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Structural Interventions 



An Essential Subspecialty

Nishimura RA, O'Gara PT, Bavaria JE, et al. J Am Coll Cardiol. 2019 May 28;73(20):2609-2635.



Interventional Echo 

1. Selection

✓ Patient

✓ Device type/size

2. Guidance

✓ Standard 

✓ Unique steps

4. Outcome

✓ Critique 1-3

✓ Get better (self/team)

3. Evaluation

✓ Device performance

✓ Cardiac performance



Transcatheter Edge-to-Edge Repair (TEER) 
(aka MitraClip ®)

2003

First Case

2008

CE Mark

2011

EVEREST II trial

2013

EVEREST II HRR

FDA approval for 1ary MR 
(prohibitive surgical risk STS ≥ 6%)

2018

Updated version (NTR & 
XTR)

COAPT trial

2019

FDA approval for 
secondary MR

J Am Coll Cardiol. 2014 May 27;63(20):2057-2068. 



Mitral Valve: Complex Anatomy

J Cardiothorac Vasc Anesth. 2009 Aug;23(4):531-43. Courtesy of Enrique Garcia-Sayan, MD, FACC, FASE



Everest Trial Anatomic Eligibility

• Origin of MR is from the central 
2/3 of the valve

• Sufficient leaflet tissue for 
mechanical coaptation 

• Protocol anatomic exclusions

▪ Flail gap >10mm 

▪ Flail width >15mm

▪ Coaptation depth >11mm 

▪ Coaptation length < 2mm

▪ LVIDs > 55mm

▪ MV Area < 4.0 cm2
Feldman T and Cilingiroglu M. JACC 2011; 57:529-537 



N. Flint, R. Siegel et al.  JASE 2021 



Transcatheter Edge-to-Edge (TEER) Devices

MitraClip System (Abbott)

Pascal System (Edwards)

Now have size 
choices:
Consider 
grasping length, 
width and 
mechanism

N. Flint, R. Siegel et al.  JASE 2021 



P2 prolapse, plus…

71 yr male; retired physician; Dyspnea 



Clip deployment…



Final Result (Clip x 2)

Pulmonary Vein Before
Baseline

After MitraClip

Pulmonary Vein After
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Eur Heart J Cardiovasc Imaging, Volume 21, Issue 10, October 2020, Pages 1059–1067, https://doi.org/10.1093/ehjci/jeaa062

Patient selection for TEER

https://doi.org/10.1093/ehjci/jeaa062


Recent surgical mitral repair; POD 3



LVOT Obstruction 

Trans-gastric view:  
gradient across the  LVOT 



Minimal Residual MR



Resolution of SAM  & LVOT Obstruction

After MitraClipBaseline



MV TEER following failed surgical repair

• International multicenter 
observational retrospective study

• 104 consecutive patients
• Median 5.3 yrs after surgical MV 

repair



Stone GW, Lindenfeld J, Abraham WT, 
Kar S, Lim DS, Mishell JM, Whisenant B, 
Grayburn PA, Rinaldi M, Kapadia SR, 
Rajagopal V, Sarembock IJ, Brieke A, 
Marx SO, Cohen DJ, Weissman NJ, Mack 
MJ; COAPT Investigators. Transcatheter 
Mitral-Valve Repair in Patients with 
Heart Failure., 
N Engl J Med. 2018 Dec 13;379(24): 
2307-2318

COAPT

https://www.ncbi.nlm.nih.gov/pubmed/30280640
https://www.ncbi.nlm.nih.gov/pubmed/30280640
https://www.ncbi.nlm.nih.gov/pubmed/30280640


MR correction may 
be beneficial

Transplant,
LVAD, Hospice

Spectrum of LV Dysfunction: 
Is it the Valve or the Ventricle?

Courtesy of 
Dr. Paul Grayburn

HelpfulFutile



• TEER success requires;
– Thoughtful patient selection

– An imaging and procedural protocol

– A rational approach to problem solving

• Simple to Complex primary MR can be treated;
– An array of device sizes now available

– Experience of the treatment team remains important

– Diastolic valve area is a key anatomic limitation

• Secondary MR should be treated; 
– Technical success is easier than clinical success

– Ventricular function will define futility

MV Transcatheter Edge-to-Edge Repair (TEER)
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Set up the shot



Ongoing improvements in 3D Imaging

“Classic” 3D view

Adjustable light source LVOT 3D viewLV view of MV



Interventional Echo 

1. Selection

✓ Patient

✓ Device type/size

2. Guidance

✓ Standard 

✓ Unique steps

3. Evaluation

✓ Device performance

✓ Cardiac performance



AV
AV

Mean gradient 1mmHg



After implantation of 2 MitraClips the residual MR is mild. 



2 MitraClips- One Jet

One MitraClip- Two Criss-Cross Jets One MitraClip- 5 Jets!

3 MitraClips- One Eccentric Jet

Quantifying MR after MitraClip
Not so easy…



Acute Hemodynamic Response

LVOT  VTI: 
9.12 cm

LVOT SV:
35ml

LVOT  VTI: 
14.8 cm

LVOT SV:
56 ml
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60 % increase of forward stroke volume



Ratio of S/D Velocity Time Integral

Hiroki Ikenaga et al. J Am Coll Cardiol Intv 2019;12:140–50



TEER outcome by Hemodynamic Profile

Zaid, Little, Goel et al. JACC Img (in press)



Hemodynamic response to TEER
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Mean Diastolic Pressure gradient
A function of total diastolic area & flow volume

Increase the flow 2X; 
pressure increases by 4X

Flow ∝ √Pressure

Mean Gradient 8mmHg Mean Gradient 5mmHg



• Among HF patients with severe SMR, higher 
MVGs on discharge did not adversely affect 
clinical outcomes following MitraClip. 

• In select patients with HF and SMR, the 
benefits of MR reduction may outweigh the 
effects of mild-to-moderate mitral stenosis 
after MV-TEER. 



The Integral Role of the IE in Heart 
Interventions

IE

Aortic
TAVR
ViV
PVL

Mitral
TEER

TMVR, ViV, 
ViR, ViMAC

PVL

Pulmonic
TTVR
ViV
ViR

Tricuspid
TEER

TTVR, ViV, 
ViR

Congenital
ASD, PFO, 

VSD, Septal 
Ablation

EP
LAAO 

Ablations

Courtesy of Dr. Enrique Garcia-Sayan



Welcome to the era of percutaneous, 
image-guided, electrosurgery for structural 

heart disorders! 



BASILICA

SESAMELAMPOON

BASILICA



BASILICA Procedure (pre-TAVI)

Protsyk et al.  JASE 2021



Guiding BASILICA

Protsyk et al.  JASE 2021



LAMPOON



73-year-old woman with severe MAC 

?



Digital Deformation Modeling



Neo LVOT area 
<170-190 mm2 
= increased risk 

for LVOTO

References:
1.Yoon S.H., Bleiziffer S., Latib A., et al. "Predictors of 
left ventricular outflow tract obstruction after 
transcatheter mitral valve replacement". J Am Coll 
Cardiol Intv 2019;12:182-193.  

2. Wang DD, Eng MH, Greenbaum AB, et 
al. Validating a prediction modeling tool for left 
ventricular outflow tract (LVOT) obstruction after 
transcatheter mitral valve replacement 
(TMVR). Catheter Cardiovasc Interv 2018;92:379–87 

Assessing the risk of LVOT obstruction

Predicted Neo LVOT area = 126mm2 



Base to tip Lampoon





The flying ‘V’ – anterior leaflet slice



THV deployed in MAC



THV balloon expansion

THV Deployed

Mean diastolic gradient 1 mmHg

Posterior PVL – mild?



Catheter-based SHD Intervention in 2024

Baseline TMVR

• Multimodality imaging (cath, CT, ultrasound)
• Digital deformation modeling 
• Real-time 3D TEE guidance

• Catheter-based electrosurgery
• Beating heart valve implantation



A little PVL - Risk for hemolysis?

1.  Mild PVL
2.  Left to Right Shunt



Disney Finish



Stephen King Finish



2 months later – increasing dyspnea



PVL repair → AVP II deployed



Plug deployed through THV frame



Large ASD: New Right →Left Shunt

LA

RA

LA



Worsening Hemodynamic Status

LA LA

1. PVL still bad
2. TR much worse
3. RV more dilated 

with terrible 
systolic function



Helical ASD Occluder Deployed

LA LA



SESAME



SESAME procedure involves 
advancing catheters 

retrograde across the aortic 
valve and applying 

radiofrequency energy to 
lacerate the myocardium and 

create a myotomy trough.

Open SESAME

Septal Scoring Along Mid-line Endocardium = SESAME



SESAME PROCEDURE



Guiding SESAME

Greenbaum et al. JACC. 2024



Open SESAME

2.6 % mortality
30% major complication



BASILICA

SESAMELAMPOON

The era of percutaneous, image-guided, 
electrosurgery for structural heart disorders! 



Job description

– Before; during; after intervention

Characteristics 

– Cautious, flexible, detailed, selective leader

Knowledge

– Know the patient; know the procedure; 

– know the alternatives

Commitment

– Establish a funding model

– Follow the patient outcome; know the team outcomes

The Heart Valve Team Imager
What does the team need from you?



The Concept of Level III-SHD

Hahn RT, Mahmood F, Kodali S, et al. JACC Cardiovasc Imaging. 2019 Dec;12(12):2560-2570.

• Distinguish level III-SHD from advanced echocardiography training

• Differences in knowledge and skills required

• Clinical practice may diverge from that of the more traditional echo lab director



https://doi.org/10.1016/j.echo.2021.07.006 JASE: VOLUME 35, ISSUE 1, P1-76, JANUARY 01, 2022

https://www.onlinejase.com/issue/S0894-7317(21)X0012-0


TEE Probe Manipulation & levels for imaging

https://doi.org/10.1016/j.echo.2021.07.006



Trans-Gastric Imaging

• Rotation
• x-plane evaluation



TEE screening for TEER

S

P

A

SP A

A



Patient Selection & Device Selection

TV - TEER

Romero, J. et al. Heart International. 2022;16(1):49–58

TTVR

OR

S
P

A



New Guidance from ASE

Little SH, Rigolin VH, Garcia-Sayan E, et al. J Am Soc Echocardiogr. 2023. 

Interventional Echo 
Training
• Institution requirements
• Defined training 

pathways (cardiology 
and CV anesthesiology)

• Competencies defined
• Knowledge based
• Performance based

• Training duration
• Procedure volumes



IE training pathways

Little SH, Rigolin VH, Garcia-Sayan E, et al. J Am Soc Echocardiogr. 2023. 



IE training requirements

Little SH, Rigolin VH, Garcia-Sayan E, et al. J Am Soc Echocardiogr. 2023. 



Guidelines coming soon…

ASE recommendations for the performance of 

Mitral Valve Transcatheter Edge-to-Edge Repair (MV-TEER)



Cath lab considerations

Radiation 
Safety

Imaging 
team

Ergonomic 
stress 



Photon Scatter: Simulation

Kataoka et al. JACC: Asia 2023



JACC: Asia 2023

1. During SHD procedures, the right waist and lower body of 
interventional echocardiographers were exposed to high 
radiation does.  

2. Interventional echocardiographers, especially young women, 
should be educated regarding radiation exposure.  

3. Advancement in radiation shield protection is needed.



Radiation Exposure to IE and Sonographers: 
A call to action 

Enrique Garcia-Sayan, MD, Nishath Quader, MD, et al. JASE (in press) 2024



• Recognize the mechanism and severity of valve 
dysfunction

• MV-TEER patient selection is key; TMVR- is challenging

• TV-TEER and TTVR is now being done commercially

• Evaluation of TR has improved, and imaging expectation 
have increased! (ASE Guidelines – 2021 & 2023)

• Percutaneous electrosurgery for SHD is a seismic advance

• New training guidelines define competency for IE

Interventional Echo is a CV subspeciality



Stephen H. Little, MD
shlittle@houstonmethodist.org

@slittlemd
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