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Case Studies:
Evaluating Post-TAVR PVL
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John S. Dunn Chair in Cardiovascular Research and 
Education, Associate professor, Weill Cornell Medicine
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Procedural Success?

X-Plane Imaging

PVL

VARC – 2 Definitions: PVL Quantification

J Thorac Cardiovasc Surg 2013;145:6-23

• Adapted from 
the guidelines 
for surgical AVR

• Does not 
consider the 
height of the 
PVR jet

• <10% mild PVR

• 10–20% 

moderate PVR

• >20% severe 

PVR
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PVR severity: 5 
Grades
• <5%, trace PVR (A); 
• 5% to 15%, mild 

PVR (B); 
• 15% to 25%, mild-

to-moderate PVR (C 
and D); 

• 15% to 25% but 
larger jet width, 
moderate PVR (E); 

• >30%, moderate-
to-severe PVR (F)

Assessment of Paravalvular Regurgitation Following 

TAVR: A Proposal of Unifying Grading Scheme
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Assessment of Paravalvular Regurgitation Following 

TAVR: A Proposal of Unifying Grading Scheme

J Am Coll Cardiol Img. 2015;8(3)

Doppler Echo 
• Color (VCA, 

circumferential 
extent, jet length)

• Pulse wave 
(Holodiastolic flow 
reversal, LVOT/RVOT 
SV)

• Beware the many 
limitations (shielding, 
Doppler angle)

Paravalvular Regurgitation Severity?

Mid-Esophagus Deep Trans-gastric

Severe PVL

Steep Pressure ½ Time
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Location of the PVR jets in 
different views

J Am Coll Cardiol Img. 2015;8(3)

Balloon Expansion
of the self-expanding valve
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Final Result        Trace PVL 

92 yr male; Post-TAVR 

Balloon Inflation for PVL?
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Post TAVR VSD

Membranous VSD

77 yr male, severe symptomatic AS.  History 

of CABG and liver dysfunction

LVEF 35%
AV peak velocity 3.8 m/s

AV mean gradient 35 mmHg
AVA 0.7cm2
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Intra-Procedural TTE

29mm Sapien 3 implantation
No acute complications

Transvalvular mean systolic gradient 6mmHg
Possible mild PVL

Persistent dyspnea after TAVR

TEE done 
prior to 
hospital 
discharge

Mild to 
moderate PVL 
reported
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Hazard Rate

Periprocedural Elevated 
Hazard

Constant Hazard

Delayed Recovery

Severity of PVR at 30 Days and 
All-cause Mortality at 2 Years (VI)

701 678 664 647 628 621 612 605 585

210 204 199 194 188 184 182 180 175

36 32 32 26 26 24 22 22 21

Number at risk:

None/Trace

Mild

Moderate/Sev

Overall Log-Rank p = 0.001

Mod/Sev (reference = None/Trace)

p (Log-Rank) < 0.001
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Valve-in-Valve procedure 

successfully treated PVL

After TAVR #2After TAVR #1

No change in 
symptoms.
Persistent restrictive 
diastolic filling indices

• 25 studies reported on predictors of post TAVR 
PVL

• Implant depth, valve under sizing, and calcium 
score were identified as important predictors

Athappan et. al.  JACC 2013
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Importance of Correct Valve Size

CT Data:
Aortic annulus:

84 mm perimeter

29 mm CoreValve:
29 mm inflow diameter

Perimeter = 29 x 3.14
91mm/84mm = 1.08

= 8% cover index

15-20% is ideal

The Dynamic Annulus 

4D multidetector CT 

image of the aortic 

annulus in a patient with 

severe aortic stenosis 

shows change in 

measurements during the 

cardiac cycle.

Masri A, Schoenhagen P, Svensson L, Kapadia S, Griffin B, Tuzcu M, Desai M. J Thorac

Cardiovasc Surg 2014;147:1847-54.  
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Valve

Technology

SAPIEN SAPIEN XT SAPIEN 3

Sheath 

Compatibility

Available 

Valve Sizes

23 mm 26 mm 20 mm 23 mm 26 mm 29 mm

SAPIEN Platforms in PARTNER
Device Evolution

22-24F 16-20F 14-16F

23 mm 26 mm 29 mm

3D Imaging Considerations

 Under sizing increases the risk of PVL.

 The “virtual” annulus is non-circular.

 Single linear measurements (whether directly 
measured or derived) are less accurate.

 Sizing algorithms for each valve have been 
defined.

 3D imaging techniques must be used to 
accurately measure the annulus.
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The Hostile Aorta- Turbulent Flight & Landing

John D, Buellesfeld L, Yuecel S, et al; JACC Intv 2010;3:23-43

Methods:  
• 100 pts with CoreValve TAVR
• MSCT to assess calcium load in valve and adjacent LVOT 
• Calcium levels correlated with PVL by angio and TTE (2 weeks 
later)

Para-Valvular Regurgitation after TAVR
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Landing Zone Concerns

RCC 

Immediately after Valve deployment

Fluoroscopy (Live Screen) Fluoroscopy (Workstation)
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Asymmetric Root Calcium

Sealing at Multiple Levels

12 mm 

Skirt

CoreValve System: sealing can occur along the 12mm sealing skirt—in the 

aortic root, annulus, and LVOT—including above and below calcification

Patient Example of 3D Sealing at Multiple Levels

Left-Non

Commissure

Non-Right 

Commissure

Right-Left

Commissure

Bright green = CoreValve in contact with tissue

Red = blood volume

White = calcification

CT Images Courtesy of Dr. 

Piazza and Prof. Lange, German 

Heart Center

Munich Germany
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Implantation Depth

 PVL is influenced significantly by implant depth. 

 A low CoreValve implantation associated with an OR 
of 3.67 for moderate or severe AR.  (Takagi et al.) 

• Sherif et al. optimal device 
depth 9.5mm (from the NCC)

• Jilaihawi et al. optimal device 
depth 5- to 10-mm

Valve positioning is based mainly on fluoroscopy 
with or without echo guidance. Choosing the 

correct fluoroscopic plane is critical. 

Guiding the Procedure
Confirm the Pig-Tail 

Catheter Location within 
the Non-Coronary Cusp (NCC)

LALA

NCCNCC

Aorta



17

24.2

16.9

14.2

11.4
9.0

4.0 3.4
1.4 0.6

0

5

10

15

20

25

30

%
 P

at
ie

n
ts

 w
it

h
 M

o
d

/S
ev

er
e 

P
V

L

SAPIEN 
XT

PARTNER

II, Inop1

SAPIEN
PARTNER 
II Inop1

CoreValve
ADVANCE2

CoreValve
Extreme 

Risk3

CoreValv
e High 
Risk4

Portico

CE 
Study5

SAPIEN 
36

Direct 
Flow 

DISCOVER
7

LOTUS              
REPRISE 

II & 
EXT8

N=236 N=225 N=639 N=412 N=356 N=75 N=116 N=74 N=177
1Leon M, ACC 2013, 2Linke A, PCR 2014. 3Popma J, JACC 2014; 63(19): 1972-81,  4Adams D, N Engl J Med 2014; 370: 1790-98.  5Manoharan, et al. TCT 2014. 6Webb J, EuroPCR
2014. 7Schofer, JACC 2013. 8Ian Meredith, London Valves 2014. Results from different studies not directly comparable. Information provided for educational purpose only

1 Month Moderate & Severe PVL 
TAVI Clinical Trials

Clinical Presentation

91 year old man with severe AS 

▪ TAVR 1 month prior

▪ Now with new onset DOE, NYHA 3

PMHx:

▪ CAD, Dyslipidemia, HTN, Atrial fibrillation, 
Pacemaker (prior to TAVR)

Medications: 

▪ Furosemide, simvastatin, digoxin, apixaban
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Clinical Presentation

Physical Exam:

▪ BP 154/64, HR 67, RR 18, T 96.7, O2 97% R/A

▪ No Jugular venous distension, ascites, or 
peripheral edema

▪ Decreased breath sounds to bases

▪ 2/4 diastolic murmur 

TTE PVL Severity?



19

Transthoracic Echocardiogram

TEE for PVL severity
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Even more TEE views for PVL

Transesophageal Echocardiogram
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Cardiac Magnetic Resonance

Cardiac Magnetic Resonance
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Cardiac Magnetic Resonance

Forward volume = 100 mL

Regurgitant volume = 50 mL

RF = Rvol (50 mL) / AOFF (100 mL) = 50%

DESCENDING AORTA:  HOLODIASTOLIC FLOW REVERSAL

Cardiac Magnetic Resonance
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Cardiac Magnetic Resonance Report

Clinical Decision Making

CMR Findings

▪ Low implant in LVOT

▪ Severe (RF 
50%)paravalvular AI with 
holodiastolic reversal

▪ Mild-moderate mitral 
regurgitation

Clinical Summary

▪ 91M NYHA III

▪ Post-TAVR (Core Valve) 
1 month ago
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Interventional Lab

Post redo TAVR

PREDICTIONS FOR 2020
Su

rg
ic

al
 R

is
k

Low Risk Intermediate Risk High Risk Extreme Risk

Both dividing lines moving to the left

All risk categories will be TAVR candidates
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 Underestimation of PAR with may be significant.

 Accurate annulus sizing is a key step to prevent PVR.

 3D imaging is superior to 2-D imaging techniques. 

 Innovations designed to improve sealing.

 Improvement in the range of available device sizes, 
accurate annular sizing, and precise positioning will help 
minimize AR after TAVR.

In Summary

Stephen H. Little MD
shlittle@houstonmethodist.org


