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Valve-in-mitral annular calcification presents a great challenge with a risk of left ventricular outflow tract

obstruction (LVOTO). We demonstrate the first-in-human experience of performing percutaneous electrosurgery-

guided perforation and balloon dilation of the anterior mitral valve leaflet followed by transcatheter valve

implantation to prevent LVOTO. (JACC Case Rep. 2024;29:102558) © 2024 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 (http://creativecommons.org/licenses/by-nc-nd/4.0/).
A lthough transcatheter therapies for mitral
valve disease have been quickly evolving,
therapies for native mitral stenosis do pre-

sent challenges. Neo–left ventricular outflow tract
(neo-LVOT) obstruction in patients undergoing mitral
valve replacement can be hemodynamically devas-
tating, with immediate periprocedural complications.
Different leaflet modification techniques have been
AKE-HOME MESSAGES

LVOTO with TMVR can be a devastating
complication, and appropriate preprocedural
planning should be done in all TMVR cases
with multimodality imaging and 3D model
printing.
Leaflet modification of the native anterior
mitral valve leaflet with subsequent balloon
dilation and deployment of the valve can be a
viable option to treat ViMAC.
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used to prevent or minimize the risk of left ventricu-
lar outflow tract obstruction (LVOTO), with laceration
of the anterior mitral leaflet to prevent outflow
obstruction (LAMPOON) being the most accepted
technique. We report the first-in-human experience
of performing percutaneous electrosurgery-guided
perforation and balloon dilation of the native anterior
mitral valve leaflet to prevent LVOTO.

HISTORY OF PRESENTATION

An 89-year-old man presented to our tertiary care
center (Heart and Vascular Institute, Cleveland Clinic,
Cleveland, Ohio, USA) for evaluation of progressively
worsening shortness of breath.

PAST MEDICAL HISTORY

His past medical history was significant for a
previous bioprosthetic aortic valve replacement and
myectomy.
https://doi.org/10.1016/j.jaccas.2024.102558
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ABBR EV I A T I ON S

AND ACRONYMS

CT = computed tomography

IABP = intra-aortic balloon

pump

LAMPOON = intentional

percutaneous laceration of the

anterior mitral leaflet to

prevent outflow obstruction

LVOT = left ventricular outflow

tract

LVOTO = left ventricular

outflow tract obstruction

MAC = mitral annular

calcification

TEE = transesophageal

echocardiography

TMVR = transcatheter mitral

valve replacement

TTE = transthoracic

echocardiography

ViMAC = valve-in-mitral

annular calcification

3D = 3-dimensional
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INVESTIGATIONS AND MANAGEMENT

Transthoracic echocardiography (TTE) was
performed. It showed that he had severe
mitral annular calcification (MAC) with
elevated gradients (peak/mean of 19/11 at a
heart rate of 76 beats/min) across the mitral
valve, with moderately severe mitral regur-
gitation as well. Initial management included
optimization of medical therapy; however,
the patient continued to remain symptom-
atic. He was deemed to be a very high risk for
redo surgery, thus prompting evaluation
for percutaneous options. Cardiac-gated
contrast-enhanced computed tomography
(CT) of the chest raised the concern for neo-
LVOT obstruction with transcatheter mitral
valve replacement (TMVR) (Figure 1),
considering the left ventricular outflow tract
(LVOT) size and the length of the anterior
mitral leaflet.

A 3-dimensional (3D) model was printed
(Figure 2A) to review treatment options that
could be pursued to mitigate the risk of LVOTO. TTE
demonstrated an upper septal thickness of 1.6 cm. To
reduce the risk of neo-LVOT obstruction, we per-
formed alcohol septal ablation of the first medium-
sized septal perforator (Figures 3A and 3B, pre- and
post-ablation). Two months later, another gated
contrast-enhanced CT scan of the chest was per-
formed and showed a slight improvement in the neo-
LVOT, although it was still not large enough to pre-
vent obstruction (Figure 4). A 3D model of the heart
was again printed, and it did show some decrease in
septum thickness (Figure 2B). The patient was eval-
uated for enrollment in TMVR trials but did not meet
inclusion criteria because of his annular and LVOT
anatomy. The plan was to perform a valve-in-mitral
annular calcification (ViMAC) procedure using a SA-
PIEN 3 Ultra valve (Edwards Lifesciences) with
adjunctive leaflet modification to prevent LVOTO.

LEAFLET MODIFICATION TECHNIQUE. A novel
percutaneous leaflet modification technique (previ-
ously used in a mitral valve-in-valve replacement)1

was planned in which the anterior mitral leaflet was
perforated using an electrosurgical technique and
was subsequently dilated using a balloon to facilitate
valve deployment and mitigate the risk of neo-LVOT
obstruction. A similar leaflet modification technique
was performed surgically through a transapical
approach.2 A similar technique of leaflet modification
has also been subsequently described for a valve-in-
ring procedure.3

PROCEDURAL DETAILS. The procedure was per-
formed using general anesthesia. A cerebral embolic
protection device was placed. A 16-F eSheath
(Edwards Lifesciences) was then inserted in the right
femoral vein, and an 8-F sheath was also placed in the
right femoral artery for placement of an intra-aortic
balloon pump (IABP) if needed for hemodynamic
support. Following transseptal puncture, a medium-
curl Agilis steerable sheath (Abbott) was directed
toward the anterior mitral leaflet. Under trans-
esophageal echocardiography (TEE) guidance, the
center base of the anterior mitral leaflet was identi-
fied. Using the back end (straight) of an 0.035-inch
wire through a 4 mm � 40 mm peripheral Charger
balloon (Boston Scientific), the native anterior mitral
leaflet was perforated (“cut” setting at 70 W)
(Figures 5A and 5B, Video 1). The wire was then
advanced to the left ventricle. We then dilated
through the perforated anterior mitral leaflet with the
4.0 mm � 40 mm Charger balloon over a Wholey wire.
The Wholey wire was exchanged for an 0.035” Con-
fida wire (Medtronic) through an angled glide cath-
eter, and the Agilis catheter was subsequently
removed. Next the leaflet was further dilated with a
12 mm � 40 mm Charger balloon (Figures 5C and 5D). A
40-cc IABP was placed for hemodynamic support if
needed, given the short duration of wide-open mitral
regurgitation from perforation of the leaflet. The
29-mm SAPIEN 3 Ultra valve was deployed through
the modified leaflet (20% atrial and 80% ventricular)
with rapid ventricular pacing at 180 beats/min
(Video 2). Figures 6A and 6B show the corresponding
fluoroscopic and TEE images with the valve implan-
ted in the mitral position.

TEE immediately post valve deployment showed a
well seated SAPIEN 3 Ultra valve in the mitral position
with no evidence of mitral regurgitation or para-
valvular leak.

OUTCOME AND FOLLOW-UP

The patient was monitored in the hospital overnight
and was discharged the next day. Echocardiography
performed on postprocedure day 1 showed a mean
gradient of 5 mm Hg across the mitral valve with no
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FIGURE 2 Neo–Left Ventricular Outflow Tract Before and After Ablation

(A) A 3-dimensional printed model of the heart showing the neo–left ventricular outflow tract before alcohol septal ablation.

(B) A 3-dimensional printed model of the heart showing the neo–left ventricular outflow tract post alcohol septal ablation.

FIGURE 1 Computed Tomography Reconstruction

The images show the neo-left ventricular outflow tract measurement with an embedded 29-mm SAPIEN 3 Ultra valve (Edwards Lifesciences)

(arrows).
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FIGURE 3 Angiograms Before and After Ablation

(A) The left anterior descending artery and the first septal perforator before alcohol septal ablation (arrow). (B) The first septal perforator

post alcohol septal ablation (arrow).

FIGURE 4 Neo-Left Ventricular Outflow Tract Measurement

Measurement with an embedded 29-mm SAPIEN 3 Ultra valve (Edwards Lifesciences) (arrows) after alcohol septal ablation.
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FIGURE 5 Multiplanar Reconstruction Images of the Procedure

(A and B) Multiplanar reconstruction images of the wire at the center base of the anterior leaflet (arrows) followed by perforation of the anterior mitral leaflet.

(C) Multiplanar reconstruction images and (D) fluoroscopy showing balloon dilation of the perforated anterior mitral leaflet (arrows).
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flow acceleration across the LVOT suggestive of
obstruction (Figure 6C). The echocardiogram did
demonstrate that there would have been definite
obstruction if steps had not been taken to modify the
mitral valve leaflet (Figure 6D). Clinical follow-up at
1 week and 6 months continued to show symptomatic
improvement.

DISCUSSION

LVOTO, if it occurs, can lead to very rapid deteriora-
tion and a poor outcome.4 Careful assessment is
required to determine risk of obstruction with mul-
timodality imaging.5,6 In this case, we additionally
decided to print a 3D model to assess the risk of
obstruction before and after performing alcohol
septal ablation. Different techniques have been
described to decrease the risk of LVOTO, one of which
is the LAMPOON procedure, which has been shown to
be quite effective.7

We propose a new and novel technique providing
safe and controlled perforation of the anterior mitral
leaflet at the center base of the leaflet with a wire and
balloon dilation (Figures 7A to 7D). Figures 8A to 8C
show a side-by-side comparison of an implanted SA-
PIEN 3 Ultra valve in the mitral position before
alcohol septal ablation, after ablation, and after
leaflet modification. In LAMPOON, cutting of the



FIGURE 6 Postprocedural Imaging

(A) Multiplanar reconstruction images and (B) fluoroscopy showing the 29-mm SAPIEN 3 Ultra valve (Edwards Lifesciences) placed in the

mitral position (arrow in A). (C) Transthoracic echocardiography showing the SAPIEN 3 Ultra valve in the mitral position with the frame of the

valve touching the septum (arrow). (D) Gradient across the neo–left ventricular outflow tract showing no significant dynamic obstruction.
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leaflet is dependent on the direction of the pull,
which would not have been an issue in this case.7,8 In
cases where the leaflets are extremely calcified, the
cut may not be linear, and it can be off-axis from the
LVOT. In our procedure, modifying the leaflet from
the center base mitigates the risk of outflow
obstruction by displacing the leaflets away from the
LVOT. Additionally, the number of steps and wire



FIGURE 7 Procedural Steps on the 3-Dimensional-Printed Model

(A) Perforating the anterior mitral leaflet from the atrial side. (B) The eSheath (Edwards Lifesciences) from the ventricular view through

the anterior leaflet after balloon dilation of the leaflet. (C) Positioning of the valve from the atrial view with the device advanced through the

anterior leaflet. (D) The 29-mm SAPIEN 3 Ultra valve (Edwards Lifesciences) implanted in the mitral position with no leaflet obstructing the

left ventricular outflow tract through the aorta.
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exchanges is less, making it a simpler workflow pro-
cedure. There is, however, a risk of hemodynamic
compromise from severe mitral regurgitation after
leaflet modification, although this risk was mitigated
in our case by the use of an IABP and rapid deploy-
ment of the transcatheter heart valve.

CONCLUSIONS

ViMAC presents a great challenge with a risk of
LVOTO. TMVR using electrosurgery-guided perfora-
tion of the anterior mitral leaflet followed by balloon
dilation and valve deployment may be a feasible op-
tion. Further studies need to be performed to show
safety and reproducibility of this leaflet modification
technique.
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FIGURE 8 Side-by-Side Comparison of Valve Deployment Through the Left Ventricular Outflow Tract View

(A) The valve deployed before alcohol septal ablation. (B) The valve deployed after alcohol septal ablation. (C) The valve deployed after leaflet modification and

deployment of the valve after perforation through the anterior mitral leaflet.
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