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LAMPOON techniques to prevent or manage left ventricular 
outflow tract obstruction in transcatheter mitral valve replacement
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Transcatheter mitral valve replacement (TMVR) is a therapeutic option for patients with severe mitral 
disease who are deemed inoperable due to their overall surgical risk. The close relationships between the 
left ventricular outflow tract (LVOT) and the anterior mitral valve leaflet can lead to LVOT obstruction, 
a common complication with high mortality. Predicting and preventing LVOT obstruction is therefore 
essential, prior to TMVR. Laceration of the Anterior Mitral leaflet to Prevent Outflow ObtructioN 
(LAMPOON) is a transcatheter electrosurgical technique to split the anterior mitral valve leaflet 
immediately prior to TMVR. The technique has been studied in a prospective clinical trial and has evolved 
with many iterations for specific anatomies. In this review, we discuss the different LAMPOON techniques 
to prevent and treat LVOT obstruction.
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Art of Operative Techniques

Introduction

Mitral valve disease is a leading global cause of morbidity 
and mortality (1,2). Many patients are unsuitable for 
surgical mitral valve repair or replacement due to a high 
predicted risk of mortality (3,4). In a subset of high-risk 
patients with suitable anatomy, transcatheter mitral valve 
replacement (TMVR) may be a therapeutic option (5). 
Pending the approval of dedicated devices, transcatheter 
aortic valves may be implanted in the mitral position in a 
bioprosthetic valve (valve-in-valve), mitral annuloplasty 
ring (valve-in-ring) or in native mitral annular calcification 
(valve-in-MAC) (6,7). In-hospital, thirty-day and one-year 
mortality rates are highest for valve-in-MAC as compared 
to valve-in-ring or in valve-in-valve (6,7).

The close relationships between the left ventricular 

outflow tract (LVOT) and the anterior mitral valve leaflet 
can lead to LVOT obstruction. The incidence of LVOT 
obstruction in TMVR occurs in up to 10–40% of valve-in-
MAC, 5% of valve-in-ring, and 0.7–2% of valve-in-valve 
cases (6,7). When this phenomenon occurs, outcomes are 
poor, with in-hospital mortality rates as high as 62% (8). 
Furthermore, there is a high percentage screening failure, 
estimated to be as high as 89%, with the most common 
exclusion criteria being excessive frailty, severe tricuspid 
regurgitation, right ventricular dysfunction, prior aortic 
valve therapy, severe MAC and risk for LVOT obstruction 
(9,10). The use of a multidisciplinary heart team to assess 
all these patient and procedural factors are important 
when deciding when to perform a TMVR procedure. It is 
important to predict the risk of LVOT obstruction after 
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TMVR and to use appropriate techniques to prevent this 
complication. In this review, we discuss predictors of LVOT 
obstruction, the use of Laceration of the Anterior Mitral 
leaflet to Prevent Outflow ObtructioN (LAMPOON) to 
prevent LVOT obstruction, and LAMPOON as a bail-out 
technique to treat TMVR-induced LVOT obstruction.

LVOT obstruction

The Mitral Valve Academic Research Consortium defines 
LVOT obstruction as a sudden decline in hemodynamics 
following TMVR with intra-procedural transesophageal 
echocardiographic (TEE) images showing displacement of 
prosthetic or anterior native mitral valve leaflet obstructing 
LVOT and an increase in LVOT gradient by 10 mmHg 
(11,12). However, clinically significant LVOT obstruction 
is more likely when gradients exceed 30 mmHg (13). Two 
main mechanisms have been described. “Fixed obstruction” 
(sometimes referred to as “geometric obstruction”) is 
due to a narrowed and elongated neo-LVOT, caused 
by the anterior mitral leaflet being pushed towards the 
interventricular septum from the new transcatheter 
valve. “Dynamic obstruction” is due to systolic anterior 
motion (SAM) of the anterior mitral leaflet towards the 
interventricular septum during systole, due to Bernoulli 
forces generated by the neo-LVOT (13). 

Predicting LVOT obstruction

“Fixed obstruction” can be predicted by calculating a “neo-
LVOT” on computed tomography (CT) reconstruction. 
The neo-LVOT is the smallest cross-sectional area 
circumscribed by the transcatheter heart valve (THV) 
and the left ventricular septum, and it also contributes to 
post-procedural LVOT gradient. The neo-LVOT can be 
predicted on multi-slice cardiac CT imaging by simulating 
a virtual THV and measuring the projected minimal cross-
sectional area (14). Observational studies suggest that a neo-
LVOT area of less than 170–190 mm2 confers increased 
risk of LVOT obstruction (11). In addition, the “skirt” neo-
LVOT can be measured using the area by the THV-covered 
cells and the interventricular septum, thus simulating the 
neo-LVOT area if the anterior mitral leaflet was removed 
surgically or parted by LAMPOON (15).

“Dynamic obstruction” from SAM of the anterior 
mitral leaflet is harder to predict. Acute aortomitral 
angulation, reduced mitral annulus-to-interventricular 
septum (IVS) distance, prominent septal bulge, long 

anterior mitral leaflet, and redundant mitral chordae 
are all likely factors that will increase risk. Also, a long 
anterior mitral leaflet may prolapse back into the THV, 
interfering with valve closure and ultimately resulting in 
acute valve failure (14). 

LAMPOON

LAMPOON mimics the surgical technique of resection 
of the anterior mitral leaflet to prevent LVOT obstruction 
(16,17). The split anterior mitral leaflet parts away from 
the LVOT and blood flow, is maintained through the 
open cells of the THV, despite threatened obstruction 
were the anterior mitral leaflet intact. In addition, the 
technique spares the subvalvular apparatus in order to 
preserve left ventricular function. In the procedure, the 
anterior mitral valve leaflet is split down the midline using 
focused radiofrequency energy directed by catheters and 
guidewires. There are several iterations of the LAMPOON 
technique, each appropriate in different settings (Central 
Illustration). The principles of transcatheter electrosurgery, 
enabling leaflet traversal and precise laceration, have been 
extensively explored in a recent state-of-the-art review (18). 
The sections below illustrate these techniques and their 
appropriate scenarios. 

Retrograde “Classic” LAMPOON (Figures 1,2)

This is this original iteration of the LAMPOON technique 
(16,17). The procedure steps are illustrated and described 
in Figures 1,2. The LAMPOON IDE study demonstrated 
that the LAMPOON procedure was feasible in 100% of 
subjects (n=30) across a variety of native and annuloplasty 
risk anatomies and calcium patterns (13). The in-hospital 
survival rate was 93% and thirty-day survival rate was 100% 
valve-in-ring and 87% valve-in-MAC. 

There were no strokes in the study. The trial confirmed 
that LAMPOON is feasible in native and annuloplasty ring 
anatomies in patients who were otherwise ineligible for 
treatment, and with acceptable safety (13). The advantage 
of retrograde LAMPOON is that the vector of laceration 
aligns along the LVOT. The main disadvantage is the 
difficulty in positioning the traversal guide underneath the 
A2-scallop of the anterior mitral valve leaflet. Retrograde 
LAMPOON is not suitable in patients with mechanical 
aortic valve bioprostheses, due to the likely hemodynamic 
instability caused by two guiding catheters across the 
mechanical aortic valve. 
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Antegrade LAMPOON (Figure 3)

The most technically challenging step in retrograde 
LAMPOON is positioning the retrograde guide catheter 
at the base of A2. To simplify the procedure, an antegrade 
approach was developed. The antegrade approach also 
enables LAMPOON to work in the setting of a mechanical 
aortic valve. The procedure steps are described in  
Figure 3. The initial preliminary results (n=8) demonstrated 
that the technique was successful in 100% of patients 
with a minimal increase in LVOT gradient post-TMVR  
≤10 mmHg. In addition, no patients experienced an 
insufficient laceration or significant hemodynamic 
compromise and all patients survived the procedure. The 

median wire traversal-to-leaflet laceration time was twenty-
six minutes, median laceration-to-valve implantation time 
was eighteen minutes and median number of attempts 
at successful leaflet traversal was one minute. This case 
series suggests that antegrade LAMPOON is an effective, 
reproducible and simplified strategy to lacerate the anterior 
mitral leaflet (AML) prior to TMVR (17). Compared 
with retrograde LAMPOON, this approach offers greater 
guide catheter stability and more precise positioning over 
the target A2 scallop. The main disadvantage is the risk 
of eccentric mitral valve laceration from the center of A2 
medially towards the interatrial septum. A stable pivot 
provided by the two steerable sheaths is essential to avoid 
eccentric laceration.

Figure 1 Initial steps in classic, retrograde LAMPOON. (A) Access is via two 6F arterial sheaths for LAMPOON and right femoral venous 
access for TMVR. Two, 6F coronary guiding catheters (JL 3.5), are advanced retrograde across the aortic valve through two femoral 
sheaths. One guiding catheter is positioned retrograde in the LVOT and abuts the base of the A2 mitral scallop to direct the traversal guide-
wire, while the other is placed retrograde across the aortic and mitral valves into the left atrium. The left atrial guide catheter is stabilized 
using a transseptal rail  (not depicted). The rail is formed by advancing a balloon tip catheter from a transseptal deflectable catheter (Agilis 
NxT medium curl, St. Jude Medical, St. Paul, Minnesota) in the left atrium through the main orifice of the mitral valve. The rail is a kink-
resistant guidewire (Runthrough NS 0.014-inch, Terumo Interventional Systems, Somerset, New Jersey), and is externalized after snaring. (B) 
Through the retrograde left atrium catheter, a multiloop snare (Atrieve 18/30, Argon Medical, Plano, Texas) is positioned alongside the rail 
at the mitral coaptation surfaces. The traversal guidewire is a 0.014-inch ×300 cm guidewire (Astato XS 20, Asahi Intecc USA, Santa Ana, 
California) inside an insulating polymer jacket wire convertor (Piggyback, Teleflex Vascular Solutions, Minneapolis, Minnesota), inside the 
retrograde LVOT guiding catheter. The external back end of the guidewire is connected via hemostatic forceps to an electrosurgery pencil 
and generator (ValleyLab FX, Medtronic Covidien, Minneapolis, Minnesota), set to “pure” cutting mode at 50 W. The traversal guidewire is 
advanced from the LVOT catheter, penetrating the base of the A2 scallop, during brief (<1 second) electrification into the prepositioned left 
atrial snare. (C) The guidewire is snared in the left atrium and the transseptal rail is released. 

A B C
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Tip-to-base LAMPOON (Figure 4)

When the aorto-mitral curtain is protected by a complete 
bioprosthetic ring or bioprosthetic mitral valve sewing ring, 
LAMPOON laceration may be performed from leaflet tip to 
base, obviating the need for leaflet traversal. This iteration 
is another major step in simplifying the technique in this 
subset of patients. These procedure steps are illustrated 
in Figure 4. For select patients with high-risk anatomy, 
undergoing ViV or valve-in-(complete)-ring TMVR, tip-
to-base LAMPOON appears to be an effective solution 
to prevent LVOT obstruction (19). The major advantage 
of tip-to-base LAMPOON is the simplicity afforded by 
eliminating the traversal step. It is only appropriate in cases 
where there is an adequate “backstop” to prevent laceration 
extending into the aorto-mitral curtain and aortic valve. 
The disadvantages involved include insufficient laceration of 

the leaflet and inadvertent laceration of adjacent structures, 
if care is not taken to insulate the active cutting surface 
adequately. 

“Rescue” LAMPOON (Figure 5)

In cases where there is SAM causing LVOT obstruction 
after TMVR, LAMPOON can be performed to lacerate 
the protruding native anterior mitral valve leaflet (20). 
The technique is similar to when performing “tip-to-
base” LAMPOON and is illustrated in Figure 5. This is a 
useful technique because cases of LVOT obstruction from 
SAM in the setting of a generous neo-LVOT is difficult to 
predict, and this treatment can be used as a bail-out and an 
alternative to alcohol septal ablation. This should not be 
used as a substitute for improving predictors of dynamic 
LVOT obstruction. 

Figure 2 Leaflet laceration, retrograde LAMPOON. (A) A short segment of the Astato guidewire shaft is non-circumferentially focally 
denuded of its polymer insultation, and then kinked using a scalpel, to form the “flying-V.” This modification focuses electrosurgery 
energy required for laceration on the “inner elbow” of the guidewire. The radiopaque tip of the Piggyback wire converter is locked behind 
the denuded kinked segment for added fluoroscopic visibility and electrical insulation. The snared tip of the Astato guidewire is then 
externalized as the kinked segment is advanced till it is positioned across the anterior mitral leaflet. (B) For laceration, tension is applied to 
both limbs of the guidewire and two guiding catheters during brief (1–2 seconds) electrification at 70 W. Simultaneously, 5% dextrose is 
infused through the two catheters to displace blood, preventing char and coagulation, and concentrating charge on the anterior mitral leaflet. 
(C) Demonstrates midline laceration of the anterior mitral valve leaflet following LAMPOON. Because of the linear electrical laceration, 
the anterior mitral leaflet maintains some degree of coaptation in diastole, preventing torrential MR prior to TMVR and mitigating the risk 
of hemodynamic collapse. Following LAMPOON, transseptal TMVR is performed in a standard fashion. TMVR, transcatheter mitral valve 
replacement; MR, mitral regurgitation.

A B C
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Figure 3 Antegrade LAMPOON. (A) Access is via a 24Fr DrySeal Flex sheath in the right femoral vein to allow two deflectable 
sheath through one access site, and subsequently for valve delivery. A 7F sheath is placed in a femoral artery for rail guidewire snaring, 
hemodynamic monitoring, and subsequently for intra-aortic balloon pump positioning (optional). After transseptal puncture, two guidewires 
are positioned in the left atrium and two deflectable sheaths are placed through the single transseptal puncture. A balloon wedge end-hole 
catheter is advanced through the major mitral orifice, avoiding chordae, and guided out of the aortic valve. Through this, a rail guidewire 
(300 cm 0.014” Runthrough guidewire) is delivered and snare-externalized out of the femoral artery (not depicted). The balloon catheter 
is removed and a JL or EBU guiding catheter is advanced over the rail into the LVOT. (B) A snare (typically 18/30 EnSare or Atrieve) is 
positioned in the LVOT. A JR4 guiding catheter is advanced through the second steerable sheath to the atrial surface of the base of A2 under 
TEE guidance. The insulated Astato guidewire is introduced and energized with 50 W pure cut power and advanced through the anterior 
mitral leaflet from atrium into LVOT. (C) The Astato guidewire is snared in the LVOT. The “Flying V” is created at the mid-shaft of the 
guidewire. The “Flying V” is positioned at the anterior mitral leaflet and the two steerable sheaths are aligned with A2 to provide a pivot for 
centerline laceration. Tension is applied to the LAMPOON guidewire and catheter system to lacerate the anterior mitral leaflet down the 
centerline with simultaneous 5% dextrose infusion. (D) TMVR is then performed in the standard fashion, with the leaflet halves splaying 
away from the LVOT. TEE, transoesophageal echocardiogram; LVOT, left ventricular outflow tract.

A

C

B

D



177Annals of cardiothoracic surgery, Vol 10, No 1 January 2021

© Annals of Cardiothoracic Surgery. All rights reserved. Ann Cardiothorac Surg 2021;10(1):172-179 | http://dx.doi.org/10.21037/acs-2020-mv-25

Figure 4 Tip-to-base LAMPOON. Access is via the right femoral 
vein for steerable sheath and subsequently TMVR. 6F arterial 
access is obtained for snaring. In this modified technique, after 
transseptal puncture the mitral prosthesis is crossed using a balloon 
wedge end-hole catheter. An Astato guidewire is advanced through 
the balloon-wedge catheter and snared in the ascending aorta. 
The guiding catheter used for snaring is advanced across the aortic 
valve. The balloon catheter is withdrawn and a guide catheter 
advanced. The mid-shaft of the Astato guidewire is kinked and 
positioned at the tip of the anterior bioprosthetic mitral leaflet. 
The final step is the laceration where the 5% Dextrose is infused, 
the wire if electrified at 70 W pure cut, and slowly pulled back to 
facilitate laceration. The “Flying V” will reach a hard stop at the 
valve sewing ring. The LAMPOON system is disassembled, and 
the deflectable sheath in the left atrium is used to guide a stiff pre-
shaped 0.035” guidewire into the left ventricle for valve-in-valve 
TMVR. TMVR, transcatheter mitral valve replacement.

Figure 5 Rescue LAMPOON is an option when there is LVOT 
obstruction due to SAM after TMVR. Access is via the right 
femoral vein for an Agilis sheath and femoral artery for a 6Fr 
sheath. Following transseptal puncture, a balloon catheter is 
floated via an Agilis deflectable sheath through the THV. A 
300 cm 0.014” Astato XS 20 guidewire is advanced through 
the balloon catheter and snared in the ascending aorta. The 
balloon catheter is replaced with a JR guide and the “Flying V” 
is created on the Astato mid-shaft. The Astato guidewire tip is 
externalized and the “Flying V” is positioned at the tip of the 
anterior mitral leaflet between femoral and transseptal guiding 
catheters. The transseptal guiding catheter is positioned at A2 via 
a deflectable transseptal sheath under TEE guidance. Tension is 
applied to both catheters, electrified with 70 W radiofrequency 
energy and 5% dextrose flush and the lacerating edge is pulled 
upwards from the protruding tip of the anterior mitral leaflet 
towards the THV frame. The THV frame provides a barrier to 
prevent deleterious advancement of the laceration edge into the 
aortomitral curtain and aortic root. The catheters are relaxed and 
laceration is confirmed on TEE and LVOT gradients are assessed. 
Electrification can be repeated to achieve effective tip laceration. 
TMVR, transcatheter mitral valve replacement; LVOT, left 
ventricular outflow tract; SAM, systolic anterior motion; THV, 
transcatheter heart valve; TEE, transoesophageal echocardiogram. 

Conclusions

LVOT obstruction after TMVR continues to be a major 
concern and carries a high risk of in-patient mortality. 
LAMPOON is a versatile technique that has been 
prospectively studied in an early feasibility clinical trial. 
It enables TMVR in patients who would otherwise be 
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ineligible due to high risk of LVOT obstruction. Iterations 
of the LAMPOON technique have been developed and may 
make the procedure easier to perform in certain anatomies.
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