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Membrane Oxygenation Anticoagulation 
in the Perioperative Period: The Pediatric 
Extracorporeal Membrane Oxygenation 
Anticoagulation CollaborativE Consensus 
Conference
OBJECTIVES: To derive systematic review-informed, modified Delphi con-
sensus regarding the management of children on extracorporeal membrane ox-
ygenation (ECMO) undergoing invasive procedures or interventions developed 
by the Pediatric Anticoagulation on ECMO CollaborativE (PEACE) 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: ECMO anticoagulation and hemostasis management in 
the perioperative period and during procedures.

DATA EXTRACTION: Two authors reviewed all citations independently, with a 
third independent reviewer resolving any conflicts. Seventeen references were 
used for data extraction and informed recommendations. Evidence tables were 
constructed 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. Four good practice statements, 7 recommenda-
tions, and 18 consensus statements are presented.

CONCLUSIONS: Although agreement among experts was strong, important fu-
ture research is required in this population for evidence-informed recommendations.

KEYWORDS: antifibrinolytics; blood transfusions; extracorporeal membrane 
oxygenation; hemostatic agents; pediatrics; perioperative procedures 
anticoagulation

Undertaking invasive procedures/interventions for children supported 
with extracorporeal membrane oxygenation (ECMO) increases the 
risk of bleeding complications and adds to the complexity of man-

agement of anticoagulation for the circuit (1–3). However, procedures may be 
required to inform diagnosis and treatment options, and intervention may be 
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required to address the respiratory or cardiorespira-
tory failure precipitating ECMO support (2–6). There 
are no published evidence-based guidelines to inform 
the management of anticoagulation, use of antifibrino-
lytics and hemostatic agents, or transfusion of blood 
products in the periprocedural period for children 
on ECMO. The objective of this study was to derive 
an evidence-informed, modified Delphi consensus re-
garding the management of periprocedural anticoagu-
lation and hemostasis during pediatric ECMO support.

MATERIALS AND METHODS

Detailed methods and definitions of clinically relevant 
bleeding are described in the Pediatric Extracorporeal 
Membrane Oxygenation Anticoagulation Collaborative 
executive summary (7). 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. 
Literature on anticoagulation and blood product trans-
fusion management of the periprocedural period and its 
impact on patient and circuit outcomes were reviewed 
(Supplemental Methods 1, http://links.lww.com/PCC/
C493). Major invasive procedure was defined as an open 
surgical procedure (e.g., thoracotomy, sternotomy, cra-
niotomy, laparotomy). Minor invasive procedure was 
defined as any percutaneous procedure (e.g., vascular 
access, catheter-based intervention, chest tube place-
ment, percutaneous biopsy or drain placement, per-
itoneal dialysis catheter placement, fasciotomy, and 
tracheostomy). Minor or routine procedures such as pe-
ripheral IV placement, nasogastric tube placement, or 
urinary catheter placement were not included.

Two authors reviewed all citations independ-
ently, with a third independent reviewer resolving 
any conflicts. Evidence tables were constructed using 
a standardized data extraction form (7). 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 (8–10), and 
the evidence was evaluated using the Grading of 
Recommendations Assessment, Development, and 
Evaluation system (11, 12). A panel of 48 experts met 
over 2 years to develop evidence-based recommenda-
tions and, when evidence was lacking, expert-based 
consensus statements. 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 (13–15). 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. Additional references, 
not included in the structured literature search, were 
included in rationale statements to provide context 
but were not used to derive recommendations or con-
sensus statements.

RESULTS

The structured literature search identified 3554 
abstracts. Of these, 3427 references were excluded 
based on the abstract. An additional 110 references 
were excluded based on the full article review, leaving 
17 references that were used for recommendation and 
consensus statement creation (Fig. 1). The included ref-
erences are detailed in Supplemental Table 1 (http://
links.lww.com/PCC/C493). A summary of the risk of 
bias assessments is in Supplemental Figure 1 (http://
links.lww.com/PCC/C493). Good practice statements, 
recommendations based on low- or very low-quality 
pediatric evidence, and consensus statements were de-
veloped and reached agreement (> 80%), as summa-
rized in Table 1.

Risk Categories for Periprocedural Bleeding

For a child supported with ECMO, the risk of any 
proposed procedure/intervention must be weighed 

Figure 1. Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses diagram of studies screened and included in the 
pediatric extracorporeal membrane oxygenation periprocedural 
management subgroup.
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against potential benefits in a decision undertaken 
by the interdisciplinary team in consultation with 
the parent/guardian. Informed by other professional 
guidelines addressing procedural bleeding risk, we de-
rived four categories of periprocedural risk of bleed-
ing complications as a framework for these decisions 
(16–19):
 1. Low bleeding-risk procedures/interventions: Expected 

to rarely result in hemorrhagic complications, in anatom-
ical regions where bleeding is readily diagnosed and readily 
controlled.

 2. Postcardiotomy ECMO: Children cannulated to ECMO 
after cardiotomy or cardiac surgery with cardiopulmonary 
bypass (CPB) with a high risk of bleeding.

 3. High bleeding-risk procedures (noncardiac): are more 
likely to result in hemorrhagic complications and/or occur 
in anatomical regions where bleeding may be difficult to 
diagnose or treat (e.g., intra-abdominal cavity, lung pa-
renchyma, retroperitoneum) and/or occur in anatomical 
regions where even minor amounts of bleeding may have 
devastating consequences (e.g., eye, spinal cord, brain).

 4. Bleeding in the periprocedural period: defined as the 
24-hour period after the procedure.

Good Practice Statement. 

7.1 In ECMO, when a diagnostic or interven-
tional procedure is considered, the benefits and 
risks, and alternatives of the procedure should 
be evaluated before deciding to perform an in-
vasive procedure; however, do not postpone the 
procedure if it impacts diagnosis, treatment and/
or prognosis. 89% agreement (n = 46), median 8 
(interquartile range [IQR] 7–9).

Procedures on ECMO are frequent, occurring in up 
to 28.4% of patients studied, depending on inclusion 
criteria (1, 3). Hemorrhagic (55%) and thrombotic 
(22%) complications were commonly identified and 
have been associated with increased mortality (1, 2, 
20). Retrospective studies of intercostal catheter inser-
tion or open lung biopsy in children on ECMO doc-
umented major bleeding in 20–22%, with up to 11% 
undergoing thoracotomy for management (21–24). In 
two registry studies, laparotomy was associated with 
bleeding in 50% of subjects, with overall high mor-
tality (70%) (24, 25). Studies of children undergoing 
cardiac catheterization on ECMO demonstrate that 
10–20% of children have procedure-related complica-
tions. More than half of the patients (68–77%) received 
diagnoses of residual lesions or unexpected structural 
or physiologic findings (40%) during catheterization 

requiring procedural intervention (26–28). Diagnostic 
procedures during ECMO may result in diagnosis of 
life-limiting conditions, leading to goal-concordant 
therapy and redirection of care (23).

Despite the increased risk of bleeding associated 
with invasive procedures during ECMO support, some 
children may benefit from the clinical diagnostic in-
formation or therapeutic strategy undertaken (4, 
29). Retrospective observational studies in children 
undergoing cardiac catheterization or lung biopsies on 
ECMO highlight the importance of some procedures 
for diagnosis, prognosis, and management with accept-
able risk of complications (4, 23, 27, 30, 31). Although 
there is an increased risk of bleeding or other com-
plications associated with invasive procedure/s dur-
ing ECMO support if that procedure diagnoses and/
or treats an underlying condition resulting in a shorter 
time to successful ECMO decannulation, then the risk/
benefit ratio is likely favorable.

Good Practice Statements. 

7.2 In the ECMO patient with a planned major 
invasive procedure and/or high bleeding risk of 
the procedure, identify and optimize underlying 
coagulation status before the procedure. 89% 
agreement (n = 44), median 9 (IQR 7–9).

7.3 In the ECMO patient with any risk of bleed-
ing, measure and evaluate blood loss during and 
after the invasive procedure for at least 24 hours 
and until the bleeding ceases or decreases to min-
imal/moderate grade or rate of bleeding. The se-
verity of the bleeding should be determined by 
the quantity of blood lost, the site of the bleed-
ing, and the consequences of the bleeding on 
hemodynamics, hemoglobin, and organ dysfunc-
tion. 93% agreement (n = 44), median 8 (IQR 7–9).

Hemostatic complications, bleeding, and throm-
bosis remain the leading causes of morbidity and mor-
tality on ECMO (2, 32). In addition to circuit-surface 
contact activation, activation of platelets and inflam-
matory pathways occur in the context of critical illness 
(32). Management of bleeding includes monitoring 
anticoagulation and hemostasis, replacement of blood 
products and coagulation factors, and administer-
ing hemostatic agents as needed (33). As procedures 
or interventions on ECMO are associated with an 
increased risk of bleeding, we recommend identifying 
and optimizing underlying coagulation status before 

D
ow

nloaded from
 http://journals.lw

w
.com

/pccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 07/17/2024



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

Willems et al

e58     www.pccmjournal.org July 2024 • Volume 25 • Number 7 (Suppl 1)

invasive procedures. Evaluation for the evolution and 
potential progression of bleeding in the periprocedural 
period must be undertaken until bleeding is controlled 
or ceased. Although there are no consensus definitions 
for the severity of bleeding during pediatric ECMO, 
published studies provide a framework including con-
sideration of the volume of bleeding and anatomical 
location (3, 34–36).

Children Undergoing Low Bleeding-Risk 
Procedures or Interventions

Consensus Statements. 

7.4 In ECMO patients undergoing a minor and/
or low bleeding-risk procedure, it is reasonable 
to consider using an institutional protocol or 
guideline for the management of systemic anti-
coagulation and transfusion therapy. Consensus 
panel expertise with weak agreement, 91% agree-
ment (n = 46), median 8 (IQR 7–9).

7.5 In ECMO patients undergoing a minor 
and/or low bleeding-risk procedure, it is reason-
able to consider that the decision to decrease or 
hold systemic anticoagulation be evaluated case-
by-case based on the risk of bleeding and throm-
bosis in the context of the proposed procedure 
to be performed, the anatomical location of the 
invasive procedure, and the risk of clotting of the 
circuit. Consensus panel expertise with weak agree-
ment, 93% (n = 43), median 8 (IQR 7–9).

7.6 In ECMO patients undergoing a minor 
and/or low bleeding-risk procedure, it is reason-
able to consider the application of nonbovine-
derived topical hemostatic agents. Consensus 
panel expertise with weak agreement, 89% agree-
ment (n = 44), median 8 (IQR 7–9).

7.7 In ECMO patients undergoing a minor and/
or low bleeding-risk procedure, we advise against 
the routine use of lysine analog antifibrinolytic 
agents (e.g., epsilon aminocaproic acid [EACA], 
tranexamic acid [TXA]) but they could be consid-
ered in patients with concerns for increased risk of 
bleeding. Consensus panel expertise with strong agree-
ment, 95% agreement (n = 43), median 8 (IQR 7–8).

7.8 In ECMO patients undergoing a minor 
and/or low bleeding-risk procedure, we sug-
gest against targeting predefined higher thresh-
olds for platelet and fibrinogen transfusions. 
Consensus panel expertise with weak agreement, 
85% agreement (n = 46), median 7.5 (IQR 7–9).

Summary of the Evidence. No data are available to 
inform the use or selection of a specific protocol or 
guideline for the management of systemic anticoagu-
lation and transfusion therapy in children undergo-
ing minor or low bleeding-risk procedures on ECMO. 
Likewise, no pediatric data are available to guide a de-
crease in or cessation of systemic anticoagulation, use 
of antifibrinolytic medications, or transfusion thresh-
olds for minor or low bleeding-risk procedures on 
ECMO.

Data are available to inform the use of nonbovine-
derived topical hemostatic agents at cannulation sites 
in neonates (37). A prospective observational study 
showed cessation of oozing after the application of fi-
brin at cannulation site (37). A prospective multicenter 
randomized controlled trial that compared standard 
cauterization plus fibrin sealant as a topical hemostatic 
agent versus standard cauterization alone for cannula-
tion showed decreased bleeding in the fibrin sealant-
treated patients (38).

Balance of Benefits Versus Harms

Institutional Protocol. Informed by low-quality pe-
diatric evidence supporting the use of institutional 
protocols in pediatric anticoagulation postcardiotomy 
(see 7.9 below), we suggest the use of an institutional 
protocol for pediatric patients undergoing minor or 
low bleeding-risk procedures on ECMO. Such proto-
cols may include considerations for how the proce-
dure will be performed (and by whom) to minimize 
bleeding risk, monitoring for signs of bleeding, and/or 
processes for interdisciplinary management decisions 
should bleeding occur. The risk versus benefit of rou-
tinely stopping or decreasing systemic anticoagulation 
for a minor or low bleeding-risk procedure on ECMO 
is less certain and decisions to alter anticoagulation 
targets should consider individualized assessments of 
hemostasis.

Topical Hemostatic Agents. Although there is little 
evidence of benefit for topical hemostatic agents spe-
cific to this population, extrapolated evidence suggests 
benefit and there is little risk of harm with the use of 
human-derived topical hemostatic agents. Because 
of reported cases of immune-mediated coagulopa-
thy with life-threatening bleeding with bovine top-
ical thrombin, we recommend against bovine-derived 
products (39).
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Antifibrinolytic. Because lack of high-quality data 
to inform lysine analog antifibrinolytic agent use, 
the associated risk of thrombotic complications, and 
the low bleeding risk for minor procedures, we sug-
gest against routine prophylactic use of lysine analog 
antifibrinolytic agents for minor or low bleeding-risk 
procedures.

Transfusion Thresholds. In the absence of data 
on transfusion thresholds for platelets or fibrinogen 
in low bleeding-risk patients, the low rate of associ-
ated severe bleeding complications, and the absence 
of studies evaluating complications of platelet and fi-
brinogen transfusions in this population, we suggest 
against prophylactically targeting higher transfusion 
thresholds in the periprocedural period for minor or 
low bleeding-risk procedures.

Postcardiotomy ECMO

Recommendations. 

7.9 In pediatric ECMO patients, before and after 
CPB, consider using a predefined institutional 
protocol for the management of systemic anti-
coagulation and transfusion. Weak recommenda-
tion, low-quality pediatric evidence, 91% agreement 
(n = 43), median 8, IQR 7–9.

7.10 Before starting ECMO during cardiac 
surgery, consider activated clotting time (ACT)-
targeted protamine reversal before ECMO initia-
tion and delaying systemic anticoagulation until 
after the procedure and until surgical hemostasis 
is achieved and bleeding is controlled. Weak rec-
ommendation, low-quality pediatric evidence, 93% 
agreement (n = 42), median 7.5, IQR 7–9.

7.11 In ECMO post-CPB, consider main-
taining platelets above 100 × 109 cells/L and 
fibrinogen levels above 150 mg/dL in the peri-
procedural period. Weak recommendation, low-
quality pediatric evidence, 88% agreement (n = 43), 
median 8, IQR 7–8.

Consensus Statements. 

7.12 In post-CPB ECMO patients, we cannot sug-
gest for or against the routine use of prophylactic 
lysine analog antifibrinolytic agents (EACA, 
TXA). Consensus panel expertise with weak agree-
ment, 91% agreement (n = 43), median 8, IQR 7–8.

7.13 In pediatric ECMO patients post-CPB, ly-
sine analog antifibrinolytic agents (EACA, TXA) 

may be considered if there is bleeding. Consensus 
panel expertise with weak agreement, 91% agree-
ment (n = 43), median 8, IQR 7–8.

7.14 In post-CPB ECMO patients, it is rea-
sonable to consider using non-bovine topical he-
mostatic agents at the surgical site in response 
to active bleeding as part of a multimodal blood 
management strategy including surgical hemo-
stasis. Consensus panel expertise with weak agree-
ment, 93% agreement (n = 42), median 8, IQR 7–9.

7.15 In post-CPB ECMO patients—because 
of the risk of thrombotic complications, we ad-
vise against the use of recombinant factor VIIa 
(rFVIIa) except in the event of life-threatening 
bleeding refractory to multimodality blood man-
agement and resuscitation that addresses factors 
contributing to bleeding. Consensus panel exper-
tise with strong agreement, 98% agreement (n = 42), 
median 8, IQR 7–9.

Summary of the Evidence. Low-quality evidence 
based on observational studies supports the use of an 
institutional protocol for lowering systemic antico-
agulation, maintaining higher fibrinogen and platelet 
levels, and for the use antifibrinolytics to control 
bleeding with low rates of circuit thrombosis in ECMO 
patients after CPB (40–45). In multiple retrospective 
case-control studies of postcardiotomy ECMO, pro-
tocolized use of protamine, maintenance of platelet 
count greater than or equal to 100 × 109 cells/L, and/
or delaying systemic unfractionated heparin (UFH) ti-
tration, and/or the use of EACA or TXA were associ-
ated with significantly less bleeding (46). Some reports 
include cessation of UFH therapy for clinically signif-
icant bleeding without increased thrombotic compli-
cations in postcardiotomy pediatric ECMO (43, 45, 
46). Another small study described reduced surgical 
revision for bleeding with an anticoagulation strategy 
of continuous antithrombin administration to target 
antithrombin greater than 100% and low dose (10–20 
IU/h) UFH infusion with ACT less than 150 seconds, 
platelets maintained greater than 100 × 109 cells/L and 
TXA infusion during ECMO (41).

There is insufficient data to guide routine admin-
istration of antifibrinolytic agents during postcardi-
otomy ECMO in children. In some studies, the lysine 
analog antifibrinolytics (e.g., EACA or TXA) are part 
of a predefined institutional protocol (40, 41, 45). One 
retrospective historical control study showed reduced 
surgical site bleeding but increased circuit changes in 
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patients at high-bleeding risk including cardiac sur-
gical patients when EACA was administered for 72 
hours postprocedure (47).

Limited data informed the consensus statement 
against the use of rFVIIa in postcardiotomy pediatric 
ECMO. Two retrospective observational studies in 
postcardiotomy patients including pediatric ECMO 
(combined n = 24) reported some evidence of effi-
cacy but an associated increased risk of severe throm-
botic complications after rFVIIa administration for 
severe bleeding (48, 49). Due to the risk of significant 
circuit thrombosis, if rFVIIa is to be administered, 
the preparation of a rescue ECMO circuit should be 
considered.

Balance of Benefits Versus Harms. ECMO sup-
port post-CPB in infants and children poses very high 
bleeding risks with associated morbidity and mor-
tality. As such, efforts to maintain the delicate balance 
between circuit integrity and patient bleeding risk are 
paramount. Published institutional protocols have 
been associated with benefits, although the protocols 
are highly variable and reported outcomes lack stand-
ardization. As such, understanding which protocols or 
specific elements of protocols may be most efficacious 
remains a challenge. In the absence of more definitive 
data, we offer reasonable suggestions meant to balance 
the risks of severe hemorrhage with risks of patient or 
circuit thrombosis and risks of transfusion exposure.

Children Undergoing High Bleeding-Risk 
Procedures (Noncardiac Surgery)

Recommendations. 

7.16 It is reasonable to consider the use of lysine 
analog antifibrinolytic agents (EACA, TXA). 
If administered, we suggest antifibrinolytics be 
started before the procedure, continued during 
the procedure, and for at least 24 hours after the 
procedure based on frequent reassessment of 
bleeding and thrombosis, and clotting of the cir-
cuit. Weak recommendation, very low-quality pedi-
atric evidence, 93% agreement (n = 42), median 7.5, 
IQR 7–9.

7.17 It is reasonable to consider maintaining 
platelet thresholds above 100 x 10^9 cells/L and 
fibrinogen levels above 150 mg/dL in the peripro-
cedural period. Weak recommendation, very low-
quality pediatric evidence; 90% agreement (n = 42), 
median 7.5, IQR 7–9.

Consensus Statements. 

7.18 It is reasonable to consider prophylactic ap-
plication of nonbovine-derived topical hemo-
static agents at the surgical site. Consensus panel 
expertise with weak agreement, 90% agreement (n = 
42), median 8, IQR 7–9.

7.19 Because of the risk of thrombotic com-
plications, we advise against the use of rFVIIa 
except in the event of life-threatening bleeding 
refractory to multimodal blood management 
and resuscitation that addresses factors contrib-
uting to bleeding. Consensus panel expertise with 
strong agreement, 95% agreement (n = 42), median 
8, IQR 7–9.

7.20 It is reasonable to consider using a prede-
fined institutional protocol or guideline for the 
management of systemic anticoagulation and 
transfusion therapy in pediatric ECMO during 
major and/or high bleeding-risk invasive proce-
dures. Consensus panel expertise with weak agree-
ment, 91% agreement (n = 46), median 8, IQR 7–9.

7.21 It is reasonable to consider decreasing or 
stopping systemic anticoagulation temporarily 
before the procedure, depending on: the proce-
dure itself; the ability to achieve surgical hemo-
stasis; the patient’s condition; and the state of 
the ECMO circuit. Consensus panel expertise with 
weak agreement, 93% agreement (n = 46), median 
8, IQR 7–9.

Summary of the Evidence

Antifibrinolytic Agents. Retrospective cohort studies 
of pediatric ECMO management protocols in the peri-
procedural period have included reports of less bleed-
ing or blood product transfusions when lysine analog 
antifibrinolytic agents (e.g., EACA or TXA) are used 
during open lung biopsy or other surgical procedures 
(23, 47, 50).

Thresholds for Platelets and Fibrinogen. The for-
mation of clots is largely dependent on the adequacy of 
platelets and fibrinogen. Thresholds for platelets greater 
than 100 × 109 cells/L and fibrinogen greater than 
150 mg/dL are based on low-quality evidence. Most of 
the studies are in neonates and targeted thresholds for 
platelets and fibrinogen are part of broader protocols 
including thresholds for anticoagulation and/or the 
use of antifibrinolytics surrounding the procedure (1, 
23, 24, 50–53).
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Institutional Protocol. There are single-center, ret-
rospective studies of bleeding periprocedure in pedi-
atric ECMO, mainly congenital diaphragmatic hernia 
(CDH) correction or chest tube placement/lung biopsy, 
which show reduced bleeding and mortality when a 
predefined institutional protocol including decrement 
of systemic anticoagulation, and/or the use of lysine 
analog antifibrinolytic agents (e.g., EACA, TXA), and/
or prophylactic application of non-bovine derived top-
ical hemostatic agents, and/or targeting higher thresh-
olds for platelets and fibrinogen (1, 23, 24, 51–53).

Targets for Anticoagulation. Most of the identi-
fied studies that incorporated an institutional protocol 
consider decrementing or cessation of anticoagulation 
in the periprocedural period for pediatric ECMO (23, 
24, 51–53). Recently, a retrospective case series of pro-
tocolized perioperative bivalirudin use for CDH repair 
on ECMO reported major bleeding in 39% of children, 
but there were no episodes of reintervention or mor-
tality attributed to hemorrhage and no circuit changes 
for thrombosis (54).

Balance of Benefits Versus Harms

Similar to considerations for pediatric postcardiotomy 
ECMO patients, institutional protocols on manage-
ment of anticoagulation, hemostasis, and transfusion 
thresholds that balance bleeding risks with risks of cir-
cuit or patient thrombosis for pediatric ECMO patients 
around major invasive or high bleeding-risk proce-
dures are likely beneficial. Due to a lack of evidence 
and wide variation in institutional protocols, however, 
identifying a single protocol that maximizes benefit 
while minimizing harm is challenging and needful for 
future investigation.

Periprocedural Bleeding

Good Practice Statement. 

7.22 In ECMO patients who underwent an in-
vasive procedure, early surgical consultation 
should be sought for procedure-associated bleed-
ing. 96% agreement (n = 46), median 9, IQR 8–9).

Recommendations. 

7.23 Consider decreasing or stopping systemic 
anticoagulation temporarily until bleeding 
ceases or decreases to minimal/moderate grade 

or rate of bleeding. Weak recommendation, low-
quality pediatric evidence, 85% agreement (n = 46), 
median 8, IQR 7–8.25.

7.24 It is reasonable to consider targeting 
higher transfusion thresholds by maintaining 
platelet thresholds above 100 × 109 cells/L and fi-
brinogen levels above 150 mg/dL until the bleed-
ing ceases or decreases to minimal/moderate 
grade or rate of bleeding. Weak recommendation, 
very low-quality pediatric evidence, 93% agreement 
(n = 42), median 7.5, IQR 7–9.

Consensus Statements. 

7.25 Consider adoption and use of an institu-
tional protocol for multimodal blood manage-
ment strategy for periprocedural bleeding which 
takes into account: 1) the severity of bleeding 
and/or a bleeding score, 2) close monitoring 
of the amount of blood losses and the clinical 
consequences of the bleeding, 3) the need to 
change the target for systemic anticoagulation 
and indications for temporarily stopping sys-
temic anticoagulation, 4) indications for the use 
of antifibrinolytics and/or hemostatic therapies, 
and 5) the targeting higher concentrations of 
platelet and fibrinogen levels. Consensus panel ex-
pertise with strong agreement, 96% agreement (n = 
42), median 8, IQR 7–9.

7.26 In ECMO patients with refractory or severe 
bleeding associated with a procedure that persists 
after surgical hemostasis is achieved, it is reason-
able to consider consultation with an expert in he-
mostasis (e.g., intensivist with expertise in ECMO, 
hematologist, transfusion medicine specialist, 
hematopathologist, etc.) depending on institutional 
expertise. Consensus panel expertise with weak agree-
ment, 93% agreement (n = 42), median 8, IQR 7–9.

7.27 It is reasonable to consider the use of ly-
sine analog antifibrinolytic agents (e.g., EACA, 
TXA) to decrease bleeding as part of a multi-
modality blood management strategy. Consensus 
panel expertise with weak agreement, 86% agree-
ment (n = 42), median 7, IQR 7–9.

7.28 In patients with periprocedural bleed-
ing—because of the risk of thrombotic complica-
tions, we advise against the use of rFVIIa except 
in the event of life-threatening bleeding refrac-
tory to multimodal blood management and re-
suscitation that addresses factors contributing 
to bleeding. Consensus panel expertise with strong 
agreement, 95% (n = 42), median 8, IQR 7–9.
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7.29 In ECMO patients with bleeding associ-
ated with an invasive procedure, consider appli-
cation of nonbovine-derived topical hemostatic 
agents at the surgical site. Consensus panel exper-
tise with strong agreement, 95% agreement (n = 43), 
median 8, IQR 7–8.

Summary of the Evidence. Evidence for a prede-
fined institutional protocol, decreasing or ceasing 
anticoagulation, targeting higher transfusion thresh-
olds for platelets and fibrinogen, and the use of lysine 
analog antifibrinolytics in high-risk bleeding invasive 
procedures or patients on ECMO postcardiotomy also 
apply to patients with periprocedural bleeding (1, 23, 
24, 40–42, 46, 48, 50–53).

Balance of Benefits Versus Harms. Given the lack 
of high-quality clinical evidence to guide the manage-
ment of periprocedural bleeding in pediatric ECMO 
patients, it is difficult to assess the balance of benefit 
versus harm for individual interventions. Because 
bleeding and associated transfusion requirements 
carry significant risk, efforts to control bleeding as 
quickly as possible—including early consideration 
for surgical hemostasis—are vital. The presented con-
sensus statements are informed by studies of proto-
colized management of infants and children on ECMO 
support status post-CPB or congenital diaphragmatic 
surgery and are intended to balance the risks of pro-
longed bleeding with risks of transfusion exposure and 
risks of circuit or patient thrombosis that could arise 
from bleeding management.

CONCLUSIONS

Procedures or surgical interventions are sometimes 
required for children supported with ECMO. Limited 
evidence informs the safety and consequences of such 
procedures in this population. Balancing risks of 
bleeding associated with anticoagulation and coagu-
lopathy during pediatric ECMO is even more com-
plicated in the periprocedural period. Decreasing 
anticoagulation targets, the use of systemic antifibri-
nolytics or adjunct hemostatic agents, and targeting 
higher transfusion thresholds for blood products may 
decrease bleeding events at the risk of thrombosis 
or circuit clotting. Strong evidence is lacking in this 
population and further research is needed to stratify 
the risk of such procedures, improve anticoagula-
tion management, administration of antifibrinolytics, 

and determine thresholds for transfusions for blood 
products.
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