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Percutaneous Mitral Valve Edge-to-Edge
Repair Using Volume Intracardiac

Echocardiography—First in Human Experience
Johannes Patzelt, MD, Juergen Schreieck, MD, Estelle Camus, MD, Meinrad Gawaz, MD, Peter Seizer, MD,
and Harald F. Langer, MD, Tuebingen and Erlangen, Germany
INTRODUCTION

Percutaneous mitral valve repair (PMVR) using the MitraClip system
is a novel method to treat mitral regurgitation (MR) in patients not
eligible for conventional mitral valve surgery. The procedure is
mainly guided by transesophageal echocardiography (TEE). The
advent of three-dimensional (3D) TEE with the possibility of simul-
taneous visualization of two orthogonal planes (X-plane) has facili-
tated the positioning of the clip. However, TEE is not possible in
all patients.

We have demonstrated before that under certain circumstances,
intracardiac echocardiography (ICE) can serve as an imaging modality
for PMVR.1,2 A significant step to improve imaging by ICE during
PMVR would be to have ICE technology with real-time 3D imaging
functionality and the possibility to generate X-plane views. In this
case, we used a volume ICE probe (Acuson AcuNav V, Siemens
Healthcare, Mountain View, CA). Real-time 3D ICEwas only recently
introduced to visualize heart structures in three dimensions3 but has
not been used so far to guide a PMVR procedure.
CASE PRESENTATION

A 51-year-old patient presented with progressive dyspnea caused by
MR grade IV. Transthoracic echocardiography revealed primary
MR; left ventricular function was normal. Thirty-three years earlier,
the patient had undergone radiation therapy for Hodgkin’s disease
with resulting lung fibrosis and esophageal stenosis, which required
repeated endoscopic balloon dilations. The patient had coronary ar-
tery disease with involvement of the left main coronary artery, for
which she had undergone multiple coronary interventions.
Furthermore, she had nonsevere aortic regurgitation. Due to these co-
morbidities, a decision for PMVR using the MitraClip system was
made by our interdisciplinary heart team. As TEE was not possible
ersity Hospital, Department of Cardiology and Cardiovascular

rhard Karls University, Tuebingen, Germany (J.P., J.S., M.G., P.S.,

iemens Healthcare GmbH, Erlangen, Germany (E.C.).

supported by grants from the German Heart Foundation.

tral valve regurgitation, MitraClip, Intracardiac echocardiography,

terest: Dr. Schreieck has received speaker fees from Medtronic and

cal. Dr. Langer was reimbursed by Abbott Vascular for training

percutaneous mitral valve repair procedure. The remaining authors

or potential conflicts of interest relative to this document.

7 by the American Society of Echocardiography. Published by

his is an open access article under the CC BY-NC-ND license

ecommons.org/licenses/by-nc-nd/4.0/)

rg/10.1016/j.case.2017.01.006
due to the aforementioned esophageal stenosis, we decided to carry
out the procedure using ICE.

The procedure was carried out under deep sedation using
propofol and midazolam. For imaging, we used the AcuNav
Volume ICE catheter, which is a 10F intracardiac ultrasound cath-
eter that—when connected to the Acuson SC2000 ultrasound plat-
form (Siemens Healthcare)—uses InFocus technology to generate
real-time 3D images with a field of view of 90� by 24� at high frame
rate. Figure 1 depicts imaging sequences generated during this
PMVR procedure.

First, the volume ICE probe was advanced into the right atrium
and subsequently into the left atrium (LA) as described elsewhere.1,2

Three-dimensional imaging guidance was used for transseptal punc-
ture (Figure 1A-D) and positioning of a superstiff wire in the left up-
per pulmonary vein (Figure 1E-F). Then, the MitraClip delivery
system was advanced into the LA, the ICE catheter was switched
to the LA, and the clip was positioned over the mitral valve plane
(Figure 1G, H). After that, the ICE catheter was switched to the
LA. The clip was advanced into the left ventricle, opened to 160�,
and positioned under the mitral valve plane (Figure 1I, J). Clip align-
ment was adjusted, the clip was closed, and a sufficient grasp was
confirmed with the volume ICE catheter (Figure 1K, L). Color
flow mapping confirmed substantial reduction of MR with only
slight residual regurgitation lateral to the clip (Figure 1M, N).
DISCUSSION

Currently, the Acuson AcuNav V catheter (Siemens Healthcare) is
the only available ICE probe with real-time 3D imaging function-
ality. While first experience has been gathered with volume ICE in
electrophysiology4 and transcatheter aortic valve replacement,5

this is to the best of our knowledge the first published PMVR pro-
cedure guided by volume ICE. Imaging by ICE provides very good
spatial resolution. Sedation is not needed, thereby minimizing the
risk of hypotensive periods or drops in oxygen saturation. The
added value of 3D ICE over two-dimensional (2D) ICE includes
the good visualization of the ridge between the LA appendage
and the left pulmonary veins, which is very easy, uniformly suc-
cessful, and excellent in resolution.4 Furthermore, it enables real-
time 3D documentation of target structures, facilitates interpreta-
tion of 3D structures, and may reduce procedure time.4 As expe-
rience in other interventions suggests that tracking small structures
such as thin wires, catheters, and devices with real-time 3D ICE is
generally easier compared with 2D ICE,6 this technique may facil-
itate precise positioning of the MitraClip in relation to the under-
lying pathology.

Yet there are also disadvantages such as the additional puncture of
the iliac vein and a second transseptal access, which, however, can
usually be achieved with a blunt approach. Future studies will
41
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Figure 1 Images of ICE during PMVR; see also Video 1. (A-F) Right atrial ICE. (A) Two-dimensional ICE and (B) 3D ICE confirming
position of the Brockenbrough needle at the interatrial septum before transseptal puncture. (C, D) Two-dimensional and 3D images
showing the guidewire crossing the interatrial septum. (E, F) Two-dimensional and 3D images confirming position of the guidewire in
the left upper pulmonary vein. The red arrow indicates the LA appendage (LAA). (G-N) LA ICE. (G, H) Two-dimensional and 3D images
showing the position of the closed clip (red arrow) over themitral valve plane. (I, J) Two-dimensional and 3D images showing that both
mitral leaflets are visible on the extended clip arms, after the clip has been advanced into the left ventricle. (K) Two-dimensional im-
aging of the fully closed clip still attached to the catheter and (L) 3D imaging of the fully closed clip (red arrow) after deployment from
the catheter (red arrowhead). (M)Color flowmapping showing residual MR lateral to the clip (Nyquist setting 0.6 m/sec). (N) Real-time
3D color flow image of residual MR.
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have to define the optimal position for the LA ICE probe in the in-
teratrial septum in relation to the MitraClip guide catheter. In our
case, we used the volume ICE probe in the right atrial position for
guiding the transseptal puncture and for positioning the clip over
the mitral valve plane. We then introduced the probe into the LA
for visualization of MR and for guiding the grasping maneuver as
well as for the final evaluation of residual MR. Visualization of mitral
valve leaflets during the grasping maneuver was very good in the 2D
as well as in the 3D mode.
CONCLUSIONS

All steps of the PMVR procedure could be visualized by ICE. The
real-time 3D images provided valuable information on mitral
valve morphology and helped to validate a sufficient grasp.
Because the field of view of the volume ICE is still limited
(90� � 24�), the whole mitral annulus cannot be captured in
one view. A wider angle might be of particular importance in
MR of primary origin with calcifications or a prolapse to address
the underlying pathology. More experience and further technical
developments are urgently needed to render ICE a complemen-
tary or even alternative imaging modality to TEE during the
PMVR procedure.
SUPPLEMENTARY DATA

Supplementary data related to this article can be found at http://dx.
doi.org/10.1016/j.case.2017.01.006.
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