva-
sive procedures or recent hemorrhage) or ongoing bleed-
ing, PLT transfusions were administered when peripheral
blood PLT counts were below 20 ¥ 109 to 50 ¥ 109/L.
Patients were examined for human leukocyte antibodies
(FlowPRA Class I screening test, One Lambda, Inc.,
Canoga Park, CA) and human PLT antibodies.16 Reticu-
lated PLTs were examined regularly and used for predic-
tion of hematopoietic reconstitution.17

Investigation procedure
A sample was drawn by sterile procedures from the PCs
immediately before transfusion. The following analyses
were performed for characterization of PC quality: 1) PLT
dose, that is, number of CD61+ PLTs in PC and CD61+ PLT
microparticles18 (Cell-Dyn CD4000, Abbott Laboratories,
Round Lake, IL); 2) metabolic variables, that is, pH at 22°C,
pCO2, HCO3, pO2, and concentrations of glucose and
lactate (ABL 725, Radiometer Copenhagen, Denmark;
Modular, Hitachi High-Technologies Corp., Tokyo, Japan);
3) PLT density (mean PLT component) concentration
(Advia 120, Bayer HealthCare, Tarrytown, NY); and 4)
lactate dehydrogenase (LDH; Modular, Hitachi High-
Technologies Corp.).18,19 Preparation method and storage
time were registered for each PC.

Blood samples from the study patients were collected
through a central venous catheter before (<8 hr) transfu-
sion, 45 to 120 minutes after transfusion, and 18 to 24 hours
after transfusion for examination of PLT counts (Cell-Dyn
CD4000, Abbott Laboratories) and TEG (TEG hemostasis
system 5000 series, Software Version 4.2, Haemoscope
Corp., Niles, IL). For every study transfusion, the following
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patient characteristics were evaluated: pretransfusion PLT
count, bleeding, patient weight, fever at time of transfu-
sion, infection (i.e., patient diagnosed with neutropenic
fever, treatment with antibiotics, and/or serum level of
C-reactive protein �100 mg/L the day of transfusion), and
treatment with steroids or granulocyte-colony stimulating
factor (G-CSF). In addition white blood cell counts, medi-
cation, ABO and HLA compatibility of transfusion, occur-
rence of transfusion complications, transfusion sequence
number, and ITI were registered throughout study period.
Event charts including transfusion patterns, reticulated
PLT counts, PLT counts, and duration of neutropenia were
made for all patients and treatment cycles to serve as basis
for interpretation of results.

Methods for documentation of transfusion effect
Posttransfusion absolute PLT increment (API) is affected
by quality and number of PLTs transfused, as well as the
dilution of PLTs in the patient’s blood volume. According
to European recommendations, we defined that an
acceptable immediate API (at 1 hr after transfusion)
occurred when PLT transfusion raised the PLT count
above the transfusion threshold, that is, greater than
10 ¥ 109/L.9 To adjust for differences in PLT dose and blood
volume of the patient, the corrected count increment
(CCI) was calculated by use of the formula9,20

CCI
API body surface area m

Number of PLTs transfuse

2

= × ( ) ×1011

dd
.

According to international guidelines, a successful
transfusion was defined as a CCI of more than 7.5 for
immediate clinical effect (PLT recovery) and a CCI of more
than 4.5 for late clinical effect (PLT survival).4,20 Body
surface area was estimated by the formula of DuBois and
DuBois.21

ITI was defined as hours from onset of study transfu-
sion to the onset of the subsequent transfusion. When the
interval between transfusions was more than 240 hours,
which is longer than the expected life span of transfused
PLTs,22,23 we assumed that autologous PLT recovery had
occurred, and transfusions were excluded from analysis.

Bleeding assessments consisting of physical exami-
nation and patient interview were performed each
morning by trained nurses working at the hematologic
ward.12 For additional clinical information, the medical
records of the patients were consulted. The bleeding
assessments were reviewed independently by two adjudi-
cators and graded in accordance with the WHO hemo-
static assessments.12 If disagreement occurred, the patient
data were evaluated by a third adjudicator and consensus
was achieved. WHO Grade of 2 or more was defined as
primary bleeding endpoint according to recent PLT
studies.12,24-27 Accordingly therapeutic transfusions were
defined as transfusions given to patients with WHO Grade

2 or more bleedings before transfusion. The proportion of
days with WHO Grade 2 or more bleeding during neutro-
penia was calculated.13 To evaluate WHO bleeding assess-
ments used for daily monitoring of PLT transfusion effect,
we calculated the difference in WHO bleeding status
before and after each transfusion.

The blood coagulation process in patients before and
after transfusion was investigated by TEG in citrated
kaolin samples with heparinase cups to avoid contamina-
tion of sample by heparin from the central venous cath-
eter. The following variables were investigated: 1) R,
reaction time, the time to the beginning of clot formation,
reflecting the level of coagulation factors; 2) angle (a), the
buildup and cross-linking of fibrin, dependent on suffi-
cient amounts of fibrinogen, thrombin, and PLTs; and
3) MA, the maximum amplitude, a measurement of
maximum strength or stiffness of the developed clot,
reflecting the amount and functional capacity of PLTs
including their interaction with fibrin.14 Reference levels
were provided by the manufacturer.

Statistical analysis
Descriptive statistics were performed by use of computer
software (SPSS 15.0 for Windows, SPSS, Chicago, IL) and
results are presented as mean � standard deviation (SD) if
not otherwise stated. When analyzing PC characteristics
not influenced by individual patient effects, two-sample t
tests were performed (SPSS, Version 15.0). All patient data
were analyzed, adjusted for individual patient effects.
Analyses of dichotomous data were performed with
generalized estimating equations (package gee, R Version
2.8.0, http://www.R-project.org, The R Foundation for Sta-
tistical Computing, Vienna, Austria). Correlation analysis,
not adjusted for individual patient effect, was performed
by Spearman’s correlation (SPSS, Version 15.0) due to
partly categorical data. Confidence intervals (CIs) were
calculated as bootstrap BCa CIs (package boot, R Version
2.8.1, The R Foundation for Statistical Computing).28 Dif-
ferences were considered significant when p values were
less than 0.05.

To separate the effects of PC and patient variables on
transfusion outcome measures, mixed-effects model
(package nlme, R Version 2.8.0, The R Foundation for Sta-
tistical Computing) was performed.29,30 If random parts of
the mixed-effects model were unstable, generalized least
squares were used. In this analysis we investigated the
relationship between posttransfusion values of PLT
counts, posttransfusion TEG values, and ITI and the fol-
lowing variables: fever, transfusion sequence number,
patient weight, bleeding of WHO Grade 2 or more, PLT
dose, storage time, preparation technique, and ABO iden-
tity. Analyses of PLT counts and TEG values were adjusted
for time and pretransfusion values. The selection of
variables investigated was based on previously published
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articles,23,31-36 and the number of variables was adapted
to the total number of study transfusions. Mixed-effects
analysis could not be performed for bleeding status due to
the categorical nature of the variable.

RESULTS

Patients and PCs
Ten patients, four males and six females, diagnosed with
acute myelogenous leukemia (eight patients) or acute
lymphoblastic leukemia (two patients), were included in
the study. Transfusion requirements were followed by the
investigators from the administration of chemotherapy
(five remission induction and eight consolidation treat-
ment cycles) to hematopoietic reconstitution (i.e.,
�0.5 ¥ 109/L neutrophil granulocytes in blood samples
and no need for PLT transfusion), patient withdrawal (two
patients), or death of patient (one patient, due to infec-
tion). All patients (ages 21-62 years) had a history of pre-
vious pregnancies and/or previous PLT transfusions, but
no patient with previous splenectomy or disseminated
intravascular coagulation was included in the study.
Patients with HLA antibodies were transfused with HLA
Class I–matched PCs (three patients) according to inter-
national guidelines.9 One patient was diagnosed with
weak positive HPA antibody at the time of inclusion and
transfused according to routine practice without HPA-
matched PCs. No patient developed HLA or HPA anti-
bodies during the study. All transfusions were ABO
compatible, by means of recipient having no antibodies
incompatible with the red blood cell type of donor. One
patient was diagnosed with neutropenic septicemia.
These transfusions (four) were grouped and analyzed
together with the transfusions given to patients with infec-
tion. In 11 transfusions, patients received treatment with
hematopoietic growth factors. Three of these transfusions
were given to acute lymphoblastic leukemia patients
treated according to the Hyper-CVAD regimen and eight
transfusions to acute myelogenous leukemia patients due
to severe bacterial infections. The mean PLT dose given
was 2.79 (range, 1.46-4.42) ¥ 1011 per unit, and mean
storage time of the PC was 86 (range, 21-167) hours. The
metabolic status of the PC was as follows (mean � SD):
pH (22°C) 7.22 � 0.14, pCO2 2.98 � 0.47 kPa, pO2 17.3 �

2.1 kPa, glucose concentration 5.18 � 1.55 mmol/L, and
lactate concentration 7.35 � 3.64 mmol/L. The LDH con-
centration was 135 (range, 21-522) U/L, and the mean
level of PLT microparticles was 26 (range, 6.7-
50.6) ¥ 109/L.

Effect of PLT transfusion

PLT viability
PLT viability was evaluated by PLT count increments and
calculation of ITI. PLT transfusion increased peripheral

blood PLT counts after both 1 hour (mean increase,
12.5 ¥ 109/L; 95% CI, 10.0 ¥ 109-14.9 ¥ 109/L) and 18 to 24
hours (mean increase, 7.2 ¥ 109/L; 95% CI, 4.7 ¥ 109-
9.7 ¥ 109/L). Significant correlations were observed
between pre- and posttransfusion patient PLT counts
(after 1 hr, r = 0.569, p < 0.001; after 24 hr, r = 0.457,
p = 0.005).

Forty-six percent of PLT transfusions raised the
patients’ immediate PLT counts above the transfusion
threshold, that is, more than 10 ¥ 109/L, and were thus
defined as acceptable according to the European recom-
mendations.9 When evaluating PLT viability by use of
CCIs, 46% of the study transfusions were classified as suc-
cessful after 1 hour, whereas 53% of transfusions fulfilled
predefined criteria after 24 hours. Eight out of 10 patients
received more than one transfusion per treatment cycle,
and all of them experienced both successful transfusions
and transfusion failures (Fig. 1). The results of compara-
tive analysis of patient and PC characteristics in successful
transfusions and transfusion failures are reported in
Table 1. When evaluated by immediate response, the suc-
cessful PLT transfusions were differentiated from transfu-
sion failures by superior PLT quality (Table 1). In contrast,
successful PLT transfusions evaluated by late response
showed favorable patient characteristics. Mean ITI was 41
(range, 7-121) hours, and there was no significantly higher
ITI in PLT transfusions characterized as successful by CCIs
after either 1 or 24 hours.

PLT functionality
Eight patients experienced minor bleedings (petechiae
and minor nosebleed), giving a total of 34 days (18.0%)
with WHO Grade 1 bleedings during the total study period
(188 patient-days). Only four patients experienced WHO
Grade 2 or 3 bleeds, giving proportions of 7.4 and 2.1% of
total patient-days, respectively. The time to first bleeding
(WHO Grade � 2) varied between 1 and 15 days and the
individual proportion of days with Grade 2 or 3 bleeds
varied from 6.3% to 66.7% for the affected patients (Fig. 1).
No WHO Grade 4 bleed was observed during the study
period. The bleeding event chart did not indicate any
association between time to the first bleed and individual
number of bleeds; rather, it did illustrate the individual
differences in bleeding pattern among patients with the
similar diagnosis and PLT counts (Fig. 1). In spite of high
frequency of PLT transfusions, bleedings still occurred,
and patients with the similar morning PLT counts did not
experience the same number, timing, and severity of
bleeding. Significant correlations were observed between
1) WHO bleeding status before and after transfusion
(r = 0.639, p < 0.001) and 2) WHO bleeding status after
transfusion and ITI (r = -0.380, p = 0.020). No significant
correlation was observed between pretransfusion PLT
counts and bleeding assessment before and 24 hours
after transfusion, neither was any correlation observed

MONITORING PLATELET TRANSFUSION EFFICACY

Volume 50, April 2010 TRANSFUSION 769

53



between PLT count increments and change in clinical
bleeding status after transfusion. When calculating the
difference in WHO bleeding status before and after trans-
fusion, no effect of PLT transfusion was observed either for
the total of transfusions (mean � SD, -0.03 � 0.73) nor for
the seven therapeutic transfusions when analyzed sepa-
rately (mean � SD, 0.14 � 1.01).

The overall results of investigations by the TEG ana-
lyzer are reported in Table 2. PLT transfusion had an
immediate but transient effect on initial clot formation
that was reflected in the R and angle variables, whereas
the effect on PLT clot strength and stability, the MA value,
persisted until the next day. No effect was observed on PLT
dose or the number of PLT microparticles on the shorten-

ing of R, increased angle, or MA incre-
ment after PLT transfusion when
evaluated by correlation analysis.

How do the methods monitoring
clinical effect of PLT transfusion
intercorrelate?
Correlation analyses of the investigated
methods for documentation of PLT
transfusion were performed, and the
results are presented in Table 3. Strong
correlations were observed between the
methods based on PLT counts (API, CCI,
ITI, and MA) when used for evaluation
of transfusion effects after both 1 hour
and 24 hours. A negative correlation was
observed between the increase in MA
after 24 hours and the calculated
difference in bleeding status after
transfusion. Correspondingly, a nega-
tive correlation was observed between
MA increment after 24 hours and clini-
cal bleeding status after transfusion
(r = -0.494, p = 0.008). No correlation
was observed between PLT count incre-
ments and calculated difference in
bleeding status or clinical bleeding
status before or after transfusion.

Variables influencing effect of
PLT transfusion
The effect of PLT transfusion varies
between individual transfusions within
patient and treatment cycle, but also
between patients. The analysis of vari-
ables influencing outcome of PLT
transfusion was therefore adjusted for
individual patient effect. We found
that the selected patient variables
(transfusion sequence number,
bleeding � WHO Grade 2, fever, and

patient weight) and PC variables (storage time, PLT dose,
preparation technique, and ABO identity) influenced the
different methods for documentations of transfusion
effect differently (Table 4).

Elevation of PLT dose by 1 ¥ 1011 per unit led to a
mean increase in posttransfusion PLT count by
3.2 ¥ 109/L, whereas prolonged storage time (by 1 hr) or
pathogen inactivation by photochemical treatment
reduced the posttransfusion PLT count by 0.04 ¥ 109 and
3.9 ¥ 109/L, respectively. Correspondingly prolonged
storage time or pathogen inactivation reduced CCI by
0.02 ¥ m2/L and 1.7 PLTs ¥ m2/L, respectively. Additional
investigations showed reduced PLT dose and quality in
pathogen inactivated PCs (Table 5). Patients being febrile

Fig. 1. The bleeding event chart displays WHO Grade 2 or higher bleedings, PLT

transfusions, and morning PLT count during neutropenia for each patient and treat-

ment cycle. During a total of 188 patient days, a total of 52 bleedings were reported:

34 minor bleeds (WHO Grade 1) and 18 clinically significant bleeds (14 WHO Grade 2

and four WHO Grade 3). The bleeding event chart illustrates the individual differ-

ences in bleeding pattern among patients with the similar diagnosis and PLT counts.

During the study period two patient withdrawals (Patients 2b and 9) and one death

(Patient 10) occurred.
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at time of transfusion experienced a mean reduction of
the ITI by 39% compared to nonfebrile patients (Table 4).
The mean ITI was 27 � 8 hours in febrile transfusions and
46 � 30 hours in nonfebrile transfusions.

Whereas the selected patient or PC variables showed
significant influence on the measurements of PLT viability
(PLT count increments and ITI), no significant influence
was observed on PLT functionality measured by TEG.
Mixed-effects analysis could not be performed for
bleeding status.

Correlation analysis of variables influencing effect of
PLT transfusion
Spearman’s correlation analysis was performed to sepa-
rate between variables influencing immediate and late
clinical outcome of PLT transfusion. The analysis included
bleeding outcomes and was not adjusted for individual
patient effect.

The immediate clinical effect of PLT transfusion
evaluated by measurements of PLT viability (PLT count
increments) showed strong correlations to PLT dose,
storage time, and pathogen inactivation by PCT (Table 6).

When evaluated after 24 hours, correla-
tions were observed between PLT count
increments and fever, transfusion
sequence number, and pathogen inacti-
vation. No significant correlation was
observed between ITIs and the patient
or PC variables investigated. Similarly,
no significant correlation was observed
between the PLT functionality measure
bleeding outcome and the investigated

patient and PC variables. No correlation was observed for
the TEG values R and angle, while a negative correlation
was observed between MA increment after 24 hours and
patient weight (Table 6). In summary, the results of corre-
lation analysis show that PLT-related factors mainly influ-
ence the immediate clinical effect of PLT transfusions,
whereas patient-related factors influence late clinical
effect.

DISCUSSION

In this study we aimed to evaluate and compare methods
used for documentation of clinical efficacy of PLT transfu-
sions in patients receiving regular PLT transfusions due to
severe chemotherapy-induced thrombocytopenia. Our
results illustrate the advantages and disadvantages of the
different methods when used for documentation of clini-
cal effect of regular PLT transfusions. The challenges iden-
tified are discussed below.

By statistical analysis of 40 PLT transfusions we
observed that PLT viability was affected by both patient-
and PC-related variables. The variables identified in our

TABLE 1. Characteristics of successful transfusions versus transfusion failures*

Variable
CCI after 1 hr CCI after 24 hr

CCI > 7.5, n = 17 (46%) CCI � 7.5, n = 20 CCI > 4.5, n = 19 (53%) CCI � 4.5, n = 17

Patient variables
Fever 7 (41) 3 (15) 3 (16) 8 (47)†
Infection 12 (71) 11 (55) 8 (42) 14 (82)†
G-CSF 4 (24) 9 (45) 5 (26) 10 (59)†

PLT variables
ABO-identical transfusion 12 (71) 13 (65) 12 (63) 12 (71)
Storage time (hr) 60 � 30 106 � 45‡ 78 � 39 90 � 46
PLT dose (¥1011 per unit) 2.78 � 0.63 2.81 � 0.65 2.65 � 0.57 3.07 � 0.62‡
PLT concentration (¥109/L) 929 � 220 884 � 147 888 � 157 970 � 203
Volume (mL) 301 � 33 307 � 42 298 � 37 318 � 33
pH at 22°C (mmHg) 7.30 � 0.12 7.17 � 0.12‡ 7.23 � 0.15 7.22 � 0.14
pCO2 (kPa) 3.21 � 0.43 2.81 � 0.37‡ 3.08 � 0.38 2.97 � 0.48
HCO3 (mmol/L) 7.3 � 0.9 5.0 � 1.5‡ 6.4 � 1.6 5.7 � 1.6
pO2 (kPa) 17.0 � 2.1 17.5 � 1.9 17.1 � 2.0 17.3 � 2.2
Glucose (mmol/L) 6.1 � 0.9 4.5 � 1.5‡ 5.2 � 1.7 5.4 � 1.4
Lactate (mmol/L) 5.2 � 3.0 8.9 � 3.5‡ 6.5 � 3.4 8.4 � 3.9
PLT density (mean PLT component) (g/dL) 19.8 � 0.9 19.2 � 0.8‡ 19.6 � 0.8 19.4 � 1.0
PLT microparticles (¥109/L) 22 � 12 30 � 10‡ 25 � 12 25 � 10
LDH (U/L) 85 � 66 162 � 109‡ 103 � 64 159 � 149

* Results are presented as number (%) or mean � SD.
† p < 0.05 for difference between successful and nonsuccessful transfusions (test for dichotomous data adjusted for individual patient effect

[gee, R]).
‡ p < 0.05 for difference between successful and nonsuccessful transfusions (t test for independent samples, SPSS 15.0).

TABLE 2. Investigations by TEG analyzer*
Time R (min) Angle (degree) MA (mm)

Before transfusion 8.2 � 1.7 47 � 11 43 � 11
1 hr after transfusion 6.8 � 1.6† 58 � 8† 52 � 9†
24 hr after transfusion 8.7 � 1.8 50 � 8 49 � 10†

* Test for continuous data adjusted for patient effect (package nlme, R). Results are pre-
sented as mean � SD, n = 33.

† p < 0.05 for difference between posttransfusion and pretransfusion value.
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study are in accordance with previous publications.23,31-36

Evaluated by measures of PLT viability, PLT recovery was
influenced by PC variables only, whereas PLT survival was
influenced mainly by patient variables. Being a retrospec-
tive variable, the importance of calculated ITI in daily
monitoring of thrombocytopenic patients is limited. It is
also dependent on the individual transfusion trigger
chosen for each patient, which makes comparisons
between patients difficult.

PLT dose may influence both API and the calculated
CCIs. As shown in our study, higher PLT dose may be
observed in transfusions with lower CCIs. As discussed in
a previous publication, this observation may be explained
by the formula for calculation of CCI, which favors PLT

transfusions with lower PLT dose.33 A
higher number of bleeds defined as
WHO Grade 2 or higher and higher
number of transfusions has previously
been described in patients being trans-
fused with low-dose PCs.12 The majority
of our study transfusions (28 of 40)
would have been defined as low-dose
transfusions according to this publica-
tion, and a low range of PLT dose may
therefore explain why no correlation
was observed between PLT dose and
bleeding in our study.

Outcome measures based on
bleeding are complex because the clini-
cal impact of bleedings depend both on
severity and on location. A calculation

of difference in WHO bleeding status before and after each
transfusion implies treating bleeding as a continuous vari-
able, which it is not. The use of bleeding assessments in
the evaluation of clinical effect of PLT transfusion there-
fore requires a different approach. Webert and col-
leagues27 have shown that minor bleedings (WHO Grade
1) predict clinical significant bleedings (WHO Grade 2, 3,
or 4) and that cumulative incidence functions for bleeding
(Grade 1, 2, 3, or 4) increases with time. Correspondingly,
we observed that the WHO bleeding status before and
after transfusion was correlated. Webert and colleagues,
however, found that the risk factors for mild bleeding
included decreased PLT count, an association that was not
confirmed by our observations. In our 40 transfusions, we

TABLE 3. Correlation of methods for documentation of transfusion effect*

Transfusion outcome measure CCI
Transfusion
interval (hr)

24-hr posttransfusion difference
in WHO bleeding status

Posttransfusion difference in TEG values
R (min) Angle (degree) MA (mm)

API
After 1 hr 0.918† 0.308 0.251 -0.406‡ 0.403‡ 0.507†
After 24 hr 0.952† 0.549† -0.037 0.109 0.155 0.460‡

CCI
After 1 hr 0.275 0.212 -0.330 0.410‡ 0.440‡
After 24 hr 0.518† -0.064 0.052 0.173 0.427‡

Transfusion interval (hr)
After 1 hr 0.302 -0.458‡ 0.362‡ 0.035
After 24 hr 0.302 0.091 0.306 0.263

24 hr posttransfusion difference
in WHO bleeding grade
After 1 hr -0.003 0.042 0.157
After 24 hr -0.147 0.015 -0.382‡

Posttransfusion difference
in TEG values
R (min)

After 1 hr -0.562† -0.100
After 24 hr -0.638† 0.015

Angle (degree)
After 1 hr 0.465†
After 24 hr 0.352

* Results shown as correlation coefficient (Spearman’s correlation, SPSS 15.0), n = 40.
† Correlation is significant at the 0.01 level.
‡ Correlation is significant at the 0.05 level.

TABLE 4. Patient and PC variables that significantly influence clinical
effect of PLT transfusion*

Transfusion outcome measure Mean difference 95% CI p value

API (¥109/L), n = 40
Increased API:

PLT dose (by 1 ¥ 1011 per unit) 3.2 0.3 to 6.1 0.033
Decreased API:

Storage time (per hr) -0.04 -0.07 to -0.00 0.032
Pathogen inactivation by PCT (yes) -3.9 -7.4 to -0.5 0.027

CCI (PLTs ¥ m2/L), n = 40
Decreased CCI

Storage time (per hr) -0.02 -0.05 to -0.00 0.041
Pathogen inactivation by PCT (yes) -1.7 -2.7 to -0.6 0.003

Transfusion interval, n = 37
% Reduction

Fever (yes) 39 14 to 57 0.008

* Analyzed by mixed-effects model (package nlme, R).
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observed no significant correlation between pretransfu-
sion PLT counts and bleeding assessment before and 24
hours after transfusion, neither was any correlation
observed between PLT count increments and change in
clinical bleeding status after transfusion. This observation
corresponds to the results of Friedmann and coworkers36

who found no relationship between the lowest PLT count
of the day and the risk of hemorrhage when investigating
2942 patients over a period of 10 years. These differences
in conclusions may be explained by inconsistent reporting
of bleeds (i.e., problems with separation of new and
ongoing bleeds) or individual differences in grading and
interpretation of bleeds by adjudicators, yet the discrep-
ancy strongly indicates that the present bleeding assess-
ment scheme does not provide the information needed to
serve as documentation of clinical effect of PLT transfu-
sion. In accordance with Heddle and colleagues12 we
therefore recommend a reevaluation of the present bleed-
ing assessment scheme.

As individual patient and PC variables influence the
methods for documentation and clinical evaluation of
transfusion differently, a direct comparison between
transfusion outcome measures was difficult to perform.
By correlation analyses, however, we found no consistent
correlation between measures of PLT viability and func-
tionality. The strongest correlations were observed within
measurements of PLT viability and between PLT count
increments and MA, which reflects PLT number as well as
functionality of PLTs. A negative correlation was, however,
observed between clinical bleeding status and late MA
increment, indicating that a high MA increment may be
associated with less clinical bleeding. A previous publica-
tion reports that nonactivated thromboelastography was
sufficiently sensitive to monitor changes after PLT trans-
fusion in patients with severe to mild thrombocytopenia.37

Our observations confirm that the effect of PLT transfu-
sion can be visualized by TEG analysis, but by showing an
association to clinical bleeding status they also indicate

TABLE 5. PLT viability and transfusion characteristics presented according to preparation techniques
Transfusion outcome measure
and variables

Conventional gamma-irradiated
PCs, n = 28

Pathogen inactivated (PCT)
PCs, n = 12 p value

PLT viability*
CI after 1 hr 15 � 8 7 � 4 0.003
CCI after 1 hr 9.2 � 4.1 5.3 � 2.7 0.005
CI after 24 hr 9 � 8 2 � 6 0.196
CCI after 24 hr 5.8 � 4.6 1.8 � 4.4 0.890
Transfusion interval (hr) 43 � 29 36 � 24 0.360

PLT variables†
Storage time (hr) 86 � 46 86 � 40 0.978
PLT dose (¥109 per unit) 2.96 � 0.63 2.41 � 0.46 0.009
pH at 22°C (mmHg) 7.26 � 0.13 7.13 � 0.10 0.004
pCO2 (kPa) 3.11 � 0.39 2.66 � 0.50 0.004
HCO3 (mmol/L) 6.6 � 1.3 4.3 � 1.2 <0.001
pO2 (kPa) 16.6 � 1.8 19.0 � 1.7 <0.001
LDH (U/L) 96 � 67 224 � 148 0.014

* Test for continuous data adjusted for patient effect (package nlme, R).
† t test for two independent samples (SPSS).

TABLE 6. Patient and PC variables that significantly correlated to clinical effect of transfusion*
Transfusion outcome measure Correlation coefficient 95% CI p value

API after 1 hr (¥109/L)
PLT dose 0.477 0.194 to 0.678 0.003
Storage time -0.329 -0.609 to -0.001 0.047
Pathogen inactivation -0.519 -0.712 to 0.251 0.001

CCI after 1 hr (PLTs ¥ m2/L)
Storage time -0.420 -0.651 to -0.110 0.010
Pathogen inactivation -0.438 -0.661 to -0.154 0.007

API after 24 hr (¥109/L)
Fever -0.386 -0.631 to 0.074 0.020
Transfusion sequence number -0.392 -0.654 to -0.048 0.018
Pathogen inactivation -0.406 -0.652 to -0.050 0.014

CCI after 24 hr (PLTs ¥ m2/L)
Fever -0.444 -0.664 to -0.154 0.007
Transfusion sequence number -0.422 -0.682 to -0.084 0.010
Pathogen inactivation -0.364 -0.638 to 0.009 0.029

MA increment after 24 hr (mm)
Patient weight -0.439 -0.709 to 0.019 0.019

* Analyzed by Spearman’s correlation (SPSS 15.0) and bootstrap BCa CI calculation (R).
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that TEG may be a potentially useful surrogate measure of
PLT functionality.

Based on our observations we conclude that further
investigations and standardization of methods are needed
for better documentation of PLT transfusion outcome and
identification of patients at risk of bleeding. Our observa-
tions also indicate that both PLT dose and high quality of
PC are important for achieving an optimal immediate
response to PLT transfusions whereas duration of transfu-
sion effect is influenced mainly by patient variables.
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