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ABSTRACT

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

ranscatheter mitral valve replacement
(TMVR) using dedicated devices is an
emerging option for patients with mitral
regurgitation (MR)." However, widespread adoption

LEARNING OBJECTIVES

e To apprehend advantages and disadvantages
of techniques to prevent LVOT-O in patients
undergoing TMVR.

e To understand the potential role of device-
mediated mechanical laceration of the AML
as a safe and effective alternative to prevent
LVOT-0O in at-risk patients undergoing TMVR.

Left ventricular outflow tract obstruction represents a life-threatening complication in patients undergoing transcatheter
mitral valve replacement. Interventional approaches to prevent left ventricular outflow tract obstruction are complex and
require exceptional procedural expertise. We demonstrate feasibility and safety of first-in-human device-mediated
mechanical laceration of the anterior mitral valve leaflet prior to transapical transcatheter mitral valve replacement.
(Level of Difficulty: Advanced.) (J Am Coll Cardiol Case Rep 2023;16:101873) © 2023 The Authors. Published by Elsevier
on behalf of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

of TMVR has been hindered by high rates of
screening failures, primarily due to the risk for
significant left ventricular outflow tract obstruction
(LVOT-0).” Techniques to prevent LVOT-O targeting
the septal myocardium or anterior mitral
valve leaflet (AML) are technically demanding,
time consuming, or associated with relevant addi-
tional risk.?

The aim of this first-in-human case report is
to demonstrate the safe and effective use of a
dedicated transcatheter leaflet-splitting device to
lacerate the AML, thereby preventing LVOT-O in a
patient at risk with severe primary MR undergoing
TMVR.
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ABBREVIATIONS
AND ACRONYMS

AML = anterior mitral valve

leaflet

BASILICA = bioprosthetic or
native aortic scallop intentional
laceration to prevent iatrogenic

coronary artery obstruction

LAMPOON = intentional
percutaneous laceration of
AML to prevent outflow
obstruction

LVOT = left ventricular outflow

tract

LVOT-O = left ventricular
outflow tract obstruction

MR = mitral regurgitation

PML = posterior mitral valve

leaflet

SESAME = septal scoring along

the midline endocardium

TEE = transesophageal
echocardiography

THV = transcatheter heart
valve

TTE = transthoracic
echocardiography

TMVR = transcatheter mitral

valve replacement

JACC: CASE REPORTS, VOL. 16, 2023
JUNE 21, 2023:101873

An 80-year-old female patient was repeat-
edly admitted to the emergency department
for acute heart failure with peripheral edema
and NYHA functional class III and IV dys-
pnea. Transthoracic echocardiography (TTE)
revealed severe primary MR, concomitant
the severe secondary tricuspid regurgitation, and
elevated pulmonary artery pressure. Biven-
tricular function was preserved. Trans-
esophageal echocardiography (TEE) revealed
eccentric MR, likely due to postendocarditic
destruction of the posterior mitral valve
leaflet (PML) (Video 1) and demonstrated
circumferential mitral annular calcification
extending into the PML. Detailed echocar-
diographic baseline parameters are summa-
rized in Table 1.

The patient had a history of breast cancer and
granulomatosis with polyangiitis affecting
the kidneys, joints, and paranasal sinus. In
addition, she was on dialysis for renal failure
related to granulomatosis with polyangiitis

and had persistent atrial fibrillation. A pre-
vious diagnosis of mitral valve endocarditis had been
managed with antibiotic therapy 3 years previously.

Echocardiography strongly supported the hypothesis
of severe primary MR as a leading cause of recurrent
congestive heart failure admissions. TEE did not
show vegetations suggestive of infective endocardi-
tis, and blood cultures were negative.

TABLE 1 Echocardiographic Baseline Parameters

LV ejection fraction, % 64.1
Stroke volume index, mL/m? 40.8
Interventricular septal thickness, mm 13.6
LVEDV, mL 136.9
LVESV, mL 491
LA volume, mL 122.4
EROA, cm? 0.90
Regurgitant volume, mL 107.6
PASP, mm Hg 68.0
TAPSE, mm 19.0

EROA = effective regurgitant orifice area; LA = left atrial; LV = left ventricular;
LVEDV = left ventricular end-diastolic volume; LVESV = left ventricular
end-systolic volume; PASP = pulmonary artery systolic pressure;
TAPSE = tricuspid annular plane systolic excursion.

After heart team assessment, indication for treatment
was confirmed, and the patient was considered at
prohibitive risk for open heart surgery. Moreover,
mitral valve anatomy, in particular pronounced
leaflet calcification and postendocarditis destruction
of the PML (Video 2), made this patient unsuitable for
transcatheter edge-to-edge repair, with a low likeli-
hood of effective treatment. As a result, the patient
was screened for the transapical tether-based Ten-
dyne TMVR system (Abbott Structural Heart).

Following standardized computed tomographic
segmentation and virtual device implantation, the
patient was determined eligible to receive a low-
profile 35M transcatheter heart valve (THV)
(Figure 1). However, because of anticipated risk for
LVOT-O with a borderline cross-sectional neo-left
ventricular outflow tract (LVOT) area (252.3 mm? in
end-systole) (Figure 2A) and an elongated AML
(26.2 mm) (Figure 2B), the decision was made for
compassionate use of a dedicated mechanical trans-
catheter leaflet-splitting device (ShortCut, Pi-Cardia)
for AML laceration (Central Illustration).

The procedure was performed under general anes-
thesia using 3-dimensional transesophageal echocar-
diographic and fluoroscopic guidance and using a
cerebral embolic protection device (Sentinel, Boston
Scientific). Following standard transapical access,
“balloon flossing” from the left atrium to the left
ventricular apex to exclude entanglement in the
mitral subvalvular apparatus was performed using a
Swan-Ganz catheter. An 18-F DrySeal Flex Introducer
Sheath (W.L. Gore & Associates) was advanced across
the mitral annular plane, followed by insertion of the
ShortCut catheter. Axial alignment was verified using
standard X-plane TEE and fluoroscopy. In the second
step, the AML was engaged in the central A2 segment
and lacerated from base to free edge by controlled
retraction of the catheter (Figure 3). Engagement and
laceration of the AML were clearly visible by disten-
sion of the AML toward the apex with subsequent
sudden detachment from the catheter. The resultant
AML split was identifiable on 2-dimensional and
3-dimensional TEE (Videos 3 and 4, Figure 4).
Subsequently, THV implantation was successfully
performed in a standard fashion using a 36-F delivery
catheter (Figure 5). Intraprocedural LVOT-O was
closely monitored by using color Doppler on TEE to
determine LVOT flow characteristics, TEE-derived
LVOT and measured

gradient, invasively
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FIGURE 1 Pre-procedural Computed Tomography Planning for Transcatheter Mitral Valve Replacement

Contrast-enhanced multislice computed tomography segmentation of the mitral annulus (A) and virtual implantation of a low-profile 35M
valve (B to E).

FIGURE 2 Elevated Risk for LVOT Obstruction Following TMVR

(A) Predicted neo-left ventricular outflow tract (LVOT) area after virtual valve implantation at end-systole. (B) Elongated anterior mitral valve
leaflet (AML). Ao = aorta; LA = left atrium; LV = left ventricle; STL = STereoLithography; TMVR = transcatheter mitral valve replacement.




Ludwig et al

JACC: CASE REPORTS, VOL. 16, 2023

Device-Mediated Leaflet Laceration During TMVR JUNE 21, 2023:101873

CENTRAL ILLUSTRATION Prevention of LVOT Obstruction During TMVR Using Device-Mediated
Laceration of the AML

Prevention of LVOT Obstruction by

Device-Mediated Laceration of the AML During TMVR
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AML = anterior mitral leaflet; LVOT = left ventricular outflow tract; TMVR = transcatheter mitral valve replacement.
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peak-to-peak gradient and by monitoring acute he-
modynamic changes. Final echocardiography showed
no valvular or paravalvular regurgitation and no
relevant flow acceleration in the LVOT (Video 5).
Invasively derived peak-to-peak LVOT gradient was
5 mm Hg (mean gradient 7 mm Hg). The total pro-
cedure time was 88 minutes, after which the patient
was extubated promptly and transferred to intensive
care unit.

In the intensive care unit, the patient intermit-
tently received continuous renal replacement therapy
and inotropic support. Following prolonged decon-
gestion, the patient was discharged on day 34. No
other complications occurred during the in-hospital
period. Discharge TTE confirmed the elimination of
MR, without paravalvular leakage or clinically rele-
vant LVOT-O (LVOT gradient 18/12 mm Hg).

DISCUSSION

This report describes first-in-human device-mediated
mechanical mitral valve leaflet laceration to prevent
LVOT-O in a patient undergoing transapical TMVR.
Laceration of the AML using device-mediated me-
chanical AML laceration was feasible, safe, and
effective to ensure LVOT patency without increased
gradients. Advantages of this device lie in its simple
and intuitive handling and the straightforward
approach for leaflet laceration.

Ludwig et al
Device-Mediated Leaflet Laceration During TMVR

FIGURE 3 Leaflet Laceration From Base to Free Edge by Controlled Retraction of the
Catheter and the Splitting Element

Analogous to the transcatheter electrosurgery-
based BASILICA (bioprosthetic or native aortic
scallop intentional laceration to prevent iatrogenic
coronary artery obstruction) technique, device-
mediated mechanical laceration of failed aortic bio-
prosthetic leaflets using the same catheter as in this
report has recently been demonstrated as safe and
successful in preventing coronary obstruction and is
currently in trial for U.S. Food and Drug Administra-
tion approval.** In this report, the catheter was used

Mitral Valve Leaflet Laceration Between A2 and A3
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FIGURE 4 Three-Dimensional Multiplanar Reconstruction of the Mitral Valve by Transesophageal Echocardiography Showing Anterior
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FIGURE 5 Successful Transapical Transcatheter Mitral Valve Replacement After
Leaflet Laceration and Secured Left Ventricular Outflow Tract Flow Following

Leaflet Laceration

on a compassionate-use basis for intentional me-
chanical laceration of the AML prior to TMVR to pre-
vent anticipated LVOT-O by anterior AML
displacement. In this context, the LAMPOON (inten-
tional percutaneous laceration of the AML to prevent
outflow obstruction) technique has been adopted
increasingly by experienced centers and can be
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considered the wire-based transcatheter electrosur-
gery analogue to mechanical leaflet laceration.® In
contrast to the device used in this report, LAMPOON
is technically demanding and time consuming and
requires extensive physician expertise and hardware.

Several other transcatheter techniques have been
developed to prevent LVOT-O during TMVR,
including alcohol septal ablation and septal radio-
frequency ablation.® These noninvasive techniques
aim to reduce septal myocardium but carry risk for
complete heart block and require a 2-step
approach.>”-® The SESAME (septal scoring along the
midline endocardium) technique using transcatheter
electrosurgery to lacerate the interventricular septum
was recently introduced in a preclinical study.’

In general, prospective studies on mechanical
leaflet laceration are necessary to provide guidance
regarding choice of device and method. The transi-
tion to transseptal TMVR devices will require a
dedicated endovascular mitral valve leaflet laceration
system, which is currently under development by the
manufacturer. Moreover, the TMVR system used in
this case features fabric-covered stent cells, which
may limit the effectiveness of AML laceration.

FOLLOW-UP

At 4-month follow-up, the patient presented in
stable condition with a substantial reduction of
heart failure symptoms (NYHA functional class II).
No further hospitalization for heart failure has
occurred since TMVR. TTE confirmed normal

FIGURE 6 Discharge and Follow-Up Transthoracic Echocardiography Showing Pulsed-Wave Doppler-Derived Left Ventricular Outflow Tract Gradients
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(A) Discharge and (B) follow-up transthoracic echocardiography.
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THV function and a normalized LVOT gradient of
6/4 mm Hg (Figure 6).

CONCLUSIONS

The results of this first-in-human report suggest that
the use of a mechanical leaflet laceration device may
be a promising alternative to demanding interven-
tional techniques previously established for pre-
venting LVOT-O. However, additional studies are
required to confirm safety, efficacy, and reproduc-
ibility for broader clinical use.
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