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Prophylactic Transfusion Strategies in Children 
Supported by Extracorporeal Membrane 
Oxygenation: The Pediatric Extracorporeal 
Membrane Oxygenation Anticoagulation 
CollaborativE Consensus Conference
OBJECTIVES: To derive systematic-review informed, modified Delphi con-
sensus regarding prophylactic transfusions in neonates and children supported 
with extracorporeal membrane oxygenation (ECMO) from the Pediatric ECMO 
Anticoagulation CollaborativE.

DATA SOURCES: A structured literature search was performed using PubMed, 
EMBASE, and Cochrane Library (CENTRAL) databases from January 1988 to 
May 2020, with an update in May 2021.

STUDY SELECTION: Included studies assessed use of prophylactic blood 
product transfusion in pediatric ECMO.

DATA EXTRACTION: Two authors reviewed all citations independently, with a 
third independent reviewer resolving conflicts. Thirty-three references were used 
for data extraction and informed recommendations. Evidence tables were con-
structed using a standardized data extraction form.

MEASUREMENTS AND MAIN RESULTS: The evidence was evaluated using 
the Grading of Recommendations Assessment, Development and Evaluation 
system. Forty-eight experts met over 2 years to develop evidence-informed rec-
ommendations and, when evidence was lacking, expert-based consensus state-
ments or good practice statements for prophylactic transfusion strategies for 
children supported with ECMO. A web-based modified Delphi process was used 
to build consensus via the Research And Development/University of California 
Appropriateness Method. Consensus was based on a modified Delphi process 
with agreement defined as greater than 80%. We developed two good practice 
statements, 4 weak recommendations, and three expert consensus statements.

CONCLUSIONS: Despite the frequency with which pediatric ECMO patients 
are transfused, there is insufficient evidence to formulate evidence-based prophy-
lactic transfusion strategies.

KEYWORDS: blood transfusion; extracorporeal membrane oxygenation; 
pediatrics; plasma; platelet transfusion

Children supported by extracorporeal membrane oxygenation (ECMO) 
are at significant risk of bleeding because of numerous factors including 
hemodilution, platelet dysfunction, and need for anticoagulation (1–

5). Bleeding in these children is independently associated with mortality (3, 5), 
and therefore clinicians prescribe blood components to either prevent bleeding 
or to treat blood loss. Children supported by ECMO are exposed to large quan-
tities of blood products (6–8); in one cohort of 514 children, 80% of subjects 
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received greater than 40 mL/kg blood products on at 
least one study day (4).

Despite potential therapeutic benefit, blood product 
transfusions in pediatric ECMO patients have been 
independently associated with mortality, bleeding, 
and thrombosis in observational studies (3, 9, 10). 
Clinicians do not have evidence-based guidance to di-
rect transfusion of blood components in this vulner-
able patient population. Although approximately 80% 
of recently surveyed pediatric ECMO centers have 
transfusion protocols (11), protocols vary widely and 
are often based on expert opinion alone. Given signifi-
cant morbidities and mortality associated with ECMO 
and blood product transfusion in both this population 
and other critically ill children (12–14), the objective of 
this subgroup of the Pediatric ECMO Anticoagulation 
Collaborative (PEACE) group was to derive systematic- 
review informed, modified Delphi consensus for pro-
phylactic transfusion strategies.

MATERIALS AND METHODS

Detailed methods and definitions of clinically relevant 
bleeding are described in the PEACE executive sum-
mary (15). Briefly, a structured literature search was 
performed using PubMed, EMBASE, and Cochrane 
Library (CENTRAL) databases from January 1988 to 
May 2020, with an update in May 2021, using a combi-
nation of medical subject heading terms and text words 
based on subgroup-specific population, intervention, 
comparator, and outcome questions (Supplemental 
Methods 1, http://links.lww.com/PCC/C497). Two 
authors reviewed all citations independently, with a 
third independent reviewer resolving any conflicts. 
Evidence tables were constructed using a standardized 
data extraction form (15). Risk of bias was assessed 
using the Quality in Prognosis Studies (QUIPS) tool or 
the revised Cochrane risk of bias for randomized trials, 
as appropriate (16–18) and the evidence was evaluated 
using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) system (19, 
20). A panel of 48 experts met over the course of 2 years 
to develop evidence-based recommendations and, 
when evidence was lacking, expert-based consensus 
statements for prophylactic transfusion strategies for 
pediatric ECMO. Prophylactic transfusion was de-
fined as transfusion of any blood product to nonbleed-
ing pediatric ECMO patients who are not undergoing 

invasive procedures. Blood product transfusion for 
perioperative ECMO patients with or without bleed-
ing and for bleeding patients outside of a periopera-
tive period are addressed in other articles within the 
PEACE supplement (21, 22). The supporting literature 
was reviewed, and statements were developed using 
the Evidence to Decision framework, emphasizing the 
panel’s assessment of risks versus benefits of each pro-
posed statement and a prioritized list of patient out-
comes that had been created by a web-based survey of 
expert panel members (23, 24). A web-based modified 
Delphi process was used to build consensus via the 
Research And Development/University of California 
Appropriateness Method. Consensus was defined as 
greater than 80% agreement (25, 26). Additional refer-
ences, not included in the structured literature search, 
were included in rationale statements to provide con-
text but were not used to derive recommendations or 
consensus statements, or good practice statements.

RESULTS

The structured literature search identified 8963 
abstracts. Of these, 8726 references were excluded 
based on the abstract. An additional 204 references 
were excluded based on full article review, leaving 33 
references that were used for recommendation and 
consensus statement creation (Fig. 1). The included 
references are detailed in Supplemental Table 1 
(http://links.lww.com/PCC/C497).

References included 2 randomized trials and 31 
observational studies, the majority of which (n = 20) 
were retrospective studies or retrospective secondary 
analyses of prospective observational data. A sum-
mary of risk of bias assessments are in Supplemental 
Figure 1 (http://links.lww.com/PCC/C497). The 
following statements were developed and reached 
agreement (> 80%).

Good Practice Recommendations. 

4.1 In ECMO, measures should be taken to mini-
mize the overall transfusion volume. 93% agreement 
(n = 46), median 9 (interquartile range [IQR] 7–9).

Blood product transfusions are potentially life-
saving interventions that can support oxygenation 
and coagulation during pediatric ECMO. However, 
they are also associated with morbidity and mortality. 
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Specific complications attributable to blood products 
include transfusion-associated circulatory overload, 
transfusion-related acute lung injury, transfusion-
related immunomodulation, graft-versus-host disease, 
hemolysis, and infection (27). Considering these risks, 
a judicious approach to blood product transfusion 
with additional measures to minimize overall trans-
fusion volume is justified. Although evidence-based 
prophylactic transfusion targets remain undefined, 
thoughtful decision-making weighing risks and ben-
efits for each patient is recommended, including justi-
fication beyond a laboratory value (28, 29). Additional 
consideration should be given to blood conservation 
strategies that may eliminate or mitigate transfusion 
requirements as part of a multimodal blood manage-
ment strategy including surgical and medical interven-
tions to address bleeding, decreased blood sampling, 
and blood/cell salvage techniques (30–32). Although 
reducing unnecessary transfusion is likely benefi-
cial, strategies must also balance potential risks of not 
transfusing when necessary.

Good Practice Recommendations. 

4.2 When deciding to transfuse plasma or plate-
lets during pediatric ECMO, not only monitor 
hemostasis (such as coagulation system dysfunc-
tion and the platelet count), but also consider the 
patient’s perceived risk of bleeding and the ben-
efits and alternatives to plasma and platelet trans-
fusion. 93% agreement (n = 46), median 8 IQR 7–9).

Most plasma and platelets transfused to pediatric 
ECMO patients are administered prophylactically. 

Decisions to transfuse are commonly based on lab-
oratory parameters: prothrombin, activated partial 
thromboplastin time, international normalized ratio 
(INR), and/or platelet count (33). However, these labo-
ratory assays have not consistently correlated with risk 
of bleeding (6, 34, 35). Similarly, viscoelastic testing has 
varied results in its ability to predict bleeding in adults 
supported by ECMO (36, 37). Clinical characteristics 
of the patient, such as the indication for ECMO, weight 
of child, and need for hemodialysis, have all been in-
dependently associated with bleeding and would likely 
influence bleeding risk and predict potential benefits 
of prophylactic transfusion of hemostatic blood prod-
ucts beyond laboratory data alone (3, 5, 38). Therefore, 
the decision to transfuse should not be based on lab-
oratory assays alone but must include the clinical sce-
nario and overall bleeding risks for individual patients.

RBC Transfusion

Recommendations. 

4.3 In pediatric ECMO, there is insufficient ev-
idence to make a recommendation regarding 
specific indications for red blood cell (RBC) 
transfusion. Weak Recommendation, very low-
quality pediatric evidence, 91% agreement (n = 46), 
median 8 (IQR 7–9).

4.4 In ECMO, we consider that the decision to 
transfuse RBCs should be based on the clinical 
scenario and global assessment of the adequacy 
of oxygen delivery and oxygen consumption, and 
not hemoglobin alone. Weak Recommendation, 
low-quality pediatric evidence, 100% agreement  
(n = 46), median 9 (IQR 8–9).

Summary of Evidence. In five observational stud-
ies, enrolling over 1200 patients, higher RBC trans-
fusion volume was associated with adverse clinical 
outcomes (3, 4, 39–41). These associations are held 
when statistically accounting for measured confound-
ers. However, because these studies are limited by re-
sidual confounding because of indication bias, they 
cannot confidently estimate risk versus benefit of RBC 
transfusion or identify specific transfusion indica-
tions. In a small interventional trial that randomized 
20 neonates to a threshold hematocrit of 45% versus 
35% to guide RBC transfusion, the lower hematocrit 
threshold was associated with fewer clots in the ECMO 
circuit components, although other clinical outcomes 

Figure 1. Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses diagram of studies screened and included in 
the prophylactic transfusion strategies in children supported by 
extracorporeal membrane oxygenation.
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were not evaluated (42). In a pre-study/post-study of 
72 neonates on ECMO, a change in threshold hemat-
ocrit from 40% to 35% was associated with a signifi-
cant decrease in RBC exposure without a difference in 
clinical outcomes, suggesting that the more restrictive 
threshold was safe. Interventional studies outside of 
the neonatal population or using alternate thresholds 
or transfusion indications have not been reported.

Balance of Benefits Versus Harms. The decision to 
transfuse RBCs centers on the relative risk of trans-
fusion compared with the risk of not transfusing and 
allowing permissive anemia. RBCs are often trans-
fused with the goal of improving tissue oxygen de-
livery. However, the physiologic impact of transfused 
RBCs in a patient supported by ECMO is not well un-
derstood. In randomized trials of critically ill adults 
and children, RBC transfusion based on restrictive he-
moglobin thresholds has not resulted in differences in 
clinical outcomes, suggesting that permissive anemia 
is safe in these populations (43–45). Each of these 
studies excluded ECMO patients, and the effects of 
restrictive transfusion strategies in pediatric ECMO 
are largely unknown. In observational studies of ne-
onatal, pediatric, and adult ECMO patients, increased 
RBC transfusion is associated with poorer outcomes 
suggesting transfusion-related harm; however, these 
studies are impacted by indication bias (4, 39, 41, 46). 
A meta-analysis that included 10 retrospective and 
3 prospective observational studies with 1070 adult 
patients found that a lower transfusion threshold was 
associated with lower mortality risk and acute kidney 
injury, particularly in those on venovenous ECMO 
(47). However, the studies were noted to have publi-
cation bias and poor methodological quality. It is also 
likely that hemoglobin alone is not the best strategy to 
decide when to transfuse pediatric ECMO patients due 
to wide variation in ECMO indications, underlying 
pathophysiology, and the extent to which the ECMO 
circuit fully supports cardiopulmonary function. It is 
therefore our opinion that the best approach to RBC 
transfusion is to determine RBC transfusion indica-
tions for each individual patient based on a global 
assessment of oxygen delivery, rather than based on a 
pre-defined hemoglobin or hematocrit threshold.

Recommendations. 

4.5 In ECMO, there is insufficient evidence 
to make a recommendation for or against the 

benefit of a specific storage duration of RBC 
units to either prime the circuit or transfuse to 
the patient. Weak Recommendation, very low-
quality pediatric evidence, 84% agreement (n = 44),  
median 8 (IQR 7–9).

Summary of Evidence. Interventional trials evaluat-
ing RBC storage duration have not included pediatric 
ECMO patients (48). Two included observational stud-
ies failed to identify associations between RBC storage 
duration and changes in measures of the adequacy of 
oxygen delivery posttransfusion in pediatric ECMO 
patients (29, 49). However, in each of these studies, 
most RBC transfusions were given in response to mild 
anemia and in the absence of inadequate oxygen de-
livery, and clinical outcomes related to RBC storage 
duration were not reported.

Balance of Benefits Versus Harms. Many ECMO cen-
ters prioritize the transfusion of fresh RBC units to 
ECMO patients to avoid the effects of the RBC storage 
lesion. The RBC storage lesion consists of oxidative dam-
age, metabolic impairments, and loss of RBC membrane 
integrity leading to the release of biologically active lipid 
mediators, cell-free hemoglobin, and microvesicles (50). 
Although effects of RBC storage would be expected to 
impact both the safety and efficacy of RBC transfusion, 
randomized controlled trials of critically ill children (ex-
cluding those on ECMO), hospitalized adults, and cardi-
ovascular surgery patients failed to show a difference in 
outcomes between those transfused with fresher versus 
older RBC units (48, 51–55). Applicability of these stud-
ies to pediatric ECMO patients is not definitive since 
none of these studies focused on patients receiving large 
volume transfusions such as routinely occur with pe-
diatric ECMO. Hence, there is insufficient evidence to 
make a recommendation on the specific storage dura-
tion of RBC units to transfuse.

Prophylactic Platelet and Plasma Transfusion

Recommendations. 

4.6 In ECMO there is insufficient evidence to 
recommend specific thresholds for prophy-
lactic plasma and/or platelet transfusions. Weak 
Recommendation, very low-quality pediatric evi-
dence, 89% agreement (n = 46), median 8 (IQR 7–9).

Summary of Evidence. Our literature search iden-
tified three studies evaluating associations between 
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platelet and/or plasma transfusion and clinical out-
comes in pediatric ECMO patients. Although both 
platelet and plasma transfusion volumes were asso-
ciated with adverse outcomes, low platelet count and 
coagulopathy are also associated with adverse out-
comes (3, 6, 10, 39, 56–60). The extent to which the 
transfusions themselves or the indications for transfu-
sion contribute to adverse outcomes remains unclear. 
Interventional studies of plasma and/or platelet trans-
fusion strategies in pediatric ECMO patients have not 
been reported.

Balance of Benefits Versus Harms. Like RBC trans-
fusion, the decision to transfuse plasma or platelets 
rests on the assessment of the relative risks of trans-
fusing versus the risks of not transfusing and allowing 
permissive thrombocytopenia and/or coagulopathy. 
In the absence of interventional studies, the degree 
to which treating thrombocytopenia or coagulopathy 
with transfusion and the optimum thresholds to deter-
mine when the benefits of transfusion would outweigh 
the risks are unknown, and evidence-based thresholds 
for transfusion cannot be provided.

Consensus Statement. 

4.7 In ECMO, we consider that prophylactic 
platelet transfusions administered when the 
platelet count is > 100 × 109 cells/L are unlikely 
to benefit the patient and may cause harm. 
Consensus panel expertise with strong agreement, 
100% agreement (n = 44), median 8 (IQR 7–9).

Summary of Evidence. In three included observa-
tional studies, platelet transfusion volume was inde-
pendently associated with adverse outcomes including 
bleeding events and mortality (6, 10, 39). At the same 
time, in six included observational studies, throm-
bocytopenia was associated with adverse outcomes 
(3, 56–60). Because of heterogeneity in study design, 
including patient populations and outcomes evalu-
ated, threshold platelet counts to predict bleeding or 
other adverse outcomes are unclear. It is also unclear 
whether transfusing to correct any identified threshold 
would affect bleeding risk.

Balance of Benefits Versus Harms. Children sup-
ported by ECMO are exposed to a high volume of 
platelet transfusions and are estimated to receive 
platelet transfusions on nearly 70% of ECMO days (6). 
Extracorporeal Life Support Organization (ELSO) 

guidelines recommend transfusing platelets to main-
tain a total platelet count of 80–100 × 109 cells/L (61, 
62) to prevent bleeding, based on expert opinion. 
No trials have randomized pediatric ECMO patients 
to different platelet thresholds, and there is no rig-
orous scientific evidence identifying a threshold for 
platelet transfusion that is associated with a reduced 
prevalence of bleeding complications. Observational 
data suggest that platelet transfusion volume may be 
associated with increased bleeding risk in pediatric 
ECMO patients (6). Although these data are likely 
confounded by indication bias, it is notable that in a 
recent randomized trial of platelet transfusion thresh-
olds in neonates, excluding those on ECMO, the com-
posite outcome of death or major bleeding episodes 
occurred more frequently in patients randomized to 
a platelet threshold of 50 versus 25 × 109 cells/L, sug-
gesting that platelet transfusion to correct moderate 
thrombocytopenia may not be efficacious (63). In 
a secondary analysis of a multicenter observational 
study of 511 pediatric ECMO patients, a linear asso-
ciation between lower platelet count and higher mor-
tality was seen up to a platelet count of 115 × 109/L, 
above which relationships between platelet count and 
mortality were less evident (10). These data suggest 
that mild thrombocytopenia may not contribute to 
bleeding or mortality risk, although data were limited 
by a small number of patients with platelet counts 
greater than 115 × 109/L and a resultant high degree of 
uncertainty. In the same analyses, when adjusted for 
covariates, platelet count was not independently as-
sociated with mortality although platelet transfusion 
volume was. In addition to correcting platelet counts, 
platelet transfusion is sometimes given to pediatric 
ECMO patients based on measures of platelet dys-
function. Platelet dysfunction due to interaction with 
the ECMO circuit has been well documented; how-
ever, platelet transfusion may not improve platelet 
dysfunction and whether transfusing platelets in re-
sponse to platelet dysfunction decreases bleeding risk 
is unknown (59, 64).

Although there is insufficient evidence to determine 
optimum platelet transfusion thresholds for pediatric 
ECMO patients, given the known risks of platelet 
transfusion and associations with adverse outcomes, 
it is reasonable to refrain from transfusing platelets in 
nonbleeding children when the platelet count is greater 
than or equal to 100 × 109 cells/L.
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Consensus Statement. 

4.8 In pediatric ECMO, we consider that prophy-
lactic plasma transfusions administered to cor-
rect an International Normalized Ratio (INR) 
when the INR is < 1.5 are unlikely to benefit the 
patient and may cause harm. Consensus panel ex-
pertise with strong agreement, 95% agreement (n = 
44), median 8 (IQR 7.25–9).

Summary of Evidence. Our literature search iden-
tified a single observational study evaluating asso-
ciations between plasma transfusion and outcomes in 
pediatric ECMO patients. In a secondary analysis of a 
multicenter observational study, higher average daily 
plasma transfusion volume was associated with higher 
chest tube output and bleeding requiring RBC trans-
fusion (6). In a secondary analysis of an international 
point prevalence study, plasma transfusions given to 
pediatric ECMO patients when the pretransfusion 
INR was less than or equal to 2.0, resulted in a nonsig-
nificant reduction in INR of 0.1 (33).

Balance of Benefits Versus Harms. Plasma is fre-
quently transfused to children on ECMO. In a large 
observational study of 514 critically ill children sup-
ported by ECMO, plasma was transfused on 34% of the 
ECMO days (6). The median daily plasma transfusion 
dose was 16.4 mL/kg and the median overall dose was 
52 mL/kg. Although it is unclear when plasma should 
be given to pediatric ECMO patients, several stud-
ies suggest that transfusing plasma to correct an INR 
when the INR is less than 1.5 is not efficacious. For in-
stance, in 442 critically ill children, plasma transfusion 
had no effect on INR when the baseline INR was less 
than 1.5 (65). Plasma transfusion is not without risk, 
and plasma transfusion has been independently asso-
ciated with increased organ failure, increased nosoco-
mial infections, increased length of stay in critically ill 
children (13), and increased mortality in children with 
respiratory failure (66). Therefore, considering the 
absence of a measurable effect of plasma transfusion 
when the INR is low and the independent association 
with worse clinical outcomes, it is reasonable to refrain 
from transfusing plasma to nonbleeding children on 
ECMO if the INR is less than 1.5.

Consensus Statement. 

4.9 In pediatric ECMO, in patients with low fi-
brinogen levels, to prevent bleeding, fibrinogen 

concentrate or cryoprecipitate, when available, 
may be considered instead of plasma transfu-
sion. Consensus panel expertise with weak agree-
ment, 87% agreement (n = 46), median 8 (IQR 7–9).

Summary of Evidence. No included studies evalu-
ated plasma transfusion compared with cryopre-
cipitate or fibrinogen concentrate (FC) to correct 
hypofibrinogenemia.

Balance of Benefits Versus Harms. Plasma, cry-
oprecipitate (cryo), and FC are frequently given to 
children to prevent bleeding associated with hypofi-
brinogenemia (67). Although plasma is widely used, 
it has a relatively low fibrinogen content. Cryo is pro-
duced by thawing frozen plasma and precipitates to 
achieve a higher fibrinogen content compared with 
plasma (300–3000 mg/dL) (67, 68). FC is derived from 
pooled plasma but is pathogen-reduced and purified, 
thereby decreasing infection risk and immunologic 
and allergic reactions associated with allogeneic blood 
product transfusion (69). FC also provides a stan-
dardized fibrinogen content of 2000 mg/dL allowing 
for more accurate dosing and is stored at room tem-
perature and thereby readily available. Fibrinogen is 
typically the first coagulation factor to decrease dur-
ing bleeding and repletion of fibrinogen helps restore 
hemostasis; however, there remains a lack of evidence 
regarding optimal timing and dosing of fibrinogen to 
prevent bleeding (70, 71). On ECMO, fibrinogen loss 
primarily occurs secondary to hemodilution as well 
as adhesion of fibrin to nonendothelial surfaces and 
hyperfibrinolysis (72). Recent literature comparing FC 
to cryo, including several studies of children undergo-
ing cardiac surgery, has demonstrated similar efficacy 
and safety without clear advantages between products 
(68, 73–75). Despite a lack of specific outcome data in 
neonates and children, it seems reasonable to avoid 
hypofibrinogenemia by transfusing preferentially with 
either cryo or FC to prevent bleeding complications 
during ECMO (76).

CONCLUSIONS

Observational studies have documented significant 
associations between the prophylactic transfusion 
of blood components and increased mortality and 
morbidity in children supported by ECMO, thereby 
suggesting the use of restrictive transfusion strate-
gies. However, there are no interventional data to 
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support recommendations for specific transfusion 
thresholds.
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