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Abstract: Calcific aortic stenosis is the most frequent manifestation of valvular heart disease. The preferred
treatment for patients of all age groups is surgical aortic valve replacement. Recently, transcatheter aortic
valve implantation (TAVI) has become the standard of care for patients that are deemed to be at high risk for
open heart surgery. The most common access route for TAVI is the retrograde transfemoral (TF) approach,
followed by the antegrade transapical (TA) approach. Both access routes have distinct indications. While the
TF route is least invasive and the access of choice at most centers, the apical route is used complementary
in patients with poor femoral access. In addition, the TA approach holds various benefits such as a short
distance from the operator to the annulus facilitating exact positioning of the valve and the possibility to
accommodate larger sheaths. Furthermore, the TA approach not only provides direct access to the aortic
valve but also the mitral valve allowing for a wide range of interventions. Various apical closure devices are
currently being developed under the premise of increasing overall safety of the TA-TAVI approach by further
standardizing the procedure, alleviating left ventricular access and minimizing the risk of complications,
such as apical bleeding. The aim of this article is to give an overview of current devices for apical closure.
The ideal apical closure device should be easy to put in place, leave a minimum of foreign material, provide
complete hemostasis and have a minimal risk of displacement. So far the range of commercially available
devices in Europe is very limited with only one CE-certified device on the market and one device that is
expected to receive CE-certification soon. Off-the-shelf closure devices could help flatten the initial operator
learning curve and facilitate a safe apical access, ultimately leading to an entirely percutaneous TA-TAVI
approach.
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Introduction The most common access route for TAVI is the

retrograde transfemoral (TF) approach, followed by the

Calcific aortic stenosis is the most frequent manifestation of .
q antegrade transapical (TA) approach. Both access routes

valvular heart disease. The preferred treatment for patients
of all age groups is surgical aortic valve replacement (1).
Recently, transcatheter aortic valve implantation (TAVI) has
become the standard of care for patients that are deemed to
be at high risk for open heart surgery. Efficacy and safety of
TAVI in a high-risk population has been confirmed by the
randomized, controlled PARTNER trial (2,3).
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have distinct indications (4). While the TF route is least
invasive and the access of choice at most centers, the apical
route is used complementary in patients with poor femoral
access.

Whereas TF-TAVI can be conducted percutaneously,
TA-TAVI typically requires general anesthesia, surgical
exposure of the left-ventricular (LV) apex using a left
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lateral thoracotomy and apical suturing. Therefore,
TA-TAVI is considered to be more invasive than TF-TAVI.
Yet, the TA approach holds various benefits such as a short
distance from the operator to the annulus, facilitating exact
positioning of the valve and the possibility to accommodate
larger sheaths. Furthermore, it not only provides direct
access to the aortic valve but also the mitral valve allowing
for a wide range of interventions (5). Moreover, several
studies implicate a potential benefit with a reduced stroke
rate in TA-TAVI as compared to TF-TAVI (6).

As many centers follow a “transfemoral first” concept,
the TA approach for TAVI is commonly used for patients
with contraindications to TF-TAVI, primarily peripheral
arterial disease. This pre-selection results in an even higher
risk profile of the TA-TAVI patient population (7).

Since the first human TA-TAVI by Ye ez 4l. (8), growing
operator experience and constant improvements to
devices have fostered a reduction of procedure-related
complications (9). Large multi-center studies recently
have shown that TA TAVI implantation is safe and reliable
with an incidence of less than 1% of procedure-related
complications, such as bleeding (10-12).

Nevertheless, if bleeding complications do occur at the
apical access site, they have been reported to be associated
with a poor prognosis, especially in elderly patients with
fragile tissue (13-15). Therefore, reliable hemostasis and
secure closure of the left ventricular apex is essential.

By means of further improving safety and ease of the
TA approach, various apical closure devices are being
developed. Some of these devices are aiming at a completely
percutaneous approach with no need for large incisions or
rib spreading, thus reducing trauma and post procedural
patient discomfort.

Apical closure devices could help in decreasing morbidity
and mortality associated with the TA approach, but to date
there is sparse clinical data on most of the devices that are
currently in clinical use. The aim of this article is to give an
overview of current devices for apical closure.

Transapical (TA) access for TA-TAVI devices

The left ventricular apex is considered a versatile access
site since it is easily accessible through left lateral mini-
thoracotomy and provides direct antegrade access to the
aortic as well as retrograde access to the mitral valve.
TA-TAVI of the stenotic aortic valve is a well-standardized
procedure using a crimped biological valve on a self-
expanding or balloon-expandable stent that is inserted under
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fluoroscopic guidance and deployed on the beating heart (16).
The device that is currently being used most frequently
for TA-TAVI is the Edwards Sapien™ valve with the
Ascendra™ delivery system (Edwards Lifesciences, Irvine,
CA, USA) (1,17). There is a range of other commercially
available valves including the Medtronic Engager™
(Medtronic, Minneapolis, USA), the JenaValve™
(JenaValve, Munich, Germany), and the Symetis Accurate'
valve (Symetis, Ecublens, Switzerland). The St. Jude
Portico™ valve is currently under investigation for a TA
access (St. Jude Medical, Minneaolis, USA).

TA-TAVI procedure

The TA-TAVI procedure is typically performed in a surgical
hybrid suite under general anesthesia. The patient is
heparinized aiming at an ACT of 300 s. Arterial and venous
guidewires are placed into the femoral vessels: a transvenous
pacing wire is advanced into the right ventricle and a pigtail
catheter is advanced through the femoral artery to the level
of the aortic root. These femoral guidewires also serve as a
safety net in case of emergency femoral cannulation.

Exposure of the left ventricular apex is established
through a left anterolateral mini-thoracotomy along the
fifth or sixth intercostal space. Access to the apex is routinely
alleviated by a soft tissue retractor. The pericardium is
opened whenever possible to determine the localization
of the left anterior descending artery. A puncture site is
chosen, often slightly lateral and above the real apex, as the
myocardial tissue is thicker and more robust there (14,18).

Securing the access site with surgical sutures is a crucial
step of the procedure. The sutures are placed paying
attention to the left anterior descending artery and are
passed through tourniquets to be tightened after sheath
removal. Several suture techniques have been described for
securing the access site (Figure I).

The most common technique is the placement of
purse-string sutures with Teflon pledgets resulting in a
concentrical closure of the access site (Figure 14).

Prolene purse-string sutures with 4-8 Teflon pledgets
arranged in a circle have been described (14,16,19). As
an alternative, numerous pledgets with a larger internal
diameter of the purse string can be used (16).

An alternative suture technique implies two horizontal
mattress sutures (Figure 1B) that are aligned perpendicular
to one another (19).

Sipahi er al. proposed an alternative closure technique
(Figure 1C) where two deep U-stitches with facing teflon
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Figure 1 Suture techniques for access site closure. (A) Conventional purse-string technique; (B) mattress technique; (C) linear closure.

felt stripes are placed resulting in linear closure of the access
site (20).

After preparation of the sutures, the left ventricle is
punctured with a thin needle. A guide wire is advanced
through the aortic valve into the ascending aorta under
fluoroscopic guidance. Hereafter a stiff guide wire is placed
and balloon aortic valvuloplasty can be performed through a
14-F sheath under rapid ventricular pacing. For deployment
of a Sapien™
placed and the delivery catheter with the crimped prosthesis
is advanced into the aortic annulus.

prosthesis, a valve delivery sheath is then

The prosthesis is deployed under rapid ventricular
pacing during a period of ventilation arrest. The correct
function of the prosthesis is assessed by angiography and
transesophageal echocardiography.

By tightening the purse-string sutures during sheath
removal the left ventricular apex is closed, and hemostasis is
achieved. A short period of rapid ventricular pacing may be
used to lower the systolic blood pressure (14).

The pericardium is closed over the apex, thus applying
additional compression to the access site. Usually an
epicardial pacemaker wire and a left lateral chest tube are
placed before standard wound closure. Postoperatively,
systolic blood pressure is closely monitored to avoid excess
strain on the apex.

Apical closure devices

Various apical closure devices are currently being developed
under the premise of increasing overall safety of the
TA-TAVI approach by further standardizing the procedure,
alleviating left ventricular access and minimizing the risk of
complications, such as apical bleeding.

On the one hand, there are concepts relying on the
placement of sutures, on the other hand there are suture-based
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devices and suture-less devices that are implants for apical
closure. Tuble 1 gives an overview of several devices that are
already in clinical use or currenty under development.

Suture-based devices

The CardioClose™ device

The CardioClose™ device (Entourage Medical
Technologies, CA, USA) is a suture-based device that
engenders two helical sutures similar to the purse-string
technique. The distal end of the device has a wire lumen
with two corkscrews, each of which carries a suture and an
anchor made of nitinol (Figure 2).

For TA access the left ventricle is punctured, a stiff
guide wire is inserted into the left ventricular cavity and
the CardioClose'" system is advanced over a guide wire.
Ensuring contact with the epicardium, the screw is turned
and sutures are ‘screwed’ into the myocardium until
blood flows back into the device. This indicates correct
localization of the nitinol anchors in the left ventricular
cavity. Upon withdrawal of the CardioClose'" device the
anchors will reside on the endocardium thus securing the
two autonomous sutures. Upon sheath removal the sutures
can be tightened with suture locking plates to close the
access site. The Cardio Close™ device is being evaluated in
first clinical trials. Results are still pending.

Transapical (TA) wound closure system

Knight et 4/. report on a suture-based automated TA wound
closure system (LSI Solutions, Victor, NY, USA) that places
two pledgeted mattress sutures concentrically around an
apical guide wire (22). The sutures are then crimped together
with the Ti-Knot'" device, which deploys mechanical
titanium knots. Currently no data regarding clinical trials or
first-in-man application is available for this device.

www.jthoracdis.com F Thorac Dis 2015;7(9):1548-1555



Journal of Thoracic Disease, Vol 7, No 9 September 2015

Table 1 Apical closure devices being developed at present
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Device Manufacturer Key features Clinical trials  CE-approval
Suture-based
™
CardioClose Entourage Medical Corkscrew-like device places two circular Yes -
Technologies, CA, USA transmural sutures that are secured by small
nitinol anchors
TransapTiﬁaI Wound LSl Solutions, Victor, Two pledged mattress sutures are delivered - -
Closure NY, USA concentrical around the guidewire
™
Heart Stitch TA Sutura, CA, USA Sutures are automatically placed through - -
the myocT:srdium and knotted using the
KwiKnot system
Suture-less
™
Apica ASC Apica Cardiovascular, Coil design with closure cap; provides Yes Yes
Galway, Ireland a working port on the LV Apex that is
potentially reusable
™
Permaseal Micro Interventional Creates a self-sealing access site into the Yes -
Devices, Bethlehem, LV cavity using tissue anchors. Closes
PA, USA spontaneously after sheath removal
TA Plug Department of Self-expanding device made from cellulose - -
Cardiovascular Surgery,
University Hospital of Bern,
Bern, Switzerland
™
CardiApex CardiApex, Or Akiva, Israel ~ Amplatzer-like device; the left ventricular Yes -

apex is access in an inside-out fashion.
Allows for a fully percutaneous approach

Cap release

Titanium coil

Coil release knob

Helical needles
with sutures

Closure cap

Figure 2 Delivery systems of three apical closure devices that are currently undergoing clinical trials. (A) The Apica ASC™ device; (B) the

CardioClose™ device; (C) the Permaseal ™ device. Modified from reference (21).
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Figure 3 The Apica ASC™ device. (A) Titanium coil; (B) closure cap; (C) intraoperative view: device i situ.

HeartStitch™ TA

The Heart Stitch™ TA (Sutura Inc., CA, USA) is a suture-based
device that seeks to provide percutaneous closure of the left
ventricular apex. Sutures are automatically placed through
the myocardium and knotted using the KwiKnot"' system.
Currently no data regarding clinical trials or first-in-man
application is available for this device.

Suture-less devices

The Apica ASC™ device

The Apica ASC™ device (Apica Cardiovascular Limited,
Galway, Ireland) received CE Mark approval in 2013 and is
currently in limited commercial launch throughout Europe
(23,24). The ASC™ (access, stabilization, closure) device
is a pre-mounted suture-less system consisting of three
main parts: an introducer, a low-profile titanium coil and a
closure cap (Figures 24, 3).

At the beginning of the TA-TAVI procedure the titanium
coil is connected to the introducer, which is mounted on
the respective THV catheter. Left ventricular access is
established by clock wise rotation of the titanium coils
into the myocardium while applying constant pressure on
the epicardial surface. Altogether, two to three turns are
required for safe positioning of the coil (25). The titanium
coil then guarantees left ventricular access while performing
the TA-TAVI procedure. Subsequent to the procedure,
THV catheters and stiff guide wires are removed. The
closing cap is then delivered into the titanium coil using
the ASC™ introducer device for final closure of the apical
access site. It has been noted that significant bleeding
from the ASC™ introducer occurs after removal of the
valve sheath, necessitating immediate removal of the stiff
guide wire and deployment of the closure cap. This might
be disadvantageous in case that post-dilatation would
be necessary (25). The ASC' system is suitable for the
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different sheath sizes of the Edwards Sapien, the Medtronic
Engager ', the JenaValve ™ and the Symetis Acurate ™
System (25). Since the device is compact in size it might
facilitate a non rib-spreading approach with a very small
incision. In the future, the access port in the left ventricular
apex might potentially be reused in redo-procedures (24).

The Permaseal ™ device

The Permaseal™ device (Micro Interventional Devices,
Bethlehem, PA, USA) creates a self-sealing access to the
left ventricular cavity by circumferential placement of tissue
anchors around the access site that are linked together. The
device is currently being evaluated for performance and
safety in a European multi-center trial (STASIS, Suture-less
Transapical Access and Closure Study) and is likely to
receive CE Mark approval soon.

The device looks like a gun and in its first generation
bears six anchors that each consist of a solid core and a
flexible part that acts as a barb (Figure 2C). Three anchors
each are connected by elastic v-stays, so that an operative
window of triangular shape is created in the center. Due
to their elasticity, v-stays adapt to the size of the inserted
sheath and can control devices of up to 28 F.

The current version of the Permaseal ™ device has been
modified to hold eight tissue anchors that are connected
with a purse-string suture.

"To establish apical access a guide wire is first introduced
into the left ventricular access site in a standard manner.
The device is fed over the guide wire and approximated
to the epicardial surface. When the device is ‘fired’ by
pulling the trigger, the anchors penetrate the myocardium.
The Permaseal™ device is then removed over the wire
and the sheath for valve implantation is inserted through
the operative window. Once the TA-TAVI procedure is
completed, sheath and guide wire can safely be removed
during tightening of the purse-string sutures. First clinical
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experiences at our clinic are promising and so far a safe
apical hemostasis has been accomplished in all cases.

A successor of this device that is currently undergoing
animal testing will probably allow for total percutaneous
access to the left ventricle.

The TA PLUG device

The TA PLUG device (Department of Cardiovascular
Surgery, University Hospital of Bern, Switzerland) is a self-
expanding and full-core device made from biocompatible
cellulose that swells, when in contact with blood. It has
a crimped diameter of 27 F and expands up to 66 F. The
system is self-anchoring and features integrated proximal
and distal radiopaque markers. For deployment the delivery
system is fed over the stiff guide wire and the device is
placed into the access site under fluoroscopic guidance to
align the apex wall within the radiopaque markers. After
successful apical sealing, the guide wire is withdrawn (26).
To date, there has been no clinical data supporting the
feasibility of this device. In the authors’ opinion, sheath
removal might be problematic—even if rapid ventricular
pacing is applied—because major bleeding from the dilated
access site may occur until the device has effectively been
deployed.

The CardiApex™ device

The CardiApex" device (CardiApex Ltd., Or Akiva, Israel)
is currently being tested in a European multicenter study.
The apex is accessed via the left ventricle in an inside-out
fashion and closed with an Amplatzer-like plug device.

A specially designed 9 F catheter is introduced into the
left ventricle via TF arterial access and the left ventricular
apex is punctured from within. The puncturing-guide wire
is being caught percutaneously with a sling and apical access
can be established from the outside with the introducer
system.

The introducer system consists of an outer cap holding
the pericardium in place and an inflatable balloon that
stabilizes the access site from within the left ventricle.
Following TA-TAVI the apical access site is sealed with a
closure-plug resembling an Amplatzer-device. So far no
clinical data has been published on the CardiApex™ device.
Potentially this device will allow for a purely percutaneous
approach without the need for a surgical mini-thoracotomy.

Future directions

In the face of innovations in transcatheter cardiac
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interventions, apical access and closure devices might be of
growing importance as the TA-access is not only feasible
for TAVI but also for other catheter-based therapies, such
as mitral valve implantation, mitral-valve-chordal insertion,
paravalvular leak closure, mitral valve commissurotomy,
valve-in-valve procedures of degenerated bioprosthesis in
aortic and mitral position and even aortic arch interventions.

Generally speaking, the ideal device for left ventricular
access and closure should be eligible for insertion via a
mini-skin incision smaller than three centimeters of length
with no need for additional rib spreading. Placement of
the device should be simple, and it then should comply
with the diameter of various instruments passed through
the opening. Moreover, the device should leave behind a
minimum amount of foreign material.

As devices for a fully percutaneous approach arise,
pre-interventional imaging and access-site planning with
identification of a safe “puncture window” become even
more important. Also, the most suitable intercostal space and
the appropriate angulation of the needle should be planned
by preoperative computed tomography and fluoroscopic
imaging of the left anterior descending artery. It has to be
taken into account that in advanced valvular heart disease
local anatomy is commonly abnormal with the left atrium
often dilated and the apex often rotated upwardly (21). Also,
at present, there is no imaging tool that helps predict left
ventricular tissue quality. Hence future studies will have to
further investigate the use of apical closure devices in patients
with fragile left ventricular myocardium. In Europe, to date,
only the Apica ASC™ device has received CE-mark. Other
devices such as the Permaseal™, the CardioClose™ and the
CardiApex'"" device are being evaluated in clinical trials and
are expected to receive CE-approval soon.

Conclusions

TAVI has become a standard therapy for the treatment
of high-risk patients suffering from severe aortic valve
stenosis. A couple of different access options with specific
characteristics are available today for transcatheter based
valve treatment, and high-volume TAVI programs take
advantage of the complementarity of the different access
options. The antegrade TA access for TAVI is a safe and
well-established strategy with specific advantages such
as a short distance from the operator to the aortic valve
annulus and the possibility to use large sheath diameters.
Additionally, the left ventricular apex not only provides
direct access to the aortic valve but also the mitral valve
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allowing for a wide range of interventions, assigning
"TA-access a key role in upcoming mitral valve interventions.
The use of apical closure devices is likely to increase
overall safety of the TA-TAVI procedure by further
standardizing the procedure and minimizing the risk of
bleeding from the access site. The ideal apical closure device
should be easy to put in place, leave a minimum of foreign
material, provide complete hemostasis and have a minimal
risk of displacement. So far the range of commercially
available devices in Europe is very limited with only one
CE-certified device on the market and one device that is
expected to receive CE-certification soon. Off-the-shelf
closure devices could help flatten the initial operator
learning curve and facilitate a safe apical access, ultimately
leading to an entirely percutaneous TA-TAVI approach.
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