

[image: image1]
Role of 3D Transesophageal Echocardiography for Transcatheter Mitral Valve Repair—A Mini Review












	
	MINI REVIEW
published: 02 February 2022
doi: 10.3389/fcvm.2022.815304






[image: image2]

Role of 3D Transesophageal Echocardiography for Transcatheter Mitral Valve Repair—A Mini Review

Kensuke Hirasawa1 and Masaki Izumo2*


1Department of Cardiovascular Medicine, Tokyo Medical and Dental University, Tokyo, Japan

2Division of Cardiology, Department of Internal Medicine, St. Marianna University School of Medicine, Kawasaki, Japan

Edited by:
Martin Swaans, St. Antonius Hospital, Netherlands

Reviewed by:
Konstantinos Stathogiannis, Stanford University, United States
 Adel Aminian, Centre Hospitalier Universitaire de Charleroi, Belgium

*Correspondence: Masaki Izumo, heartizumo@yahoo.co.jp

Specialty section: This article was submitted to Structural Interventional Cardiology, a section of the journal Frontiers in Cardiovascular Medicine

Received: 15 November 2021
 Accepted: 11 January 2022
 Published: 02 February 2022

Citation: Hirasawa K and Izumo M (2022) Role of 3D Transesophageal Echocardiography for Transcatheter Mitral Valve Repair—A Mini Review. Front. Cardiovasc. Med. 9:815304. doi: 10.3389/fcvm.2022.815304



Edge-to-edge transcatheter mitral valve repair (TMVr) using MitraClip has been evolving rapidly in patients with severe mitral regurgitation (MR) at high surgical risk or having contraindications for surgery. Three-dimensional (3D) echocardiography plays an important role in the management of severe MR. In particular, 3D transesophageal echocardiography (TEE) imaging allows the evaluation of MV geometry and quantification of MR severity with dedicated software. Real-time 3D TEE is also commonly used to guide TMVr and facilitate the procedure. Further development of 3D echocardiography may help achieve safer and more beneficial results. The following article summarizes the current knowledge and the future perspectives of 3D TEE in TMVr.
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INTRODUCTION

Mitral regurgitation (MR) is one of the most common valvular heart diseases in developed countries. In the Framingham Heart Study, MR was observed in 19% of the participants (1) and the clinical burden is getting increased with age (2). Thus, patients with severe MR have been associated with a higher surgical risk, and the need for less invasive therapies has been increased.

In the last few decades, transcatheter mitral valve repair (TMVr) has developed rapidly as a treatment option for patients with severe MR at higher surgical risk or having contraindications for surgical mitral valve (MV) intervention. MitraClip (Abbott Vascular, Santa Clara, CA) is the most commonly used edge-to-edge TMVr device in the world that mimics the surgical Alfieri stitch. Several randomized control studies have demonstrated the benefits of the device in various clinical settings. The Endovascular Valve Edge-to-Edge Repair Study (EVEREST) II trial (3) demonstrated a lower prevalence of major adverse events at 30-days after an MV procedure in patients treated with MitraClip compared to open-heart surgery. Subsequently, the Clinical Outcomes Assessment of the MitraClip Percutaneous Therapy for High Surgical Risk Patients (COAPT) trial (4) showed clinical benefits using the MitraClip system in patients with severe secondary MR. Based on these results, the current ACC/AHA guidelines recommended transcatheter MV repair for symptomatic primary MR with high or prohibitive surgical risk and symptomatic secondary MR (grade ≥3+) with a left ventricular ejection fraction (LVEF) of 20–50% and LV end-systolic diameter ≤ 70 mm despite maximally tolerated guideline-directed optimal medical therapy (5).

Echocardiography has long been a key imaging modality for the evaluation of valvular heart diseases. The identification of detailed anatomical characteristics of the MV is essential to understand the mechanisms of the diseases and to select an optimal timing and treatment, however, conventional two-dimensional (2D) echocardiography has substantial limitations in assessing the complex anatomy of the MV apparatus inherent to the technical methodology. One of the main limitations is that 2D echocardiography can only show one acquisition plane which sometimes leads to misunderstanding of the MV geometry. Recent developments in ultrasound devices allow the characterization of the complex anatomy of cardiac structures with great accuracy using three-dimensional (3D) echocardiographic images with great accuracy (6, 7). In particular, real-time 3D transesophageal echocardiography (TEE) plays an indispensable role in the assessment and management of TMVr (8, 9). Herein, we summarize the current knowledge about the utility of 3D TEE for the management of edge-to-edge TMVr using MitraClip.



PRE-PROCEDURAL EVALUATION OF MITRAL REGURGITATION

MR is generally classified into two phenotypes; primary (organic) MR and secondary (functional) MR.

Primary MR is characterized by degenerative alterations of the MV leaflet such as prolapse and/or frailty. Three-dimensional TEE allows to visualize the comprehensive anatomy of the MV and is helpful for easy understanding of the diseased lesion resulting from the degeneration. Moreover, a quantitative evaluation of MV anatomy must be performed to identify patients who will benefit from the procedure. In the EVEREST trials, several anatomical criteria for primary MR were used as follows; a frail gap <10 mm and a frail width <15 mm (10). In addition, several exclusion criteria, such as severe leaflet calcification in the grasping zone, leaflet perforation, significant cleft, and MV opening area <4 cm2, were defined. However, these measurements are sometimes difficult to assess using only conventional 2D images. Using 3D TEE with multiplanar reconstruction, a more accurate measurement of these dimensions can be obtained (Figure 1A).
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FIGURE 1. Pre-procedural assessment and quantification of mitral valve geometry. (A) Primary mitral regurgitation. For treating primary MR with MitraClip, the frail gap and width of the lesion and mitral valve opening area are used for assessing the procedural durability. (B) Secondary mitral regurgitation. Whereas, the coaptation depth and length should be evaluated for secondary MR. (C) Quantification of mitral regurgitation by three-dimensional (3D) color Doppler. Three-dimensional vena contracta area allows to evaluate regurgitant orifice area directly and may improve the assessment of regurgitant severity. (D) MV geometrical assessment using Mitral Valve NavigatorA.I.. Semi-automated software dedicated to MV quantification provides useful information on the MV geometry from 3D TEE images.


Color Doppler 3D echocardiographic image is also informative for understanding the characteristics of MR. In many cases of primary MR, the eccentric direction of the regurgitant jet is commonly observed. Thus, it may be difficult to plan an optimal clip position. Color Doppler 3D TEE images depict the accurate location of the regurgitant orifice and the jet direction, which may help in planning the ideal positioning of the MitraClip.

In contrast, secondary MR is defined as MR due to LV and/or LA dysfunction without abnormalities in the MV leaflet and chordae tendineae (11). Although severe secondary MR is associated with adverse prognosis (12–14), the optimal treatment remains controversial. A recently published COAPT trial showed an incremental benefit of MitraClip implantation in addition to guideline-directed medical therapy in patients with symptomatic severe secondary MR at high surgical risk. In contrast, the Multicenter Study of Percutaneous Mitral Valve Repair MitraClip Device in Patients with Severe Secondary Mitral Regurgitation (MITRA-FR) trial showed no significant improvement in outcomes in patients treated with MitraClip. (15) The discrepancy in the results of these two randomized controlled trials may be due to the baseline characteristics of patients. Thus, the indications for TMVr therapy should be carefully evaluated (Figure 1B).

Quantitative assessment of MR severity is crucial for determining the indications for TMVr. However, quantitative assessment of secondary MR using 2D echocardiography has several limitations. In many cases with secondary MR, the flow convergence zone is not hemispherical and the regurgitant orifice has an oval or a crescent shape (16). Thus, the calculation derived by the proximal isovelocity surface area (PISA) method using 2D echocardiography can easily underestimate the MR severity (17, 18). Color Doppler 3D TEE and the multiplanar reconstruction provide a direct measurement of the regurgitant orifice area (3D VCA) which may improve the accuracy of MR grading (Figure 1C).

The MV geometry is also an important factor for considering the durability of TMVr. The COAPT trial used two anatomical inclusion criteria for secondary MR; coaptation length ≥2 mm and coaptation depth <11 mm. Several semi-automated echocardiographic software dedicated to 3D MV geometry have been introduced and applied for pre-procedural evaluation in clinical practice. MV area, perimeter, and leaflet area derived from 3D images can be measured using the software and may provide further incremental information about the degree of tenting and/or leaflet remodeling (19, 20) (Figure 1D).

Accordingly, the use of 3D TEE for selecting patients and evaluating the eligibility for TMVr is strongly recommended if available.



PROCEDURAL GUIDANCE OF MITRACLIP USING 3D TEE

During the TMVr procedure, TEE is generally used for guidance because interventionists require accurate geometrical information of the disease without direct inspection, unlike open-heart surgery. Clear visualization of the MV using 3D TEE images leads to better communication between imaging specialists and interventionists compared with 2D TEE. The utility of 3D TEE for procedural guidance has been demonstrated by a previous study that reported that 3D TEE reduced the procedural time compared to conventional 2D guidance alone (9). Thus, now the 3D TEE is mandatory for successful and safe TMVr therapy.


Transseptal Puncture

Determining the optimal transseptal puncture site is an initial crucial role of the 3D TEE guide for TMVr because it fixes the position of the steerable guide catheter (SGC) and influences the mobility of the clip delivery system (CDS) (21). However, clear visualization of the targeted puncture site is sometimes difficult using only 2D images when the site is very posterior (22). Thus, a precise understanding of the interatrial septum and surrounding structures is required for a successful puncture, and the puncture site should be posterosuperior of the interatrial septum. The superior-inferior and the anterior-posterior coordinates of optimal puncture site are commonly confirmed using mid-esophageal bi-caval and short-axis views, respectively. Real-time 3D TEE can provide two planes simultaneously with the x-plane function and will facilitate the identification of the optimal position to be punctured (Figure 2A). However, the ideal puncture site was slightly different between the MR morphologies (23, 24). In patients with primary MR, the height of the puncture site has to be 4–5 cm from the mitral annulus. In contrast, in patients with secondary MR due to leaflet tethering, the height can be reduced because the leaflet coaptation plane shifts to the left ventricle. However, a height from the leaflet coaptation of <3.5 cm should be avoided because it may make the procedure difficult (24, 25).
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FIGURE 2. Real-time guidance for MitraClip implantation using three-dimensional transesophageal echocardiography. (A) Transseptal puncture guidance, (B) Clip deployment. LA, left atrium; LV, left ventricle; Ao, aorta.




Guidance for Clip Deployment

After the CDS was inserted into the left atrium through the SGC, the clip was advanced into the LV. Two orthogonal echocardiographic views are normally used for the procedural guidance; an inter-commissural view and an LV outflow tract (LVOT) view from the mid-esophagus. The X-plane view provides these two planes simultaneously and enables the observation of the device. After the device was advanced to the LV using these X-plane views, the clip was slowly opened. Subsequently, the leaflets were grasped guided by TEE. Real-time 3D en-face MV view helps to assess the alignment of the clip which should be perpendicular to the line of the leaflet coaptation. After an initial grasp of the leaflets, the clip orientation must be evaluated (Figure 2B). Subsequently assessing the adequate insertion of both anterior/posterior leaflets, the MV geometry, which usually has a double-orifice, should be confirmed with the 3D en-face view. Before releasing the clip, the presence of residual MR has to be assessed carefully. Because patients treated with MitraClip had a higher prevalence of cardiac surgery during the first year after the procedure if significant residual MR exists in the EVEREST II trial (26). Moreover, significant residual MR has been shown as a strong determinant of poor outcomes after TMVr in several studies (27–30). Pulmonary venous flow patterns may provide useful information for determining the severity of residual MR indirectly (31). However, quantification of residual MR after MitraClip implantation has been challenging using 2D TEE. The proximal isovelocity surface area method, which is commonly used for evaluating native MR, is not feasible for residual MR after MitraClip implantation since the residual jet may have multiple and eccentric orifices. Color Doppler 3D TEE images help find and visualize the jet if it exists. In addition, 3D VCA may be a feasible and reliable method for quantification of residual MR after TMVr (32). If these results were acceptable, the clip was released. Finally, all evaluations must be performed again to compare the pre- and post-procedural results using both 2D and 3D TEE. If the clip location and the reduction of MR are not appropriate, a new attempt should be made to adjust the clip location.




FUTURE PERSPECTIVES AND DISCUSSION

Recent technological development will be clinically applied for the management of TMVr.

Dedicated applications of 3D echocardiography provide better visualization and more accurate quantification of MV anatomy than before.

Real-time fusion imaging of 3D echocardiography and fluoroscopy provides useful information for understanding the positional relationship between MV and the surrounding structures. It facilitates that both echocardiographers and interventionists share the same recognition of MV geometry, which may lead to a better post-procedural result.

In summary, physicians have required a better understanding and more accurate quantification of the MV geometry as TMVr has rapidly developed for patients with severe MR at high surgical risk. Real-time 3D TEE has become an indispensable and essential modality for the diagnosis and management of MR, and guidance during the TMVr procedure. With the appropriate use of 3D TEE, a more accurate assessment can be achieved in both primary and secondary MR. It also allows echocardiographers to share recognition of the MV geometry with interventionists and facilitates the procedure. Furthermore, the technological development of echocardiographic devices will allow a better illustration of complex anatomical MV morphology and may result in risk reduction after TMVr.
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