Chapiter 16

Q1 True statement concerning restricted leaflet motion (Type III): 
A)	Usually results in a jet directed toward the affected leaflet
B)	Is the most frequent mechanism of primary MR
C)	The jet is typically contralateral in direction to the pathologic leaflet
D)	Is due to annular dilatation

Answer: A 
The Carpentier classification categorizes MR mechanisms by leaflet motion during closure as Type I normal, Type II excessive or Type III restricted if a portion of the leaflet moves at, beyond or under the annulus plane (see Figure 16. 15). Restricted leaflet motion (Type III) usually results in a jet directed toward the affected leaflet (see Figure 16. 18). In ischemic cardiomyopathy, the restriction is often worse in the postero-medial MV portion (P3 leaflet). If both leaflets are equally affected, as in dilated cardiomyopathy, the jet can be central. Frequent causes of restricted leaflet motion are ischemia and dilated cardiomyopathy (See Figure 16. 19) and less often rheumatic valve disease. A combination of mechanisms can cause MR. For example, MR in dilated ischemic cardiomyopathy is often a mixed of Type I and Type III.

Q2 The normal coaptation length of a competent mitral valve is:
A)	10-12 mm
B)	8-10 mm
C)	5-7 mm
D)	> 10 mm

Answer: B
Systematic TEE examination assesses the quality and amount of coaptation, which is the apposition surface of the valve leaflets during systole. A competent valve has a coaptation length of 8-10mm. The mechanism leading to malcoaptation helps predict the origin and severity of regurgitant jets, which color flow imaging (CFI) can confirm by demonstrating consistent jet flow. Specifically, this requires a careful leaflet examination with particular attention to the leaflet motion in relation to the mitral annulus. 

Q3 In Carpentier classification, Type I mechanism of MR can be found in found in the following cases except:

A)	Annular dilatation
B)	Congenital cleft
C)	Leaflet perforation
D)	Restricted leaflet motion

Answer: D 
In Type I, leaflet motion is normal and MR is from annular dilatation as in chronic atrial fibrillation (AF), leaflet perforation, or a congenital cleft or perforation. The jet origin in the latter two conditions is often eccentric to the commissural line but the jet direction can also be central. Pure annular dilatation without leaflet restriction is rare but can occur in chronic AF with LA dilatation. This type of MR is named atrial functional MR and is different than ventricular functional MR. 

Q4 The correct statement concerning Carpentier classification, Type II mechanism of MR is:

A)	MV prolapse, flail, papillary muscle rupture
B)	Occurs when leaflet tissue extends ≥ 1 mm above the high axis of annular mitral plane
C)	The ensuing jet is in direction to the pathologic leaflet
D)	Is due to restrictive leaflet motion

Answer: A 
Excessive leaflet mobility (Type II) is the most frequent mechanism of primary MR. Prolapse is present when leaflet tissue extends ≥ 2 mm above the high axis of the mitral annular plane, as determined from a ME LAX view and not from a bi-commissural view. A flail leaflet has free leaflet motion above the annular plane with the exposition of its ventricular side to the LA (eversion). The ensuing jet is typically contralateral in direction to the pathologic leaflet (See Figure 16. 17). In chronic MR, degenerative disease is the usual culprit. Papillary muscle rupture represents an extreme case of flail, causing severe acute Type II MR


Q5 All the statements concerning Type III mechanism of MR are correct, except:

A)	The jet is directed toward the affected leaflet
B)	Is due to restricted leaflet motion
C)	Causes of Type III mechanism of MR are: ischemia, dilated cardiomyopathy and rheumatic valve disease 
D)	In ischemic cardiomyopathy, the restriction is often worse in the anterolateral MV portion (P1 leaflet)

Answer: D 
Restricted leaflet motion (Type III) usually results in a jet directed toward the affected leaflet (See Figure 16. 18). In ischemic cardiomyopathy, the restriction is often worse in the postero-medial MV portion (P3 leaflet). If both leaflets are equally affected, as in dilated cardiomyopathy, the jet can be central. Frequent causes of restricted leaflet motion are ischemia and dilated cardiomyopathy (See Figure 16. 19) and less often rheumatic valve disease. A combination of mechanisms can cause MR. For example, MR in dilated ischemic cardiomyopathy is often a mixed of Type I and Type III.



Q6 The true statement concerning EROA is:

[bookmark: _Hlk152487739]A)	The measured radius of the hemispheric shell of the aliased velocity; vr the aliased velocity at the radius r, and VMR max the maximal MR velocity across the orifice from CWD (in cm/s) 
B)	The measured radius of the hemispheric shell of the aliased velocity; vr the aliased velocity at the radius r, and VTIMR is the velocity-time integral (in cm) of the MR signal from CWD
C)	EROA calculation does not require an angle correction factor
D)	An EROA ≥ 0.30 cm2 (or 40 mm2) is consistent with severe MR

Answer: A
The PISA or Proximal Isovelocity Surface Area (Flow Convergence) method derives from conservation of mass and the hydrodynamic principle describing flow through a narrowed orifice. As red blood cells approach the smaller orifice, their velocity gradually increases and cells with similar velocity form concentric hemispheric shells with decreasing surface or diameter as the isovelocity increases. Equations (Eqs) 16.1-16.3 describe this principle (see Chapter 5). 
The EROA is the effective regurgitant orifice area (in cm2); r the measured radius of the hemispheric shell of the aliased velocity; vr the aliased velocity at the radius r, identified as the Nyquist limit (in cm/s); and VMR max the maximal MR velocity across the orifice from CWD (in cm/s) and VTIMR is the velocity-time integral (in cm) of the MR signal from CWD. The PISA must be multiplied by an “angle-correction factor” or “” (see Figure 5.31).
[bookmark: _Hlk128391833]Calculation of the ERO and the RVol requires four parameters. The measured radius, r, of the hemispheric shell of the aliased velocity is from high-resolution, zoomed MV views with color flow imaging (see Figure 16. 28), carefully positioned at the regurgitant jet center and aligned with the jet direction. There should be an uninterrupted visualization of the hemispheric shell with the VC. Failure to attain this position significantly underestimates the true hemispheric shell radius. Next, adjust the vr of the color scale to create a nice hemispheric shell. This occurs by shifting the baseline toward the direction of the regurgitant flow or, less frequently, by changing the Nyquist limit by lowering the color scale maximal velocity to between 25-40 cm/s. Qualitatively, PISA visible at a Nyquist limit of 50-60 cm/s should alert the existence of severe MR. The r measurement is from the hemispheric shell edge, where the color scale changes (from one edge of the spectrum to the other) to the shell base at the leaflet plane. Intermittently, turning off the color flow overlay on the freeze frame can show the latter. Radius measurement is critical, as any error introduced will magnify to its squared value. To complete the EROA RVol calculation requires measurements of the peak mitral regurgitant velocity (VMR) and the VTI of the regurgitant jet by CWD. A fast PISA can be obtained assuming a VMR of 5m/s and the use of a 40 cm/s aliasing velocity.




Q7 Most reliable technique to quantify MR severity with TEE is: 
A)	3D PISA
B)	3D VC
C)	2D PISA
D)	CFJ


Answer: B 
Conventional PISA will underestimate the EROA if the flow converges is a hemi-ellipse, such as in secondary MR. Computational fluid dynamics studies show that the PISA method underestimates MR depending on the ellipse ratio (8% in 3:1 ellipse, ≤ 35% in 10:1 ellipse). Precise description of the orifice and the flow convergence shape is sometimes difficult. An EROA ≥ 0.40 cm2 (or 40 mm2) is consistent with severe MR, while < 0.2 cm2 is mild MR (Table 16.2). The EROA is a more robust parameter compared with CJA and alters less by changing hemodynamic conditions. 
The assumption of hemispheric PISA or 3D Proximal Isovelocity Surface Area for ERO calculation is often not accurate with anisotropic flow convergence, such as in functional MR. Assumption of hemi-ellipsoid PISA from 2D TEE is possible and better correlates with computer-derived measures of true 3D TEE PISA, but still underestimates PISA and calculated EROA in functional MR (see Figure 16. 29) Although more precise, true measurement of 3D TEE PISA surface is not practical for real-life bedside assessment and decision-making.
Three-Dimensional Vena Contracta Area (3D VCA) planimetry is a reliable technique to quantify MR severity obtained readily with 3D TEE probes. TEE studies show superiority of 3D VCA over 2D PISA method in MR severity grading, especially in functional MR, where 2D PISA derived EROA underestimates MR severity by 27% compared with 3D VCA. There is a strong correlation between 3D VCA and computer-assisted 3D PISA derived EROA calculation (See Figure 16. 30). Despite validation of 3D VCA with gold-standard cardiac MRI for MR quantification, guidelines do not yet include 3D TEE criteria for grading of severity.
Planimetry of the 3D VCA uses MPR of an optimal 3D color flow imaging dataset of the MR jet (See Figure 16.1). The VCA can be traced along the core of the high velocity (brighter color) area, excluding peripheral lower velocities (darker colors). This technique is also valuable for evaluating multiple MR jets where the total VCA represents adding each individual jet’s VCA.



Q8 Pressure Half-Time measurement in MS can be affected by:
A)	Aortic stenosis
B)	Aortic regurgitation
C)	Degenerative calcific MS
D)	Prosthetic MVA

Answer: B 
The PHT or Pressure Half-Time is the time interval in milliseconds (ms) between the maximum diastolic transmitral pressure gradient and the time point where the pressure gradient has decreased to half its maximal initial value (See Figure 16. 38). The measurement involves tracing the deceleration slope of the E-wave (in mid-diastole instead of the early slope when the signal is bimodal) using the same CWD signal used to calculate diastolic pressure gradients. As the MV becomes more stenotic, it takes more time for the diastolic pressure between the LA and LV to equalize. 
Several hemodynamic factors affect the PHT (Table 16.5). LV diastolic pressure may increase abnormally with significant AR or LV hypertrophy. This decreases PHT, independent of the MV status, and underestimates mitral stenosis severity. Impaired diastolic function, particularly in the elderly, can make the use of PHT in degenerative calcific MS unreliable, requiring interpretation with caution and even avoidance. A concomitant eccentric AR jet may also complicate mitral stenosis assessment, causing a functional stenosis (the Austin–Flint phenomenon) when it prevents full diastolic excursion of the anterior mitral leaflet and maintains it in a relatively closed position (See Figure 16. 39).



Q9 The following statements concerning the quantitative TEE measurements of MS are true, except: 
A)	The mean gradient is more relevant than the peak gradient 
B)	3D planimetry gives the most accurate method of MVA measurement
C)	Assessment of MS severity uses the pulmonary pressures, mean pressure gradient, MVA as determined by planimetry, and the PHT
D)	The continuity equation and the proximal flow convergence method are the most useful methods to determinate the MVA

Answer: D
The diastolic maximal and mean pressure gradient across the MV is measured from the velocities of the mitral inflow using CWD according to the modified Bernoulli equation (See Figure 16. 37). The mean gradient is more relevant than the peak gradient and has its own prognostic value, particularly following balloon valvuloplasty. Direct planimetry of the MV orifice by TTE during mid-diastole is well valid for determining the anatomic MVA, but requires technical expertise.  Planimetry is the reference measurement of MVA. Although 2D biplane imaging from a TG two-chamber view can improve plane alignment, 3D planimetry using MPR can better locate the smallest valve orifice for more accurate results (See Figure 16. 37).
The continuity equation states that in the absence of valvular regurgitation and atrial or ventricular septal defect, the SV across the MV must equal that of other valves or sub-valvular regions such as LVOT, the AoV, or pulmonic valve at the same time and during hemodynamic stability (See Figure 16. 40). The MVA can be obtained by applying Eq. 16.11, here Qmitral equals Qaortic, provided there is no significant MR or AR. The continuity equation is prone to errors, as it needs multiple measurements. This method is not well validated and cannot calculate MVA with significant AR or MR. 
The basis proximal flow convergence method, or PISA, was described earlier for MR lesions. In MS, the surface surrounding the stenotic orifice is funnel-shaped rather than planar, and distorts the PISA, requiring an additional correction factor

Q10 Causes of mitral stenosis (MS) includes all of the following, except:
A)	Rheumatic heart disease
B)	Degenerative MS
C)	Carcinoid syndrome
D)	Vegetation
 
Answer: D
The commonest etiology of mitral stenosis (MS) worldwide remains rheumatic heart disease. In high-income countries, nonrheumatic calcific MS (also named degenerative MS) is frequent. It occurs more often in patients with advanced age, atherosclerosis, hypertension, diabetes mellitus, renal failure, obesity, and smoking. Other causes of nonrheumatic MS include congenital anomalies, systemic diseases (lupus, carcinoid syndrome), drug-induced, non-valvular lesions (mass, tumour, cor triatriatum), prosthetic valve dysfunction, and iatrogenic (prosthesis-patient-mismatch, undersized ring during MV repair). 

