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56 year old with known CAD and S/P MI complicated by VSD, S/P CABG and VSD patch 
closure, presents with progressive shortness of breath
® On examination:

­ BP = 92/55 mmHg, pulse = 60 bpm
­ Lungs:  decreased breath sounds at the bases with bronchial breath sounds in mid lung field
­ Cardiac:  normal S1 with prominent S2.  3/6 high pitched “seagull” type early systolic murmur, loudest over the 

apex but radiating throughout the chest
­ Extremities:  2+ pitting edema at ankles bilaterally

® Medications:
­ Coreg, Lasix, Aldactone, Lisinopril, Lipitor

LVIDd = 6.5 cm
LVIDs = 5.5 cm

Ejection Fraction = 35%

LV Volume 
~215 cc

LBBB
QRS = 148 msec
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VSD Patch
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Tricuspid Regurgitation:  
Estimated PASP = 80 mmHg

MR Assessment

PISA:
1. EROA = 0.42 cm2

2. Regurgitant 
volume = 73 cc

MV VTI = 16.6 cm

MV  Annulus Area = 8.55 cm2

Quantitative Doppler
1. Regurgitant Volume = 85 cc
2. EROA = 0.49 cm2

3. Regurgitant Fraction = 60%

LVOT stroke volume = 56 cc
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Coaptation Length = 4 mm

Coaptation Depth = 7 mm

TEE Inclusion Criteria for MitraClip
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3D TEE

Two large commissural jets of MR
3D EROA = 50 mm2
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Courtesy of Paul Grayburn
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1. Increase medical therapy
2. Biventricular pacemaker
3. Proceed with Mitral Clip
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LVIDd = 5.5 cm
LVIDs = 4.0 cm

1. Moderate Mitral Regurgitation
2. Mild-moderate TR
3. PASP = 45 mmHg 
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Follow-up Study

4Ch 2Ch 3Ch
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Before:
PISA Radius = 
0.94 cm 
(aliasing velocity 
= 38.5 cm/s) 

After:
PISA Radius = 
0.48 cm 
(aliasing velocity = 
30.8 cm/s)
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Before

After
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Normand C et al. J Am Coll Cardiol HF 2018;6:308–16
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® 92 year-old female
® History of presenting illness

­ Worsening fatigue and exertional dyspnea in the 18 months prior to index 
admission

­ No episodes of acute decompensated right-sided heart failure
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® Hypertension, hyperlipidemia
® Type II diabetes mellitus (on oral hypoglycemics)
® Hypothyroidism 
® Persistent atrial fibrillation 

­ on Apixaban
® CABG 1992 (SVG-LAD, SVG-OM) 

­ Unstable angina with BMS to SVG of OM on 7/6/2017 
­ 30 days of dual antiplatelet therapy

® Chronic kidney disease (baseline  creatinine 1.6mg/dL)
® Severe TR, mild MR and moderate AS

® Marked JVD
® Hepatomegly
® Peripheral edema
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® Normal left ventricular size and systolic function

® Moderately increased right ventricular size with preserved 
systolic function

® Severe tricuspid incompetence
® Moderate aortic stenosis (AVA 1.4 cm2)
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Min/Max vena contracta = 1.0 x 2.0 cm

EROA by PISA = 0.63cm2
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Annular Diameter = 4.3 cm
RV dimension = 5.2 cm (base)

Peak TR velocity = 3.3 m/s
PASP = 50 mmHg
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LV Stroke volume = 64 cc

6

Biplane annular dimensions = 4.4 x 4.0 cm

Mid-Esophageal Views

Distal-Esophageal Views
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Largest coaptation gap = 8 mm
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IV  Diameter = 3.5  cm
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3D annular area = 15.38cm2

(dimensions = 4.45cm by 4.28cm)
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3D color Doppler EROA (averaged 
over 11 frames) = 0.91cm2

11



7

Zoghbi WA et al. J Am Soc Echocardiogr 2017; 30: 303-371. 

2D/CW/
PW Doppler

2D/3D 
Imaging

Color Flow/
CW Doppler

Color Flow/
PW Doppler
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Hahn RT. Circ Cardiovasc Imaging. 2016 Dec;9(12)

SCOUT 1 is the first 
tricuspid valve device 
trial to use Doppler 
quantitative 
measures of disease 
severity

13



8

® Mean VC = 1.5 cm
® EROA by PISA = 0.63cm2 and calculated regurgitation volume = 

70.4cc
® 2D Quantitation:  annular area = 13.8 cm2 calculated diastolic 

stroke volume = 156 cc,regurgitation volume = 106.8 cc, EROA = 
0.96 cm2

® 3D Quantitation: annular area = 15.38cm2 (dimensions = 4.45cm by 
4.28cm) calculated diastolic stroke volume = 173.8cc, regurgitation 
volume = 120.7cc, EROA =1.08cm2

® 3D color Doppler EROA (averaged over 11 frames) = 0.91cm2

calculated regurgitation volume = 101.6cc.
® 3D TV EOA = 7.50cm2
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Rebecca T. Hahn, and Jose L. Zamorano. “The Need for a New Tricuspid Regurgitation 
Grading Scheme.” European Heart Journal - Cardiovascular Imaging 2017

Severe Massive Torrential
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® 92F with severe symptomatic TR;  prohibitive risk 
for open surgical repair or replacement (age, 
previous sternotomy, and multiple co-
morbidities) with MASSIVE TR

® OPTIONS: 
­ Caval valve(s) 
­ Trialign, Cardioband
­ FORMA
­ MitraClip
­ Other?

? IVC too large

?annulus too large

?coaptation gap too broad

Not Available
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Assessment/Plan
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TTVR: First-in-Human
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Components Specifications
• Temperature Shape Memory NiTinol Tapered Stent 

(Inflow=30mm/Outflow=40mm)
• Height profile 21 mm, Truncated Cone configuration with a Diffuser effect.
• Annular Winglets for secure anchoring of annulus and tricuspid valve leaflet. 
• Chemically Preserved  Xenogeneic Pericardium. 

The larger
sized valves are 

ideal
for the dilated 

Tricuspid Valve.  
(TV 48 + 4mm Ø)
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® 92F with severe symptomatic tricuspid incompetence, at 
prohibitively high risk of surgical intervention because of age, 
previous sternotomy, and co-morbidities

• Sagittal view • Transverse view

20

Systolic phase:

44 x 54 mm

Diastolic phase

44 x 49 mm

Decision:  48 vs 52 mm valve
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Diastolic phase

43 x 45 mm

Plan for transcatheter tricuspid valve replacement with a 
48mm NaviGate tricuspid valve bioprosthesis
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® Right atrial approach via a lateral right-sided mini-thoracotomy at the 5th intercostal space 
under general anesthesia in a hybrid operating room

® 48mm Navigate transcatheter valve deployment under fluoroscopic and transesophageal 
guidance and rapid pacing

® Femoral venous access for right ventriculography
® Femoral arterial access for selective angiography of the right coronary artery during 

tricuspid valve advancement and deployment
® Temporary pacing achieved with Confida wire in left ventricle and pacing electrodes 

mounted on wire
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Pre-procedural selective angiography of the right 
coronary system
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Torrential tricuspid incompetence

Temporary pacing achieved with Confida wire in 
left ventricle and pacing electrodes mounted on 
wire

Simultaneous Echo and Fluoro
Guidance is KEY
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Positioning the Transatrial Puncture

Atrial Poke:  Distance 7.5 cm

Poor Position (non-coaxial)

Good Position (coaxial)

Positioning of stiff guidewire into right 
ventricle over a pigtail catheter, and 

through transatrial incision

Balloting the Atrium
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Advancement of the NaviGate tricuspid system into right ventricle 
over stiff wire, and through the right atrial incision 

Nosecone

3D Flexi-slice to image long-axis of device

Coaxial View 1

Coaxial View 2 Short-axis View
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Initial valve deployment with RCA injection

Coaxial View 2 Short-axis View

Retracting the capsule:   
Exposing Ventricular Tines

Coaxial View 1
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• Ventricular aspect fully exposed
• Atrial aspect restrained
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Atrial brim exposed
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• Trivial central and trivial 
paravalvular regurgitation

• Peak/mean transtricuspid gradient 
= 1.5 and 0.3 mmHg
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® Pledgeted purse-string 
suture in lateral right atrial 
wall closed

® Single right pleural Blake 
drain left in situ

® Extubated in the operating 
room

® Hemodynamically stable on 
milrinone infusion for RV 
support 

34

® Two nights in the intensive care unit, 2 nights on the general ward
® Milrinone ceased on day 2 post procedure
® Chest tube removed on day 2 post procedure

® Discharged home in excellent condition on day 5 post procedure
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Conformable Valve
No significant regurgitation
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