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The application of veno-arterial extracorporeal membrane
oxygenation (VA-ECMO) is the only way to potentially
save a patient in refractory cardiac arrest. Although ECMO
could provide a bridge to transplant, long-time device
support or even recovery, the application of ECMO is
associated with specific device-related complications,
including left ventricular (LV) overload (1,2). This process
could be treated by implementing a mechanical circulatory
device in addition to ECMO, resulting in LV unloading (3).
However, strategies to counteract increased LV afterload
are divers, including the use of percutaneous devices as
intra-aortic balloon pump (IABP) or small micro-axial
LV assist devices, like the Impella 2.5 and CP (Abiomed,
Danvers, MA, USA), and the use of peripheral surgical or
direct surgical devices (Impella 5.0 and 5.5) (4-7). Moreover,
the value of LV unloading could still be questioned by
itself, because of the high mortality rate in patients with
INTERMACS-1 classification (8,9). Therefore, it is
important to address the current questions in unloading of:
Who, When and How.

The use of ECMO in patients without any or only
minimal forward flow can result in LV overloading due to
the retrograde flow which is necessary to provide perfusion
proximal to the arterial peripheral cannula (10). To mitigate
the increased LV afterload in low to akinetic ventricles

and its harmful effects, devices unloading the LV or left
atrium (LA) could be implemented. Although numbers
frequently differ between studies, Russo et /. (5) describes
that up to 42% of the patients with cardiogenic shock
(CS) receives VA-ECMO with LV unloading. Differences
between studies and centres, according to Rali et /. (11),
are present due the availability of venting modalities and
physician experiences and preferences. There is a lack in
randomized-controlled trials with hard clinical endpoints on
the benefit of any unloading strategy. The use of unloading
is currently supported by a retrospective multicentre study
with propensity matching which showed lower mortality
in patients receiving VA-ECMO and Impella for LV
unloading (12). In addition, two meta-analyses of non-
randomised studies showed that mechanical LV-unloading
using different devices resulted in a lower mortality
rate (5,6).

LV unloading can be performed with several LV
unloading strategies with different characteristics, of which
TABP and micro-axial LV assist devices are most intensively
studied (Figure I). This combination of ECMO with micro-
axial LV assist device, including Impella, is also known as
ECMELLA. Several factors should be considered when
selecting LV unloading strategy. IABP is the most common
strategy to be used in LV unloading which is available in
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Figure 1 Characteristics of percutaneous LV-unloading devices. Ao, aorta; IABP, intra-aortic balloon pump; LV, left ventricle; L/min, litres

per minute.

most of the centres and easy to deploy without additional
surgical interventions (5,13). The implantation of IABP can
especially be performed safely compared with micro-axial
LV assist devices, including the Impella 2.5 and Impella
CP (14,15). Although the Impella 5.0 and 5.5 require
surgical implantation, these devices are however capable
to provide more hemodynamic support compared to
TABP (16). In addition, the Impella 5.0 and 5.5 allows
an earlier weaning from ECMO as long as if the right
ventricular function is sufficient, and even mobilize the
patient during further weaning.

No published studies currently demonstrate any
significant difference regarding mortality in relation to
the type of device used for LV unloading (5,14). The use
of IABP for LV unloading resulted in lower bleeding
complications though (14). No randomized-controlled
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trials are however performed comparing the outcomes of
these devices. Conclusively, although the meta-analysis
by Russo ez al. (5) demonstrates a lower mortality rate in
30 days with LV unloading, evidence is currently limited.
The use of LV unloading in cases of increased LV afterload
could therefore be defined as a class Ila recommendation.
However, guidelines do not give a clear advice about which
device should be used (17).

Although the ESC guideline recommends LV venting
in patients deteriorating due to the effects of increased LV
afterload, patient selection and timing is a key factor. The
timing of LV venting is still under debate, but some larger
meta-analyses do show benefits for early LV venting (12,13).
As mentioned by Rali er al. (11), evaluating the optimal
timing of LV unloading is often difficult due to the use of
retrospective registries. In these registries data regarding

7 Thorac Dis 2023;15(9):4550-4554 | https://dx.doi.org/10.21037/jtd-23-987



4552

timing and indication are not frequently mentioned.
Nevertheless, it is important to find parameters to optimize
patient selection and timing.

In the recent issue of the Fournal of Thoracic Disease
Aludaat er al. (18) retrospectively analysed patients with
unloading by an Impella 5.0 in a high-volume centre
experienced in the use of MCS devices for CS, aiming
to identify parameters, including lactate levels measured
after primary implantation of ECMO, in order to identify
patients who are eligible for ECMELLA. The major result
of this study was that serum lactate levels >7.9 mmol/L
prior to implantation of the Impella 5.0 was associated with
significantly poor outcomes (30-day survival 10% vs. 48%,
P=0.001) and therefore LV unloading should be deferred.

Earlier studies demonstrated the prognostic benefits
of lactate levels in patients with ECMO for the treatment
of cardiac arrest and CS (19-21). Studies describing the
role of lactate in the situation of LV ventricular unloading
are however scarce. Ott et al. (22) described patients with
a lactate value above 8 mmol/l prior to implantation of
Impella had decreased 30-day survival rate. Although
the study from Aludaat er 4/. (18) found a similar cut-off
point (i.e., lactate value of 7.9 mmol/L) demonstrating a
significant difference in survival rate, the area under the
curve was only 0.66, suggesting that lactate is only a poor
discriminator. The results from this study are unfortunately
not validated to other parameters already used for predicting
survival, including the SAVE-score. The SAVE-score has
already been developed to predict survival for patients
receiving ECMO. Validation of this score demonstrated an
area under the receiver operating characteristic (AUROC)
of 0.90, suggesting that the SAVE-score is a valuable tool to
predict survival of patients receiving ECMO in the situation
of CS (23).

It remains also unclear when to measure lactate levels
in daily practice. Although the study mentions that lactate
levels are measured prior to Impella implantation, time
till implantation varied between 0 and 30 hours, in which
lactate clearance particularly occurs during ECMO
support (24). In addition, due to the retrospective design
decision to perform LV unloading with Impella could
be biased by the lactate levels measured during ECMO
support.

Last, it would be interesting to further assess the use
of the smaller Impella 2.5 and IABP for LV unloading.
As earlier mentioned, the larger Impella 5.0 and 5.5 have
some potential benefits due to the amount of hemodynamic
support available and therefore the possibility to be
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used for weaning from ECMO, if the right ventricular
function is sufficient. The need for surgical implantation
is however laborious and has higher risks of bleeding
complications (25).

The study from Aludaat er /. (18) provides valuable
insights regarding the treatment of patients with
INTERMACS 1. It demonstrates the potential value of
measuring serum lactate levels to decide whether to perform
LV unloading with Impella during ECMO support. Because
the exact timing of lactate level measurements remains
unclear, future research should focus on the implementation
of serum lactate levels measurements in daily practice, as
well as compare the prognostic benefit to other existing
parameters, including the SAVE score.
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