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ARTICLE INFO ABSTRACT

Keywords: Objective: Specific protocols for anticoagulation for children on ECMO vary across institutions, with most using a
Extracorporeal membrane oxygenation continuous infusion of unfractionated heparin. The goal of this study is to aid clinician's decision on the best
Pediatrics measure of heparin anticoagulation test; which would be the one that correlates well with heparin activity and
Anticoagulation helps in predicting hemorrhagic and thrombotic complications.

]é?):;izrt}i’o:: e Data sources: A comprehensive search of MEDLINE, EMBASE, Cochrane Database of Systematic Reviews, and

Scopus was conducted from each database's inception to 07/13/2018.

Study selection: Studies evaluating children (< 18 years) treated with ECMO and evaluating ACT, aPTT, TEG and
Anti-Xa in any language were included.

Data extraction: Two reviewers selected and appraised studies independently, and abstracted data.

Results: We included 19 studies (759 patients, mean age 19.8 months). Meta-analysis showed strong correlation
between heparin dosing and anti-Xa. Additionally, there was not a strong correlation between laboratory tests
and complications (hemorrhagic and thrombosis), or mortality.

Conclusion: Based on current evidence, Anti-Xa is the only laboratory test that shows strong correlation with
heparin infusion dose and seems like the most suitable test for monitoring of anticoagulation with heparin in
children on ECMO.

1. Introduction

Extracorporeal Membrane Oxygenation (ECMO) was initially lim-
ited to short periods. Once the first membrane oxygenator was devel-
oped, patients could be supported for a prolonged time. ECMO is cur-
rently an invaluable tool in the armamentarium of life sustaining
measures in children [1].

Even when ECMO has shown clear benefits, it is still associated with
significant complications [1]. Due to the interaction between blood and
an artificial circuit, anticoagulation is needed to prevent thrombotic
complications [2]. Specific anticoagulation practices for children on
ECMO are widely variable, with most institutions using a continuous

infusion of unfractionated heparin [3]. Unfortunately, this regimen,
when convenient (rapid onset and easy reversal with protamine), pre-
sents marked limitations such as the disparities among methods for
measuring its effect, individual variability across patients and the hy-
percoagulation syndromes associated with deficiency of antithrombin
[4]. Despite significant efforts, all anticoagulation regimens continue to
be associated with major thrombotic and hemorrhagic complications
leading to significant morbidity and mortality [5-7]. Due to this,
maintaining the balance between hemostasis and anticoagulation is
crucial for a favorable outcome [8]. This balance is particularly chal-
lenging in children since clotting factors are maturing and levels of
procoagulants or anticoagulants are variable [9].
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Design not of interest (1)
Outcome of interest not
reported (6)

Fig. 1. Flow chart of references.

Methods used for monitoring the heparin effect include activated
clotting test (ACT), activated partial thromboplastin time (aPTT), anti-
factor Xa activity (anti-Xa) and the recently introduced thromboelas-
togram (TEG). The best method of monitoring anticoagulation during
ECMO is not known and all of them present specific limitations and
benefits that should be considered. Presently, there is no consensus on
the most appropriate and feasible anticoagulation test to be used in
children supported with ECMO.

The primary objective of this systematic review was to compare
global (ACT, aPTT, TEG R) and specific (anti-factor Xa activity) mea-
sures of anticoagulation used in clinical practice and determine their
congruence (i.e., correlation). We also sought to evaluate if the choice
of laboratory tests of anticoagulation affected the risk of complications
such as mortality, bleeding and thrombosis. Hemorrhagic complications
common in these patients on ECMO are intracranial hemorrhage, he-
mothorax, adrenal hemorrhage, retroperitoneal hemorrhage and he-
matoma at access site. Thrombosis complications are mainly related to
oxygenator or circuit clotting requiring replacement. The overarching
goal of this study is to aid clinician's decision on the best measure of
heparin anticoagulation test; which would be the one that correlates
well with heparin activity and helps in predicting hemorrhagic and
thrombotic complications in children on ECMO.

2. Materials and methods

This systematic review was reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines
(PRISMA) [10].

2.1. Eligibility criteria

Following a predesigned protocol we included studies evaluating
children (< 18years) treated with ECMO and evaluating ACT, aPTT,
TEG and Anti-Xa. We did not employ any language restrictions. Case
reports were excluded.
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2.2. Data sources and search strategies

A medical reference librarian (LJP) designed and conducted com-
prehensive electronic search strategies with input from the study in-
vestigators. Databases included, Ovid Medline In-Process & Other Non-
Indexed Citations, Ovid MEDLINE, Ovid EMBASE, Ovid Cochrane
Central Register of Controlled Trials, Ovid Cochrane Database of
Systematic Reviews, and Scopus were search from inception to July
13th, 2018. Controlled vocabularies supplemented with keywords were
used without language restrictions. Additionally, we reviewed the re-
ference lists of the eligible primary studies, narrative reviews and
queried experts.

The detailed strategy is available as Supplemental Material 1.

2.3. Selection of studies and data abstraction

Search output was uploaded into a web-based system (DistillerSR,
Ottawa, Canada). Two independent reviewers (PDP, PGJ, AM, FW)
screened titles and abstract. Disagreements were considered eligible for
the full text review. During this phase we achieved 90% of agreement.
During the full text screening conflicts between reviewers were solved
by consensus (PDP, PGJ, AM).

Data were extracted by independent pairs of reviewers using a pre-
designed, piloted web-based extraction form.

2.4. Methodological quality assessment

To assess the methodological quality of included studies (i.e., risk of
bias), we used relevant items from the Newcastle Ottawa scale [11].

2.5. Outcomes

The outcomes of this study were the correlation measure (estimated
as the Pearson correlation coefficient) between the different laboratory
tests (Anti-Xa, ACT, Heparin, aPTT, and TEG R), and clinical outcomes
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Table 2 (continued)

Outcomes

Exposure

Comparability

Selection

Design

Study

Adequacy of
follow up

Was follow-
up long
enough?

Were both
groups

Non

Same method of

Ascertainment of

exposure

Comparability of cases
and controls on the
basis of design or

analysis

Is non-exposed cohort

from the same
community?

Is the control
definition

Is the spectrum of patients'

representative?

response
rate

ascertainment for

assessed in the
same manner?

cases and controls

adequate?

Somewhat representative of

the average, consecutive

patients were selected

Yes

Yes

NA NA

Unclear NA NA NA Yes, secure record NA

Retrospective

Teruya

were used

cohort

Prospective
controlled Cohort

(2014)
Yu (2017)

Yes Yes Yes

No

Yes Yes, patients requiring Yes Yes Yes

Somewhat representative of

ECLS admitted to a
different hospital with

the average

the same level of care

Abbreviations.-, ECLS: Extracorporeal life support ECMO: extracorporeal membrane oxygenation, ECRP: Extracorporeal cardiopulmonary resuscitation, ICU: Intensive care unit, NA: Not applicable, NR: Not reported,

PICU: Pediatric intensive care unit,
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are depicted on Supplemental figs. 1, 2 and 3.
4. Discussion
4.1. Main findings

To our knowledge this is the first systematic and meta-analysis re-
view to evaluate correlations of routinely measured laboratory tests in
children on ECMO as well as their prediction of mortality, thrombosis
and bleeding.

We found that the only laboratory test that showed strong correla-
tion with heparin infusion dose was Anti-Xa (r = 0.61, 0.25-0.82).
Based on this, Anti-Xa seems like the most suitable test to monitor
heparin anticoagulation during ECMO in this population.

Data were sparse regarding clinical complications (hemorrhagic and
thrombotic) and mortality. Unfortunately, none of the evaluated la-
boratory tests showed significant correlation with hemorrhagic and
thrombotic complications.

4.2. Limitations and strengths

During the development of this systematic review several measures
were undertaken in order to reduce bias and error while strengthening
its quality. These measures included: predefined protocol-driven pro-
cedures, comprehensive literature search, study selection by in-
dependent reviewers and providing quantitative synthesis of the evi-
dence.

There are significant limitations that have to be considered. Even
when some pooled estimates present low or no statistical heterogeneity,
there are important clinical differences that should be addressed. In
terms of population, most of the included studies combined neonatal
and pediatric populations (only 2 studies exclusively evaluated new-
borns). Neonates have age —dependent outcomes as well as coagulation
factor levels, notably factor VIII and von-Willebrand factor activities
[18]. In addition, they have wide variability of renal clearance and
unique physiologic responses to sepsis, inflammatory reaction to ECMO
and require repeated blood product transfusions. Additionally, one of
the studies reviewed laboratory data from autopsies and it is possible
that this population of patients, who died after ECMO, differed sig-
nificantly from ECMO survivors [19]. In terms of the laboratory test
evaluated, we have to acknowledge the potential significant differences
between specific centres. This could significantly increase hetero-
geneity and limit the extrapolation of our results. A clear example is
aPTT, it is well known that there is no standardization for this test, it
can change depending on reagents and instruments used [20]. Un-
fortunately, the included studies did not provide enough information
for us to adjust our analysis. With respect to the ECMO modality, most
of the studies included patients with cardiac and respiratory indications
for ECMO, leading to the use of Venous —venous (VV) and Venous-Ar-
terial (VA) ECMO. A recently published systematic review in adults
showed lower rates of complication in VV ECMO compared to previous
reports using mixed population or VA exclusively [21,22]. They hy-
pothesized that added to the mortality associated to the original in-
dication for ECMO initiation, the cannulation procedure and the length
of treatment may have a significant detrimental impact [22].

4.3. Implications for practice and research

The correlation data synthesized in this review suggest that in
children on ECMO, anti-Xa levels may be the best test to assess heparin
activity. However, these data do not allow prescription as to how much
heparin activity may be needed for a given patient circumstance and we
found no correlation between anti-Xa levels with thrombotic compli-
cations, hemorrhagic complications, or death. These results raise ser-
ious concerns about our current ability in clinical practice to monitor
the anticoagulation in these patients as well as to prevent bleeding and
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Table 3

Correlation between tests and heparin infusion dose.
Test 1 Test 2 Number of studies Correlation r 95% CI Interpretation
Anti-Xa ACT 6 0.28 0.07; 0.50 Weak
Anti-Xa Heparin dose” 4 0.61 0.25; 0.82 Strong
Anti-Xa aPTT 5 0.32 0.16; 0.50 Weak
Anti-Xa TEG-R 1 0.57 0.27; 0.77 Moderate
ACT Heparin dose™ 5 0.06 (—0.10;0.21 Very weak
ACT aPTT 2 0.56 0.45; 0.65 Moderate
ACT TEG 2 0.33 0.07; 0.55 Weak
ACT Platelet count” 1 0.11 (—0.28; 0.47 Very weak
aPTT Heparin dose” 3 0.21 0.08;0.47 Weak
aPTT TEG-R 2 0.31 0.18; 0.43 Weak

2 Log platelet count.
> Unit/kg/h.

hemorrhagic complications.

Unfortunately, the quality of the available evidence is low due to the
observational nature of the evidence and imprecision (sparse data)
[23]. Even in adults there are limited data comparing the laboratory
tests to monitor anticoagulation during ECMO and the results are in-
consistent [24,25].

The current status of the evidence challenges the creation of an-
ticoagulation guidelines. As new studies become available, including
randomized controlled trials (RCT), new systematic reviews and meta-
analyses should be performed to include these data and improve re-
liability of present estimations [23].

5. Conclusions

Thrombosis and hemorrhage remain common complications of
ECMO that lead to increased morbidity and mortality. Despite wide-
spread use, the interpretation of standard unfractioned heparin mon-
itoring tests in ECMO patients is complicated by limited correlation to
each other and with the heparin dose being infused. Based on current
evidence, Anti-Xa is the only laboratory test that shows strong corre-
lation with unfractioned heparin infusion dose and seems like the most
suitable test for monitoring of anticoagulation with unfractioned he-
parin in children on ECMO.

Further research is needed to determine the optimal anticoagulation
regimen and monitoring strategy.

Funding source
No external funding for this manuscript.
Financial disclosure

The authors have no financial relationships relevant to this article to
disclose.

Declaration of Competing Interest
The authors have no potential conflicts of interest to disclose.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.thromres.2019.05.006.

References

[1] G. Makdisi, . W. Wang, Extra Corporeal Membrane Oxygenation (ECMO) review of
a lifesaving technology, J. Thorac. Dis. 7 (7) (2015) E166-E176 Jul. (PubMed
PMID: 26380745. Pubmed Central PMCID: 4522501).

138

[2

[3]

[4

[5]

[6

[7

[8]

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Oliver WC. Anticoagulation and coagulation management for ECMO. Semin.
Cardiothorac. Vasc. Anesth.. 2009 Sep;13(3):154-75. PubMed PMID: (19767408).
U.R. Desai, M. Petitou, I. Bjork, S.T. Olson, Mechanism of heparin activation of
antithrombin. Role of individual residues of the pentasaccharide activating se-
quence in the recognition of native and activated states of antithrombin, J. Biol.
Chem. 273 (13) (1998) 7478-7487 Mar 27. (PubMed PMID: 9516447).

Estes JW. Clinical pharmacokinetics of heparin. Clin. Pharmacokinet.. 1980 May-
Jun;5(3):204-20. PubMed PMID: 6993082.

T.V. Dela Cruz, D.L. Stewart, S.J. Winston, K.S. Weatherman, J.L. Phelps,

J.C. Mendoza, Risk factors for intracranial hemorrhage in the extracorporeal
membrane oxygenation patient, J Perinatol: official journal of the California
Perinatal Association 17 (1) (1997) 18-23 Jan-Feb. (PubMed PMID: 9069059).
McManus ML, Kevy SV, Bower LK, Hickey PR. Coagulation factor deficiencies
during initiation of extracorporeal membrane oxygenation. J. Pediatr.. 1995
Jun;126(6):900-4. PubMed PMID: (7776092).

Stallion A, Cofer BR, Rafferty JA, Ziegler MM, Ryckman FC. The significant re-
lationship between platelet count and haemorrhagic complications on ECMO.
Perfusion. 1994;9(4):265-9. PubMed PMID: (7981464).

R.R. Thiagarajan, R.P. Barbaro, P.T. Rycus, D.M. McMullan, S.A. Conrad,

J.D. Fortenberry, et al., Extracorporeal life support organization registry interna-
tional report 2016, ASAIO J. 63 (1) (2017) 60-67 Jan/Feb. (PubMed PMID:
27984321).

M. Andrew, B. Paes, R. Milner, M. Johnston, L. Mitchell, D.M. Tollefsen, et al.,
Development of the human coagulation system in the full-term infant, Blood 70 (1)
(1987 Jul) 165-172 (PubMed PMID: 3593964).

D. Mobher, A. Liberati, J. Tetzlaff, D.G. Altman, P. Group, Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement, Bmj 339 (2009
Jul 21) b2535(PubMed PMID: 19622551. Pubmed Central PMCID: 2714657).
Wells GA SB, O'Connell D, et al. The Newcastle-Ottawa scale (NOS) for assessing the
quality of nonrandomised studies in meta-analyses Ottawa, ON: Hospital Research
Institute; 2011 [cited 2019 03/28]. Available from: http://www.ohri.ca/programs/
clinical_epidemiology/oxford.asp.

F. RA, Statistical Methods, Experimental Design, and Scientific Inference, Oxford
University Press, 1990.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control. Clin. Trials. 1986
Sep;7(3):177-88. PubMed PMID: (3802833).

Knapp G, Hartung J. Improved tests for a random effects meta-regression with a
single covariate. Stat. Med.. 2003 Sep 15;22(17):2693-710. PubMed PMID:
(12939780).

Lau J, Ioannidis JP, Terrin N, Schmid CH, Olkin I. The case of the misleading funnel
plot. Bmj. 2006 Sep 16;333(7568):597-600. PubMed PMID: 16974018. Pubmed
Central PMCID: (1570006).

Nankervis CA, Preston TJ, Dysart KC, Wilkinson WD, Chicoine LG, Welty SE, et al.
Assessing heparin dosing in neonates on venoarterial extracorporeal membrane
oxygenation. ASAIO J.. 2007 Jan-Feb;53(1):111-4. PubMed PMID: (17237658).
J.P. Sulkowski, T.J. Preston, J.N. Cooper, V.L. Duffy, K.J. Deans, L.G. Chicoine,

et al., Comparison of routine laboratory measures of heparin anticoagulation for
neonates on extracorporeal membrane oxygenation, J Extra Corpor Technol 46 (1)
(2014 Mar) 69-76 (PubMed PMID: 24779122. Pubmed Central PMCID: 4557514).
P. Monagle, C. Barnes, V. Ignjatovic, J. Furmedge, F. Newall, A. Chan, et al.,
Developmental haemostasis. Impact for clinical haemostasis laboratories, Thromb.
Haemost. 95 (2) (2006 Feb) 362-372 (PubMed PMID: 16493500).

R.C. Reed, J.C. Rutledge, Laboratory and clinical predictors of thrombosis and he-
morrhage in 29 pediatric extracorporeal membrane oxygenation nonsurvivors,
Pediatr. Dev. Pathol. 13 (5) (2010) 385-392 Sep-Oct. (PubMed PMID: 20085498).
P. Brill-Edwards, J.S. Ginsberg, M. Johnston, J. Hirsh, Establishing a therapeutic
range for heparin therapy, Ann. Intern. Med. 119 (2) (1993) 104-109 Jul 15.
(PubMed PMID: 8512158).

A. Zangrillo, G. Landoni, G. Biondi-Zoccai, M. Greco, T. Greco, G. Frati, et al., A
meta-analysis of complications and mortality of extracorporeal membrane oxyge-
nation, Crit. Care Resusc. 15 (3) (2013) 172-178 Sep. (PubMed PMID: 23944202).
S. Vaquer, C. de Haro, P. Peruga, J.C. Oliva, A. Artigas, Systematic review and meta-
analysis of complications and mortality of veno-venous extracorporeal membrane


https://doi.org/10.1016/j.thromres.2019.05.006
https://doi.org/10.1016/j.thromres.2019.05.006
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0005
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0005
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0005
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0010
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0010
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0010
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0010
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0015
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0015
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0015
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0015
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0020
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0020
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0020
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0020
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0025
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0025
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0025
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0030
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0030
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0030
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0035
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0035
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0040
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0040
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0040
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0040
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0045
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0045
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0045
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0050
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0050
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0050
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0055
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0055
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0055
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0060
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0060
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0060
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0065
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0065

D.P. Padhya, et al.

[23]

[24]

oxygenation for refractory acute respiratory distress syndrome, Ann. Intensive Care
7 (1) (2017 Dec) 51 (PubMed PMID: 28500585. Pubmed Central PMCID: 5429319).
M.H. Murad, Clinical practice guidelines: a primer on development and dis-
semination, Mayo Clin. Proc. 92 (3) (2017 Mar) 423-433 (PubMed PMID:
28259229).

Sy E, Sklar MC, Lequier L, Fan E, Kanji HD. Anticoagulation practices and the
prevalence of major bleeding, thromboembolic events, and mortality in

139

[25]

Thrombosis Research 179 (2019) 132-139

venoarterial extracorporeal membrane oxygenation: a systematic review and meta-
analysis. J. Crit. Care. 2017 Jun;39:87-96. PubMed PMID: (28237895).

Sklar MC, Sy E, Lequier L, Fan E, Kanji HD. Anticoagulation practices during
Venovenous extracorporeal membrane oxygenation for respiratory failure. A sys-
tematic review. Ann. Am. Thorac. Soc.. 2016 Dec;13(12):2242-50. PubMed PMID:
(27690525).


http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0065
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0065
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0070
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0070
http://refhub.elsevier.com/S0049-3848(19)30234-8/rf0070

	Routine laboratory measures of heparin anticoagulation for children on extracorporeal membrane oxygenation: Systematic review and meta-analysis
	Introduction
	Materials and methods
	Eligibility criteria
	Data sources and search strategies
	Selection of studies and data abstraction
	Methodological quality assessment
	Outcomes
	Data analysis
	Assessment of publication bias

	Results
	Search results and study description
	Methodological quality assessment
	Outcomes of interest
	Correlation between tests
	Correlation between tests and outcomes


	Discussion
	Main findings
	Limitations and strengths
	Implications for practice and research

	Conclusions
	Funding source
	Financial disclosure
	mk:H1_23
	Supplementary data
	References




