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Background: Hematology patients are intensive platelet users. In clinical practice, a substantial propor-
tion of platelet (PLT) transfusions are routinely administered outside the guidelines despite compelling
evidence for recommendations. Those unnecessary PLT transfusions are an unjustified extra burden on
a scarce healthcare resource and may also be detrimental to the patients. This study aims to evaluate
indications and assess the appropriateness of PLT transfusion, as well as to identify common discrepan-
cies and propose modalities for better compliance with guidelines.
Material and methods: The audit of all PLT orders for adult hematological inpatients was conducted over
2 months. The assessment was performed using guidelines for PLT transfusion. Patient demographic, clin-
ical, and transfusion data were collected from hospital electronic medical records.
Results: Based on 286 PLT orders, 344 PCs were transfused to 67 patients: 235 (82.2%) prophylactical
due to low PLT count, 34 (11.9%) preprocedural and 17 (5.9%) therapeutic. Overall, 105 (36.77%) PLT
transfusions were inappropriate: 78 (33.2%) of all prophylactic PLT transfusions due to low PLT
count, 17 (50%) off all preprocedural and 10 (58.8%) of all therapeutical transfusion. The major rea-
son for PLT transfusion inappropriateness was transfusion above the recommended threshold. Double
units of PCs were transfused in 36.7% of all PLT transfusions and 32.4% of them were considered
inappropriate.
Conclusion: Our audit of PLT transfusion practice found a large proportion of inappropriate PLT transfu-
sions. Based on the most common deviations from the guidelines a variety of targeted measures for
improvement are proposed.
� 2022 Société française de transfusion sanguine (SFTS). Published by Elsevier Masson SAS. All rights

reserved.
1. Introduction

Platelet (PLT) transfusions are predominantly given prophylac-
tically, to prevent bleeding, and to a lesser extent therapeutically,
to treat bleeding. Nowadays, the most common indication for PLT
transfusion is supportive care of hematology patients with
hypoproliferative thrombocytopenia, ranging from 46 % in Canada
to 54 % in the UK and even 77 % in our hospital [1–3]. The routine
use of PLT transfusion has made an important contribution to the
development of intensive chemotherapy regimens for hematologi-
cal disorders by reducing the number of hemorrhagic deaths asso-
ciated with thrombocytopenia [4]. Over the last decades changes in
hematopoietic stem cell (HSC) source and donor type that shift
markedly toward unrelated and haploidentical donors have a sig-
nificant impact on recipient engraftment kinetics and require pro-
longed PLT transfusion support [5]. According to guidelines, for
prophylactic transfusion, one standard unit of PLT concentrate
(PC), either pooled or apheresis should be given to clinically stable
patients with a platelet count � 10 � 109/L [7–12]. It is widely
accepted that one standard unit contains 3.0 � 1011 PLT/L [6].
However, patients with minor bleeding classified as grade 1,
according to World Health Organization (WHO) bleeding scale or
additional risk factors for bleeding should receive prophylactic
transfusion with platelet counts < 20 � 109/L [7–12]. Most recent
poten-
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guidelines of the British Society for Haematology (BSH) and
American Society of Clinical Oncology (ASCO) recommend against
prophylactic transfusion to stable patients who had an autologous
HSC transplantation, as well as to patients with chronic bone mar-
row failure who are not receiving intensive treatment [7,8]. Pro-
phylactic transfusions are also given preprocedural in the
thrombocytopenic patient before invasive procedures associated
with increased risk of bleeding although evidence-based data for
this recommendation are insufficient. A platelet count of
20 � 109/L is usually sufficient for the insertion of central venous
catheters, and 50 � 109/L for the common invasive procedures in
hematology patients such as diagnostic lumbar puncture, bron-
choscopy with transbronchial biopsy, lymph node or liver biopsy
and major surgery. A therapeutic PLT transfusion should be used
only in the presence of bleeding grade 2 or higher according to
the WHO bleeding scale [7–12].

Despite compelling evidence for these thresholds [13–16] in
clinical practice a substantial proportion of PLT transfusions are
still routinely administered outside recommended PLT count
thresholds [1,17–21]. Those unnecessary PLT transfusions are an
unjustified extra burden on a scarce healthcare resource and
may also be harmful to the patients. PCs are associated with
the highest risk of transfusion-related infectious and non-
infectious complications among all blood products [22,23]. Audits
of platelet transfusion practice are an essential part of patient
blood management (PBM) and can help to wider implementation
of novel PBM initiatives from red blood cells (RBCs) and surgical
patients to PCs and hematology patients [24–26]. However, pub-
lished audits on hematology patients are scarce, especially those
where patient medical records were thoroughly reviewed
[21,27,28].

This study aims to evaluate indications for PLT transfusion,
assess the appropriateness of platelet according to current guideli-
nes, and identify common discrepancies from guidelines. Based on
our results, the modalities of how to improve compliance with
guidelines will be proposed.
2. Materials and methods

2.1. Study design and data collection

A retrospective audit of all PLT orders for adult inpatients trea-
ted in the Division of Haematology at University Hospital Centre
Zagreb from 14 February 2020 to 14 April 2020 was performed.
The study was approved by the Hospital Ethics Committee.

PCs transfusion data (date and time of transfusion, number of
ordered PC units) were collected from a database of the hospital
transfusion service. Red blood cell concentrates (RBCs) transfusion
data (date and time of transfusion, number of transfused RBC
units) were also collected if necessary to ensure appropriate classi-
fication of bleeding. Patient demographic (date of birth, gender)
and clinical data (primary diagnosis, comorbidities, invasive proce-
dures, presence or absence of bleeding, pre-and post-transfusion
PLT count, presence of fever > 38 �C, and other added risks of bleed-
ing) were collected from hospital electronic medical records.
Bleeding was assessed according to the generally accepted WHO
bleeding scale as follows: grade 0, none; grade 1, petechiae, ecchy-
mosis, occult blood in body secretions, and mild vaginal spotting;
grade 2, evidence of gross bleeding not requiring RBCs transfusions
over routine transfusion needs (e.g. epistaxis, haematuria, hae-
matemesis); grade 3, bleeding requiring transfusion of 1 or more
RBCs/day; and grade 4, life-threatening bleeding, defined as mas-
sive bleeding causing hemodynamic compromise or bleeding into
a vital organ (e.g. intracranial, pericardial, or pulmonary bleed-
ing)[29]. PLT transfusions were defined as therapeutic if given to
2

patients with bleeding classified as grade 2 or more. Otherwise,
PLT transfusions were considered prophylactic.

2.2. Appropriateness assessment

PLT transfusion orders and patient medical records were thor-
oughly reviewed to gather all necessary data, and evaluate them
according to appropriateness criteria. Based on those data each
PLT transfusion was first categorized as therapeutic or prophylac-
tic. Afterward, each PLT transfusion was classified as either appro-
priate or inappropriate according to the criteria derived from
recently published guidelines for platelet use [7–9,11] since there
were no written local and national transfusion guidelines, as
follows:

1. Prophylactic PLT transfusions due to low PLT count were classi-
fied as appropriate if the PLT count was: <10 � 109/L in a stable
patient and < 20� 109/L in a patient with minor bleeding (grade
1) or additional risk factors for bleeding (sepsis, fever � 38 �C,
coagulopathy, mucositis, acute promyelocytic leukemia, GvHD).

2. Preprocedural PLT transfusions were classified as appropriate if
PLT count was: <20 � 109/L in patients undergoing insertion of
central venous catheters; <30 � 109/L before apheresis proce-
dures; <50 � 109/L before all other invasive procedures;
except < 80 � 109/L for epidural and spinal anesthesia
and < 100 � 109/L for neurosurgery and eye surgery because
of the serious complications of bleeding in these areas.

3. Therapeutic transfusions were considered appropriate if the
patient had active, not severe (grade 2) bleeding and PLT
count < 30 � 109/L, an active severe (grade 3 and 4) bleeding
and PLT count < 50 � 109/L and PLT count < 100 � 109/L in
patients with bleeding into critical sites such as intracranial
or intraocular.

4. Transfusion of double PC units was considered appropriate only
if the patient had active grade 2 or above bleeding and when
was necessary to raise the PLT count for more than 20 � 109/L
in order to reach the recommended threshold before a certain
invasive procedure.

2.3. Platelet concentrates production and transfusion

PCs were supplied by the Croatian Institute of Transfusion Med-
icine (CITM). Based on CITM quality control data, on average
pooled PCs contain 3.0 � 1011 PLT, while apheresis PCs contain
on average 6 doses, each dose containing 6 � 1010 PLT per dose.
One standard unit for adults is a pool of four doses derived from
whole blood donations or a single-donor apheresis unit.

All PCs were resuspended in platelet additive solution, leukore-
duced before storage, and stored for up to 5 days. PCs are issued
primarily according to ABO matching and then storage age (‘‘first
in-first out” rule). Since only 18 % of all produced PCs are single
donor apheresis PCs our policy is to provide them to pediatric
patients primarily and then to hematology patients secondary. As
well, according to our policy PCs intended for hematology patients
should be irradiated before issuing.

2.4. Statistical analysis

Categorical variables were summarized as frequencies and per-
centages, and continuous variables as means with standard devia-
tion (SD) or as medians with interquartile ranges (IQRs) if data
were skewed. Chi-squared test was used for the comparison of pro-
portions. All statistical analyses were performed using SPSS version
28.0.0.1. (SPSS, Inc., Chicago, IL) and p value of less than 0.05 was
considered significant.
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3. Results

3.1. Patient characteristics

A total of 67 patients with hypoproliferative thrombocytopenia
were transfused with at least one PC. Patient characteristics are
summarized in Table 1. In our study, 17 (25.4 %) patients were
undergoing autologous and 13 (19.4 %) allogeneic HSC transplanta-
tion, 23 (34.3 %) receiving induction or consolidation chemother-
apy, and other 14 (20.9 %) were hospitalized mainly because of
infectious complications (pneumonia) or interventions (autologous
peripheral blood stem cell collection, endoscopy with biopsy).

3.2. Platelet transfusions dose and appropriateness

Overall, based on 286 PLT orders, 344 PCs were transfused to 67
patients: 43 (12.5 %) single donor apheresis PCs and 301 (87.5 %)
pooled PCs.

A total of 105 (36.7 %) were double and 181 (63.3 %) single unit
PLT orders. Of all double unit PTL orders, 34 (32.4 %) were consid-
ered inappropriate: 25 (73.5 %) due to low PLT count, 8 (23.5 %)
before the planned procedure, and 1 (2.9 %) for bleeding treatment.

3.3. Platelet transfusions indications and appropriateness

Table 2. shows PLT transfusion indication and appropriateness.
PLT transfusions were predominantly (235/286, 82.2 %) given pro-
phylactic due to low PLT count, while only 17.8 % (51/286) were
given preprocedural or therapeutic. Overall, 181 (63.3 %) PLT
orders were considered appropriate and 105 (36.7 %) inappropri-
ate. Out of all prophylactic PLT transfusions given due to low PLT
count 80 % were given on PLT count < 20 � 109/L.

Preprocedural PLT transfusions were mainly (20/34, 58.8 %)
given to the patients undergoing endoscopy with diagnostic biopsy
and apheresis procedures (peripheral blood stem cell collection
and extracorporeal photopheresis). Endoscopy with diagnostic
biopsy was the most common inappropriate preprocedural PLT
transfusion.

Out of all 17 therapeutic PLT transfusions, 7 (41.2%) were given
to treat major bleeding (grade 2) and 10 for minor bleeding (grade
3). None was given for bleeding in critical sites or massive bleeding
(grade 4). Indications for therapeutic PLT transfusion were: visible
blood in the stool (9/17, 52.9%), visible haematuria (5/17, 29.4%),
abnormal vaginal bleeding (2/17, 11.8%), and visible blood in the
sputum (1/17, 5.9%). All bleeding occurred at PLT count above
10 � 109/L.

PLT transfusion appropriateness according to indications is pre-
sented in Fig. 1. There was a significant difference in appropriate-
Table 1
Patient characteristics.

Characteristics Value

Gender
Male (N/%) 37 (55.2)
Female (N/%) 30 (44.8)
Age
median (range) 59 (20–78)
Body surface area, m2

median (range) 1.9 (1.5–2.5)
Diagnosis
Acute myelogenous leukemia (AML) 23 (34.4)
Acute lymphoblastic leukemia (ALL) 3 (4.3)
Chronic myelogenous leukemia (CML) 4 (6.0)
Multiple myeloma (MM) 16 (23.9)
Myelodysplastic syndromes (MDS) 5 (7.5)
Non-Hodgkin’s lymphoma (NHL) 15 (22.4)
Hodgkin’s lymphoma (HL) 1 (1.5)
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ness comparing various indications (p = 0.024). Prophylactic PLT
transfusions due to low PLT count had the highest (157/235,
66.8 %) and therapeutical the lowest proportion (7/17, 41.2 %) of
appropriateness.

Pre-transfusion platelet counts were available for all PLT trans-
fusion orders (286/286, 100 %). Out of all 286 PLT transfusions 58
(20.3 %) were administered to patients with a pre-transfusion
PLT count below 10 � 109/L, 142 (49.7 %) between 10 and
19 � 109/L, 59 (20.6 %) between 20 and 29 � 109/L and 17
(9.4 %) above 30 � 109/L. PLT transfusion appropriateness accord-
ing to pre-transfusion PLT count is presented in Fig. 2. There was
significant variation in appropriateness comparing different pre-
transfusion PLT counts (p < 0.001). The highest proportion
(68/68, 100 %) of appropriate PLT transfusions were in the range
between 0 and 9 � 109/L of PLT count, and the lowest (0/13, 0 %)
on PLT count above 50 � 109/L. In general, a higher pre-
transfusion PLT count was accompanied by lower PLT transfusion
appropriateness.

Reasons for non-compliance with the guidelines compared with
different indications for PLT transfusion where are shown in
Table 3. The most common reason (71/105, 67.6 %) for inappropri-
ate PLT transfusions was transfusions above the PLT threshold rec-
ommended by guidelines. There was no statistical difference
between various reasons and indications for inappropriate transfu-
sion (p = 0.05).
4. Discussion

Audits are an important component of a PBM program that can
be used to improve patient outcomes and decrease healthcare
costs by reducing inappropriate transfusions. Our audit of PLT
transfusion practice found a large proportion of inappropriate
PLT transfusions and identified the most common deviations from
guidelines, as well as potential areas for improvement. Similar to
the findings of previous studies and audits our data confirm that
PLT transfusions were predominantly (89 %) given prophylactically
due to low PLT count [1,21,28].

Overall, more than one-third (37 %) of all PLT transfusions were
considered inappropriate, mainly (68 %) because PLT transfusions
were given above the recommended threshold and less (32 %)
because double units were given instead of a single unit or as a
combination of both those reasons. Previous audits and studies in
hematological services found a similar rate of inappropriate PLT
transfusion, ranging from 33 % to 40 %, and the inappropriateness
rate in our study is in the middle of this range [1,21,30,31].

A considerable proportion (25 %) of all prophylactic transfusions
due to low PLT count were transfused at higher than the guidelines
recommended thresholds (10 and 20 x109/L), without justified rea-
sons. These findings indicate the potential area for major improve-
ment since the recommendation for the prophylactic transfusion
thresholds in patients with hypoproliferative thrombocytopenia
is based on compelling evidence. A systematic review by the
Cochrane collaboration identified three randomized controlled tri-
als [13,32,33] that compared a standard threshold (10� 109/L) ver-
sus a higher threshold (20 � 109/L or 30 � 109/L) and found that a
standard threshold (10 � 109/L) is associated with no increase in
the risk of bleeding when compared to the higher thresholds [4].
Furthermore, all PLT transfusions given on pre-transfusion PLT
counts above 50 � 109/L were found to be inappropriate. PLT trans-
fusion at this pre-transfusion count is acceptable only before sur-
gery and during bleeding in critical sites (central nervous system
and eye), as well as before epidural anesthesia. Therefore, each
PLT order above 10 � 109/L PLT count should be justified and
explained with additional risk factors specified in the PLT order
and the patient’s medical records. In particular, PLT orders above



Table 2
PLT transfusion indications and appropriateness.

Indications Appropriate Inappropriate Total

N % N % N %

Prophylaxis
Low platelet count
0–9 � 109/L 68 100.0 0 0.0 68 23.8
10–19 � 109/L 89 74.2 31 25.8 120 42.0
20–29 � 109/L 0 0.0 47 100.0 47 16.4
Total 157 66.8 78 33.2 235 82.2
Preprocedural
endoscopy and biopsy 2 16.7 10 83.3 12 4.2
apheresis 6 75.0 2 25.0 8 2.8
CVC placement 0 0.0 2 100.0 2 0.7
lumbal puncture 2 100.0 0 0.0 2 0.7
dental procedures 2 100.0 0 0.0 2 5.9
other 5 62.5 3 37.5 8 2.8
Total 17 50.0 17 50.0 34 11.9
Therapeutic
WHO grade 2 bleeding 4 40.0 6 60.0 10 3.5
WHO grade 3 bleeding 3 42.9 4 57.1 7 2.4
Total 7 41.2 10 58.8 17 5.9
Total 181 63.3 105 36.7 286 100.0

Fig. 1. PLT transfusion appropriateness according to indications.

Fig. 2. PLT transfusion appropriateness according to pre-transfusion PLT count.
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Table 3
Reason for inappropriate PLT transfusion.

Indications Low platelet count Preprocedural Bleeding Total

N % N % N % N %

threshold 53 74.6 9 12.7 9 12.7 71 67.6
dose 19 82.6 3 13.0 1 4.3 23 21.9
threshold and dose 6 54.5 5 45.5 0 0.0 11 10.5
Total 78 74.3 17 16.2 10 9.5 105 100.0
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50 � 109/L PLT count should be carefully reviewed and reassessed,
since only on extremely rare occasions are appropriate.

Another potential area for improvement in appropriateness
represents a high ratio (32 %) of inappropriate double units
PLT transfusions despite the solid evidence that single unit PLT
transfusions are both effective and inventory-sparing. A system-
atic review by the Cochrane collaboration included six random-
ized controlled trials (RCTs) [34–39] that compared different
platelet transfusion doses and did not find evidence of a differ-
ence in the risk of bleeding between low dose (1.1 � 1011/m2)
and standard dose (2.2 � 1011/m2) as well as between standard
dose and high dose platelet transfusions (4.4 � 1011/m2) [40].
The most common reason for double dose PLT orders was
planned procedure and bleeding, yet even 15.9% of prophylactic
transfusions due to low PLT count were double dose. Our ratio of
prophylactic double unit order is considerably higher than the
10 % observed in previously published audits [1,21,31]. Those
results show that recommendation of a single unit as a standard
dose is still not fully implemented in daily practice. A good
example of how this high rate of inappropriate double PC unit
orders could be reduced is the campaign ‘‘Don’t use two when
one will do” in the United Kingdom. That activity reduced the
use of double PC units for prophylaxis from 10 % in 2010 to
6 % in 2016 [21,28].

In addition, a high ratio of preprocedural PLT transfusion was
inappropriate. The main reasons were transfusions above the rec-
ommended thresholds, and giving a second dose unnecessary
without checking the PLT count after the first PLT unit was trans-
fused. Higher PLT thresholds were mainly required by physicians
performing invasive procedures. The most common procedure per-
formed outside guidelines was a transbronchial biopsy. The recom-
mended threshold of 50 � 109 ⁄ L before bronchoscopy with biopsy
has not been adopted, instead the threshold of 80 � 109 ⁄ L was
used. Therefore, close cooperation of all professionals involved in
invasive procedures is crucial to improve adherence/compliance
to preprocedural thresholds.

A high proportion of therapeutic PLT transfusions was given
above the recommended thresholds. However, the quality of evi-
dence for recommendations in the setting of bleeding is weak,
most likely as a result of the complexity to conduct randomized
trials [9,20]. There are big discrepancies between different guide-
lines. Therefore, strict compliance with recommendations is
difficult and may not represent always the best possible
treatment for some patients. There are big discrepancies
between different guidelines. Some guidelines don’t have specific
recommendations for therapeutical PLT transfusions [8]. Another
one recommends a threshold of 30 x109 in case of grade 3
bleeding, 50 x109 in case of bleeding grade 4, and 100 x109 only
for in case of intracerebral bleeding [7]. On the contrary, the
third one recommends a threshold of even 100 x109 in case of
all bleeding grades 3 and 4 [10]. Therefore, additional studies,
particularly randomized control trials in active bleeding could
provide high-quality evidence to support the development of
recommendations and provide additional evidence of safety to
clinicians [20].
5

To improve adherence to the evidence base guidelines and opti-
mize PLT use, according to previous studies the implementation of
the following measures could be also useful:

1. Each order should be screened by medical laboratory technolo-
gists for an appropriate indication, dose, and timing. Orders
requiring further clarification should be escalated to transfusion
specialists and discussed with the ordering physicians before
issue[1,41]

2. An electronic order form can be used to suggest or impose cri-
teria for the use of PLT transfusions based on transfusion guide-
lines using a real-time clinical decision support system for
transfusion orders [42]

3. Local guidelines for PLT transfusion may be useful especially if
they are multidisciplinary developed and authorized by rele-
vant different relevant associations involved the most in PLT
transfusion[1,43]

4. Audits of appropriate PLT use should be performed/carried out
regularly. Afterward, results combined with training and
retraining should be presented to the clinicians with a particu-
lar focus on the most common deviations from the guidelines
[31,43]

None of those measures applied alone can significantly improve
adherence to the guidelines. However, the incorporation of all
measures may ensure effective results. It should be noted that
there always will be a certain proportion of PLT transfusions that
will be deemed inappropriate considering that not all complex
clinical scenarios can be covered by recommendations and guide-
lines. The guidelines intend to provide evidence-based practical
advice and help clinicians to decide when PLT transfusions are
expected to be beneficial [7]. Therefore, PLT transfusion ordering
is an independent clinical decision by prescribing physician, based
on the evaluation of the patient’s bleeding risk, as well as the
potential benefits and risks of a PLT transfusion [6]. Previous audits
had shown that patients were often over-transfused regardless of
no clear evidence of the patient’s benefit [31]. Although, the clear
reasons are not known they might be manifold. Firstly, PLT trans-
fusion risks are often overlooked and overpowered when com-
pared to the risks of aggressive chemotherapy and the
consequences of bleeding in the critical site. Serious adverse
post-transfusion reaction sepsis and transfusion-related acute lung
injury (TRALI) are rear, therefore mainly unconsidered. Secondly,
some recommendations are based on low-quality evidence and
there are inconsistencies between different guidelines [44].
Thirdly, guidelines might be too simplified and not take into
account all comorbidities and complex clinical scenarios.

However, in some situations, PLT transfusions can seem reason-
able although given outside guidelines, like in the case of a low PLT
count before discharging a patient and when PLT count is expected
to fall below 10 � 109/L before the next clinic visit, PLT count
slightly above the threshold but the patient has rapid PLT count
decline and/or had a previous bleeding event. It should be noted
that often it passes six or even more hours from collecting blood
samples early in the morning to transfusing PC in the afternoon.
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Therefore, ordering a PLT transfusion slightly above the threshold
can be a prudent decision in certain situations.

The study limitation is its retrospective nature, so we might
miss some data relevant to the appropriateness assessment, but
all PLT transfusion orders and electronic medical records of each
patient were thoroughly reviewed to gather all information neces-
sary for accurate assessment.

In conclusion, despite increased awareness of PLT transfusion
risks, the administration of inappropriate transfusions remains a
significant problem. Similar to previous audits performed world-
wide, our audit observed a considerably high proportion of inap-
propriate PLT transfusions. Common deviations from the
guidelines and the potential for improvement were identified to
ensure the optimal use of platelet transfusion in hematology
patients.
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