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Abstract

AIM: To present our initial clinical experience using
this innovative software solution for guidance of
percutaneous structural heart disease interventions.

METHODS: Left atrial appendage, atrial septal defect
and paravalvular leak closure, transaortic valve repair and
MitraClip® procedures were performed in the catheter
laboratory under fluoroscopic and echocardiographic
guidance. The two-dimensional and three-dimensional
images generated by the transesophageal echocar-
diography probe were interfaced with the fluoroscopic
images in real-time using the EchoNavigator®-system.
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RESULTS: The application of the novel image fusion
technology was safe and led to a better appreciation
of multimodality imaging guidance due to improved
visualization of the complex relationship between
catheter devices and anatomical structures.

CONCLUSION: The EchoNavigator®-system is a
feasible and safe tool for guidance of interventional
procedures in structural heart disease. This innovative
technology may improve confidence of interventional
cardiologists in targeting and positioning interventional
devices in order to increase safety, accuracy, and
efficacy of percutaneous interventions in the catheter
laboratory.

Key words: Fusion imaging; Interventional guidance;
Percutaneous interventions; Structural heart disease;
Echocardiography
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Core tip: Interventions in structural heart disease require
adequate echocardiographic and fluoroscopic imaging
for safe accomplishment of the procedure. Recently, a
novel fusion imaging technology has been introduced,
allowing for the first time to merge echocardiographic
and fluoroscopic images in the catheter laboratory in
real time. As one of the first centers worldwide, we used
this innovative technology for guidance of interventions
in structural heart disease, demonstrating its potential
benefits for guiding complex interventions in structural
heart disease.

Balzer J, Zeus T, Hellhammer K, Veulemans V, Eschenhagen
S, Kehmeier E, Meyer C, Rassaf T, Kelm M. Initial clinical
experience using the EchoNavigator“-system during structural
heart disease interventions. World J Cardiol 2015; 7(9): 562-570
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INTRODUCTION

Adequate peri-procedural image guidance is indi-
spensable for safe accomplishment of cardiovascular
interventions™. In contrast to coronary interventions
where fluoroscopy remains the dominant imaging
modality, the evaluation and treatment of structural
heart disease requires continuous soft-tissue informa-
tion that cannot be provided by fluoroscopy alone.
Therefore, percutaneous interventions in the catheter
laboratory are usually monitored additionally by two-
dimensional (2D) and especially three-dimensional
(3D) transesophageal echocardiography (TEE)®. Both
techniques are presented side by side on different
screens, necessitating the interventionalist to mentally
reconstruct and fuse the presented information. Re-
cently, the EchoNavigator®-system (Philips Healthcare,
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Best, The Netherlands) has been introduced as a novel
software solution, allowing to merge echocardiographic
and fluoroscopic images on the same display in real
time®*. In this study we aim to present our initial
clinical experience with this innovative technology and
describe its potential benefits during percutaneous
interventions in structural heart disease.

MATERIALS AND METHODS

From January 2014 until July 2014 we used the Echo-
Navigator® software for guidance of 127 interven-
tions in structural heart disease [3 paravalvular leaks,
11 atrial septal defects (ASDs), 31 transapical tran-
scatheter aortic valve repair (TAVR) procedures, 35
left atrial appendage (LAA) occlusions, and 47 Mitra-
Clip® procedures]. Conscious sedation with continuous
hemodynamic monitoring was applied in all cases, with
the exception of the 31 transapical TAVR procedures,
where general anesthesia was applied. After insertion of
the procedure specific sheath, patients were sedated,
and the TEE probe was inserted by an experienced
echocardiographer before initiating the procedure by
the interventionalist. For the additional application of
this fusion imaging technology no ethical approval was
necessary. All patients gave written informed consent
for the performance of each interventional procedure.

EchoNavigator®

The technology of the EchoNavigator®-system relies on
a real-time co-registration and visualization of 2D/3D
TEE and fluoroscopy. The method consists of an image-
based TEE probe localization and calibration algorithm.
This algorithm automatically finds and tracks the position
and the direction of the TEE probe within the fluoroscopic
image®.. After synchronization of TEE and fluoroscopy
images, the system automatically tracks and follows
the rotation of the C-Arm, based on the angulation of
the gantry!™®. The results of this co-registration process
are visualized to the interventional cardiologist on a
large specific display that can be divided and arranged
in up to 4 sections at discretion of the interventionalist.
The 4 sections are assigned to different functions,
depicting different views and are labeled as follows: (1)
Echo: The Echo-view demonstrates online the images
from the echo machine that can only be manipulated
by the echocardiographer; (2) X-ray: The X-ray-view
displays the actual fluoroscopic view depending on the
angulation of the gantry. For a precise co-registration of
the TEE probe, the probe has to be central in this view,
the correctness of the co-registration being illustrated
by a green edging of the probe. In case that the co-
registration is not correct, e.g., after movement of
the TEE probe, the edging of the probe will turn into
red; (3) C-Arm: The beam flow of the matrix array
transducer is marked as a purple 3D sector in the X-ray-
view, presenting the 3D Echo information of this sector
in the C-Arm-view. Changes in angulation, rotation or
position of the TEE probe are immediately registered
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Figure 1 Specific points of interest can be marked in the ultrasound image by the interventionalist that will automatically appear on the fluoroscopic image.
In this case of a MitraClip® procedure, the echocardiographer displays the mitral valve with Color Doppler in the X-plane mode in order to define the most regurgitant
jet (right upper panel). The interventionalist can then steer particular markers using the table-side control mouse, and place them to define the region of interest for
the MitraClip® procedure. After adjusting the marker, it will appear on the fluoroscopic image, representing the exact region of interest, where the MitraClip® should be

implanted (right lower panel).

and updated on the fluoroscopic image; and (4) Free:
The Free-view also displays 2D and 3D TEE information
that can be manipulated by the interventionalist with
a sterile covered mouse on the catheter table. The
interventionalist can rotate and crop into 3D data sets in
any direction.

Specific points of interest can be marked in the
ultrasound image by the interventionalist that will
automatically appear on the fluoroscopic image (Figure
1). There is also the opportunity to switch between
different TEE modalities (2D, 3D, 2D and 3D Color
Doppler), and different view settings (2D, X-Plane, 3D
Zoom and 3D Full Volume).

RESULTS

Feasibility of the EchoNavigator® during interventions in
structural heart disease

All 127 procedures were performed using the Echo-
Navigator®-system for peri-interventional guidance. The
application led to safe accomplishment of all performed
procedures without any complications related to the
peri-procedural imaging guidance.

Percutaneous edge to edge repair of mitral
regurgitation using the MitraClip® system: The
unique visualization of the mitral valve apparatus using
3D TEE for planning and performing the procedure
allows improved understanding of the morphological
and functional changes induced by the MitraClip®
system. In this context, a recent study demonstrated
that the procedural effects of the MitraClip® system
upon the mitral valve apparatus can best be detected
using 3D TEE with various offline reconstruction
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techniques'”. The peri-interventional evaluation of the
mitral valve, including the leaflets, the annulus, and
the subvalvular apparatus using 3D TEE is therefore of
major importance. On the other hand, the orientation
of the guiding system and the dedicated structures of
the Clip with its grippers can be much better delineated
using fluoroscopy. Therefore, a multimodality approach
for guidance of MitraClip® implantations using 2D/3D
TEE and fluoroscopy is of essential importance. Our
results demonstrate that the translation of specific
echocardiographic markers into the X-ray-view can
improve the visualization of the complex relationship
between catheter devices and anatomical structures
during MitraClip® procedures (Figure 2). In this
context, the EchoNavigator®-system was especially
usefull for the transseptal puncture, that can be
performed using fluoroscopy and 2D TEE imaging
alone. In special situations, the 3D images improve
the visualization of the transseptal puncture side
for better definition of the correct height above the
mitral valve, necessary for sufficient movement of
the delivery guide and the device'. The fact, that the
designated point of puncture can be marked in either
the 2D or the 3D echocardiographic view, is very
helpful for placement of the needle in the fluoroscopic
image. Severe complications can arise when the Clip
perforates the thin wall of the atrial septum, leading
to cardiac tamponade™. The designation of three
echocardiographic orientation points (interatrial septum
at puncture site, crista terminalis between pulmonary
vein and the LAA, and the center of the mitral valve)
into the fuoroscopic image can prevent injury of the left
atrium, even when the Clip movements are monitored
with X-ray within this virtual triangle. When more than
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Figure 2 EchoNavigator® during MitraClip® procedures. A demonstrates the Echo-view on the left, depicting an X-plane-view of the interatrial septum. The
interventionalist can set markers in this view for exact delineation of the optimal puncture site that will automatically appear in the X-ray-view on the right. A 3D full
volume color doppler image is shown in the right upper panel of B. After cropping into this data set, the maximum regurgitant jet was depicted and marked within
this image. On the left side of C, a 3D view of the septum with the delivery system and especially the three points of interest (Septum, Crista, and Mitral valve) is
demonstrated. The connection between these three points creates a virtual triangle in the X-ray-view on the right side of C, outlining the area at risk outside this
triangle in the X-ray-view in D, where contact of the MitraClip® device with its surrounding structures potentially can lead to complications, such as perforation
with cardiac tamponade. E demonstrate the process of Clip orientation orthogonally towards the commissure in the 3D view, and the grasping of leaflets in the 2D
intercommisural view in F. The X-ray-view in both figures on the right display demonstrates the correct position of the Clip right on top of the red marker, corresponding
with the echo images. G demonstrates the residual regurgitant jet on the lateral side of the first Clip. This jet was marked in the echo image and was then used for
orientating a second Clip in the X-Ray image, as demonstrated in H. 2D: Two-dimensional; 3D: Three-dimensional.

one Clip needs to be implanted, the exact relation of the guiding catheter into the left atrium and the placement
Clips to each other can be misjudged due to blooming of the occluder into the LAA. Basically, the intervention
artefacts of the echocardiographic image®. In this  can be performed using fluoroscopy alone, but the
situation, fluoroscopy is very helpful to illustrate the advantages of 3D TEE for peri-interventional guidance
spatial relation of both Clips. The EchoNavigator®-system during the procedure could be clearly demonstrated in
enables the translation of the residual jet from the recent studies'™”. 2D TEE allows the interventionalist
echocardiographic image into the X-ray image for exact to measure the orifice of the appendage in different
implantation of the second Clip. 2D cut planes, but 3D TEE additionally allows 3D

measurement of the perimeter for exact definition of
LAA occlusion: In non-valvular atrial fibrillation the the landing zone and correct device selection®’. The
interventional closure of the LAA has shown to be a EchoNavigator®-system revealed to be very useful for
successful alternative to oral anticoagulation™". The main the performance of the transseptal puncture (Figure 3).
steps of the procedure are the transseptal crossing of the Furthermore, the exact delineation of the landing zone
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Figure 3 Echonavigator® during left atrial appendage occlusion. A demonstrates how the point of interest for potential transseptal crossing along the interatrial
septum is marked in the Echo image. B demonstrates in the X-ray-view, that the wire is located cranial of the Crista terminalis, that initially was assigned in the Echo
image. C depicts an ellipsoid ring, representing the landing zone for the occluder device marked yellow in the X-plane view of the 2D Echo image. D displays the
deployment of the lobe of the left atrial appendage occluder, detecting that correct device size was chosen. E shows this ellipsoid marker right in between the lobe
and the disc of the occluder after deployment of the disc. The red marker represents the location of the circumflex coronary artery. F shows the final result after
disconnecting the guiding system from the occcluder. The left panel gives a nice 3D overview of the site of implantation, displaying the difference of the landing zone

(vellow circle) and the orifice area of the left atrial appendage.

derived from the echocardiographic images allowed for
secure implantation of the device, therewith preventing
mismatch and dislocation of the occluder.

ASD occlusion: Interventional techniques for the
closure of interatrial communications can be performed
using echocardiography as the only imaging modality.
In a recent study the feasibility of interventional closure
of ASDs without fluoroscopy was demonstrated™®.
TEE provides an imaging technique to guide ASD
closures, providing fast and complete information
about the underlying pathomorphology, improving
spatial orientation, and additionally monitoring online
the appropriate position of the device without loss of
image quality. Furthermore, the additional information
supplied by the 3D images helps to better understand
the anatomy and the pathomorphology of the defect
during guidance of the intervention, leading to shorter
procedure times and less radiation exposure to the
patient™. Our initial experience with the EchoNavi-
gator®-system in such procedures indicates safe
implantation of devices in ASDs. After placement of the
echocardiographic marker delineating the ASD into the
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X-ray-view, the guide wire passage orientated towards
this point enormously facilitated the procedure (Figure
4).

TAVR: For safe and precise performance of TAVI
procedures, knowledge about the exact anatomy of
the aortic root an its surrounding structures obtained
by different imaging modalities is indispensable!®’. The
use of TEE for peri-interventional guidance is limited,
as it often requires general anesthesia and the probe
may also partially obstruct the optimal fluoroscopic
view. Particularly in patients treated over the transapical
approach where general anesthesia is needed anyway,
TEE has its place during and after valve implantation.
For secure valve implantation, the exact knowledge
about the alignment of the hinge points of the three
leaflets is crucial™”. With fluoroscopic imaging alone it
is difficult to place the gantry in a position, where the
hinge points are in the exact same cut plane. 3D TEE
has proven to be very useful for aortic annular sizing
and exact delineation of the hinge points during valve
sizing and implantation™®. The EchoNavigator®-system
allows transfer of specific 2D and 3D echocardiographic

September 26, 2015 | Volume 7 | Issue 9 |



Balzer J et a/. Fusion imaging and cardiovascular interventions

Figure 4 EchoNavigator® during atrial septal defect closure. A: Shows in the Echo-view in the right upper panel an X-plane view of the interatrial septum with a
bicaval and a short axis view. The defect is clearly illustrated and marked with a red circle, appearing also in the X-ray-view as the target lesion; B: Demonstrates the
occluder device after deployment of both the left and the right atrial disc. Note in the right upper panel that the two discs embrace the red target marker, where the
defect was previously located.

Figure 5 EchoNavigator® during transcatheter aortic valve repair. For precise delineation of the aortic annulus, the hinge points of the three leaflets of the aortic
valve were marked in the Echo image, as illustrated in the right upper panel in A. These markers then appeared in the fluoroscopic X-ray-image in the right lower
panel. Afterwards, the gantry was moved in order to transfer the three markers in one orthogonal image plane. This was also performed using 3D TEE for a better
spatial orientation along the annulus plane of the aortic valve (B).

markers into the fluoroscopic image (Figure 5). This through the defect is facilitated using this innovative
allows the interventionalist to correct the position of the technology.

gantry to the point where all three hinge point markers
derived from echocardiography create one orthogonal
plane.

DISCUSSION

The major findings of the present study are: (1) the
Percutaneous closure of prosthetic paravalvular application of the EchoNavigator®-system is feasible and
leaks: Different multimodality imaging techniques have safe during interventions in structural heart disease;
been proposed for peri-interventional guidance of these (2) the EchoNavigator®-system allows merged display
procedures, including a combination of fluoroscopy and of echocardiographic (2D, 3D, Color-Doppler, X-Plane

TEE!, The advantage of 3D TEE is the improved spatial Imaging) and fluoroscopic images in real-time, allowing
resolution of the defect, especially during placement the interventionalist to interact with both imaging
of the guide wire through the defect after transseptal modalities simultaneously.

puncture®®, The interaction between the prosthetic The benefits of fusion imaging technologies have

leaflets and the occluder system leading to possible already been described in the recent past, especially
obstruction and malfunction of the prosthetic valve can for the combination of CT-angiography and fluoroscopy
better be illustrated by 3D TEE. The application of the images during transapical TAVR procedures for exact
EchoNavigator®-system is very helpful for percutaneous assignment of the correct site for the transapical access™*.
closure of paravalvalvular leaks (Figure 6). It allows the The integration of echocardiographic images into the X-ray
interventionalist to focus more upon the fluoroscopic image in real-time during percutaneous interventions
image as it better delineates the catheter and the were hampered so far by the complex nature of the
devices. Especially the precise steering of the guide wire echocardiographic data. The EchoNavigator®-system
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is the first integrative solution to merge the two major
important imaging modalities echocardiography and
fluoroscopy in real time during interventions in structural
heart disease. This technology facilitates the procedures,
as echocardiographic soft tissue information is copied
into the fluoroscopic image in real-time without time-
consuming offline reconstruction. Traditionally, the
interventional cardiologist is more familiar with the
standard fluoroscopy projections compared with the
classical TEE orientations. This new technology therewith
fulfills the needs of the traditional interventionalist, who
is not always used to the different 2D and 3D image
orientation from TEE, by delineating the information
from echocardiography into the more familiar fluoro-
scopic image. Only few studies have described the
application of the EchoNavigator® during structural
heart disease interventions so far. Stindermann et a/”
were the first to document an influence of radiation
dose and procedure time under guidance of MitraClip
procedures using the EchoNavigator®. They discovered
a reduction in radiation and procedure time especially
in complex procedures were more than one clip
was implanted. This underlines the strength of this
technology, simplifying the exact detection of the target
point for the implantation of more than one clip next
to the already implanted clip. The more complex the
intervention becomes during the procedure, the more
beneficial is the gain of the additional information given
by the supporting software. Recently, Gonzalez Gémez
et al”® described the advantage of the technique for
transseptal punctures, according to our own results.
Especially in MitraClip procedures the exact height of the
puncture is essential for the success of the intervention.
Using the EchoNavigator® the puncture site can even
be defined before pullback of the needle from the
superior caval vein into the right atrium. The precision
of this fusion imaging technology is remarkable. Our
own experience indicates that the applied markers
depicting the target structures correlate very well with
the definite location of the catheter devices. Moreover,
in cases where the matching of echocardiographic and
fluoroscopic data was unsatisfactory, we switched back
to the conventional image guidance without the overlay.
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Figure 6 A case of a prosthetic paravalvular leak presenting
aortic regurgitation after transcatheter aortic valve repair.
The left panel demonstrates the Echo image in a short axis
view, presenting the aortic annulus and depicting the regurgitant
jet with Color Doppler. Here the marker was placed incorrectly,
consequently transfering the marker next to the destination
in the fluoroscopic image in the right panel. The red marker
demonstrates where the region of interest should have been
defined, reflecting the correct position in the fluoroscopic image.

This approach always warrants an exit strategy in cases
where the confidence into the fusion technology is
somehow affected, anticipating possible misguidance
by the EchoNavigator®-system. Next to the advantages
of the EchoNavigator®, there also are some limitations.
The technology described in this paper is based on
a co-registration process of the TEE probe into the
fluoroscopic image, simultaneously transferring the data
into the virtual coordinate system of the X-ray display.
The specific points of interest that can be marked with
the software do not follow the acute movements of
the echocardiographic speckles, making the combined
image with the marked reference points quite static.
The newest release of the EchoNavigator® allows a
translation of the entire echocardiographic dataset into
the X-ray-image, making the fusion of both modalities
even more impressive, as recently published by our
group™,

Limitations

Our manuscript is supposed to give “tips and tricks” while
working with the EchoNavigator® technology according
to our initial experience in 127 patients. Our study lacks
information about the benefit of the technology in the
context of reducing the procedure length or the radiation
dose. Data demonstrating these effects are currently
only available for MitraClip procedures'. Prospective
randomized multi-center studies with a larger sample
size are necessary to demonstrate potential benefits
of this promising technology for the patient. At this
time, the main benefit of the EchoNavigator®-system
is the facilitation of procedures by online fusion of
two important imaging modalities, leading to better
confidence of the interventionalist into the procedure
and producing a better communication between the
echocardiographer and the operator.

In conclusion, the EchoNavigator®-system is a
feasible and safe tool for guidance of interventional
procedures in structural heart disease. This innovative
technology may accelerate the learning curve of
interventional cardiologists in order to increase safety,
accuracy, and efficacy of percutaneous interventions in
the catheter laboratory. Further research is necessary
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to evaluate the clinical value of this promising new tool,
but it is likely that such a visualization technology might
have a significant impact on the success and the safety
of cardiovascular procedures in the catheter laboratory.

COMMENTS

Background

The number of percutaneous interventional procedures for the treatment of
structural heart disease in patients that are ineligible for conventional open
heart surgery is increasing permanently. Less invasive techniques allow for
save accomplishment of these highly complex interventions in the catheter
laboratory. Still, complications can arise during the procedure due to inadequate
imaging of the target structures, often with fatal outcome for the patient.

Research frontiers

Side by side imaging of cardiac soft tissue anatomy and catheter devices
using echocardiography and fluoroscopy is essential for safe performance of
interventional procedures in structural heart disease, though assuming mental
fusion and reconstruction of each imaging modality by the interventionalist.
Online fusion imaging technologies can determine a faster and better unders-
tanding of the complex relationship between anatomical landmarks and catheter
devices and have the potential to facilitate the procedure.

Innovations and breakthroughs

In the current study the authors demonstrate for the first time the application of
a novel image fusion technology (EchoNavigator®) to guide different types of
complex interventions in structural heart disease. To our knowledge, no similar
studies presenting such a broad applicability of this hybrid imaging technique
have been published so far.

Applications

The study results of the present study suggest that online fusion of echocar-
diographic soft tissue anatomy and fluoroscopic catheter devices is a
breakthrough for precise monitoring of interventions in structural heart disease.
The impressive images in this article implicate the value of this innovative
technology for upcoming interventional procedures that afford even more
an exact delineation of cardiac anatomy for safe performance of complex
procedures. Furthermore, the technique does not exclude the standard
operating procedure using solely echocardiography and fluoroscopy side-by-
side. The generated overlay images rather must be considered accessory with
in fact tremendous additional value.

Terminology

The name of the new software “EchoNavigator® implicates the way it is used
for monitoring of interventions in the catheter laboratory. 2D and 3D echo
information can be translated into the fluoroscopic image for best navigation of
the procedure using a combination of both imaging modalities.

Peer-review

This is an excellent manuscript about the clinical experience using the EchoNavi-
gator®-system. The authors have suggested that the EchoNavigator®-system is a
feasible and safe tool for guidance of interventional procedures, such as left
atrial appendage, atrial septal defect and paravalvular leak closure, transaortic
valve repair and MitraClip® in structural heart disease. This manuscript is nicely
structured and very well written.
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