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KEY POINTS

� Transcatheter mitral valve repair using edge-to-edge clip has been established as an alternative to
open surgical repair in primary and secondary mitral valve diseases.

� Optimal periprocedural imaging using transesophageal echocardiography is critical to determine
procedural candidacy and ensure safe and successful implantation.

� Multiplanar reconstruction can be used to display all key mitral views, including the long axis, bi-
commissural, short axis, and 3-dimensional en face views.

� The use of this technique with and without color Doppler allows determination of MR mechanism
and origin with precision.

� For optimal periprocedural imaging guidance, we recommend a detailed echocardiographic
approach using the 7 steps outlined in this review article.
om
INTRODUCTION

In individuals with significantly increased surgical
risk, a reduction of mitral regurgitation (MR)
severity can be accomplished percutaneously
by approximation of the anterior and posterior
mitral leaflets, with transcatheter edge-to-edge
mitral valve (MV) repair. The procedure is a percu-
taneous adaptation to the surgically performed
Alfieri stitch and results in a double orifice valve
(N). Although the initial application of MitraClip
was limited to patients with predominantly central
MR and degenerative disease, recent clinical tri-
als in addition to improved technical experience
and advancements in 3-dimensional (3D) echo-
cardiography has allowed successful application
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to those with noncentral MR and secondary valve
disease.1

Optimal periprocedural imaging using transeso-
phageal echocardiography (TEE) is critical to
determine procedural candidacy and ensure safe
and successful implantation. In this review, we
present a step by step overview of echocardio-
graphic imaging for transcatheter MV edge-to-
edge repair using the MitraClip device.

MITRAL VALVE ANATOMY

A comprehensive appreciation of MV anatomy and
surrounding structures is important to facilitate
optimal imaging guidance for transcatheter edge-
to-edge MV repair. A detailed discussion of this
ular Institute, Cleveland Clinic, 9500 Euclid Avenue,
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is beyond the scope of this review and has been
covered elsewhere.2

In brief, the MV complex comprises the mitral
annulus, anterior and posterior leaflets, chordae
tendinea, and papillary muscles (Fig. 1). The
annulus marking the hinge line of the valvular leaf-
lets is D shaped rather than circular.3 The aortic
valve is in fibrous continuity with the anterior leaflet
of the MV. The annulus opposite the area of valvar
fibrous continuity lacks a well-formed fibrous cord
and tends to be weaker and hence more signifi-
cantly affected in annular dilation.

OVERVIEW OF DEVICES AND PROCEDURE

The MitraClip device (Abbott Vascular, Menlo
Park, CA) is a clip made of 2 polyester-covered
arms roughly 8 mm long and 4 mm wide that func-
tions to grasp both the anterior and posterior MV
leaflets (Fig. 2). The clip is delivered by means of
a 24F steerable catheter and triaxial delivery sys-
tem via a femoral venous and transseptal
approach to reach the systemic side and thus
the MV.
The MitraClip NTR and XTR systems were intro-

duced in 2018 and are an updated version of the
previous versions of MitraClip (MitraClip and
MitraClip NT). The XTR device has 3 mm longer
arms (with 2 extra rows of frictional elements),
that expand the reach of the device by 5 mm
compared with the MitraClip NTR device. In gen-
eral, the NTR system is favored in patients with
short, restricted leaflets (functional MR) or if there
is concern for smaller MV area (MVA). The XTR
Fig. 1. MV anatomy. The MV as seen from the left atria
composed of 2 leaflets, anterior and posterior, each of w
P3, as depicted. LAA, left atrial appendage. (Reprinted
Art & Photography �2020. All Rights Reserved.)
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device, is favored with degenerative MR with
longer leaflet lengths, larger, wider flail width,
and gaps. Indications and contraindications have
previously been discussed elsewhere.2,4

MitraClip implantation is performed under gen-
eral anesthesia owing to the need for a controlled
environment that allows real-time and often pro-
longed TEE guidance. In addition, controlled
breath holds can then be performed to maximize
stability during leaflet grasping, a sensitive step
of the procedure. In brief, after gaining transfe-
moral venous access, transseptal puncture (TSP)
is performed to allow the MitraClip device to ac-
cess the left atrium, where it is aligned with the
mitral pathology, and then advanced into the left
ventricle. The MitraClip system is then withdrawn
toward the MV with the clip arms open and
approximated to both the anterior and posterior
leaflets. The grippers are then lowered to trap the
leaflets between the grippers and the arms. Finally,
the arms are then closed to oppose the anterior
and posterior leaflets. If necessary, the device
can be reopened for adjustment before device
release and final deployment. Detailed echocar-
diographic evaluation is divided into 7 main steps
which is covered step by step elsewhere in this
article.
Procedural Guidance

Step 1: preprocedure evaluation
After the initiation of general anesthesia, TEE
should be performed to complete a quick prepro-
cedural checklist (Table 1). The first step is to
l (A) and left ventricular (B) perspectives. The MV is
hich is divided into 3 scallops, A1, A2, A3 and P1, P2,
with permission, Cleveland Clinic Center for Medical
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Fig. 2. MitraClip devices. The MitraClip NTR and XTR
systems introduced in 2018 comes in 2 sizes. The Mi-
traClip XTR device has 3 mm longer arms that expand
the reach of the device by 5 mm over that of the Mi-
traClip NTR device. (Images courtesy of Abbott
Vascular, Menlo Park, CA.)
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confirm MR mechanism and origin to ensure there
are no significant changes compared with prior im-
aging that would alter the plan for device place-
ment. The pulmonary veins should be assessed
to evaluate for flow reversal. Mitral stenosis should
be assessed with the MVA and mean gradient. A
MVA of less than 4.0 cm2 is considered a relative
contraindication to the procedure because
deployment of the MitraClip may potentially result
in significant stenosis.4 Detailed indications and
relative contraindications have been previously
published and is beyond the scope of this review.4

Preprocedure imaging should also establish base-
line ventricular function, exclude intracardiac
thrombus, and determine the presence of baseline
pericardial effusion. The imager should also
Table 1
Immediate preprocedural checklist to be
performed after anesthesia and endotracheal
tube placement, before initiation of procedural
steps

Immediate Preprocedural Checklist

1 Confirm MR severity, mechanism and
origin. Become familiar with key TEE
guidance views: bicommissural, long-
axis, 3D en face, MPR, bicaval,
AV short axis

2 Evaluate for pulmonary vein flow
reversal

3 Measure MV gradient, and area
using 3D planimetry

4 Rule out left atrial appendage
thrombus

5 Evaluate for pericardial effusion

6 Evaluate interatrial septum for
challenging anatomy
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optimize and become familiar with key echocar-
diographic views to facilitate swift intraprocedural
imaging. The key views include the bicaval, aortic
valve short axis, bicommissural, long axis, and 3D
views. An on-axis bicommissural view is crucial to
understand the medial–lateral origin of the MR jet,
and biplane imaging allows simultaneous visuali-
zation of a long axis view to understand anterior
and posterior leaflet anatomy and MR mechanism
(Fig. 3A, B). A 3D en face view provides visualiza-
tion of overall mitral anatomy, and pathology such
as prolapse or flail (Fig. 3C). Multiplanar recon-
struction (MPR) is a technique to simultaneously
visualize multiple 2D imaging planes based on
and along with a 3D dataset. The MPR planes
can be aligned to display all key mitral views,
including the long axis, bicommissural, short axis
and 3D en face (Fig. 3D, E). The use of this tech-
nique with and without color Doppler allows a
determination of the MR mechanism and origin
with precision. A limitation to note when using 3D
imaging is that there is some loss of spatial and
temporal resolution compared with 2D imaging,
and so 3D images should be used in conjunction
with standard 2D views.

Step 2: transseptal puncture
The TSP is a critical step because the location es-
tablishes the trajectory of the device for the rest of
the procedure. An optimal puncture will facilitate
maneuvering of the device within the left atrium
(LA) to establish an ideal alignment and trajectory
with the MV (Fig. 4), whereas a suboptimal TSP
can create multiple challenges that need to be
overcome during the course of the procedure.
The standard TEE views during TSP guidance
are the bicaval view for visualization of the
superior–inferior axis, the short axis aortic valve
view for the anterior–posterior axis, and the 4-
chamber view for measurement of TSP height
(Fig. 5).

During the first step of the procedure, the cath-
eter starts in the SVC. The interventionalist then
slowly withdraws the catheter inferiorly into the
right atrium to approach the interatrial septum
(IAS). The primary imaging view at this point is
the bicaval view to find the tip of the catheter, indi-
cated by tenting of the IAS (see Fig. 5, arrows). The
ideal TSP location is within the mid to superior
portion of the fossa ovalis. Once the superior–
inferior position is satisfactory, one moves to the
short axis aortic valve view for anterior–posterior
positioning. This maneuver can be done by chang-
ing the primary image to a short axis of the aortic
valve or with the use of biplane imaging or live
MPR (see Fig. 5). A posterior puncture is preferred
to optimize height above the MV and the trajectory
F MICHIGAN from ClinicalKey.com by Elsevier on May 26, 
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Fig. 3. Preprocedural evaluation of MR. (A) The MR origin is identified in the bicommissural view, which lays out
the valve from medial to lateral. Biplane imaging is used to visualize the long axis view of the MR jet at this loca-
tion. (B) Color Doppler is turned off to evaluate the underlying MV anatomy and determine the MR mechanism,
in this case posterior leaflet prolapse and flail (arrow). (C) Three-dimensional en face view demonstrates P2 pro-
lapse and flail (arrow). (D) Three-dimensional MPR shows all key views simultaneously, long axis (upper left), bi-
commissural (upper right), short axis (lower left) and 3D en face (lower right). (E) Three-dimensional MPR with
color shows MR origin in all key views simultaneously (E).
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in the LA. Last, the height is measured, as visual-
ized at 0�, in the mid esophageal 4-chamber
view (see Fig. 5B). The ideal TSP height is 4 to
5 cm above the target grasping zone of the MV.
Fig. 4. Optimal TSP height showing trajectory toward the
from the right atrium. (B) Demonstration of TSP height
low (too close to the valve), there will not be room to
into the left ventricle. (Reprinted with permission, Clev
�2020. All Rights Reserved.)
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Note that very medial pathology requires a high
TSP to allow enough room for the clip delivery sys-
tem (CDS) to bend back toward the septum
without crossing into the left ventricle. Conversely,
MV. (A) Optimal TSP within the fossa ovalis as seen
for medial versus lateral pathology. If the TSP is too
adjust the device in the left atrium without crossing
eland Clinic Center for Medical Art & Photography
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Fig. 5. Interatrial septal anatomy and guidance of the TSP. (A) The key views for guidance of the TSP include the
bicaval view for superior–inferior axis (left) and the aortic valve short axis view for the anterior–posterior axis
(right). The location of the needle is visualized by tenting of the septum (arrows). (B) The height is measured
in the 4-chamber view from the tip of the mitral leaflets parallel to the septum until the level of the tenting.
(C) Live MPR can be used to visualize all key views simultaneously. Movement along the superior–inferior and
anterior–posterior axes in relationship to the MV height is demonstrated in the lower right image. Note that
movement posteriorly, away from the AV, gains height above the MV. AV, aortic valve; SVC, superior vena cava.
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the lateral pathology is more forgiving with regard
to TSP height (see Fig. 4B).

Once the proposed TSP site is satisfactory, the
needle is advanced across the IAS. In addition to
visualizing the needle on the left atrial aspect of
the IAS, other supportive findings of successful
puncture include resolution of tenting and/or visu-
alization of bubbles in the LA.

It is important that the TSP needle is continu-
ously monitored to avoid inadvertent damage to
adjacent structures such as the LA free wall and
aortic root.

Other anatomic challenges to consider include a
patent foramen ovale, atrial septal defect or aneu-
rysm, or septal hypertrophy.5 Crossing through a
patent foramen ovale risks tearing the IAS and
also may create a trajectory of the guide hugging
Fig. 6. Live MPR guidance of the SGC crossing the interatr
atrial side of the interatrial septum, indicated by the do
septum. The dilator is cone shaped with ridges (dashed arr
olution of tenting. (C) The length of guide across the sep
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the anterior and superior wall of the LA. In the
case of a septal aneurysm or mobile septum,
applying pressure with the transseptal needle
may bring it dangerously close to the LA free
wall. In the presence of atrial septal hypertrophy,
it is important to find the thin central portion of
the fossa ovalis or use of a radiofrequency needle
to facilitate puncture without exerting excessive
force.6

After successful TSP, the guidewire is advanced
into the left upper pulmonary vein or curled in the
LA for stability. A 24F SGC with a dilator is then
advanced to the septum (Fig. 6A).4 It is important
to monitor the tip of the guide crossing the septum,
indicated by a double-density sign, as opposed to
the dilator, which is cone shaped with multiple
ridges This step can be performed with 2D imaging
ial septum. (A) The guide tip is visualized on the right
uble density sign (arrows) along with tenting of the
ow). (B) The guide tip has crossed into the LA with res-
tum is measured.
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Fig. 7. Guiding the CDS within the LA. The clip must be continuously monitored to avoid injury to adjacent struc-
tures, specifically the roof of the LA, the warfarin ridge and the left atrial appendage. (A) 2D guidance keeping
the tip of the clip in view to avoid injury to the LA free wall. (B) Live MPR guidance showing the CDS and key LA
structures. AV, aortic valve; LAA, left atrial appendage.
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from the bicaval view or with live MPR (see Fig. 6A)
When the guide has crossed the septum, the tent-
ing disappears, and the double-density will be
visualized clearly within the LA (Fig. 6B). It is
important to lay out the length of the guide from
the tip to the septum and at minimum the catheter
should be advanced approximately 2 to 3 cm into
the LA. This positioning should be monitored
Fig. 8. Alignment of the CDS within the LA. (A) The long a
anterior toward the AV and posterior away. (B) The bicomm
the CDS is located above the target grasping zone. (C) The
rotation of the clip clockwise or counterclockwise until per
the clip typically needs clockwise rotation. Conversely, if
clockwise rotation. LA, left atrium. (Reprinted with permis
raphy �2020. All Rights Reserved.)
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consistently throughout the procedure to prevent
inadvertent retraction into the right atrium
(Fig. 6C).

Step 3: advance the clip delivery system into
the left atrium
The CDS is then advanced out of the guide until
straddling (as seen on fluoroscopy), at which point
xis view is used for anterior-posterior adjustment, with
issural view is used for medial-lateral adjustment until
3D en face view is used to adjust clip orientation with
pendicular to leaflet coaptation. If the target is lateral,
the target is medial, the clip typically needs counter-
sion, Cleveland Clinic Center for Medical Art & Photog-
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Fig. 9. Positioning and alignment of the clip in the LA using MPR. (A) Live MPR is used to simultaneously visualize
all key views for alignment of the CDS in the LA: long axis view (upper left), bicommissural view (upper right),
short axis view (lower left) and 3D en face lower right. The green plane is aligned with the clip arms in the short
axis and 3D views to display the arms in the open position. (B) Once standard views are obtained and clip is
aligned to target, color Doppler is added to confirm that the clip is aimed at the MR jet. LA, left atrium.
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it can be steered down toward the MV. It is impor-
tant to image the distal end of the CDS as it exits
the SGC into the LA to avoid contact with the
roof of the LA. Once the CDS is advanced suffi-
ciently out of the guide, the clip is continuously
tracked as it is steered down toward the MV. Dur-
ing this maneuver, the clip, LA appendage, and the
warfarin ridge need to be visualized to ensure the
clip does not catch the warfarin ridge or the left
atrial appendage (Fig. 7A). Real-time 3D
Fig. 10. Grasping sequence. (A) The clip is advanced into th
LA until anterior and posterior leaflets are resting above c
lets between the grippers and the clip arms. (D) The clip
leaflets. LA, left atrium; LV, left ventricle. (Reprinted wit
& Photography �2020. All Rights Reserved.)
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echocardiography can be useful to visualize the
aforementioned structures in a single view
(Fig. 7B).

Step 4: adjust the clip position and orientation
Once the CDS is advanced toward the MV, the
next step is to position and orient the clip in the
LA (Fig. 8). Manipulation within the left ventricle
(LV) is minimized to prevent injury to the subvalvu-
lar apparatus. The key views for position the clip in
e LV. (B) The clip is slowly withdrawn back toward the
lip arms. (C) The grippers are lowered to trap the leaf-
arms are closed to appose the anterior and posterior
h permission, Cleveland Clinic Center for Medical Art
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the LA include the long axis view for anterior–
posterior position (see Fig. 8A) and the bicommis-
sural view for medial–lateral position (see Fig. 8B).
Last, the clip orientation is visualized using a 3D en
face view (see Fig. 8C) and is rotated clockwise or
counterclockwise until it is perpendicular to leaflet
coaptation. It is important to note that, if the clip is
placed centrally, along A2 to P2, the clip orienta-
tion will be straight up and down; however, if the
clip is placed medially, along A3 to P3, the clip
typically requires counterclockwise rotation to
remain perpendicular to the coaptation zone.
Conversely, clockwise rotation is necessary
when targeting lateral pathology, such as A1 to
P1 (see Fig. 8C)
Biplane imaging allows simultaneously visuali-

zation of the long axis and bicommissural views.
Alternatively, live 3D MPR is a powerful tool
because a single 3D dataset can be used to simul-
taneously visualize all key views, including the long
axis, bicommissural, and short axis views, along
Fig. 11. Live MPR for guidance of leaflet grasping. (A) The
axis grasping view with clear visualization of both clip arm
is withdrawn back toward the LA until both mitral leaflets
the blue plane, one can clearly visualize that the green
(bracket) confirming on axis grasping views. (C) Gripper
arms and grippers (arrows). (D) Clip is closed. Both anterio
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with the 3D en face view (Fig. 9A). Before
advancing into the ventricle, assessment using co-
lor Doppler should be used to confirm the clip po-
sition relative to MR origin (Fig. 9B).

Step 5: advancing the clip into the left ventricle
and leaflet capture
With the clips arms and both mitral leaflets visual-
ized, the clip is advanced across the MV into the
LV. At this stage, it is critical to provide high-
quality long axis images of the MV showing anterior
and posteriorly leaflets as well as the anterior and
posterior clip arms. This process can be done using
single plane imaging, biplane imaging, or live MPR.
Once in the LV, the clip is then slowly withdrawn
back toward the LA until both leaflets are resting
just above the clip arms in systole and diastole.
The grippers are then lowered and one should
pay close attention to the amount of anterior and
posterior leaflets inserted in between the clip arms
and grippers. The clip arms are then closed
green plane is aligned with the clip to show the long
s as well as anterior and posterior leaflets. (B) The clip
are resting on top of open clip arms. Note that within
grasping plane is aligned with the open clip arms

s are lowered with leaflets inserted in between clip
r and posteriorly leaflets are immobilized.

IGAN from ClinicalKey.com by Elsevier on May 26, 
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(Fig. 10). Historically, these steps are guided using
single or biplane imaging. Recently, live MPR has
shown to be a powerful tool to simultaneously
monitor all aspects of clip position and orientation
during this crucial stage of the procedure (Fig. 11).7

If, during the grasping sequence, it becomes
difficult to image the clip, it is important to recog-
nize that the clip position or orientation may have
changed as it crossed the valve. The bicommissu-
ral view and 3D en face views may be helpful to
evaluate for any changes in device location.
When using live MPR, as opposed to single plane
or biplane imaging, the clip position and orienta-
tion are monitored continuously, so that if changes
occur, they are recognized immediately and
corrected.

If leaflet capture is challenging, there are several
maneuvers that can be helpful. If there is a large
flail gap in systole, prolongation of diastole with
adenosine may be beneficial to bringing the leaf-
lets closer together for grasping.8 Conversely, if
the problem is severe restriction of the leaflets in
Fig. 12. Assessment of leaflet grasp. Grasp of anterior and p
immobilization of leaflets within the device in multiple view
with biplane imaging, and (D) live MPR. Note that within t
the green grasping plane is aligned with the open clip arms
capture and immobilization of the leaflets are demonstrat
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diastole, then rapid pacing to hold the leaflets
closer together in the systolic phase may be help-
ful.9 Breath-holding, with or without a Valsalva ma-
neuver, may also be used to decrease the
translational motion of the heart, which may in
turn improve the ease of grasping.

Step 6: assessment of leaflet capture and
residual mitral regurgitation
Once the leaflets are grasped, the next step is to
determine if the device should be released (left in
place) or repositioned. This decision is based on
whether there is appropriate leaflet capture and
adequate reduction in MR, while avoiding the
development of mitral stenosis.

Leaflet grasp should be carefully assessed with
multiple 2D and 3D views. The key 2D views are
the long axis and 4-chamber views, demonstrating
immobilization of both leaflets within the device
(Fig. 12A, B). Another technique is to find the clip
in the bicommissural view and then biplane
through the device to show the long axis view in
osterior leaflets should be confirmed by demonstrating
s, including (A) 0�, (B) long axis, (C) bicommissural view
he blue plane in panel B, one can clearly visualize that
(bracket) confirming on axis grasping views. In panel C,
ed after lowering of the grippers (arrows).
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Fig. 13. Measurement of leaflet length to determine leaflet insertion. (A) The length of the posterior leaflet was
measured before grasping, 1.5 cm. The remaining leaflet outside of the device was measured after grasping,
1.1 cm (B). The difference between leaflet length pre and post grasp was used to estimate the amount of leaflet
inserted in the device. In this case, inadequate leaflet insertion was noted, only 4 mm. (C) Leaflet grasp was opti-
mized and the posterior leaflet was remeasured, 0.8 cm, for over 0.6 cm leaflet insertion within the device.
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the orthogonal plane (Fig. 12C). Again, live MPR is
a particularly useful too at this juncture, given its
ability to simultaneously display all the key views
(Fig. 12D). Of note, a 3D en face view is helpful
to show clip position and creation of a double
orifice valve; however, this view alone cannot
demonstrate degree of leaflet insertion. If the
amount of leaflet insertion is questionable, one
technique is to measure the baseline leaflet length
before grasping and then compare it with the re-
sidual leaflet length outside of the clip after
grasping (Fig. 13). Examples of poor leaflet cap-
ture are provided in Fig. 14. Single leaflet detach-
ment can occur in between 1% and 5% of
cases,10,11 and so it is critical to confirm appro-
priate leaflet grasp before device deployment.
Residual MR is assessed using conventional

methods,12 including evaluation of proximal flow
convergence and pulmonary venous flow pattern.
A recent study has also demonstrated the utility of
3D vena contracta in assessing residual MR after
MitraClip.13 Invasive hemodynamics, including
change in LA pressure after MitraClip placement,
is also an important metric to consider.14

Significant residual MR (>21) should be evalu-
ated carefully to determine the mechanism and
Fig. 14. Examples of poor leaflet insertion. Only tip of po
serted above, not below gripper (B). Single leaflet detach
terior leaflet (C, arrows).
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etiology, as well as exact location, and specifically
whether the origin is medial or lateral to the device.
Either a bicommissural view with biplane imaging
or live MPR are the best imaging tools to answer
these questions (Fig. 15). A 3D view from the
ventricle to visualize the proximal isovelocity sur-
face area (MR origin) can be particularly useful in
localizing residual MR.
If the residual MR is felt to be secondary to poor

leaflet capture or incorrect placement, then the
clip should be removed and repositioned. If clip
position and leaflet capture are felt to be adequate,
but additional pathology remains, then the anat-
omy should be evaluated to determine the suit-
ability for additional clip placement. One must
consider 2 factors in this situation: is the residual
pathology graspable and is the residual MV orifice
sufficient to accommodate an additional device
without development of mitral stenosis. The target
mitral gradient is less than 5 mm Hg because a
mean mitral gradient of more than 5 mm Hg after
the MitraClip is associated with adverse long-
term outcomes.15 If the gradient is more than
5 mm Hg, one may try to slow the heart rate and
reassess. In addition, 3D planimetry can be used
to directly measure residual MVA. Because the 2
sterior leaflet captured (A, arrow). Anterior leaflet in-
ment with clip only attached to anterior and not pos-
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Fig. 15. Localization of residual MR and simulation of grasping view. (A) The bicommissural view demonstrates
residual MR (arrow) medial to the device (dashed arrow). Biplane imaging shows the MR in long axis. (B) When
color Doppler is turned off, MV anatomy can be assessed to understand mechanism of MR and suitability of anat-
omy for additional device. (C) Live MPR can be used to assess residual MR by aligning the green and red planes
through the MR origin. (D) Color Doppler is then turned off to assess underlying leaflet anatomy at the MR origin
to assess graspability at that location. Note that Live MPR shows a precise grasping view (green plane) compared
with the biplane long axis view that appears off axis without clear LVOT and AV in view. AV, aortic valve; LVOT,
left ventricular outflow tract.
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orifices may lie in different planes, each mitral
orifice should be measured independently using
3DMPR, and then the 2 areas can be added for to-
tal residual MVA (Fig. 16). To answer the question
of graspability of the residual pathology, one can
simulate a potential grasping view by first
Fig. 16. Assessment of residual MVA by 3D planimetry. The
individually to calculate residual MVA.

Downloaded for Anonymous User (n/a) at UNIVERSITY O
2021. For personal use only. No other uses without perm
localizing the residual MR with color Doppler, us-
ing either biplane imaging from the bicommissural
view or live MPR, and then turning color off to un-
derstand the underlying leaflet anatomy (see
Fig. 15). This assessment should be performed
before releasing the clip. If an additional clip is
(A) lateral and (B) medial orifices should be measured

F MICHIGAN from ClinicalKey.com by Elsevier on May 26, 
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Fig. 17. Assessment of individual clips using biplane imaging. The bicommissural view was used to visualize 3 clips
frommedial to lateral, and then biplane imaging individually confirmed leaflet grasp of each clip. (A) Medial clip.
(B) Middle clip. (C) Lateral clip.
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not possible, then one may wish to consider
adjusting the current clip for a better result.
In summary, clip placement is felt to be

adequate for release if (1) good leaflet grasp at
the target pathology (2) Mitral gradient and resid-
ual MVA is adequate (post clip MVA of >1.5 cm2

with a mean transmitral gradient of <5 mm Hg),
and (3) a significant decrease in MR by at least 1
grade to no more than moderate (21) MR,16 or if
there is significant residual MR, an additional clip
is anatomically feasible.

Step 7: releasing the clip and closing views
After the clip is released, the MV should be reas-
sessed because residual MR and the mitral
gradient may change after tension from the CDS
is removed. The LV ejection fraction may also
decrease after clip deployment given the
increased afterload as a result of decreased regur-
gitant flow into the LA. For this reason, with each
clip, both before and after, the degree of residual
MR, pulmonary venous Doppler and LV function
should be reassessed.
Fig. 18. Live MPR for placement of additional clips. (A) Li
third MitraClip device laterally. The grasping plane (upper
within the arms and grippers. (B) Leaflet grasp was confir
bicommissural (upper right) and short axis (lower left) view
to confirm grasp of anterior and posterior leaflets.

Downloaded for Anonymous User (n/a) at UNIVERSITY OF MICH
2021. For personal use only. No other uses without permission. 
Once satisfied with the mitral result, the CDS
and SGC are withdrawn across the IAS under
TEE guidance.
SPECIAL CONSIDERATIONS
Placement of Additional Clips

Imaging guidance for placement of additional clips
can be technically challenging because artifact
from the first clip can make visualization of adja-
cent leaflets challenging. The additional clip is
positioned and oriented in the LA, then advanced
into the LV with arms closed (instead of open) to
avoid disrupting the prior clip. It is important to
ensure that the correct clip is being visualized dur-
ing grasping and assessment of leaflet capture,
because it is easy to confuse 2 adjacent clips,
especially once closed. Both biplane (Fig. 17)
and 3D MPR (Fig. 18) imaging are essential to
allow detailed assessment of each individual clip.
The sole use of single plane 2D imaging increases
the possibility of evaluating the incorrect clip and
missing inadequate leaflet capture.
ve MPR was used for grasping during placement of a
left) shows insertion of anterior and posterior leaflets
med using Live MPR. All 3 devices are clearly seen on
s, with the long axis green plane (upper left) aligned
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Fig. 19. Leaflet tear. Biplane imaging
through the medial clip shows the
grasp of this clip, which in this case
demonstrates a leaflet tear (arrow), as
indicated by the very short residual
posterior leaflet with flail.
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Immediate Complications

The MitraClip procedure is overall a very safe pro-
cedure; however, there are several complications
of which one must be aware. There is a risk of
LA injury during TSP and with the movement of
the equipment in the LA. For this reason, if hypo-
tension occurs, one should quickly evaluate for
the development of pericardial effusion and tam-
ponade. When the clip is manipulated in the LV,
it is possible for injury to the subvalvular apparatus
to occur, which could lead to a chordal tear. This
complication should be considered if MR changes
in character or severity during the procedure.
Another potential etiology of worsening MR is
leaflet injury, such as leaflet tear, that can occur
during grasping (Fig. 19). If MR worsens after
clip release, then it is also important to consider
the possibility of single leaflet detachment, which
can occur secondary to either a leaflet tear or
poor leaflet insertion (see Fig. 14C).

At the completion of the procedure, the residual
iatrogenic atrial septal defect should be evaluated
for size and direction of shunt flow. A previous
study of a small series of patients showed an asso-
ciation of large residual defect (>10 mm) with
increased morbidity and mortality, so atrial septal
defect closure may be considered in these pa-
tients.17 Significant right-to-left shunting with hyp-
oxia is another indication for closure.
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