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Abstract

Background: Platelets are frequently transfused, but supply and potential

harms highlight the importance of appropriate use.
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Funding information
Canadian Blood Services Study Design and Methods: Our systematic review (SR) followed a prede-

fined protocol. Eligible studies included SRs, randomized controlled trials

(RCTs), and matched cohort observational studies between 1946 and March

2025. Populations included were hypoproliferative thrombocytopenia, peripro-

cedural prophylaxis, cardiovascular surgery, consumptive thrombocytopenia,

and intracranial hemorrhage. The intervention was restrictive versus liberal

platelet transfusion strategies on outcomes of mortality and bleeding. Duplicate

screening and data extraction occurred. Meta-analysis used Mantel–Haenszel

method of random effects model.

Results: Twenty-one RCTs, 24 observational studies, and 20 SRs were

included. The evidence quality varied. For hypoproliferative thrombocytope-

nia, 11 RCTs were analyzed, with 9 RCTs at moderate risk of bias (ROB). Two

RCTs were identified for dengue, with high ROB for bleeding. One RCT was

identified each in cardiovascular surgery, intracranial hemorrhage, and peri-

procedural prophylaxis. Meta-analyses indicated no significant effect for out-

comes of mortality or bleeding by strategy, but confidence intervals (CIs) were

wide. Effect estimates were 1.32 [0.93, 1.86] for all-cause mortality in hypopro-

liferative thrombocytopenia, 0.80 [0.38, 1.70] in cardiovascular surgery, and

0.69 [0.47, 1.03] in critically ill neonates or dengue patients.

Discussion: A consistent lack of benefit with liberal platelet transfusion was

observed across analyzed populations, although wide confidence intervals do

not exclude clinically meaningful impacts. Important research gaps are

highlighted in areas where the RCT data is limited.
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1 | INTRODUCTION

Platelets are the second most transfused blood compo-
nent.1 Concerns about meeting demand for platelets have
made conservation strategies key for blood suppliers'
planning,2 alongside the implementation of appropriate
use informed by evidence-based standards. Despite a long
history of conducting randomized controlled trials
(RCTs) evaluating platelet transfusion safety and efficacy,
most have been focused on populations with hematologi-
cal malignancy. More recently, RCTs have been reported
in non-hematology settings, with some revealing unex-
pected harms.3,4 Prior systematic reviews (SR) are either
outdated or address specific clinical settings (Table S1).

This SR and meta-analysis (MA) was commissioned
by the International Collaboration for Transfusion Medi-
cine Guidelines (ICTMG) to inform a collaborative clini-
cal practice guideline with the AABB (Association for the
Advancement of Blood & Biotherapies).5 The scope was
designed to cover broad clinical settings administering
platelets, identifying those comparing restrictive versus

liberal strategies, and included observational studies
when RCTs were lacking. This review provides a baseline
for iterative updates, which in turn will ensure that
future guidelines can be informed and updated by new
relevant literature.

2 | MATERIALS AND METHODS

This SR was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 checklist.6 The protocol was
registered on the National Institute of Health Research
(NIHR) PROSPERO database (CRD42019147033). The
working group identified Population, Intervention, Com-
parator, Outcome (PICO) questions in consultation with
ICTMG and AABB. The populations of interest were:
hypoproliferative thrombocytopenia (HT), periprocedural
prophylaxis, cardiovascular surgery (CVS), consumptive
thrombocytopenia, and intracranial hemorrhage (ICH).
Studies in congenital thrombocytopenias, immune
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thrombocytopenias, thrombotic thrombocytopenic pur-
pura, heparin-induced thrombotic thrombocytopenia,
vaccine-induced thrombotic thrombocytopenia, obstetric
hemorrhages, and massive hemorrhage were deemed
beyond scope and excluded. Interventions where platelets
were used in combination with other agents
(e.g., desmopressin) were also excluded. The focus was to
inform clinical use of platelets and not to evaluate differ-
ent types of manufactured platelet components
(e.g., frozen, cold, or lyophilized). Interventional strate-
gies were defined as liberal versus restrictive, broadly
considered as using greater versus fewer amounts of
platelets transfused respectively, to enable inclusion
of studies with varied definitions, including different
thresholds, different doses, and different timing of trans-
fusions (Table S2). Restrictive also included “no prophy-
laxis.” Critical outcomes included mortality (30-day and
overall) and clinically significant hemorrhage defined in
context-specific ways: World Health Organization
(WHO) bleeding grades,7 achieving hemostasis, hemor-
rhage volume, or frequency of bleeding cessation
procedures.

2.1 | Study identification

Content experts identified key words further used to
inform the development of a comprehensive search strat-
egy. This strategy was used to search MEDLINE, Embase,
Cochrane Central Register of Controlled Trials (CCRT),
Cochrane database of Systematic Reviews, NHS
Economic Evaluation database, Health Technology Assess-
ment database, Ovid MED®E(R) Epub Ahead of Print, in-
process and other non-indexed citations from inception
(1946) to March 2025. Studies were also identified through
retrieved systematic reviews (details in Appendix S1).

2.2 | Eligibility criteria

Study inclusion criteria were SRs, RCTs, and matched
cohort observational studies (MCOS) reporting on our
outcomes. MCOS were only included in the analysis if
RCTs were single small trials or absent, and only
if matched cohorts were adjusted.

2.3 | Screening and data extraction

Duplicate screening of references using DistillerSR soft-
ware occurred in two stages, first for titles and abstracts,
and then for full text. Four individuals reviewed for eligi-
bility. Data extraction was performed in duplicate.

Inconsistencies were resolved by consensus with a third
reviewer.

2.4 | Assessment of risk of bias

Risk of bias (ROB) assessments were performed using
established criteria for RCTs, MCOSs, and SRs. RCTs
were assessed using the Cochrane ROB method. ROB
assessments differed based on the outcome considered.
Knowledge of treatment allocation was felt to be unlikely
to influence the assessment of mortality; therefore, the
risk of bias for this outcome was considered low. How-
ever, for bleeding, assessor blinding was helpful to reduce
the risk of bias, even if patients and carers could not be.

For MCOS, we used the Risk Of Bias In Non-
randomized Studies of Interventions (ROBINs) tool8

(Table S3). Since our analysis only considered MCOS that
adjusted for possible confounders before reporting on
matched cohorts, the ROBINS assessment for the risk of
confounding domain was anticipated to be low.

SRs were assessed using A MeaSurement Tool to
Assess quality of Systematic Reviews (AMSTAR).9 All
assessments were performed in duplicate; conflicts were
resolved with mutual consensus.

2.5 | Analysis

Both qualitative and quantitative data analyses were per-
formed. Where RCT data were absent, meta-analysis incor-
porated MCOS data. Analysis included comparable effect
measures across multiple studies when appropriate. Effect
estimates for meta-analysis were presented as odds ratios
(OR) with 95% confidence intervals (CIs) using RevMan
web software (Version 8.14.0). Since the sampling frame
across studies was randomly chosen and studies were from
different geographies, a random effects model using
Mantel–Haenszel methods was used. Statistical heterogene-
ity was assessed using a χ2 test and quantified using the
Higgins I2 statistic, with I2 values >50% defined a priori to
reflect high heterogeneity. Findings were significant at
2-tailed p < .05. For scenarios with insufficient quantitative
data for meta-analysis, data was summarized narratively.

3 | RESULTS

In total, 21 RCTs, 24 MCOS, and 20 SRs were included in
the analysis (Figure 1). Twenty SRs were identified: six
on HT states,10–15 four on peri-procedural,14,16–18 three
on critical illness,13,15,19 one on CVS20 and 10 on
ICH14,21–29 (Table S1).
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3.1 | Clinical setting 1—
Hypoproliferative thrombocytopenia

3.1.1 | Background

Patients with HT due to acquired bone marrow disorders
represent a large proportion of platelet recipients. A sub-
group of interest for this analysis included autologous
hematopoietic stem cell transplant (HSCT) recipients.

3.1.2 | Evidence summary and quality
assessments

RCTs
Eleven RCTs30–40 (2860 participants) were analyzed:
three compared prophylactic versus therapeutic
strategies,34–36 four focused on platelet dose,31,33,39,40 and
four compared different platelet count thresholds30,32,37,38

for prophylactic transfusion. The settings of the trials
were mixed populations of patients with hematological
malignancies and/or undergoing stem cell transplanta-
tion; three trials included some with solid tumors.41–43

One did not complete recruitment.44 No single RCT eval-
uating platelet thresholds in pediatric patients was identi-
fied; the PLADO RCT was the only threshold trial that
included children.33 The secondary age-adjusted analysis
of PLADO reported an increased risk of bleeding in chil-
dren receiving HSCT.45 High ROB was found for Heck-
man 1997, Diedrich 2005, and Rebulla 1997, with a
moderate ROB for the remaining studies37,39 (Figure S1).

One RCT with low ROB35 included a restrictive arm
more stringent than other trials' and accounted for a sub-
stantial majority of the difference in the absolute number
of events between restrictive and liberal arms in the
pooled meta-analysis for Grade 2–4 bleeding, shifting
the OR toward favoring liberal. Despite this, no overall
statistical benefit was observed. Three RCTs with
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Records screened at first pass stage
(n = 4805)

Records excluded
(n =4130)
Exclusion reasons- 

• Study incomplete or withdrawn
• Study design- (Case series/case reports/

Commentaries/protocols/editorials/ opinion
pieces/le�er to the editor/ exploratory analyses
of observa�onal studies/unadjusted
observa�onal studies for clinical se�ngs in
which be�er quality evidence was available.

• Studies comparing laboratory aspects of
platelets (platelet refractoriness, platelet count
increments, viscoelas�c tes�ng impacts, etc.)

• Studies comparing TPO agonists/An�-
fibrinoly�cs/An�cancer drugs with platelets or
placebo

• Studies comparing different types of platelet
products (frozen, lyophilized, cold stored, whole
blood versus aphresis)

Full-text ar�cles reviewed for data
extrac�on and analysis

(n =675)

Studies included in the final
analysis (Qualita�ve/Quan�ta�ve)

(n=65)
RCTs- 21

Observa�onal studies- 24
Systema�c reviews- 20

Records excluded
(n = 610)

Records excluded as duplicates
(n =455)

FIGURE 1 PRISMA diagram

(searches from April 2022–April 2024).
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moderate ROB suggest prophylactic transfusion did not
reduce Grade 2–4 bleeding in autologous HSCT patients
compared to patients receiving intensive myeloablative
chemotherapy or allograft HSCT35,36,40 (Figure S2).

Meta-analysis
All-cause mortality—Based on 11 RCTs, the estimated OR for
all-cause mortality between restrictive and liberal platelet
strategies in patients withHTwas 1.32 [0.93–1.86] (Figure 2).

Thirty-day mortality—A sensitivity analysis for 30-day
mortality was conducted for five RCTs reporting this param-
eter.31,33–35,40 The OR was 1.23 (0.60–2.51) (Figure S3).

WHO Grade 2–4 bleeding and 3, 4 bleeding or equiva-
lent: Ten RCTs reported on WHO Grade 2–4 bleeding
(or equivalent)30–33,35,37–40,46 with an OR of 1.23 [1.00,
1.53] (Figure S1). For WHO Grade 3 and 4 bleeding
(or equivalent), data from six RCTs31–35,38 showed an OR
of 1.24 [0.88–1.75] (Figure S4).

WHO Grade 2–4 bleeding and 3, 4 bleeding or equivalent
in autologous transplant subgroup: The data for WHO
Grade 2–4 bleeding (or equivalent) was reported from three
RCTs35,36,40 with an OR of 2.30 [0.67, 7.88] (Figure S2).

For WHO Grade 3 and 4 bleeding (or equivalent),
data was obtained from two RCTs35,36 with an OR of 4.68
[0.53, 41.38] (Figure S5).

3.2 | Clinical setting 2—Peri-procedural
states

3.2.1 | Background

Platelets are often administered prior to procedures in
patients with thrombocytopenia with the goal of reducing
bleeding risk.

3.2.2 | Evidence summary and quality
assessments

RCTs
We identified one RCT in thrombocytopenic patients
undergoing central venous catheter (CVC) placement.47

This trial randomized patients with platelet counts

FIGURE 2 Forest plot for overall mortality in patients with hematological malignancies. aDomain A has some concerns—the study

states it was randomized but provides minimal detail about how randomization was performed (e.g., no info on sequence generation

method) or whether allocation was concealed. bDomain A has some concerns—the method of sequence generation is not detailed (e.g., no

mention of computer randomization, block size, etc.) Besides, Allocation concealment is not reported, which leaves open the possibility of

selection bias. cDomain A has some concerns—no detail on random sequence generation—we do not know whether it was truly random

(e.g., computer-generated) or quasi-random (e.g., alternate assignment). Besides, No description of allocation concealment and no reporting

of baseline characteristics in a table or formal statistical comparison, so it is difficult to judge whether randomization achieved balance.

Domain C has some concerns—two patients with severe clinical events were excluded after randomization, and their missing outcomes

could plausibly be related to the true outcome, introducing potential bias. dDomain A has some concerns—study mentions randomization

but does not provide details on sequence generation or allocation concealment. Domain E has some concerns—mortality data are likely

reported post hoc; the lack of protocol or trial registration raises concerns about selective reporting. eDomain A has some concerns—study

used alternate assignment; it is a quasi-random method and is predictable, meaning clinicians could predict the next group allocation, so

there is a risk of selection bias. fDomain A has some concerns—randomization method and allocation concealment were not described.

Domain C has some concerns—five patients were excluded after randomization. For mortality, these exclusions could bias results—
especially if failure to engraft or protocol violations, as mentioned by the author, may be associated with a higher risk of mortality.
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between 10,000-50,000/μL undergoing ultrasound-guided
CVC placement in the hematology ward or intensive care
unit (ICU) to platelets or no transfusion. The primary
outcome was Grade 2–4 bleeding, with higher rates
reported in the restrictive arm. Subgroup analyses sug-
gested the observed difference varied by anatomic site,
with no difference at compressible (internal jugular/fem-
oral) sites. Average hematoma size was notably larger in
the liberal group. This RCT had moderate ROB.

Observational studies
For CVC placement, one small prospective study found
no differences in mortality or major bleeding between
patients receiving platelets or not during catheter implan-
tation.48 One MCOS49 of platelets prior to interventional
radiology procedures in 2060 patients with platelet counts
<100,000/μL had 203 patients (9.9%) receiving a platelet
transfusion. There was no difference in mortality or need
for red blood cell (RBC) transfusion between propensity-
matched cohorts. Also, at thresholds ≤50,000/μL, there
was no difference in need for RBC transfusion. A total of
six MCOS were identified that assessed spinal hematoma
incidence in patients with platelet counts <50,000/μL just
prior to the lumbar punctures (LP).50–55 Four of these
studies also reported data for a subset of patients with
platelet counts <20,000/μL.51,52,54,55 Overall reported
incidence rates of this complication were
exceedingly low.

Meta-analysis
All-cause mortality—The estimated effect between restric-
tive and liberal platelet strategies in patients undergoing

CVC placement extracted from one RCT47 was 1.18 [0.75,
1.85] (Figure 3).

WHO Grade 2–4 bleeding—The estimated OR for
Grade 2–4 CVC related bleeding reported from one
RCT47 was 3.56 [1.35, 9.36] for hematology ward patients
and 1.33 [0.29, 6.16] for ICU patients (Figure S6).

Peri-procedural RBC transfusion and ICU admission;
interventional radiology—One MCOS49 on patients
undergoing interventional radiology procedures reported
an OR of 0.64 [0.43, 0.94] for ICU admission (Figure S7)
and an OR of 0.69 [0.45, 1.05] for peri-procedural RBC
transfusion (Figure S8). The ROB for this study was low
(Table S4).

Spinal hematoma—Meta-analysis of spinal hematoma
incidence showed a rate of 0/1000 lumbar puncture pro-
cedures [0–2.96] for patients with platelet counts
<20,000/μL (four studies, 324 patients) and 0.78/1000
lumbar puncture procedures [0–10.02] for patients with
platelet counts <50,000/μL (six studies, 4418 patients)
(Figure S9).

3.3 | Clinical setting 3—Cardiovascular
surgery, including extracorporeal
membrane oxygenation

3.3.1 | Background

Patients undergoing CVS with or without CPB may
develop thrombocytopenia but may also have added com-
plications of platelet dysfunction secondary to bypass or
anti-platelet agents.

FIGURE 3 All-cause mortality in patients undergoing CVC placement. aDomain A has some concerns—the lack of blinding for patients

and treating physicians could introduce performance bias. Domain C has some concerns—the trial reported missing data for the primary

outcome (CVC-related bleeding) as 7.2% but did not clearly report missingness for the mortality outcome. There was no clear indication

whether the patients with missing bleeding outcome data also had missing mortality data.
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3.3.2 | Evidence summary and quality
assessments

RCTs
Our review identified three RCTs: two in adults56,57

and one in neonates.58 In the CVS setting, all studies
involved patients on CPB except for one RCT.57 Lunen
201856 randomized patients with ruptured abdominal
aortic aneurysm to receive two preoperative platelets
versus none upon transport to vascular surgery. No
significant effect on postoperative complications,
length of ICU and hospital stay, or mortality was
observed with a low ROB. Gautam 202058 randomized
neonatal patients undergoing elective open heart sur-
gery to receive 10 mL/kg of platelets during the
rewarming phase after cross-clamp release and before
termination of CPB versus platelets only at the end of
bypass but had a moderate ROB for bleeding and low
ROB for mortality.

No RCTs were identified addressing platelet transfu-
sion in patients undergoing extracorporeal membrane
oxygenation (ECMO).

Observational studies
Our literature review identified four adjusted observa-
tional studies in patients undergoing CVS59–62 that
assessed mortality in platelet recipients versus those not
receiving platelets.

Meta-analysis
The OR for all-cause mortality between restrictive and
liberal platelet transfusion strategies in adult CVS
patients not on CPB based on one RCT56 was 0.80 [0.38,
1.70]. In neonatal CVS patients, the OR for all-cause mor-
tality between restrictive and liberal platelet strategies
could not be estimated (0 events in both arms)54

(Figure 4).
Due to the paucity of RCTs in this subgroup, four

MCOS were included in the meta-analysis. The OR for
all-cause mortality between restrictive and liberal strate-
gies in CVS was 0.79 [0.37, 1.72] (Figure 5). The ROB for
all four studies was low (Table S4).

3.4 | Clinical setting 4—Consumptive
thrombocytopenia

3.4.1 | Background

Thrombocytopenia is a common observation in critical
illness, and platelets are frequently administered to ICU
patients.

3.4.2 | Evidence summary and quality
assessments

RCTs
Two RCTs in adults with dengue fever reported on all-
cause mortality.63,64 Lye 201763 compared platelets plus
supportive care versus supportive care alone in adults
with dengue fever and thrombocytopenia with a moder-
ate ROB. Assir 201364 randomized patients to platelets
compared to no platelets but had a moderate ROB.

In critically ill neonates, three RCTs reporting all-cause
mortality were identified.4,65,66 The4 Planet-2/MATISSE
trial recruited 660 neonates to demonstrate that the pri-
mary outcomes of death or major bleeding up to day
28 were greater in the liberal compared to the restrictive
arm (defined by platelet thresholds of 50 and 25 � 109/L,
respectively). Subgroup analysis suggested this effect was
independent of predicted baseline risk with a low ROB.
Kumar 201965 identified a higher risk of harm in critically
ill neonates with patent ductus arteriosus treated with lib-
eral transfusion strategies and an insignificant mortality
benefit associated with restrictive strategies, with a low
ROB. Andrew 199366 evaluated the impact of platelets on
152 premature infants with thrombocytopenia, demon-
strating with a low ROB that liberal transfusion had no
reduction in mortality or incidence of ICH.

Observational studies
The literature informing practice in non-dengue adult
ICU patients is not supported by RCTs but by three
MCOS.67–69 Warner 201967 analyzed a retrospective
cohort study of adults admitted to surgical, medical, or
combined ICUs comparing outcomes between those who
did versus did not receive prophylactic platelets. A pro-
pensity score-matched analysis of an ICU database68

assessed mortality outcomes in septic patients with plate-
lets ≤150,000/μL who did or did not receive platelet
transfusions. Another propensity score-matched analysis
assessed 30-day all-cause mortality in burn patients with
thrombocytopenia who did or did not receive platelet
transfusions.69 The ROB for all three was low (Table S4).

Meta-analysis
The effect on all-cause mortality between restrictive and lib-
eral platelet strategies in critically ill adult patients with
dengue extracted from two RCTs63,64 was an OR of 0.30
[0.01, 7.47]. The OR for all-cause mortality between restric-
tive and liberal platelet strategies in critically ill neonates
based on three RCTs was 0.69 [0.47, 1.03]. A combined OR
for all ages was 0.69 [0.47, 1.01] (Figure 6). The OR reported
for critically ill adults from the three MCOS that reported
overall mortality67,68 was 0.80 (0.68, 0.94) (Figure S10).
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3.5 | Clinical setting 5—Intracranial
hemorrhage

3.5.1 | Background

Platelets are often used as empiric or threshold-driven
transfusion support in ICH given concerns about the risk
of ongoing bleeding in a critical site.

3.5.2 | Evidence summary and quality
assessments

RCTs
The PATCH RCT3 randomized adults with spontaneous
ICH (S-ICH), anti-platelet medication use for at least
7 days preceding the hemorrhage, and a Glasgow coma
scale of 8–15 who were able to have platelets initiated
within 6 h of symptom onset and within 90 min of imag-
ing but were not planned for a surgical evacuation. A
total of 190 patients were enrolled; 97 were randomized
to platelets and 93 to standard care. The mortality out-
come at 3 months was higher in those randomized to

platelets, 32% (31/97) compared to 22.6% (21/93) of those
in the control arm with an OR 0.62 [0.33, 1.19] but there
was a high ROB (Figure 7).

Observational studies
Only one appropriately adjusted MCOS assessing platelet
transfusions in S-ICH patients on antiplatelet therapy was
identified.70 It found the use of platelets was not a signifi-
cant predictor for a negative outcome (mortality OR 1.00
[0.13, 7.59]) (Figure S11) with a low risk of bias (Table S4).

Fifteen unadjusted observational studies71–85

(Figure 8), two of which84,85 were not included in previ-
ous SRs, evaluated platelet transfusion in the clinical set-
ting of anti-platelet associated traumatic ICH in adults.
There were 1745 participants across the studies. Most of
these studies had serious issues with confounding; qual-
ity was low, resulting in a high ROB.

4 | DISCUSSION

Two broad themes emerged from our SR. First, no consis-
tent evidence supported the superiority of liberal platelet

FIGURE 4 All-cause mortality in patients undergoing cardiovascular surgery.
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transfusion strategies to reduce mortality or bleeding
across the evaluated clinical settings. Second, the amount
of data, levels of evidence, and evidence certainty varied
considerably between different populations, often dis-
playing wide confidence intervals for meta-analyses, pre-
cluding definitive exclusion of clinically significant
effects that might be identified in future larger trials if

undertaken. Overall, the findings support the general
implementation of restrictive policies for platelet transfu-
sion, minimizing exposure to platelets, which have risks,
for recipients. Risks of platelets are well recognized,
including transfusion-transmitted infections, transfusion-
related acute lung injury (TRALI), immunomodulation
and sensitization, in addition to acute transfusion

FIGURE 6 All-cause mortality in critically ill patients with Dengue and critically ill neonates, respectively. aDomain A has some

concerns—the study mentions random allocation but lacks information on the randomization method and allocation concealment. Besides,

Baseline characteristics between groups were not comprehensively reported. bDomain C has some concerns—the study reported zero deaths,

lack of clarity about how completely and systematically mortality was assessed and captured across both groups.

FIGURE 5 All-cause mortality in adults undergoing cardiovascular surgery.
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reactions.86 The overall support for restrictive platelet
practices is reinforced by the signals of harm reported in
selected RCTs in the liberal compared to restrictive
arms.3,4

Our review evaluated the evidence for platelets in
populations beyond HT where platelets are commonly
administered. A large multi-institutional platelet transfu-
sion audit showed the top medical specialties ordering
platelets included hematology/oncology (38.9%),

intensive care (17%), surgery (12.5%), and internal medi-
cine/pediatrics (11.8%).87 When mapping the identified
literature to specific populations, HT was the most widely
researched clinical setting in this review by number of
RCTs, and for our primary outcome (mortality), 11 RCTs
were identified including a total of 2851 patients. How-
ever, only two RCTs63,64 (n = 453) for critically ill
patients with consumptive thrombocytopenia, one RCT3

(n = 190) with spontaneous-ICH, one RCT56 (n = 122)

FIGURE 7 All-cause mortality in adults presenting with spontaneous intra-cranial hemorrhage. aDomain A has a high risk of bias—
lack of allocation concealment and open-label design introduce a high risk of selection bias. Besides, baseline imbalances in a key prognostic

factor (ICH volume) provide evidence that the randomization was not effectively achieved.

FIGURE 8 All-cause mortality in adults presenting with traumatic Intra-cranial hemorrhage; unadjusted observational studies.
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for CVS, and one RCT47 (n = 357) in the peri-procedural
patient population. No RCTs were identified related to
traumatic-ICH.

A number of specific findings in our review warrant
additional discussion. Within the HT population, an analy-
sis of outcomes for autologous HSCT patients suggested
prophylactic transfusion did not reduce Grade 2–4 bleed-
ing35,36,40 in comparison to patients receiving intensive
myeloablative chemotherapy or allograft HSCT, who did
see a benefit. This might reflect differences in the intensity
of myeloablative treatments between groups. For the out-
come of Grade 2–4 bleeding or equivalent in HT, liberal
platelet transfusion was favored (1.23 [1.00, 1.53]), but the
clinical significance of many Grade 2 bleeding events is
controversial and the effect size with respect to patient
values and preferences may not justify the strategy. While
the overall trend across clinical populations supported
restrictive practices being safe and/or at least as good as
liberal, the PACER trial47 in the peri-procedural popula-
tion reported that for patients on the hematology ward a
liberal strategy was favored with respect to Grade 2–4
bleeding. With recognition of this trial's limitations,
including sample size across two sub-populations for ICU
and hematology wards, anatomic site for line insertion,
and risk of bias with respect to outcome assessors knowing
treatment arm assignment, further evaluation by the ongo-
ing larger international trial is anticipated.88

Our review's findings are consistent with results in
other SRs identified by our search strategy, although
most of these reviews focused on specific populations
(Table S1). Lin et al.29 reviewed platelet transfusion in
the setting of ICH and Yanagawa et al.20 reviewed plate-
let transfusion in the setting of CVS, both report non-
superiority of platelet transfusions, consistent with our
meta-analysis. A broad SR published in 2015 covered HT,
peri-procedural, and ICH settings is missing more recent
RCTs and adjusted observational studies.

A strength of our review was the rigorous systematic,
standardized protocol use, and evaluation of evidence pat-
terns using relative effects across various clinical popula-
tions administering platelet transfusions. Limitations of
our review reflected the limited available evidence, espe-
cially for patient cohorts apart from HT. Due to inconsis-
tent reporting, Red cell transfusion rate was not included
as a surrogate marker for bleeding outside of IR proce-
dures. Although our primary outcome was overall mortal-
ity, this may not be the most clinically relevant measure
across all populations. Further work will explore this issue
in more detail, using analyses at different mortality time-
points when sufficient data exist. Our pre-defined popula-
tions of interest may also overlap. Impaired bone marrow
production could be a feature of critical illness thrombocy-
topenia despite predominating in HT.

We identified research implications in multiple clini-
cal settings. There was a notable lack of RCTs related to
platelet transfusion strategies in CPB and ECMO,
although one ongoing (ECmo hemoSTAtic Transfusions
In Children (ECSTATIC): NIH project number
1R34HL159119-01A1). No large RCTs informing platelet
transfusion strategies in adult critically ill patients with-
out dengue exist. The RCT by Van Baarle evaluated CVC
placement in a mixed population of patients and raised
possible divergent results between patients admitted to
ICU versus hematology wards, and by compressibility of
anatomic site. Ongoing larger trials can fully evaluate
how the risk profile for pre-procedure platelets varies by
type of procedure and baseline patient characteristics.88

There were no RCTs comparing platelet strategies in
other interventional radiology or major surgery settings.
Some of these have trials underway.89,90 Our findings
provide a basis for ongoing updates of evidence and will
be of value to inform guidelines; the results support
restrictive use of platelets across different clinical set-
tings, but also direct funders and policymakers to areas of
research uncertainties. Transfusion services are facing
challenges meeting platelet demands, and our review
provides an evidence synthesis to inform quality
improvement initiatives and development of mitigation
strategies/hortage plans.
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