
Copyright © 2024 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Copyright © 2024 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

e66     www.pccmjournal.org July 2024 • Volume 25 • Number 7 (Suppl 1)

DOI: 10.1097/PCC.0000000000003489

Copyright © 2024 The Author(s). 
Published by Wolters Kluwer Health, Inc. 
on behalf of the Society of Critical Care 
Medicine and the World Federation of 
Pediatric Intensive and Critical Care 
Societies. This is an open-access ar-
ticle distributed under the terms of the 
Creative Commons Attribution-Non 
Commercial-No Derivatives License 
4.0 (CCBY-NC-ND), where it is per-
missible to download and share the 
work provided it is properly cited. The 
work cannot be changed in any way or 
used commercially without permission 
from the journal.

Natalie E. Rintoul, MD1

Ali B.V. McMichael, MD2,3

Melania M. Bembea, MD, PhD, MPH4

Robert DiGeronimo, MD5

Jason Patregnani, MD, MBA6

Peta M.A. Alexander, MBBS, FRACP, 
FCICM7,8

Jennifer A. Muszynski, MD, MPH, 
FCCM9

Katherine Steffen, MD10

Alison Gehred, MLIS11

Elizabeth Lyman, MLIS, AHIP11

Ira M. Cheifetz, MD, FCCM, FAARC12

for the Pediatric Extracorporeal 
Membrane Oxygenation (ECMO) 
Anticoagulation Collaborative 
(PEACE), in collaboration with 
the Pediatric Critical Care Blood 
Research Network (BloodNet), and 
the Pediatric ECMO subgroup of 
PALISI and the Extracorporeal Life 
Support Organization (PediECMO)

Management of Bleeding and Thrombotic 
Complications During Pediatric Extracorporeal 
Membrane Oxygenation: The Pediatric 
Extracorporeal Membrane Oxygenation 
Anticoagulation CollaborativE Consensus 
Conference
OBJECTIVES: To derive systematic-review informed, modified Delphi consensus 
regarding the management of bleeding and thrombotic complications during pe-
diatric extracorporeal membrane oxygenation (ECMO) for the Pediatric ECMO 
Anticoagulation CollaborativE Consensus Conference.

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

STUDY SELECTION: The management of bleeding and thrombotic complica-
tions of ECMO.

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

DATA SYNTHESIS: Risk of bias was assessed using the Quality in Prognosis 
Studies tool. The evidence was evaluated using the Grading of Recommendations 
Assessment, Development, and Evaluation system. Forty-eight experts met over 
2 years to develop evidence-based recommendations and, when evidence was 
lacking, expert-based consensus statements for the management of bleeding and 
thrombotic complications in pediatric ECMO patients. 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. Two good practice statements, 5 weak recommen-
dations, and 18 consensus statements are presented.

CONCLUSIONS: Although bleeding and thrombotic complications during 
pediatric ECMO remain common, limited definitive data exist to support an  
evidence-based approach to treating these complications. Research is needed to 
improve hemostatic management of children supported with ECMO.

KEYWORDS: anticoagulation; complications; extracorporeal membrane oxygenation; 
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Despite ongoing improvements in extracorporeal membrane oxygena-
tion (ECMO) technology, bleeding and thrombosis remain significant 
complications associated with high rates of morbidity and mortality 

(1–6). Little evidence exists to guide management of bleeding and thrombosis 
in pediatric ECMO patients resulting in wide practice variability (7).
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The objective of this subgroup of the Pediatric 
ECMO Anticoagulation CollaborativE (PEACE) was 
to derive systematic-review informed, modified Delphi 
consensus regarding the management of bleeding and 
thrombotic complications during pediatric ECMO 
support. Routine anticoagulation and blood product 
transfusion management for pediatric ECMO patients 
not experiencing bleeding or thrombosis are covered 
in other sections of the PEACE supplement (8–13).

MATERIALS AND METHODS

Detailed methods, including population(s) for whom 
these guidelines are intended and definitions of clin-
ically relevant bleeding, are described in the PEACE 
executive summary (8). Briefly, a structured litera-
ture search was performed using PubMed, EMBASE, 
and Cochrane Library (CENTRAL) databases from 
January 1988 to May 2020, with an update in May 
2021, guided by subgroup-specific population, in-
tervention, comparator, and outcome questions 
(Supplemental Methods 1, http://links.lww.com/
PCC/C499). Two authors reviewed each citation in-
dependently with a third reviewer resolving conflicts. 
Evidence tables were constructed using a standard-
ized data extraction form (8). 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 (14–16), and the evidence was 
evaluated using the Grading of Recommendations 
Assessment, Development, and Evaluation system 
(17, 18).

A panel of six experts developed evidence-based 
and, when evidence was insufficient, expert-based 
statements for bleeding and thrombotic complications 
for children supported with ECMO. These statements 
were reviewed and ratified by the 48 PEACE experts, 
who met over two years. Statements were developed 
using the Evidence to Decision framework, empha-
sizing the panel’s assessment of the benefits versus 
harms of each proposed statement and a prioritized 
list of patient outcomes (19–21). A web-based modi-
fied Delphi process was used to build consensus via the 
Research and Development/University of California 
Appropriateness Method. Consensus was defined 
a priori as greater than 80% agreement (22, 23). 
Additional references, not included in the structured 
literature search, were included in rationale statements 

to provide context but were not used to derive recom-
mendations or consensus statements.

RESULTS

The structured literature search identified 8563 
abstracts. Of these, 8229 references were excluded 
based on abstract review. An additional 322 refer-
ences were excluded during full article review, leav-
ing 12 references that were used for recommendation 
and consensus statement creation (Fig. 1). The in-
cluded references are detailed in Supplemental Table 
1 (http://links.lww.com/PCC/C499). A summary of 
risk of bias assessments is in Supplemental Figure 1 
(http://links.lww.com/PCC/C499). The relevant con-
sensus recommendations for patient management of 
bleeding and thrombosis are displayed in Figures 2 
and 3, respectively.

Management of Bleeding and Thrombotic 
Complications

Recommendation. 
8.1 There is insufficient evidence to provide  
evidence-based recommendations for or against a 
specific protocol or guideline to manage bleeding or 
thrombotic complications in ECMO patients. Weak 
recommendation, very low-quality pediatric evidence, 
91% agreement (n = 46), median 8 (interquartile range 
[IQR] 7–9).

Although bleeding and thrombosis are major com-
plications of ECMO, insufficient data exist to formulate 
evidence-based recommendations for their prevention 
or management. Reports in the neonatal and pediatric 
ECMO population are largely small case series which 
are insufficient to lend credence to any provided pro-
tocol. In a single study, institution of a bleeding protocol 
with or without aminocaproic acid was not associated 
with shorter circuit times in pediatric ECMO patients, 
suggesting that circuit thrombosis may not be a major 
concern when anticoagulation and hemostatic agents 
are used judiciously (24). However, little data exist to 
create a specific, evidence-based bleeding protocol.

Management of Bleeding

Recommendation. 
8.2 There is insufficient evidence to suggest for 
or against specific blood product transfusion 
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thresholds to manage bleeding or thrombotic com-
plications in ECMO patients. Weak recommendation, 
very low-quality pediatric evidence, 83% agreement (n = 
46), median 7.5 (IQR 7–9).

Consensus Statements. 
8.3 For clinically relevant bleeding (definitions 
of clinically relevant bleeding are provided in the 
Executive Summary of the PEACE Consensus 
Conference (8)) in ECMO patients, it is reason-
able to consider platelet transfusion to maintain a 
threshold of at least 100 × 109 cells/L. Higher thresh-
olds may be considered for patients in whom platelet 
dysfunction is suspected. Consensus panel expertise 
with weak agreement, 81% agreement (n = 43), median 
8 (IQR 7–9).

8.4 For clinically relevant bleeding in ECMO 
patients, it is reasonable to consider an initial 
plasma transfusion for international normalized 
ratio (INR) > 1.5. Repeated transfusions for the sole 
purpose of correcting the INR may not improve out-
comes. Consensus panel expertise with weak agreement, 
88% agreement (n = 43), median 7 (IQR 7–9).

Summary of the evidence: No included studies pro-
spectively evaluated thresholds for platelet transfu-
sion in bleeding pediatric patients on ECMO. Multiple 
studies associate platelet transfusion volume with 
adverse outcomes in both bleeding and nonbleed-
ing patients (25–27). However, these studies are con-
founded by indication bias, whereby patients with 
greater bleeding receive greater transfusion volumes. 

Platelet dysfunction has been 
identified in pediatric ECMO 
patients suggesting that platelet 
transfusion may be helpful in 
the bleeding patient regardless 
of platelet count (28). However, 
the extent to which platelet dys-
function contributes to bleeding 
and the threshold of dysfunction 
that should prompt treatment are 
unknown. Likewise, it is unclear 
whether platelet transfusion 
reverses platelet dysfunction and 
would treat bleeding in this set-
ting (29).

Optimum thresholds for 
plasma transfusion in bleeding 

pediatric ECMO patients are currently unknown. No 
included studies prospectively evaluated these thresh-
olds. It is also unknown whether prothrombin time 
or INR are optimal laboratory values to target trans-
fusion therapy in bleeding pediatric ECMO patients. 
In a multicenter point prevalence study of critically ill 
children transfused with plasma, the median change in 
INR from preimplementation to posttransfusion was 
–0.1 (IQR –0.3 to 1) in children with pretransfusion 
INR less than 2.5, whereas the change in INR was –1.1 
(IQR –2 to –4) in children with pretransfusion INR 
greater than 2.5, suggesting that plasma transfusion to 
target an INR value of less than 2.5 may not be effica-
cious (30). These data were similar to adult studies that 
suggest plasma transfusion may not be efficacious in 
correcting INR values of less than 2.0 (31–33).

Balance of benefit versus harm: Decisions to trans-
fuse platelet or plasma products must balance the 
potential benefits of hemostatic transfusion with po-
tential risks of transfusion. Potential benefits of platelet 
and plasma transfusion in clinically significant bleed-
ing can be inferred from the trauma setting in which 
hemostatic resuscitation strategies that include higher 
plasma or platelet to RBC ratios confer bleeding-
related survival benefits (34). However, thresholds at 
which transfusion benefit outweighs harm for bleed-
ing pediatric ECMO patients are unknown. In the ab-
sence of more definitive data, the expert panel agreed 
that for clinically relevant bleeding, it may be reason-
able to transfuse platelets to a threshold of 100 × 109 
cells/L, and/or to transfuse fresh frozen plasma for 

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram of 
the systematic review.



Copyright © 2024 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

Copyright © 2024 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

 

Pediatric Critical Care Medicine www.pccmjournal.org     e69

Figure 3. Recommendations for the management of clinically significant thrombosis. CS-W = consensus statement with weak 
agreement, ECMO = extracorporeal membrane oxygenation.

Figure 2. Recommendations for the management of clinically significant bleeding. CS-S = consensus statement with strong agreement, 
CS-W = consensus statement with weak agreement, ECMO = extracorporeal membrane oxygenation, GPS = good practice statement, 
INR = international normalized ratio.
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an INR greater than 1.5. The panel acknowledged a 
lack of evidence to guide these particular thresholds 
and the critical need for further research to define 
evidence-based thresholds (35). Although multiple 
methods exist to evaluate platelet function, including 
platelet aggregometry, platelet function analyzer, and 
viscoelastic testing, data to guide definitions of platelet 
dysfunction associated with bleeding risk on ECMO 
are lacking, and the panel was unable to derive a  
consensus-based definition. Although a specific defi-
nition is lacking, it was felt that transfusing platelets to 
a threshold greater than 100 × 109 cells/L may be rea-
sonable with active bleeding in populations with evi-
dence of or at risk of platelet dysfunction, such as those 
on ECMO following cardiopulmonary bypass (36). In 
the expert panel’s opinion, repeat plasma transfusion 
for the sole purpose of correcting the INR likely car-
ries more risk than benefit. In the setting of ongoing 
bleeding and persistent INR elevation despite plasma 
transfusion, additional evaluation including visco-
elastic testing might help guide further hemostatic 
resuscitation.

Consensus Statement. 
8.5 It is reasonable to consider the use of pro-
thrombin complex concentrates (PCC) when there 
is severe bleeding refractory to hemostatic blood 
product transfusion, antifibrinolytic therapy, 
decreased/discontinued anticoagulation, and/or 
consideration for surgical intervention as clinically 
applicable. Consensus panel expertise with weak agree-
ment, 93% agreement (n = 43), median 8 (IQR 7–9).

Summary of the evidence: PCC are lyophilized 
plasma-derived vitamin K-dependent coagulation 
factors (II, VII, IX, and X). They are categorized as 
three-factor or four-factor PCC based on whether they 
contain therapeutic concentrations of factor VII. No 
included studies evaluated the use of PCC in pediatric 
ECMO patients, and the added benefit of either three-
factor or four-factor PCC over plasma transfusion in 
bleeding ECMO patients remains uncertain. There 
is a case report of pump thrombosis after PCC in an 
adult ECMO patient, raising a potential concern for 
thrombotic risk (37). However, this report was con-
founded by the coadministration of activated factor 
VII. In a meta-analysis of 17 observational studies of 
adults with bleeding due to trauma, cardiac surgery, or 
liver surgery, PCC use was associated with lower blood 
product utilization overall, and with lower bleeding 

volumes in cardiac surgery patients (38). Overall, mor-
tality was not significantly different in PCC groups 
versus comparison groups, although PCC used with 
plasma was associated with lower mortality in trauma 
patients. PCC use was not associated with an increase 
in thromboembolic events. Included studies used ei-
ther three-factor or four-factor PCC, without com-
parison between the two. In a propensity-matched 
retrospective study of adult patients with trauma-
induced coagulopathy, four-factor PCC was associ-
ated with a faster time to correct INR and fewer RBC 
transfusions compared with three-factor PCC (39). In 
a recent RCT of 100 adults with bleeding and an INR 
greater than 1.6 during cardiopulmonary bypass sur-
gery, four-factor PCC compared with plasma resulted 
in fewer intraoperative RBC transfusions and greater 
reductions in INR with no significant differences in 
bleeding volume, postoperative transfusions, throm-
boembolic events, or mortality (40).

Balance of benefit versus harm: Although data sug-
gest that PCC may have benefit to reverse coagulopa-
thy in bleeding patients without significant increase in 
thrombotic risk, PCC use in ECMO patients has not 
been thoroughly evaluated. Acknowledging a paucity 
of data, the panel felt that for bleeding refractory to 
plasma transfusion and/or other measures, PCC may 
be preferred due to higher concentrations of specific 
clotting factors and/or smaller volumes compared 
with repeated plasma transfusions. Given available 
evidence, four-factor PCC may be preferred over 
three-factor PCC, though this question has not been 
addressed in ECMO patients.

Consensus Statement. 
8.6 In ECMO patients with severe bleeding refrac-
tory to other measures, it is reasonable to consider 
reducing or withholding systemic anticoagulation 
with frequent reassessment of bleeding and clotting 
to guide resumption of full systemic anticoagula-
tion. Consensus panel expertise with weak agreement, 
87% agreement (n = 46), median 8 (IQR 7–9).

Summary of the evidence: No studies have evalu-
ated stopping systemic anticoagulation to treat refrac-
tory bleeding in pediatric ECMO patients.

Balance of benefit versus harm: Decisions to decrease 
or withhold systemic anticoagulation in the bleeding 
pediatric ECMO patient must balance risks of ongoing 
bleeding with risks of circuit or patient thrombosis. In 
the setting of life-threatening hemorrhage, the benefit 
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of decreasing or withholding systemic anticoagulation 
likely outweighs the risk for most patients. Optimal 
indications to decrease or withhold anticoagulation in 
patients with clinically relevant but not life-threatening  
bleeding are less clear and require an individualized 
risk assessment. Risk assessment should consider the 
consequences of bleeding as well as the higher clot-
ting risk for younger patients with smaller circulating 
blood volume relative to circuit volume and/or the 
risks of brief cessation of ECMO flow if circuit throm-
bosis requires a circuit change. Risks of embolic stroke, 
which may be greater in patients supported with veno-
arterial (VA) ECMO versus venovenous (VV) ECMO, 
should also be considered.

Consensus Statement. 
8.7 In ECMO patients with life-threatening bleed-
ing, it is reasonable to consider activating a 
massive transfusion protocol and utilizing bal-
anced hemostatic resuscitation. Consensus panel 
expertise with weak agreement, 90% agreement  
(n = 42), median 8 (IQR 7–9).

Summary of the evidence: No prospective studies 
have evaluated massive transfusion protocols in pedi-
atric ECMO patients. Randomized controlled trials in 
adult trauma patients support a balanced resuscitation 
strategy with plasma:RBC:platelet ratios of 1:1:1 to 
1:1:2 for life-threatening hemorrhage (34). In a recent 
multicenter observational study of 191 children with 
life-threatening hemorrhage after traumatic injury, 
higher plasma to RBC ratio, lower plasma deficit (de-
fined as mL/kg RBC transfusion minus mL/kg plasma 
transfusion), and lower platelet deficit were independ-
ently associated with lower mortality (41). In a single-
center study of pediatric trauma patients, institution 
of a massive transfusion protocol was associated with 
shorter time to first plasma transfusion and higher 
plasma:RBC ratio (42). While differences in clinical 
outcomes in the preimplementation versus postimple-
mentation eras were not demonstrated, the study was 
likely underpowered to detect these differences.

Balance of benefit versus harm: Current guidelines 
for blood product transfusion in critically ill children 
support the use of a balanced transfusion strategy 
for life-threatening hemorrhage (43). Although their 
utility in pediatric ECMO patients has not been firmly 
established, massive transfusion protocols that pro-
mote a balanced resuscitation strategy are associated 
with benefits in adult and pediatric trauma patients. 

That said, life-threatening hemorrhage in an antico-
agulated patient with high risk of underlying coagu-
lopathy may require even higher plasma:platelet:RBC 
transfusion ratios to correct coagulopathy compared 
with a trauma patient. As such, although massive 
transfusion protocols are helpful to ensure efficient de-
livery of blood products to the bedside, augmenting 
the massive transfusion protocol with hemostatic test-
ing and adjusting hemostatic resuscitation accordingly 
is likely beneficial (44).

CNS Bleeding

Recommendation. 
8.8 There is insufficient evidence to provide an  
evidence-based recommendation for intracerebral 
hemorrhage management for pediatric ECMO. 
Weak recommendation, very low-quality pediatric evi-
dence, 91% agreement (n = 46), median 7.5 (IQR 7–9).

Consensus Statements. 
8.9 It is reasonable to consider whether ECMO can 
be safely discontinued when intracranial hemor-
rhage (ICH) is diagnosed. Consensus panel expertise 
with weak agreement, 91% agreement (n = 46), median 
8 (IQR 7–9).

8.10 In patients with ICH for whom ECMO cannot 
be safely discontinued, it is reasonable to consider 
decreasing or stopping systemic anticoagulation 
with frequent reassessment of bleeding and clotting 
to guide the duration of decreased or no anticoagu-
lation. Consensus panel expertise with weak agreement, 
87% agreement (n = 46), median 8 (IQR 7–9).

8.11 In patients with ICH for whom ECMO can-
not be safely discontinued, it is reasonable to con-
sider transfusing platelets to at least a platelet count 
of 100 × 109 cells/L, or higher in the setting of platelet 
dysfunction. Consensus panel expertise with weak 
agreement, 88% agreement (n = 42), median 7.5 (IQR 
7–9).

Summary of the evidence: No included studies 
evaluated management strategies for pediatric ECMO 
patients with ICH. Fina et al (45) reported a series of 
six adult patients supported with ECMO in whom sys-
temic anticoagulation was held for 10 ± 4 hours without 
clot formation. Anecdotal and laboratory reports indi-
cate the ability to hold heparin in adolescent and adult 
patients for longer periods of time without complica-
tion (46, 47).
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Balance of benefit versus harm: For an individual 
patient supported with ECMO in whom ICH is diag-
nosed, the clinical care team must weigh the advantages 
and disadvantages of discontinuing ECMO support. 
Consideration must be given to the likelihood of ICH 
expansion (partially based on the degree of anticoag-
ulation required) in comparison to the likelihood of 
survival if ECMO was discontinued. Decisions should 
incorporate the wishes of the parents/ guardians with 
respect to their child’s overall prognosis.

The duration for which systemic anticoagulation 
can be held for pediatric ECMO patients, who have 
lower flow rates compared with adults, remains un-
known. Variables include the patient’s underlying 
coagulation cascade balance, type of ECMO system, 
duration of ECMO run, and presence of thrombus in 
the system. Increasing ECMO flow rates when sys-
temic anticoagulation is held or decreased is an in-
triguing approach; however, there is a paucity of 
clinical date to guide this decision. Limited in vitro 
data suggest that both low and high ECMO flow rates 
may contribute to clot formation (48), thus empiri-
cally increasing the flow rate to prevent thrombus 
should be viewed cautiously.

Cardiorespiratory System Bleeding:

Good Practice Statement. 
8.12 In patients supported with ECMO for cardio-
genic shock, the presence of pulmonary hemorrhage 
should prompt evaluation for left atrial hyperten-
sion and consideration of left heart decompression. 
100% agreement (n = 46), median 8 (IQR 8–9).

Pulmonary hemorrhage is an established compli-
cation of left atrial hypertension in cardiogenic shock 
(49, 50). This risk is magnified in the anticoagulated 
ECMO patient. Thus, the occurrence of pulmonary 
hemorrhage in a patient supported with ECMO for 
cardiogenic shock should promptly lead to diagnostic 
evaluation of left atrial hypertension and consideration 
of left heart decompression as indicated.

Recommendation. 
8.13 There is insufficient evidence to provide an  
evidence-based recommendation for management 
of pulmonary hemorrhage for pediatric ECMO 
patients. Weak recommendation, very low-qualty pedi-
atric evidence, 91% agreement (n = 46), median 7 (IQR 
7–8.25).

Consensus Statements. 
8.14 In ECMO patients with pulmonary hemor-
rhage, it is reasonable to consider localized instil-
lation of lysine analog antifibrinolytic agents as 
part of a multimodal approach to bleeding control. 
Consensus panel expertise with weak agreement, 91% 
agreement (n = 46), median 7 (IQR 7–8.25).

8.15 In ECMO patients with thoracic hemorrhage/
hemothorax, it is reasonable to consider a trial of 
conservative management with blood product re-
placement and/or withholding anticoagulation. 
Consensus panel expertise with weak agreement, 91% 
agreement (n = 46), median 7.5 (IQR 7–8.25).

8.16 In ECMO patients with hemothorax, due to 
the risk of additional bleeding, we suggest against 
chest tube placement except in the setting of 
decreased pump flow and oxygenation, or if unable 
to wean from ECMO. It is reasonable to consider 
surgical intervention if no improvement with con-
servative measures. Consensus panel expertise with 
weak agreement, 85% agreement (n = 46), median 7.5 
(IQR 7–9).

8.17 In pediatric ECMO patients with hemody-
namic compromise due to cardiac tamponade, con-
sider surgical decompression or ultrasound-guided 
pericardiocentesis with or without placement of a 
pericardial drain, dependent on patient. Consensus 
panel expertise with strong agreement, 98% agreement 
(n = 42), median 8 (IQR 7–9).

Summary of the evidence: Management of periop-
erative thoracic bleeding is discussed in another article 
of this supplement (35). Outside of the perioperative 
period, no pediatric literature exists to guide manage-
ment of thoracic bleeding in pediatric ECMO patients. 
A single case series describes nebulized tranexamic 
acid via endotracheal tube in three adults with pul-
monary hemorrhage while on VV ECMO (51). Each 
patient had control of bleeding and was ultimately 
decannulated from ECMO successfully.

Balance of benefit versus harm: Although bleed-
ing from lung parenchyma and intercostal vessels is 
often difficult to control, aggressive interventional 
approaches may exacerbate hemorrhage rather than 
control it. Our expert consensus approach is to trial 
a conservative management strategy before invasive 
strategies to achieve hemostasis (52, 53). This manage-
ment strategy may include a trial of nebulized lysine 
analog antifibrinolytic agents, although data to guide 
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dosing, frequency, or optimal instillation techniques 
are lacking. The decision to place a chest tube in the 
setting of hemothorax must weigh the potential ben-
efit to cardiopulmonary function with the potential 
risk of further bleeding from chest tube placement it-
self. There is no clear evidence to support a superior 
method of chest tube placement, including whether 
the Seldinger technique versus surgical chest tube 
placement is preferred (54).

Although clinicians must always balance the 
benefit:risk ratio of any procedure, especially when 
performed on an anticoagulated patient, cardiac tam-
ponade with hemodynamic compromise can be life-
threatening even with full ECMO support. Tamponade 
in the ECMO-supported patient can lead to failure of 
venous return and lack of cardiac output (from patient 
or ECMO pump) as well as compromised myocar-
dial perfusion and subsequent progressive myocar-
dial injury (55). In this emergent situation, surgical 
or ultrasound-guided decompression is essential. The 
technical approach should be tailored to the expertise 
available.

Gastrointestinal System Bleeding

Recommendation. 
8.18 There is insufficient evidence to provide an  
evidence-based recommendation for management 
of gastrointestinal hemorrhage for pediatric ECMO. 
Weak recommendation, very low-quality pediatric evi-
dence, 87% agreement (n = 46), median 7 (IQR 7–9).

Consensus Statement. 
8.19 It is reasonable to consider endoscopic cau-
tery or vessel embolization to control bleeding for 
selected pediatric patients with gastrointestinal 
hemorrhage on ECMO. Consensus panel expertise 
with weak agreement, 89% agreement (n = 46), median 
7.5 (IQR 7–8).

Summary of the evidence: Although data are lim-
ited, the use of endoscopic cautery has been described 
in a case report of an adult managed with ECMO who 
experienced gastrointestinal bleeding from a small 
bowel arteriovenous malformation (56).

Balance of benefit versus harm: Although no pedi-
atric data are available, the expert panel agreed that 
considering endoscopic cautery or vessel embolization 
is reasonable for the pediatric ECMO patient with gas-
trointestinal bleeding originating from a focal source 

and refractory to conservative measures, balancing the 
severity of bleeding with the risks of bleeding from the 
procedure itself.

Patient Thrombosis

Consensus Statements. 
8.20 In ECMO patients with massive pulmonary 
emboli, intracardiac or intracoronary thrombi, or 
patient bladder thrombus, it is reasonable to con-
sider direct thrombolysis. Consensus panel expertise 
with weak agreement, 82% agreement (n = 46), median 
7 (IQR 7–8).

8.21 In ECMO patients with intracardiac 
thrombus, it is reasonable to consider surgical re-
moval of the thrombus. Consensus panel expertise 
with weak agreement, 87% agreement (n = 46), median 
8 (IQR 7–8).

Summary of the evidence: A single case report 
describes successful use of direct thrombolysis in a new-
born with intra-atrial thrombus while on ECMO (57). 
Successful surgical removal of intracardiac thrombus in 
a patient with biventricular ventricular mechanical cir-
culatory support has also been reported (58).

Balance of benefit versus harm: In the absence of 
definitive data, relative risks versus benefits of either 
direct thrombolysis or thrombectomy for thoracic 
thromboses in the pediatric ECMO population re-
main uncertain. For individual patients, decisions are 
best made by a multidisciplinary team considering the 
pathophysiology and underlying hemostasis of the 
child, risks of the thrombus itself, and risks of each 
procedure. Decisions must consider the availability 
of required equipment, resources, and institutional 
expertise.

Circuit and Circuit Component Thrombosis

Good Practice Statement. 
8.22 In ECMO patients with significant bleeding 
and evidence of consumptive coagulopathy, evaluate 
and address all potential causes, including the cir-
cuit and components, patient thrombosis, and diag-
noses associated with disseminated intravascular 
coagulopathy (DIC). 100% agreement (n = 43), me-
dian 8 (IQR 7–9).

Signs and symptoms of consumptive coagulopa-
thy can arise from a variety of etiologies in pediatric 
ECMO patients, including patient thrombus, circuit 
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thrombus, or DIC. Each of these etiologies requires a 
different set of diagnostic and management approaches. 
Specifically, if thrombus is not identified, consumptive 
coagulopathy may be a sign of a new or worsening in-
flammatory process, including nosocomial sepsis, and 
investigation for new infection or for alternate sources 
of systemic inflammation is warranted. Worsening 
thrombocytopenia, including increased use of platelet 
transfusions to maintain a threshold platelet count, 
should prompt evaluation for thrombocytopenia-
associated multiple organ failure, an inflammatory 
multiple organ dysfunction phenotype characterized 
by low ADAMTS13 activity, accumulation of ultra-
large von Willebrand factor multimers and thrombotic 
microangiopathy (59, 60).

Consensus Statements. 
8.23 In venoarterial ECMO patients with thrombus 
identified on the arterial side of the circuit, it is rea-
sonable to consider urgent evaluation and consid-
eration of options for clot removal or circuit change 
depending on cannulation site, thrombus size, and 
thrombus location. If the clot cannot be removed, 
careful neurologic monitoring should occur as pa-
tient is at high risk for systemic embolization, in-
cluding stroke. Consensus panel expertise with weak 
agreement, 90% agreement (n = 42), median 8 (IQR 7–9).

8.24 It is reasonable to consider component 
change rather than entire circuit change for localized 
thrombus in the bladder and/or oxygenator during 
ECMO. Consensus panel expertise with weak agreement, 
87% agreement (n = 46), median 8 (IQR 7–9).

8.25 In ECMO patients, it is reasonable to con-
sider circuit change for diffuse clot and/or fibrin 
deposition with associated decrease in patient fi-
brinogen and platelet count and increase in d-dimer. 
Consensus panel expertise with weak agreement, 89% 
agreement (n = 46), median 7 (IQR 7–9).

Summary of the evidence: No included studies eval-
uated the optimal approach in the pediatric population 
to remove clots from the arterial side of the ECMO cir-
cuit or optimal timing/indications for a circuit change.

Balance of benefit versus harm: When thrombosis 
occurs in components of the ECMO system, the clinical 
team must decide whether to replace the affected com-
ponents or change the entire pump system. Although 
no definitive data exist to support either approach, one 
must consider the multiple variables including institu-
tional expertise, estimated time off pump to change the 

component/system, expense, component/system avail-
ability, possibility of the clot reforming at the same site, 
and anticipated risk to the patient.

CONCLUSIONS

Although bleeding and thrombotic complications dur-
ing pediatric ECMO remain common and adversely 
affect patient outcomes, limited definitive data exist 
to support an evidence-based approach to preventing 
and treating these complications. Further research is 
needed to improve hemostatic management of chil-
dren supported with ECMO and to prevent and man-
age life-affecting and life-threatening complications.
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