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Management of increased systemic flow requirements in patients 
with left ventricular assist devices

Sascha Ott1, Pia Lanmüller2,3, Gaik Nersesian2,3, Christoph T. Starck2,3,4, Benjamin O’Brien1,5,6,  
Volkmar Falk2,3,7,8,9, Evgenij Potapov2,3

1Department of Cardiac Anesthesiology and Intensive Care Medicine, German Heart Center Berlin, Berlin, Germany; 2Department of 

Cardiothoracic and Vascular Surgery, German Heart Center Berlin, Berlin, Germany; 3DZHK (German Centre for Cardiovascular Research), 

Partner Site Berlin, Berlin, Germany; 4Steinbeis University Berlin, Institute (STI) of Cardiovascular Perfusion, Berlin, Germany; 5Department of 

Cardiac Anesthesiology and Intensive Care Medicine, Charité-Universitätsmedizin Berlin, Berlin, Germany; 6William Harvey Research Institute, 

London, UK; 7Department of Cardiothoracic Surgery, Charité-Universitätsmedizin Berlin, Berlin, Germany; 8Berlin Institute of Health at Charité - 

Universitätsmedizin Berlin, Berlin, Germany; 9Translational Cardiovascular Technologies, Institute of Translational Medicine, Department of Health 

Sciences and Technology, Swiss Federal Institute of Technology (Eth), Zürich, Switzerland

Correspondence to: Sascha Ott, MD. Department of Cardiac Anesthesiology and Intensive Care Medicine, German Heart Center Berlin, 

Augustenburger Platz 1, 13353 Berlin, Germany. Email: sott@dhzb.de.

Submitted Apr 28, 2021. Accepted for publication May 10, 2021.

doi: 10.21037/acs-2021-cfmcs-37

View this article at: http://dx.doi.org/10.21037/acs-2021-cfmcs-37

Editorial

Introduction

Left ventricular assist devices (LVAD) have become a well-
established therapy for end-stage heart failure. Usually, 
LVAD flows vary between 3.5–6 L/min, regardless of the 
pump type or initial surgical implantation technique.

In systemic inflammatory response syndrome (1),  
sepsis (2) or post-resuscitation status (3), the actual demand 
for systemic blood flow may exceed normal and usually 
adequate baseline cardiac output. In heart-healthy patients, 
these physiological challenges are compensated for by an 
increase in cardiac output (1). LVAD patients however, may 
fail to meet systemic flow demands above baseline due to 
relatively fixed pump flow. Elevated lactate levels or a low 
mixed venous oxygen saturation, as a sign of insufficient 
tissue oxygenation, may be helpful in evaluating these 
situations (4,5). However, there is no established evidence 
base to guide the management of such scenarios. We 
describe possible strategies to meet such increased systemic 
flow demands.

Escalation of an existing LVAD system

Depending on right ventricular (RV) function, volume 
status, and inotropic support, the LVAD flow may be 
increased, within the device’s design limits, by adjusting the 

pump speed. Additionally, a slight increase in native left 
ventricular (LV) output might be possible through inotropic 
support. However, these interventions often have limited 
potential to increase systemic flow and effect physiological 
improvement.

Veno-arterial extracorporeal life support  
(VA-ECLS) as an LVAD upgrade

If the body’s metabolic demand exceeds the capability of the 
LVAD to deliver adequate systemic blood flow, a temporary 
combination with VA-ECLS may be beneficial to meet 
tissue oxygen requirements. For the ECLS setting we 
recommend standard heparin-coated cannulas, a standard 
centrifugal pump (e.g., Rotaflow, Getinge, Sweden) and a 
standard membrane oxygenator all for long-term use (e.g., 
A.L.ONE ECMO Oxygenator, Eurosets, Italy). We prefer 
echo-guided, percutaneous insertion if possible, however, a 
surgical cut-down technique is also adequate. While both 
systems provide blood flow to the systemic circulation, their 
combination is challenging. Since VA-ECLS reduces the 
RV preload, LV preload is reduced as well, resulting in a 
“steal phenomenon” to the LVAD. Additionally, the aortic 
outflow of the VA-ECLS causes an increased afterload 
to the LVAD, resulting in a “pressure phenomenon”. As 
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a result, these “steal/pressure phenomenon” might have 
deleterious effects on flow dynamics through the LVAD and 
could increase the risk of pump thrombosis.

Therefore, adequate RV function to provide sufficient 
preload to the LVAD, and well-managed volume status are 
critically important.

Triple mechanical circulatory support (MCS) 
system approach in LVAD patients with 
increased systemic flow requirements and 
concomitant RV dysfunction

RV function is often impaired in LVAD patients and might 
also be affected by the underlying mechanism that led to 
the increased cardiac output demand (6). Under VA-ECLS 
support RV dysfunction further decreases the LV preload 
and thus reduces LVAD flow. Temporary right ventricular 
assist devices (tRVAD), e.g., Centrimag (Abbott, Chicago, 
USA) are one way of ensuring sufficient LV preload and 
bridging to recovery of RV function. However, combining 
a tRVAD with an LVAD will not increase the LVAD flow 
beyond the inherent design limits for the device. To achieve 
a higher total aortic blood flow in cases with impaired RV 
function, combining tRVAD, LVAD and VA-ECLS, as a 
triple MCS strategy, is a possible solution.

LVAD and VA-ECLS interact with one another and 
complement each other as outlined above, whilst tRVAD 
ensures sufficient LV preload and protects LVAD flow. 
Additionally, in combination with VA-ECLS, tRVAD 
contributes to RV unloading, thereby supporting RV 
recovery.

However, adding a third MCS increases the complexity 
considerably and calls for careful and ongoing evaluation of 
MCS interaction.

Concomitant respiratory failure

Concomitant respiratory failure adds considerable 
complexity when combining LVAD and VA-ECLS. Poorly 
oxygenated blood from the lungs is ejected by the LVAD, 
leading to Harlequin syndrome (7). Tailored respiratory 
support in this setting, again depends on the RV function.

When the RV function is sufficient, VA-ECLS can be 
escalated to VAV-ECLS by adding another outflow cannula 
for a venous return of oxygenated blood. However, splitting 
ECLS return, trades at the expense of aortic blood flow.

In case of RV insufficiency and escalation to the triple 

MCS approach, a second oxygenator can be added to 
the tRVAD. Operating two oxygenators increases the 
complexity of respiratory support significantly and requires 
a differentiated evaluation of each oxygenator’s output. 
The oxygenated blood of the tRVAD circuit will become 
mixed with native RV output blood and passes through 
the lungs. The downstream blood gas status of the LVAD 
+ tRVAD system can be monitored by blood gas analysis 
sampled from a right upper limb arterial line. The blood 
gas status of the VA-ECLS can be monitored by taking 
post-oxygenator blood gas samples. Of note, excluding the 
VA-ECLS oxygenator to simplify the triple MCS approach 
is not an option, since this would lead to an extracorporeal 
right-to-left shunt via the ECLS.

De-escalation strategy

Once the demand for total aortic blood flow decreases and/
or lung function improves, de-escalation from a dual or 
triple MCS approach can be initiated.

In an LVAD + VA-ECLS approach, de-escalation can 
be achieved by reducing the ECLS support in line with 
decreasing flow demand and RV function. 

A triple MCS approach creates opportunities for 
subsequent de-escalation strategies, especially in patients 
with impaired RV function. Weaning of VA-ECLS can be 
undertaken with regard to the systemic hemodynamics. The 
ensuing additional burden on the RV caused by increasing 
RV preload can be managed by adjusting and possibly 
upregulating the tRVAD as necessary. This allows for faster 
VA-ECLS weaning and, consequently, simplification of the 
MCS set-up. Further stepwise de-escalation of oxygenator 
support and tRVAD weaning can follow local tRVAD 
weaning protocols.

Conclusions

Where a patient’s actual demand for total systemic blood 
flow exceeds the capability of an LVAD, a combination 
strategy with VA-ECLS and tRVAD can be helpful. 
Combining multiple circulatory support devices is complex 
and carries significant risk. This is particularly true of 
the triple MCS approach described here, which based on 
current experience and data should only be considered in 
cases where all other established therapeutic options have 
been exhausted and no ethical or medical ceilings of care 
have been identified. 
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