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KEY POINTS

� As the mitral leaflets cannot be assessed by fluoroscopy, preprocedural assessment, procedural
guidance, and postprocedural assessment of percutaneous mitral interventions for mitral valve ste-
nosis (MS), mitral regurgitation (MR), and mitral valve (MV) paravalvular leaks (PVLs) rely heavily on
echocardiography.

� Although two-dimensional (2D) transesophageal echocardiography (TEE) has played a major role in
guidance of the procedures, three-dimensional (3D) TEE provides more detailed information on MV
anatomy and catheter and device positions.

� Combining 2D and 3D TEE improves results and reduces procedure time.
INTRODUCTION

TEE is routinely used to guide percutaneous inter-
ventions involving the MV. The most common
percutaneous procedures are (1) percutaneous
mitral balloon valvuloplasty (PMBV) for rheumatic
MS, (2) edge-to-edge repair with the MitraClip
(Abbott Laboratories, Abbott Park, IL, USA) for
MR, and (3) closure of prosthetic paravalvular
mitral leakages (PVML). 3D TEE has become an
important adjunct in patient selection and is, in
some cases, critical for intraprocedural guidance
for percutaneous mitral interventions.

PERCUTANEOUS MITRAL BALLOON
VALVULOPLASTY

PMBV, a safe and effective treatment of MS,1–9

is the preferred treatment option for selected
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symptomatic patients with MS.10–12 Rheumatic fe-
ver, the leading cause of MS,13,14 causes commis-
sural fusion of the valve, narrowing of the valve
orifice, and valve obstruction. Commissural fusion
(Fig. 1A, B) is the requisite lesion for PMBV to be
effective. PMBV is not effective for degenerative
calcific MS, where heavy mitral annular calcifica-
tion is the main lesion.

Preprocedural Assessment of MS Severity

Evaluation of MS includes assessment of the valve
area, the mean Doppler gradients, and pulmonary
artery pressure (Table 1).10,11,15 2D planimetry of
the mitral valve area (MVA) is performed from the
parasternal short axis view when the maximal dia-
stolic orifice is present (see Fig. 1B). The entire MV
orifice should be seen. High gain settings should
be avoided, as they may lead to underestimation
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Fig. 1. Transthoracic 2D parasternal long axis view (A) demonstrating commissural fusion with a restricted mitral
valve. In the short axis view (B), 2D planimetry of the mitral valve area is performed in the parasternal short axis
view at the tip of the leaflets when maximal excursion of the leaflets is seen. The inner edge of the MV orifice is
traced in middiastole. Doppler echocardiography using the pressure half-time (T1/2) method (C). T1/2 is obtained
by tracing the deceleration slope of the E-wave on Doppler spectral display of transmitral inflow, and in the case
shown it is 279 ms, resulting in an estimated valve area of 220/279 5 0.8 cm2. The MV area can be calculated from
the following formula: 220/(T1/2). (D) Doppler measurements using the continuous wave Doppler signal across the
mitral valve showing a mean pressure gradient of 12 mm Hg consistent with severe mitral stenosis. (E) The con-
tinuity equation and proximal isovelocity surface area (PISA; white arrow) methods can also be used for quanti-
fication of MS severity.
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of MVA. Planimetry correlates with the anatomic
valve area as assessed on explanted valves.16

Some reports indicate planimetry by 3D echo
is more accurate and reproducible than 2D
echocardiography.17–19

Mitral maximal and mean Doppler gradients are
also calculated. The maximal gradient, derived
from peak mitral velocity, is influenced by left atrial
(LA) compliance and left ventricular (LV) diastolic
function.20 However, the mean MV gradient more
Downloaded for Anonymous User (n/a) at Brazilian Society of Car
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accurately reflects MS severity. Continuous
wave (CW) Doppler measurements across the
MV have good correlation with invasive measure-
ments using transseptal (TS) catheterization (see
Fig. 1D).21 Mitral transvalvular gradients are highly
rate and flow dependent, as the transmitral
gradient is a function of the square of the transvalv-
ular flow. Thus, heart rate and cardiac output
significantly affect the transmitral diastolic gradient
(see Table 1, Appendix A—MS assessment).22
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Table 1
Methods and quantification of mitral valve stenosis severity

Quantification
of Severity Method Limitations

Valve area (cm2)

Pressure half-time
(T1/2) (see Fig. 1C,
Appendix A)

Mild >1.5
Moderate 1–1.5
Severe <1

220/(T1/2) Aortic regurgitation
Atrial septal defects
Previous surgical/

percutaneous mitral
valvuloplasty

Planimetry
(see Fig. 1B)

Tracing the inner edge of
the MV orifice in middiastole

Underestimation due to
high gain

Continuity equation
(Appendix A) p

�
D2

4

��
VTI aorta ðcmÞ
VTI mitral ðcmÞ

�
Limited accuracy and

reproducibility
Atrial fibrillation
Aortic and/or mitral

regurgitation
Proximal isovelocity
(PISA) (Appendix A)

p ðr2ÞðValiasÞ=Peak Vmitral � a=180� Technically demanding

Mean gradient (mm Hg)
(see Fig. 1D)

Mild <5
Moderate 5–10
Severe >10

Tracing of the Doppler
diastolic mitral flow profile

Heart rate and flow
dependent

Pulmonary artery
systolic pressure
(mm Hg)

Mild <30
Moderate 30–50
Severe >50

Tricuspid regurgitation
gradient 1 right atrial
pressure

Underestimation due to
malalignment

Inaccurate estimation of
right atrial pressure
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Assessment of Valve Anatomy and Suitability
for PMBV

Echocardiographic evaluation of the mitral valve
anatomy and pathology dictates the feasibility
and likelihood of successful PMBV (Figs. 2 and 3,
Table 2).

� The Wilkins score (see Table 2)23 is most
commonly used for transthoracic echocardio-
graphic (TTE) assessment: 2D echo is used to
evaluate valve morphologic leaflet mobility,
flexibility, thickness, calcification, subvalvular
fusion, commissural fusion, and calcification.
The features that determine suitability for
PMBV have been used to develop different
scoring systems.1,23–27 Each feature is graded
on a 1 to 4 scale yielding a maximum score of
16. A score greater than 8 suggests the valve
may not be suitable for PMBV.

� Assessment of commissural calcium27 (see
Figs. 2 and 3): The extent of commissural
calcification is quantified by giving each half
commissure (anterolateral and posterome-
dial) with detection of high-intensity bright
echos a score of 1. Commissural calcification
can, therefore, range from grade 0 to grade 4
(see Fig. 3). The grade of intercommissural
calcium is a significant predictor of achieving
Downloaded for Anonymous User (n/a) at Brazilian Society
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an MVA post-PMVB28 greater than 1.5 cm2

without creating significant MR.29 The useful-
ness is greatest in patients with a Wilkins
score of 8 or less (5 patients with relatively
“good” valves), whereas in patients with a
score greater than 8, calcium scoring does
not add additional predictive value. Patients
with commissural calcification grade 0/1 had
larger valve areas and better improvement
of symptoms than patients with grade 2/3.

� Echocardiographic grouping (Table 3)1

The echocardiographic grouping is based on
the echocardiographic and fluoroscopic (calcifi-
cation) assessment of the following character-
istics: valve mobility, fusion of the subvalvular
apparatus, and the amount of leaflet calcification
(see Table 3).

In a subset of 40 patients, a Wilkins score of 7 to
9 correlated with the echocardiographic group 1,
range 8 to 12 correlated with group 2, and range
10 to 15 with group 3.30

� Real-time 3D transthoracic echocardio-
graphic (RT-TT3DE) score (Table 4)31: this
score evaluates both mitral leaflets and the
subvalvular apparatus. The RT-TT3DE score
seems to be highly reproducible with good
interobserver and intraobserver agreement
 of Cardiology from ClinicalKey.com by Elsevier on May 19, 
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Fig. 2. Transthoracic 2D apical 4-chamber view (top)
and 3D TEE reconstruction (bottom) showing severe
commissural calcification (arrows), which makes the
patient high risk for percutaneous balloon
valvuloplasty.

Wunderlich et al240
in the assessment of MV morphology in pa-
tients with MS. RT-TT3DE is reported to be
superior for detection of calcification and
commissural splitting. Predictors of optimal
PMBV were leaflet mobility and the involve-
ment of the subvalvular apparatus. The inci-
dence and severity of postprocedural MR
was associated with a high calcification RT-
TT3DE score.
. 3. Schematic of the evaluation of commissural calcific
ing half commissure each (anterolateral and posterom
re of 1. Commissural calcification can therefore range fr
ssures are completely calcified). (B) gives an example wh
entire commissure is calcified on the right side. The a
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No scoring system has been proved to be supe-
rior; thus, they should be used in conjunction with
one another as part of a comprehensive echocar-
diographic assessment of the valve pathology.
Intraprocedural Guidance

Different types of balloons are available (single
balloon, double balloon, and Inoue balloon [Toray
Medical Co, Ltd, Chiba, Japan]) for PMBV. The
Inoue balloon, the most commonly used, had low
intraprocedural and periprocedural mortality and
a success rate of 95% or more. On average,
MVA increases to 1.9 to 2.0 cm2, and New York
Heart Association (NYHA) functional improves to
class I–II in 90% of the cases.8

When anticoagulation therapy is withheld before
PMBV, thrombi can develop rapidly in patients
with MS. Thus, before TS puncture, TEE should
be done to exclude an LA thrombus and to reas-
sess contraindications for PMBV (Box 1). Most in-
terventionalists exclude patients with an LA
thrombus (Fig. 4) for PMBV. If a thrombus is de-
tected, the authors postpone the procedure until
it has resolved on repeat TEE. Cases with exces-
sive and/or nonresolving LA thrombus should be
considered for surgery rather than for PMBV.10,11

For most PMBV cases, the preferred TS punc-
ture site is in the posterior, a more inferior region
of the fossa ovalis. TEE or alternatively intracardiac
echo guidance is helpful, especially in patients
with dilated atria or unusual morphology of the in-
teratrial septum (IAS) such as a large atrial septal
aneurysm, prior IAS surgery, or distortion of the
IAS from scoliosis or prior pneumectomy. The tip
of the needle for TS puncture can be identified
by a tentlike indentation of the IAS on TEE
(Fig. 5). The height above the valve is best appre-
ciated in the 4-chamber view (w0�), the anterior-
posterior orientation is obtained using a short
axis view at the base (30�–45�), and the superior-
inferior orientation is seen on a long axis view
(90�–100�). X-plane imaging facilitates the TS
ation score. Commissural calcification is quantified by
edial) with detection of high-intensity bright echos a
om grade 0 (no calcification) to grade 4 (A) (both com-
ere half a commissure is calcified on the left side and
dded score is therefore 3.
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Table 2
Echocardiographic scoring of the mitral valve (adapted from the Wilkins score)

Imaging
Modality Views Mitral Valve Scoring

2D Parasternal long axis The following characteristics are scored:
Leaflet mobility
15Mobile valve, only leaflet tips restriction
2 5 Leaflet mid and base portions with

normal mobility
3 5 Valve continues to move forward in

diastole, mainly from the base
4 5 Immobile or minimal mobile valve in

diastole

Parasternal short axis Leaflet thickening
1 5 Leaflet thickness 4–5 mm
2 5 Mid leaflets normal, thickening of

margins 5–8 mm
3 5 Entire leaflet thickening 5–8 mm
4 5 Thickening of all leaflet

tissue >8–10 mm

Apical 4-chamber Leaflet calcification
15 Single area of increased echo brightness
2 5 Scattered areas of brightness confined

to leaflet margins
3 5 Brightness extending into midportions

of the leaflets
4 5 Extensive brightness throughout much

of the tissue

(continued on next page)
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Table 2

(continued)

Imaging
Modality Views Mitral Valve Scoring

Apical 2-chamber Subvalvular involvement
1 5 Minimal thickening just below the MV
leaflets

2 5 Thickening up to 1/3 of chordal length
3 5 Thickening extending to distal 1/3 of
the chords

4 5 Extensive thickening of all chordal
structures

Maximal score: 16. A score >8 suggests the
valve may not be suitable to percutaneous
mitral balloon valvuloplasty

Wunderlich et al242
puncture by showing simultaneous anterior-
posterior and superior-inferior orientations.
After TS puncture, the PMBV catheter and the

balloon are placed across the mitral valve leaflets
Table 3
Description of the 3 group grading of mitral
valve anatomy as assessed by 2D
echocardiography and fluoroscopy

Echocardiographic
Group Mitral Valve Anatomy

Group 1 Pliable, noncalcified
anterior mitral leaflet
and mild subvalvular
disease, ie, thin
chordate �10 mm long

Group 2 Pliable noncalcified
anterior mitral leaflet
and severe subvalvular
disease, ie, thickened
chordate <10 mm long

Group 3 Calcification of MV of any
extent, as assessed by
fluoroscopy, whatever
the state of the
subvalvular apparatus

Downloaded for Anonymous User (n/a) at Brazilian Society of Car
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(Fig. 6). 2D and 3D TEE are useful in guiding deliv-
ery of catheters and wires across the MV, posi-
tioning the balloon within the mitral valve orifice,
and confirming that the balloon is optimally posi-
tioned between the mitral leaflets. Inflation of
the balloon in the subvalvular region should be
avoided, as this may lead to valvular, chordal, or
papillary muscle rupture (Fig. 7). As shown in
Fig. 8, during balloon inflation, the mitral valve
orifice is completely occluded, stasis is evident by
echo, and hemodynamic deterioration may occur.
Close monitoring of hemodynamic parameters is
mandatory during this phase of the procedure.
Dilation of theMVorifice due to splitting of the com-
missures is evident by echo and fluoroscopy—the
constriction of the balloon, visible at its waist at
the level of themitral leaflets, suddenly disappears.
Subsequently, echocardiographic reassess-

ment is done for the following:

� Severity and location of MR (newly devel-
oped MR emerging from the commissures
indicate a rupture of the valve leaflets)
(1.4%–9.4% develop significant MR32,33)

� Mitral valve leaflet mobility
� Post-PMBV MVA using mean Doppler gradi-
ents, 2D and 3D MV planimetry (Fig. 9)

� Commissural opening (see Fig. 9D, E)
diology from ClinicalKey.com by Elsevier on May 19, 
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Table 4
Real-time transthoracic 3D echocardiographic score for the evaluation of mitral valve stenosis before
percutaneous mitral balloon valvuloplasty

Anterior Mitral
Leaflet

Posterior Mitral
Leaflet

A1 A2 A3 P1 P2 P3

Thickness (0–6) (0 5 normal, 1 5 thickened)a 0–1 0–1 0–1 0–1 0–1 0–1

Mobility (0–6) (0 5 normal, 1 5 thickened)a 0–1 0–1 0–1 0–1 0–1 0–1

Calcification (0–10) (0 5 no, 1–2 5 calcified)b 0–2 0–1 0–2 0–2 0–1 0–2

Subvalvular Apparatusb

Proximal Third Middle Third Distal Third

Thickness (0–3) (0 5 normal, 1 5 thickened) 0–1 0–1 0–1

Separation (0–6) (05 normal, 15 partial, 25 no) 0,1,2 0,1,2 0,1,2

Each leaflet is divided into 3 segments (anterior leaflet: A1 [lateral], A2 [middle], A3 [medial]; posterior leaflet: P1 [lateral],
P2 [middle], P3 [lateral]). Each segment is scored separately for thickness, mobility, and calcification. Normal thickness and
mobility are scored as 0, whereas abnormal thickness or mobility is scored as 1. Absence of calcification is scored as 0, calci-
fication in A2 or P2 (middle segments) is scored as 1, and calcification of commissural segments of both leaflets (A1, A3,
and P1 and P3) is scored as 2. In addition, the anterior and posterior chordae are scored at a proximal (mitral valve level), a
middle, and a distal (papillary muscle level) level. At each level, the anterior and the posterior leaflets are scored for thick-
ness and separation in between. Normal thickness gets a score of 0, abnormal thickness a score of 1. Normal chordal sep-
aration (defined as distance in between >5 mm) is scored as 0, partial separation (defined as distance in between <5 mm)
as 1, and absence of separation as 2. The individual score points are added up, the calculated total score ranges from 0 to
31 points. Mild mitral valve involvement was defined as <8 points, moderate MV involvement 8 to 13, and severe MV
involvement �14.

a Normal 5 0, mild 5 1–2, moderate 3–4, severe �5.
b Normal 5 0, mild 5 1–2, moderate 3–5, severe �6.
Adapted fromAnwar AM, AttiaWM, Nosir YF, et al. Validation of a new score for the assessment of mitral stenosis using

real-time three-dimensional echocardiography. J Am Soc Echocardiogr 2010;23(1):13–22.
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� Assessment of complications such as peri-
cardial effusion and left-to-right shunt through
the artificial atrial septal defect (ASD) second-
ary to the TS puncture.

The pressure half-time method (see Fig. 1C)
post-PMBV is unreliable for calculation of MVA
because of multiple factors: atrial compliance, a
newly created ASD, and changes in hemody-
namics influence this measurement.5,34–37
Box 1
Contraindications to percutaneous mitral
balloon valvuloplasty

� Mitral valve area greater than 1.5 cm2

� Left atrial thrombus

� More than mild mitral regurgitation

� Severe or bicommissural calcification

� Absence of commissural fusion

� Severe concomitant aortic valve disease or
severe combined tricuspid stenosis and
regurgitation

� Concomitant coronary artery disease
requiring bypass surgery

Downloaded for Anonymous User (n/a) at Brazilian Society
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RT 3D echocardiography is reported as having
better accuracy and agreement with invasively
determined MVA compared with conventional 2D
planimetry38 and superior in assessing commis-
sural opening than 2D echo.

Successful PMBV has been defined as an MVA
1.5 cm2 or more or 1.0 cm2 or more, MR 21 or
less, and absence of complications.10,11 Table 5
lists predictors of outcome after PMBV, which
include a variety of clinical, morphologic, and he-
modynamic parameters. Box 2 summarizes the
periinterventional role of echocardiography.

EDGE-TO-EDGE REPAIR WITH THE MITRACLIP
FOR MITRAL REGURGITATION

Alfieri45 developed a surgical technique of suturing
the free edges of the mid portions of the anterior
(A2) and posterior (P2) mitral valve scallops to
create a double mitral valve orifice to treat MR.
St. Goar developed the MitraClip as a catheter-
based approach to create a double MV orifice
and thereby reduce MR (St. Goar, personal
communication, 2005).

The MitraClip system (Fig. 10) is the only percu-
taneous method available to alter the mitral valve
morphology and annulus diameter and reduce
 of Cardiology from ClinicalKey.com by Elsevier on May 19, 
ission. Copyright ©2021. Elsevier Inc. All rights reserved.



Fig. 4. (Top) In (A), 2 mobile thrombi are visible in 2D TEE (0�) in the left atrium (LA) of a patient with mitral ste-
nosis before surgery. In (B), a large thrombus (2D TEE 70�) in the left atrial appendage (LAA) is shown, and in (C), a
3D TEE en face view of the LAA orifice reveals a thrombus close to the LAA ostium (arrow). (Bottom) 2D TEE
x-plane images showing a large thrombus in the LAA (arrows).
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MR.46,47 A TS approach (Fig. 11) is used to enter
the left atrium and gain access to the MV. This
catheter system has 2 arms that form a Clip
when closed (see Fig. 10). During the procedure,
the Clip arms are opened in the LV and during a
pullback into the LA, the central portions of the
MV anterior and posterior leaflets are entrapped
in the Clip arms, creating a double mitral orifice
(Fig. 12) and a reduction in MR. Box 3 lists echo-
cardiographic parameters essential for evaluation
before and during MitraClip placement.

Patient Selection

Patients with MitraClip often have comorbidities
such as impaired LV function and reduced left ven-
tricular ejection fraction (LVEF) (<40%) that make
them poor surgical candidates. Franzen and col-
leagues48 showed that MitraClip implantation can
be safely performed with good results even in pa-
tients with LVEF less than 20%.
Downloaded for Anonymous User (n/a) at Brazilian Society of Car
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For the MitraClip procedure, patients need to
have moderate to severe or severe MR (�31 to
41) (Table 6) and the appropriate MVmorphology.
As seen in Fig. 13A, there is P2 prolapse and flail
with a flail gap that is not excessive. Fig. 13B
shows severe functional MR with appropriate
coaptation depth and normal leaflet morphology.
Fig. 13C shows severe MR due to anterior leaflet
prolapse with a trivial flail gap. Table 7 shows
MV morphologic characteristics that identify
optimal patients for MV Clip therapy.46,49

Imaging of the MV

Echocardiography is the best method to assess
MR severity, mechanism, repairability, and hemo-
dynamic consequences.50,51 2D TTE is used to
assess MR severity, whereas TEE is used to
assess valve morphology. Important 2D TEE views
(Fig. 14) are used to characterize valve abnormal-
ities. In the 0� views (from the upper esophagus),
diology from ClinicalKey.com by Elsevier on May 19, 
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Fig. 5. (A) TEE x-plane image shows intraatrial septum (IAS; white arrow) from 2 aspects; the left panel shows the
IAS in the long axis view with the inferior vena cava (IVC) to the left. The right panel identifies the aorta (Ao), an
anterior structure, helping to avoid puncturing it by the transseptal (TS) needle. (B) Color flow in this view allows
identification of a stretched patent foramen ovale (PFO) with left-to-right shunting. Puncture of the IAS at this
site should be avoided (see text for more details). (C) 3D en face view of the IAS after the TS puncture and passage
of the catheter and wire (black arrow). IVC, inferior vena cava; LA, left atrium; RA, right atrium.

Mitral Valve Percutaneous Interventions 245
A1 and P1 segments are seen in the superior posi-
tion, A2 and P2 segments in the midesophagus,
and A3 and P3 segments in the distal esophagus.
In intercommissural views (w60�), the P1, A2, and
P3 segments are seen when the plane cuts both
commissures. With a clockwise rotation of the
probe, the anterior leaflet segments A1 to 3 are
seen, and with a counterclockwise rotation, the
posterior leaflet segments P1 to 3 are seen. The
left ventricular outflow tract (LVOT) view (additional
90� to the intercommissural view) demonstrates
the A2 and the P2 segment. Transgastric short
axis imaging shows all segments of both leaflets
when optimal images are obtained.

3D TEE is superior to 2D for assessing mitral
valve anatomy.50–53 X-plane imaging of the inter-
commissural view allows additional scanning
of the valve segments from medial to lateral
as well as assessment of the posteromedial and
the anterolateral commissures as shown in
Fig. 13C. 3D TEE provides detailed en face views
Downloaded for Anonymous User (n/a) at Brazilian Society
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from the LA perspective (“surgical view”) of the
mitral valve scallops. 3D images of the submitral
apparatus from a ventricular view are especially
helpful in assessing the anterior mitral leaflet as
well as restricted posterior leaflet motion. In ad-
dition, 3D TEE is used to evaluate adjacent
structures.50

Posterior leaflet prolapses are best visualized
from the LA view, and the anterior leaflet is also
well seen from the LV (see Fig. 13D). Assessment
of anterior prolapse (see Fig. 13E, F) can be more
difficult than that of posterior prolapse (see
Fig. 13A, B), as scallops are less pronounced on
the anterior leaflet.54 3D TEE is more accurate in
identifying which segments of the mitral valve are
abnormal, prolapsed, or flail than 2D TEE.52–54 In
addition, identifying perforations, clefts, and gaps
is more accurate with 3D TEE.52,55

In gated 3D echocardiography, multiple vol-
umes are acquired (usually over 2–7 heart beats)
and combined to form a single volumetric data
 of Cardiology from ClinicalKey.com by Elsevier on May 19, 
ission. Copyright ©2021. Elsevier Inc. All rights reserved.



Fig. 6. (A) Fluoroscopy demonstrating TEE probe (marked T) and an inflated percutaneous mitral valvuloplasty
balloon (marked B). (B) 2D TEE showing the balloon catheter across the mitral valve (MV). (C) An uninflated
balloon is seen at the edge of the mitral orifice. (D) The balloon is seen entering the MV orifice. (E) The balloon
is seen being inflated within the stenotic MV orifice.

Wunderlich et al246
set that has a higher temporal and spatial resolu-
tion. However, patient movement, respirations, or
arrhythmias can cause artifacts with gated 3D
imaging.56

Guiding of the MitraClip Procedure

The MitraClip procedure is highly technical and is
best performed when there is active collaboration
and good communication between the echocardi-
ologist and the interventionalist. 2D TEE can be
used to guide MitraClip implantation; however,
3D TEE adds substantial information57 regarding
the position of catheters, wires, devices, and tar-
get structures in a single 3D view. 3D echo and
x-plane imaging can optimize TS puncture, steer-
ing of the delivery catheter in a 3D space (LA) to-
ward the mitral valve, and proper MitraClip
positioning perpendicular to the line of coaptation
in the middle segments of the mitral valve (see
Fig. 11; Figs. 15–20). In one study, the addition
of 3D TEE resulted in nearly a 30% reduction in
procedure time58 compared with 2D TEE and
fluoroscopy.
Downloaded for Anonymous User (n/a) at Brazilian Society of Car
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As the initial intraprocedural evaluation of the
MitraClip is done under general anesthesia, the
type of anesthesia and the medications that in-
fluence preload and afterload should be kept
constant to ensure that preprocedural, intraproce-
dural, and postprocedural assessments of MR
are performed under similar hemodynamic condi-
tions. For preprocedural and postprocedural MR
assessment, ultrasound settings including color
scale and gain should be identical.
The MitraClip procedure is divided into 7 steps,

which are outlined in Box 4.59
Transseptal puncture
The optimal puncture site, located superiorly and
posteriorly in the IAS, is determined by 2D TEE
imaging planes: short axis view at the base for
anterior-posterior orientation (30�–45�), a bicaval
view for superior (cranial)-caudal orientation (90�–
120�), and a 4-chamber view (0�–20�) to identify
the height above the mitral valve for TS puncture.
3D x-plane allows imaging in a short axis view at
the base and in a bicaval view simultaneously
diology from ClinicalKey.com by Elsevier on May 19, 
Copyright ©2021. Elsevier Inc. All rights reserved.



Fig. 7. (A) 2D TEE long axis view of a stenotic mitral valve; a diastolic PISA is present (arrow). (B) The mean dia-
stolic pressure gradient (PG) is 13 mm Hg. (C) Doppler imaging of the pulmonary vein (PV) flow showing blunted
systolic flow (marked S) and elevated diastolic flow (marked D), consistent with elevated left atrial filling pres-
sures. (D) Percutaneous mitral valvuloplasty balloon is not at the valve level; rather it is too apical and inflated
in the chordal apparatus. (E) The mean PG has gone up, the continuous wave Doppler now shows mitral regur-
gitation (MR) with a V-wave cutoff sign indicating acute MR. (F) There is associated systolic flow reversal in the PV.
(G) A large PISA (arrow) in the left ventricle (LV) and severe eccentric, laterally directed, MR is shown. (H) 3D TEE
in the surgical view of the left atrium (LA) shows that the anterior mitral leaflet, in addition to the commissures,
has been split (large arrow). Ao, aorta.
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(see Fig. 11). In cases with MV prolapse or flail MV
(degenerative disease), the puncture site should
be 4 to 5 cm above the mitral annulus to allow
room for catheter and MitraClip system manipula-
tion. With functional MR, the plane of MV coapta-
tion is generally below the mitral annulus due to
valve tethering. In these cases, the site of TS punc-
ture is more apical, closer to the plane of the MV
annulus, namely, w3.5 cm above the annular
plane. TS access should not be across a persistent
Downloaded for Anonymous User (n/a) at Brazilian Society
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foramen ovale, as this site is too anterior. With
suboptimal TS puncture site, the procedure is
more difficult, complex, and generally takes longer
due to the need for more catheter manipulations
with the large MitraClip delivery system (CDS).

Introduction of the steerable guide catheter
into the LA
The steerable guide catheter (SGC) is advanced
with the dilator into the LA over a stiff guidewire,
 of Cardiology from ClinicalKey.com by Elsevier on May 19, 
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Fig. 8. (Left) 2D TEE showing the balloon being inflated within the stenotic MV orifice and the development of
severe stasis in the left atrium (LA). (Right) 3D surgical view of the LA shows a fully inflated percutaneous mitral
valvuloplasty balloon.
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which is placed in the left upper pulmonary vein
with fluoroscopic and TEE guidance (see Fig. 15).
The dilator is identified by a cone-shaped tip with
echogenic ridges. A radiopaque, echo bright,
Fig. 9. (A) 2D and 3D TEE images post–balloon valvuloplas
gradient (B) before and (C) after valvuloplasty, which has
procedure. (D, E) 3D images from the left atrium of the mi
vuloplasty. AML, anterior mitral leaflet; PML, posterior mi
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double ring characterizes the tip of the guide cath-
eter. To prevent damaging the LA wall, advance-
ment of the SGC is done with continuous 2D and
3D TEE guidance and fluoroscopy (see Fig. 15).
ty. (B, C) Continuous wave Doppler showing the mean
dropped from 18 to 3 mm Hg, indicating a successful
tral valve orifice (D) before and (E) after successful val-
tral leaflet.

diology from ClinicalKey.com by Elsevier on May 19, 
Copyright ©2021. Elsevier Inc. All rights reserved.



Table 5
Predictors of results after percutaneous mitral balloon valvuloplasty

Predictors of Good Immediate Results Predictors of Good Long-term Results

Commissural calcium grade 0/127,28

Wilkins score <83,23

Presence of sinus rhythm6

Good leaflet mobility31

No involvement of the subvalvular
apparatus31

Complete commissural opening39

Larger MV area post-PMBV39

Presence of sinus rhythm40

Absence of calcium at fluoroscopy40

Low MR grade after PMBV6

Wilkins score �832

Predictors of Poor Immediate Results Predictors of Poor Long-term Results

Older age1,30

Smaller initial MV area1,30

Use of the double-balloon technique30

Higher echocardiographic group30

Commissural calcium grade 2/327,28

Wilkins score >83,23

Valvular calcification and severe
subvalvular lesions3

Previous commissurotomy1

Baseline mitral regurgitation1

Higher cardiothoracic index30

Lower MV area post-PMBV30

Previous open heart (surgical) commissurotomy30,41

Immediate post-PMBVmean PAP (cutoff >25mmHg) predicts
mitral reintervention42

Increasing preprocedural and postprocedural MR43

Wilkins score >832,41

Post-PMBV mitral regurgitation �3141

Older age44

NYHA functional class IV41

Pre-PMBV mitral regurgitation �2141

Higher post-PMBV pulmonary artery pressure41

Abbreviation: PAP, pulmonary artery pressure.

Mitral Valve Percutaneous Interventions 249
After the SGC is in the LA, the dilator and guidewire
are removed.

Advancement of the clip delivery system into
the LA
The CDS is placed in the LA under fluoroscopic
guidance (see Fig. 16). 2D and 3D TEE monitoring
are also used to maintain the end of the SGC
across the IAS. The location of the CDS and the
Clip are imaged continuously to ensure that the
tip does not cause injury to the free LA wall. 3D
TEE and x-plane imaging are useful to assess the
distance of the CDS from the LA wall.
Box 2
Role of echocardiography during percutaneous
mitral balloon valvuloplasty

� Reassessment of mitral valve pathology
before the procedure (MS and MR) and iden-
tification of contraindications (see Box 1)

� Guidance of transseptal puncture

� Optimization of balloon placement across the
MV orifice

� Assessment of residual MS after PMBV

� Assessment of MR severity after PMBV

� Assessment of complications
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Steering and positioning of the MitraClip
above the mitral valve
The positioning of the CDS above the mitral valve
is best guided by 3D TEE. On 2D TEE medial-
lateral Clip adjustments are monitored in the
midesophageal intercommissural view and
anterior-posterior adjustments in the orthogonal
midesophageal long axis view (see Fig. 17). The
MitraClip needs to be positioned in the LA at the
mid portion of the MV leaflets and perpendicular
to the line of MV coaptation. This is difficult to
confirm with 2D TEE but straightforward with 3D
TEE. The MitraClip should also split the regurgita-
tion jet in both orthogonal views, and the tip of the
Clip should be directed toward the largest proximal
isovelocity surface area (PISA). A short axis trans-
gastric view is used to assess Clip orientation
when only 2D TEE imaging is available, as 3D TEE
en face view generally allows precise orientation
of the MitraClip arms in the LA. As shown in
Fig. 17, the 3D en face view identifies when the
Clip is positioned above the middle segments of
the MV and oriented perpendicular to the line of
MV coaptation.
Advancing the MitraClip into the LV
Advancing the MitraClip with the Clip arms open
into the LV is well seen by fluoroscopy and with
x-plane imaging in which the intercommissural
view (60�–90�) and the LVOT view (110�–130�)
 of Cardiology from ClinicalKey.com by Elsevier on May 19, 
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Fig. 10. (A) A close-up view showing the Teflon-covered MitraClip arms; the gripper arms are seen below. (B) The
entire catheter delivery system is shown, and it includes the platform on which the catheter sits during the pro-
cedure, the anterior-posterior (A/P) knob, and the mediolateral (M/L) knob. The MitraClip is a 22F system, which
fits inside a 24F catheter system. (Courtesy of Abbott Vascular, Santa Clara, CA; with permission. CAUTION: Inves-
tigational device. Limited by Federal (U.S.) law to investigational use only.)

Fig. 11. (A) 2D TEE x-plane view of the intraatrial septum (IAS); the aorta (Ao) is anterior, the inferior vena cava
(IVC) is caudal, and the superior vena cava (SVC) is cephalad. (B) The distance from the transseptal (TS) needle to
the mitral annular plane is measured for optimal TS puncture site for the MitraClip (asterisk). It is more superior
(�4 cm) in degenerative mitral regurgitation (MR) and more apical (3.5–4 cm) with functional MR. Indentation
from the TS needle (asterisk) is shown as well as in a (C) 3D en face view of the left atrium (LA) showing a left
atrial aspect of the IAS immediately after a MitraClip procedure (white arrowmarks the slitlike residual IAS defect
after the TS puncture). RA, right atrium.
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Fig. 12. 3D TEE images of the mitral valve after the
MitraClip procedure from the atrial (top) and ventric-
ular (bottom) views. Note the double orifices
(asterisk). AML, anterior mitral leaflet; Ao, aorta; LA,
left atrium; LVOT, left ventricular outflow tract; PML,
posterior mitral leaflet.

Box 3
Echocardiographic parameters essential for
evaluation before, during, and after MitraClip
implantation

� Quantification of mitral valve morphology
and MR severity

� Guidance of the MitraClip system during the
procedure

� Assessing intraprocedural results

� Identification of complications during the
procedure

� Assessment of final results post–Clip implan-
tation in regard to MR severity and diastolic
gradient

� Follow-up regarding MR severity, residual
shunting through the atrial septum at the
site of transseptal puncture, and pulmonary
artery systolic pressure
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are simultaneously visualized (see Fig. 18). The
LVOT view is used to demonstrate and locate the
open Clip arms. With the intercommissural view,
no parts of the Clip arms should be seen. As
demonstrated in Fig. 18, fluoroscopy and TEE
guide the device across the MV into the LV, where
orientation of the Clip arms and CDS are reas-
sessed. As the guiding catheter and Clip may
rotate during advancement from the LA to the
LV, as shown in Fig. 18, 2D transgastric short
axis view or 3D imaging from either the LA or the
LV is used to reassess the Clip orientation in rela-
tion to the mitral valve and the line of coaptation.
Using an en face LA view, the gain should be low-
ered to visualize the Clip in the LV and its orienta-
tion relative to the MV.

Grasping of the leaflets and assessment of
proper leaflet insertion
As demonstrated in Fig. 19A, leaflets are usually
grasped using the 2D LVOT view (see Fig. 19).
The MitraClip is initially closed up to 60�–90�. Full
closure is done after demonstrating that there is
adequate insertion of both the anterior and poste-
rior leaflets and a reduction in MR severity. Multi-
ple imaging planes are used to assess leaflet
insertion. As found in Fig. 19A, the posterior leaflet
insertion is well seen in the LVOT view, and the
anterior and posterior leaflet insertions are well
seen in the 4-chamber view (see Fig. 19B). Slight
rotations of the TEE probe are used to view the
leaflet insertion from different angulations. The in-
tercommissural viewmay help detect chordae ten-
dinae that are entrapped within the Clip. After echo
documentation that the leaflets are well inserted
and positioned within the Clip and gripper arms
along with a reduction in MR, the MitraClip is fully
closed.

Assessment of result and MitraClip release
With each MitraClip procedure, the maximal pos-
sible reduction of MR should be strived for without
creating residual MS (see Fig. 20; Fig. 21). Confir-
mation that both leaflets are adequately grasped
and inserted in the MitraClip is essential. Place-
ment of a MitraClip creates a tissue bridge be-
tween the two leaflets, which separates a medial
and a lateral orifice. Identified in Fig. 20, the final
orifice size and geometry can be evaluated in 3D
en face aspects of the mitral valve from the left
atrium and the left ventricle. An isosceles tissue tri-
angle indicates uniform and symmetric placement
of the MitraClip on both leaflets.

Qualitative and quantitative assessment of MR
severity can be difficult due to the double mitral
valve orifice (or triple orifice in some cases in which
2 Clips are implanted). There are no validated
 of Cardiology from ClinicalKey.com by Elsevier on May 19, 
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Table 6
Assessment of MR severity

Mild Moderate Severe

Qualitative

MR color flow Doppler Small central jet
<4 cm2 or <20%
of LA volume

Signs of MR > mild but
no criteria for severe
MR

Large central jet >40%
of LA volume/eccentric
wall hugging jet

Proximal isovelocity
(PISA)

No or minimal PISA Signs of MR > mild but
no criteria for severe
MR

Large PISA

CW Doppler signal of
MR jet

Non–echo dense/
parabolic

Echo dense/parabolic Dense/late systolic
cutoff

Semiquantitative

Vena contracta width (cm) <0.3 cm Signs of MR > mild but
no criteria for severe
MR

�0.7 cm

Pulmonary vein flow Systolic dominant
flow

Intermediate signs Blunted S-wave or
systolic flow reversal

Mitral inflow Dominant A-wave Intermediate signs Dominant E-wave
(>1.2 m/s)

LA/LV size Normal LV size Intermediate signs Enlarged LA and/or LV

Quantitative

Regurgitant volume
(R Vol) (mL/beat)

<30 Mild-moderate: 30–44
Moderate-severe:
45–59

�60

Regurgitant fraction (%) <30 Mild-moderate: 30–39
Moderate-severe: 40–49

>50

Effective regurgitant
orifice area (cm2)

<0.2 Mild-moderate: 0.2–0.29
Moderate-severe:

0.3–0.39

�0.4
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studies or guidelines to grade severity of residual
MR after Clip implantation. The authors use color
flow, pulsed wave, and CW Doppler in concert to
assess residual MR.10,11,50

At least trivial residual MR is always present
post-MitraClip implantation. Color jet area is larger
with multiple jets, commonly seen after a MitraClip
procedure. There is potential to overestimate re-
sidual MR with multiple jets.60 As the MitraClip is
echo dense, it can cause artifacts and affect
assessment of residual MR. The presence of small
color jets, even if multiple, is generally consistent
with mild MR.
Hemodynamically significant MR reduction re-

duces LA pressure. As seen in Fig. 21, pulmonary
vein systolic flow reversal (if present pre-Clip) dis-
appears and the S-wave should become more
pronounced or even dominant with a successful
Clip procedure.
Vena contracta and PISA methods have not

been validated to assess MR severity post-
MitraClip due to multiple jets and affected MV
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orifice. Regurgitant volume in the absence of aortic
regurgitation and ventricular septal defects can
be calculated by subtracting the forward flow
(velocity-time integral derived in the LVOT �
LVOT area) from the total stroke volume (end-
diastolic volume� end-systolic volume) for quanti-
fication of MR.61 For LV volumes, 3D acquisition is
reported to be superior to 2D.57 Recent studies
indicate that 3D echo has potential to quantify MR
in the presence of irregularly shaped vena con-
tracta areas; however, this needs further valida-
tion.62,63 Evaluation of the severity of residual MR
is supplemented by the catheterization laboratory
data. With a reduction in MR, there is a decline in
the LA or pulmonary capillary wedge pressure
(PCWP) V wave, improved stroke volume, and
reduced MR by contrast left ventriculography.
The mitral valve gradient is evaluated after each

MV Clip to prevent the creation of significant MS. A
transvalvular mean gradient of 5 mm Hg or less by
CW Doppler is acceptable. Planimetry of the new
orifices is done with 2D or standard transgastric
diology from ClinicalKey.com by Elsevier on May 19, 
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Fig. 13. (A) 2D TEE showing a flail posterior mitral leaflet (PML, asterisk) and severe mitral regurgitation (MR)
confirmed by (B) 3D TEE demonstrating a flail midportion of the posterior leaflet (P2) (asterisk). (C) 2D TEE
showing a dilated globular left ventricle and severe central MR. (D) 3D TEE confirms normal mitral valve leaflet
morphology, but the LV 3D view suggests some restriction of the PML (arrow pointing at the left ventricular
outflow tract). (E) 2D TEE long axis view showing severe MR with a large PISA and vena contracta and a poste-
riorly directed jet. (F) 3D TEE confirms prolapse of the anterior mitral leaflet (AML, blue arrow). Ao, aorta; LAA,
left atrial appendage.
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short axis view 3D TEE. If the sum of the planime-
tered orifices gives an area of less than 1.5 cm2,
this is criteria for significant MS.46,49 After MitraClip
deployment, there does not seem to be progres-
sion of MS based on a 2-year follow-up study.64,65
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In cases with greater than 21 MR, an additional
Clip may be placed if the gradient is less than 3 to
4 mm Hg or the Clip can be moved to a more
optimal site. After Clip deployment, MR needs to
be reassessed as changes in MR can occur after
 of Cardiology from ClinicalKey.com by Elsevier on May 19, 
ission. Copyright ©2021. Elsevier Inc. All rights reserved.



Table 7
Morphologic characterization for MitraClip eligibility

Ideal Valve Morphology for a MitraClip Procedure
Unsuitable Valve Morphology for a MitraClip
Procedure

MR originating from the midportion of the valve
(degenerative or functional etiology)

Perforated mitral leaflets or clefts
Lack of primary and secondary chordal support

Lack of calcification in the grasping area Severe calcification in the grasping area

Mitral valve area >4 cm2 Hemodynamically relevant mitral stenosis

Length of posterior leaflet �10 mm Length of posterior leaflet <7 mm

Nonrheumatic or endocarditic valve disease Rheumatic valve disease—with restriction in
systole and diastole (Carpentier IIIa) or
endocarditic valve disease

Flail width <15 mm
Flail gap <10 mm

Sufficient leaflet tissue for mechanical coaptation:
Coaptation depth <11 mm
Coaptation length >2 mm

Gap between the leaflets >2 mm

Adapted from the EVEREST criteria and the Abbott training center experience.

Fig. 14. 2D TEE imaging to evaluate mitral regurgitation (MR) morphology. Panels (A–C) show each segment of
the anterior and posterior leaflet as described in the text. In the 5- and 4-chamber views, (D–F) show the bicom-
missural view for evaluating the anterior leaflet when the transducer is rotated clockwise and counterclockwise
to bring out the leaflets. (G) Long axis 3-chamber view demonstrates clearly the midportion of the anterior and
posterior leaflet (A2, P2). (H) The transgastric view demonstrates all segments of the anterior and posterior leaf-
lets as well as the line of coaptation (arrow pointing to P2). (I) A single 3D TEE view demonstrates that it can be
used to supplant the multiple imaging planes of 2D to identify the prolapsed middle scallop of the posterior
leaflet.
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Fig. 15. (A) Fluoroscopic, (B) 2D TEE, and (C–E) 3D TEE images show advancement of the guide catheter (asterisk)
into the left atrium (LA). RA, right atrium; RV, right ventricle.

Fig. 16. (Left) Fluoroscopy and (right) 3D TEE show the advancement of the MitraClip (upper left box) into the
left atrium (LA).

Fig. 17. (A) 2D TEE and (B, C) 3D TEE showing the MitraClip (asterisk) in the left atrium (LA). (B) The MitraClip is
not in the midportion of the mitral valve (MV) or perpendicular to the MV line of coaptation. (C) After catheter
manipulation, the Clip is now perfectly aligned. Ao, aorta.
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Fig. 18. The Clip (asterisk) is shown advanced into the left ventricle (LV) by (A, B) 2D TEE and (C) 3D TEE. (B) 2D TEE
short axis view and (C) 3D view from the LV, which show the Clip to be perpendicular to the MV line of coapta-
tion. (D) Long axis TEE view showing the valve at the time of grasping of the leaflets. (E) Short axis view and (F)
3D TEE also showing grasping of the anterior and posterior mitral valve leaflets (arrows show clip and leaflets in
contact). LA, left atrium.
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the Clip is released as the tension on the MV and
the Clip changes when the CDS is released.

Additional MitraClip Implantation

During placement of a second MitraClip, its orien-
tation in the LA is optimized by 2D or 3D echocar-
diography. The Clip is closed before advancing
into the LV to avoid any interference or entangle-
ment with chordae tendinae. The Clip is reopened
in the LV. Fluoroscopy is helpful in positioning of a
second MitraClip, as it should be aligned as par-
allel as possible to the first Clip. Entrapment of
leaflet tissue between 2 MitraClips should be
avoided, as this may cause uncorrectable resid-
ual MR.

ASSESSMENT OF COMPLICATIONS

The MitraClip is a safe procedure with low mor-
bidity andmortality.46,48,49 Themost frequent com-
plications are listed in Table 8.

PARAVALVULAR MITRAL LEAKS

The development of a PVL following cardiac valve
surgery is one of the most frequent causes for re-
operation.66 It is generally due to a dehisced
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suture or a complication of infected endocarditis.
Sixty percent of PVLs occur in the first year after
surgery,67 with subsequent risk decreasing to be-
tween 0.06% and 5.4%.68–72

PVLs can be isolated, or multiple, and can occur
in association with any valve type.44,73–82 Most of
the leaks remain small and asymptomatic83 and
even spontaneous closure of PVLs has been des-
cribed, induced by fibrosis of the valve annulus.84

Clinically significant PVLs after surgical valve re-
placement are reported to occur in 1% to 5%of pa-
tients.85–88 Clinically relevant PVMLs occur most
frequently in association with mechanical mitral
prostheses, and they are located most frequently
in the mitral commissural areas (76%).83,89,90

TEE for localizing and closing PVLs is critical. 3D
TEE is the optimal way to assess a PVL preproce-
dure, intraprocedure, and postprocedure.91–94

3D assessment in real-time provides en face
views of the cardiac valves, allowing complete
and adequate evaluation of the 3D character of
PVLs in a single view. The size of the defects
and location with respect to surrounding cardiac
structures can usually be identified. This informa-
tion is crucial for determining the approach, as
well as device size and shape for closure. 3D
TEE evaluation of such leaks often demonstrates
diology from ClinicalKey.com by Elsevier on May 19, 
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Fig. 19. (A) 2D TEE long axis view and (B) 4-chamber view during grasping of the mitral valve leaflets. The pos-
terior leaflet insertion is well seen in (A and B), and the anterior leaflet insertion is better seen in the 4-chamber
view. The 3D images (C, D) also confirm insertion of both leaflets. LA, left atrium; LV, left ventricle. A photo
example of an open MitraClip is shown in the left upper box in (A). Asterisks represent the tip of the MitraClip
in the LV.
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oval or slitlike lesions and a larger extent of the
defect than is seen by conventional 2D TEE.

Surgical repair of PVLs had been the standard
treatment. However, as shown in Table 9, there
is substantial increase in mortality and recurrence
of PVLs with each reoperation.95,96

The first successfully performed percutaneous
PVL closure was reported in 1992 by Hourihan
and colleagues.97 They used a double-umbrella
Rashkind occluder device in 7 patients.

Case reports and small series that used a
broad spectrum of different devices (the most
frequently used are listed in Table 10) docu-
mented variable clinical outcomes (54%–100%)
and technical success rates in a range from
63% to 100%.85,98–106
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PARAVALVULAR MITRAL LEAK CLOSURE
Preprocedural Assessment

TEE is mandatory to identify the PVLs and to char-
acterize the location, number, and shape of the
PVLs, as paravalvular MR may be missed on TTE
because of artifacts and reverberations caused
byMVprosthesis. The leaks typically have an irreg-
ular shape.107–109 An assessment in multiple
angles including off-axis views is crucial to deter-
mine the exact location and severity of the regurgi-
tation. The characteristic feature of a PVL is a color
Doppler flow jet outside of the sewing ring of
the implanted valve. To define the severity of a
PVML, the MR jet width at its origin is measured.
Vitarelli and colleagues110 suggested 1 to 2 mm
 of Cardiology from ClinicalKey.com by Elsevier on May 19, 
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Fig. 20. Images obtained postdeployment of the MitraClip (asterisk). (A) 2D TEE long axis view shows the Clip
connecting the anterior and posterior mitral leaflets, also seen in the (B) 5-chamber view. (C–E) 3D TEE showing
the Clip from the (C, D) atrial aspect and minimal mitral regurgitation and (E) showing the double orifice after
the Clip deployment. LA, left atrium; LV, left ventricle.
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for mild, 3 to 6 mm for moderate and greater than
6 mm to define a severe PVL. A multimodal ap-
proach including semiquantitative and quantitative
parameters similar to those used for the evaluation
of native valves10,11,50 is also used, but the jets are
frequently eccentric, thus, complicating assess-
ment and quantification.
Box 4
Major steps for MitraClip implantation

1. TS puncture

2. Introduction of the steerable guide catheter
into the LA

3. Advancement of the Clip delivery system into
the LA

4. Steering and positioning of the MitraClip
above the mitral valve

5. Advancing the MitraClip into the LV

6. Grasping of the leaflets and assessment of
proper leaflet insertion

7. Clip detachment
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3D TEE improves the detection, location, and
assessment of shape and size of PVMLs as well
as guidance for PVML closure.111–113 TEE plays
an essential role during PVML closure by guiding
the preferred TS puncture site, facilitating passage
of wires and catheters across the PVML, providing
navigation of catheters and guides in the LA or LV
to approach the PVMLs, verifying correct canaliza-
tion of the target lesions, sizing the defect, and
positioning of the devices before deployment. A
comprehensive evaluation of the procedural out-
come includes the confirmation of normal me-
chanical valve function after device placement,
the assessment of residual PV leakage, and the
prompt detection of complications. The additional
information rendered by 3D TEE (more precise
evaluation of location and extent of the defects;
facilitated wire, catheter, and device maneuvering
and positioning; and a more comprehensive as-
sessment of PVML severity postprocedure) may
help avoiding complications such as suboptimal
occluder alignment, malpositioning, or interfer-
ence with neighboring structures and may shorten
procedure times.
diology from ClinicalKey.com by Elsevier on May 19, 
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Fig. 21. (Top) Pre-MitraClip and (Bottom) post-MitraClip 2D TEE images showing (top left) severe mitral regurgi-
tation with pulmonary vein systolic flow reversal (top right, S). After MitraClip deployment, the severe MR and
flow reversal resolved (bottom left and right, respectively). LA, left atrium; LV, left ventricle.
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The 3D TEE in Fig. 22 illustrates the surgical view
of the MV prostheses from an LA aspect. Commu-
nication between the echocardiologist and inter-
ventionalist is facilitated by referring to the MV
prosthesis as a clock face, as seen in Fig. 22. In
the surgical view, the aorta (at 12-o’clock position,
anterior), the IAS, the fossa ovalis (at 3-o’clock po-
sition,medial), and the ostiumof the LA appendage
(at 9-o’clock position, lateral) serve as landmarks.
Posterior is defined to be opposite of anterior
(6-o’clock position), and the segments in between
are defined as anterolateral, anteromedial, pos-
terolateral, and posteromedial. The shape and the
extent of the PVML in the anteromedial position
can be assessed in detail.

TEE also helps to evaluate contraindications
to percutaneous PVML closure. Patients with a
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mechanical instability of the prosthetic mitral valve
causing a movement of the valve during the car-
diac cycle (“rocking valve”) (Fig. 23), patients in
whom the PVML is too large to be percutaneously
repaired (the authors do not recommend closing
leaks >30% of the valve circumference), or pa-
tients with signs of active endocarditis or an intra-
cardiac thrombus should not be considered as
candidates for a percutaneous closure procedure.
The morphologic evaluation of PV mitral leakages
in a posterior location is shown in Fig. 24.
Intraprocedural Guidance

To date, there are no guidelines or randomized tri-
als to indicate best practice for PVML closure.
Consequently, the technical approach and results
 of Cardiology from ClinicalKey.com by Elsevier on May 19, 
ission. Copyright ©2021. Elsevier Inc. All rights reserved.



Table 8
Complications that can result from the MitraClip procedure

Complication Etiology Treatment/Prevention

Pericardial effusion/tamponade Transseptal puncture, guidewire
or catheter perforation of the
LA and LV

Pericardial drainage

Air embolism Presence of large sheaths that
allows air into the venous
circulation

Aspiration and flushing of
catheter as well as keeping
catheter hub lower than the
level of heart during catheter
insertion or removal

Thrombus formation on the
catheter

Presence of foreign objects that
predispose to thrombus
formation

Maintain ACT of between
250 and 300 s.

Partial Clip detachment Inappropriate positioning or
device malfunction

Appropriate echo guidance,
careful assessment of leaflet
insertion

Atrial and ventricular
arrhythmias

Guidewire or catheter
mechanical stimulation

Routine ECG monitoring during
the procedure

Entrapment of chordae tendinae
by the MitraClip

Inappropriate positioning Use TEE to carefully monitor
catheter and MitraClip
position in the LV

Persistent ASD Iatrogenic due to large size of
MitraClip system

Most small and require no
treatment; however, if there is
SPO2 desaturation due to left-
to-right shunting, the defect
should be closed at time of the
procedure

Abbreviation: ACT, activated clotting time.
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of each procedure are case dependent and may
even vary for different lesions in the same patient.
During the procedure, continuous hemody-

namic and electrocardiographic (ECG) monitoring
is important, as wires or catheters that are ad-
vanced through a mechanical prosthesis may
cause hemodynamic compromise or ventricular
tachycardia once introduced into the left ventricle.
The procedures are also guided by fluoroscopy
(planes that show the valve in orthogonal projec-
tions are the most useful for device implantation)
Table 9
Recurrence and mortality rates associated with
each reoperation for paravalvular leak

Reoperation
Recurrence
Rate (%)

Mortality
(%)

1st 8 13

2nd 20 15

3rd 42 37
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in combination with continuous 2D and 3D TEE
monitoring. If available, preacquired computed
tomographic angiographic images (4D reconstruc-
tions) are displayed in the catheterization labora-
tory adjacent to the fluoroscopic images to help
with probing of the defects and guiding LV punc-
ture when a transapical approach is used.106 To
guide the procedure adequately, knowledge of
the different approaches to mitral PVL closure is
needed. The different access ways are illustrated
in Fig. 25.
In most cases, the defect is probed antegradely

(see Fig. 25A) using a femoral vein access and
standard TS puncture techniques to gain entrance
into the LA. Alternatively, a TS approach via an in-
ternal jugular vein may be preferable in case the
leak is located close to the IAS (medial) (see
Fig. 25A, dashed arrow). The PVML is probed
with an end-hole diagnostic right or left Judkins
coronary catheter and a hydrophilic 0.035-in wire
(occasionally a narrower gauge wire may be help-
ful). Once across the lesion, a stiffer exchange
length guidewire replaces the hydrophilic wire,
and a delivery sheath of appropriate size is
diology from ClinicalKey.com by Elsevier on May 19, 
Copyright ©2021. Elsevier Inc. All rights reserved.



Table 10
Most often used devices for paravalvular mitral leak closure (all used off-label)

Device Shape of Device Device Deployment

Amplatzer devices (AGA Medical,
MN, USA):

Septal occluder Round Either antegrade or retrograde
Muscular VSD occluder Round Either antegrade or retrograde
Duct occluder Round Only antegrade
Vascular plugs Round Either antegrade or retrograde
Amplatzer vascular plug III (AVP III)

occluder
Oval Either antegrade or retrograde

Vascular coils Round Either antegrade or retrograde

Abbreviation: VSD, ventricular septal defect.
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advanced into the left ventricle. The proximal disc
of the device is opened in the left ventricle; then,
the device is pulled back to the ventricular side
of the prosthetic valve ring. Once TEE (2D and
3D) and fluoroscopic imaging confirm proper posi-
tion and orientation of the ventricular aspect of the
device, the LA disc is deployed. In cases in which
greater stability is needed during the delivery
sheath advancement, a circuit is created by snar-
ing the wire in the LA from the LV side via the
Fig. 22. En face surgical view from the left atrium of
a prosthetic mitral valve (RT 3DTEE). The aorta (Ao) is
seen at the 12-o’clock position (anterior), at the
3-o’clock position the fossa ovalis (medial) can be
seen, the 6-o’clock position is posterior, and the
9-o’clock position (where the left atrial appendage
is located) is lateral. The segments in between can
be described as anteromedial, anterolateral, postero-
medial, and posterolateral. An oval PVML can be
seen in the anteromedial position adjacent to the
ring of the prosthetic St. Jude Medical valve. ant.lat.,
anterolateral; ant.med., anteromedial; IAS, intraa-
trial septum; post.lat., posterolateral; post.med.,
posteromedial.
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femoral artery, thus, creating an arteriovenous
loop. The device is then deployed in the way
described earlier.

If a retrograde approach is used (see Fig. 25B)
(eg, in cases in which severe paravalvular regurgi-
tation prevents defect crossing via an antegrade
approach), femoral artery access allows a guide-
wire and support catheter (eg, right coronary Jud-
kins 4.0 or multipurpose catheter) to be advanced
across the aortic valve. The PVML is then probed
with a long hydrophilic wire. In the next step, the
guidewire is snared in the left atrium via TS access
and externalized via a femoral vein to provide bet-
ter support. A delivery sheath is then advanced
over the wire through the defect, and the LA disc
of the selected device is deployed first. Subse-
quently, the device is pulled back to the prosthetic
valve ring, and if it permits proper device place-
ment and orientation, the LV disc is deployed.
With retrograde access, meticulous care is needed
not to damage structures located in the left
ventricle such as trabeculae, papillary muscles, or
chordae. Transapical access (see Fig. 25C) is
used for defects that cannot be crossed by an an-
tegrade or retrograde approach.114 Ruiz and col-
leagues106 described transapical access as being
preferable for patients with PVMLs located along
the IAS.

The 2D and 3D TEEmonitoring of the procedural
steps are illustrated in Fig. 26.

Postprocedural Assessment

Immediately after device placement, 2D and 3D
TEE are used to assess device position, device
stability, and interaction with adjacent structures
(eg, mechanical valve leaflet obstruction).

A residual leak and the degree of residual
regurgitation should be assessed using a multi-
modal imaging approach according to current
 of Cardiology from ClinicalKey.com by Elsevier on May 19, 
ission. Copyright ©2021. Elsevier Inc. All rights reserved.



Fig. 23. Example of a nonsuitable patient for PVML closure: (A) A long axis view (100�) reveals a large dehiscence
between the mitral annulus and the prosthetic mitral valve (white arrow) in the posterior location. (B) The 3D
view from the LA confirms a large PVML, nearly half the circumference is ruptured, thus indicating that this is
not a candidate for PVML closure.
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guidelines.10,11,50 Quantification of the paravalvu-
lar regurgitation can be achieved by using a volu-
metric assessment of regurgitation volumes and
regurgitant fraction.61 Complications have to be
detected promptly. In Table 11, the most frequent
Fig. 24. Evaluation of a patient after implantation of a me
rior location with 2D TEE and 3D TEE modalities (Philips iE3
2D TEE view (65�) is shown, and in (B), the corresponding
posteriorly next to the prosthetic valve ring. In (C), the pos
LA side, thus allowing a more detailed analysis and clarify
present; in (D), the direct delineation of one of the defects
ume acquisition with color Doppler demonstrates the exte
(E), and in (F) the QLAB analysis of the regurgitant area i
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complications occurring during PVML closure,
their causes, and their prevention/treatment are
summarized.
Postprocedural follow-up studies should include

ECG, TTE, TEE, and assessment for hemolysis.
chanical SJM valve with 3 paravalvular leaks in poste-
3 including QLAB analysis). In (A), an intercommissural
long axis x-plane view (155�) showing a color flow jet
terior leaks are presented in an en face view from the
ing that 3 leaks separated by small tissue bridges are
in an RT 3D TEE still frame image is shown. A full vol-

nsion of the color jet adjacent to the prosthetic ring in
s seen. LA, left atrium; LAA, left atrial appendage.

diology from ClinicalKey.com by Elsevier on May 19, 
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Fig. 26. Monitoring of a paravalvular leak closure in anterolateral position with a muscular ventricular septal
defect occluder using an antegrade approach (the entrance of the LAA is marked with a white star). (A) 2D
TEE (125�): The measurement of the width of the color jet through the defect is shown; (B) left atrial aspect
of the defect in an en face view; (C) left ventricular aspect of the defect in an en face view; (D) the delivery cath-
eter is advanced antegradely through the defect (LA aspect); (E) (LA aspect) both occluder discs are deliberated,
and the LA disc can be identified. The device is still attached to the delivery cable (F) left atrial en face view
showing the final device position. LA, left atrium; LAA, left atrial appendage.

Fig. 25. Different approaches to
PVML closure. (A) Antegrade appr-
oach via a transseptal access either
from the femoral vein (black arrow)
or from the jugular vein (dashed
black arrow). (B) Retrograde access
via a femoral artery and the aorta
into the LV and through the PVML
into the LA (the wire can be snared
in the LA to create an arteriovenous
loop). (C) Transapical access. Ao,
aorta; IVC, inferior vena cava; LA,
left atrium; LV, left ventricle; RA,
right atrium; RV, right ventricle;
SVC, superior vena cava.
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Table 11
Complications that can occur from paravalvular mitral leak closure

Complication Etiology Treatment/Prevention

Pericardial effusion/
tamponade

Transseptal puncture, guidewire
or catheter perforation of LA
and LV

Pericardial drainage, surgery if
needed

Air embolism Presence of large sheaths that
allow air into the circulation

Aspiration and flushing of catheter
as well as keeping catheter hub
lower than the level of heart
during catheter insertion or
removal

Thrombus formation either
intracardiac or attached
to wires/catheters

Presence of foreign material,
which predispose to thrombus
formation

Maintain ACT of between 250 and
300 s

Failure to cross the leak
with the delivery sheath

Severe friction Usage of hydrophilic sheaths,
change of wire

Difficulty to probe the
lesions

Difficult 3-dimensional
navigation in large cardiac
chambers

Usage of a steerable (eg, Agilis, St.
Jude Medical) sheath that can be
orientated toward the defect
under real-time 3D TEE imaging
guidance

Atrial and ventricular
arrhythmias

Guidewire or catheter
mechanical stimulation

Routine ECG monitoring during the
procedure

Interference with valve
leaflets

Deployed occluder constrains
the valve mechanically

Appropriate echo guidance;
repositioning of the device leads
occasionally to satisfactory results;
if this is not the case, surgery
should be considered

Wire entrapment Inappropriate positioning Use TEE to carefully monitor
catheter and wire position

Persistent residual leak Due to mismatch of the device
and defect shapes, additional
leaks or delayed or even
absent endothelialization115

An additional PVML closure
procedure may be considered,
alternatively surgery

Mitral leaflet erosion Described by frame fractures
of the device116

Surgical repair

Device-related infection Any implanted foreign body is
associated with the risk of
device-related infection

Prevention: periinterventional
administration of antibiotics

If an infection occurs, in most cases
the surgical device removal and
valvular replacement or repair is
necessary

Hemolysis Occurs most likely shortly after
the procedure (multiple and
smaller wholes are more
frequently associated with
hemolysis)

Blood transfusion if necessary,
monitoring; with ongoing
endothelialization hemolysis may
decrease over time. If it persists,
a second closure procedure or
surgical repair should be
considered

Persistent ASD Iatrogenic due to transseptal
sheath

Most remain small and require no
treatment

Device embolization Unsecure position of the device
due to a mismatch of the
device size and the defect

Snares with large loop diameters
(25–40 mm) should be close at
hand to capture and retrieve the
occluder (eg, Amplatz Goose
Neck, eV3, MN, USA, or Lassos,
Dr. Osypka, Germany). Rarely
surgical removal may be necessary

Abbreviation: ACT, activated clotting time.
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SUMMARY

As the mitral leaflets cannot be assessed by fluo-
roscopy, preprocedural assessment, procedural
guidance, and postprocedural assessment of
percutaneous mitral interventions for MS, MR,
and MV PVLs rely heavily on echocardiography.
Although 2D TEE has played a major role in guid-
ance of the procedures, 3D TEE provides more
detailed information on the MV anatomy and cath-
eter and device position. Thus, combining 2D and
3D TEE improves results and reduces procedure
time. Consequently, there is an increasing reliance
on 3D TEE for mitral interventions.57,117 A newly
developed EchoNavigator system (Philips Health-
care, Andover, MA) may further facilitate proce-
dural guidance by matching echocardiographic
and fluoroscopic images. The EchoNavigator sys-
tem is based upon technology that automatically
recognizes and tracks the position of the TEE
probe. Although only limited clinical data are avail-
able at this time, these new features of the Echo-
Navigator system may facilitate guidance of the
procedure by supporting the understanding of
the spatial relation between the echo and x-ray im-
age, thus making the interpretation and under-
standing of anatomic structures rendered by TEE
easier. Echocardiography during percutaneous
mitral valve procedures has evolved from trans-
thoracic 2D echo guidance of PBMV to more com-
plex procedures such as MitraClip and repair of
PVLs. Imaging technology is continuing to evolve
and improve. At present, 3D TEE and fluoroscopy
are essential for the optimal guidance and out-
comes of transcatheter MV procedures.
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APPENDIX A: ASSESSMENT OF MS SEVERITY

The MV area can be also be derived from Doppler
echocardiography using the diastolic pressure
half-time (T1/2) method. T1/2 is obtained by tracing
the deceleration slope of the E-wave on Doppler
spectral display of transmitral inflow. The MV
area can be calculated from the following formula:
220/(T1/2). Limitations of this method include
abnormal LA or LV compliance, associated aortic
regurgitation, ASD, and patients who have previ-
ously had mitral valvuloplasty.

In case additional measurements are needed,
the continuity equation and PISA methods can
be used. The calculation of the MVA using the con-
tinuity equation is based on the assumption that
the filling volume of diastolic mitral flow is equal
to aortic stroke volume. The following formula is
used:

MVA 5 p

�
D2

4

��
VTI Aorta ðcmÞ
VTI mitral ðcmÞ

�

D 5 LVOT diameter
The accuracy and reproducibility of the method

are limited in that the number of measurements
needed for this calculation increases the probabil-
ity that measurement errors occur. In case atrial
fibrillation or relevant mitral or aortic regurgitation
is present, the continuity equation cannot be
used.

The PISA method permits the assessment of
mitral flow based on the hemispheric shape of
the convergence zone of mitral flow in diastole
on the LA side as seen by color Doppler. Subse-
quently, the MVA is calculated by dividing
 of Cardiology from ClinicalKey.com by Elsevier on May 19, 
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mitral volume flow by the maximum velocity of
mitral flow in diastole as assessed by color CW
Doppler:

MVA5p
�
r2
�ðValiasÞ=Peak Vmitral � a=180�

r 5 radius of the hemispheric convergence
zone (cm)
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Valias 5 aliasing velocity (cm/s)
Peak Vmitral 5 peak velocity of mitral inflow
assessed with CW Doppler (cm/s)
a 5 opening angle of mitral leaflets relative to flow
direction
This method is technically demanding but can be
used in the presence of relevant MR.
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