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1 | INTRODUCTION
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Study Design and Methods: Secondary analysis of the ECSTATIC random-
ized controlled trial. Children <18 years on ECMO were randomized to two
prophylactic platelet transfusion threshold strategies. In this secondary
analysis, the exposure was platelet transfusions characterized by storage
duration, ABO compatibility, platelet additive solution, irradiation, and
pathogen reduction status. The primary outcome was the platelet count
increment after transfusion, dichotomized as higher versus lower based on
the median value. Regression models were used to identify associations
between product characteristics and platelet count increment, adjusting for
clustering.

Results: A total of 161 transfusions among 27 participants met inclusion cri-
teria. The median change in platelet count was 19 x 10° cell/L (IQR 8; 36),
and the median time from pre-transfusion to post-transfusion count was 5.9 h
(IQR 4.8; 7.1). In univariable analysis, pathogen reduction was associated with
a lower platelet count increment (odds ratio = 0.14, p = .01). In a multivari-
able model, higher pre-transfusion platelet count was independently associated
with increased platelet count increment (adjusted odds ratio [aOR] = 1.03,
p = .049), while pathogen reduction was independently associated with
decreased count increment (aOR = 0.16, p = .048).

Conclusions: Among critically ill children on ECMO, pathogen-reduction
and pre-transfusion platelet count may influence the effectiveness of transfu-
sion. These findings support the need for prospective trials that incorporate
product-level characteristics into transfusion strategies for pediatric ECMO
patients.
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apheresis or whole blood, and processing differences
could impact their post-transfusion effectiveness. Obser-

Children supported by extracorporeal membrane oxygena-
tion (ECMO) are at high risk of thrombocytopenia due to
platelet activation,' shear force,” circuit hemocompatibility,’
and inflammation.* As a result, they frequently receive pro-
phylactic platelet transfusions, with prior studies indicating
transfusion on approximately two-thirds of ECMO days.>®
However, these transfusions are not without risk—
associations with increased bleeding, thrombosis, and mor-
tality have been documented,” and data remain limited to
guide optimal transfusion practices.

Beyond transfusion thresholds, the characteristics of
the platelet products themselves may influence clinical
efficacy. Platelets can vary in storage duration, ABO com-
patibility, and whether they have undergone pathogen-
reduction (PR) techniques or are suspended in platelet
additive solutions (PASs). They may also be derived from

vational data from large pediatric cohorts suggest that
such characteristics—particularly longer storage dura-
tion, use of PR platelets, and ABO incompatibility—are
associated with lower post-transfusion platelet incre-
ments and greater transfusion burden, though not with
mortality or hospital stay.*'® There are various mecha-
nistic explanations for such observations. For example,
platelet storage lesions, including loss of surface glyco-
proteins, reduced aggregation capacity, and microparticle
release, may compromise platelet function and post-
transfusion recovery.'’ PR or irradiation alter platelet
membranes and nucleic acids, potentially also impacting
platelet survival and increment.'” In the context of
ECMO, where transfusion needs are already high,6’13
reduced platelet increments may necessitate repeated
transfusions, increasing donor exposure, risk of
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platelet alloimmunization (primarily Human Leukocyte
Antigen and, less commonly, Human Platelet Antigen
alloimmunization), and overall clinical and resource
burden.

Given the frequent use of platelet transfusions in chil-
dren on ECMO and the potential implications of product
variability, we conducted a secondary analysis of the
ECSTATIC pilot randomized controlled trial to examine
whether platelet product characteristics were associated
with the magnitude of post-transfusion platelet count
increase.

2 | STUDY DESIGN AND METHODS
We conducted a secondary analysis of the ECSTATIC
multicenter pilot randomized controlled trial."* ECMO
provides extracorporeal support for severe respiratory
and/or cardiac failure by draining blood from the
patient, circulating it through a pump and an oxygena-
tor for gas exchange, and reinfusing it into the
body. Support can be delivered via veno-venous
(VV) cannulation for isolated respiratory failure or
veno-arterial (VA) cannulation when both cardiac and
respiratory support are required. ECMO may also be ini-
tiated during active resuscitation, referred to as extra-
corporeal cardiopulmonary resuscitation (ECPR). In the
parent trial, eligible patients were children 0 to
<18 years old supported on ECMO who had no or mini-
mal bleeding within 24 h of cannulation, defined
according to the Bleeding Assessment Scale in Critically
Il Children. Exclusion criteria included more than min-
imal bleeding at the time of screening, ECMO support
for more than 24 h at screening, post-conception age
<37 weeks, and underlying oncologic diagnosis or
hematopoietic cell transplant within the prior year. Par-
ticipants were randomized 1:1 to either a higher platelet
transfusion strategy, in which platelets were transfused
when the platelet count was <90 x 10°/L, or a lower
platelet transfusion strategy, in which platelets were
transfused when the platelet count was <50 x 10°/L.
Participants in both transfusion threshold arms received
10-20 mL/kg of platelets, with platelet counts measured
within 12 h before transfusion and again 2-4 h after
each transfusion. The study protocol did not mandate
specific platelet product characteristics, but instead the
product specificities were determined by local blood
bank availability and practice.

Patient characteristics included age, sex, race, ethnic-
ity, country, primary reason for ICU admission, severity
at intensive care unit (ICU) admission as measured by
the Pediatric Logistic Organ Dysfunction-2 (PELOD-2)
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score,’®> ECPR status, cannulation mode (VA vs. VV),
time from cannulation to randomization, receipt and
number of platelet transfusions prior to randomization,
and treatment assignment (lower vs. higher threshold).

Platelet characteristics assessed included PR status,
ABO compatibility, and storage duration (<4 days
vs. >4 days), as well as product type (apheresis vs. whole
blood-derived), use of PAS, and whether the unit was
labeled by the blood bank as low-yield, defined as an
apheresis-derived platelet unit containing fewer than the
minimum standard of 3.0 x 10"" platelets per unit. ABO
compatibility was categorized as ABO compatible versus
ABO incompatible. ABO-incompatible transfusions were
further classified as minor or major mismatch; because
minor mismatches were infrequent, minor and major
mismatches were combined as incompatible for the
analysis. Additional variables included time from pre-
transfusion platelet count to transfusion and from trans-
fusion to post-transfusion platelet count.

The primary outcome for this analysis was the plate-
let count increment, that is, the change in platelet count
from the pre- to post-transfusion measurement. Only
transfusions that occurred during the study's interven-
tion, outside of temporary protocol suspensions, and for
which both a pre-transfusion and post-transfusion plate-
let count were recorded were included. Per protocol, a
platelet transfusion was required within 12 h of a platelet
count below the arm threshold, and a post-transfusion
platelet count was required 2 to 4 h after the end of each
platelet transfusion.

Platelet count increment was dichotomized as
“higher” versus “lower” based on the median of the over-
all distribution.

Simple associations between predictors and platelet
count increment category were tested using generalized
linear mixed models (GLMMs)—specifically, logistic
regression models with a fixed effect for the predictor and
a random effect for the patient (to account for within-
subject clustering). Based on these results, it was deemed
important to also include random effects for site
(to account for within-site clustering) in the univariable
models. Several variables (e.g., V-A vs. V-V ECMO)
exhibited such imbalance or missingness when summa-
rized that they were not included in univariable models.
Because the categorized platelet storage duration was fre-
quently missing, univariable modeling was performed
while omitting missing values and while categorizing
them separately. Variables with p < .2 in the univariable
GLMMs were entered into a multivariable GLMM to
identify independent predictors of a higher platelet count
increment.

Analyses were conducted using SAS version 9.4.
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3 | RESULTS

3.1 | Population

A total of 161 transfusions among 27 participants met inclu-
sion criteria. Twenty-seven (54%) of the 50 enrolled patients
received at least one included transfusion. The 50 enrolled
patients were from a total of nine ECMO centers, with eight
centers enrolling at least one patient with an included trans-
fusion and eight (mostly overlapping) centers enrolling at

TABLE 1
included platelet transfusion in this secondary analysis.

Age (years)
Age <28 days
Male
Race
Black or African American
White
Multiracial
Ethnicity
Hispanic or Latino
Not Hispanic or Latino
Country
United States of America
Israel
Primary reason for ICU admission
Acute respiratory failure
Acute cardiac failure
Altered mental status
Sepsis/septic shock
Other surgery
PELOD-2 score on Study Day 1
ECPR
Veno-arterial (VA) cannulation
Time from cannulation to randomization (hours)
Received at least one platelet transfusion prior to randomization
Number of platelet transfusions prior to randomization
Treatment assignment
Lower threshold
Higher threshold

least one patient without any included transfusion. Patient-
level characteristics are presented in Table 1 for the overall
trial cohort and stratified by whether participants received
at least one included platelet transfusion in this secondary
analysis. We retained both groups to allow comparison of
patients who received platelet transfusions with those who
did not. Of the 27 patients who received at least one
included platelet transfusion, 15 (56%) were neonates and
12 (44%) were older infants or children, and 96% (26/27)
were on V-A ECMO.

Patient-level characteristics of the overall ECSTATIC trial cohort, stratified by whether participants received at least one

Any included platelet transfusion

No (N = 23) Yes (N = 27) Overall (N = 50)
0.4 [0.0;6.5] 0.0 [0.0;0.4] 0.2 [0.0;1.7]
8/23 (35%) 15/27 (56%) 23/50 (46%)
7/23 (30%) 15/27 (56%) 22/50 (44%)
5/17 (29%) 6/22 (27%) 11/39 (28%)
11/17 (65%) 16/22 (73%) 27/39 (69%)
1/17 (6%) 0/22 (0%) 1/39 (3%)
8/22 (36%) 3/24 (13%) 11/46 (24%)
14/22 (64%) 21/24 (88%) 35/46 (76%)
23/23 (100%) 24/27 (89%) 47/50 (94%)
0/23 (0%) 3/27 (11%) 3/50 (6%)
14/23 (61%) 12/27 (44%) 26/50 (52%)
8/23 (35%) 12/27 (44%) 20/50 (40%)
1/23 (4%) 0/27 (0%) 1/50 (2%)
0/23 (0%) 1/27 (4%) 1/50 (2%)
0/23 (0%) 2/27 (7%) 2/50 (4%)
7.0 [6.0;10.0] 9.0 [6.0;12.0] 8.0 [6.0;11.0]
2/23 (9%) 1/27 (4%) 3/50 (6%)
18/23 (78%) 26/27 (96%) 44/50 (88%)
17.0 [8.3;23.0] 18.2 [12.5;22.5] 18.1 [10.9;22.8]
4/23 (17%) 11/27 (41%) 15/50 (30%)
1.0 [1.0;1.5] 1.0 [1.0;1.0] 1.0 [1.0;1.0]
14/23 (61%) 11/27 (41%) 25/50 (50%)
9/23 (39%) 16/27 (59%) 25/50 (50%)

Note: Results are presented as median and interquartile range, or number and column percentage, as appropriate. The 50 patients were enrolled at a total of
nine ECMO centers, with eight centers enrolling at least 1 patient with an included transfusion and a slightly different set of eight centers enrolling at least 1

patient without any included transfusion.

Abbreviations: ECMO, extracorporeal membrane oxygenation; ECPR, extracorporeal membrane oxygen cardiopulmonary resuscitation; PELOD-2, Pediatric

Logistic Organ Dysfunction 2.
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3.2 | Platelet characteristics

Characteristics of the transfusion are summarized in
Table 2 for the 161 included transfusions. The median
platelet count prior to transfusion was 68 x 10° cell/L
(interquartile range, IQR 46;83), with a median of 1.5 h
(IQR 1.1; 2.0) between pre-transfusion count and platelet

TABLE 2
and site intercepts) for odds of higher platelet count increment.

transfusion initiation. The median time from pre-
transfusion platelet count to post-transfusion platelet
count was 5.9 h (IQR 4.8; 7.1).

The median dose was 10.7 mL/kg (IQR 10.0;16.3).
Among included transfusions, 74% (119/161) were PR,
62% (100/161) were ABO compatible, 2% (4/161) had

minor

Platelet count increment

Lower
(N = 84)
Treatment assignment
Lower threshold 25/84 (30%)
Higher threshold 59/84 (70%)
Age <28 days 37/84 (44%)
Veno-arterial cannulation® 84/84 (100%)
Time from cannulation to randomization (h) 17.0
[11.5;20.1]
Pre-transfusion platelet count 72.5[46.0;84.0]
Pathogen reduced 77/84 (92%)
ABO compatibility®
Compatible 43/84 (51%)
Incompatibility 41/84 (49%)
Storage duration®
<4 days 20/84 (24%)
>4 days 12/84 (14%)
Unknown 52/84 (62%)
Apbheresis platelet® 82/84 (98%)
Platelet storage solution®
PAS 73/84 (87%)
Non-PAS 2/84 (2%)
Unknown 9/84 (11%)
Irradiated 7/84 (8%)
Low yield platelet unit® 2/84 (2%)
Unknown platelet yield 10/84 (12%)
Time from pre-transfusion to post-transfusion 5.8 [4.8;6.4]
count (h)
Time from pre-transfusion to transfusion 1.4 [1.1;1.9]
initiation (h)
Platelet dose (mL/kg) 10.0
[10.0;14.6]
Unknown total platelet count in platelet unit® 84/84 (100%)

incompatibility,

35%

(57/161) had major

Transfusion-level characteristics by platelet count increment, and univariable logistic regression models (with random patient

Higher Overall Odds ratio
N=77) (N =161) (95% CI) p-Value
332
38/77 (49%) 63/161 (39%) Reference
39/77 (51%) 98/161 (61%) 1.82 (0.54;6.13)
36/77 (47%) 73/161 (45%) 1.85 (0.55;6.24) 318
73/77 (95%) 157/161 (98%) N/A N/A
18.0 [17.022.4]  18.0[164;20.7]  1.02(0.93;1.13) 638
55.0 [43.0;82.0] 68.0[46.0;83.0] 1.03 (1.00;1.05) .078
42/77 (55%) 119/161 (74%) 0.14 (0.03;0.64) 011
57/77 (74%) 100/161 (62%) Reference .851
20/77 (26%) 61/161 (38%) 0.91 (0.32;2.57)
.081
9/77 (12%) 29/161 (18%) 0.48 (0.14;1.73)
12/77 (16%) 24/161 (15%) Reference
56/77 (73%) 108/161 (67%) 6.34 (0.57;70.68)
76/77 (99%) 158/161 (98%) N/A N/A
N/A
39/77 (51%) 112/161 (70%) N/A
2/77 (3%) 4/161 (2%) N/A
36/77 (47%) 45/161 (28%) N/A
35/77 (45%) 42/161 (26%) 7.08 (1.57;31.96) 011
3/77 (4%) 5/161 (3%) N/A N/A
36/77 (47%) 46/161 (29%)
6.0 [4.8;7.7] 5.9[4.8;7.1] 1.11 (0.89;1.38) 370
1.7 [1.2;2.2] 1.5 [1.1;2.0] 1.10 (0.77;1.57) .597
15.0[10.3;19.8] 10.7 [10.0;16.3] 1.13 (0.99;1.28) .072

77/77 (100%)

161/161 (100%)

Note: Transfusion-level summaries are presented as median and interquartile range, or number and column percentage, as appropriate.
Abbreviations: CI, confidence interval; ECMO, extracorporeal membrane oxygenation; PAS, platelet additive solution.

#This variable was dichotomized for the univariable modeling but was originally summarized with three levels.

bp-value is .287 when unknown category is removed.

“Univariable modeling was not conducted due to excessive missingness or extreme imbalance in the variable.
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FIGURE 1
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Sankey diagram showing cross-classification of platelet units across three product attributes: pathogen reduction (yes

vs. no), ABO compatibility (compatible vs. incompatible), and storage duration (<4 days, >4 days, unknown).
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FIGURE 2 Histogram of post-transfusion platelet count
increments (change in platelet count, x10°/L) following

161 transfusions in ECMO patients. The median increment was
19 x 10°/L (IQR 8-36).

incompatibility, 98% (158/161) were apheresis-derived,
70% (112/161) contained PAS, and 26% (42/161) were
irradiated. While 67% (108/161) were stored for an
unknown duration, 53 included transfusions had known
storage duration, of which 45% (24/53) were stored more
than 4 days. Figure 1 represents the cross-classification of
the transfusions including ABO compatibility, PR status,
and storage duration.

3.3 | Platelet count increment

The lower platelet count increment group (increase
of 19 x 10°/L or less) had a median increment of

8.0 x 10°/L (IQR 1.5; 13.0), whereas the higher platelet
count increment group (increase of 20 x 10°/L or more)
had a median increment of 36.0 x 10°/L (IQR 26.0; 50.0).
The median platelet increment was 19 x 10°/L (IQR
8-36). Three transfusions were associated with a platelet
count change greater than 100 x 10°/L (Figure 2). There
were 52% (84/161) transfusions categorized as lower
platelet increment (i.e., <19 x 10° cell/L) and 48%
(77/161) as higher (i.e., >20 x 10° cell/L).

Factors associated with platelet count increment are
shown in Table 2. In univariable analysis (adjusted for
patient and site with random intercepts), PR was signifi-
cantly associated with a lower platelet count increment
(odds ratio [OR] 0.14, 95% confidence interval [CI] 0.03;
0.64, p = .011), while irradiation was significantly associ-
ated with a higher platelet count increment (OR 7.08,
95% CI 1.57; 31.96, p = .011). As all non-PR platelets
were irradiated and all PR platelets were not irradiated,
these ORs were reciprocal. In the univariable models, the
intraclass correlation coefficient (ICC) for site was rela-
tively large. Other than for storage duration when exclud-
ing unknown values (site ICC = 0), the ICC for site in
these models ranged from 0.15 to 0.35 on the latent scale,
indicating that a substantial proportion of the variability
in post-transfusion platelet increments was explained at
the site level. This suggests that inter-site differences in
transfusion characteristics and practices may have influ-
enced the observed associations. Furthermore, pre-
transfusion platelet count was associated with platelet
count increment in the adjusted analysis. Because the
parent ECSTATIC trial assigned patients to higher and
lower platelet transfusion strategies, we also evaluated
whether treatment assignment itself was associated with
higher versus lower platelet count increment. As shown
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TABLE 3
odds of higher platelet count increment.

Multivariable logistic regression mixed model for

Higher platelet count increment

Adjusted odds ratio
(95% CI) p-Value
Last pre-transfusion 1.03 (1.00;1.07) .049
platelet count
Storage duration 118
<=4 days 0.42 (0.11;1.63)
>4 days Reference
Unknown 4.78 (0.36;62.78)
Pathogen-reduced .048
No Reference
Yes 0.16 (0.03;0.99)
Platelet dose (mL/kg) 1.16 (0.97;1.38) 102

Note: Results are based on a multivariable model with random effects for
patient and site, adjusting for each of the predictors in this table.

in Table 2, assigned treatment arm was not significantly
associated with increment group and therefore was not
entered into the multivariable model. Platelet count
increment was also examined according to original treat-
ment assignment. Among transfusions with a lower
platelet count increment, 25/84 (30%) occurred in the
lower platelet transfusion strategy arm and 59/84 (70%)
in the higher platelet transfusion strategy arm. Among
transfusions with a higher platelet count increment,
38/77 (49%) occurred in the lower platelet transfusion
strategy arm and 39/77 (51%) in the higher platelet trans-
fusion strategy arm. In univariable analysis, treatment
assignment was not significantly associated with the odds
of a higher platelet count increment (OR 1.82, 95% CI
0.54; 6.13; p = .332).

Given the redundancy in the PR and irradiated
variables, we omitted the irradiated variable in the multi-
variable model. Multivariable analysis identified higher
pre-transfusion platelet count (adjusted odds ratio [aOR]
1.03, 95% CI 1.00; 1.07, p = .049) as an independent pre-
dictor of higher platelet count increment, while PR (aOR
0.16, 95% CI 0.03; 0.99, p = .048) was significantly associ-
ated with lower platelet count increment (Table 3 and
Figure 3).

4 | DISCUSSION

In this secondary analysis of the multicenter ECSTATIC
pilot trial in children supported by ECMO, we found that
higher pre-transfusion platelet count was independently

TRANSFUSION-=

associated with greater post-transfusion platelet count
increments. In multivariable analysis, PR was indepen-
dently associated with lower platelet count increment,
consistent with the univariable result. Importantly, site-
level clustering accounted for a substantial proportion of
variability, suggesting inter-site variation in transfusion
practices and product availability may have influenced
our findings.

The magnitude of platelet count increment following
transfusion in children supported by ECMO is consis-
tently lower than that observed in other critically ill or
hematology/oncology populations. In our study, the
median platelet count increment was 19 x 10° cell/L
(IQR 8; 36). In an observational study of 90 children on
ECMO in 13 countries, the median platelet count incre-
ment corrected for a 10 mL/kg transfusion was higher at
34 x 10°/L (IQR 10-74 x 10°/L).'® Similarly, in a general
PICU population, Nellis et al. reported substantially
higher increments, with a median platelet count increase
of 48 x 10°/L for major bleeding, 42 x 10°/L for prophy-
lactic transfusions, and 38 x 10°/L for minor bleeding,
following a 10 mL/kg dose.'” Because pathogen-reduced
platelets were uncommon in that cohort (5%), whereas
they were much more frequent in our study (74%), direct
comparison between the two studies is more challenging.
However, this may also reflect active consumption of
platelets within the circuit during the transfusion.

The association between PR platelets and post-
transfusion platelet count increment is complex and
context-dependent. PR involves treating blood products
with agents such as amotosalen or riboflavin combined
with ultraviolet light, or with photochemical methods
like methylene blue plus light, to inactivate pathogens by
damaging their nucleic acids and preventing replication.
These technologies have demonstrated efficacy against a
broad spectrum of viruses, bacteria, and parasites, includ-
ing both enveloped and non-enveloped viruses.'® How-
ever, some biomolecular changes to platelets may
occur.” Clinically, PR platelet products are consistently
associated with lower post-transfusion platelet count
increments compared to standard, untreated platelets.
Multiple randomized controlled trials and meta-analyses
have demonstrated that both 1- and 24-h corrected count
increments are significantly reduced following transfu-
sion of PR platelets.”> ** In the present analysis, PR plate-
let transfusion was independently associated with a
lower platelet count increment in pediatric ECMO
patients, in both univariable and multivariable analyses.
Therefore, larger prospective observational studies are
required to evaluate the safety and efficacy of PR
platelets.

In our study, a higher pre-transfusion platelet count
was independently associated with a greater increment.
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Adjusted Odds
Ratio (95% ClI) P-value
Last pre-transfusion platelet count 1.03 (1.00, 1.07) I!I 0.049
Storage duration 0.118
<=4 days 042 (0.11,1.63) =
>4 days Reference
Unknown 4.78 (0.36, 62.78) =
Pathogen reduced 0.048
No Reference
Yes 0.16 (0.03, 0.99)
Platelet dose (mL/kg) 1.16 (0.97, 1.38) - 0.102
T T 1
0.1 1 10 100
Higher Platelet Count Increment—
FIGURE 3 Forest plot of adjusted odds ratios with 95% confidence intervals from the multivariable mixed-effects logistic regression

(random intercepts for patient and site) for the odds of a higher platelet increment (>20 x 10°/L). Higher pre-transfusion platelet count was

independently associated with higher odds of higher platelet increment, while pathogen reduction (PR) was significantly associated with

lower platelet count increment.

One plausible explanation is that patients with higher base-
line counts may have less ongoing consumptive coagulopa-
thy, resulting in reduced immediate post-transfusion
platelet consumption and a more robust increment. This
relationship is consistent with observations in other set-
tings, where patients with severe consumptive states, such
as sepsis, active bleeding, or disseminated intravascular
coagulation, often exhibit lower increments due to rapid
platelet consumption or destruction.”® An alternative expla-
nation is that a lower pre-transfusion platelet count may
reflect more prolonged thrombocytopenia, with greater
cumulative exposure to platelet transfusions and potential
alloimmunization. Similar patterns have been observed in
oncology patients, where alloantibody development contrib-
utes to reduced post-transfusion platelet increments.**

This study represents one of the first exploring the
relationship between platelet transfusion characteristics
and post-transfusion platelet count in pediatric ECMO
patients. This relationship is important to understand
given the volume of platelet transfusions that this popula-
tion consumes. However, this analysis has several impor-
tant limitations. The small sample size and the large
proportion of transfusions with missing storage duration
limited statistical power and precision. The patients
included in this secondary analysis were predominantly
neonates. However, this age distribution is consistent
with the epidemiology of pediatric ECMO.>*> We therefore
interpret our findings in the context of a young cohort
that remains broadly representative of the real-world
pediatric ECMO population. Because more included
transfusions came from the higher platelet transfusion
strategy arm, treatment assignment may have influenced
the overall distribution of transfusions included in this

secondary analysis, although assigned treatment arm was
not significantly associated with whether platelet count
increment fell into the higher versus lower increment
group. Although patients who received at least one
included platelet transfusion had a higher PELOD-2
score on study day 1, we were unable to meaningfully
adjust for severity of illness at the time of each transfu-
sion. Daily PELOD-2 scores reflect the worst values
observed over a 24-h period, mixing pre- and post-
transfusion physiology, with some components poten-
tially influenced by the transfusion itself. As a result, we
could not assess the relationship between severity of ill-
ness and platelet count increment at the time of each
individual transfusion. We acknowledge that the use of
absolute platelet count increment, rather than corrected
count increment, may limit direct comparability with
some prior studies. However, platelet dose in this trial
was protocolized within a narrow range, detailed platelet
content of individual units was unavailable, and 1-h post-
transfusion platelet counts were not routinely collected
because the trial did not mandate laboratory measure-
ments beyond those considered clinically warranted at
each site. Although regression models adjusted for site
using a random effect, residual confounding related to
site-specific blood bank practices, including preferential
use of irradiated or pathogen-reduced platelets in certain
patient subgroups, may still have influenced the observed
associations. Furthermore, platelet transfusion dose may
have reflected site-specific practice and consideration of
extracorporeal circuit characteristics, which were not
fully captured in the dataset. Because the association
between pre-transfusion platelet count and post-
transfusion platelet count increment was derived from an
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adjusted regression model in a small secondary analysis,
residual confounding may remain despite adjustment for
patient and site. This finding should therefore be inter-
preted cautiously and considered hypothesis-generating.
Product characteristics were unevenly represented, with
very few whole blood-derived, low-yield, or non-PAS units,
preventing robust evaluation of these factors. Because irra-
diated and pathogen-reduced platelets were mutually exclu-
sive in this cohort, we were unable to separate the
independent effects of these two product characteristics.
This likely reflects site-specific blood bank practice, pre-
cludes mechanistic interpretation of the observed associa-
tion with irradiation, and limits causal interpretation of the
observed associations. These findings should therefore be
considered hypothesis-generating. We did not collect
center-specific blood bank practices regarding platelet com-
ponent manipulation or modification, including strategies
used to reduce the volume of incompatible plasma in ABO-
incompatible transfusions. As a result, we were unable to
assess whether such practices may have influenced post-
transfusion platelet increments. Clinical sites were unable
to obtain information on the platelet content of individual
units from blood banks, further constraining interpretation.
At the patient level, we lacked patient-specific factors on
several clinically important determinants of platelet transfu-
sion response, including splenomegaly, concurrent renal
replacement therapy, disseminated intravascular coagula-
tion, and other markers of platelet consumption or seques-
tration. In addition, contemporaneous data on severity of
illness, lactate, vasoactive-inotrope score, and anticoagula-
tion intensity were not available at the time of each transfu-
sion, as these variables were only collected daily in the
parent trial. This limited our ability to account for impor-
tant clinical confounders that likely influence platelet incre-
ments. Although platelet transfusion dose was incorporated
into the analysis, dosing practices were not fully standard-
ized beyond the 10-20 mL/kg protocol range. Exact doses
may have varied across sites according to local recommen-
dations and may also have been individualized based on
the clinical situation, which could have influenced post-
transfusion platelet increments. In addition, higher doses
may have reflected greater clinical severity or concern for
bleeding risk, factors that were not fully captured in the
dataset. In addition, bleeding and clotting events were too
infrequent to allow meaningful statistical evaluation.
Finally, substantial between-site variability, evident in both
univariable and multivariable models, suggests the presence
of strong confounders related to local transfusion practices
and patient selection.

In conclusion, in this secondary analysis of the
ECSTATIC trial, we found that higher pre-transfusion
platelet counts were independently associated with
greater post-transfusion platelet count increments in

critically ill children supported by ECMO, while PR was
independently associated with lower platelet count incre-
ments. The overall platelet increments observed were
modest compared with general PICU populations,
highlighting the attenuated transfusion response in
ECMO. Taken together, our results suggest that both
product characteristics and patient context contribute to
transfusion effectiveness, and that considerable inter-site
variability may also influence outcomes. Prospective, ade-
quately powered studies that incorporate product-level
variables and account for patient- and site-level factors
are needed to optimize platelet transfusion strategies for
children on ECMO, with the goal of improving both
transfusion efficacy and patient outcomes. These future
studies should also evaluate clinical endpoints such as
bleeding, thrombosis, and circuit complications in rela-
tion to platelet characteristics.

ACKNOWLEDGMENTS

The following people contributed to the ECSTATIC trial
and should be considered collaborators for this publica-
tion: Jill M Cholette (Rochester, NY), Aditya Badheka
(Iowa City, IA), Eran Shostak, Yael Feinstein, Orit
Manor-Shulman (Tel Aviv, Israel), Jessica S Alvey (Salt
Lake City, UT), Jennifer A Muszynski (Columbus, OH),
Philip C Spinella (Pittsburgh, PA), Marisa Tucci
(Montreal, QC, Canada), Jacques Lacroix (Montreal, QC,
Canada), Simon Stanworth (Oxford, UK), Erika R O'Neil
(San Antonio, TX), Uri Pollak (Jerusalem, Israel), Timo-
thy Bahr (Salt Lake City, UT), S Ram Kumar (Omaha,
NE), Oleksiy Svezhenets (New York, NY). Research
reported in this publication was supported by the
National Heart, Lung, and Blood Institute R34 HL159119
and the National Center for Advancing Translational Sci-
ences U24TR001597.

CONFLICT OF INTEREST STATEMENT
The authors have disclosed no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

ORCID

Oliver Karam ‘¥ https://orcid.org/0000-0001-6606-1736
Jamie Furlong-Dillard ‘® https://orcid.org/0000-0003-
1659-6884

Robert A. Niebler \© https://orcid.org/0000-0002-1587-

1912

Madhuradhar Chegondi ® https://orcid.org/0000-0002-
1375-6988

Marianne E. Nellis “© https://orcid.org/0000-0002-2697-
6314


https://orcid.org/0000-0001-6606-1736
https://orcid.org/0000-0001-6606-1736
https://orcid.org/0000-0003-1659-6884
https://orcid.org/0000-0003-1659-6884
https://orcid.org/0000-0003-1659-6884
https://orcid.org/0000-0002-1587-1912
https://orcid.org/0000-0002-1587-1912
https://orcid.org/0000-0002-1587-1912
https://orcid.org/0000-0002-1375-6988
https://orcid.org/0000-0002-1375-6988
https://orcid.org/0000-0002-1375-6988
https://orcid.org/0000-0002-2697-6314
https://orcid.org/0000-0002-2697-6314
https://orcid.org/0000-0002-2697-6314

7 | TRANSFUSION

KARAM ET AL.

REFERENCES

1.

10.

11.

12.

13.

14.

Van Den Helm S, Yaw HP, Letunica N, Barton R, Weaver A,
Newall F, et al. Platelet phenotype and function changes with increas-
ing duration of extracorporeal membrane oxygenation. Crit Care Med.
2022;50(8):1236-45. https://doi.org/10.1097/CCM.0000000000005435
Rauch A, Dupont A, Rosa M, Desvages M, Le Tanno C,
Abdoul J, et al. Shear force-induced platelet clearance is a new
mechanism of thrombocytopenia. Circ Res. 2023;133(10):826—
41. https://doi.org/10.1161/CIRCRESAHA.123.322752

Nguyen Thi BP, Duy Nguyen BT, Jeong IS, Kim JF. Hemocom-
patibility challenge of membrane oxygenator for artificial lung
technology. Acta Biomater. 2022;152:19-46. https://doi.org/10.
1016/j.actbio.2022.09.003

Haus M, Foltan M, Philipp A, Mueller T, Gruber M,
Lingel MP, et al. Neutrophil extracellular traps—a potential
trigger for the development of thrombocytopenia during extra-
corporeal membrane oxygenation. Front Immunol. 2024;15:
1339235, https://doi.org/10.3389/fimmu.2024.1339235

Nellis ME, An A, Mahmood H, Prishtina F, Hena Z, Karam O.
Epidemiology of anticoagulation for children supported by extra-
corporeal membrane oxygenation in the United States: a pediatric
hospital information system database study. Perfusion. 2023;39:
536-42. https://doi.org/10.1177/02676591221151027

Karam O, Goel R, Dalton H, Nellis ME. Epidemiology of hemo-
static transfusions in children supported by extracorporeal
membrane oxygenation. Crit Care Med. 2020;48(8):E698-705.
https://doi.org/10.1097/ccm.0000000000004417

Cashen K, Dalton H, Reeder RW, Saini A, Zuppa AF, Shanley TP,
et al. Platelet transfusion practice and related outcomes in pediatric
extracorporeal membrane oxygenation. Pediatr Crit Care Med.
2020;21(2):178-85. https://doi.org/10.1097/pcc.0000000000002102
Christensen RD, Bahr TM, Davenport P, Sola-Visner MC, Kelley WE,
Ilstrup SJ, et al. Neonatal thrombocytopenia: factors associated with
the platelet count increment following platelet transfusion. J Pediatr.
2023;263:113666. https://doi.org/10.1016/j,jpeds.2023.113666

Nellis ME, Spinella PC, Tucci M, Stanworth SJ, Steiner ME,
Cushing MM, et al. Effect of platelet storage duration on clinical
outcomes and incremental platelet change in critically ill children.
Transfusion. 2020;60(12):2849-58. https://doi.org/10.1111/trf.16094
Nellis ME, Goel R, Karam O, Cushing MM, Davis PJ,
Steiner ME, et al. Effects of ABO matching of platelet transfu-
sions in critically ill children. Pediatr Crit Care Med. 2019;
20(2):e61-9. https://doi.org/10.1097/PCC.0000000000001779

Ng MSY, Tung JP, Fraser JF. Platelet storage lesions: what
more do we know now? Transfus Med Rev. 2018;32(3):144-54.
https://doi.org/10.1016/j.tmrv.2018.04.001

Tsalas S, Petrou E, Tsantes AG, Sokou R, Loukopoulou E,
Houhoula D, et al. Pathogen reduction technologies and their
impact on metabolic and functional properties of treated plate-
let concentrates: a systematic review. Semin Thromb Hemost.
2023;49(5):523-41. https://doi.org/10.1055/s-0042-1757897
Nellis ME, Vasovic LV, Goel R, Karam O. Epidemiology of the
use of hemostatic agents in children supported by extracorpo-
real membrane oxygenation: a pediatric health information
system database study. Front Pediatr. 2021;9:673613. https://
doi.org/10.3389/fped.2021.673613

Nellis ME, Barney BJ, Coles G, Cholette JM, Choudhury TA,
Furlong-Dillard J, et al. Platelet transfusion thresholds for children
supported by extracorporeal membrane oxygenation: the extracor-
poreal membrane oxygenation hemostatic transfusions in children

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

(ECSTATIC) feasibility clinical trial. Crit Care Med. 2026;54(3):
410-21. https://doi.org/10.1097/CCM.0000000000006995

Leteurtre S, Duhamel A, Salleron J, Grandbastien B, Lacroix J,
Leclerc F. PELOD-2: An update of the PEdiatric logistic organ
dysfunction score. Crit Care Med. 2013;41(7):1761-73. https://
doi.org/10.1097/CCM.0b013e31828a2bbd

Nellis ME, Saini A, Spinella PC, Davis PJ, Steiner ME,
Tucci M, et al. Pediatric plasma and platelet transfusions on
extracorporeal membrane oxygenation: a subgroup analysis of
two large international point-prevalence studies and the role
of local guidelines. Pediatr Crit Care Med. 2020;21(3):267-75.
https://doi.org/10.1097/pcc.0000000000002160

Nellis ME, Karam O, Mauer E, Cushing MM, Davis PJ,
Steiner ME, et al. Platelet transfusion practices in critically ill
children. Crit Care Med. 2018;46(8):1309-17. https://doi.org/
10.1097/CCM.0000000000003192

Lanteri MC, Santa-Maria F, Laughhunn A, Girard YA, Picard-
Maureau M, Payrat J, et al. Inactivation of a broad spectrum of
viruses and parasites by photochemical treatment of plasma
and platelets using amotosalen and ultraviolet a light. Transfu-
sion. 2020;60(6):1319-31. https://doi.org/10.1111/trf.15807

Feys HB, Van Aelst B, Compernolle V. Biomolecular conse-
quences of platelet pathogen inactivation methods. Transfus Med
Rev. 2019;33(1):29-34. https://doi.org/10.1016/j.tmrv.2018.06.002
Brixner V, Bug G, Pohler P, Kridmer D, Metzner B, Voss A, et al. Effi-
cacy of UVC-treated, pathogen-reduced platelets versus untreated
platelets: a randomized controlled non-inferiority trial. Haematologica.
2021;106(4):1086-96. https://doi.org/10.3324/haematol.2020.260430
van der Meer PF, Ypma PF, van Geloven N, van Hilten JA, van
Wordragen-Vlaswinkel RJ, Eissen O, et al. Hemostatic efficacy
of pathogen-inactivated vs untreated platelets: a randomized
controlled trial. Blood. 2018;132(2):223-31. https://doi.org/10.
1182/blood-2018-02-831289

Estcourt LJ, Malouf R, Hopewell S, Trivella M, Doree C,
Stanworth SJ, et al. Pathogen-reduced platelets for the preven-
tion of bleeding. Cochrane Database Syst Rev. 2017;7(7):
CDO009072. https://doi.org/10.1002/14651858.CD009072.pub3
Slichter SJ. Factors affecting posttransfusion platelet incre-
ments, platelet refractoriness, and platelet transfusion intervals
in thrombocytopenic patients. Blood. 2005;105(10):4106-14.
https://doi.org/10.1182/blood-2003-08-2724

Boothby AB, Tanner MK, Alswied A, Youngs D, Bribiesca
Rodriguez J, Bikkani T, et al. Cumulative donor-specific anti-
body threshold predicts platelet transfusion response in HLA-
alloimmunized patients. Blood Adv. 2024;8(17):4689-99.
https://doi.org/10.1182/bloodadvances.2024014143

ELSO. ELSO Registry International Summary [Internet]. 2025
[cited 2025 Dec 4]. Available from: https://www.elso.org/registry/
internationalsummaryandreports/internationalsummary.aspx

How to cite this article: Karam O, Barney BJ,
Coles G, Choudhury TA, Furlong-Dillard J,
Ozment C, et al. Impact of platelet characteristics
on post-transfusion count response in critically ill
children on Extracorporeal Membrane
Oxygenation: A secondary analysis of the
ECSTATIC trial. Transfusion. 2026;66(9):1727-36.
https://doi.org/10.1111/trf.70299



https://doi.org/10.1097/CCM.0000000000005435
https://doi.org/10.1161/CIRCRESAHA.123.322752
https://doi.org/10.1016/j.actbio.2022.09.003
https://doi.org/10.1016/j.actbio.2022.09.003
https://doi.org/10.3389/fimmu.2024.1339235
https://doi.org/10.1177/02676591221151027
https://doi.org/10.1097/ccm.0000000000004417
https://doi.org/10.1097/pcc.0000000000002102
https://doi.org/10.1016/j.jpeds.2023.113666
https://doi.org/10.1111/trf.16094
https://doi.org/10.1097/PCC.0000000000001779
https://doi.org/10.1016/j.tmrv.2018.04.001
https://doi.org/10.1055/s-0042-1757897
https://doi.org/10.3389/fped.2021.673613
https://doi.org/10.3389/fped.2021.673613
https://doi.org/10.1097/CCM.0000000000006995
https://doi.org/10.1097/CCM.0b013e31828a2bbd
https://doi.org/10.1097/CCM.0b013e31828a2bbd
https://doi.org/10.1097/pcc.0000000000002160
https://doi.org/10.1097/CCM.0000000000003192
https://doi.org/10.1097/CCM.0000000000003192
https://doi.org/10.1111/trf.15807
https://doi.org/10.1016/j.tmrv.2018.06.002
https://doi.org/10.3324/haematol.2020.260430
https://doi.org/10.1182/blood-2018-02-831289
https://doi.org/10.1182/blood-2018-02-831289
https://doi.org/10.1002/14651858.CD009072.pub3
https://doi.org/10.1182/blood-2003-08-2724
https://doi.org/10.1182/bloodadvances.2024014143
https://www.elso.org/registry/internationalsummaryandreports/internationalsummary.aspx
https://www.elso.org/registry/internationalsummaryandreports/internationalsummary.aspx
https://doi.org/10.1111/trf.70299

	Impact of platelet characteristics on post‐transfusion count response in critically ill children on Extracorporeal Membrane...
	Abstract
	1  |  INTRODUCTION
	2  |  STUDY DESIGN AND METHODS
	3  |  RESULTS
	3.1  |  Population
	3.2  |  Platelet characteristics
	3.3  |  Platelet count increment

	4  |  DISCUSSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES


