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Predicting clinical outcome in patients
undergoing VA-ECMO
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Cardiogenic shock is defined by a myocardial failure re-
sponsible for low cardiac output and tissue hypoperfu-
sion despite an adequate intravascular volume status.
From this non-specific definition, cardiogenic shock can
in fact have many degrees of severity ranging from
pre-shock to refractory shock states. Refractory cardio-
genic shock is generally defined as cardiogenic shock
with sustained hypotension, end-organ hypoperfusion,
and hyperlactatemia despite adequate intravascular vol-
ume and high-dose inotrope and vasopressor support
[1]. In such situation, the VA-ECMO device aims to re-
cover both circulatory output and tissue perfusion at an
early stage in order to prevent the irreversible conse-
quences of the organ hypoperfusion state [2]. Thus, des-
pite limited evidence, VA-ECMO is increasingly used for
the management of refractory cardiogenic shock (RCS)
while awaiting myocardial recovery or the bridge to
long-term assistance or transplantation [3]. However,
despite technological advances and better quality of care,
mortality still remains at an unacceptable high rate at
nearly 50% [4]. Furthermore, even in survivors,
long-term health-related quality of life parameters are
also impaired [5]. Thus, identification of patients in
whom such therapy may or may not be beneficial is es-
sential in order to improve patient selection but also so
as not to discredit a humanely and financially costly, al-
beit potentially useful technique. For this purpose, many
teams have developed predictive scores (PSs) for RCS
patients under VA-ECMO.

General principles for the development of a
predictive score
Aside from complex statistical considerations, it is im-
perative to remind certain key facts regarding prediction
models. First, the development of a PS, which is one

sub-category of prediction models, should follow the
TRIPOD checklist (see www.tripod-statement.org) [6].
Second, a prediction model should be developed on a
large (meaning multicentric) specific population (ideally
prospective) with a clearly defined outcome (most often
short-term mortality for patients under VA-ECMO).
Third, the cornerstone of the statistical analysis is most
often (for short-term mortality) the multivariable logistic
regression model on which the independent predictive
variables are defined. The number of variables included
in the model is contingent on numerous rules including,
among others, the number of events (usually 1 variable
for 8 to 10 events) in order to avoid overfitting. Fourth,
model performance should be provided with both in-
ternal and external validation which, most of the time,
represents a genuine challenge for this criterion. Finally,
the interpretation of a PS, i.e., its potential value at bed-
side and/or its eventual implications in the health sys-
tem, should be cautiously reported. From these general
considerations, it is clear that the development of a PS
under VA-ECMO is a complex and challenging process.

Predictive score characteristics for patients under
VA-ECMO: from general to specific scores
The various score characteristics are depicted in Table 1.
The first PS was developed by Schmidt et al. in 2015
and aimed to predict in-hospital survival in patients
under VA-ECMO for RCS [7]. For the development of
this PS, the authors used a large retrospective multi-
national cohort of 3846 patients in which 12 variables
were extracted to create the Survival After Veno-Arter-
ial-ECMO (SAVE) score. This PS, with proper discrim-
inative and good calibration performances, was the only
PS validated on an external cohort. Although con-
structed on a strong methodology, namely large multi-
centric population, validation cohort, and very good
dissemination with a ready-to-use online calculator, this
PS also suffered from several limitations. For instance,
being based on a registry, the percentage of missing data
was high and certain relevant biomarkers such as lactate
or troponin were not included. Above all, this general PS
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did not address specific populations such as patients in
cardiac arrest. Thus, thereafter, some authors endeav-
ored to improve this PS by combining lactate at ECMO
initiation to the SAVE score [8]. Using a method similar
to Schmidt et al., others also addressed specific etiolo-
gies. For example, Muller et al. and more recently Wang
et al. developed PSs for specific populations: respectively
acute myocardial infarction and post-coronary artery by-
pass grafting [9, 10]. The major pitfalls of these two PSs
were related to first, the population which was small,
mono- or bicentric, and second, the absence of an exter-
nal validation cohort. Both severely limited the
generalization and dissemination of the results into clin-
ical practice.

What are predictive scores for?
While the development of a PS is a complex process, the
interpretation and “operating instruction” of such PSs
for clinicians is even more challenging. Indeed, clinicians
are tempted to use PSs at bedside for the wrong reasons.
All of these scores were designed to predict outcome in
patients who are already under VA-ECMO. Thus, they
are not intended to determine whether an individual pa-
tient should be cannulated. The CRASH score (Cat-
echolamine Refractoriness and Assistance guide based
on cardiogenic Shock Hemodynamics), with its many
limitations due to the methodology, was designed for
this purpose but was never externally validated [11]. Fur-
thermore, as mentioned by Schmidt et al. in their study,
extreme SAVE scores ≤ 10 still featured an in-hospital
survival of 18% [7]. Moreover, these PSs were all de-
signed, as mentioned above, at a given time for a specific
population. Rapid changes in practices in the field of
RCS and VA-ECMO are expected and a PS may very
quickly become obsolete. Thus, these PSs should be
regularly updated. Finally, these PSs are probably more
suitable for larger-scale assessment between periods or
centers. They could also be used for patient stratifica-
tions in clinical research [7].
In summary, PS for patients under VA-ECMO for RCS

could help the physician at bedside by providing infor-
mation on outcome prediction as well as be of interest
for research purposes. In all instances, we believe that
they should never be used as a decision tool to indicate
or to limit access to VA-ECMO.

Acknowledgements
We thank Pierre Pothier (pierre.pothier@videotron.ca) for editing the
manuscript.

Funding
Not Applicable.

Availability of data and materials
Not Applicable.

Authors’ contributions
AK and BL drafted the manuscript. Both authors read and approved the final
manuscript.

Ethics approval and consent to participate
Not Applicable.

Consent for publication
Not Applicable.

Competing interests
Maquet provided extracorporeal circuits for experimental research.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Service de Médecine Intensive et Réanimation Brabois, CHRU de Nancy,
54511 Vandœuvre-lès-Nancy, France. 2U1116, Défaillance Circulatoire Aigue
et Chronique, Faculté de Médecine de Nancy, 54500 Vandœuvre-lès-Nancy,
France. 3Université de Lorraine, CS25233, 54052 Nancy cedex, France.

Received: 22 January 2019 Accepted: 7 February 2019

References
1. Levy B, Clere-Jehl R, Legras A, Morichau-Beauchant T, Leone M, Frederique

G, et al. Epinephrine versus norepinephrine for cardiogenic shock after
acute myocardial infarction. J Am Coll Cardiol. 2018;72:173–82.

2. Abrams D, Combes A, Brodie D. Extracorporeal membrane oxygenation in
cardiopulmonary disease in adults. J Am Coll Cardiol. 2014;63:2769–78.

3. McCarthy FH, McDermott KM, Kini V, Gutsche JT, Wald JW, Xie D, et al.
Trends in U.S. extracorporeal membrane oxygenation use and outcomes:
2002-2012. Semin Thorac Cardiovasc Surg. 2015;27:81–8.

4. Shah M, Patnaik S, Patel B, Ram P, Garg L, Agarwal M, et al. Trends in
mechanical circulatory support use and hospital mortality among patients
with acute myocardial infarction and non-infarction related cardiogenic
shock in the United States. Clin Res Cardiol. 2018;107:287–303.

5. Combes A, Leprince P, Luyt CE, Bonnet N, Trouillet JL, Leger P, et al.
Outcomes and long-term quality-of-life of patients supported by
extracorporeal membrane oxygenation for refractory cardiogenic shock. Crit
Care Med. 2008;36:1404–11.

6. Moons KG, Altman DG, Reitsma JB, Ioannidis JP, Macaskill P, Steyerberg EW,
et al. Transparent Reporting of a multivariable prediction model for
Individual Prognosis or Diagnosis (TRIPOD): explanation and elaboration.
Ann Intern Med. 2015;162:W1–73.

7. Schmidt M, Burrell A, Roberts L, Bailey M, Sheldrake J, Rycus PT, et al.
Predicting survival after ECMO for refractory cardiogenic shock: the survival
after veno-arterial-ECMO (SAVE)-score. Eur Heart J. 2015;36:2246–56.

8. Chen WC, Huang KY, Yao CW, Wu CF, Liang SJ, Li CH, et al. The modified
SAVE score: predicting survival using urgent veno-arterial extracorporeal
membrane oxygenation within 24 hours of arrival at the emergency
department. Crit Care. 2016;20:336.

9. Muller G, Flecher E, Lebreton G, Luyt CE, Trouillet JL, Brechot N, et al. The
ENCOURAGE mortality risk score and analysis of long-term outcomes after
VA-ECMO for acute myocardial infarction with cardiogenic shock. Intensive
Care Med. 2016;42:370–8.

10. Wang L, Yang F, Wang X, Xie H, Fan E, Ogino M, et al. Predicting mortality
in patients undergoing VA-ECMO after coronary artery bypass grafting: the
REMEMBER score. Crit Care. 2019;23:11.

11. Champion S. Toward catecholamine responsiveness in cardiogenic shock:
insights from the CRASH score. Int J Artif Organs. 2016;39:94–7.

Kimmoun and Levy Critical Care           (2019) 23:47 Page 3 of 3

mailto:pierre.pothier@videotron.ca

	General principles for the development of a predictive score
	Predictive score characteristics for patients under VA-ECMO: from general to specific scores
	What are predictive scores for?
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

