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Introduction
The percutaneous treatment of heart valve disease 

is a subject of great interest in cardiology. Percutaneous 
aortic valve implantation, first performed in 2002 by Alan 
Cribier,1 paved the way for transcatheter treatment of the 
mitral valve.

The first valve-in-valve (VIV) procedures were performed to 
treat deteriorated bioprosthetic valves in the aortic position.2,3 
In 2009, the group led by Dr. John Webb published the first 
successful case of mitral VIV.4 Since then, mitral VIV has been 
performed in numerous centers worldwide.

Mitral valve disease has a significant prevalence worldwide,5 
particularly in Brazil. Its most frequent cause is rheumatic fever,6 
implying more severe valve diseases at a younger age that 
require early and repeated surgical procedures.7 Knowing that 
bioprosthetic valve replacement is associated with high morbidity 
and mortality, VIV plays an extremely important role in avoiding 
or at least delaying surgery while improving patient quality of life.5

Cardiovascular imaging multimodality is essential for 
transcatheter mitral valve interventions.8 Here we will 
describe the role of echocardiography and computed 
tomography (CT) angiography in the different stages of 
evaluating mitral VIV.

Preprocedural assessment
Mitral VIV is a complex procedure that should only be 

performed after a careful heart team assessment to obtain 
better results.

 The indication for mitral VIV depends on a series of data 
necessary to ensure its feasibility. Knowing the type and size 
of the implanted prosthesis is very useful for assessing the true 
internal diameter of the prosthesis and choosing the ideal 
endoprosthesis.9 In the absence of information about surgical 
prosthesis type, fluoroscopy can provide important data for 
analyses of bioprosthetic valves.10

Role of echocardiography
Complete transthoracic echocardiography (TTE) followed 

by preprocedural transesophageal echocardiography (TEE) is 
essential, and the analysis main points include:

• Identify bioprosthesis failure mechanism and its 
quantification, including dysfunction type, degree, and, if 
possible, quantification;

• Rule out factors that contraindicate mitral VIV (Table 1)11;
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• Asses anatomical factors that predict left ventricular outflow 
tract (LVOT) obstruction (Table 2);
• Describe the characteristics of the interatrial septum, including 
the fact that the presence of extensive calcification, surgical 
patchs, thrombus, aneurysm, and exuberant lipomatous 
infiltration may hinder or prevent transseptal puncture;
• Analyse the hemodynamic repercussion of prosthetic 
dysfunction by assessing biventricular function and estimating 
pulmonary hypertension in which pulmonary dysfunction 
and hypertension worsen the outcome after surgical and/or 
percutaneous mitral valve treatment.12,13

Role of CT angiography
CT angiography is extremely important for analyzing the 

residual LVOT area after percutaneous prosthesis implantation 

(Figure 1) and the internal diameter of the annulus (Figure 2), 
which determines the implanted prosthesis size.14,16

 The neo-LVOT area is calculated using an appropriate 
software that considers the LVOT measurement, the height of 
the percutaneous prosthesis, and the mitral-aortic angle, with 
the tolerated area to enable a VIV > 170 mm².16

As for the internal diameter of the prosthesis, the correct 
measurement is closely associated with the type of prosthesis 
implanted. In prostheses with internally sutured leaflets, the 
true diameter (true ID) of the annulus is 1 mm smaller than 
the measured value; prostheses with externally sutured leaflets 
have an internal diameter equal to that evaluated by CT 
angiography.10,14

Another relevant use of CT angiography is analyzing the 
coronary arteries, aorta, and lungs, adjuvant factors in the 
short- and long-term success of mitral VIV. 16

Intraprocedural assessment
Mitral VIV should be performed in a hybrid operating 

room with the patient under general anesthesia 
(Figure 3). TEE plays a fundamental role in all the steps 
of the procedure as follows:

Initial assessment
TEE must be used to confirm the findings described in the 

preprocedural “Role of Echocardiography” assessment and 
rule out contraindications (Table 1).

Transseptal puncture orientation
This is a critical moment. The ideal for an appropriate 

puncture is the posteroinferior region of the lamina of the 
fossa ovalis. The use of 3D-TEE resources such as multi-D 
or X-plane are extremely important, as they provide optimal 
spatial orientation to the interventional physician, avoiding 
accidentally perforation of the aorta or heart cavity (Figure 4).14

Figure 1 – Computed tomography image of estimated left ventricular outflow tract area with the implanted prosthesis chosen for the patient. 

RLVO, residual left ventricular outflow. Source: Internal archives from cardiac tomography and magnetic resonance of Dante Pazzanese Cardiology Institute.

RLVO

Table 1 – Mitral valve-in-valve contraindications.

Absolute contraindication Relative contraindication
Infectious endocarditis Narrow left ventricular outflow tract
Prosthesis dehiscence Paraprosthesis regurgitation
Extensive prosthesis thrombosis Thrombus in the atrial cavity
Atrial septum thrombus Major prosthesis-patient mismatch
Inferior vena cava interruption Surgical repair of previous atrial septum

Previous transseptal mitral valve repair
Source: Harloff et al.11

Table 2 – Anatomical factors predicting LVOT obstruction.

Echocardiography Computed tomography
Basal septal hypertrophy Estimated neo-outflow tract < 1.7 cm²
Small LV (<48 mm) Less obtuse mitral-aortic angle (<115°)
Reduced distance from the IV septum to the mitral annulus (unfavorable if <17.8 mm)

IV, interventricular; LV, left ventricle; LVOT, left ventricular outflow tract. 
Source: Pirelli et al.14 e Yoon et al.15
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Device position
The sequence of device positioning and release is detailed 

in Figure 5. The height of the percutaneous prosthesis implant 
is calculated by neo-LVOT on CT angiography.14,16 The 
largest area usually occurs with 20% of the prosthesis in the 
atrial position and 80% in the ventricular position14,16; and 
postprocedural assessment must be performed systematically 
to ensure the absence of complications and to confirm the 
proper functioning of the new prosthesis.16

• Mitral endoprosthesis assessments are performed using 
2D echocardiography (ECHO), 3D ECHO, and color 
flow mapping. The objective is to analyze whether the 
endoprosthesis is adequately expanded (circular shape, 
mobility, and adequate opening of leaflets) and identify 
the flow pattern (laminar or turbulent) in addition to the 
presence of central and/or paraprosthetic regurgitation and 

its quantification. The maximum and mean gradients of the 
endoprosthesis are recorded using continuous Doppler, 
while its area is defined using the continuity equation or 3D 
planimetry (figures 5 and 6 and video 1).
• LVOT assessment by color flow mapping and pulsed Doppler 
to detect high gradients. The technique of choice is deep 
transgastric view TEE at 0° or 5°, or even TTE (if flow alignment 
by TEE is inadequate). LVOT obstruction should be suspected 
in cases of hemodynamic deterioration immediately after 
endoprosthesis release and in the presence of turbulent outflow. 
These cases present an increase of ≥10 mmHg in mean LVOT 
gradient compared to the preprocedural assessment.17

• Ruling out the onset of pericardial effusion or changed left 
ventricular segmental contraction.
• Assessment of the atrial septum orifice status after puncture 
to determine its dimensions (orthogonal diameters and area, 

Figure 2 – Tomography. (A) Measurement of the prosthesis’ annulus. (B) Measurement of the prosthesis’ internal diameter. (C) Measurement of the prosthesis’ perimeter. 
(D) Measurement of the prosthesis’ area.

A

C

B

D

Figure 3 – hybrid operating room.

       Echo            Fluoroscopy      Hemodynamics

1st hemodynamics assessor     2nd hemodynamics assessor

Anesthetist

Source: Internal archives from cardiac tomography and magnetic resonance of Dante Pazzanese Cardiology Institute.

Source: Adapted from Harloff et al. Transseptal ViV-TMVR.11
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Video 1 – Endoprosthesis evaluation immediately after liberation.

Figure 5 – Intraprocedural device positioning. (A) Passage of the catheter through the atrial septum. (B) Progression of the guide wire to the mitral prosthesis, passing 
into the left ventricle. (C) A rigid wire is passed to support release of the endoprosthesis. (D) At this time, the septal puncture orifice is usually dilated (to allow passage 
of the device delivery equipment). (E) Device position is evaluated (as central as possible to the bioprosthetic valve). Some degree of eccentricity is normally corrected 
with balloon inflation, which tends to naturally reposition the device in the center of the dysfunctional prosthesis.

A B C

D E

Figure 4 – Proper transseptal puncture sequence. Orthogonal multi-D three-dimensional transesophageal echocardiography images of the interatrial septum, its anterior 
(1A) and posterior (1B) portions with the image of a “tent” formed by the puncture needle. (B) The distance from the aortic puncture site should be assessed at 45°. (C) 
The puncture site must be a maximum of 35 mm away from the mitral annulus plane (performed at 0°). (D) Atrial septal transfixation by the puncture needle.  

1A 2A B

C D
Source: Internal archive from Echocardiography division of  Dante Pazzanese  Institute of Cardiology.

Source: Internal archive from Echocardiography division of Dante Pazzanese Institute of Cardiology.

Source: Internal archive from Echocardiography division of Dante Pazzanese Institute of Cardiology.
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preferably by 3D ECHO) and the shunt direction through 
the orifice.
• Assessment of right ventricular function and tricuspid 
regurgitation and estimation of pulmonary artery systolic pressure.

Postprocedural assessment
Numbers of published cases and follow-up times 

remain small and limited. Simonato et al.18 compiled a 
range of relevant information through a multicenter VIV 
and valve-in-ring registry (surgical ring endoprosthesis) in 
90 different centers with 1,079 patients analyzed from 
2006 to 2020, which can help the proper determination 
of long-term follow-up.18 The results of this study are of 
great interest in the field of interventional cardiology and 
will be briefly summarized in this document. The long-term 
follow-up currently used at the Dante Pazzanese Cardiology 
Institute (Instituto Dante Pazzanese de Cardiologia - IDPC) 
is described in Table 3.

Key VIV registry findings: 18

• Prosthesis stenosis was the most frequent failure in procedure 
success, occurring in 8.2% of VIV cases.
• The mean gradient of the analyzed prostheses was 5.7 mmHg; 
61% of the patients had mean gradients above 5 mmHg, mainly 
when smaller devices were used or in patients with a larger 
body surface ares. Considering that the Mitral Valve Academic 
Research Consortium (mitral-VARC)16 definition of stenosis is a 
mean gradient above 5 mmHg.
• The implications of these findings relate to suboptimal 
hemodynamic performance in mitral VIV prostheses, with a 
higher frequency of prosthesis–patient mismatch reported in 
24.5% of cases and possible shorter durability.
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Table 3 – Suggested IDPC valve-in-valve follow-up.

Follow-up steps 
1. Register prosthesis type and size in the first follow-up report.
2. Pre-discharge: TTE with anatomical description, mean and maximum 
gradients, and effective orifice area.
3. Repeat follow-up at 3, 6, and 12 months with TTE and TEE.
4. What to evaluate on TTE: anatomy, maximum and mean gradients, and area 
by continuity equation.
5. What to evaluate on TEE: anatomy and presence of thrombi on the ventricular or 
atrial face of the valve, size and flow pattern in the ASD (normal being left to right).
6. Warning signs:
⇑ Man gradient > 5 mmHg
⇓ Effective orifice comparison
⇑ PASP
ASD shunt changed direction (right to left)

ASD, atrial septal defect; IDPC, Instituto Dante Pazzanese de Cardiologia; 
PASP, pulmonary artery systolic pressure; TEE, transesophageal echocar-
diography; TTE, transthoracic echocardiography. Source: Follow up protocol 
described for randomized  mitral VIV study on going SurVIV (NCT04402931). 

Figure 6 – Assessment after endoprosthesis release. (A) Three-dimensional echocardiogram (3D-ECHO) showing the endoprosthesis annulus inside the prosthetic 
annulus in diastole. (B) 3D-ECHO showing laminar flow delimiting the effective endoprosthesis orifice. (C) Left atrium-left ventricle gradient by continuous Doppler. (D) 
3D planimetry used to estimate the endoprosthesis area.

A B

C
D

Source: Internal archive from Echocardiography division of  Dante Pazzanese  Institute of Cardiology.
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