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Abstract

Objectives: To evaluate the feasibility of randomizing children on extracorporeal membrane 

oxygenation (ECMO) to one of two prophylactic platelet transfusion thresholds.

Design: Randomized controlled trial

Setting: Ten ECMO centers (9 in United States, 1 in Israel)

Patients: Critically ill children (0 to <18 years), supported on ECMO, with no or minimal 

bleeding within 24 hours of cannulation.

Interventions: Children were randomized to a higher platelet threshold (transfused when platelet 

count <90×109/L) or a lower platelet threshold (transfused when platelet count <50×109/L). 

Primary feasibility outcome was pre-transfusion platelet count to test for a difference between 

strategies. Primary safety outcome was progression to severe bleeding, severe clotting, and/or 

all-cause mortality.

Measurements and Main Results: Of 159 patients screened for eligibility, 77% (123/159) 

met eligibility criteria. Sixty-five percent (80/123) of caregivers were approached for consent. 

Consent was obtained in 63% (50/80). Enrolled children had a median age of 0.2 years (IQR 0.0; 

1.7) and 88% (44/50) were supported by veno-arterial (V-A) ECMO. The model-adjusted mean 

difference in pre-transfusion platelet count between the groups was 32×109/L (p-value <0.001). 

Compliance with assigned transfusion threshold was 99.2%. Eleven (22%) children experienced 

the primary safety outcome. Progression to severe bleeding occurred in 14% (7/50) of patients, 

while progression to severe clotting was observed in 4% (2/50).
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Conclusions: Non-bleeding children on ECMO can be screened, enrolled and randomized 

to different platelet transfusion strategies within 24 hours of cannulation. Compliance with the 

protocol was excellent with significant separation in pre-transfusion platelet counts between the 

arms. Severe bleeding and severe clotting occurred at similar rates in both thresholds. A larger, 

definitive trial is feasible and needed.

MESH Terms:

children; critical illness; platelet transfusion; ECMO; hemorrhage; thrombosis

Introduction

Due to thrombocytopenia, circuit-induced platelet dysfunction, and need for anticoagulation, 

children supported by extracorporeal membrane oxygenation (ECMO) are at high risk of 

bleeding.(1, 2) Up to 70% of children will have at least one episode of clinically relevant 

bleeding during their ECMO course.(3) Due to this risk of bleeding, platelet transfusions 

are given. Based on data from two large cohorts, children on ECMO receive platelet 

transfusions on two-thirds of ECMO days.(4, 5) Paradoxically, these transfusions have 

been independently associated with increased bleeding the following day and with higher 

mortality—findings consistent with other platelet transfusion trials.(6)

Considering well-recognized risks of platelet transfusion including infection, acute lung 

injury, circulatory overload and immunomodulation, (7–11) it is essential to define 

appropriate thresholds below which platelet transfusions should be given. However, there is 

little evidence to direct this decision. Current guidance from the Extracorporeal Life Support 

Organization encourages prophylactic platelet transfusion when the platelet count drops 

below 50–100 ×109/L.(12) The Transfusion-Anemia eXpertise Initiative-Control/Avoidance 

of Bleeding and the Pediatric ECMO Anticoagulation CollaborativE consensus groups 

concluded there is not enough evidence to recommend a platelet transfusion threshold for 

non-bleeding children on ECMO.(13, 14)

A first step to understand the appropriate minimum prophylactic platelet transfusion 

threshold is to demonstrate feasibility of enrolling and randomizing patients to two separate 

threshold strategies in a safe manner. We designed a multi-centered, randomized controlled 

trial (RCT) to test two prophylactic platelet transfusion thresholds for children on ECMO to 

demonstrate this feasibility.

Methods

Study Design

The ECMO Hemostatic Transfusions in Children (ECSTATIC) trial was a multicenter, 

randomized, open-label, RCT evaluating the feasibility of comparing two prophylactic 

platelet transfusion strategies in children on ECMO. Regulatory approval was given by 

the Biomedical Research Alliance of New York (BRANY), protocol #23-10-085, approval 

02/20/2023. Procedures were followed in accordance with the ethical standards of the 

responsible committee on human experimentation and with the Helsinki Declaration of 
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1975. Informed consent was obtained from caregivers for all participants. The study was 

registered with clinicaltrials.gov (ID# NCT05796557).

We screened patients at ten pediatric, cardiac and neonatal intensive care units (ICUs) 

in two countries (Israel and United States). Children <18 years who were on ECMO 

and had no/minimal bleeding within 24 hours of cannulation were eligible. Bleeding was 

considered minimal per the Bleeding Assessment Scale in Critically Ill Children (BASIC) 

definition. (15) Exclusion criteria are listed in Figure 1. The study protocol is available in the 

Supplemental Digital Content (SDC).

Participants were randomized in a 1:1 ratio to either a low or high prophylactic platelet 

transfusion threshold strategy using an online system. In the higher platelet transfusion 

strategy group, the platelet count threshold for transfusion was <90×109/L. In the lower 

platelet transfusion strategy group, the threshold was <50×109/L. To ensure equipoise, these 

thresholds were chosen based on observational and survey data and approximate the 25th 

and 75th percentile of real-life transfusion thresholds (16, 17). Participants were stratified 

by age (≤28 vs >28 days) because of safety concerns around lower transfusion strategies in 

neonates.

Platelet counts were to be monitored at least twice daily. Platelets were to be transfused 

within 12 hours of the threshold value being reached. The transfusion dose was 10–20 

mL/kg. Platelet count was to be assessed 2–4 hours after the end of the platelet transfusion.

The protocol could be temporarily suspended for up to 24 hours at the discretion of the 

attending physician if the clinical situation warranted immediate transfusion for conditions 

including: 1) chest-tube insertion; 2) surgical intervention while on ECMO; 3) ECMO 

circuit change; or 4) in preparation for decannulation.

To ensure patients were managed identically in both arms, we required sites to adhere to the 

latest international guidelines regarding anticoagulation and other hemostatic interventions 

(14). Furthermore, sites were required to follow their local guidelines for plasma 

transfusions, anticoagulation, cryoprecipitate or fibrinogen concentrate administration, 

antithrombin administration, and ECMO circuit priming. Local guidelines could not be 

changed based on the arm to which the patient was assigned; compliance with these 

guidelines was tracked for each patient. The highest and lowest Anti-Xa and activated partial 

thromboplastin time (aPTT) were recorded daily to follow compliance with anticoagulation 

protocols.

The platelet transfusion threshold was applied for up to 21 days, until progression to severe 

bleeding and/or severe clotting (outside of temporary suspensions), end of ECMO support 

(as defined by cessation of flow through the ECMO circuit), temporary suspension lasting 

more than 24 hours, or withdrawal from the study, whichever occurred first.

The primary endpoint was the separation in pre-transfusion platelet count between the 

two arms, excluding temporary suspensions. The protocol defined 10 feasibility criteria 

as secondary endpoints; at least five were required to declare the trial successful. Details 

of the feasibility criteria are provided in the SDC. Platelet transfusion compliance was 
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achieved when a platelet transfusion was appropriately administered within 12 hours after 

a below-threshold platelet count, or by not transfusing any platelets when there was no 

below-threshold platelet count (unless during a temporary suspension).

The primary safety outcome was progression to severe bleeding and/or severe clotting 

outside of a temporary suspension and/or all-cause mortality within 24 hours after the 

transfusion strategy ended. Severe bleeding was defined by the BASIC definition (15) with 

the addition of new intracranial hemorrhage. Severe clotting was defined by an NHLBI 

Consensus Conference.(18) The primary safety outcomes were adjudicated by two members 

of a three-member adjudication committee blinded to randomization. Adjudicators reported 

whether they agreed with the bedside determination of severe bleeding and/or severe 

clotting; in the event of conflicting responses, the third adjudicator reviewed the event.

Additional clinical outcomes included survival status on ECMO and at 28 and 90 days, 

blood product exposure, duration of ECMO (defined as 90-day ECMO-free days), 90-day 

ICU-free days, and functional outcomes.

Statistical Analysis

We estimated a sample size of 50 patients to detect a difference in pre-transfusion platelet 

counts between the two arms. The Statistical Analysis Plan (SAP) in the SDC provides 

the detailed sample size justification. The SDC also contains an addendum noting key 

differences between the SAP and the analysis presented in this manuscript for six areas: (1) 

handling of temporary suspensions; (2) definition of transfusion protocol compliance; (3) 

application of interim primary safety outcome testing at different timepoints; (4) changes 

in testing for additional analyses (that should be considered as exploratory); (5) subgroup 

analyses for subgroups specified in the SAP not conducted; and (6) clarification in the 

interpretation of compliance with non-study protocols. Planned interim safety analyses 

consisted of meetings of an independent data safety monitoring board (after approximately 

10, 25, and 40 enrollments) to review study data, and statistical testing after every 5 

participants who had site-reported primary safety outcomes.

Continuous data were summarized using medians and interquartile ranges and categorical 

data were summarized with counts and percentages. The primary study hypothesis was 

tested using a one-sided test at α=0.025 of the linear regression coefficient that compares 

the between-arms difference in mean pre-transfusion platelet count; the regression model 

accounted for repeated measures (see SAP and Addendum in SDC). No p-value adjustments 

were made for multiple comparisons. Data were analyzed with SAS software, version 9.4 

(SAS Institute, Cary, NC).

Results

From November 2023 to December 2024, 159 patients were screened for eligibility and 77% 

(123/159) met eligibility criteria. Sixty-five percent (80/123) of caregivers were approached 

for consent. Consent was obtained in 63% (50/80). We enrolled 50 participants. Screening 

and enrollment data are provided in Figure 1.
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Ninety-four percent (47/50) of participants were enrolled in the US and 6% (3/50) in Israel. 

Median age of participants was 0.2 years (IQR 0.0; 1.7). Forty-four percent (22/50) were 

male sex. Fifty-four percent (27/50) were white, 22% (11/50) black, and 22% (11/50) had 

unknown race.

The most common primary diagnoses were acute respiratory failure 52% (26/50) and acute 

cardiac failure 18% (9/50). Twelve percent (6/50) received veno-venous (V-V) ECMO, and 

88% (44/50) received V-A ECMO. Median time between cannulation and randomization 

was 18.1 hours (IQR 10.9;22.8). Prior to randomization, 30% (15/50) of participants 

received at least one platelet transfusion. Details by group are provided in Table 1. Details 

on priming of the circuit and central cannulations are in SDC eTable 1.

The median pre-transfusion platelet count in the higher threshold group was 79×109/L (IQR 

70; 86) compared to 43×109/L (IQR 39; 47) in the lower threshold group. To account for 

repeated measures, the model-adjusted mean difference in pre-transfusion platelet count 

between the two groups was 32×109/L (p <0.001). Platelet counts between the two groups 

are illustrated in Figure 2 (by day) and SDC eFigure 1 (overall).

Overall, 56% (28/50) of participants received at least one platelet transfusion during the 

intervention period (outside of temporary suspensions). At the participant level, median 

rate of platelet transfusions per intervention day was 0.3 transfusions/day (IQR 0.0;1.2) 

and median transfusion dose rate (total dose/kg/intervention days) was 2.4 mL/kg/day (IQR 

0.0;16.6). The time to first platelet transfusion after randomization is shown in SDC eFigure 

2.

Outside of temporary suspensions, 22% (11/50) of participants received plasma transfusions, 

and 16% (8/50) received cryoprecipitate concentrate transfusions. Details by group are 

provided in Table 2.

Anticoagulation strategies varied across participants, with 94% (47/50) receiving heparin as 

the initial agent. The median initial heparin bolus dose was 100 IU/kg (IQR 50;100) and 

median initial infusion rate of heparin was 20 IU/kg/hr (IQR 10;22). Among those with 

bivalirudin as the initial agent (4%, 2/50), the median initial bivalirudin bolus dose was 0.1 

mg/kg (IQR 0.0;0.1) and median initial bivalirudin infusion rate was 0.2 mg/kg/hr (IQR 

0.2;0.3). In participants receiving heparin, the median of each patient’s average of daily peak 

anti-Xa levels was 0.5 IU/mL (IQR 0.4;0.6). Details by group are provided in Table 2.

Progression to severe bleeding (excluding temporary suspensions) occurred in 14% (7/50) 

of participants, while progression to severe clotting (excluding temporary suspensions) was 

observed in 4% (2/50). Details by group are provided in Table 3, SDC eTable 1, and 

SDC eFigure 3. Of nine site-reported progressions to severe bleeding or severe clotting, 

adjudicators gave a final determination that progression to severe bleeding or severe clotting 

occurred in 100% (9/9) of cases.

The median duration of ECMO support was 5.8 days (IQR 3.8;9.9), with median of 83 

ECMO-free days within 90 days (IQR 75;86). Median ICU length of stay was 33 days (IQR 

22;62), and median ICU-free days was 48 (IQR 0;69). Mortality during ECMO or within 24 
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hours of decannulation was 6% (3/50), with 28-day and 90-day mortality rates of 14% (7/50) 

and 25% (12/48), respectively. Time to progression to severe bleeding and/or severe clotting 

and/or death during intervention or within 24 hours of end of intervention is shown in SDC 

eFigure 4. Functional outcomes showed a median POPC (Pediatric Overall Performance 

Category) score of 2 (IQR 1;6) and a median PCPC (Pediatric Cerebral Performance 

Category) score of 1 (IQR 1;6).

Compliance with platelet transfusion strategy was 99.2% (702/708) overall, with 99.2% 

(386/389) in the lower threshold arm and 99.1% (316/319) in the higher threshold arm. 

Compliance with non-platelet transfusion management protocols was 100%.

Temporary protocol suspensions occurred in 28% (14/50) of participants. Surgical 

procedures included repair of congenital diaphragmatic hernia, cardiac repair, and chest 

tube insertion, as summarized in SDC eTable 2.

Non-serious adverse events occurred in 20% (10/50) of participants, while serious adverse 

events were reported in 20% (10/50). No study-related adverse events were reported outside 

of bleeding and clotting events. Detailed descriptions are provided in SDC eTable 3.

Withdrawals from the study occurred in 8% (4/50) of participants. Physician discretion 

accounted for all withdrawals. Median time to withdrawal after randomization was 4.6 days 

(IQR 1.9; 6.2). Details by group are provided in SDC eTable 4.

Overall, we achieved seven of ten specified feasibility criteria (Table 4).

Discussion

In this feasibility RCT of 50 non-bleeding children on ECMO, we have demonstrated that 

children can be enrolled, randomized and transfused in two separate platelet transfusion 

threshold strategies in a safe manner. The children enrolled are representative of the general 

pediatric ECMO population. Definitions used to describe severe bleeding and severe clotting 

were adjudicated successfully. We have demonstrated feasibility to move forward to a larger, 

definitive trial.

The primary outcome was to investigate the ability to separate pre-transfusion platelet 

counts based on two transfusion thresholds arms. It was important to prove that even with 

a substantial drop in platelet count with cannulation that may persist, the pre-transfusion 

platelet count in the two arms was statistically different. We demonstrated that the two arms 

were separated by an estimated 32×109/L, representing a clinically meaningful difference.

Families of children admitted to the ICU have appropriately high levels of acute anxiety 

as well as post-traumatic stress disorder.(19, 20) Likewise, a recent meta-analysis showed 

that nearly one-third of parents of children on ECMO had at least one trauma-related 

psychopathology.(21) Approaching these families for consent into a clinical trial within 24 

hours of cannulation may be extremely challenging. Despite these challenges, we were able 

to approach 65% of eligible subjects within 24 hours of cannulation and 63% of families 

who were approached consented to the study.
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Though they may appear young with a predominance of V-A ECMO, the enrolled patients 

are representative of the overall pediatric ECMO population. For example, in a prospective 

cohort of 514 children on ECMO from 2012–2014, the median age was 0.23 years and only 

15% were supported by V-V ECMO. The predominance of V-A ECMO is likely secondary 

to the frequent use of carotid artery cannulation for neonatal respiratory failure.(22) These 

findings support the generalizability of the results of the future definitive trial.

Bleeding and clotting as study outcomes have the potential to be problematic given the 

variety of definitions applied to each.(23) Significant time was invested in developing the 

BASIC definition for bleeding and validating it in critically ill children.(15, 24) Likewise, 

experts were convened by the NHLBI and Department of Defense to develop the definition 

of severe clotting for extracorporeal circuits.(25) It was important to demonstrate that the 

definitions could be applied to children on ECMO. All progression to severe bleeding 

and/or clotting events that occurred outside of temporary suspensions were confirmed by an 

adjudication committee demonstrating applicability of the definitions.

The study is not without limitations. Varying sizes of ECMO programs were included, 

but sites only represented two countries and therefore may not be feasible in all settings. 

Consent forms were only available in English and Spanish in the US and therefore our 

results may not represent consent rates of all non-English speaking populations. While the 

BASIC definition has been validated in critically ill children, there are other definitions 

of bleeding that were not used and information regarding bleeding prevalence using these 

cannot be reported. We only collected information on pre-transfusion platelet counts and not 

baseline platelet counts. Platelet counts may have varied based on the patient’s underlying 

pathology, mode of ECMO, priming of the circuit and/or age. Whereas the ECMO circuitry 

may affect platelet function more than platelet count, because there are no validated tests 

of platelet function in children that are routinely conducted in ECMO centers, we did not 

base transfusion thresholds on measures of platelet function. We did not collect information 

about indications for procedures necessitating temporary suspensions. Favoring a pragmatic 

design to improve generaliazability, we did not control other clinical factors that may 

affect bleeding and/or clotting such as priming of the circuit, transfusion of other blood 

components or anticoagulation. However, we required that each site had a protocol in place 

for these interventions and did not vary in their practice between the two arms. While we 

tracked compliance with non-study protocol of hemostatic agents to confirm no variation 

between arms, unmeasured factors may have influenced bleeding and clotting outcomes as 

the clinical team was not blinded to the intervention. We were only powered to detect a 

difference in the pre-transfusion platelet counts and all other p-values listed should generally 

be considered exploratory.

The next stage will be to conduct a definitive trial using a similar study design. Clinical 

equipoise will be surveyed again prior to the start of the study. Prevalence of measured 

outcomes can be used to determine the proper sample size. To improve the number of 

families approached, consent forms will be available in multiple languages and where 

permitted, online consent will be obtained. Patients will again be stratified by age, but also 

by V-A versus V-V ECMO. Functional outcomes will include a six-month follow-up at 
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which time the Pediatric Quality of Life Inventory will be assessed.(26) In addition, bedside 

tests that relate to platelet function will be explored.

Conclusions

Non-bleeding children on ECMO can be successfully screened, enrolled and treated 

according to two different platelet transfusion thresholds. Severe bleeding and clotting 

outcomes can be adjudicated. Successful completion of a definitive trial will provide 

necessary evidence for recommendations regarding prophylactic platelet transfusion 

strategies for pediatric ECMO.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

We would like to thank the following individuals for their assistance in implementing the study and enrolling 
patients: Carlos Aguilar Breton, Eunice Clark, Paul Clarke, Margaret Cormack, Chi Dang, Casey Evans, Yael 
Feinstein, Kristin Gossett, Ashley Hagemann, Melissa Harward, Lisa Lima, Russell Moores, Sarah Morris, Megan 
Scott, Sadaf Shad, Oleksiy Svezhenets, Melissa Thomas, Mallory Tidwell, Monika Tukacs, Eun Hea Unsicker, Sara 
Watson, Erin Wyles, and Sydney Zack.

Financial Support:

Research reported in this publication was supported by the National Heart, Lung, and Blood Institute R34 
HL159119 and the National Center for Advancing Translational Sciences U24TR001597.

References

1. Cheung P-Y, Sawicki G, Salas E, et al. : The mechanisms of platelet dysfunction during 
extracorporeal membrane oxygenation in critically ill neonates: Crit Care Med 2000; 28:2584–2590 
[PubMed: 10921599] 

2. Nair P, Hoechter DJ, Buscher H, et al. : Prospective Observational Study of Hemostatic 
Alterations During Adult Extracorporeal Membrane Oxygenation (ECMO) Using Point-of-Care 
Thromboelastometry and Platelet Aggregometry. J Cardiothorac Vasc Anesth 2015; 29:288–296 
[PubMed: 25655210] 

3. Dalton HJ, Reeder R, Garcia-Filion P, et al. : Factors Associated with Bleeding and Thrombosis 
in Children Receiving Extracorporeal Membrane Oxygenation. Am J Respir Crit Care Med 2017; 
196:762–771 [PubMed: 28328243] 

4. Karam O, Goel R, Dalton H, et al. : Epidemiology of Hemostatic Transfusions in Children 
Supported by Extracorporeal Membrane Oxygenation. Crit Care Med 2020; 48:E698–E705 
[PubMed: 32697511] 

5. Nellis ME, Vasovic LV, Goel R, et al. : Epidemiology of the Use of Hemostatic Agents in Children 
Supported by Extracorporeal Membrane Oxygenation: A Pediatric Health Information System 
Database Study. Front Pediatr 2021; 9:673613 [PubMed: 34041211] 

6. Cashen K, Dalton H, Reeder RW, et al. : Platelet Transfusion Practice and Related Outcomes 
in Pediatric Extracorporeal Membrane Oxygenation*. Pediatr Crit Care Med 2020; 21:178–185 
[PubMed: 31568245] 

7. Willaert B, Mai M-PV, Caldani C: French Haemovigilance Data on Platelet Transfusion. Transfus 
Med Hemotherapy 2008; 35:118–121

8. Andreu G, Boudjedir K, Muller J-Y, et al. : Analysis of Transfusion-Related Acute Lung Injury and 
Possible Transfusion-Related Acute Lung Injury Reported to the French Hemovigilance Network 
From 2007 to 2013. Transfus Med Rev 2018; 32:16–27 [PubMed: 28864336] 

Nellis et al. Page 9

Crit Care Med. Author manuscript; available in PMC 2026 March 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



9. Orru’ S, Oberle D, Heiden M, et al. : Analysis of Transfusion-Transmitted Bacterial Infections 
according to German Hemovigilance Data (2011–2020). Transfus Med Hemotherapy 2023; 50:144–
153

10. Marcoux G, Hasse S, Olsson ML, et al. : Extracellular vesicle impact on immunity following blood 
transfusion. Curr Opin Immunol 2025; 95:102603 [PubMed: 40609228] 

11. White SK, Walker BS, Potter S, et al. : Estimating the incidence of transfusion-associated 
circulatory overload using active surveillance: A systematic review and meta-analysis. Transfusion 
(Paris) 2025; 65:1061–1071

12. McMichael ABV, Ryerson LM, Ratano D, et al. : 2021 ELSO Adult and Pediatric Anticoagulation 
Guidelines. ASAIO J 2022; 68:303–310 [PubMed: 35080509] 

13. Nellis ME, Karam O, Valentine SL, et al. : Executive Summary of Recommendations and 
Expert Consensus for Plasma and Platelet Transfusion Practice in Critically Ill Children: From 
the Transfusion and Anemia EXpertise Initiative—Control/Avoidance of Bleeding (TAXI-CAB). 
Pediatr Crit Care Med 2022; 23:34–51 [PubMed: 34989711] 

14. Alexander PMA, Bembea MM, Cashen K, et al. : Executive Summary: The Pediatric 
Extracorporeal Membrane Oxygenation Anticoagulation CollaborativE (PEACE) Consensus 
Conference*. Pediatr Crit Care Med 2024; 25:643–675 [PubMed: 38959353] 

15. Nellis ME, Tucci M, Lacroix J, et al. : Bleeding Assessment Scale in Critically Ill Children 
(BASIC): Physician-Driven Diagnostic Criteria for Bleeding Severity. Crit Care Med 2019; 
47:1766–1772 [PubMed: 31567407] 

16. Nellis ME, Saini A, Spinella PC, 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; 21:267–275 
[PubMed: 31644453] 

17. Ingle T, Simms B, Bain J, et al. : Platelet transfusion stated practices among neonatal and 
paediatric veno-arterial extracorporeal membrane oxygenation providers: A survey. Vox Sang 
2025; vox.70018

18. Spinella PC, El Kassar N, Cap AP, et al. : Recommended primary outcomes for clinical trials 
evaluating hemostatic blood products and agents in patients with bleeding: Proceedings of a 
National Heart Lung and Blood Institute and US Department of Defense Consensus Conference. J 
Trauma Acute Care Surg 2021; 91:S19–S25 [PubMed: 34039915] 

19. Board R, Ryan-Wenger N: State of the science on parental stress and family functioning in 
pediatric intensive care units. Am J Crit Care Off Publ Am Assoc Crit-Care Nurses 2000; 9:106–
122; quiz 123–124

20. Yagiela LM, Carlton EF, Meert KL, et al. : Parent Medical Traumatic Stress and Associated Family 
Outcomes After Pediatric Critical Illness: A Systematic Review. Pediatr Crit Care Med J Soc Crit 
Care Med World Fed Pediatr Intensive Crit Care Soc 2019; 20:759–768

21. Demory A, Broden E, Equey L, et al. : Trauma-related psychopathologies after extracorporeal 
membrane oxygenation support: A systematic review and meta-analysis. Perfusion 2025; 
02676591251317919

22. Tonna JE, Boonstra PS, MacLaren G, et al. : Extracorporeal Life Support Organization Registry 
International Report 2022: 100,000 Survivors. ASAIO J Am Soc Artif Intern Organs 1992 2024; 
70:131–143

23. Atchison C, Chegondi M, Aldairi N, et al. : Bleeding Definitions in Pediatric Extracorporeal 
Membrane Oxygenation (ECMO) Studies: A Systematic Review and Meta-Analysis [Internet]. 
ASAIO J 2025; [cited 2025 Jun 3] Available from: https://journals.lww.com/10.1097/
MAT.0000000000002468

24. Nellis ME, Chegondi M, Willems A, et al. : Assessing the Reliability of the Bleeding Assessment 
Scale in Critically Ill Children (BASIC) Definition: A Prospective Cohort Study. Pediatr Crit Care 
Med J Soc Crit Care Med World Fed Pediatr Intensive Crit Care Soc 2025; 26:e3–e11

25. Levy JH, Faraoni D, Almond CS, et al. : Consensus Statement: Hemostasis Trial Outcomes in 
Cardiac Surgery and Mechanical Support. Ann Thorac Surg 2022; 113:1026–1035 [PubMed: 
34826386] 

Nellis et al. Page 10

Crit Care Med. Author manuscript; available in PMC 2026 March 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



26. Varni JW, Seid M, Kurtin PS: PedsQL 4.0: reliability and validity of the Pediatric Quality of 
Life Inventory version 4.0 generic core scales in healthy and patient populations. Med Care 2001; 
39:800–812 [PubMed: 11468499] 

Nellis et al. Page 11

Crit Care Med. Author manuscript; available in PMC 2026 March 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



KEY POINTS:

Question:

Children on ECMO are at high risk of bleeding. Despite frequent use, there is limited 

evidence to guide safe and effective platelet transfusion thresholds. Is it feasible to enroll 

children in a trial testing two platelet transfusion thresholds?

Findings:

The ECSTATIC feasibility study was a multicenter RCT testing two prophylactic platelet 

transfusion thresholds (<90×109/L vs. <50×109/L) in pediatric ECMO patients. The study 

enrolled 50 patients, demonstrated high protocol adherence and successful differentiation 

in platelet counts between the two arms.

Meaning:

The trial met 7 of 10 feasibility criteria indicating that a larger, definitive trial is feasible.
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Figure 1: 
CONSORT diagram. Note that more than one reason can be indicated for not approached.
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Figure 2: 
Boxplot of pre-transfusion platelet count per study day and per arm (p<0.001).

Summarizes the most recent platelet count immediately prior to each transfusion that 

occurred outside of temporary suspension periods. Note that one transfusion did not have an 

eligible pre-transfusion platelet count recorded.
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Table 1:
Demographics

Variable Lower Platelet Transfusion 
Strategy

n=25

Higher Platelet Transfusion 
Strategy

n=25

Age (years) 0.2 (0.0;3.2) 0.1 (0.0;0.8)

Age ≤ 28 days 11/25 (44%) 12/25 (48%)

Sex (male) 10/25 (40%) 12/25 (48%)

Race

 Black or African American 4/22 (18%) 7/17 (41%)

 White 18/22 (82%) 9/17 (53%)

 Multiracial 0/22 (0%) 1/17 (6%)

Ethnicity

 Hispanic or Latino 3/23 (13%) 8/23 (35%)

 Not Hispanic or Latino 20/23 (87%) 15/23 (65%)

Country

 United States of America 24/25 (96%) 23/25 (92%)

 Israel 1/25 (4%) 2/25 (8%)

Primary reason for ICU admission

 Acute respiratory failure 13/25 (52%) 13/25 (52%)

 Acute cardiac failure 6/25 (24%) 8/25 (32%)

 Following cardiopulmonary bypass 4/25 (16%) 2/25 (8%)

 Altered mental status 0/25 (0%) 1/25 (4%)

 Sepsis/septic shock 1/25 (4%) 0/25 (0%)

 Other surgery 1/25 (4%) 1/25 (4%)

PELOD-2 score on day 1 10 (7;13) 7.0 (6;9)

ECPR 1/25 (4%) 2/25 (8%)

ECMO Cannulation; veno-arterial 24/25 (96%) 20/25 (80%)

Time between cannulation and randomization (hours) 17.7 (11.5;22.4) 18.7 (10.9;22.9)

Platelet transfusions before randomization (number of patients) 7/25 (28%) 8/25 (32%)

Number of platelet transfusions before randomization 1.0 (1.0;1.0) 1.0 (1.0;2.0)

Results are presented as median and interquartile range, or number and percentage, as appropriate. ECMO, extracorporeal membrane oxygenation; 
PELOD-2, Pediatric Logistic Organ Dysfunction 2; ECPR, extracorporeal membrane oxygen cardiopulmonary resuscitation
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Table 2:
Treatment characteristics (during intervention period outside of temporary suspensions)

Variable Lower Platelet Transfusion Strategy
n=25

Higher Platelet Transfusion Strategy
n=25

p-value

Anticoagulation Strategies

Initial agent 0.491

 Heparin 24/25 (96%) 23/25 (92%)

 Bivalirudin 0/25 (0%) 2/25 (8%)

 None 1/25 (4%) 0/25 (0%)

Heparin as initial agent

 Initial bolus dose (IU/kg) 100 (54;100) 100 (50;100) 0.402

 Initial infusion rate (IU/kg/hr) 20 (10;20) 20 (15;22) 0.482

 Average highest anti-Xa level (units/mL) 0.4 (0.3;0.6) 0.5 (0.4;0.7) 0.172

 Average lowest anti-Xa level (units/mL) 0.3 (0.2;0.4) 0.4 (0.3;0.5) 0.092

Bivalirudin as initial agent

 Initial bolus dose (IU/kg) none 0.1 (0.0;0.1)

 Initial infusion rate (IU/kg/hr) none 0.2 (0.2;0.3)

Platelets

 Received ≥ 1 platelet transfusion 11/25 (44%) 17/25 (68%) 0.151

 Time from randomization to first plt tx (hrs) 45.2 (8.6;84.0) 5.7 (2.8;22.3) 0.062

 Transfusions per intervention day 0.0 (0.0;0.5) 0.7 (0.0;1.2) 0.112

 Transfusion dose (mL/kg/day) 0.0 (0.0;8.4) 7.4 (0.0;16.6) 0.112

 Received at least 1 whole blood derived plt tx 1/11 (9%) 1/17 (6%) 1.001

Cryoprecipitate

 Received ≥ 1 cryoprecipitate transfusion 2/25 (8%) 6/25 (24%) 0.251

 Transfusions per intervention day 0.0 (0.0;0.0) 0.0 (0.0;0.0) 0.132

 Transfusion dose (mL/kg/day) 0.0 (0.0;0.0) 0.0 (0.0;0.0) 0.152

Prothrombin complex concentrate

 Received ≥ 1 PCC transfusion 0/25 (0%) 0/25 (0%) 1.001

Red blood cells

 Received ≥ 1 red blood cell transfusion 19/25 (76%) 19/25 (76%) 1.001

 Transfusions per intervention day 0.4 (0.1;0.6) 0.3 (0.1;0.7) 0.802

 Transfusion dose (mL/kg/day) 4.7 (0.5;9.1) 4.5 (0.5;10.0) 0.832

Plasma

 Received ≥ 1 plasma transfusion 6/25 (24%) 5/25 (20%) 1.001

 Transfusions per intervention day 0.0 (0.0;0.0) 0.0 (0.0;0.0) 0.592

 Transfusion dose (mL/kg/day) 0.0 (0.0;0.0) 0.0 (0.0;0.0) 0.572

Results are presented as median and interquartile range, or number and percentage, as appropriate. PCC, prothrombin complex concentrate.

1
Fisher’s exact test and

Crit Care Med. Author manuscript; available in PMC 2026 March 31.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Nellis et al. Page 17

2
Wilcoxon rank-sum test.
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Table 3:
Outcomes

Variable Lower Platelet Transfusion 
Strategy

n=25

Higher Platelet Transfusion 
Strategy

n=25

p-value

Pre-transfusion platelet count (109 cell/L) 43 (39;47) 79 (70;86) <0.0011

Progression to severe bleeding, progression to severe clotting, 
or death within 24 hours of end of intervention (primary safety 
outcome)

6/25 (24%) 5/25 (20%) 1.005

Progression to severe bleeding 4/25 (16%) 3/25 (12%) 1.005

Progression to severe clotting 1/25 (4%) 1/25 (4%) 1.005

Experienced at least one non-serious AE 5/25 (20%) 5/25 (20% 1.005

Experienced at least one SAE 6/25 (24%) 4/25 (16%) 0.735

Duration of ECMO (days)2 6.5 (4.5;8.1) 5.8 (3.8;12.7) 0.834

ECMO-free days within 90 days3 83 (75;85) 84 (47;86) 0.494

Length of stay (days)2 30 (19;47) 39 (23;82) 0.244

ICU-free days within 90 days3 59 (12;72) 29 (0;68) 0.224

Death during intervention or within 24 hours of end of 
intervention

2/25 (8%) 1/25 (4%) 1.005

Death at 28 days 3/25 (12%) 4/25 (16%) 1.005

Death at 90 days 5/24 (21%) 7/24 (29%) 0.745

Pediatric Overall Performance Category at discharge

 Not yet discharged 0/25 (0%) 2/25 (8%) 0.814

 1: Good overall performance 10/25 (40%) 13/25 (52%)

 2: Mild overall disability 7/25 (28%) 1/25 (4%)

 3: Moderate overall disability 1/25 (4%) 1/25 (4%)

 4: Severe overall disability 2/25 (8%) 0/25 (0%)

 5: Coma or vegetative state 0/25 (0%) 0/25 (0%)

 6: Brain death 5/25 (20%) 8/25 (32%)

Pediatric Cerebral Performance Category at discharge 0.924

 Not yet discharged 0/25 (0%) 2/25 (8%)

 1: Normal 12/25 (48%) 13/25 (52%)

 2: Mild disability 7/25 (28%) 1/25 (4%)

 3: Moderate disability 0/25 (0%) 1/25 (4%)

 4: Severe disability 1/25 (4%) 0/25 (0%)

 5: Coma or vegetative state 0/25 (0%) 0/25 (0%)

 6: Brain death 5/25 (20%) 8/25 (32%)

AE, adverse event; SAE, serious adverse event; ECMO: Extracorporeal Membrane Oxygenation; ICU, intensive care unit.

1
Based on model-adjusted means, rather than a test of the medians;

2
Truncated at 90 days, if applicable;

3
Regarded as 0 days if participant died on or before day 90;
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4
Wilcoxon rank-sum test; and

5
Fisher’s exact test.
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Table 4:
Feasibility criteria

Criteria A priori goal Results from 
the pilot trial

Achieved or failed

Separation between the higher and lower platelet threshold arms > 30×109 32×109

Eligibility rate (patients per site per year) > 7.9 13.94

Proportion of patients whose parents were approached for consent within 24 hours 
of cannulation

> 90% 65%

Proportion of approached patients for whom informed consent was obtained > 50% 63%

Randomization of consented patients > 66% 100%

Proportion of compliant platelet transfusion actions > 90% 99%

Proportion of patients with one or more temporary suspensions not due to 
preparation for decannulation

< 10% 22%

Proportion of patients who withdrew from the study and/or were lost to follow-up < 6% 12%

Proportion of patients with non-platelet transfusion protocol violations < 5% 0%

Ability to adjudicate progression to severe bleeding and/or severe clotting 
(excluding temporary suspensions) based on site-provided data

> 90% 100%
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