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Abstract

Background: Numerous studies have demonstrated that both cardiopulmonary bypass (CPB) and extracorporeal membrane oxygenation
(ECMO) are often associated with adverse outcomes or immune dysregulation when platelet counts decline during support. Moreover,
the severity of thrombocytopenia generally correlates with a worse clinical prognosis. However, the underlying mechanisms remain in-
completely understood. Previous research has attributed this phenomenon to hemodynamic alterations during CPB and ECMO, as well as
anticoagulant-induced abnormal platelet activation. Based on our clinical observations, we question the completeness of this explanation
and propose an alternative hypothesis: sustained platelet activation during ECMO serves as an initiating factor that contributes to both
progressive thrombocytopenia and immune dysfunction throughout the support period. Methods: We investigated platelet activation
status, degranulation capacity, and T cell subset dynamics in patients receiving ECMO support. Flow cytometry was used to assess
platelet surface markers, reticulated platelet proportions, and T cell subset distributions. Results: We demonstrate that platelets exhibit
excessive activation during ECMO, accompanied by a gradual decline in their degranulation capacity. Notably, even with an increased
proportion of newly formed platelets, this functional impairment persists. Furthermore, we observed significant alterations in Helper
T cell Type 1 (Thl) and CD8+ T cell populations during ECMO support. Conclusions: Our findings suggest that aberrantly activated
platelets during ECMO amplify the specific recognition of platelet antigens by CD8+ T cells via modulating the differentiation bias of
CD4+ T cells, particularly Thl cells, ultimately leading to platelet depletion. These results suggest that early interventions targeting
abnormal platelet activation may represent a potentially effective therapeutic strategy to mitigate ECMO-associated thrombocytopenia.

Keywords: mechanical circulatory support; ECMO; platelets; thrombocytopenia; T lymphocytes

1. Introduction Emerging evidence indicates that patients frequently
develop thrombocytopenia, impaired platelet function, and
immune dysregulation during ECMO support; however, the
underlying mechanisms remain incompletely understood
[6,7,8]. Our findings further demonstrate that patients ex-
periencing a 50% or greater reduction in platelet count dur-
ing ECMO therapy are at significantly increased risk of ad-
verse clinical outcomes [9]. Additionally, our data reveal
that platelet counts tend to stabilize at a reduced level be-
tween 3 to 5 days of ECMO support. Moreover, in clinical
practice, we have observed that patients assisted by ECMO
often experience immune dysfunction both during and after
the ECMO support period.

Cardiopulmonary Bypass (CPB) and extracorporeal
membrane oxygenation (ECMO) have become the most
common basis for extracorporeal life support in clinical
practice and are widely used in the clinical treatment of
various types of critically ill patients. Since Gibbon’s [1]
pioneering application of CPB in cardiac surgery during
open-heart procedures in 1953, research efforts have in-
creasingly focused on the miniaturization of extracorpo-
real systems and their adaptation for use beyond the oper-
ating room. This evolution facilitated the development of
ECMO, which better meets these clinical demands and has
been increasingly adopted in intensive care settings. No-

tably, veno-arterial ECMO (VA-ECMO) has emerged as a
crucial therapeutic strategy for refractory cardiogenic shock
and other acute cardiovascular conditions, providing life-
saving support for patients with terminal cardiopulmonary
failure or sudden hemo-dynamic instability [2,3]. Despite
advancements in ECMO technology, thrombotic and hem-
orrhagic complications remain common and present signif-
icant clinical challenges [4,5].

Platelets are widely recognized as one of the key com-
ponents involved in hemo-stasis and coagulation. How-
ever, recent studies have revealed that platelets also play
a regulatory role in various immune responses [10,11,12].
Because of their anucleate structure, most of the genetic ma-
terial is derived from megakaryocytes. As a result, an in-
creasing number of researchers advocate for the integrated
analysis and investigation of megakaryocytes and platelets.
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Moreover, accumulating evidence has demonstrated that
platelets actively participate in modulating innate and adap-
tive immune responses across various pathological condi-
tions through direct interactions with T cells.

To further elucidate the underlying etiology of throm-
bocytopenia in pediatric patients undergoing ECMO sup-
port and to investigate the potential pathophysiological
mechanisms linking thrombocytopenia with immune dys-
regulation, we analyzed platelet phenotypes, markers of ab-
normal activation, and alterations in T-cell subsets at mul-
tiple time points during ECMO support. Our findings indi-
cate that ECMO-associated thrombocytopenia results from
the combined effects of aberrant platelet activation and dys-
regulated cellular immune responses.

2. Methods
2.1 Study Participants and Sample Preparation

Using a blood collection tube (with a blue cap) con-
taining sodium citrate for anticoagulation, 2.7 mL of oxy-
genated peripheral blood was collected from the oxygena-
tor of the ECMO circulation pipeline. The preparation
of platelet-rich plasma (PRP) typically involves a two-
step centrifugation protocol. In brief, citrate-anticoagulated
whole blood was initially centrifuged at 200 g to separate
the supernatant, which contains platelets and plasma. Sub-
sequently, this supernatant was subjected to a second cen-
trifugation at 2000 g to further remove residual plasma com-
ponents. Finally, the resulting platelet pellet was resus-
pended in Hank’s Balanced Salt Solution (HBSS) buffer to
obtain the PRP.

2.2 Flow Cytometry for Count of Platelets and the Content
of Surface Glycoprotein Receptors (GP)

5 pL of citrate sodium anticoagulated whole blood
sample was stained with pre-mixed antibody solution and
incubated at room temperature in the dark for 15 minutes.
All the antibodies required for this experiment are listed in
Supplementary Table 1. After the incubation was com-
pleted, 500 uL of 1% polyformaldehyde solution was added
to terminate the immune reaction. Then, the pre-diluted
counting beads were added to the reaction system accord-
ing to the experimental ratio and mixed well. Ths BD
Canto Plus flow cytometer was then used for detection.
Platelets were screened based on their forward scattering
angle (FSC) and side scattering angle (SSC) characteristics,
CD41+ and CD61+ were used for platelet labeling.

2.3 Platelet Activation Status Analysis

5 pL of whole blood was stimulated with and with-
out adenosine diphosphate (ADP) (0.004 mmol/L) for 5
minutes in a dark environment and stained with anti-P-
selectin-BV421 (BD Bioscience), anti-CD63 (Biolegend),
anti-activated integrin GPIIb/IIla (PAC-1, BD Bioscience)
and anti-CD41-PE (Biolegend) for 15 min at room temper-
ature (25 = 5) °C. The reaction was terminated by adding

an additional 500 pL of 1% paraformaldehyde solution,
and data analysis was performed using the Canto plus flow
cytometer within 6 hours. CD41+ was used for platelet
labeling. All the antibodies required for this experiment
are listed in Supplementary Table 1. For details on flow
cytometry-related gating strategies refer to Supplementary
Material 2.

2.4 Platelet RNA Analysis

The citrate sodium anticoagulated whole blood was in-
cubated with anti-CD61-Alexa flour 647 and anti-HLA-A,
B, C-BV510 in a dark environment for 15 minutes. Fur-
ther 1% paraformaldehyde for fixation, and thiazole orange
(TO) agent for staining were added for 5 minutes before
loading onto the instrument and mixed thoroughly. The an-
tibodies used are listed in Supplementary Table 1.

2.5 Apoptosis analysis

An apoptosis experiment was conducted using the An-
nexin V-FITC Apoptosis Detection Kit (Biolegend) and
Fixable Viability Stain 660 (FVS660) Kit from BD Bio-
science. According to the instructions, 200 pL of platelets
were pre-separated and re-suspended in 1 x PBS. 1 pL of
FVS660 staining solution was added and incubated at 4 °C
in the dark for 5 minutes. This was washed twice with
PBS containing 10% BSA, then Ca** and Mg?*-containing
HBSS buffer was added, along with Annexin V and Alexa
Fluor-labeled CD61 (AF-CD61) antibody. This was incu-
bated in the dark for 15 minutes, washed twice with PBS,
and then 500 pL of 1% paraformaldehyde was added to ter-
minate the reaction. The reaction should be detected within
6 hours. The antibodies used are listed in Supplementary
Table 1.

2.6 Statistics

Prism 9 (GraphPad Software Inc., San Diego, CA,
USA) was employed for descriptive statistics, statistical
analysis, and graphical representation. Due to the ex-
ploratory nature of this study and the limited sample size,
data are presented as median with interquartile range (IQR).
The Friedman test, a non-parametric alternative to repeated-
measures analysis of variance (ANOVA), was employed to
compare changes in platelet parameters and T-cell subsets
across multiple time points (e.g., baseline, Day 1, Day 3,
Day 5). Post-hoc pairwise comparisons between specific
time points were conducted using the Wilcoxon signed-rank
test. To control for the inflation of Type I error due to mul-
tiple comparisons, the Benjamini-Hochberg false discovery
rate (FDR) correction was applied. A corrected p-value <
0.05 was considered statistically significant. It should be
noted that, for clarity and visual readability, p values for
nonsignificant results were omitted when they did not per-
tain to the experimental hypotheses. All analyses were con-
sidered exploratory and hypothesis-generating.
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3. Results

3.1 ECMO Promotes Platelet Glycoprotein Defects and
Abnormal Activation

This study enrolled two pediatric patients receiv-
ing VA-ECMO support following cardiac surgery (ECMO
group), along with three matched control subjects selected
based on age and surgical procedure (control group). De-
tailed information is provided in Supplementary Mate-
rial 1. Based on previous research results, scholars gen-
erally believe that the occurrence of thrombocytopenia dur-
ing ECMO assistance is closely related to abnormal platelet
activation and/or mechanical injury. However, there is a
lack of direct evidence. Initially, we applied flow cytometry
technology to separately detect the platelet count and glyco-
protein receptor content in the peripheral blood of ECMO-
assisted children on the 1st, 3rd, and 5th days of assistance.
We found that in pediatric patients, platelet count dropped
sharply on the first day of ECMO assistance and remained
atalow level throughout the 5-day period of assistance (Fig.
la). Additionally, the platelet surface adhesion-related re-
ceptors GP Iba and GP Ia/lla complex, as well as GP IV
(CD36) and immunoregulation-related receptors major his-
tocompatibility complex class I (MHC-I, covering HLA-
A, HLA-B and HLA-C) and programmed death-ligand 1
(PD-L1), all exhibit varying degrees of altered expression
in the patient cohort (Fig. 1b—f), and significant reduction
in GP Iba was observed on the first day of assistance (Fig.
1b), which may be related to the strong platelet production
capacity but poor membrane stability in children. Studies
have shown that abnormal platelet glycoprotein receptors or
abnormal activation can significantly enhance the clearance
effect of the liver reticuloendothelial system, and this seems
to be the most common cause of ECMO-related thrombo-
cytopenia at present. To confirm this, we used TO to label
and semi-quantify the RNA content of platelets. Platelets’
behavior, as cells without a nucleus, depends on the RNA
inherited from megakaryocytes, and the content of RNA
can also determine the lifespan of platelets [13,14]. We
found that on the first day of ECMO assistance, the pro-
portion of reticulocytes in the children’s circulation (with
high RNA content) significantly increased and decreased
to normal levels within 48 hours (Fig. 2a,b).

Next, we further assessed the activation status
of platelets during ECMO support. By analyzing
CD62p+CD63+ and CD62p+PAC-1+ platelet populations,
we observed that the degree of circulating platelet activation
was significantly elevated compared to the control group
within the first five days of ECMO support (Fig. 1g,).
Although the activation levels showed a decreasing trend
and gradually approached those of the control group start-
ing from day 1, the differences remained statistically non-
significant (Fig. 1i,1). Moreover, upon in vitro stimulation
with ADP, the platelet activation response in the ECMO
group exhibited a higher activation ratio than that in the
control group; however, this difference did not reach sta-
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tistical significance (Fig. 1h,k). The findings demonstrate
that during ECMO support, platelets display functional re-
ceptor defects and abnormal activation patterns, which may
play arole in the development of ECMO-associated throm-
bocytopenia. However, in vitro activation assays induced
by ADP revealed a reduced activation reserve capacity in
circulating platelets, a result that partially contradicts the
proposed hypothesis.

3.2 ECMO Causes Mechanical Damage to Platelets

Furthermore, the hemorheological properties of blood
flowing through the ECMO circuit, in combination with the
mechanical shear force imposed by the vertical centrifugal
pump, can directly impair platelet structural integrity. Due
to their lack of a nucleus, platelets have limited capacity
to respond to and repair mechanical damage. When the
magnitude of injury exceeds their physiological tolerance,
platelets become susceptible to apoptosis or necrosis. We
found that regardless of whether ECMO assistance was per-
formed or not and the duration of such assistance, cardiac
surgery had a more significant impact on platelet damage
(Fig. 2c¢).

3.3 Detection of T Cell Subsets and Activation Status

Platelets are the second most abundant cell type in hu-
man blood and exert various immune-regulatory functions
under both physiological and pathological conditions. In
fact, immune cell regulation via platelets has been demon-
strated in several studies within the past decade [15]. Based
on previous results, we observed that although platelet re-
duction, abnormal platelet activation, and glycoprotein de-
ficiency occurred at the initiation of ECMO support in pedi-
atric patients, these abnormalities were transient in nature.
They were predominantly evident only on the first day of
support and subsequently normalized to levels comparable
to those of the control group. Nevertheless, platelet counts
did not return to pre-support levels, indicating the presence
of ongoing factors impairing platelet production. Integrat-
ing these observations with existing studies in adult popu-
lations [16], we hypothesize that this phenomenon may be
associated with dysregulated cellular immunity.

Therefore, we initially examined the proportions and
activation status of peripheral blood T cell subsets at var-
ious time points during ECMO support. Our findings re-
vealed a continuous decline in the CD4/CDS ratio starting
from the first day of support (Fig. 3a). Both CD4 and CDS§
T cell proportions exhibited a transient increase on day 1,
followed by a decrease to relatively low levels (Fig. 3b,c).
Furthermore, analysis of T cell activation status demon-
strated that, following the initiation of ECMO support, the
proportion of naive cells (CD45RA+CCR7+) within both
CD4 and CDS8 T cell populations was markedly higher com-
pared to the control group (Fig. 3d,h). Conversely, the
proportions of effector cells (CD45RA+CCR7-), effector
memory cells (CD45RA-CCR7-), and central memory cells
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Fig. 1. Flow cytometry for the accurate counting of platelets. (a). Dynamic changes on the surface of platelets of GP Ia (b). GP
Ia/lla (c). GP IV (d). HLA-A, B, C (e). and PD-L1 (f). The scatter plots and heat maps (g,j) show the monitoring of abnormal platelet
activation (i,1) and ADP in vitro activation (h,k) during ECMO assistance at different times. (*p < 0.05; **p < 0.01; ***p < 0.001; ns,
not significant.); Friedman’s test for comparison at respective time points. ANOVA, analysis of variance; ADP, adenosine diphosphate;
ECMO, extracorporeal membrane oxygenation; GP, glycoprotein receptors.
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Fig. 2. Dynamic changes in reticulated platelet percentage and platelet apoptosis during ECMO support. The scatter plot illustrates
the dynamic changes in the proportion of reticulocytes in the bloodstream during various durations of ECMO support, as determined by

flow cytometry (a,b), along with a schematic representation depicting the status of platelet apoptosis and structural damage (c). FVS660,

Fixable Viability Stain 660; ECMO, extracorporeal membrane oxygenation. “*” represents p < 0.05, “**” represents p < 0.01, “ns”

stands for “not significant”, i.e., p > 0.05.

(CD45RA-CCR7+) were all reduced to varying extents rel-
ative to the control group (Fig. 3e—g,i—k). Notably, the pro-
portion of effector CD8 T cells were significantly decreased
(Fig. 31), showing statistically significant differences (p <
0.05). These findings indicate that specific factors related
to ECMO support may induce T cell immaturity and sup-
press their activation and proliferation, thereby contributing
to the disruption of immune homeostasis.

3.4 Detection of Helper T Cell Subsets (Th)

Research demonstrates that CD63 maintains the quies-
cent state of hematopoietic stem cells (HSC) and suppresses
T cell proliferation and activation via the TGF-beta signal-
ing pathway [15,17]. Our research findings further demon-
strate that the expression level of PD-L1 on the surface of
circulating platelets in patients, progressively increases dur-
ing ECMO support (Fig. 1f). Subsequently, we hypothe-
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size that platelets over-activated during ECMO support may
contribute to the disruption of T cell homeostasis. For this
purpose, we also analyzed the subgroups of helper T cells,
which are the most important components of the cellular
immune process.

Using flow cytometry, we observed distinct dynamic
changes among Th cell subpopulations at different time
points during ECMO support. The Th1/Th2 ratio showed a
significant increase only on the first day of support and re-
turned to levels comparable to those of the control group by
the third day (Fig. 4a). In contrast to the Th1/Th2 ratio, the
proportion of Thl cells in peripheral blood was markedly
elevated at the initiation of ECMO support and further in-
creased by day three (Fig. 4b, p < 0.05). Thl cells play
a pivotal role in cellular immunity, particularly in promot-
ing the proliferation and maturation of CD8+ T cells. An
elevated proportion of Thl cells has also been associated
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Fig. 3. Detection of T cell subset proportions and activation status. (a) [llustrates the dynamic changes in the CD4/CD8 ratio at

different time points during ECMO support; (b,c) depict the fluctuations in the proportions of CD4+ and CD8+ T cells, respectively;

(d—g) demonstrate the variations in the proportions of naive, effector, effector memory, and central memory CD4+ T cells. (h—k) illustrate

the dynamic changes in the proportions of naive, effector, effector memory, and central memory CD8+ T cells. ECMO, extracorporeal

membrane oxygenation. “*” represents p < 0.05, “**” represents p < 0.01, “***” represents p < 0.001, “ns” stands for “not significant”,

ie., p>0.05.

with enhanced induction of delayed-type hypersensitivity
reactions (DTH). Meanwhile, the proportions of Th2 and
ThO cells gradually declined as support duration extended
(Fig. 4c,d). No notable changes were observed in the fre-
quencies of Th17 and Th22 cells throughout the observation
period (Fig. 4e,f). Compared with conventional helper T
cells, the dynamic patterns of follicular helper T cells (Tth)
were largely consistent with previously reported adult pro-
files (unpublished data from our center), apart from a pro-
nounced increase in Th17-like Tth cells (Fig. 4g—i). Collec-
tively, these findings indicate a strong association between
thrombocytopenia during ECMO support and both abnor-
mal platelet activation and T-cell dysregulation.

4. Discussion

Platelets are generated by megakaryocytes (MKs)
through budding or cytoplasmic fragmentation. Under

physiological conditions, their production and clearance are
tightly regulated by immune mechanisms and the hepatic
reticuloendothelial system. Given their unique anuclear
structure, platelets inherit nearly all their functional prop-
erties from MKs [18,19]. However, emerging evidence
suggests that the distinct polyploid nuclear architecture of
megakaryocytes contributes to substantial functional het-
erogeneity among the platelets they produce. Clinical ob-
servations reveal a temporal correlation between platelet
count reduction and immune dysfunction during ECMO
support, although the underlying mechanisms remain in-
completely understood. Previous studies have primarily at-
tributed ECMO-associated thrombocytopenia to anticoag-
ulant use and abnormal platelet activation caused by expo-
sure to non-biological surfaces [16,20,21,22], yet immune
dysregulation has not been systematically investigated. To
our knowledge, this study is the first to explore the poten-
tial link between ECMO-related thrombocytopenia and im-
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Fig. 4. Changes in the proportions of T cell subsets detected by flow cytometry. Flow cytometry for the Th1/Th2 ratio (a) at various
time points during ECMO support, along with the proportions of Th1 (b), Th2 (c), Th9 (d), Th17 (e), and Th22 (f) helper T cell subsets,
as well as the frequencies of Thl-like (g), Th2-like (h), and Th17-like (i) follicular helper T cells. ECMO, extracorporeal membrane
oxygenation. “*” represents p < 0.05, “**” represents p < 0.01, “***” represents p < 0.001, “ns” stands for “not significant”, i.e., p >

0.05.

mune dysfunction, offering insights into why thrombocy-
topenia predominantly occurs during ECMO support.
Under physiological conditions, P-selectin (CD62p)
is predominantly localized in platelet a-granules, whereas
CD63 resides on the lysosomal/dense granule membrane
and serves as both a key marker of late platelet activation
and a mediator of immune regulation [10,17,23]. Our ex-
perimental data from platelet activation and in vitro stim-
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ulation assays demonstrate that during ECMO support,
platelets exhibit varying degrees of abnormal activation and
display heterogeneous responses to ADP stimulation. No-
tably, the proportion of CD62p+CD63+ platelets was sig-
nificantly elevated compared to the control group, while
the increase in CD62p+PAC-1+ platelets remained min-
imal. Platelets originate from megakaryocytes with di-
verse ploidy levels, resulting in functional heterogeneity
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among them. Specifically, platelets derived from low-
ploidy megakaryocytes (<8N) not only participate in co-
agulation and also contribute to the modulation of various
immune responses. Intriguingly, upon in vitro ADP stim-
ulation, platelets from ECMO-supported patients failed to
show the expected significant increase in activation levels,
suggesting the presence of platelet aging, which may be as-
sociated with excessive degranulation induced by hemody-
namic alterations during extracorporeal circulation.

Increasing evidence demonstrates that platelets not
only serve as critical regulators and mediators in the co-
agulation process, they also actively participate in various
immune and inflammatory responses, including tumor im-
mune escape [24], the pathogenesis of autoimmune dis-
eases [25], and the development of systemic inflammatory
response syndrome [26], via signaling pathways including
PD-L1/PD-1 and TGF-B.

Regarding cellular immune responses, previous clini-
cal observations have indicated that adult patients receiv-
ing ECMO support typically exhibit a decline in platelet
counts within 3—5 days of support initiation, a finding con-
sistent with our data. This phenomenon occurs exclusively
during ECMO support. Following ECMO discontinua-
tion, platelet counts generally return to near-baseline lev-
els within 72 hours without pharmacological intervention.
Notably, the initiation of classical delayed-type hypersen-
sitivity also occurs approximately 72 hours after antigen
exposure and depends on persistent antigen stimulation.
Based on this temporal correlation, we hypothesize a poten-
tial link between ECMO-associated thrombocytopenia and
the kinetics of delayed-type hypersensitivity. To investi-
gate, we monitored CD8+ T cells-the key effector cells in
delayed-type hypersensitivity-and observed a progressive
decrease in the proportion of effector CD8+ T cells and
central memory CD8-positive T cells, alongside a gradual
increase in effector memory CD8-positive T cells. Con-
currently, we noted a significant rise in the proportion of
Thl cells, which assist in CD8+ T cell proliferation and ac-
tivation, during ECMO support. This finding may be as-
sociated with ECMO-induced platelet activation interfer-
ing with regulatory T cell (Treg) function [20]. The ob-
served trend aligns with our hypothesis and further sug-
gests that aberrant platelet activation during ECMO may
suppress CD4+ T cell function, thereby enhancing CD8+ T
cell activity within a certain range and affecting polyploid
megakaryocytes. This mechanistic hypothesis is addition-
ally supported by experimental observations of upregulated
PD-L1 expression on platelet surfaces during ECMO sup-
port.

In conclusion, the data from this study indicate that
abnormally activated platelets during ECMO support may
serve as an initiating factor, playing a critical role in pro-
moting the occurrence and progression of thrombocytope-
nia and immune dysregulation. Therefore, whether inter-
ference with or suppression of abnormal platelet activation
can prevent or correct immune dysregulation—thereby aid-

ing in the prevention and treatment of ECMO-associated
thrombocytopenia—represents a pivotal issue that warrants
further in-depth investigation.

5. Limitations

While we have drawn our research conclusions, it is
important to acknowledge that our study still has several
limitations. First, due to the small sample size (n = 5),
the results may be subject to bias. Expanding the cohort
in future studies will be essential to enhance the reliabil-
ity and generalizability of the findings. Furthermore, this
study did not evaluate the differential effects of various
types and doses of anticoagulants on pediatric patients re-
ceiving ECMO support. A well-designed randomized con-
trolled trial (RCT) is urgently warranted to address this gap.

6. Conclusions

In conclusion, this study demonstrates that sustained
platelet hyperactivation during ECMO support triggers a
cascade of functional and immunological alterations. We
observed that excessive platelet activation is accompanied
by progressive degranulation impairment, which persists
even with increased production of newly formed platelets.
Importantly, our findings reveal a novel mechanistic link
between aberrant platelet activation and T-cell-mediated
immune responses: platelet hyperactivation promotes Thl
cell differentiation bias, which in turn enhances CD8+ T-
cell recognition of platelet antigens, ultimately contribut-
ing to platelet depletion. These results challenge the tradi-
tional view that merely attributes ECMO-associated throm-
bocytopenia to hemodynamic changes or anticoagulant ef-
fects. Instead, we propose that platelet activation serves as
an initiating and amplifying factor in both thrombocytope-
nia and immune dysregulation. Early therapeutic interven-
tions specifically targeting abnormal platelet activation may
therefore represent a promising strategy to mitigate ECMO-
related complications and improve patient outcomes.
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