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Introduction

Due to consistently improved technology and miniaturization, 
left ventricular assist devices (LVADs) have become a 
promising therapeutic alternative to cardiac transplantation 
in patients with end-stage heart failure (1,2). LVADs are 
implanted as bridge to transplant, bridge to recovery and 
as destination therapy. The potential of cardiac recovery 
after mechanical support has been demonstrated in 
several previous studies and is the most desirable goal 
in the treatment of end-stage heart failure with LVADs, 
allowing device-explantation and avoiding cardiac 
transplantation and lifelong mechanical support, with 
reduced complications (3,4). Currently, depending on the 
cardiac pathology, only few patients can be weaned from 
ventricular assist devices. However, the growing number 
of patients undergoing LVAD implantation especially in 

earlier stages of congestive heart failure, new minimally 
invasive implantation techniques and a growing experience 
in the field of mechanical support could lead to an increase 
of cardiac recoveries.

Several explantation strategies for different LVADs 
have been described in existing literature. These include 
ventriculoplasty with removal of the sewing ring, or sewing 
ring preservation and occlusion of the cored ventriculotomy, 
each with or without the removal of the outflow graft (5,6). 

Herein, we present a novel tool for an explantation 
strategy of the HeartMate 3 (HM3, Abbott, North 
Chicago, IL, USA) LVAD (Figure 1). This tool has been 
invented by Croleon Innovation Labs Pvt. Ltd., India 
(patent pending; application number: 201721044329) and 
manufactured by INNOVO Solutions GmbH, Germany 
(Email: info@innovo-solutions.de) under license and provided 
to Hannover Medical School for experimentation. Another 
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design was developed as an alternative, allowing mechanical 
attachment of the plug to the sewing ring (Figure 2). 

Operative procedure

For the explantation of LVADs, a minimally invasive 
surgical approach via anterolateral thoracotomy has become 
the gold standard in our clinic, as it effectively reduces 
perioperative complications such as bleeding or right heart 
failure and minimizes the surgical trauma (7).

After the anterolateral thoracotomy, the pump housing 
and the outflow graft are dissected from adhesions. Guide 
wires are then placed percutaneously into the femoral 
vessels with subsequently cannulation as per Seldinger 
technique in order to apply cardiopulmonary bypass. The 
outflow graft is then divided and distally closed with a 
purse string-suture, remaining in situ. The LVAD inflow 
cannula is explanted out of the left ventricle after gradual 
activation of cardiopulmonary bypass. The left ventricle is 
thoroughly inspected for potential left ventricular thrombi 
and a custom-made mechanical plug is inserted into the 
ventricular coring and fixed onto the sewing ring with 
several sutures (Figure 3). The driveline is then completely 
removed percutaneously. After stepwise weaning from 
cardiopulmonary bypass, wounds are closed and the 
patient is admitted to the intensive care unit for further 
postoperative stabilization. 

Discussion

Recovery of cardiac function is the holy grail in the 
treatment of congestive heart failure. Due to the growing 
number of patients undergoing LVAD implantation, there 
is an increasing number of patients with the potential of 
device explantation (8). Therefore, novel explantation 
techniques avoiding perioperative complications need 
to be established. So far, a mechanical plug for LVAD 
explantation has only been available for the HeartMate II 
(Abbott, North Chicago, IL, USA) and HVAD (HeartWare 
Inc., Framingham, MA, USA) (5,9). In this paper we present 
a novel custom-made tool for an explantation technique of 
the HeartMate 3 LVAD.

One of the major advantages of the mechanical plug is 
that it can be implanted minimally invasively. Owing to the 
minimized surgical trauma, in complication rates including 
postoperative bleeding are reduced with consecutively 
lower need for transfusion products and reduced pain. 
Additionally, using this implantation technique, the 

Figure 1 Custom-made mechanical plug (manufactured by 
INNOVO Solutions GmbH, Germany; contact: info@innovo-
solutions.de) for the explantation of a HeartMate3 ventricular 
assist device.

Figure 2 Alternative design of the custom-made mechanical plug 
which can be locked using a mechanical locking element.

Figure 3 Custom-made mechanical plug (→) is inserted into the 
ventricular coring and fixed onto the sewing ring with several sutures. 
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pericardium stays intact which leads to avoidance of 
right heart failure, one of the major factors for mortality 
in patients undergoing cardiac surgery. In addition, the 
postoperative bleeding risk is significantly reduced as the 
wound surface is reduced and pericardial tamponades can 
not occur. 

Additionally, the implantation of this plug allows not 
only for an off-pump explantation, but for a fast redo-
implantation in case of current left ventricular failure, as 
the sewing ring is preserved. This also leads to an intact left 
ventricular geometry, so that the amount of myocardium 
contributing to left ventricular strokes can be kept at a 
maximum.

In contrast to implantation techniques with sewing 
ring removal, leaving the sewing ring attached, as in the 
abovementioned procedure enables the possibility of a 
quick LVAD re-implantation in the case of future cardiac 
impairment. 

When using a mechanical plug for the occlusion of the 
ventricular coring, an artificial surface gets in contact with 
blood, leading to a potential risk for thrombi-formation, 
embolisation and the need for anticoagulation therapy. 
This could result in a higher occurrence of postoperative 
bleeding. However, a recent study for an explantation of 
the HeartMate 2 shows, that after LVAD explantation 
without sewing ring removal using an individual designed 
mechanical plug, there is a formation of connective tissue 
covering the foreign surface. Regarding this, anticoagulant-
therapy could be only necessary for an early postoperative 
stage, until the formation of connective tissue has taken 
place, which would lead to a dramatically reduction of 
potential bleeding risks.

Yet, the use of mechanical plugs has not become a 
clinical standard and as it is still not a CE-marked therapy 
and therefore off-label. When considering this approach, 
patients should be thoroughly informed about the 
advantages and disadvantages of this technique. Inconclusive 
cases should still be treated with standard approaches.

Conclusions

LVAD implantation is a promising therapeutic option for 
end-stage heart failure (10). In this article we present a novel 
tool and surgical technique is presented for the explantation 
of the HeartMate 3TM ventricular assist device in case 
of cardiac recovery. The custom-made mechanical plug 
(manufactured by: INNOVO Solutions GmbH, Germany; 

contact: info@innovo-solutions.de) fits into the sewing ring 
and seems to be a promising alternative to standard device-
explantation procedures. Due to the lack of commercially 
available products, this custom manufactured implantable 
plug may be considered for use under compassionate use 
conditions.
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