Anticoagulation Monitoring and Targets:
The Pediatric Extracorporeal Membrane
Oxygenation Anticoagulation CollaborativE

Consensus Conference

OBJECTIVES: To derive systematic-review informed, modified Delphi consensus
regarding anticoagulation monitoring assays and target levels in pediatric extracor-
poreal membrane oxygenation (ECMO) for 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 2021.

STUDY SELECTION: Anticoagulation monitoring of pediatric patients on ECMO.

DATA EXTRACTION: Two authors reviewed all citations independently, with a
third independent reviewer resolving any conflicts. 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 or the revised Cochrane risk of bias for randomized trials, as appro-
priate and 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 clinical recommendations fo-
cused on anticoagulation monitoring and targets, using a web-based modified
Delphi process to build consensus (defined as > 80% agreement). One weak
recommendation, two consensus statements, and three good practice state-
ments were developed and, in all, agreement greater than 80% was reached. We
also derived some resources for anticoagulation monitoring for ECMO clinician
use at the bedside.

CONCLUSIONS: There is insufficient evidence to formulate optimal anticoagula-
tion monitoring during pediatric ECMO, but we propose one recommendation,
two consensus and three good practice statements. Overall, the available pedi-
atric evidence is poor and significant gaps exist in the literature.

KEYWORDS: anticoagulant; extracorporeal membrane oxygenation; hematologic
assays; pediatrics

uring extracorporeal membrane oxygenation (ECMO), blood is in
contact with the foreign surface of the ECMO circuit leading to ac-
tivation of hemostasis, which can lead to patient thrombosis and/
or ECMO circuit thrombosis and failure. Systemic anticoagulation mitigates
this response but may contribute to life-threatening bleeding in the patient,
especially when combined with the alterations in the hemostatic system as-
sociated with critical illness, platelet and clotting factor consumption due to
the ECMO circuit and/or underlying critical illness, and age-related differences
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in hemostatic regulation across the pediatric age range
(1-3). Because of the risk of bleeding, it is important
to closely monitor systemic anticoagulation while on
ECMO. However, small numbers of patients and var-
iability in both clinical pathology and physical circuit
component combinations make it difficult to design
studies to determine best monitoring practices, and
practice variation is high (4, 5). The objective of this
subgroup of the Pediatric ECMO Anticoagulation
CollaborativE (PEACE) was to derive systematic-
review informed, modified Delphi consensus rec-
ommendations on anticoagulation monitoring in
pediatric ECMO patients.

MATERIALS AND METHODS

Detailed methods and definitions of clinically relevant
bleeding are described in the PEACE executive sum-
mary (6). 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
to evaluate anticoagulation monitoring (Supplemental
Methods 1, http://links.lww.com/PCC/C496). Two
authors reviewed all citations independently, with a
third independent reviewer resolving any conflicts.
Evidence tables were constructed using a standard-
ized data extraction form (6). 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 (7-9), and the evidence was evaluated
using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system (10,
11). A panel of 48 experts met over the course of 2
years to develop evidence-based recommendations
and, when evidence was lacking, expert-based con-
sensus statements or good practice statements for
anticoagulation monitoring. 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 (12-14). 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,
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not included in the structured literature search, were
included in rationale statements to provide context but
were not used to derive recommendations, consensus
or good practice statements.

RESULTS

The structured literature search identified 4319
abstracts. Of these, 3822 references were excluded
based on the abstract. An additional 446 references
were excluded based on full article review, leaving 51
references that were used for consensus statement cre-
ation (Fig. 1). The included references are detailed in
Supplemental Table 1 (http://links.lww.com/PCC/
C496). A summary of risk of bias assessments are pre-
sented in Supplemental Figure 1 (http://links.lww.
com/PCC/C496). One weak recommendation, two
consensus statements, and three good practice state-
ments met preset criteria for agreement (i.e., > 80%)
were developed and are presented here.

Assays to Monitor UFH Anticoagulation

Clinical Recommendation.

3.1 When monitoring unfractionated heparin-based
anticoagulation, it is reasonable to consider a com-
bination of anticoagulation monitoring assays in-
cluding one or more “time to clot” assays (activated
clotting time [ACT], activated partial thrombo-
plastin time [aPTT], and/or viscoelastic tests) in
combination with anti-factor Xa (anti-Xa) assay,
where available. Consensus panel expertise with weak
agreement, 89% agreement (n = 44), median 8, inter-
quartile range [IQR] 7-9.

[ 4319 studies screened ] —) [ 3822 irrelevant ]

l 446 Excluded
] 113 adult studies

139 wrong study design

90 wrong intervention

30 abstract only

l 71 wrong patient population

497 full text studies
assessed for eligibility

3 duplicate study

[ 51 included ]

Figure 1. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses diagram of studies screened and included in the
anticoagulation monitoring subgroup.
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Good Practice Statements.

3.2 A thorough understanding of anticoagulation
assays is necessary for management of ECMO and
includes: 1) Obtaining manufacturer package insert
information, 2) using institutional experts in hemo-
stasis to educate ECMO clinicians. 98% agreement
(n = 44), median 8, IQR 7-9.

3.3 Use a multidisciplinary approach, which may
include input from critical care, surgery, transfusion
medicine, hematology and pharmacy, to develop an
institutional anticoagulation protocol; also consider
consulting these experts in ECMO hemostasis in
cases not easily managed with the institutional pro-
tocol. 82% agreement (n = 44), median 8, IQR 7-9.

3.4 Investigate promptly any discrepancies in
results of anticoagulation assays in ECMO to iden-
tify underlying causes for the discrepancy. 85%
agreement (n = 46), median 9, IQR 7-9.

Summary of the evidence: Heparin monitoring
assays include measurements of time to conversion of
fibrin to fibrinogen (colloquially “time to clot assays”)
such as the ACT, the aPTT, thromboelastogram, rota-
tional thromboelastometry (ROTEM), and the anti-Xa
assay, a measure of heparin dose efficacy on exogenous
factor Xa (15). aPTT has been considered more pre-
dictive of coagulation status than ACT both within and
between neonatal ECMO patients (16). aPTT moni-
toring of heparin therapy for ECMO patients has been
shown to be associated with decreased hemorrhagic
complications when compared with ACT (17). Of
note, however, there are many different aPTT reagents
available, each with different sensitivities to age-related
hemostatic changes, different linearity, and response to
heparin dosing. ECMO clinicians need to understand
the properties of their local laboratory test to interpret
and manage patient care.

Assessment of coagulation status by viscoelastic
assays such as thromboelastogram or ROTEM has be-
come more common (5, 18). In a retrospective com-
parison of neonatal ECMO patients who experienced
hemorrhage (> 2mL/kg/ECMO hr) to those who did
not, significant differences between thromboelasto-
gram results were noted over time (19). Another study
noted a reduction in hemothoraces in neonatal con-
genital diaphragmatic hernia patients on ECMO when
thromboelastogram monitoring was added to their
anticoagulation management algorithm (20). Although
these studies suggest the assays may be useful decision
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support for prediction and choice of therapies for
bleeding and clotting, other studies of neonatal ECMO
patients have been less convincing (21). Although
some studies have reported normative thromboelas-
togram and ROTEM data for well children, there is
insufficient information to standardize the measure-
ments of heparin effect in children or the critically ill
(22). Indeed, in a retrospective single center study of
children on ECMO, the proportion of variation in co-
agulation test results explained by heparin dose was
13.3% for anti-Xa, 11.9% for ratio thromboelastogram
R time, and 9.9% for delta thromboelastogram R time,
compared with less than 1% for ACT and aPTT (23).

Several studies have found poor correlation be-
tween ACT and aPTT and the anti-Xa assay in ECMO
patients likely due to ongoing factor and platelet con-
sumption (18, 24, 25). The anti-Xa assay more closely
correlates to heparin dosing than the time to clot assays
(26, 27). Studies comparing pediatric ECMO patients
managed with anti-Xa monitoring strategy with prior
practice noted fewer heparin boluses, less frequent
blood draws and changes in heparin infusion dosing,
fewer circuit changes and hemorrhagic complications,
and improved survival (28, 29). Unfortunately, stud-
ies are confounded by technology changes in addition
to changes in anticoagulation monitoring strategy and
management. One small study appeared to suggest
that anti-Xa was more closely associated with circuit
thrombotic complications, with decreased anti-Xa
measurements associated with increased odds of sub-
sequent circuit change, while there was no difference
in ACT measurement between the groups (30).

There are several studies that support using mul-
tiple anticoagulation monitoring assays in combina-
tion (31-35). These approaches have been associated
with decreased blood product transfusion, decreased
bleeding complications, and increased circuit dura-
tion (34, 35). Frequency of anticoagulation monitor-
ing was assessed in an observational cohort study
which compared anticoagulation monitoring using a
“simple” strategy (every 2-hr ACT measurement; daily
anti-Xa and aPTT) at one center versus an “intensive”
strategy (every 2hr ACT; every 12hr aPTT, interna-
tional normalized ratio [INR], anti-Xa, and daily anti-
thrombin) at another center and found no difference
in outcomes including bleeding and thrombotic com-
plications and survival (36). There is, additionally, no
evidence that pediatric ECMO patients anticoagulated
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using a lower compared with higher anticoagulation
targets have improved survival or decreased bleeding
and thrombotic events. In one study of 604 patients
supported with venoarterial ECMO for cardiac and
respiratory indications, higher heparin dose, but not
ACT level, was associated with improved survival
(37). Finally, there is no current evidence to support
that time to target therapeutic anticoagulation test or
longer duration in the therapeutic range is associated
with improved survival or lower bleeding and throm-
botic events in children supported with ECMO (38,
39). In one study, inability to achieve anticoagulation
target and frequent heparin dose changes were asso-
ciated with increased intracranial events (40). Finally,
several studies have concluded that current laboratory
assays may not be sufficient to predict bleeding and
clotting complications in pediatric patients managed
with ECMO, despite different combinations of assays
(41, 42).

Balance of benefits versus harms: We suggest that
a “time to clot” assay (ACT, aPTT, prothrombin time
[PT]/INR, and/or thromboelastogram/ROTEM) is
used to assess patient coagulation status in combina-
tion with the anti-Xa assay to assess heparin efficacy.
Additional assays that may be helpful include platelet
and fibrinogen levels, platelet function assay, and
antithrombin activity assay. Anticoagulation targets
should be adjusted considering patient and circuit re-
lated factors and perceived risk of bleeding versus clot-
ting. Table 1 includes the characteristics of commonly
used anticoagulation monitoring assays and Table 2
outlines factors associated with variability in results.
A suggested approach to interpreting discrepancies
in unfractionated heparin (UFH) monitoring assays
(i.e., scenarios in which simultaneous results of differ-
ent assays would direct different clinician actions) is
in Supplemental Table 2 (http://links.lww.com/PCC/
C496).

Interference in Anticoagulation Monitoring
Assays

Consensus Statement.

3.5 In each center, we consider that ECMO clini-
cians and their laboratory define thresholds of bil-
irubin, plasma free hemoglobin and triglycerides
above which chromogenic or optical clot detection-
based anticoagulation monitoring assays should be
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considered unreliable. Consensus panel expertise with
strong agreement, 98% agreement (n = 43), median 8,
IQR 7-9.

Summary of the evidence: Tests to assess coagu-
lation may be affected by patient factors and specific
aspects of laboratory tests used. Thus, the provider
titrating anticoagulation must understand intrinsic
test result variance and external factors that affect test
results. We collated characteristics of commonly used
anticoagulation monitoring assays and factors associ-
ated with variability in results (Tables 1 and 2).

Hemolysis and hyperbilirubinemia, commonly seen
in ECMO patients may affect the results of the anti-Xa
assay. Elevated levels of substances such as plasma-free
hemoglobin and bilirubin may lead to an underesti-
mation of anti-Xa activity. Optical assays of anti-Xa,
aPTT, and PT may variably be impacted (43, 44). Thus,
heparin titration in the presence of elevated plasma-
free hemoglobin and serum bilirubin may result in er-
roneous evaluation of anticoagulation status and may
lead increased risk of bleeding or clotting.

Monitoring Anticoagulation With Direct
Thrombin Inhibitors

Clinical Recommendation.

3.6 There is insufficient evidence to recommend
a specific assay or therapeutic range for monitor-
ing direct thrombin inhibitors (DTIs) in pediatric
ECMO. Recommendation (no level), very low-quality
pediatric evidence, 83% agreement (n = 46), median 7,
IQR 7-9.

Summary of the evidence.

Analytic response of monitoring assays for direct
thrombin inhibitors (DTIs): The analytic response of
aPTT, plasma dilute thrombin time, ecarin clotting
time, and PT/INR hemostasis assays have been evalu-
ated for use in monitoring anticoagulation with bivali-
rudin. aPTT is the most commonly reported assay
used to monitor bivalirudin during ECMO (45-50)
and shows a curvilinear increase in clotting time as
a function of bivalirudin concentration (51). Because
the aPTT cannot be diluted, it can be difficult to assess
the bivalirudin when levels are supratherapeutic. The
aPTT is prolonged by low coagulation factor levels,
sample contamination with heparin, and lupus inhibi-
tors, which are common in hospitalized patients (33,
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43, 52, 53) and does not correlate well with other tests
used to monitor direct thrombin inhibitors (DTIs) or
with DTT levels in many patient (51, 54-58).

Two different approaches to dilution of the thrombin
time assay have been reported, including either dilution
of the patient plasma sample (diluted thrombin time)
(59) or the use of a standardized lower thrombin dose
(i.e., 5 National Institutes of Health units in the dilute
thrombin time) (55, 56). Both modified thrombin times
have resulted in improved sensitivity in DTI monitoring.
No studies have currently reported use of the plasma di-
lute thrombin time to monitor bivalirudin during pe-
diatric ECMO, but its improved analytic response and
reduced interference warrant further study.

The ecarin clotting time is a highly specific test for
DTIs that correlates well with plasma diluted thrombin
times (51, 54, 55). Its response is almost linear with
DTI level and can be calibrated to report the level of
drug (54). It has good sensitivity and specificity for
DTIs, but availability is limited.

The PT/INR is also prolonged by DTTs, correlation be-
tween PT and DTTI levels is similar to aPTT and ACT (54).
Prolongation of the PT was weak compared with other
assays, it was difficult to distinguish therapeutic doses of
bivalirudin from over or under dosage (60). Further stud-
ies of PT/INR as a bivalirudin monitoring tool would be
needed due to the small size of current studies.

Clinical monitoring of DTIs during ECMO: Only
limited data are available on the use of DTIs, mainly
bivalirudin and to a lesser extent, argatroban, during
ECMO (45-50). No validated therapeutic ranges are
available. Four studies reported use of bivalirudin in
pediatric patients on ECMO using aPTT monitoring
(45, 47, 48, 50).

Recent studies evaluating aPTT to monitor bivali-
rudin have reported similar rates of thrombosis,
bleeding, transfusion and mortality between pediatric
ECMO patients anticoagulated with bivalirudin and
heparin, while other studies have reported decreased
circuit interventions and decreased transfusion, time
to reach therapeutic targets and cost using bivalirudin
versus heparin (45, 47, 48, 50). None of these studies
were randomized trials.

Balance of benefits versus harms: At this time, there
is insufficient evidence to recommend a specific assay
or therapeutic range for monitoring DTIs used in pe-
diatric patients supported with ECMO. Multicenter
quality improvement bundles and clinical studies
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using DTIs to prevent thrombosis in pediatric patients
with ventricular assist devices typically use the aPTT to
monitor DTTs, but there is no evidence that the aPTT
is the optimal test or that the target range being used
is the optimal therapeutic range during ECMO sup-
port (50). Adjunctive markers of optimal therapeutic
effect for DTIs such as ecarin clotting time and dilute
thrombin time warrant further investigation.

CONCLUSIONS

Data to guide frequency of monitoring and use of
specific anticoagulation assay(s) during anticoagula-
tion with UFH or DTTIs in pediatric ECMO are scarce
and, at times, contradictory. We suggest that an appro-
priate panel of assays combined with interpretation by
experts in anticoagulation, ECMO, and pediatric in-
tensive care medicine, may result in superior bleeding
and clotting outcomes; however, research in this area
is desperately needed. It is crucial for clinicians caring
for ECMO patients to have a thorough understanding
of the anticoagulation monitoring assays used in their
institutions to effectively interpret assay results.
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