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Venoarterial extracorporeal membrane oxygenation (VA-
ECMO) can provide immediate cardiopulmonary support in
patients suffering from refractory cardiogenic shock (RCS).
VA-ECMO support may be considered in different critical
clinical scenarios leading to RCS, such as out- and in-
hospital cardiac arrest,1 postcardiotomy syndrome,2 out-
hospital hemodynamic stabilization,3,4 and mechanical
complications after acute myocardial infarction.5,6

Despite the advances in the VA-ECMO technologies, early
mortality in adult patients supported by VA-ECMO for RCS
increased up to 82%.7 Several studies aimed to provide data
about predictive pre-VA-ECMO factors that might affect
the early survival in these critical patients.

As part of this issue, we read with great interest the article
by Fux and colleagues,8 who retrospectively evaluated pre-
implant variables of 105 consecutive patients supported by
VA-ECMO for refractory postcardiotomy cardiogenic
shock. By multivariable logistic regression, the authors re-
ported that ischemic heart disease (IHD) (odds ratio, 7.87;
95% confidence interval, 2.55-24.3; P<.0001) and blood
arterial lactate (BAL) (odds ratio, 1.22; 95% confidence in-
terval, 1.07-1.40; P ¼ .004) were independent predictors of
90-day mortality. In addition, patients with a BAL
�10 mmol/L before VA-ECMO initiation had a signifi-
cantly lower survival at 90 days compared with patients
with a value <10 mmol/L (13% vs 55%, respectively;
P < .001). We have previously analyzed the BAL time-
course in 42 patients supported by VA-ECMO,9 and we
could demonstrate that when the levels of BAL remained
�3 mmol/L at 48 hours from the VA-ECMO support
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initiation, the predicted probability of 30-day mortality
was 52%.
The study by Fux and colleagues does not provide the

time-course of BAL levels during the hours following the
start of VA-ECMO. Therefore, the reader cannot speculate
whether BAL variations during the ECMO course may
affect the weaning process and the early-term survival. Hy-
perlactatemia is a valid biomarker indicating a very poor tis-
sue perfusion. Tissue perfusion can be due to (1) central
factors such as inappropriate ECMO blood flow or (2) pe-
ripheral conditions such as splanchnic and peripheral vaso-
constriction or severe peripheral arterial disease and finally
(3) local obstruction leading to severe leg ischemia. The
latter can occur up to 35%10 of those patients receiving
arterial peripheral cannulation.
In this study,8 patients with IHD have obviously a lower

90-day survival than patients without IHD, and this risk fac-
tor does not change during the VA-ECMO support. Unlike
IHD, arterial lactate may change during the VA-ECMO, and
its course may be extremely variable because it is affected
by several factors. Therefore, it should be very important
to analyze and correlate the BAL changes with the presence
of the IHD. We fully agree with the authors that VA-ECMO
indication for refractory postcardiotomy cardiogenic shock
should be considered before the hyperlactatemia reaches
very high values (ie,>10 mmol/L) because the prognosis
in patients with IHD is undoubtedly poor. However, because
the BAL is readily available in everyday practice, the nar-
row monitoring and the trend variations of BAL during
the VA-ECMO support, both represent valid tools to facili-
tate the prediction of early outcome and to improve the
prognosis in these critical patients.
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Reply to the Editor:

The remark of Formica and colleagues in their letter
that the level of arterial lactate after the start of venoar-
terial extracorporeal membrane oxygenation (VA-
ECMO) may also affect short-term survival in patients
with refractory postcardiotomy cardiogenic shock
(RPCS) contributes to the discussion of the importance
of arterial lactate as an overall predictive outcome
marker in RPCS. Formica and colleagues refer to their
own group’s study1 of 42 surgical patients who received
VA-ECMO for cardiogenic shock. Despite the relatively
small number of patients, Formica and colleagues iden-
tified the arterial lactate level at 48 hours after VA-
ECMO start as the most significant independent risk
factor associated with mortality during VA-ECMO
(odds ratio, 2.16; 95% confidence interval, 1.13-4.14;
P ¼ .019). Furthermore, the chosen lactate cut off level
nal of Thoracic and Cardiovascular Sur
of 3 mmol/L (27.0 mg/dL) or greater at 48 hours after
VA-ECMO initiation was identified as predictive for
30-day mortality, with a significant difference between
survivors and nonsurvivors (54.8% vs 14.3%;
P ¼ .001). These interesting findings on arterial lactate
behavior during VA-ECMO support, from which definite
recommendations were not possible because of the
limited sample size, were later supported by larger
studies specifically focusing on blood lactate levels after
VA-ECMO initiation.2-4

In contrast, the aim of our study of 105 patients with
RPCS supported with VA-ECMO was specifically to
identify factors present before VA-ECMO for postim-
plantation outcome prediction.5 Lactate levels during
the days after VA-ECMO start are among several factors
that obviously are not available to consider before VA-
ECMO is initiated and thus not of any value for postim-
plantation outcome prediction before VA-ECMO
initiation.

Moreover, Formica and colleagues highlight the
importance of further analysis of the relationship be-
tween presence of ischemic heart disease (IHD) and
changes in arterial lactate levels. Considering our focus
on factors before VA-ECMO, we have performed an
additional subgroup analysis of the 105 patients included
in our study comparing the Kaplan-Meier survival
curves with an arterial lactate cutoff level of 10 mmol/
L (90.1 mg/dL) or greater in patients with or without
IHD (the cutoff level of 10 mmol/L or greater was cho-
sen because it corresponds to a specificity of 91%,
implying that a lactate level of 10 mmol/L identified
more than 90% of the patients who died in our study
population). The curves illustrate that when separating
the cohort between patients with and without IHD, an
arterial lactate of 10 mmol/L or greater had a significant
negative impact on survival compared with an arterial
lactate less than 10 mmol/L, both in patients with IHD
and in those without IHD, as depicted in Figure 1.
Furthermore, the lowest 90-day survival (5%) was
seen in patients with a combination of IHD and arterial
lactate of 10 mmol/L or greater (Figure 1, A).
Conversely, patients with absence of IHD and arterial
lactate less than 10 mmol/L had a much higher 90-day
survival, 80% (Figure 1, B).

In conclusion, our additional analysis demonstrated
that presence of IHD in these critically ill patients had
a severe negative impact on 90-day survival compared
gery c May 2019
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