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 Imaging and assessment of the mitral valve provides ongoing challenges due to its complicated 
structure and physiology. For decades, echocardiologists have been seeking new methods to 
evaluate the mitral valve and quantitate valve dysfunction. From the era of M-mode through 
development of two-dimensional Doppler and now three-dimensional techniques, echocar-
diography has remained the imaging modality of choice. The fact that there are still so many 
measures employed to assess the mitral valve illustrates that it remains a complicated process, 
which is not well performed with any single parameter. 

 The purpose of this Atlas is to provide readers with a case-based overview of mitral valve 
structure and echocardiographic evaluation. The clinical scenarios illustrate how the various 
echocardiographic parameters provide incremental value in the accurate assessment of mitral 
valve dysfunction. Detailed, noninvasive assessment of the mitral valve remains integral for 
planning and performance of mitral valve surgery. Increasingly, echocardiographic assessment 
and real-time guidance are also required to facilitate percutaneous treatment options. We high-
light important imaging aspects of these cases, along with salient teaching points and further 
recommended reading. 

 We have aimed to make this contemporary style of Atlas interactive and useful for indi-
vidual learning as well as group teaching purposes, with the inclusion of numerous video fi les. 
Real-world examples of both common and rarer conditions are included to illustrate the breadth 
of mitral valve pathology and the challenges faced in acquiring optimal images. We hope that 
readers will enjoy exploring the mitral valve with us in this format.  

  Cleveland, OH, USA     Milind     Desai   
     Christine     Jellis    
    Teerapat     Yingchoncharoen    
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  Video 3.1  Transthoracic echocardiography (TTE), parasternal long-axis view showing a 
mass with round, smooth borders and a heterogeneous echo density located at 
the posterior mitral annulus 

  Video 3.2  TTE, apical four-chamber view showing a posterior mitral annulus mass 
  Video 3.3  TTE, apical two-chamber view showing a posterior mitral annulus mass 
  Video 3.4  Three-dimensional (3D) TTE, parasternal long-axis view again showing a mass 

with round, smooth borders and a heterogenous echo density located at the 
posterior mitral annulus 

  Video 3.5  TTE, apical four- chamber view showed bright echodensities along the mitral 
annular plane involving both anterior and posterior aspects of the annulus, as 
well as calcifi ed subvalvular apparatus 

  Video 3.6   TTE, apical four- chamber view with Doppler color fl ow imaging shows mild 
mitral regurgitation and turbulent fl ow across the mitral valve during diastole, 
consistent with mitral stenosis 

  Video 3.7   3D reconstruction of the mitral valve in short axis, demonstrating heavy leafl et 
and annular calcifi cation, which restricts leafl et opening 

  Video   3.8   Parasternal long-axis view with simultaneous color Doppler imaging. Both 
mitral leafl ets and mitral-aortic intervalvular fi brosa are thickened and calcifi ed 
with moderate (2+) central mitral regurgitation and aortic regurgtitation 

  Video 3.9   Biplane imaging of the mitral valve in parasternal and short-axis views ( right ), 
shows severe bileafl et thickening, with reduced leafl et excursion 

  Video 4.1   Transesophageal 3D reconstruction of the mitral valve demonstrating prolapse 
of the middle and lateral posterior leafl et scallops (P1 & P2) 

  Video 4.2   Transesophageal echo biplane (0° and 90°) view of the mitral valve demonstrat-
ing prolapse of P2 & P2 

  Video 4.3   The same views with color Doppler, demonstrating eccentric, anteriorly 
directed mitral regurgitation, which was classifi ed as 3–4 +  

  Video 4.4   Transesophageal 120° view confi rms fl ail involving the middle posterior leafl et 
scallop (P2) 

  Video 4.5   Transesophageal 120° view, zooming up on the fl ail middle posterior leafl et 
scallop (P2) 

  Video 4.6   Color Doppler (transesophageal 120° view) demonstrating severe, anteriorly 
directed MR. Note wide vena contracta; proximal isovelocity surface area 
(PISA) measurements likely underestimate severity of MR owing to jet 
eccentricity 

  Video 4.7   Three-dimensional (3D) reconstruction of the mitral valve demonstrating the 
fl ail middle posterior leafl et scallop (P2) 

  Video 4.8   Parasternal long-axis view in two-dimensional (2D) and color Doppler imaging 
demonstrating posterior leafl et prolapse with eccentric, anteriorly directed 
mitral regurgitation 

  Video 4.9   Apical long-axis view demonstrating that the anterior mitral valve regurgitation 
is severe 
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  Video 4.10   Parasternal long-axis imaging of the mitral valve demonstrates bileafl et mitral 
valve prolapse 

  Video 4.11   Comparison with color Doppler imaging reveals severe central and anteriorly 
directed mitral regurgitation 

  Video 4.12   Zooming in on imaging of the mitral valve in a parasternal long-axis view dem-
onstrates anterior mitral valve leafl et prolapse with a fl ail posterior leafl et 

  Video 4.13   Apical four-chamber 2D and color Doppler imaging demonstrates the posterior 
leafl et fl ail with severe, highly eccentric, anteriorly directed mitral 
regurgitation 

  Video 4.14   Transthoracic parasternal long-axis view demonstrating thickened and elon-
gated mitral valve leafl ets consistent with myxoid degeneration. There is bileaf-
let prolapse, with the bodies of the distended leafl et segments billowing beyond 
the plane of the annulus (posterior greater than anterior). The mitral annulus 
appears dilated. No calcifi cation is noted 

  Video 4.15   Apical two-chamber transthoracic view demonstrating prominent prolapse of 
the medial posterior leafl et (P3) with resultant anteriorly directed mitral 
regurgitation 

  Video 4.16   Transesophageal 0° view of the mitral valve, demonstrating severe bileafl et 
prolapse (A2 and P2). The billowing medial scallop of the posterior leafl et (P3) 
is intermittently visible 

  Video 4.17   Transesophageal 0° view of the mitral valve, demonstrating signifi cant turbu-
lence of transvalvular fl ow associated with the posterior leafl et. The jet of mitral 
regurgitation is not well appreciated because of its eccentric, anteriorly directed 
trajectory 

  Video 4.18   Transesophageal 30° view of the mitral valve rotated medially to demonstrate 
prolapse and fl ail of the P3 scallop with severe, anteriorly directed mitral regur-
gitation on color Doppler imaging 

  Video 4.19   Preoperative simultaneous 2D and color Doppler imaging of the mitral valve 
viewed at 0° by transesophageal echocardiography. Flail of the middle scallop 
of the anterior leafl et (A2) is seen, with a resultant highly eccentric jet of severe, 
posteriorly directed mitral regurgitation 

  Video 4.20   Postoperative simultaneous 2D and color Doppler imaging of the mitral valve 
viewed at 0° by transesophageal echocardiography. The mitral valvuloplasty is 
noted, with shortening and repair of the anterior leafl et. The mitral valve opens 
well and has no residual regurgitation 

  Video 4.21   Transesophageal 62° view demonstrating fl ail of the posterior mitral valve leaf-
let (P2/P3 region) 

  Video 4.22   Transesophageal 62° view demonstrating signifi cant associated mitral regurgi-
tation due to leafl et coaptation, although the severity and direction of the jet are 
not well appreciated on this view 

  Video 4.23   Transesophageal 87° view demonstrating that the fl ail segment primarily 
involves the region between the P2 and P3 scallops 

  Video 4.24   Transesophageal 129° view demonstrates a signifi cant jet of medially directed 
mitral regurgitation with a PISA radius of 0.94 cm, which gives an estimated 
regurgitant orifi ce area of 0.44 cm 2  

  Video 4.25   This 3D zoom view of the mitral valve from the left atrium demonstrates the 
fl ail posterior leafl et in the region between the P2 and P3 scallops 

  Video 5.1   Transesophageal echocardiography (TEE) showed thickened mitral valve with 
restricted opening 

  Video 5.2   Color fl ow imaging showed diastolic fl ow acceleration across the mitral valve 
during diastole 

  Video 5.3   Three-dimensional imaging of the ventricular side of the mitral valve showed 
limited opening of the valve 
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  Video 5.4   X-plane imaging showing orthogonal imaging of the interatrial septum at the punc-
ture site at the time of the percutaneous balloon mitral commissurotomy (PBMC) 

  Video 5.5   The Inoue balloon infl ated at the mitral valve 
  Video 5.6   Post PBMC. Improved mitral valve opening 
  Video 5.7   Post PBMC. Mitral valve area is increased 
  Video 5.8   Post PBMC. Mild mitral regurgitation 
  Video 5.9   Transthoracic echocardiography (TTE), parasternal long-axis, showed severe 

mitral calcifi cation with restricted opening. The aortic valve was also calcifi ed, 
with restricted excursion, and the right ventricle is enlarged 

  Video 5.10   TTE, parasternal with color Doppler fl ow imaging, showed mitral regurgitation 
  Video 5.11   TTE (four-chamber view) demonstrating severe calcifi cation of the mitral valve 

resulting in severe pulmonary hypertension (estimated right ventricular systolic 
pressure of 91 mmHg) and severe right ventricular dilatation with resultant 
failure of tricuspid valve leafl et coaptation. Severe atrial enlargement and a 
pericardial effusion are noted 

  Video 5.12   Color Doppler imaging across the tricuspid valve confi rms the presence of 
associated severe tricuspid regurgitation 

  Video 5.13   TTE (fi ve-chamber view) showing calcifi ed and thickened aortic valve with 
restricted opening 

  Video 5.14   TTE (fi ve-chamber view) with color Doppler fl ow showing mild aortic 
insuffi ciency 

  Video 5.15   TEE (four-chamber view) confi rms severely calcifi ed mitral valve with malco-
apted tricuspid valve 

  Video 5.16   TEE (four-chamber view) with color Doppler fl ow imaging confi rms moderate 
mitral regurgitation and enlarged right-sided cardiac chambers 

  Video 5.17   TTE (parasternal long-axis view) showed a thickened mitral valve with diastolic 
doming and restricted opening, fi ndings consistent with rheumatic mitral valve 
disease 

  Video 5.18   TTE (parasternal long-axis view) with color Doppler imaging showed severe 
mitral regurgitation 

  Video 5.19   TTE (four-chamber view) showed dilated left atrium with severe mitral valve 
thickening with restricted opening and closure 

  Video 5.20   TTE (four-chamber view) zoomed at mitral valve and left atrium showed severe 
mitral regurgitation 

  Video 5.21   TEE (four-chamber view) showed malcoapted mitral valve due to severe 
restriction of the leafl ets 

  Video 5.22   TEE (long-axis view) again showed malcoapted mitral valve due to severe 
restriction of the leafl ets 

  Video 6.1   Transesophageal echo (TEE) biplane view at 125° and 11°, demonstrating 
excessive motion and fl ail of the A2 segment of the anterior mitral valve leafl et 

  Video 6.2   TEE biplane view at 125° and 11°, demonstrating severe posterolaterally 
directed mitral regurgitation 

  Video 6.3   Tenting of the interatrial septum to confi rm the position prior to septostomy 
  Video 6.4   The guide catheter is then advanced across the interatrial septum to gain access 

to the left atrium 
  Video 6.5   The device is positioned in the left atrium to ensure appropriate medial-lateral 

and anterior-posterior alignment with the mitral valve 
  Video 6.6   The device can be seen approaching the valve, using 3D imaging 
  Video 6.7   3D imaging can be used to visualize the MitraClip crossing the mitral valve 
  Video 6.8   When both clip arms are adequately aligned, the clip is positioned perpendicu-

lar to the line of leafl et coaptation. Both leafl et tips must be fully inserted on 
both sides of the device between the grippers and clip arms to ensure stability 
of attachment 
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  Video 6.9   After deployment on an initial MitraClip across the medial aspects of A2 and 
P2, there is good leafl et opposition with moderate (2+) residual MR 

  Video 6.10   3D zoom imaging is used to visualize the MitraClip from the left atrium. The 
clip is well positioned, with good attachment to both leafl ets, and creates a 
double- orifi ce valve appearance 

  Video 6.11   The same double-orifi ce view can be appreciated in 3D from the left ventricular 
aspect of the mitral valve 

  Video 6.12   If there is residual MR, a second MitraClip is often deployed to improve leafl et 
coaptation. Care must be taken not to disrupt the fi rst clip and to ensure that the 
valve orifi ce does not become stenotic. There is also increased risk of snaring 
the second clip in the subvalvular apparatus, as the chordae are now more cen-
trally positioned after deployment of the fi rst clip. In this example, deployment 
of a second clip is seen immediately adjacent to the fi rst clip on the lateral 
aspect of the A2 and P2 scallops (biplane view) 

  Video 6.13   An excellent fi nal result is achieved, with only trivial MR seen on this bicom-
missural view with simultaneous gray-scale and color Doppler images 

  Video 6.14   Trivial MR is confi rmed on a long-axis view with simultaneous gray-scale and 
color Doppler images 

  Video 6.15   The adjacent MitraClips create a double orifi ce mitral valve, which can be visual-
ized in 3D from both the left ventricular ( left image ) and left atrial ( right image ) 
aspects 

  Video 6.16   An expected trivial to mild residual left-to-right interatrial shunt was noted at 
the septostomy site on color Doppler imaging 

  Video 6.17   TEE 120° view shows the mitral valve with two MitraClips deployed side-by-
side on the central and medial aspects of the valve, with good leafl et 
coaptation 

  Video 6.18   TEE 120° view demonstrates mild (1+) residual central MR 
  Video 6.19   Biplane view of the mitral valve in long-axis (125°) and off-axis (17°) four- 

chamber views, again showing the MitraClips 
  Video 6.20   Biplane view of the mitral valve in long-axis (125°) and off-axis 4 chamber 

views (17°) with the MitraClips in situ and mild (1+) residual MR 
  Video 6.21   3D zoom view of the mitral valve from the left atrial perspective. The Mitraclips 

can be seen side-by-side, apposing the anterior and posterior leafl ets 
  Video 6.22   Use of Philips 3DQ reconstruction software demonstrates a multiplanar view of 

the mitral valve with the MitraClips in situ 
  Video 6.23   Color Doppler imaging in a long-axis (120°) view confi rmed severe (4+), poste-

riorly directed mitral regurgitation due to anterior leafl et prolapse and partial fl ail 
  Video 6.24   3D imaging of the mitral valve from the left atrium confi rmed predominant 

involvement of the A1/A2 scallops 
  Video 6.25   Atrial septostomy was performed 
  Video 6.26   The device is aligned with the mitral valve using the steerable guide catheter, 

which bends at 90° in the left atrium after traversing the interatrial septum 
  Video 6.27   The device is aligned perpendicular to the valve leafl ets. The long-axis (120°) 

view is helpful to visualize both device arms and both mitral valve leafl ets 
simultaneously 

  Video 6.28   Once the MitraClip is adequately positioned with optimal leafl et insertion 
between the grippers and arms, the clip is deployed 

  Video 6.29   This transgastric TEE view shows a lateral view of the MitraClip with the clip 
arms perpendicular to the line of leafl et coaptation 

  Video 6.30   Using 3D imaging of the mitral valve from a left atrial view, the clip can be seen 
apposing the lateral aspects of the leafl ets (A1/P1 scallops) 

  Video 6.31   To ensure optimal leafl et coaptation, a second MitraClip was deployed more 
medially. Residual 1+ MR was noted on color Doppler imaging with TEE 
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  Video 6.32   Long-term follow-up with transthoracic echocardiography (TTE) demonstrates a 
good result, with only trivial residual MR noted on an apical four-chamber view 

  Video 6.33   Color Doppler imaging in a parasternal long-axis view by TTE shows negligi-
ble regurgitation 

  Video 6.34   TEE view of the mitral valve at 112°, demonstrating anterior leafl et prolapse 
(A2 scallop) 

  Video 6.35   Color Doppler imaging demonstrates resultant moderately severe (3+) MR due 
to failure of leafl et coaptation 

  Video 6.36   Baseline 3D image of the mitral valve viewed from the left atrium 
  Video 6.37   3D image showing the guide catheter in the left atrium approaching the mitral 

valve. The position and trajectory are adjusted to optimize perpendicular align-
ment of the MitraClip with the valve leafl ets 

  Video 6.38   A TEE two dimensional (2D) long-axis view of the mitral valve demonstrates 
that the MitraClip is well positioned, with stable attachment to both leafl ets, 
and is ready for deployment 

  Video 6.39   ( a ) After MitraClip deployment, 3D imaging shows the guide catheter retracted 
into the left atrium 

  Video 6.39   ( b ) The MitraClip can be seen apposing the valve leafl ets centrally across the 
A2 and P2 scallops to create a double-orifi ce mitral valve 

  Video 6.41   2D TEE image at 90° of the St. Jude bileafl et mitral valve replacement 
  Video 6.42   Color Doppler imaging demonstrates a severe, eccentric, paravalvular leak at 

the anterolateral aspect of the prosthetic valve annulus 
  Video 6.43   3D imaging of the left atrial aspect of the mitral valve prosthesis. The  arrow  

points to a region of dehiscence from which the paravalvular leak originates 
  Video 6.44   Color 3D imaging demonstrates color fl ow through the region of dehiscence, 

representative of the paravalvular leak 
  Video 6.45   A 3D view of the mitral valve from the anterolateral aspect demonstrates the 

region of dehiscence 
  Video 6.46   3D image of the bileafl et mitral valve prosthesis with the occluder device in 

situ, adjacent to the anterolateral aspect of the valve 
  Video 6.47   Biplane color Doppler TEE image at 130 and 11°, showing a bileafl et prosthetic 

mitral valve with moderate (2–3+) anterolateral paravalvular leak 
  Video 6.48   Color 3D reconstruction image of the paravalvular jet of mitral regurgitation 
  Video 6.49   3D image of the mitral valve from a left atrial view, showing a guide catheter 

through the anterolateral region of valve dehiscence (2 o’clock position) 
  Video 6.50   3D reconstruction of the mitral valve from the left atrial view. The paravalvular 

leak was successfully closed using 10-mm and 12-mm Amplatzer Vascular 
Plug II devices at the 2 o’clock and 3 o’clock positions 

  Video 6.51   Biplane color Doppler TEE image at 125 and 14° after deployment of the 
occluder in the anterolateral region of valve dehiscence. The Amplatzer 
occluder devices can be seen adjacent to the valve replacement, with only a 
trivial residual paravalvular leak 

  Video 6.52   TEE image at 61° demonstrating a normally functioning bileafl et St. Jude pros-
thetic mitral valve 

  Video 6.53   TEE image at 61° demonstrating the mild to moderate paravalvular leak 
  Video 6.54   Valve dehiscence is not evident on 3D reconstruction (Philips 3DQ) of the 

mitral valve replacement from a left atrial view, owing to the small size of the 
orifi ce of the leak 

  Video 6.55   Magnifi ed view of the 3D mitral valve reconstruction from Figure 6.64 
  Video 6.56   Transesophageal 91° view demonstrating a trivial residual paravalvular leak 

after deployment of the occluder device 
  Video 6.57   3D zoom view of the mitral valve, showing the 12-mm Amplatzer Vascular 

Plug II device deployed inferoposteriorly 

List of Videos



xviii

  Video 6.58   TTE parasternal long-axis view with simultaneous 2D and color Doppler imag-
ing demonstrating the occluder device in situ adjacent to the posterior aspect of 
the valve ring. No signifi cant residual mitral regurgitation is visible 

  Video 6.59   Transthoracic parasternal short-axis view just apical to the true mitral valve 
annulus with simultaneous 2D and color Doppler imaging. The ventricular 
aspect of the occluder device can be seen inferoposteriorly 

  Video 6.60   Transesophageal 0° view demonstrating the Carpentier-Edwards prosthetic mitral 
valve in situ, with calcifi cation and immobility of the posteromedial leafl et 

  Video 6.61   3D zoom of the bioprosthetic mitral valve from the left atrium, demonstrating 
thickening and immobility of the posteromedial prosthetic leafl et 

  Video 6.62   3D imaging of the guidewire across the mitral valve 
  Video 6.63   3D imaging of the mitral valve prosthesis being fed along the guide wire into 

position 
  Video 6.64   3D imaging during balloon infl ation and deployment of the new 26-mm 

Edwards Sapien bioprosthetic valve prosthesis 
  Video 6.65   3D imaging after deployment of the fully expanded and normally functioning 

mitral valve prosthesis; the guidewire is still in situ 
  Video 6.66   3D imaging after removal of the guidewire demonstrates unrestricted opening 

of the new transcutaneous “valve in valve” mitral valve replacement 
  Video 6.67   Transesophageal 2D biplane view (0° and 90°) demonstrating the new transcu-

taneous mitral valve replacement opening normally 
  Video 6.68   Transesophageal biplane view (0° and 90°) with color Doppler imaging demon-

strating mild residual valvular mitral regurgitation and a trace anterior paraval-
vular leak 

  Video 6.69   Transesophageal four-chamber (0°) view demonstrating moderate to severe thick-
ening of both leafl et tips and restriction of leafl et mobility (posterior > anterior) 

  Video 6.70   Transesophageal view of the mitral valve at 60°, demonstrating moderate 
bileafl et thickening with restriction of posterior leafl et movement (P1) but rela-
tive preservation of anterior leafl et excursion (A1 and A2 scallops) 

  Video 6.71   Transesophageal view of the mitral valve at 60° with color Doppler imaging, 
demonstrating turbulent diastolic forward fl ow associated with the stenosis but 
minimal regurgitation 

  Video 6.72   Transesophageal imaging of the mitral valve at 108° during balloon 
valvuloplasty 

  Video 6.73   Transesophageal four-chamber (−5°) view of the mitral valve after balloon val-
vuloplasty demonstrates improved anterior leafl et excursion 

  Video 6.74   After valvuloplasty, a transesophageal view of the mitral valve at 20° with color 
Doppler imaging demonstrates reduced turbulence of the diastolic forward fl ow 
and only trivial to mild regurgitation 

  Video 6.75   Apical long-axis image with color Doppler imaging demonstrates a severely 
dilated left ventricle with extensive regional wall motion abnormalities consis-
tent with multivessel coronary artery disease. An aneurysmal basal inferior wall 
is noted. There is severe (3–4+) central mitral regurgitation secondary to apical 
tethering and leafl et restriction 

  Video 6.76   Apical long-axis 2 chamber (B) image with color Doppler imaging demonstrate 
a severely dilated left ventricle with extensive regional wall motion abnormali-
ties consistent with multivessel coronary artery disease. An aneurysmal basal 
inferior wall is noted. There is severe (3–4+) central mitral regurgitation sec-
ondary to apical tethering and leafl et restriction 

  Video 6.77   Apical long-axis 3 chamber image with color Doppler imaging demonstrate a 
severely dilated left ventricle with extensive regional wall motion abnormalities 
consistent with multivessel coronary artery disease. There is severe (3–4+) cen-
tral mitral regurgitation secondary to apical tethering and leafl et restriction 
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  Video 6.78   After 6 months of cardiac resynchronization therapy, a marked decrease in left 
ventricular size, improvement in left ventricular function, and reduction in 
mitral regurgitation severity to mild to moderate (1–2+) were observed 

  Video 7.1   Apical four-chamber transthoracic echocardiography (TTE) showing large veg-
etation attached to the posterior leafl et of the mitral valve 

  Video 7.2   Color Doppler imaging of Figure 7.1 demonstrated severe mitral regurgita-
tion with an eccentric, anteriorly directed jet 

  Video 7.3   Three-dimensional TTE showing vegetation at the posterior mitral leafl et 
  Video 7.4   Four-chamber transesophageal echocardiography (TEE) showing fl ail of the P2 

segment of the posterior mitral leafl et 
  Video 7.5   Zoom view of mitral valve showing large vegetation at the posterior mitral 

leafl et 
  Video 7.6   Apical four-chamber TEE showing a large vegetation attached to the anterior 

and posterior leafl et of the mitral valve 
  Video 7.7   Apical four-chamber TEE with color Doppler fl ow imaging showing severe 

mitral regurgitation 
  Video 7.8   Long-axis TEE demonstrated posterior mitral leafl et vegetation and mitral-aor-

tic intervalvular fi brosa abscess and aneurysm 
  Video 7.9   Long-axis TEE with color Doppler fl ow imaging showing mild aortic insuffi -

ciency and perforation of the anterior mitral leafl et. During diastole, a mild 
aortic insuffi ciency (AI) jet was seen, which was eccentric and anteriorly 
directed. During systole, there was mitral regurgitation caused by leafl et perfo-
ration from a “kissing lesion” 

  Video 7.10   Three-dimensional (3D) TEE of the mitral valve (LA view) showing multiple 
vegetations 

  Video 7.11   Coronary angiogram showing total occlusion of the distal left anterior descend-
ing artery. Given the angiographic features of acute cut-off appearance and the 
history of multiple vegetations, the fi nding is most likely consistent with coro-
nary embolism from IE 

  Video 7.12   TEE (short-axis view) demonstrating the aortic homograft with a paravalvular 
root abscess. Specifi cally, there is circumferential paravalvular issue thicken-
ing, with a more organized echolucent space adjacent to the interatrial septum 

  Video 7.13   TEE (3-chamber, long-axis view) showing perforation of the base of the ante-
rior mitral valve leafl et 

  Video 7.14   TEE (3 chamber, long-axis view) with color Doppler imaging showing severe 
mitral regurgitation through the perforation in the base of the anterior mitral 
valve leafl et 

  Video 7.15   TEE (4-chamber view) showing perforation of the base of the anterior mitral 
valve leafl et 

  Video 7.16   TEE (4-chamber view) with color Doppler imaging showing severe mitral regur-
gitation through the perforation in the base of the anterior mitral valve leafl et 

  Video 7.17   TEE three-dimensional reconstruction of the mitral valve (surgical view from 
the left atrium) demonstrating well-circumscribed perforation in the basal 
aspect of the middle scallop of the anterior mitral valve leafl et (A2) 

  Video 7.18   TEE image (four-chamber view) showing multiple mobile echodensities attached 
to both leafl ets of the mitral valve, consistent with multiple vegetations 

  Video 7.19   TEE images (long-axis view) again showing multiple mobile echodensities 
seen at both leafl ets of the mitral valve, consistent with multiple vegetations 

  Video 7.20   3D-TEE images of the surgical view of the mitral valve showing multiple 
vegetations 

  Video 7.21   TEE images (four-chamber view) showing LV to RA shunts (just above the 
septal leafl et of the tricuspid valve) during systole, features consistent with a 
Gerbode defect 
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  Video 7.22   TTE, parasternal view, showing expansile submitral echolucent space consis-
tent with ventricular pseudoaneurysm 

  Video 7.23   TTE, apical four-chamber view, showing rocking motion of the prosthetic 
mitral valve consistent with prosthetic dehiscence. There is an expansile echo-
lucent space consistent with ventricular pseudoaneurysm 

  Video 7.24   TTE, apical two-chamber view, showing rocking motion of the prosthetic mitral 
valve consistent with prosthetic dehiscence. There is an expansile echolucent 
space consistent with ventricular pseudoaneurysm 

  Video 7.25   TTE, subcostal view, showing mitral prosthetic dehiscence and ventricular 
pseudoaneurysm 

  Video 7.26   TEE, four-chamber view, showing mobile echodensity at the cardiac crux, 
extending over the mitral and tricuspid annulus, as well as a central, echolucent 
area consistent with cardiac crux abscess 

  Video 7.27   TEE, two-chamber view, showing extensive vegetation obstructing mitral 
infl ow 

  Video 7.28   TEE, short-axis view at the aortic valve level, showing communicating fl ow 
between the proximal aorta and the right ventricle, with systolic and diastolic 
fl ow consistent with an aortic-ventricular fi stula 

  Video 7.29   TEE, short-axis view at the aortic valve level, showing prosthetic aortic valve 
dehiscence along the posterior aspect. There are vegetations involving the aor-
tic valve and the tricuspid valve 

  Video 8.1   Two-dimensional transthoracic echo in the parasternal view demonstrating 
severely hypertrophied basal interventricular septum with systolic anterior 
motion (SAM) of the mitral valve. The patient has a characteristic “reverse 
septal curvature” pattern, which is frequently seen in patients with a genetically 
transmitted mode of disease 

  Video 8.2   Two-dimensional transthoracic echo with color Doppler in the parasternal view 
demonstrating severe turbulence of blood fl ow across the LVOT, due to a com-
bination of SAM of the anterior mitral leafl et and severely hypertrophied basal 
interventricular septum. Notice the characteristic SAM-related posteriorly 
directed jet of mitral regurgitation (MR) in the left atrium 

  Video 8.3   Four-chamber balanced steady-state free precession (b-SSFP) cine cardiac 
magnetic resonance (CMR) image of the same patient confi rming severe basal 
septal hypertrophy, LVOT obstruction, and posteriorly directed jet of 
MR. Again, notice the characteristic reverse septal curvature pattern. 

  Video 8.4   Two-dimensional transthoracic echocardiogram in the parasternal view demon-
strating a severely hypertrophied focal segment of the basal interventricular 
septum with systolic anterior motion (SAM) of the mitral valve. The patient has 
a characteristic “sigmoid” pattern, which is frequently seen in elderly patients 
with long- standing history of uncontrolled hypertension 

  Video 8.5   Two-dimensional transthoracic echocardiogram in the apical 5-chamber view 
again demonstrating the characteristic sigmoid-shaped interventricular septum 
with systolic anterior motion (SAM) of the mitral valve 

  Video 8.6   Two-dimensional transthoracic echocardiogram in the apical 3-chamber view 
demonstrating a long anterior mitral leafl et with obstructive SAM. Notice that 
the basal interventricular septum is normal in thickness 

  Video 8.7   Two-dimensional transthoracic echocardiogram with color Doppler in the same 
apical 3-chamber view demonstrating severe turbulence of blood fl ow across 
the LVOT and characteristic severe posteriorly-directed jet of MR. However, 
there is no evidence of basal septal hypertrophy 

  Video 8.8   Two-dimensional transthoracic echocardiogram in the apical 2-chamber view 
demonstrating a long posterior mitral leafl et with SAM. Notice that the basal 
interventricular septum is normal in thickness 
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  Video 8.9   Two-dimensional transthoracic echocardiogram in the same apical 2-chamber 
view demonstrating severe SAM with septal contact, following inhalation of 
amyl nitrite 

  Video 8.10   Two-dimensional transthoracic echo with color Doppler in the parasternal 
long- axis view, demonstrating fl ow turbulence across LVOT suggestive of sig-
nifi cant LVOT obstruction. Additionally, there is an anteriorly directed jet of 
MR, which is atypical for being SAM-related. In HOCM patients, presence of 
an anteriorly directed jet of MR should always raise a suspicion of intrinsic 
mitral valve (especially posterior leafl et) pathology 

  Video 8.11   Two-dimensional transthoracic echocardiogram in the apical 3-chamber view 
demonstrating a very hypertrophied anterolateral papillary muscle. Notice that 
the mitral leafl et lengths are normal and the basal interventricular septum is 
normal in thickness 

  Video 8.12   Two-dimensional transthoracic echocardiogram in the apical 3-chamber view 
in the same patient following inhalation of amyl nitrite. Notice severe SAM 
with septal contact 

  Video 8.13   Two-dimensional transthoracic echocardiogram in the apical 3-chamber view 
at peak upright bicycle exercise in the same patient, demonstrating severe SAM 
with septal contact 

  Video 8.14   Two-dimensional transesophageal images (mid-esophageal view) in the same 
patient after administration of intravenous Isoprenaline, demonstrating severe 
SAM with septal contact 

  Video 8.15   Two-dimensional Color Doppler transesophageal images (mid-esophageal 
view) in the same patient after administration of intravenous Isoprenaline dem-
onstrating severe posteriorly directed SAM-related MR and turbulence across 
the LVOT suggestive of LVOT obstruction 

  Video 8.16   Four-chamber b-SSFP cine CMR image of the same patient confi rming a very 
hypertrophied anterolateral papillary muscle and absence of basal septal 
hypertrophy 

  Video 8.17   Two-dimensional transthoracic echocardiogram in the apical 3-chamber view 
obtained following surgical correction of LVOT obstruction (papillary muscle 
reorientation). Notice the bright suture material in the mid portion of the LV 
cavity. Also there is no LVOT obstruction 

  Video 8.18   Two-dimensional transthoracic echocardiogram in the apical 3-chamber view 
demonstrating a bifi d and hypermobile anterolateral papillary muscle. Notice 
that the mitral leafl et lengths are normal and the basal interventricular septum 
is normal in thickness 

  Video 8.19   Two-dimensional transthoracic echocardiogram in the apical 3-chamber view 
at peak treadmill exercise, demonstrating severe SAM 

  Video 8.20   Three-chamber b-SSFP cine CMR image of the same patient confi rming a bifi d 
and hypermobile anterolateral papillary muscle and absence of basal septal 
hypertrophy 

  Video 9.1   Transthoracic echocardiography (TTE), parasternal long-axis view, showing 
dilatation of the coronary sinus in the setting of persistent left superior vena 
cava and mitral regurgitation 

  Video 9.2   TTE, parasternal short-axis view, showing atrial septal defect with left-to-right shunt 
  Video 9.3   Three-dimensional (3D) TTE short-axis view at the aortic valve level showing 

the bicuspid aortic valve. The aortic valve orifi ce appears to have a “fi sh-mouth” 
appearance 

  Video 9.4   TTE X-plane imaging showing two orthogonal views showing an anterior 
mitral valve cleft 

  Video 9.5   TTE parasternal short-axis view of the mitral valve with color Doppler imaging 
showing anterior mitral valve cleft with corresponding mitral regurgitation 
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  Video 9.6   TTE four-chamber view showing dilated right-sided cardiac chambers with a 
ventricular upper septal aneurysm 

  Video 9.7   TTE four-chamber view with color Doppler imaging showed atrial septal defect 
with left-to-right shunt at the level close to the cardiac crux, consistent with 
primum atrial septal defect. Also seen are mitral and tricuspid regurgitation 

  Video 9.8   Transesophageal echocardiography (TEE) four-chamber view showed primum 
atrial septal defect 

  Video 9.9   TEE short axis view at aortic valve level showed bicuspid aortic valve 
  Video 9.10   3D TEE of mitral valve (surgical view) showed anterior mitral valve cleft 
  Video 9.11   TTE parasternal long-axis view showed an elongated anterior mitral leafl et 

with parachute mitral valve with a unifocal attachment of the mitral valve chor-
dae to a single papillary muscle 

  Video 9.12   TTE parasternal long-axis view with color Doppler imaging showed turbulent 
fl ow across the mitral valve during diastole 

  Video 9.13   TTE apical four-chamber view showed mitral valve opening during diastole. 
The valve opening was restricted because of abnormal chordal attachment, giv-
ing the appearance of the parachute mitral valve 

  Video 9.14   TTE apical four-chamber view with color Doppler fl ow showed diastolic fl ow 
acceleration across the mitral valve, consistent with mitral stenosis, as well as 
mild mitral regurgitation 

  Video 9.15   TTE parasternal long-axis view showing a thin membrane separating the left 
atrium into two chambers. The proximal or superior chamber drains the pulmo-
nary venous blood, and the distal inferior chamber (or true atrium) is in contact 
with the atrioventricular valve 

  Video 9.16   TTE apical four-chamber view showing a thin membrane separating the left 
atrium into two chambers, a fi nding consistent with cor triatriatum sinister 

  Video 9.17   TTE apical two-chamber view showed that the left atrial appendage and the 
foramen ovale are distal to the cor triatriatum membrane. This feature is impor-
tant in differentiating cor triatriatum from a supramitral valve ring, which tends 
to attach to the base of the mitral valve, past the left atrial appendage and the 
foramen ovale 

  Video 9.18   TTE subcostal view zoomed at the interatrial septum, demonstrating atrial sep-
tal defect with left-to-right shunt 

  Video 9.19   TTE apical four-chamber view with color Doppler fl ow imaging showed non-
turbulent fl ow across the cor triatriatum membrane. This fi nding was confi rmed 
by pulsed-wave Doppler and cardiac cathetherization showing a nonobstructive 
cor triatriatum membrane 

  Video 9.20   TEE short-axis view zoomed at the interatrial septum confi rmed the presence of 
the cor triatriatum membrane. The color Doppler fl ow imaging showed nontur-
bulent fl ow across the membrane 

  Video 10.1   Transesophageal echocardiography (TEE) four-chamber view showed ruptured 
chordae tendineae of the posterior leafl et. The ruptured chordae are seen as a freely 
moving structure from the left ventricle to the left atrium during the cardiac cycle 

  Video 10.2   A TEE zoom view of the mitral valve demonstrating fl ail of the posterior mitral 
leafl et with ruptured chordae 

  Video 10.3   TEE zoom view of the mitral valve with color fl ow Doppler imaging demon-
strating anteriorly directed mitral regurgitation jet 

  Video 10.4   TEE at 60° showed ruptured chordae with papillary muscle head moving freely 
into the left atrium 

  Video 10.5   TEE at 120° showed ruptured chordae with papillary muscle head moving 
freely into the left atrium 

  Video 10.6   TEE at 120° with color fl ow Doppler imaging demonstrating anteriorly directed 
mitral regurgitation jet 
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  Video 10.7   Three-dimensional (3D) reconstruction imaging of the mitral valve (surgical view) 
showing fl ail P3 segment of the mitral valve with ruptured papillary muscle 

  Video 10.8   Transthoracic echocardiography (TTE) apical long-axis view showed antero-
septal wall hypokinesia. The zona coapta of the mitral valve was apically 
displaced 

  Video 10.9   TTE apical long-axis view with color Doppler fl ow imaging showed a posteri-
orly directed mitral regurgitation jet 

  Video 10.10   TTE apical four-chamber view showed anterolateral and apical hypokinesia. 
The posterior mitral leafl et has restricted motion throughout the cardiac cycle 

  Video 10.11   TTE apical four-chamber view with color Doppler fl ow imaging showed poste-
riorly directed mitral regurgitation 

  Video 10.12   TTE apical four-chamber view, zoomed at LV and RV, showed severely 
impaired left ventricular systolic function with regional wall motion abnormali-
ties in the left anterior descending coronary artery territory. An echo dropout is 
seen at the distal septum 

  Video 10.13   TTE apical four-chamber view with color Doppler fl ow imaging, zoomed at LV 
and RV, showed left-to-right shunt during systole at the distal septum and sig-
nifi cant mitral regurgitation 

  Video 10.14   TTE apical four-chamber view showed apical displacement of the mitral valve 
zona coapta 

  Video 10.15   TTE apical four-chamber view with color Doppler fl ow imaging showed sig-
nifi cant mitral regurgitation 

  Video 11.1   A 3D image of a normally functioning, trileafl et, Biocor bioprosthetic mitral 
valve replacement viewed from the left atrium. High image resolution enables 
the leafl ets, annulus, and even sutures to be clearly demonstrated. The 3D 
image is conventionally orientated with the aortic valve at the 12 o’clock 
position, thereby allowing consistency of image description and better ease of 
interpretation 

  Video 11.2   A parasternal long-axis view demonstrates the repaired mitral valve, with the 
aortic valve replacement in situ 

  Video 11.3   Slight angulation of the probe demonstrates a parasternal long-axis view of the 
mitral valve at the position of the Alfi eri stitch. This appearance may be mis-
taken for mitral stenosis. The annuloplasty ring in short axis can be best appre-
ciated at the posterior aspect of the annulus 

  Video 11.4   A parasternal short-axis view at the left ventricular base demonstrates the 
double- orifi ce mitral valve with the Alfi eri stitch joining the middle aspects of 
both mitral valve leafl ets and improving overall leafl et coaptation 

  Video 11.5   The mitral valve is viewed from an apical four-chamber view. The Alfi eri stitch 
can be seen joining the leafl et tips centrally. The annuloplasty ring is appreci-
ated laterally. The posterior leafl et appears small and somewhat restricted, con-
sistent with the known repair and plication of the middle posterior scallop 

  Video 11.6   Transesophageal echocardiogram (TEE) at 0°, demonstrating severe thickening 
and tethering of both mitral valve leafl ets (predominantly involving the leafl et 
tips). This appearance is typical for rheumatic heart disease 

  Video 11.7   TEE at 0° demonstrating moderate (2–3+) regurgitation at baseline. A septos-
tomy has been performed in preparation for the valvuloplasty, and the catheter 
can be seen traversing the interatrial septum 

  Video 11.8   A 3D image of the mitral valve viewed from the left atrium. The leafl ets are 
thickened, with commissural fusion and a resultant reduced valve area 

  Video 11.9   Balloon infl ation within the mitral valve at the time of valvuloplasty 
  Video 11.10   After valvuloplasty, biplane color Doppler imaging through the mitral valve 

demonstrates no signifi cant increase in severity of mitral regurgitation from 
baseline 
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  Video 11.11   A 3D image of the mitral valve (viewed from the left atrium) after valvuloplasty 
shows that leafl et mobility has improved, with a reduction in commissural 
fusion and an increased valve area 

  Video 11.12   TEE at 50° demonstrates an eccentric paravalvular leak originating at the 
anterolateral aspect of the mitral annulus 

  Video 11.13   With 3D reconstruction of the mitral valve, orientated with the aortic valve at 
the top of the image, the small paravalvular defect can be seen adjacent to the 
valve annulus at the 6 o’clock position 

  Video 11.14   Color 3D imaging clearly demonstrates the small paravalvular leak 
  Video 11.15   TEE at 60° demonstrating the mechanical mitral valve with normally function-

ing leafl ets. A small paravalvular region of defect can be seen adjacent to the 
lateral aspect of the valve 

  Video 11.16   The same 60° TEE view demonstrates a small jet of fl ow through the paraval-
vular defect on color Doppler imaging 

  Video 11.17   Rotating the TEE probe to 90° demonstrates the paravalvular leak adjacent to the 
lateral aspect of the valve, perpendicular to the orifi ce of the left atrial appendage 

  Video 11.18   3D imaging of the mechanical mitral valve demonstrates a normally function-
ing, well-seated bileafl et prosthesis 

  Video 11.19   Transesophageal long-axis view demonstrating a normally functioning bio-
prosthetic mitral valve replacement 

  Video 11.20   Transesophageal long-axis view with a moderate (2+) paravalvular leak anteri-
orly on color Doppler imaging 

  Video 11.21   3D left atrial view of the mitral valve, atypically orientated with the aortic valve 
at 3 o’clock and the anterior paravalvular defect at the 9 o’clock position 

  Video 11.22   3D left ventricular view of the mitral valve, with the anterior paravalvular 
defect now visible at the 3 o’clock position 

  Video 11.23   TEE imaging of the bioprosthetic mitral valve replacement at 38°, demonstrat-
ing the large pseudoaneurysm adjacent to the valve annulus and left atrium 
laterally 

  Video 11.24   The addition of color Doppler imaging demonstrates regurgitant fl ow directly 
from the left ventricle into the pseudoaneurysm via a communication located 
just below the level of the valve annulus laterally 

  Video 11.25   Transesophageal biplane view of the bioprosthetic mitral valve replacement at 
0 and 90°, demonstrating the large lateral pseudoaneurysm, which expands dur-
ing systole, when there is retrograde fl ow into the cavity 

  Video 11.26   3D reconstruction of the mitral valve viewed from the left atrium. The large 
pseudoaneurysm can be seen adjacent to the lateral aspect of the valve and left 
atrium 

  Video 11.27   TEE imaging of the bileafl et mechanical mitral valve prosthesis at 58°. The 
valve appears well seated, with normal leafl et opening. A large left atrial 
appendage can be seen laterally to the right of the image. Between the append-
age and the valve is a small cavity demonstrating expansion during systole. 
This dynamic appearance is suggestive of a pseudoaneurysm 

  Video 11.28   Color Doppler imaging, in the same 58° TEE plane, demonstrates three sepa-
rate jets of systole fl ow. There is a moderate (2+) valvular regurgitant jet, a 
moderate (2+) paravalvular jet originating laterally with fl ow directed into the 
left atrial appendage, and a small amount of systolic fl ow going directly from 
the left ventricle into the pseudoaneurysm 

  Video 11.29   A 3D reconstruction of the mitral valve prosthesis from the left atrial aspect. 
The valve appears well seated, with normal motion of both leafl ets. The large 
left atrial appendage can be seen adjacent to the valve laterally to the left of the 
image. Between the appendage and the valve ring is a small slit-like annular 
defect (9 o’clock position), which represents the cause of the paravalvular leak 
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  Video 11.30   Parasternal long-axis view on transthoracic echocardiography (TTE), demon-
strating dehiscence of the mitral annuloplasty ring, which can be seen partially 
hanging below the native valve within the left atrium 

  Video 11.31   The same parasternal long-axis view with color Doppler imaging shows a 
severe paravalvular regurgitant jet 

  Video 11.32   An apical four-chamber transthoracic view also shows the partially dehisced 
annuloplasty ring hanging below the native valve annulus in the left atrium 

  Video 11.33   Color Doppler imaging of the same four-chamber view confi rms a severe para-
valvular jet laterally 

  Video 11.34   Biplane imaging of the mitral valve at 40° and 130° on TEE also demonstrates 
a moderate central jet of valvular regurgitation 

  Video 11.35   3D transesophageal imaging of the mitral valve demonstrates severe dehis-
cence of the annuloplasty ring, involving nearly 50 % of its circumference 

  Video 11.36   3D transesophageal imaging with color Doppler demonstrates the severe para-
valvular regurgitation associated with the annuloplasty ring dehiscence 

  Video 11.37   Transesophageal view (at 91°) of the repaired mitral valve with an annuloplasty 
ring in situ, taken immediately after the original valve surgery. There is good 
leafl et coaptation without restriction of leafl et movement   

Video 11.38   Another transesophageal view (at 139°) taken immediately after the original 
valve surgery, showing good leafl et coaptation without restriction of leafl et 
movement   

Video 11.39   Color Doppler imaging at the same transesophageal 139° view immediately 
after the original valve repair confi rms that there was no residual 
regurgitation   

Video 11.40   A TEE image (0°) obtained 2 years later showed that the mitral annulus was 
severely thickened circumferentially, with laminated echogenic material 
extending from the annulus onto both leafl et bodies. This thickening restricted 
leafl et opening and resulted in a small, stenotic valve orifi ce   

Video 11.41   TEE view at 60°, also obtained 2 years later, showing thickening of the mitral 
annulus   

Video 11.42   TEE view at 90°, also obtained 2 years later, showing thickening of the mitral 
annulus   

Video 11.43   TEE view at 120°, also obtained 2 years later, showing thickening of the mitral 
annulus   

Video 11.44   3D imaging of the mitral valve demonstrated a signifi cant reduction in valve 
orifi ce area related to the smooth, laminated echogenic material overlying the 
annuloplasty ring and extending onto the leafl et bases. Severe associated valve 
leafl et thickening was also evident   

Video 11.45   Normal TEE (119° long-axis view) of the fi rst bioprosthetic valve immediately 
after replacement   

Video 11.46   Standard TEE (0° view) demonstrating extensive multiple mobile echodensities 
attached to the left atrial aspect of the valve leafl ets and annulus   

Video 11.47   Standard TEE (61° view) demonstrating extensive multiple mobile echodensi-
ties attached to the left atrial aspect of the valve leafl ets and annulus   

Video 11.48   Standard TEE (94° view) demonstrating extensive multiple mobile echodensi-
ties attached to the left atrial aspect of the valve leafl ets and annulus.   

Video 11.49   Biplane 0/90° view demonstrating orthogonal views of the mitral valve pros-
thesis with multiple mobile echodensities attached   

Video 11.50   3D reconstruction of the mitral valve prosthesis with multiple mobile echoden-
sities attached to the valve annulus and leafl ets   

Video 11.51   Repeat TEE after the redo bioprosthetic mitral valve replacement also demon-
strated small, mobile echodensities adherent to the left atrial aspect of the pros-
thetic valve annulus   
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Video 11.52   Repeat TEE after the redo bioprosthetic mitral valve replacement also demon-
strated small, mobile echodensities adherent to the left atrial aspect of the pros-
thetic valve annulus   

Video 11.53   3D reconstruction of the mitral valve immediately after initial implantation, 
demonstrating a normal, functioning valve   

Video 11.54   Two days after surgery, while the patient was on arteriovenous extracorporeal 
membrane oxygenation support, TEE (0° view) demonstrated severe biventricular 
dysfunction and severe mitral valve dysfunction. Both leafl ets demonstrated very 
poor mobility and were severely restricted by overlying thrombus, which extended 
into the left atrium. Swirling sludge could be seen throughout the left atrium. The 
left atrial appendage had been ligated at the time of the original surgery   

Video 11.55   TEE (138° view) performed at the same time as Video 11.54 also demon-
strated severe biventricular dysfunction and severe mitral valve dysfunction. 
Both leafl ets demonstrated very poor mobility and were severely restricted by 
overlying thrombus, which extended into the left atrium. Swirling sludge could 
be seen throughout the left atrium   

Video 11.56   Color Doppler imaging demonstrated only a small jet of turbulent forwards 
fl ow across the severely stenotic mitral valve   

Video 11.57   3D reconstruction of the mitral valve showed a severely stenotic valve with 
only a slit-like valve orifi ce remaining   

Video 11.58   After the thrombectomy, leafl et mobility improved, but a degree of restricted 
leafl et excursion persisted because of residual thrombus on the valve leafl ets 
and annulus. Biventricular function remained severely impaired. Video 11.59. 
Zoomed view of Video 11.58   

Video 11.60   ( a ) TEE (0° view) showing that the lateral prosthetic valve leafl et is relatively 
fi xed because of overlying thrombus, which also extends onto the annulus   

Video 11.60   ( b ) Zoomed view of Video 11.60a   
Video 11.61   Color Doppler imaging demonstrated signifi cant turbulence in the fl ow across 

the valve, suggestive of valvular stenosis. Trivial regurgitation was noted   
Video 11.62   3D imaging of the trileafl et, bioprosthetic mitral valve prosthesis viewed from 

the left atrium. Signifi cant restriction of lateral leafl et is noted, with relatively 
preserved excursion of the other two leafl ets.   

Video 12.1   Parasternal long-axis end-systolic image at rest, demonstrating posterior mitral 
valve leafl et prolapse.   

Video 12.2   Parasternal long-axis end-systolic image at peak exercise. Note the decreased 
left ventricular cavity size.   

Video 12.3   Parasternal short-axis end-systolic image at rest.   
Video 12.4   Parasternal short-axis end-systolic image at peak exercise. Note the decreased 

left ventricular cavity size.   
Video 12.5   Apical two-chamber end-systolic image at rest.   
Video 12.6   Apical two-chamber end- systolic image at peak exercise. Note the decreased 

left ventricular cavity size.   
Video 12.7   Apical four-chamber view with color Doppler demonstrating moderate (2+) 

mitral regurgitation at baseline (heart rate 62 bpm).   
Video 12.8   Parasternal stress echocardiographic images before exercise ( left images ) and 

after exercise ( right images ). The images at the top show the long-axis view and 
the bottom images show the short-axis view at the level of the mid left ventricle. 
The left ventricular cavity increases with exercise stress, consistent with 
impaired contractile reserve.   

Video 12.9   Apical four-chamber ( top ) and two-chamber ( bottom ) stress echocardiographic 
images before exercise ( left images ) and after exercise ( right images ). The left 
ventricular cavity size increases with exercise stress, consistent with impaired 
contractile reserve.   
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Video 12.10   Apical four-chamber view with color Doppler demonstrating severe (4+) mitral 
regurgitation in the early recovery phase even though the heart rate had nearly 
returned to the baseline of 68 bpm.   

Video 12.11   Parasternal long-axis view at rest, with color Doppler imaging demonstrating a 
repaired mitral valve with an annuloplasty ring and trivial valvular mitral 
regurgitation.   

Video 12.12   ( a ) Parasternal long-axis view before exercise   
Video 12.12   ( b ) The same view after exercise, demonstrating a decrease in left ventricular 

size with stress, indicative of preserved contractile reserve. No regional wall 
motion abnormalities are seen that would suggest underlying myocardial isch-
emia, although this exercise was at a submaximal predicted heart rate   

Video 12.13   ( a ) Apical four-chamber view before exercise   
Video 12.13   ( b ) The same view after exercise, demonstrating a decrease in left ventricular 

size with stress, indicative of preserved contractile reserve. No regional wall 
motion abnormalities are seen that suggest underlying myocardial ischemia, 
although this exercise was at a submaximal predicted heart rate   

Video 12.14   ( a ) Color Doppler imaging of the tricuspid valve at rest demonstrates mild to 
moderate (1–2+) tricuspid regurgitation   

Video 12.14   ( b ) This regurgitation increases to moderately severe (3+) after exercise stress   
Video 13.1   Transthoracic echocardiography (TTE) parasternal long-axis view showed a 

3.7 × 3.6-cm, highly mobile echodensity with frond-like projections in the left 
ventricle, attached to the posterior mitral valve leafl et and subvalvular 
apparatus.   

Video 13.2   TTE apical four-chamber view showed the mass ( arrows ) of the mitral valve.   
Video 13.3   TTE parasternal long- axis view showed a thin-walled, well-circumscribed 

mass with an echolucent core in the posteroinferior wall area.   
Video 13.4   TTE parasternal long-axis view zoomed at the mass ( arrow ) confi rmed the 

same fi ndings.   
Video 13.5   TTE short- axis view zoomed at the mass attached to the anterolateral papillary 

muscle.   
Video 13.6   TTE apical four-chamber view confi rmed the thin-walled, well-circumscribed 

mass with an echolucent core attached to the anterolateral papillary muscle, 
fi ndings consistent with a blood cyst.   

Video 13.7   A TTE apical four-chamber view with color Doppler fl ow imaging showed 
typical systolic mitral regurgitation but also a short regurgitation jet from the 
left ventricle to the left atrium during diastole, consistent with diastolic mitral 
regurgitation.   

Video 13.8   A TTE apical four- chamber view with color Doppler fl ow imaging showed 
typical systolic tricuspid regurgitation but also a short regurgitation jet from the 
right ventricle to the right atrium during diastole, consistent with diastolic tri-
cuspid regurgitation. 

List of Videos
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         The mitral valve was the fi rst valve to be evaluated echocardio-
graphically and has remained a priority of evolving echocardio-
graphic techniques. Besides the multiple primary diseases of 
the mitral valve, it can also be impacted secondarily by other 
remote cardiac diseases. The mitral valve is the left-sided atrio-
ventricular valve and separates the left atrium from the left 

 ventricle. Embryologically, it forms from the endocardial cush-
ions between the 5 and 8 weeks of development and is bicus-
pid, consisting of anterior and posterior leafl ets (Fig.  1.1 ). 
These valve leafl ets are attached to the ventricular walls by thin, 
fi brous chords, the chordae tendineae, which insert into small 
papillary muscles that are sculpted from the ventricular wall.  
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  Fig. 1.1    Endocardial cushion embryological development of the atrioventricular valves occurs between gestational weeks 5 and 8 [Figures a–c]       
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 The mitral valve apparatus is a complicated structure con-
sisting of the leafl ets, the annulus, the chordae tendineae, and 
the papillary muscles. Pathology of any of these aspects can 
result in mitral valve dysfunction. Chordae attach along the 
entire leafl et coaptation line and insert into the papillary mus-
cle heads (Fig.  1.2 ). The primary or “marginal” chordae insert 
on the free margin of the valve leafl ets. Rupture of these chor-
dae always causes valve insuffi ciency, which is often severe. 
The secondary chordae (“strut chordae”) insert on the rugged 
ventricular surface of the leafl ets. The secondary chordae 
may promote contraction of the ventricular longitudinal 
fi bers, supporting the ventricular contraction. The tertiary 
chordae originate directly from the ventricular wall and insert 
only in the basal part of the posterior leafl et. The function of 
these chordae is unknown; they seem to reduce leafl et mobil-
ity by anchoring the leafl et to the ventricular wall.  

 The papillary muscles, which are the muscular part of the 
mitral apparatus, originate from the distal one third of the 
ventricular wall. There are two dominant papillary muscles, 
anterolateral and posteromedial. These provide chordae to a 
portion of each leafl et. The posteromedial papillary muscle 
is perfused only from the right coronary artery, so it is more 
susceptible to ischemic insult than the anterolateral papillary 
muscle, which has a dual blood supply. 

 The mitral annulus is part of the fi brous skeleton of the 
heart. It is a complex, saddle-shaped, nonplanar geometric 
structure with greater commissure-commissural diameter 
(long axis) and smaller septolateral diameter (short axis) 
(Fig.  1.3 ). The leafl ets do not normally protrude above the 
annular plane. Three-dimensional (3D) echocardiography 
has revolutionized visualization and appreciation of the 
mitral valve annulus (Fig.  1.4 ).   

  Fig. 1.2    Mitral subvalvular apparatus including chordal attachments       

  Fig. 1.3    Saddle-shaped structure of the mitral valve       

  Fig. 1.4    Three-dimensional (3D) transesophageal echo (TEE) image 
of the mitral valve       
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 Mitral valve leafl et structure is also complex. Each leafl et 
comprises a multiscallop structure (Fig.  1.5 ). For descriptive 
purposes, the leafl ets are typically divided into six discrete 

scallops: A1–3 for anterior, P1–3 for posterior. Scallops A1 
and P1 are lateral, A2 and P2 are central, and A3 and P3 are 
medial.  

  Fig. 1.5    Scallops of the mitral valve when viewed using different methods. ( a ) Surgical. ( b ) Transesophageal. ( c ) Transthoracic       
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 Alternative descriptive nomenclature of the mitral valve 
scallops includes the anatomic and Duran classifi cations 
(Fig.  1.6 ).  

 The C-shaped coaptation line results in variable portions 
of each valve being visible on different cross-sectional imag-
ing planes (Fig.  1.7 ).  

  Fig. 1.6    Labeling systems for the mitral valve scallops. ( a ) SCA-ASE (Society of Cardiovascular Anesthesiologists – American Society of 
Echocardiography) or Carpentier classifi cation. ( b ) Anatomic classifi cation ( c ) DURAN classifi cation       

  Fig. 1.7    TEE imaging planes       
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1.1     Representative Views: Transesophageal Echocardiography (TEE)  

  Fig. 1.8    Four-chamber view (0°, midesophageal)       
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  Fig. 1.9    Mitral commissural view (60°, midesophageal)       
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  Fig. 1.10    Two-chamber view (90°, midesophageal)       
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  Fig. 1.11    Three-chamber, long-axis view (120°, midesophageal)       
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  Fig. 1.12    Basal short-axis view (0° with antefl exion, transgastric)       
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  Fig. 1.13    Two-chamber view (90° with antefl exion, transgastric)       
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1.2              Representative Views: Transthoracic Echocardiography (TTE)            

  Fig. 1.14    Parasternal long-axis view       
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  Fig. 1.15    Parasternal basal short-axis view       

 

C. Jellis



13

  Fig. 1.16    Apical four-chamber view       
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  Fig. 1.17    Apical two-chamber view       
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  Fig. 1.18    Apical three-chamber view       
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  Fig. 1.19    Subcostal four-chamber view       
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Complete echocardiographic assessment of the mitral valve 
is achieved using a combination of techniques:
• Two-dimensional (2D) imaging
• M-mode imaging
• Doppler imaging—spectral and color

2.1	 �Two-Dimensional Imaging

Mitral annular dimensions can be best measured from the 
apical four-chamber and two-chamber views. Area planime-
try can be performed on a short-axis view, although this 
method depends on image quality and correct measurement 
of the orifice at the level of the leaflet tips.

2.2	 �M-Mode Imaging

M-mode imaging of the mitral valve at the level of the leaflet 
tips delineates mitral valve motion (Fig. 2.1). The E-F slope 
reflects the partial closure of the anterior mitral valve leaflet 
during early diastole. The slope is dependent on the rate of 
left atrial emptying and is therefore prolonged in the setting 
of mitral stenosis. The E-F slope can be affected by other 
factors including cycle length, valvular calcification, and 
reduced left ventricular compliance. Because of the one-
dimensional nature of M-mode imaging, a falsely normal 
E-F slope may be recorded if beam alignment is not main-
tained at the leaflet tips. M-mode imaging is also valuable for 
detection of systolic anterior motion (SAM) of the anterior 
mitral valve leaflet typically seen in hypertrophic obstructive 
cardiomyopathy (HOCM). In HOCM, a Venturi effect is cre-
ated within the left ventricular outflow tract (LVOT), and the 
mitral valve apparatus is sucked into the LVOT during sys-
tole. This abnormal anterior motion contributes to both 
LVOT obstruction and mitral regurgitation.

M-mode imaging can be performed across the mitral 
valve from the apical approach with the addition of color 
Doppler (Fig. 2.2). The resultant trace enables the propaga-
tion velocity of blood to be calculated as it moves towards 
the apex. The M-mode cursor is placed in the center of the 
mitral valve, parallel to the transvalvular flow. Employment 
of a fast sweep speed (100–200 mm/s) and an aliasing veloc-
ity of 0.5–0.7 m/s will result in a vertical diastolic color pat-
tern in the absence of mitral regurgitation. A line drawn 
along the initial early-diastolic slope of this color M-mode 
signal determines the propagation velocity. This measure of 
flow is reduced in the setting of elevated left ventricular pres-
sure and is increased with constrictive physiology. In the set-
ting of mitral regurgitation, a color M-mode signal will also 
be observed during systole. The density of this color jet is 
proportional to the degree of valvular incompetence.
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Fig. 2.1  M-mode imaging at the mitral valve tips

Fig. 2.2  Normal color M-mode through the mitral valve with transvalvular flow during diastole only
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2.3	 �Spectral Doppler Imaging

Spectral Doppler imaging consists of both pulsed wave (PW) 
and continuous wave (CW) Doppler. Doppler interrogation 
of the mitral valve is optimized when flow is parallel to the 
ultrasound beam. Typically, this is best achieved on the api-
cal four-chamber view. The PW sample volume is placed 
within the left ventricle at the level of the open mitral valve 
leaflet tips. Normally, antegrade blood flow through the 
mitral valve should occur during diastole (above the base-
line), with no flow during systole (below the baseline) 
(Fig. 2.3). The E wave measures the velocity of rapid, passive 

transmitral flow during early diastole, whilst the A wave 
reflects active transmitral flow secondary to late diastolic 
atrial contraction. The mitral inflow profile therefore reflects 
left ventricular diastolic pressures and function. Increased 
antegrade velocity, seen by an elevation of the peak E wave, 
is also suggestive of increased transvalvular flow in the set-
ting of mitral regurgitation. In mitral regurgitation, retro-
grade flow will also be noted (below the baseline) on CW 
imaging. The timing, wave profile, wave slope (dP/dt), peak 
velocity, and signal intensity of this spectral envelope can be 
used to help stratify the severity of the mitral regurgitation 
(Fig. 2.4).

Fig. 2.3  Spectral Doppler image demonstrating inflow through the mitral valve during diastole

2  Assessment of Mitral Valve Function
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2.4	 �Color Doppler Imaging

This Doppler technique, which enables a color pattern of 
blood flow volume and direction within the heart to be super-
imposed on a 2D image, is particularly useful in the assess-
ment of mitral regurgitation. The color Doppler jet pattern 
can be visually characterized with respect to the origin, 
direction, timing, and extent of reverse flow or turbulence of 
flow in different imaging planes. Quantitative assessment of 
the color Doppler jet can be employed for more formal clas-
sification of mitral regurgitation severity. Quantitative mea-
sures include jet width at the vena contracta, proximal 
isovelocity surface area (PISA), regurgitant volume (RVol), 
and regurgitant orifice area (ROA).

The PISA method uses the principle of conservation of 
mass by analyzing flow convergence of the regurgitant jet 
just proximal to the valve orifice on the left ventricular side 
of the mitral valve (Fig. 2.5). This radius can be used to cal-
culate the severity of mitral regurgitation because accelera-
tion of blood occurs further from the orifice in severe 
regurgitation than in mild regurgitation. A larger PISA cor-
responds to more severe mitral regurgitation. This method 
relies on a central circular valvular orifice for hemispheric 
measurements and is hence less accurate for eccentric or 
multiple jets. Adjustment of the aliasing velocity can be per-
formed to optimize a hemispheric convergence zone. The 
PISA radius can then be used to estimate the regurgitant flow 
via the regurgitant flow (RF). In combination, the PISA 
radius and the peak velocity (Vmax) or velocity time integral 
(VTI) of the regurgitant jet on CW Doppler can be used to 
estimate the regurgitant volume (RVol) or the effective 

Fig. 2.4  The relationship and direction of diastolic mitral inflow and 
systolic mitral regurgitation

Fig. 2.5  Illustration of the PISA method
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Table 2.1  PISA classification of mitral regurgitation severity

Severity ERO (mm2) RVol (mL/beat)

Mild <20 <30
Mild–moderate 20–29 30–44
Moderate–severe 30–39 45–59
Severe ≥40 ≥60

ERO effective regurgitant orifice, PISA proximal isovelocity surface 
area, RVol regurgitant volume

regurgitant orifice area (EROA) of the regurgitant jet, as 
shown in the following equations:

	 RF r Va= ´ ´2 2p 	

where r = PISA, RF = instantaneous regurgitant flow, and 
Va = aliasing velocity.

	
EROA r V Va max= ´( )2 2p / 	

where Vmax = peak velocity of the regurgitant jet assessed by 
CW Doppler.

	 RVol EROA VTI= ´ 	

where VTI = time-velocity integral of the regurgitant jet 
obtained by CW Doppler.

Table 2.1 shows the values for the PISA classification of 
mitral regurgitation.

2.5	 �Classification of Mitral Regurgitation

Mitral regurgitation is typically stratified as mild, moderate, 
or severe using the spectral and color Doppler methods illus-
trated above. Further classification includes assessment for 
reversal of pulmonary venous flow (via PW Doppler at the 
ostium of a pulmonary vein as it enters the left atrium) and 
assessment of LV size, ejection fraction, and contractile 
reserve.

Once severity is determined, classification of the cause of 
valve dysfunction is then typically performed visually from 
2D images according to a standardized format. The most 
commonly employed classification system was described by 
Carpentier, as shown in Table 2.2.

The types of mitral regurgitation in the Carpentier classi-
fication are illustrated in Figs. 2.6, 2.7, 2.8, and 2.9.

For a referenced, complete, and up-to-date overview of 
mitral regurgitation assessment, readers should refer to the 
most current Guidelines and Standards by the American 
Society of Echocardiography available at http://www.asecho.
org/clinical-information/guidelines-standards. The most cur-
rent Guidelines and Standards at the time of publishing were 
recommendations for evaluation of the severity of native val-
vular regurgitation with 2D and Doppler echocardiography, 
found in the Journal of the American Society of 
Echocardiography, 2003;16:777–802.

Table 2.2  Carpentier classification of mitral regurgitation

Dysfunction Lesions Etiology

Type I: Annular dilatation Ischemic cardiomyopathy
Normal leaflet motion Annular deformation Dilated cardiomyopathy

Leaflet perforation Endocarditis
Type II: Chordal elongation Degenerative mitral disease
Increased leaflet motion (leaflet prolapse) Chordal rupture  � Fibroelastic deficiency

Papillary muscle elongation  � Barlow’s disease
Papillary muscle rupture  � Marfan’s disease

Endocarditis
Rheumatic disease
Trauma
Ischemic cardiomyopathy

Type IIIA: Leaflet thickening Rheumatic disease
Restricted leaflet motion (restricted opening) Leaflet retraction Carcinoid disease

Chordal thickening
Chordal retraction
Chordal fusion
Calcification
Commissural fusion
Ventricular fibrous plaque

Type IIIB: Leaflet tethering Ischemic cardiomyopathy
Restricted leaflet motion (restricted closure) Papillary muscle displacement Dilated cardiomyopathy

Ventricular dilatation
Ventricular aneurysm
Ventricular fibrous plaque

2  Assessment of Mitral Valve Function
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Fig. 2.6  Type I mitral 
regurgitation

Fig. 2.7  Type II mitral regurgitation
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Fig. 2.8  Type IIIA mitral 
regurgitation

Fig. 2.9  Type IIIB mitral 
regurgitation

2  Assessment of Mitral Valve Function
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2.6	 �Mitral Stenosis

The severity of mitral stenosis (MS) should not be identified 
by single parameters, but rather should be assessed using 
multiple approaches that can determine mitral valve area 
(MVA), transmitral mean and pressure gradient, and pulmo-
nary artery pressure. Four methods are most commonly used 
to assess MVA:
• Planimetry using either 2D or 3D imaging
• Pressure half-time (PHT)
• Continuity equation
• PISA

2.6.1	 �Planimetry

Planimetry has been shown to have the best correlation with 
anatomic MVA, as assessed by explanted valve [1]. This 
method requires no geometrical assumption or mathematical 
formulae. The technique is largely independent of hemody-
namic variables, left ventricular compliance, and concomi-
tant valvular disease. The 2D planimetry of the MVA is 
performed in a parasternal short-axis view at the tip of the 
leaflets during the maximal opening. The inner edge of the 
mitral valve orifice is traced in mid-diastole with the entire 
orifice visualized. A study in 48 consecutive patients showed 
that a deviation of only 6° from the optimal plane may result 
in overestimation of the MVA by 63 %, which increases to 
over 88 % if movement of the angle also leads to reposition-
ing of the transducer by 2 mm. The influence of image plane 
variations on MVA measurements is more pronounced if the 
mitral valve morphology is prominent doming rather than 
funnel shape [2].

A more precise and reproducible method, with excellent 
interobserver and intraobserver agreement, uses 3D echocar-
diography (Figs. 2.10 and 2.11), which provides better align-
ment of the image plane at the mitral tips [3–5].

C. Jellis and T. Yingchoncharoen
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Fig. 2.10  3D transesophageal echo image of a stenotic mitral valve
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Fig. 2.11  3D reconstruction of a 
stenotic mitral valve using QLAB 
quantification software (Philips, 
Amsterdam)
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2.6.2	 �Pressure Half-Time

The PHT method relies on the fact that the rate of pressure 
decline in the left atrium during diastole is inversely pro-
portional to the severity of mitral stenosis. PHT is obtained 
by tracing the deceleration slope of the E-wave on a Doppler 
spectral display of transmitral inflow (Fig. 2.12). The MVA 
can be calculated using an empirical formula: 220/PHT or 
759/Decleration time (DT). If the E-wave Doppler profile is 
bimodal, it is preferable to trace the deceleration slope in 
mid-diastole rather than using an early deceleration slope 
(Method 3 in Figure), as this slope was shown to have the 

best correlation with MVA by the Gorlin equation [6]. In 
patients with atrial fibrillation, the tracing should be done 
in long diastoles and use the average from multiple trac-
ings. In patients with concave shape on the Doppler tracing, 
this technique cannot be reliably used. PHT is also affected 
by the net left atrial (LA) and left ventricular (LV) compli-
ance and the square root of the peak transmitral gradient 
[7]. Therefore the reliability of PHT for the assessment of 
MVA is limited in settings of altered LA/LV compliance, 
including (but not limited to) aortic insufficiency, atrial 
septal defect, and following mitral valvuloplasty, especially 
in the first 24–48 h [8–12].

Fig. 2.12  Pressure half-time estimation of mitral valve area in mitral stenosis
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2.6.3	 �Continuity Equation

The continuity equation relies on the conservation of mass 
theory, based on the assumption that the filling volume of 
diastolic mitral flow is equal to aortic stroke volume. The 
formula for calculation of MVA is

	
MVA D VTI VTIaorta mitral= ( )( )p 2 4/ / 	

where D is the LVOT diameter and VTI is the velocity time 
integral in centimeters.

The main disadvantage of this method is the probability 
of errors in measurement, especially measurement of the 
LVOT diameter. The technique cannot be used in patients 
with atrial fibrillation or associated significant mitral or aor-
tic regurgitation.

2.6.4	 �PISA Method

As described for the assessment of mitral regurgitation, it is 
possible to calculate the blood flow across a stenotic or 
regurgitant orifice based on the hemispheric shape of the 
convergence zone of mitral flow formed during diastole on 
the LA side. In mitral stenosis, the PISA formula must be 
adjusted for the angle formed by the leaflets (π/180°), yield-
ing this formula:

	
MVA r V PeakVmitral= ( )( ) ×π α2 180alias // 	

where r is the radius of the hemispheric convergence zone in 
centimeters, Valias is the aliasing velocity (in cm/s), 
PeakVmitral is the peak velocity of mitral inflow assessed by 
CW Doppler (in cm/s), and α is the opening angle of the 
mitral leaflets relative to flow direction.

The PISA method requires a number of measurements 
and is technically demanding (Fig. 2.13). These factors limit 
the routine clinical use of this method.

Fig. 2.13  PISA estimation of 
mitral stenosis
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2.6.5	 �Mean Pressure Gradient

The transmitral pressure gradient can be obtained by tracing 
the transmitral CW Doppler. The mean gradient is the main 
hemodynamic determinant of MS severity. Because the 
transmitral gradient is a function of the square of the trans-
valvular flow rate, these measurements are highly dependent 
on heart rate and flow [13]. Patients in atrial flutter may have 
a nonlinear CW Doppler profile (Fig. 2.14), and patients in 
atrial fibrillation represent a challenge in measurement of the 
transmitral gradient because of beat-to-beat variability. In 
these patients, several beats should be averaged.

2.6.6	 �Pulmonary Artery Pressure

The degree of pulmonary hypertension is an indicator of 
the overall hemodynamic consequences of MS, and severe 
pulmonary hypertension is associated with worse clinical 
outcomes [14]. Right ventricular systolic pressure (RVSP) 
is obtained by adding the right atrial pressure (RAP) to the 
transtricuspid peak pressure gradient, which can be derived 
from the peak velocity of tricuspid regurgitation (TRVmax) 
using the simplified Bernoulli equation:

	
RVSP TR RAPVmax= ( ) +4

2
	

In the absence of right ventricular outflow tract obstruc-
tion, RVSP corresponds well to pulmonary artery systolic 
pressure [15].

For a referenced, complete, and up-to-date overview of 
mitral stenosis assessment, please refer to the most current 
Guidelines and Standards by the American Society of 
Echocardiography, available at http://www.asecho.org/clinical-
information/guidelines-standards. The most current guidelines 
and standards at the time of publishing appeared in 2009 [16].

Fig. 2.14  Transmitral pressure gradient via transmitral continuous wave (CW) Doppler

2  Assessment of Mitral Valve Function
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      Calcific Degenerative Mitral Disease 

           Teerapat     Yingchoncharoen    

3.1            Case 1. Caseous Calcifi cation 
of the Mitral Annulus Masquerading 
as a Cardiac Mass 

 A 70-year-old woman presented to her primary physician 
with progressive shortness of breath. She was found to 
have atrial fi brillation and 2/6 pansystolic murmur at the 
left lower parasternal border on physical examination. 
Transthoracic echocardiography (TTE) showed mild 
mitral regurgitation and a cardiac mass at the atrioven-
tricular (AV) groove area. She was referred to our institute 
for cardiac mass removal (Figs.  3.1 ,  3.2 ,  3.3 ,  3.4 ,  3.5 ,  3.6 , 
and  3.7 ).       

    Video 3.1  Transthoracic echocardiography (TTE), paraster-
nal long-axis view showing a mass with round, smooth 
borders and a heterogeneous echo density located at the 
posterior mitral annulus (AVI 5136 kb)  

   Video 3.2  TTE, apical four-chamber view showing a poste-
rior mitral annulus mass (AVI 6292 kb)  

   Video 3.3  TTE, apical two-chamber view showing a poste-
rior mitral annulus mass (AVI 5368 kb)  

   Video 3.4  Three-dimensional (3D) TTE, parasternal long- 
axis view again showing a mass with round, smooth 
 borders and a heterogenous echo density located at the 
posterior mitral annulus (AVI 1511 kb)    

3.1.1     Learning Points 

 Caseous calcifi cation of the mitral annulus (CCMA) is a rare 
variant of mitral annular calcifi cation with an estimated preva-
lence of 0.068 % [ 1 – 3 ]. It is characterized by an echodense outer 
shell and echolucent core [ 4 ]. The posterior mitral annulus is 
more often affected than the anterior. The inner core of the lesion 
represents the byproduct of liquefaction necrosis. Pathological 
examination reveals sterile, amorphous, acellular eosinophilic 
material with macrophage and lymphocyte infi ltration [ 5 ]. 

 The clinical course of CCMA is generally benign and often 
dynamic, with reports of spontaneous resolution of progression 
[ 3 ]. The complications of CCMA include hemodynamically 
signifi cant mitral stenosis and regurgitation secondary to mass 
effect [ 5 ,  6 ], as well as erosion of the inner core into the left 
atrial chamber [ 7 ] and the left circumfl ex coronary artery [ 8 ].   
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  Fig. 3.2    TTE, apical 
four-chamber view showing 
a posterior mitral annulus mass 
( arrows ).  RA  right atrium       

  Fig. 3.1    Transthoracic 
echocardiography (TTE), 
parasternal long-axis view 
showing a mass with round, 
smooth borders and a heteroge-
neous echo density located at the 
posterior mitral annulus ( arrows ). 
 Ao  aorta,  LA  left atrium,  LV  left 
ventricle,  RV  right ventricle       
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  Fig. 3.3    TTE, apical two-
chamber view showing a 
posterior mitral annulus mass 
( arrows )       

  Fig. 3.4    Three-dimensional (3D) 
TTE, parasternal long-axis view 
again showing a mass with 
round, smooth borders and a 
heterogenous echo density 
located at the posterior mitral 
annulus ( arrows )       
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  Fig. 3.5    3D TTE, mitral valve 
viewed from left atrium showing 
posterior mitral annulus 
prominence ( arrows )       

  Fig. 3.6    Cardiac CT scans with 
multiplanar reconstruction 
confi rmed the diagnosis and 
showed an intracardiac mass 
measuring 3.4 × 4.7 cm involving 
both anterior and posterior mitral 
annulus with extension into the 
left atrium ( LA ) wall ( arrow ). 
The periphery of this mass is 
densely calcifi ed in spots, 
whereas the central portion has 
density of approximately 400 
Hounsfi eld units, consistent with 
liquefaction of calcifi ed mitral 
annulus       
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  Fig. 3.7    3D CT reconstruction 
showing the extension of the 
mitral annular calcifi cation 
mimicking a cardiac mass 
( arrows )       
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3.2     Case 2. Calcifi c Mitral Stenosis 

 A 55-year-old man with end-stage renal failure secondary 
to Alport’s disease who is undergoing thrice-weekly hemo-
dialysis reports increasing breathlessness with minimal 
exertion and palpitations. He was noted to have a murmur 
on auscultation (Figs.  3.8 ,  3.9 ,  3.10 ,  3.11 ,  3.12 ,  3.13 , and 
 3.14 ).       

    Video 3.5   TTE, apical four- chamber view showed bright ech-
odensities along the mitral annular plane involving both 
anterior and posterior aspects of the annulus, as well as cal-
cifi ed subvalvular apparatus  

   Video 3.6  TTE, apical four- chamber view with Doppler 
color fl ow imaging shows mild mitral regurgitation and 
turbulent fl ow across the mitral valve during diastole, 
consistent with mitral stenosis  

   Video 3.7   3D reconstruction of the mitral valve in short axis, 
demonstrating heavy leafl et and annular calcifi cation, 
which restricts leafl et opening    

3.2.1     Learning Points 

 Mitral annular calcifi cation (MAC) occurs when calcium is 
deposited in the region between the posterior left ventricular 
wall and the posterior mitral leafl et [ 5 ]. Anterior involve-
ment is less common but can be seen in advanced cases. 
Calcifi ed aortic valve, papillary muscles, and chordae tendi-
nae are frequent coexistent echocardiographic fi ndings in 
patients with MAC. Key risk factors of MAC include 
advanced age, female sex, and end-stage renal disease. Mitral 
regurgitation is the most common form of valvular dysfunc-
tion from MAC because of impaired sphincter-like function 
of the mitral annulus and the posterior leafl et elevation from 
the calcium deposition at the base of the posterior leafl et [ 9 ]. 
Mitral stenosis (MS) is a less common complication of 
MAC. This form of MS can be differentiated from rheumatic 
MS by the absence of commissural fusion. The limiting ori-
fi ce area of calcifi c MS is at the base of the mitral leafl ets. 
These differences are well appreciated by real time three- 
dimensional echocardiography.   

  Fig. 3.8    Posteroanterior (PA) chest x-ray showed mitral annular calci-
fi cation ( arrows ) and scoliotic curvature of the thoracolumbar spine, 
convex to the right       
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  Fig. 3.9    TTE, apical four-
chamber view showed bright 
echodensities along the mitral 
annular plane involving both 
anterior and posterior aspects of 
the annulus ( arrows ), as well as 
calcifi ed subvalvular apparatus 
( arrowhead )       

  Fig. 3.10    TTE, apical four-
chamber view with Doppler color 
fl ow imaging shows mild mitral 
regurgitation ( arrows ) and 
turbulent fl ow across the mitral 
valve during diastole, consistent 
with mitral stenosis       
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  Fig. 3.11    Mitral infl ow. 
Continuous-wave Doppler profi le 
shows signifi cant transmitral 
gradient (mean gradient 
13 mmHg) consistent with severe 
mitral stenosis       

  Fig. 3.12    3D reconstruction of 
the mitral valve in short axis, 
demonstrating heavy leafl et and 
annular calcifi cation ( arrows ), 
which restricts leafl et opening       
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a b

  Fig. 3.13    Gated cardiac CT reconstructed in axial ( a ) and sagittal ( b ) 
orientations, shows almost circumferential mitral annular calcifi cations 
( arrows ). There is particularly dense calcifi cation in the lateral and 

 inferior aspect of the annulus, with extension into the lateral myocar-
dium. There is more dense wall calcifi cation and less dense calcifi cation 
in the central aspect, consistent with liquefi ed calcifi cation       

  Fig. 3.14    3D reconstruction of the cardiac CT scans shows severe 
mitral annular calcifi cation ( arrows )       
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3.3     Case 3. Radiation-Associated Calcifi c 
Mitral Stenosis 

 A 53-year-old man presents with fatigue and an audible sys-
tolic murmur on auscultation. The patient was previously 
well except for Hodgkin’s disease treated 30 years previ-
ously with chemotherapy and high-dose mediastinal radia-
tion therapy (Figs.  3.15 ,  3.16 , and  3.17 ).   

    Video 3.8  Parasternal long-axis view with simultaneous 
color Doppler imaging. Both mitral leafl ets and mitral-
aortic intervalvular fi brosa are thickened and calcifi ed 
with moderate (2+) central mitral regurgitation and aortic 
regurgtitation (AVI 2172 kb)  

   Video 3.9  Biplane imaging of the mitral valve in parasternal  
and short-axis views ( right ), shows severe bileafl et thick-
ening, with reduced leafl et excursion (AVI 3105 kb)    

3.3.1     Learning Points 

 As the survival of patients with cancer has improved with 
advanced treatment, radiation heart disease is increasingly 
recognized. Thoracic malignancies that are commonly 
treated with radiation therapy include Hodgkin’s disease 
and breast cancer. Autopsy studies have found the preva-
lence of valve fi brosis to be up to 80 % in patients who 
received chest radiation exceeding 35 Gy [ 9 ,  10 ], but clini-
cally signifi cant radiation-induced valve disease is present 
in only 6–15 % of treated patients [ 11 ]. Hallmark features 
of radiation-induced mitral stenosis include severe mitral 
annular calcifi cation and thickening and calcifi cation of the 
aorto-mitral curtain that extends along the anterior leafl et. 
In some cases, the posterior leafl et remains mobile, differ-
entiating this entity from degenerative calcifi c mitral 
stenosis.       

  Fig. 3.15    Parasternal long-axis 
view 2D and with simultaneous 
color Doppler imaging. Both 
mitral leafl ets are heavily 
thickened and calcifi ed with 
moderate (2+) central mitral 
regurgitation. Mild mitral 
stenosis (mean gradient, 
6 mmHg). The aortic also 
appears thickened with restriction 
of leafl et excursion       
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  Fig. 3.16    Biplane imaging of 
the mitral valve in parasternal 
( left ) and short-axis views ( right ), 
shows severe bileafl et thickening, 
with reduced leafl et excursion       

  Fig. 3.17    Full-volume 3D 
reconstruction of the thickened 
mitral valve, aortic valve and 
aorto-mitral curtain ( arrow ) from 
a parasternal long- axis view       
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4.1            Case 1. Posterior Leafl et Mitral 
Valve Prolapse 

 A 62-year-old man presented with a prominent systolic mur-
mur and exertional dyspnea for several years. He also 
reported intermittent palpitations suggestive of paroxysmal 
atrial fi brillation. He was found to have posterior mitral valve 
leafl et prolapse with severe mitral regurgitation and under-
went mitral valve repair (Figs.  4.1 ,  4.2 , and  4.3 ).   

    Video 4.1  Transesophageal 3D reconstruction of the mitral 
valve demonstrating prolapse of the middle and lateral 
posterior leafl et scallops (P1 & P2) (AVI 950 kb)  

   Video 4.2  Transesophageal echo biplane (0 and 90°) view of 
the mitral valve demonstrating prolapse of P2 & P2 (AVI 
5627 kb)  

   Video 4.3  The same views with color Doppler, demonstrat-
ing eccentric, anteriorly directed mitral regurgitation, 
which was classifi ed as 3–4+ (AVI 1477 kb)     

      Degenerative Mitral Valve Disease: 
Prolapse and Flail 
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  Fig. 4.1    Transesophageal 3D 
reconstruction of the mitral valve 
demonstrating prolapse of the 
middle and lateral posterior 
leafl et scallops (P1 & P2)       
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  Fig. 4.2    Transesophageal echo 
biplane (0 and 90°) view of the 
mitral valve demonstrating 
prolapse of P2 & P2       

  Fig. 4.3    The same views with 
color Doppler, demonstrating 
eccentric, anteriorly directed 
mitral regurgitation (MR), which 
was classifi ed as 3–4+. 
Regurgitation can be diffi cult to 
quantitate on one view because 
of the eccentricity of the jet       
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4.2     Case 2. Mitral Valve Posterior 
Leafl et Flail  

 A 74-year-old man presented with increasing fatigue on a back-
ground history of inferior wall myocardial infarction, which had 
been medically managed 15 years earlier. Echocardiogram 
revealed a fl ail posterior mitral valve leafl et with severe mitral 
regurgitation and moderately elevated pulmonary pressures. He 
was referred for a mitral valve repair and a bypass graft to the 
right coronary artery (Figs.  4.4 ,  4.5 ,  4.6 ,  4.7 ,  4.8 , and  4.9 ).      
    Video 4.4  Transesophageal 120° view confi rms fl ail involv-

ing the middle posterior leafl et scallop (P2) (AVI 7312 kb)  

   Video 4.5  Transesophageal 120° view, zooming up on the 
fl ail middle posterior leafl et scallop (P2) (AVI 6013 kb)  

   Video 4.6  Color Doppler (transesophageal 120° view) dem-
onstrating severe, anteriorly directed MR. Note wide vena 
contracta; proximal isovelocity surface area (PISA) mea-
surements likely underestimate severity of MR owing to 
jet eccentricity (AVI 1247 kb)  

   Video 4.7  Three-dimensional (3D) reconstruction of the 
mitral valve demonstrating the fl ail middle posterior leaf-
let scallop (P2) (AVI 1144 kb)     

  Fig. 4.4    Color M-mode through 
the mitral valve, demonstrating 
predominantly early-systolic and 
late-systolic MR       

  Fig. 4.5    Continuous-wave 
Doppler through the mitral valve, 
demonstrating predominantly 
early-systolic and late-systolic MR       
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  Fig. 4.6    Transesophageal 120° 
view confi rms fl ail involving 
the middle posterior leafl et 
scallop (P2)       

  Fig. 4.7    Transesophageal 120° 
view, zooming up on the fl ail 
middle posterior leafl et scallop (P2)       
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  Fig. 4.8    Color Doppler 
(transesophageal 120° view) 
demonstrating severe, anteriorly 
directed MR. Note wide vena 
contracta; proximal isovelocity 
surface area (PISA) 
measurements likely 
underestimate severity of MR 
owing to jet eccentricity       

  Fig. 4.9    Three-dimensional (3D) 
reconstruction of the mitral valve 
demonstrating the fl ail middle 
posterior leafl et scallop (P2)       
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4.3     Case 3. Posterior Mitral Valve Leafl et 
Prolapse After Previous Mitral Valve 
Repair 

 A 46-year-old male physician presented for surgical evalua-
tion of mitral regurgitation (Carpentier type 2, severe mitral 
regurgitation secondary to posterior leafl et prolapse), on a 
background history of previous mitral valve repair several 
years earlier. He had remained essentially asymptomatic, but 
serial monitoring via echocardiography revealed an increasing 

effective regurgitant orifi ce area of 0.94 cm 2 , regurgitant vol-
ume of 124 mL, severely dilated left and increasing pulmo-
nary pressures (estimated right ventricular systolic pressure of 
51 mmHg) (Figs.  4.10 ,  4.11 ,  4.12 , and  4.13 ).    
    Video 4.8  Parasternal long-axis view in two-dimensional 

(2D) and color Doppler imaging demonstrating posterior 
leafl et prolapse with eccentric, anteriorly directed mitral 
regurgitation (AVI 2643 kb)  

   Video 4.9  Apical long-axis view demonstrating that the ante-
rior mitral valve regurgitation is severe (AVI 3332 kb)     

  Fig. 4.10    Parasternal long-axis 
view in two-dimensional (2D) 
and color Doppler imaging 
demonstrating posterior leafl et 
prolapse with eccentric, 
anteriorly directed mitral 
regurgitation       

  Fig. 4.11    Apical long-axis view 
demonstrating that the anterior 
mitral valve regurgitation is 
severe       
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  Fig. 4.12    Continuous wave 
Doppler demonstrates the mitral 
regurgitant jet. Note the jet 
density and holosystolic profi le, 
which supports the conclusion 
that the regurgitation is severe. 
The peak jet velocity may be 
underestimated because of the 
jet’s eccentric nature; it is 
diffi cult to ensure that the 
transducer beam is parallel to the 
regurgitant jet       

  Fig. 4.13    From a PISA diameter 
of 1.27 cm, a mitral valve V max  of 
473 cm/s, and an aliasing 
velocity of 61.6 cm/s ( see  
Fig.  4.12 ), the estimated 
regurgitant orifi ce area is 1.3 cm 2 , 
which is classifi ed as severe       
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4.4     Case 4. Bileafl et Mitral Valve 
Prolapse and Flail 

 A 62-year-old man with known myxomatous mitral valve 
degeneration and secondary mitral insuffi ciency presented 
for consideration of minimally invasive mitral valve surgery. 
He had a longstanding history of heart murmur. 
Echocardiographic fi ndings included severe mitral insuffi -
ciency, with an estimated regurgitant orifi ce area of 1.28 cm 2 , 
mild pulmonary hypertension, and left ventricular dilatation 
(end-diastolic dimension of 5.9 cm), but his left ventricular 
systolic function was preserved, with an ejection fraction of 
64 %. Although he was asymptomatic, his echocardiographic 
fi ndings supported a recommendation for mitral valve sur-
gery because of the regurgitation severity and the likelihood 

of a successful repair (AHA/ACC Class IIa) (Figs.  4.14 , 
 4.15 ,  4.16 ,  4.17 ,  4.18 ,  4.19 ,  4.20 , and  4.21 ).        
    Video 4.10  Parasternal long-axis imaging of the mitral valve 

demonstrates bileafl et mitral valve prolapse (AVI 7394 kb)  
   Video 4.11  Comparison with color Doppler imaging reveals 

severe central and anteriorly directed mitral regurgitation 
(AVI 2987 kb)  

   Video 4.12  Zooming in on imaging of the mitral valve in a 
parasternal long-axis view demonstrates anterior mitral 
valve leafl et prolapse with a fl ail posterior leafl et (AVI 
10733 kb)  

   Video 4.13  Apical four-chamber 2D and color Doppler 
imaging demonstrates the posterior leafl et fl ail with 
severe, highly eccentric, anteriorly directed mitral regur-
gitation (AVI 3441 kb)     

  Fig. 4.14    Parasternal long-axis 
imaging of the mitral valve 
demonstrates bileafl et mitral 
valve prolapse       
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  Fig. 4.15    Comparison with 
color Doppler imaging reveals 
severe central and anteriorly 
directed mitral regurgitation       

  Fig. 4.16    Color M-mode reveals 
midsystolic mitral regurgitation 
consistent with prolapse       
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  Fig. 4.17    Zooming in on 
imaging of the mitral valve in a 
parasternal long-axis view 
demonstrates anterior mitral 
valve leafl et prolapse with a fl ail 
posterior leafl et       

  Fig. 4.18    Apical four-chamber 
2D and color Doppler imaging 
demonstrates the posterior leafl et 
fl ail with severe, highly eccentric, 
anteriorly directed mitral 
regurgitation       
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  Fig. 4.19    Pulse-wave spectral 
Doppler of pulmonary venous 
fl ow demonstrates systolic fl ow 
reversal consistent with severe 
mitral regurgitation       

  Fig. 4.20    Color M-mode in the 
left atrium demonstrates an 
anteriorly directed jet in mid to 
late systole       
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  Fig. 4.21    Continuous wave 
Doppler trace through the mitral 
valve demonstrates fl ow 
predominantly in mid to late 
systole. The trace profi le is 
limited by the eccentricity of the 
regurgitant jet       
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4.5     Case 5. Myxoid Degeneration 
in Barlow’s Disease 

 A 78-year-old woman presented with chest pain, orthopnea, 
and peripheral edema. A non-ST elevation myocardial infarc-
tion was diagnosed based upon biomarker and EKG fi ndings. 
She was noted to have severe mitral regurgitation associated 
with signifi cant myxoid degeneration of both mitral valve 
leafl ets. She was treated with a bioprosthetic mitral valve 
replacement and a saphenous vein bypass graft to the poste-
rior descending artery, with resolution of symptoms.     
    Video 4.14  Transthoracic parasternal long-axis view demon-

strating thickened and elongated mitral valve leafl ets con-
sistent with myxoid degeneration. There is bileafl et 
prolapse, with the bodies of the distended leafl et segments 
billowing beyond the plane of the annulus (posterior 
greater than anterior). The mitral annulus appears dilated. 
No calcifi cation is noted (AVI 12935 kb)  

   Video 4.15  Apical two-chamber transthoracic view demon-
strating prominent prolapse of the medial posterior leafl et 
(P3) with resultant anteriorly directed mitral regurgitation 
(AVI 2231 kb)  

   Video 4.16  Transesophageal 0° view of the mitral valve, 
demonstrating severe bileafl et prolapse (A2 and P2). The 
billowing medial scallop of the posterior leafl et (P3) is 
intermittently visible (AVI 8452 kb)  

   Video 4.17  Transesophageal 0° view of the mitral valve, 
demonstrating signifi cant turbulence of transvalvular 
fl ow associated with the posterior leafl et. The jet of 
mitral regurgitation is not well appreciated because of 
its eccentric, anteriorly directed trajectory (AVI 
2148 kb)  

   Video 4.18  Transesophageal 30° view of the mitral valve 
rotated medially to demonstrate prolapse and fl ail of the 
P3 scallop with severe, anteriorly directed mitral regurgi-
tation on color Doppler imaging (AVI 2265 kb)     

  Fig. 4.22    Transthoracic 
parasternal long-axis view 
demonstrating thickened and 
elongated mitral valve leafl ets 
consistent with myxoid 
degeneration. There is bileafl et 
prolapse, with the bodies of the 
distended leafl et segments 
billowing beyond the plane of the 
annulus (posterior greater than 
anterior). The mitral annulus 
appears dilated. No calcifi cation 
is noted       
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  Fig. 4.23    Apical two-chamber 
transthoracic view demonstrating 
prominent prolapse of the medial 
posterior leafl et (P3) with 
resultant anteriorly directed 
mitral regurgitation       

  Fig. 4.24    Transesophageal 0° 
view of the mitral valve, 
demonstrating severe bileafl et 
prolapse (A2 and P2). The 
billowing medial scallop of the 
posterior leafl et (P3) is 
intermittently visible       
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  Fig. 4.25    Transesophageal 0° 
view of the mitral valve, 
demonstrating signifi cant 
turbulence of transvalvular fl ow 
associated with the posterior 
leafl et. The jet of mitral 
regurgitation is not well 
appreciated because of its 
eccentric, anteriorly directed 
trajectory       

  Fig. 4.26    Transesophageal 30° 
view of the mitral valve rotated 
medially to demonstrate prolapse 
and fl ail of the P3 scallop with 
severe, anteriorly directed mitral 
regurgitation on color Doppler 
imaging       
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4.6     Case 6. Anterior Mitral Valve 
Leafl et Flail  

 A 62-year-old man presented with exertional dyspnea 
increasing over 2 months. He also reported occasional dizzi-
ness associated with palpitations but no overt syncope. 
Echocardiography demonstrated severe (4+), posteriorly 
directed mitral regurgitation due to anterior leafl et prolapse 
with focal fl ail of the middle scallop of the anterior leafl et 
(A2). At the time of surgery, he was noted to have two rup-
tured chordae involving the mid and lateral A2 segments of 
the anterior leafl et. The fl ail chordae were resected, a Duran 
annuloplasty ring was implanted, and three neochordae were 

created with the use of Gore-Tex (Figs.  4.27 ,  4.28 ,  4.29 , 
 4.30 ,  4.31 , and  4.32 ).      
    Video 4.19  Preoperative simultaneous 2D and color Doppler 

imaging of the mitral valve viewed at 0° by transesopha-
geal echocardiography. Flail of the middle scallop of the 
anterior leafl et (A2) is seen, with a resultant highly eccen-
tric jet of severe, posteriorly directed mitral regurgitation 
(AVI 1179 kb)  

   Video 4.20  Postoperative simultaneous 2D and color Doppler 
imaging of the mitral valve viewed at 0° by transesophageal 
echocardiography. The mitral valvuloplasty is noted, with 
shortening and repair of the anterior leafl et. The mitral valve 
opens well and has no residual regurgitation (AVI 1076 kb)     

  Fig. 4.27    Preoperative 
simultaneous 2D and color 
Doppler imaging of the mitral 
valve viewed at 0° by 
transesophageal 
echocardiography. Flail of the 
middle scallop of the anterior 
leafl et (A2) is seen, with a 
resultant highly eccentric jet of 
severe, posteriorly directed mitral 
regurgitation       
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  Fig. 4.29    Transgastric biplane 
view (short-axis and 90° views) 
on transesophageal echo. The 
right 90° image best 
demonstrates the neochordae 
attaching from the papillary 
muscles to the repaired mitral 
valve       

  Fig. 4.28    Postoperative simultaneous 2D and color Doppler imaging of the mitral valve viewed at 0° by transesophageal echocardiography. The 
mitral valvuloplasty is noted, with shortening and repair of the anterior leafl et. The mitral valve opens well and has no residual regurgitation       
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  Fig. 4.30    Continuous wave 
Doppler through the mitral valve 
demonstrates late-systolic mitral 
regurgitation       

  Fig. 4.31    Color M-mode 
through the mitral valve 
demonstrates late-systolic 
regurgitation and normal 
diastolic fl ow       
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  Fig. 4.32    The PISA of 0.8 cm 
on color Doppler may be 
underestimated because of the 
eccentricity of the jet       
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4.7     Case 7. Myxomatous Degenerative 
Disease with Posterior Leafl et Prolapse 

 An 88-year-old man was referred for consideration of 
MitraClip (Abbott Vascular). He had been previously diag-
nosed with severe (4+) mitral regurgitation due to leafl et pro-
lapse and now reported increasing fatigue, but his left 
ventricular systolic function and size remained normal and 
he denied any symptoms of dyspnea. Transesophageal echo-
cardiography was performed to establish the etiology and 
severity of his mitral regurgitation. He was noted to have fl ail 
of the central, medial (P2/P3) region of the posterior mitral 
valve leafl et, probably related to myxomatous degenerative 
disease. The regurgitant orifi ce area (ROA) was calculated as 
0.44 cm 2 , measured using the proximal isovelocity surface 
area (PISA) method, suggesting severe mitral regurgitation. 
Because the duration of the jet (seen on continuous wave 
spectral Doppler and color M-mode) was actually only from 
mid systole to late systole, however, the ROA was overesti-
mating the severity of regurgitation, as it was assuming holo-
systolic regurgitation. The pulmonary venous fl ow profi le 

was also noted to be normal, with no signifi cant systolic fl ow 
reversal, also demonstrating that the mitral regurgitation was 
not severe. A fi nal grading of moderate (3+) mitral regurgita-
tion was reported based on these fi ndings.         
    Video 4.21  Transesophageal 62° view demonstrating fl ail of 

the posterior mitral valve leafl et (P2/P3 region) (AVI 
5729 kb)  

   Video 4.22  Transesophageal 62° view demonstrating signifi -
cant associated mitral regurgitation due to leafl et coapta-
tion, although the severity and direction of the jet are not 
well appreciated on this view (AVI 1361 kb)  

   Video 4.23  Transesophageal 87° view demonstrating that the 
fl ail segment primarily involves the region between the P2 
and P3 scallops (AVI 5775 kb)  

   Video 4.24  Transesophageal 129° view demonstrates a sig-
nifi cant jet of medially directed mitral regurgitation with 
a PISA radius of 0.94 cm, which gives an estimated regur-
gitant orifi ce area of 0.44 cm 2  (AVI 1373 kb)  

   Video 4.25  This 3D zoom view of the mitral valve from the 
left atrium demonstrates the fl ail posterior leafl et in the 
region between the P2 and P3 scallops (AVI 1015 kb)     

  Fig. 4.33    Transesophageal 62° 
view demonstrating fl ail of the 
posterior mitral valve leafl et 
(P2/P3 region)       
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  Fig. 4.34    Transesophageal 62° 
view demonstrating signifi cant 
associated mitral regurgitation 
due to leafl et coaptation, 
although the severity and 
direction of the jet are not well 
appreciated on this view       

  Fig. 4.35    Transesophageal 87° 
view demonstrating that the fl ail 
segment primarily involves the 
region between the P2 and P3 
scallops       
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  Fig. 4.36    Transesophageal 129° 
view demonstrates a signifi cant 
jet of medially directed mitral 
regurgitation with a PISA radius 
of 0.94 cm, which gives an 
estimated regurgitant orifi ce area 
of 0.44 cm 2        

  Fig. 4.37    This 3D zoom view of 
the mitral valve from the left 
atrium demonstrates the fl ail 
posterior leafl et in the region 
between the P2 and P3 scallops       
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  Fig. 4.38    Pulse wave Doppler 
trace of the left upper pulmonary 
vein demonstrates a normal 
profi le with no signifi cant 
reversal of systolic fl ow       

  Fig. 4.39    Pulse wave Doppler 
trace of the right upper 
pulmonary vein demonstrates a 
normal profi le with only a brief 
period of mid-systolic to 
late-systolic fl ow reversal, 
thereby supporting that the mitral 
regurgitation is not severe       
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  Fig. 4.40    Color M-mode shows 
that the timing of mitral 
regurgitation is predominantly 
mid-systolic to late-systolic       

  Fig. 4.41    Continuous wave 
Doppler through the mitral valve 
also demonstrates that regurgitant 
fl ow through the mitral valve is 
mid-systolic to late-systolic       
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4.8     Learning Points 

•     Mitral valve prolapse is generally defi ned as displacement 
of one or both mitral valve leafl ets by at least 2 mm above 
the annular plane on a parasternal long-axis view [ 1 ].  

•   Mitral valve prolapse was fi rst described in 1966 by John 
Barlow [ 2 ]. Today, the term  Barlow’s syndrome  or 
 Barlow’s valve  is usually reserved for severe myxoma-
tous valve degeneration with leafl et and chordal redun-
dancy in younger patients, in contrast to older patients, 
who typically present with chordal rupture due to defi -
cient fi broelasticity.  

•   Prolapse prevalence is approximated at 2–3 % within the 
general population [ 3 ].  

•   Progression from mitral valve prolapse to fl ail occurs 
when the leafl et becomes so mobile that the tip turns 
toward the left atrium rather than toward the left ventricle. 
Flail severity ranges from simple tip eversion to unre-
stricted leafl et motion due to complete chordal rupture. 
The degree of mitral regurgitation (MR) usually increases 
in proportion to the degree of fl ail.  

•   MR in the setting of mitral valve prolapse may not be 
holosystolic, but instead may predominate in mid to late 
systole. Hence, PISA-based calculations, which assume 
that the regurgitation is holosystolic, may overestimate 
the jet severity.  

•   Color M-mode and the continuous wave Doppler profi le 
should be reviewed to examine the exact timing of the jet, 
which will infl uence the classifi cation of MR severity.  

•   Conversely, the PISA method assumes proximal fl ow 
convergence to be hemispherical, which may not be accu-
rate for the highly eccentric jets seen with leafl et prolapse 
or fl ail, when the shape is more hemi-elliptical and the 
valve is nonplanar. Depending on where the PISA dimen-
sion is measured, MR severity can thus be either underes-
timated or overestimated.  

•   Multiple views of the mitral valve are required to accu-
rately identify the prolapsing or fl ail scallops and the 
severity and direction of associated MR. Transesophageal 
echocardiography typically provides the most accurate 
and consistent views.         
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5.1            Case 1. Rheumatic Mitral Stenosis 
Undergoing Percutaneous Mitral 
Commissurotomy 

 A 21-year-old Caucasian college student was referred to our 
institution for management of severe mitral stenosis. His past 
medical history was signifi cant for a history of acute rheu-
matic fever at age 12. He was then followed by his local car-
diologist; yearly echocardiography found normal left 
ventricular (LV) ejection fraction without signifi cant valvu-
lar abnormalities. He did not see a cardiologist for a few 
years, and his last echocardiogram was 5 years ago. He was 
doing well until 2 months ago, when he felt shortness of 
breath while playing volleyball. He went to see his cardiolo-
gist and was found to have moderate to severe mitral 
stenosis. 

 On physical examination, his vital signs are stable (BP 
94/44, HR 66). Cardiac auscultation revealed normal S1 S2 
with opening snap 3/6 diastolic rumbling murmur at the LV 
apex. He underwent successful status post balloon mitral val-
vuloplasty with reduction in mean mitral valve gradient from 
16 to 4 mmHg and increase in mitral valve area from 0.9 to 

3 cm 2  (Figs.  5.1 ,  5.2 ,  5.3 ,  5.4 ,  5.5 ,  5.6 ,  5.7 ,  5.8 ,  5.9 ,  5.10 , 
 5.11 , and  5.12 ).            
    Video 5.1  Transesophageal echocardiography (TEE) showed 

thickened mitral valve with restricted opening (AVI 
2662 kb)  

   Video 5.2  Color fl ow imaging showed diastolic fl ow accel-
eration across the mitral valve during diastole (AVI 
2135 kb)  

   Video 5.3  Three-dimensional imaging of the ventricular side 
of the mitral valve showed limited opening of the valve 
(AVI 2636 kb)  

   Video 5.4  X-plane imaging showing orthogonal imaging of 
the interatrial septum at the puncture site at the time of the 
percutaneous balloon mitral commissurotomy (PBMC) 
(AVI 2450 kb)  

   Video 5.5  The Inoue balloon infl ated at the mitral valve (AVI 
2191 kb)  

   Video 5.6  Post PBMC. Improved mitral valve opening (AVI 
2952 kb)  

   Video 5.7  Post PBMC. Mitral valve area is increased (AVI 
3022 kb)  

   Video 5.8  Post PBMC. Mild mitral regurgitation (AVI 1995 kb)    
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  Fig. 5.1    Posteroanterior (PA) chest x-ray showed straightening of the 
left cardiac border with double contour sign ( arrows ) indicating left 
atrial enlargement as well as prominent pulmonary venous blood fl ow       

  Fig. 5.2    Lateral chest x-ray showed obliteration of retrosternal space 
( arrows ) consistent with right ventricular enlargement       

  Fig. 5.3    Transesophageal echocardiography ( TEE ) showed thickened mitral valve with restricted opening ( arrow ).  LA  left atrium,  LV  left ven-
tricle,  RV  right ventricle       
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  Fig. 5.4    Color fl ow imaging showed diastolic fl ow acceleration across the mitral valve during diastole ( arrow )       

  Fig. 5.5    Transmitral gradient across MV showed mean gradient of 30 mmHg, consistent with severe mitral stenosis       
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  Fig. 5.6    Three-dimensional imaging of the ventricular side of the mitral valve showed limited opening of the valve ( arrow )       

  Fig. 5.7    X-plane imaging showing orthogonal imaging of the interatrial septum at the puncture site at the time of the percutaneous balloon mitral 
commissurotomy (PBMC) ( arrows )       

 

 

T. Yingchoncharoen



73

  Fig. 5.8    The Inoue balloon ( arrows ) infl ated at the mitral valve       

  Fig. 5.9    Post PBMC. Improved mitral valve opening ( arrow )       
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  Fig. 5.10    Post PBMC. Mitral valve area ( arrow ) is increased       

  Fig. 5.11    Post PBMC. Decreased transmitral pressure gradient       
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  Fig. 5.12    Post PBMC. Mild mitral regurgitation ( arrow ).  RA  right atrium       
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5.1.1     Learning Points 

 Rheumatic mitral stenosis is a slowly progressive disease 
with a prolonged latent phase between the initial rheumatic 
illness and the development of valve stenosis. Currently, 
adequate assessment of mitral stenosis and associated lesions 
can be obtained in nearly all patients by transthoracic echo-
cardiography (TTE), occasionally supplemented by trans-
esophageal echocardiography (TEE). Several randomized 
controlled trials have established the safety and effi cacy of 
percutaneous balloon mitral commissurotomy (PBMC), 
compared with surgical closed or open commissurotomy. 
The technique is generally performed by advancing one or 
more balloon catheters across the mitral valve and infl ating 
them, thereby splitting the commissures. For the percutane-
ous approach to have an optimal outcome, it is essential that 
the valve morphology be predictive of success, generally 
being mobile, relatively thin, and free of calcium. This mor-
phology is usually assessed by the Wilkins score, although 
other risk scores have also shown utility. Clinical factors 
such as age, NYHA class, and the presence or absence of 
atrial fi brillation are also predictive of outcome [ 1 ].   

5.2     Case 2. Severe Rheumatic Mitral 
stenosis with Severe Pulmonary 
Hypertension and Severe Secondary 
Tricuspid Regurgitation 

 A 66-year-old woman presented with severe rheumatic 
mitral stenosis and moderate mitral regurgitation with severe 
pulmonary hypertension and severe secondary tricuspid 
regurgitation. She reports dyspnea, peripheral edema, and 
palpitations, which have been worsening over the past 6 
months. She presents to her primary care physician with 
right-sided weakness and an expressive dysphasia and is 
found to be in atrial fi brillation. She underwent successful 
mitral valve replacement with tricuspid valve replacement 
and left atrial appendage ligation (Figs.  5.13 ,  5.14 ,  5.15 , 
 5.16 ,  5.17 ,  5.18 ,  5.19 ,  5.20 ,  5.21 ,  5.22 ,  5.23 , and  5.24 ).            
    Video 5.9  Transthoracic echocardiography (TTE), paraster-

nal long-axis, showed severe mitral calcifi cation with 
restricted opening. The aortic valve was also calcifi ed, 
with restricted excursion, and the right ventricle is 
enlarged (AVI 3307 kb)  

   Video 5.10  TTE, parasternal with color Doppler fl ow imag-
ing, showed mitral regurgitation (AVI 1480 kb)  

   Video 5.11  TTE (four-chamber view) demonstrating severe 
calcifi cation of the mitral valve resulting in severe pulmo-
nary hypertension (estimated right ventricular systolic 
pressure of 91 mmHg) and severe right ventricular dilata-
tion with resultant failure of tricuspid valve leafl et coapta-
tion. Severe atrial enlargement and a pericardial effusion 
are noted (AVI 3907 kb)  

   Video 5.12  Color Doppler imaging across the tricuspid valve 
confi rms the presence of associated severe tricuspid 
regurgitation (AVI 2575 kb)  

   Video 5.13  TTE (fi ve-chamber view) showing calcifi ed and 
thickened aortic valve with restricted opening (AVI 
3033 kb)  

   Video 5.14  TTE (fi ve-chamber view) with color Doppler 
fl ow showing mild aortic insuffi ciency (AVI 2135 kb)  

   Video 5.15  TEE (four-chamber view) confi rms severely cal-
cifi ed mitral valve with malcoapted tricuspid valve (AVI 
5443 kb)  

   Video 5.16  TEE (four-chamber view) with color Doppler 
fl ow imaging confi rms moderate mitral regurgitation and 
enlarged right-sided cardiac chambers (AVI 2091 kb)    

T. Yingchoncharoen



77

  Fig. 5.13    Transthoracic echocardiography (TTE), parasternal long-axis, showed severe mitral calcifi cation with restricted opening ( arrow ). The 
aortic valve was also calcifi ed, with restricted excursion ( arrowhead ), and the right ventricle is enlarged.  Ao  aorta       

  Fig. 5.14    TTE, parasternal with color Doppler fl ow imaging, showed mitral regurgitation ( arrow )       
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  Fig. 5.15    TTE (four-chamber view) demonstrating severe calcifi ca-
tion of the mitral valve resulting in severe pulmonary hypertension 
(estimated right ventricular systolic pressure of 91 mmHg) and severe 

right ventricular dilatation with resultant failure of tricuspid valve leaf-
let coaptation ( arrow ). Severe atrial enlargement and a pericardial effu-
sion ( asterisk ) are noted       

  Fig. 5.16    Color Doppler imaging across the tricuspid valve confi rms the presence of associated severe tricuspid regurgitation       
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  Fig. 5.17    Continuous wave Doppler imaging through the mitral valve confi rms severe mitral stenosis (mean gradient 12 mmHg)       

  Fig. 5.18    TTE (fi ve-chamber view) showing calcifi ed and thickened aortic valve with restricted opening ( arrowhead )       
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  Fig. 5.19    TTE (fi ve-chamber view) with color Doppler fl ow showing mild aortic insuffi ciency ( arrowhead )       

  Fig. 5.20    TEE (four-chamber view) confi rmed severely calcifi ed mitral valve ( arrow ) with malcoapted tricuspid valve ( arrowhead )       
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  Fig. 5.21    TEE (four-chamber view) with color Doppler fl ow imaging confi rmed moderate mitral regurgitation ( arrows ) and enlarged right-sided 
cardiac chambers       

  Fig. 5.22    Continuous wave Doppler imaging through the mitral valve confi rms severe mitral stenosis (mean gradient 10 mmHg)       
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  Fig. 5.23    Three-dimensional TEE of the mitral valve (surgical view) showed severe valve thickening with restricted opening       

  Fig. 5.24    Three-dimensional TEE with color Doppler imaging showed restricted opening and a turbulent jet through the mitral valve during 
diastole       
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5.2.1     Learning Points 

 Surgical options involving the mitral valve include (1) closed 
commissurotomy, where the valve is opened blindly through 
the left atrium or left ventricle; (2) open commissurotomy, 
which allows more extensive surgery under direct visualiza-
tion; and (3) mitral valve replacement, which is preferred in 
the presence of severe valvular thickening and subvalvular 
fi brosis with leafl et tethering. In addition to patients with 
suboptimal valve anatomy (or those in whom percutaneous 
mitral balloon commissurotomy has failed), patients with 
moderate or severe tricuspid regurgitation also may have a 
better outcome with a surgical approach that includes tricus-
pid valve repair [ 1 ]. This patient’s severely calcifi ed mitral 
valve was not suitable for PBMC, and her severe tricuspid 
regurgitation would benefi t from tricuspid valve surgery.   

5.3     Case 3. Rheumatic Mitral 
Regurgitation 

 A 44-year-old man with a history of progressive shortness of 
breath was admitted to the hospital owing to decompensated 
heart failure. He reported a 1-year history of orthopnea, as 
well as palpitations and dizziness, but denied syncope. 
Echocardiography showed severe mitral regurgitation (mean 
gradient 9 mmHg, ejection fraction 60 %) and mild mitral 
stenosis (valve area 1.9 cm 2 ). Catheterization revealed severe 
disease of the left main and left anterior descending arteries. 
The patient underwent successful mitral valve replacement 
and coronary artery bypass grafting (Figs.  5.25 ,  5.26 ,  5.27 , 
 5.28 ,  5.29 , and  5.30 ).      
    Video 5.17  TTE (parasternal long-axis view) showed a 

thickened mitral valve with diastolic doming and restricted 
opening, fi ndings consistent with rheumatic mitral valve 
disease (AVI 3378 kb)  

   Video 5.18  TTE (parasternal long-axis view) with color 
Doppler imaging showed severe mitral regurgitation (AVI 
4245 kb)  

   Video 5.19  TTE (four-chamber view) showed dilated left 
atrium with severe mitral valve thickening with restricted 
opening and closure (AVI 3318 kb)  

   Video 5.20  TTE (four-chamber view) zoomed at mitral valve 
and left atrium showed severe mitral regurgitation (AVI 
3582 kb)  

   Video 5.21  TEE (four-chamber view) showed malcoapted 
mitral valve due to severe restriction of the leafl ets (AVI 
3196 kb)  

   Video 5.22  TEE (long-axis view) again showed malcoapted 
mitral valve due to severe restriction of the leafl ets (AVI 
3215 kb)    
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  Fig. 5.26    TTE    (parasternal long-axis view) with color Doppler imaging showed severe mitral regurgitation (arrow)       

  Fig. 5.25    TTE (parasternal long-axis view) showed a thickened mitral valve with diastolic doming and restricted opening, fi ndings consistent 
with rheumatic mitral valve disease ( arrow )       
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  Fig. 5.27    TTE (four-chamber view) showed dilated left atrium with severe mitral valve thickening with restricted opening and closure ( arrows )       

  Fig. 5.28    TTE (four-chamber view) zoomed at mitral valve and left atrium showed severe mitral regurgitation       
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  Fig. 5.29    TEE (four-chamber view) showed malcoapted mitral valve due to severe restriction of the leafl ets ( arrow )       

  Fig. 5.30    TEE (long-axis view) again showed malcoapted mitral valve due to severe restriction of the leafl ets ( arrow )       
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5.3.1     Learning Points 

 Rheumatic mitral regurgitation causes retraction of tendi-
nous chords and leafl ets, as well as annular dilation, thus 
compromising coaptation between the two leafl ets and was 
classifi ed as Type IIIa mitral regurgitation according to 
Carpentier’s classifi cation. Similar changes are observed in 
postinfl ammatory and postradiotherapy MR. Morphological 
features of rheumatic mitral valve disease include anterior 
mitral valve leafl et thickening, chordal thickening, restricted 
leafl et motion, and excessive leafl et tip motion during sys-
tole. Excessive leafl et tip motion is the result of elongation of 
the primary chords, and is defi ned as displacement of the tip 
or edge of an involved leafl et towards the left atrium result-
ing in abnormal coaptation and regurgitation. It is the pre-
dominant mechanism of mitral regurgitation in the setting of 
acute rheumatic carditis. Excessive leafl et tip motion does 
not need to meet the standard echocardiographic defi nition 
of the mitral valve prolapse disease, as that refers to a differ-
ent disease process.       
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6.1            Devices 

6.1.1     MitraClip 

 The MitraClip (Fig.  6.1 ) is a percutaneous mitral valve repair 
system from Abbott Vascular. The device incorporates a 
steerable guide catheter that traverses the interatrial septum 
and enables accurate positioning and trajectory of the clip 
(Fig.  6.2 ). 

 The clip itself consists of two arms and two grippers. 
Using catheter guidance, the leafl ets are positioned in the 
base of the V shape created between the gripper and clip 
arm. Once there is appropriate leafl et stability, the device is 
deployed from the catheter with the leafl et tips sandwiched 
between the gripper and clip arm on either side (Fig.  6.3 ). 
The goal is to deploy the clip perpendicular to the valve leaf-
lets with complete leafl et insertion bilaterally and stable leaf-
let tissue medial and lateral to the clip (Fig.  6.4 ).      
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  Fig. 6.1    MitraClip device (Abbott Vascular)       
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Catheter tip
in left atrium

Opened clip placed
through mitral valve

Clip closed, holding
valve leaflets together

a

b

  Fig. 6.2    ( a ) Mechanism of 
MitraClip. ( b ) Clip and guide 
catheter       

  Fig. 6.3    MitraClip device, consisting of two arms and two grippers       
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6.1.2     Occluder Devices 

 The Amplatzer Vascular Plug II from St. Jude Medical is a 
representative example of the current generation of occluder 
devices (Fig.  6.5 ). These products are designed for precise, 
catheter-guided delivery and can be recaptured and reposi-
tioned to optimize orientation prior to fi nal deployment. 
They typically have a Nitinol mesh design and come in a 
variety of different sizes. These features make them ideally 
suited for percutaneous closure of mitral paravalvular leaks, 
thereby allowing some patients to avoid redoing of open 
mitral valve surgery.    

  Fig. 6.4    The MitraClip is deployed perpendicular to the valve leafl ets, 
with complete leafl et insertion bilaterally and stable leafl et tissue 
medial and lateral to the clip       

  Fig. 6.5    The Amplatzer Vascular Plug II (St. Jude Medical) is a repre-
sentative example of the current generation of occluder devices       
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6.2     Case 1. Procedural Steps for MitraClip 
Deployment 

 An 82-year-old man with a past history of coronary artery 
bypass graft surgery, chronic obstructive pulmonary dis-
ease (COPD) on home oxygen, an abdominal aortic aneu-
rysm, and mitral valve prolapse presented for evaluation of 
worsening fatigue and shortness of breath at rest in the set-
ting of severe mitral regurgitation. Because of his signifi -
cant comorbidities, he had been previously managed 
medically for his mitral valve disease. He was referred for 
MitraClip, which was performed under transesophageal 
guidance (Figs.  6.6 ,  6.7 ,  6.8 ,  6.9 ,  6.10 ,  6.11 ,  6.12 ,  6.13 , 
 6.14 ,  6.15 ,  6.16 ,  6.17 ,  6.18 ,  6.19 ,  6.20 ,  6.21 ,  6.22 ,  6.23 , and 
 6.24 ).                   
    Video 6.1  Transesophageal echo (TEE) biplane view at 125° 

and 11°, demonstrating excessive motion and fl ail of the 
A2 segment of the anterior mitral valve leafl et (AVI 
3872 kb)  

   Video 6.2  TEE biplane view at 125° and 11°, demonstrating 
severe posterolaterally directed mitral regurgitation (AVI 
1180 kb)  

   Video 6.3  Tenting of the interatrial septum to confi rm the 
position prior to septostomy (AVI 7690 kb)  

   Video 6.4  The guide catheter is then advanced across the 
interatrial septum to gain access to the left atrium (AVI 
4432 kb)  

   Video 6.5  The device is positioned in the left atrium to 
ensure appropriate medial-lateral and anterior-posterior 
alignment with the mitral valve (AVI 6117 kb)  

   Video 6.6  The device can be seen approaching the valve, 
using 3D imaging (AVI 2332 kb)  

   Video 6.7  3D imaging can be used to visualize the MitraClip 
crossing the mitral valve (AVI 1962 kb)  

   Video 6.8  When both clip arms are adequately aligned, 
the clip is positioned perpendicular to the line of leafl et 

coaptation Both leafl et tips must be fully inserted on both 
sides of the device between the grippers and clip arms to 
ensure stability of attachment (AVI 4108 kb)  

   Video 6.9  After deployment on an initial MitraClip across 
the medial aspects of A2 and P2, there is good leafl et 
opposition with moderate (2+) residual MR (AVI 4226 kb)  

   Video 6.10  3D zoom imaging is used to visualize the 
MitraClip from the left atrium The clip is well positioned, 
with good attachment to both leafl ets, and creates a 
double- orifi ce valve appearance (AVI 2359 kb)  

   Video 6.11  The same double-orifi ce view can be appreciated 
in 3D from the left ventricular aspect of the mitral valve 
(AVI 2311 kb)  

   Video 6.12  If there is residual MR, a second MitraClip is 
often deployed to improve leafl et coaptation Care must be 
taken not to disrupt the fi rst clip and to ensure that the 
valve orifi ce does not become stenotic There is also 
increased risk of snaring the second clip in the subvalvu-
lar apparatus, as the chordae are now more centrally posi-
tioned after deployment of the fi rst clip In this example, 
deployment of a second clip is seen immediately adjacent 
to the fi rst clip on the lateral aspect of the A2 and P2 scal-
lops (biplane view) (AVI 4300 kb)  

   Video 6.13  An excellent fi nal result is achieved, with only 
trivial MR seen on this bicommissural view with simulta-
neous gray-scale and color Doppler images (AVI 5098 kb)  

   Video 6.14  Trivial MR is confi rmed on a long-axis view with 
simultaneous gray-scale and color Doppler images (AVI 
5190 kb)  

   Video 6.15  The adjacent MitraClips create a double orifi ce 
mitral valve, which can be visualized in 3D from both the 
left ventricular ( left image ) and left atrial ( right image ) 
aspects (AVI 2534 kb)  

   Video 6.16  An expected trivial to mild residual left-to-right 
interatrial shunt was noted at the septostomy site on color 
Doppler imaging (AVI 5364 kb)     
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  Fig. 6.6    Transesophageal echo 
(TEE) biplane view at 125° and 
11°, demonstrating excessive 
motion and fl ail of the A2 
segment of the anterior mitral 
valve leafl et       

  Fig. 6.7    TEE biplane view at 
125° and 11°, demonstrating 
severe posterolaterally directed 
mitral regurgitation (MR)       
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  Fig. 6.8    A proximal isovelocity 
surface area (PISA) of 1.7 cm 2  
supports the diagnosis of severe 
MR       

  Fig. 6.9    Tenting of the interatrial 
septum to confi rm the position 
prior to septostomy       
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  Fig. 6.10    The guide catheter is 
then advanced across the 
interatrial septum to gain access 
to the left atrium       

  Fig. 6.11    The device is 
positioned in the left atrium to 
ensure appropriate medial-lateral 
and anterior-posterior alignment 
with the mitral valve       
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  Fig. 6.12    The device can be 
seen approaching the valve, using 
3D imaging       

  Fig. 6.13    3D imaging can be 
used to visualize the MitraClip 
crossing the mitral valve       
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  Fig. 6.14    When both clip arms 
are adequately aligned, the clip is 
positioned perpendicular to the 
line of leafl et coaptation. Both 
leafl et tips must be fully inserted 
on both sides of the device 
between the grippers and clip 
arms to ensure stability of 
attachment       

  Fig. 6.15    After deployment on 
an initial MitraClip across the 
medial aspects of A2 and P2, 
there is good leafl et opposition 
with moderate (2+) residual MR       
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  Fig. 6.16    3D zoom imaging is 
used to visualize the MitraClip 
from the left atrium. The clip is 
well positioned, with good 
attachment to both leafl ets, and 
creates a double-orifi ce valve 
appearance       

  Fig. 6.17    The same double- 
orifi ce view can be appreciated in 
3D from the left ventricular 
aspect of the mitral valve       
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  Fig. 6.18    If there is residual 
MR, a second MitraClip is often 
deployed to improve leafl et 
coaptation. Care must be taken 
not to disrupt the fi rst clip and to 
ensure that the valve orifi ce does 
not become stenotic. There is 
also increased risk of snaring the 
second clip in the subvalvular 
apparatus, as the chordae are now 
more centrally positioned after 
deployment of the fi rst clip. In 
this example, deployment of a 
second clip is seen immediately 
adjacent to the fi rst clip on the 
lateral aspect of the A2 and P2 
scallops (biplane view)       

  Fig. 6.19    An excellent fi nal 
result is achieved, with only 
trivial MR seen on this 
bicommissural view with 
simultaneous gray-scale and 
color Doppler images       
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  Fig. 6.20    Trivial MR is 
confi rmed on a long-axis view 
with simultaneous gray-scale and 
color Doppler images       

  Fig. 6.21    The adjacent 
MitraClips create a double-orifi ce 
mitral valve, which can be 
visualized in 3D from both the 
left ventricular ( left image ) and 
left atrial ( right image ) aspects       
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  Fig. 6.22    Continuous wave 
Doppler imaging across the 
mitral valve confi rms that there is 
no hemodynamically signifi cant 
stenosis related to deployment of 
the two MitraClips. 
Postprocedure transvalvular 
gradients were within normal 
limits (peak/mean 10/2 mmHg)       

  Fig. 6.23    Pulse wave Doppler 
imaging of the left upper 
pulmonary vein profi le 
demonstrates normalization of 
the spectral trace, suggesting that 
left atrial pressures have already 
been reduced, related to the 
signifi cant reduction in MR 
severity       
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  Fig. 6.24    An expected trivial to 
mild residual left-to-right 
interatrial shunt was noted at the 
septostomy site on color Doppler 
imaging       
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6.3     Case 2. MitraClip for Posterior Leafl et 
Prolapse 

 An 87-year-old man presented with progressive dyspnea on 
minimal exertion. He had known severe (4+) mitral regurgita-
tion due to posterior leafl et prolapse with P2 fl ail and moder-
ately severe pulmonary hypertension (right ventricular 
systolic pressure [RVSP] 73 mmHg). He declined surgery but 
was offered percutaneous mitral valve repair with a MitraClip. 
After the intervention, there was improvement in mitral regur-
gitation to 1+ and no associated stenosis (mean gradient of 
2 mmHg) (Figs.  6.25 ,  6.26 ,  6.27 ,  6.28 ,  6.29 , and  6.30 ).      
    Video 6.17  TEE 120° view shows the mitral valve with two 

MitraClips deployed side-by-side on the central and 
medial aspects of the valve, with good leafl et coaptation 
(AVI 10853 kb)  

   Video 6.18  TEE 120° view demonstrates mild (1+) residual 
central MR (AVI 2617 kb)  

   Video 6.19  Biplane view of the mitral valve in long-axis 
(125°) and off-axis (17°) four-chamber views, again 
showing the MitraClips (AVI 5001 kb)  

   Video 6.20  Biplane view of the mitral valve in long-axis 
(125°) and off-axis 4 chamber views (17°) with the 
MitraClips in situ and mild (1+) residual MR (AVI 
1003 kb)  

   Video 6.21  3D zoom view of the mitral valve from the left 
atrial perspective The Mitraclips can be seen side-by-
side, apposing the anterior and posterior leafl ets (AVI 
1076 kb)  

   Video 6.22  Use of Philips 3DQ reconstruction software 
demonstrates a multiplanar view of the mitral valve with 
the MitraClips in situ (AVI 1554 kb)     

  Fig. 6.25    TEE 120° view shows 
the mitral valve with two 
MitraClips deployed side-by-side 
on the central and medial aspects 
of the valve, with good leafl et 
coaptation       
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  Fig. 6.26    TEE 120° view 
demonstrates mild (1+) residual 
central MR       

  Fig. 6.27    Biplane view of the 
mitral valve in long-axis (125°) 
and off-axis four-chamber views 
(17°), again showing the 
MitraClips       
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  Fig. 6.28    Biplane view of the 
mitral valve in long-axis (125°) 
and off-axis 4 chamber views 
(17°) with the MitraClips in situ 
and mild (1+) residual MR       

  Fig. 6.29    3D zoom view of the 
mitral valve from the left atrial 
perspective. The Mitraclips can 
be seen side-by-side, apposing 
the anterior and posterior leafl ets       
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  Fig. 6.30    Use of Philips 3DQ 
reconstruction software 
demonstrates a multiplanar view 
of the mitral valve with the 
MitraClips in situ       
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6.4     Case 3. MitraClip for Anterior Leafl et 
Prolapse 

 An 89-year-old man with a history of previous aortic valve 
replacement and known anterior mitral prolapse presents with 
increasing dyspnea (including paroxysmal nocturnal dys-
pnea), peripheral edema, and palpitations. He was noted to 
have an estimated RVSP of 95 mmHg, consistent with severe 
pulmonary hypertension. He was felt to be a very high-risk 
candidate for redoing open surgery, considering his age and 
problems with the previous surgery, so he was offered the 
option of MitraClip instead of open surgery (Figs.  6.31 ,  6.32 , 
 6.33 ,  6.34 ,  6.35 ,  6.36 ,  6.37 ,  6.38 ,  6.39 ,  6.40 ,  6.41 , and  6.42 ).            
    Video 6.23  Color Doppler imaging in a long-axis (120°) 

view confi rmed severe (4+), posteriorly directed mitral 
regurgitation due to anterior leafl et prolapse and partial 
fl ail (AVI 1543 kb)  

   Video 6.24  3D imaging of the mitral valve from the left 
atrium confi rmed predominant involvement of the A1/A2 
scallops (AVI 621 kb)  

   Video 6.25  Atrial septostomy was performed (AVI 3546 kb)  
   Video 6.26  The device is aligned with the mitral valve using 

the steerable guide catheter, which bends at 90° in the left 
atrium after traversing the interatrial septum (AVI 7462 kb)  

   Video 6.27  The device is aligned perpendicular to the valve 
leafl ets The long-axis (120°) view is helpful to visualize 
both device arms and both mitral valve leafl ets simultane-
ously (AVI 7145 kb)  

   Video 6.28  Once the MitraClip is adequately positioned with 
optimal leafl et insertion between the grippers and arms, 
the clip is deployed (AVI 7453 kb)  

   Video 6.29  This transgastric TEE view shows a lateral view 
of the MitraClip with the clip arms perpendicular to the 
line of leafl et coaptation (AVI 7639 kb)  

   Video 6.30  Using 3D imaging of the mitral valve from a left 
atrial view, the clip can be seen apposing the lateral 
aspects of the leafl ets (A1/P1 scallops) (AVI 1149 kb)  

   Video 6.31  To ensure optimal leafl et coaptation, a second 
MitraClip was deployed more medially Residual 1+ MR 
was noted on color Doppler imaging with TEE (AVI 
1679 kb)  

   Video 6.32  Long-term follow-up with transthoracic echocar-
diography (TTE) demonstrates a good result, with only 
trivial residual MR noted on an apical four-chamber view 
(AVI 2897 kb)  

   Video 6.33  Color Doppler imaging in a parasternal long-axis 
view by TTE shows negligible regurgitation (AVI 
2190 kb)     

  Fig. 6.31    Color Doppler 
imaging in a long-axis (120°) 
view confi rmed severe (4+), 
posteriorly directed mitral 
regurgitation due to anterior 
leafl et prolapse and partial fl ail       
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  Fig. 6.33    Atrial septostomy was 
performed       

  Fig. 6.32    3D imaging of the 
mitral valve from the left atrium 
confi rmed predominant 
involvement of the A1/A2 
scallops       
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  Fig. 6.34    The device is aligned 
with the mitral valve using the 
steerable guide catheter, which 
bends at 90° in the left atrium 
after traversing the interatrial 
septum       

  Fig. 6.35    The device is aligned 
perpendicular to the valve 
leafl ets. The long-axis (120°) 
view is helpful to visualize both 
device arms and both mitral valve 
leafl ets simultaneously       
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  Fig. 6.37    This transgastric TEE 
view shows a lateral view of the 
MitraClip with the clip arms 
perpendicular to the line of leafl et 
coaptation       

  Fig. 6.36    Once the MitraClip is 
adequately positioned with 
optimal leafl et insertion between 
the grippers and arms, the clip is 
deployed       
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  Fig. 6.38    Using 3D imaging of 
the mitral valve from a left atrial 
view, the clip can be seen 
apposing the lateral aspects of 
the leafl ets (A1/P1 scallops)       

  Fig. 6.39    To ensure optimal 
leafl et coaptation, a second 
MitraClip was deployed more 
medially. Residual 1+ MR was 
noted on color Doppler imaging 
with TEE       
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  Fig. 6.41    Color Doppler 
imaging in a parasternal 
long-axis view by TTE shows 
negligible regurgitation       

  Fig. 6.40    Long-term follow-up 
with transthoracic 
echocardiography (TTE) 
demonstrates a good result, with 
only trivial residual MR noted on 
an apical four-chamber view       
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  Fig. 6.42    Continuous wave 
Doppler imaging through the 
mitral valve confi rms that there is 
no evidence of valvular stenosis 
(peak/mean gradients of 
11/3 mmHg)       
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6.5     Case 4. 3D Guidance of MitraClip 

 An 87-year-old male ex-smoker with a past history of coro-
nary artery disease (coronary artery bypass graft surgery), 
atrial fi brillation, pulmonary hypertension, hypertension, 
and hyperlipidemia presented with multifactorial dyspnea. 
On echocardiography, he was noted to have mild right ven-
tricular systolic dysfunction with moderately severe (3+) 
posteriorly directed mitral valve regurgitation secondary to 
anterior (A2 scallop) leafl et prolapse, moderately severe (3+) 
tricuspid valve regurgitation, and moderately severe pulmo-
nary hypertension (RVSP 70 mmHg). Because of his signifi -
cant comorbidities, he was not felt to be a surgical candidate, 
so he was referred for MitraClip (Figs.  6.43 ,  6.44 ,  6.45 ,  6.46 , 
 6.47 ,  6.48 ,  6.49 , and  6.50 ).        
    Video 6.34  TEE view of the mitral valve at 112°, demonstrat-

ing anterior leafl et prolapse (A2 scallop) (AVI 6904 kb)  
   Video 6.35  Color Doppler imaging demonstrates resultant 

moderately severe (3+) MR due to failure of leafl et coap-
tation (AVI 2187 kb)  

   Video 6.36  Baseline 3D image of the mitral valve viewed 
from the left atrium (AVI 1482 kb)  

   Video 6.37  3D image showing the guide catheter in the left 
atrium approaching the mitral valve The position and 
trajectory are adjusted to optimize perpendicular align-
ment of the MitraClip with the valve leafl ets (AVI 
979 kb)  

   Video 6.38  A TEE two dimensional (2D) long-axis view of 
the mitral valve demonstrates that the MitraClip is well 
positioned, with stable attachment to both leafl ets, and is 
ready for deployment (AVI 6948 kb)  

   Video 6.39  ( a ) After MitraClip deployment, 3D imaging 
shows the guide catheter retracted into the left atrium 
(AVI 2360 kb)  

   Video 6.39  ( b ) The MitraClip can be seen apposing the valve 
leafl ets centrally across the A2 and P2 scallops to create a 
double-orifi ce mitral valve (AVI 1634 kb)  

   Video 6.40  2D imaging of the mitral valve in long-axis view 
demonstrates 1+ residual MR (AVI 3942 kb)     

  Fig. 6.43    TEE view of the 
mitral valve at 112°, 
demonstrating anterior leafl et 
prolapse (A2 scallop)       
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  Fig. 6.45    Baseline 3D image of 
the mitral valve viewed from the 
left atrium       

  Fig. 6.44    Color Doppler 
imaging demonstrates resultant 
moderately severe (3+) MR due 
to failure of leafl et coaptation       
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  Fig. 6.47    A TEE two 
dimensional (2D) long-axis view 
of the mitral valve demonstrates 
that the MitraClip is well 
positioned, with stable 
attachment to both leafl ets, and is 
ready for deployment       

  Fig. 6.46    3D image showing the 
guide catheter in the left atrium 
approaching the mitral valve. The 
position and trajectory are 
adjusted to optimize 
perpendicular alignment of the 
MitraClip with the valve leafl ets       
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b

  Fig. 6.48    ( a ) After MitraClip 
deployment, 3D imaging shows 
the guide catheter retracted into 
the left atrium. ( b ) The MitraClip 
can be seen apposing the valve 
leafl ets centrally across the A2 
and P2 scallops to create a 
double-orifi ce mitral valve       
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  Fig. 6.49    2D imaging of the 
mitral valve in long-axis view 
demonstrates 1+ residual MR       

  Fig. 6.50    Continuous wave 
Doppler through the mitral valve 
confi rms that the MitraClip is not 
causing hemodynamically 
signifi cant stenosis (peak/mean 
gradients of 12/3 mmHg)       
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6.6     Case 5. Paravalvular Leak After 
Mechanical Mitral Valve Replacement 

 A 54-year-old man with a past history of coronary artery 
bypass graft surgery, St. Jude mechanical aortic and mitral 
valve replacements, and pacemaker insertion for heart block 
was transferred for evaluation regarding possible redo mitral 
valve replacement. He had presented to another hospital 
with pulmonary edema and respiratory acidosis and had 
been found to have a severe paravalvular leak at the antero-
lateral aspect of the mitral valve annulus. He underwent 
Amplatzer closure of the paravalvular leak using guidance 
by real-time 3D imaging (Figs.  6.51 ,  6.52 ,  6.53 ,  6.54 ,  6.55 , 
and  6.56 ).      
    Video 6.41  2D TEE image at 90° of the St Jude bileafl et 

mitral valve replacement (AVI 6519 kb)  

   Video 6.42  Color Doppler imaging demonstrates a severe, 
eccentric, paravalvular leak at the anterolateral aspect of 
the prosthetic valve annulus (AVI 1893 kb)  

   Video 6.43  3D imaging of the left atrial aspect of the mitral 
valve prosthesis The  arrow  points to a region of dehis-
cence from which the paravalvular leak originates (AVI 
3399 kb)  

   Video 6.44  Color 3D imaging demonstrates color fl ow 
through the region of dehiscence, representative of the 
paravalvular leak (AVI 529 kb)  

   Video 6.45  A 3D view of the mitral valve from the anterolat-
eral aspect demonstrates the region of dehiscence (AVI 
466 kb)  

   Video 6.46  3D image of the bileafl et mitral valve prosthesis 
with the occluder device in situ, adjacent to the anterolat-
eral aspect of the valve (AVI 438 kb)     

  Fig. 6.51    2D TEE image at 90° 
of the St. Jude bileafl et mitral 
valve replacement       
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  Fig. 6.53    3D imaging of the left 
atrial aspect of the mitral valve 
prosthesis. The arrow points to a 
region of dehiscence from which 
the paravalvular leak originates       

  Fig. 6.52    Color Doppler 
imaging demonstrates a severe, 
eccentric, paravalvular leak at the 
anterolateral aspect of the 
prosthetic valve annulus       
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  Fig. 6.55    A 3D view of 
the mitral valve from the 
anterolateral aspect. The arrow 
demonstrates a small region of 
dehiscence       

  Fig. 6.54    Color 3D imaging 
demonstrates color fl ow through 
the region of dehiscence, 
representative of the paravalvular 
leak       
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  Fig. 6.56    3D image of the 
bileafl et mitral valve prosthesis 
with the occluder device in situ, 
adjacent to the anterolateral 
aspect of the valve       
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6.7     Case 6. Paravalvular Leak Closure: 
Bioprosthetic Mitral Valve 
Replacement 

 64-year-old man presented for percutaneous closure of a 
mitral paravalvular leak. His past history included biopros-
thetic mitral valve replacement and coronary artery bypass 
graft surgery 3 years earlier, hyperlipidemia, hypertension, 
pulmonary embolism, history of smoking, and family history 
of coronary artery disease. His prior sternotomy had been 
complicated by infection, which had required extensive 
débridement and muscle fl ap repair. He had reported recent 
increasing dyspnea with exertion, and echocardiography had 
demonstrated a moderate (2–3+) paraprosthetic leak in the 
anterolateral region at the base of the prosthetic valve annu-
lus. Otherwise the stented bioprosthetic valve (Carpentier- 
Edwards prosthetic valve size #29) was functioning normally 
(Figs.  6.57 ,  6.58 ,  6.59 ,  6.60 , and  6.61 ).     

    Video 6.47  Biplane color Doppler TEE image at 130° and 
11°, showing a bileafl et prosthetic mitral valve with mod-
erate (2–3+) anterolateral paravalvular leak (AVI 1150 kb)  

   Video 6.48  Color 3D reconstruction image of the paravalvu-
lar jet of mitral regurgitation (AVI 134 kb)  

   Video 6.49  3D image of the mitral valve from a left atrial 
view, showing a guide catheter through the anterolateral 
region of valve dehiscence (2 o’clock position) (AVI 
567 kb)  

   Video 6.50  3D reconstruction of the mitral valve from the 
left atrial view The paravalvular leak was successfully 
closed using 10-mm and 12-mm Amplatzer Vascular Plug 
II devices at the 2 and 3 o’clock positions (AVI 754 kb)  

   Video 6.51  Biplane color Doppler TEE image at 125° and 
14° after deployment of the occluder in the anterolateral 
region of valve dehiscence The Amplatzer occluder 
devices can be seen adjacent to the valve replacement, 
with only a trivial residual paravalvular leak (AVI 501 kb)     

  Fig. 6.57    Biplane color Doppler 
TEE image at 130° and 11°, 
showing a bileafl et prosthetic 
mitral valve with moderate 
(2–3+) anterolateral paravalvular 
leak       
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  Fig. 6.58    Color 3D 
reconstruction image of the 
paravalvular jet of mitral 
regurgitation       

  Fig. 6.59    3D image of the mitral 
valve from a left atrial view, 
showing a guide catheter through 
the anterolateral region of valve 
dehiscence (2 o’clock position)       
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  Fig. 6.61    Biplane color Doppler 
TEE image at 125° and 14° after 
deployment of the occluder in the 
anterolateral region of valve 
dehiscence. The Amplatzer 
occluder devices can be seen 
adjacent to the valve 
replacement, with only a trivial 
residual paravalvular leak       

  Fig. 6.60    3D reconstruction of 
the mitral valve from the left 
atrial view. The paravalvular leak 
was successfully closed using 10 
and 12-mm Amplatzer Vascular 
Plug II devices at the 2 and 3 
o’clock positions       
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6.8     Case 7. Paravalvular Leak Closure: 
Mechanical Mitral Valve Replacement 
with Hemolysis 

 A 60-year-old woman with a past cardiac history of atrial 
fi brillation and previous valve surgery (mechanical aortic 
and mitral valve replacements and a tricuspid valve repair) 
for rheumatic heart disease presented for evaluation of sig-
nifi cant nausea, vomiting, and jaundice. She was noted to 
have a normocytic anemia with no obvious source of bleed-
ing, new acute renal insuffi ciency, and elevated liver func-
tion tests. Colonoscopy, esophagogastroduodenoscopy, and 
ERCP were unremarkable. TEE demonstrated normally 
functioning mechanical valves, but a mild to moderate 
(1–2+) paravalvular leak was noted adjacent to the infero-
posterior aspect of the mitral valve sewing ring. Prosthetic 
valve–related hemolysis was diagnosed. She was deter-
mined to be too high-risk for additional open heart surgery 
and was offered percutaneous device closure of the paraval-
vular leak (Figs.  6.62 ,  6.63 ,  6.64 ,  6.65 ,  6.66 ,  6.67 ,  6.68 , and 
 6.69 ).        
    Video 6.52  TEE image at 61° demonstrating a normally 

functioning bileafl et St Jude prosthetic mitral valve (AVI 
4737 kb)  

   Video 6.53  TEE image at 61° demonstrating the mild to 
moderate paravalvular leak (AVI 1882 kb)  

   Video 6.54  Valve dehiscence is not evident on 3D recon-
struction (Philips 3DQ) of the mitral valve replacement 
from a left atrial view, owing to the small size of the ori-
fi ce of the leak (AVI 1249 kb)  

   Video 6.55  Magnifi ed view of the 3D mitral valve recon-
struction from Fig.  6.64  (AVI 929 kb)  

   Video 6.56  Transesophageal 72° view demonstrating a triv-
ial residual paravalvular leak after deployment of the 
occluder device (AVI 1646 kb)  

   Video 6.57  3D zoom view of the mitral valve, showing the 
12-mm Amplatzer Vascular Plug II device deployed infer-
oposteriorly (AVI 3809 kb)  

   Video 6.58  TTE parasternal long-axis view with simultane-
ous 2D and color Doppler imaging demonstrating the 
occluder device in situ adjacent to the posterior aspect of 
the valve ring No signifi cant residual mitral regurgitation 
is visible (AVI 4244 kb)  

   Video 6.59  Transthoracic parasternal short-axis view just 
apical to the true mitral valve annulus with simultaneous 
2D and color Doppler imaging The ventricular aspect of 
the occluder device can be seen inferoposteriorly (AVI 
6442 kb)     

  Fig. 6.62    TEE image at 61° 
demonstrating a normally 
functioning bileafl et St. Jude 
prosthetic mitral valve       
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  Fig. 6.63    TEE image at 61° 
demonstrating the mild to 
moderate paravalvular leak       
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  Fig. 6.64    Valve dehiscence is not evident on 3D reconstruction (Philips 3DQ) of the mitral valve replacement from a left atrial view, owing to the 
small size of the orifi ce of the leak       

 

C. Jellis



129

  Fig. 6.65    Magnifi ed view of the 
3D mitral valve reconstruction 
from Fig.  6.64        

  Fig. 6.66    Transesophageal 72° 
view demonstrating no 
signifi cant residual paravalvular 
leak after deployment of the 
occluder device       
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  Fig. 6.67    3D zoom view of the 
mitral valve, showing the 12-mm 
Amplatzer Vascular Plug II 
device deployed inferoposteriorly       

  Fig. 6.68    TTE parasternal 
long-axis view with simultaneous 
2D and color Doppler imaging 
demonstrating the occluder 
device in situ adjacent to the 
posterior aspect of the valve ring. 
No signifi cant residual mitral 
regurgitation is visible       
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  Fig. 6.69    Transthoracic 
parasternal short-axis view just 
apical to the true mitral valve 
annulus with simultaneous 2D 
and color Doppler imaging. The 
ventricular aspect of the occluder 
device can be seen 
inferoposteriorly       
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6.9     Case 8. Transcutaneous Mitral Valve 
Replacement: “Valve in Valve” 

 An 80-year-old woman with a past history of rheumatic heart 
disease presented with congestive cardiac failure due to 
prosthetic mitral and native aortic valve stenosis. She had a 
past history of previous open heart surgery, including open 
mitral commissurotomy 42 years ago, pericardiectomy for 
constrictive pericarditis 22 years ago, and bioprosthetic 
mitral valve replacement (Carpentier-Edwards 27 mm) 11 
years ago. She was deemed to be high risk for redo of open 
surgery and underwent transcutaneous aortic and mitral 
valve replacements via a transapical approach (Figs.  6.70 , 
 6.71 ,  6.72 ,  6.73 ,  6.74 ,  6.75 ,  6.76 ,  6.77 , and  6.78 ).         
    Video 6.60  Transesophageal 0° view demonstrating the 

Carpentier- Edwards prosthetic mitral valve in situ, with 
calcifi cation and immobility of the posteromedial leafl et 
(AVI 5076 kb)  

   Video 6.61  3D zoom of the bioprosthetic mitral valve from 
the left atrium, demonstrating thickening and immobility 
of the posteromedial prosthetic leafl et (AVI 996 kb)  

   Video 6.62  3D imaging of the guidewire across the mitral 
valve (AVI 1835 kb)  

   Video 6.63  3D imaging of the mitral valve prosthesis being 
fed along the guide wire into position (AVI 862 kb)  

   Video 6.64  3D imaging during balloon infl ation and deploy-
ment of the new 26-mm Edwards Sapien bioprosthetic 
valve prosthesis (AVI 505 kb)  

   Video 6.65  3D imaging after deployment of the fully 
expanded and normally functioning mitral valve prosthe-
sis; the guidewire is still in situ (AVI 1006 kb)  

   Video 6.66  3D imaging after removal of the guidewire 
demonstrates unrestricted opening of the new transcuta-
neous “valve in valve” mitral valve replacement (AVI 
1933 kb)  

   Video 6.67  Transesophageal 2D biplane view (0° and 90°) 
demonstrating the new transcutaneous mitral valve 
replacement opening normally (AVI 4148 kb)  

   Video 6.68  Transesophageal biplane view (0° and 90°) with 
color Doppler imaging demonstrating mild residual val-
vular mitral regurgitation and a trace anterior paravalvular 
leak (AVI 912 kb)     

  Fig. 6.70    Transesophageal 0° 
view demonstrating the 
Carpentier-Edwards prosthetic 
mitral valve in situ, with 
calcifi cation and immobility of 
the posteromedial leafl et       
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  Fig. 6.71    3D zoom of the 
bioprosthetic mitral valve from 
the left atrium, demonstrating 
thickening and immobility of the 
posteromedial prosthetic leafl et       

  Fig. 6.72    3D imaging of the 
guidewire across the mitral valve       
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  Fig. 6.73    3D imaging of the 
mitral valve prosthesis being fed 
along the guide wire into position       

  Fig. 6.74    3D imaging during 
balloon infl ation and deployment 
of the new 26-mm Edwards 
Sapien bioprosthetic valve 
prosthesis       
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  Fig. 6.75    3D imaging after 
deployment of the fully expanded 
and normally functioning mitral 
valve prosthesis; the guidewire is 
still in situ       

  Fig. 6.76    3D imaging after 
removal of the guidewire 
demonstrates unrestricted 
opening of the new 
transcutaneous “valve in valve” 
mitral valve replacement       
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  Fig. 6.77    Transesophageal 2D 
biplane view (0° and 90°) 
demonstrating the new 
transcutaneous mitral valve 
replacement opening normally       

  Fig. 6.78    Transesophageal 
biplane view (0° and 90°) with 
color Doppler imaging 
demonstrating mild residual 
valvular mitral regurgitation and 
a trace anterior paravalvular leak       
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6.10     Case 9. Mitral Balloon Valvuloplasty 

 63-year-old woman with a history of rheumatic fever as a child 
presented with worsening dyspnea after only mild exertion. She 
was noted to have severe mitral stenosis (mean gradient 
10 mmHg) with moderate to severe thickening and restriction of 
the anterior leafl et tip and posterior leafl et tip and body. A degree 
of valve mobility was preserved (anterior > posterior), there was 
negligible calcifi cation, and the subvalvular apparatus was min-
imally involved. Given this constellation of fi ndings, she was 
felt to be a good candidate for balloon valvuloplasty (Figs.  6.79 , 
 6.80 ,  6.81 ,  6.82 ,  6.83 ,  6.84 ,  6.85 , and  6.86 ).        
    Video 6.69  Transesophageal four-chamber (0°) view demon-

strating moderate to severe thickening of both leafl et tips 
and restriction of leafl et mobility (posterior > anterior) 
(MPG 503 kb)  

   Video 6.70  Transesophageal view of the mitral valve at 60°, 
demonstrating moderate bileafl et thickening with restric-

tion of posterior leafl et movement (P1) but relative pres-
ervation of anterior leafl et excursion (A1 and A2 scallops) 
(MPG 504 kb)  

   Video 6.71  Transesophageal view of the mitral valve at 60° 
with color Doppler imaging, demonstrating turbulent dia-
stolic forward fl ow associated with the stenosis but mini-
mal regurgitation (MPG 498 kb)  

   Video 6.72  Transesophageal imaging of the mitral valve at 
108° during balloon valvuloplasty (MPG 539 kb)  

   Video 6.73  Transesophageal four-chamber (−5°) view of the 
mitral valve after balloon valvuloplasty demonstrates 
improved anterior leafl et excursion (MPG 1080 kb )   

   Video 6.74  After valvuloplasty, a transesophageal view of 
the mitral valve at 20° with color Doppler imaging 
demonstrates reduced turbulence of the diastolic for-
ward fl ow and only trivial to mild regurgitation (MPG 
414 kb)     

  Fig. 6.79    Transesophageal 
four-chamber (0°) view 
demonstrating moderate to severe 
thickening of both leafl et tips and 
restriction of leafl et mobility 
(posterior > anterior)       
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  Fig. 6.81    Transesophageal view 
of the mitral valve at 60° with 
color Doppler imaging, 
demonstrating turbulent diastolic 
forward fl ow associated with the 
stenosis but minimal 
regurgitation       

  Fig. 6.80    Transesophageal view 
of the mitral valve at 60°, 
demonstrating moderate bileafl et 
thickening with restriction of 
posterior leafl et movement (P1) 
but relative preservation of 
anterior leafl et excursion (A1 and 
A2 scallops)       
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  Fig. 6.82    Continuous wave 
Doppler trace across the mitral 
valve demonstrates severe 
stenosis (peak transvalvular 
gradient, 19 mmHg; mean 
gradient, 10 mmHg)       

  Fig. 6.83    Transesophageal 
imaging of the mitral valve at 
108° during balloon 
valvuloplasty       
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  Fig. 6.85    After valvuloplasty, a 
transesophageal view of the 
mitral valve at 20° with color 
Doppler imaging demonstrates 
reduced turbulence of the 
diastolic forward fl ow and only 
trivial to mild regurgitation       

  Fig. 6.84    Transesophageal 
four-chamber (−5°) view of the 
mitral valve after balloon 
valvuloplasty demonstrates 
improved anterior leafl et 
excursion       
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  Fig. 6.86    After valvuloplasty, a 
continuous wave Doppler trace 
across the mitral valve 
demonstrates a reduction in peak 
and mean transvalvular gradients 
to 14 and 7 mmHg respectively       

 

6 Mitral Valve Devices



142

6.11     Case 10. Device Therapy: Cardiac 
Resynchronization Therapy 

 A 67-year-old man with a known ischemic cardiomyopathy, 
an ejection fraction of 20 %, and a QRS duration of 130 msec 
presented for consideration of biventricular pacemaker/
implantable defi brillator (CRT-D) implantation. He reported 
New York Heart Association (NYHA) Class III symptoms 
and had a past history of remote coronary artery bypass graft 
surgery without further options for revascularization. At 
baseline, he was noted to have extensive regional wall motion 
abnormalities, including an aneurysmal basal inferior wall. 
Associated severe left ventricular enlargement lead to apical 
tethering of the mitral valve and posterior leafl et restriction. 
In combination, this resulted in severe (3–4+) mitral regurgi-
tation. He underwent CRT-D implantation. After 6 months of 
cardiac resynchronization therapy, he underwent repeat 
echocardiographic assessment, which showed evidence of 
left ventricular remodeling with a reduction in left ventricu-
lar size and improvement in left ventricular function (ejec-
tion fraction 25–30 %). His mitral regurgitation had also 
signifi cantly improved and was now graded as mild to mod-
erate (1–2+) in severity. Clinically, these echocardiographic 
changes were mirrored by improvement in symptoms to 
NYHA Class I (Figs.  6.87  and  6.88 ).  

    Video 6.75  Apical long-axis image with color Doppler imag-
ing demonstrates a severely dilated left ventricle with 
extensive regional wall motion abnormalities consistent 
with multivessel coronary artery disease An aneurysmal 
basal inferior wall is noted There is severe (3–4+) central 
mitral regurgitation secondary to apical tethering and 
leafl et restriction (AVI 10546 kb)  

   Video 6.76  Apical long-axis 2 chamber (B) image with color 
Doppler imaging demonstrate a severely dilated left ven-
tricle with extensive regional wall motion abnormalities 
consistent with multivessel coronary artery disease An 
aneurysmal basal inferior wall is noted There is severe 
(3–4+) central mitral regurgitation secondary to apical 
tethering and leafl et restriction (AVI 5689 kb)  

   Video 6.77  Apical long-axis 3 chamber image with color 
Doppler imaging demonstrate a severely dilated left ven-
tricle with extensive regional wall motion abnormalities 
consistent with multivessel coronary artery disease There 
is severe (3–4+) central mitral regurgitation secondary to 
apical tethering and leafl et restriction (AVI 7420 kb)  

   Video 6.78  After 6 months of cardiac resynchronization 
therapy, a marked decrease in left ventricular size, 
improvement in left ventricular function, and reduction in 
mitral regurgitation severity to mild to moderate (1–2+) 
were observed (AVI 3127 kb)     
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  Fig. 6.87    Apical long-axis 4 
chamber ( a ), 2 chamber ( b ), and 
3 chamber ( c ) images with color 
Doppler imaging demonstrate a 
severely dilated left ventricle 
with extensive regional wall 
motion abnormalities consistent 
with multivessel coronary artery 
disease. An aneurysmal basal 
inferior wall is noted. There is 
severe (3–4+) central mitral 
regurgitation secondary to apical 
tethering and leafl et restriction         

a

b
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cFig. 6.87 (continued)
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a

b

  Fig. 6.88    After 6 months of 
cardiac resynchronization 
therapy, a marked decrease in left 
ventricular size, improvement in 
left ventricular function, and 
reduction in mitral regurgitation 
severity to mild to moderate 
(1–2+) were observed and can be 
seen on the 4-chamber ( a ) and 
2-chamber ( b ) apical long-axis 
views       
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6.12     Teaching Points 

•     Percutaneous devices such as the MitraClip offer alterna-
tive, nonsurgical treatment strategies for patients with val-
vular mitral regurgitation. Occluder plugs offer a similar 
alternative strategy for patients with paravalvular regurgi-
tation. These devices must be reserved for appropriate 
individuals based upon surgical risk, long-term goals, and 
informed patient preference [ 1 ,  2 ].  

•   Adequate training in the deployment of these percutane-
ous devices is mandatory for all practitioners. Outcomes 
are typically associated with initial operator-specifi c and 
site-specifi c learning phases, so procedural experience 
and case volume are important considerations when refer-
ring patients.  

•   Echocardiography is essential for intraprocedural guid-
ance. New echo platform features, including biplane and 
3D capabilities with real-time imaging, continue to 
improve our spatial awareness and enable ongoing imple-
mentation of more complex device therapies.  

•   Hybrid interventional suites are becoming more common 
and will facilitate a new era of cooperation between 
 interventionalists and surgeons, thereby allowing more 
complex procedures to be safely undertaken.  

•   Multiple clips or occluder devices may be required in the 
same patient to achieve an acceptable fi nal result, with 
obvious cost and technical implications.  

•   Small paravalvular leaks may cause increased jet turbu-
lence and therefore greater associated hemolysis than 
larger, more laminar jets.  

•   Mitral balloon valvuloplasty is a well validated proce-
dure, which can signifi cantly improve patient symptoms. 
It can be employed as destination therapy or as a bridge to 
surgical or transcutaneous valve replacement. When 
determining suitability for valvuloplasty, it is important to 
consider valve characteristics, which are summarized by 
the “Splitability Score” which rates (from 0 to 4) param-
eters of leafl et thickness, leafl et calcifi cation, leafl et 
mobility, and subvalvular apparatus [ 3 ].  

•   Transcutaneous mitral valve replacement, including 
“valve in valve” procedures, remain off-label and require 
long-term outcome studies.         
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7.1            Case 1. Native Valve Infective 
Endocarditis 

 A 62-year-old man with a history of degenerative mitral valve 
disease for several years presented to his local primary care 
physician due to fever, night sweats, chills, shortness of breath, 
and lethargy for 1 week. He was diagnosed with viral illness 
and treated with azithromycin twice a day for 1 week. His fever 
persisted despite good compliance with antibiotics therapy. He 
went to see a cardiologist, where blood cultures were drawn 
and echocardiography was performed. His blood culture grew 
group B  Streptococcus  and transthoracic echocardiography 
(TTE) showed severe mitral regurgitation with possible torn 
chordae tendinae. He was treated with intravenous ceftriaxone 
and gentamicin for 1 month and referred to our institute for 
mitral valve surgery. Intraoperatively, degenerative mitral valve 
disease with ruptured chordae tendinae and vegetations at the 
posterior leafl et were found. He underwent successful roboti-
cally assisted mitral valve repair with a 33-mm Duran annulo-
plasty band (Figs.  7.1 ,  7.2 ,  7.3 ,  7.4 ,  7.5 , and  7.6 ).      
    Video 7.1  Apical four-chamber transthoracic echocardiogra-

phy (TTE) showing large vegetation attached to the poste-
rior leafl et of the mitral valve (AVI 8904 kb)  

   Video 7.2  Color Doppler imaging of Fig.  7.1  demonstrated 
severe mitral regurgitation with an eccentric, anteriorly 
directed jet (AVI 2018 kb)  

   Video 7.3  Three-dimensional TTE showing vegetation at the 
posterior mitral leafl et (AVI 2539 kb)  

   Video 7.4  Four-chamber transesophageal echocardiography 
(TEE) showing fl ail of the P2 segment of the posterior 
mitral leafl et (AVI 6317 kb)  

   Video 7.5  Zoom view of mitral valve showing large vegeta-
tion at the posterior mitral leafl et (AVI 17801 kb)    

7.1.1     Learning Points 

 For the diagnosis of infective endocarditis (IE), TTE is con-
sidered the fi rst-line cardiac imaging modality to demon-
strate valvular vegetation, leafl et destruction, and 
complications of IE. TTE has a sensitivity between 50 and 
90 % and a specifi city greater than 90 % for detection of 
vegetations in native valve endocarditis (NVE). 
Transesophageal echocardiography (TEE) has a sensitivity 
ranging from 90 to 100 % for detection of NVE. TEE is 
recommended for all patients with known or suspected IE 
when TTE is nondiagnostic, when complications have 
developed or are clinically suspected, or when intracardiac 
device leads are present [ 1 ]. 

 Mitral valve vegetation typically is located on the 
upstream side of the leafl et (i.e., the atrial side) but also can 
be attached to the chordae or the posterior wall of the left 
atrium. Echocardiographic features to defi ne vegetation 
include a highly mobile mass that is typically irregularly 
shaped and low-refl ectant, with rapid independent motion, 
prolapse into the left atrium during systole, and functional 
evidence of valve destruction. 

 Combined TTE and TEE detect vegetations in 90 % of 
cases, valve regurgitation in 60 %, paravalvular abscess in 
20 % [ 2 ,  3 ], and rarely, prosthetic valve dehiscence pseudoa-
neurysms and fi stulas [ 4 ].   
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  Fig. 7.1    Apical four-chamber 
transthoracic echocardiography 
(TTE) showing large vegetation 
attached to the posterior leafl et of 
the mitral valve ( arrows )       

  Fig. 7.2    Color Doppler imaging 
of Fig.  7.1  demonstrated severe 
mitral regurgitation with an 
eccentric, anteriorly directed jet       
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  Fig. 7.3    Three-dimensional 
TTE showing vegetation at the 
posterior mitral leafl et ( arrows ). 
 Ao  aorta,  LA  left atrium,  LV  left 
ventricle       

  Fig. 7.4    Four-chamber 
transesophageal 
echocardiography (TEE) showing 
fl ail of the P2 segment of the 
posterior mitral leafl et ( arrow ). 
 RV  right ventricle       
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  Fig. 7.5    Zoom view of mitral 
valve showing large vegetation at 
the posterior mitral leafl et 
( arrows )       
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  Fig. 7.6    Appropriate    use of multimodality imaging in infective endocarditis according to 2014 ACC/AHA guidelines for management of valvular 
heart disease.  IE  infective endocarditis,  NVE  native valve endocarditis,  PVE  prosthetic valve endocarditis,  S. aureus staphylococcus aureus  (From 
Nishimura et al. [ 1 ])       
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7.2     Case 2. Native Valve Infective 
Endocarditis with Complications 

 A 60-year-old woman with a history of hypertension, intrave-
nous drug abuse, and end-stage renal disease on hemodialysis 
was admitted to the hospital because of progressive dyspnea. 
Laboratory tests showed leukocytosis, and a chest x-ray 
showed diffuse bilateral pulmonary edema. Two sets of blood 
cultures grew methicillin-resistant  Staphylococcus aureus  
(MRSA). TTE was performed and showed 60 % left ventricu-
lar ejection fraction with new, moderate mitral regurgitation 
and probable vegetation on the anterior mitral leafl et. She was 
treated with intravenous vancomycin for mitral valve IE. 

 Two days later, she developed acute-onset chest pain; 
electrocardiography showed diffuse ST segment elevations 
in the anterior, inferior, and lateral leads with elevated car-
diac troponin T (TnT). She was transferred to our institute. 
Her cardiac catheterization revealed distal left anterior 
descending (LAD) embolism likely due to IE. She was sup-
ported on an intra-aortic balloon pump. She later developed 
fi rst-degree AV block and disseminated intravascular coagu-
lopathy (DIC), which required several vasopressors to main-
tain her hemodynamics. With her critically ill status and 
comorbidities, she was deemed too high-risk for open heart 
surgery and died a few days later (Figs.  7.7 ,  7.8 ,  7.9 ,  7.10 , 
 7.11 ,  7.12 ,  7.13 , and  7.14 ).        
    Video 7.6  Apical four-chamber TEE showing a large vegeta-

tion attached to the anterior and posterior leafl et of the 
mitral valve (AVI 4594 kb)  

   Video 7.7  Apical four-chamber TEE with color Doppler fl ow 
imaging showing severe mitral regurgitation (AVI 837 kb)  

   Video 7.8  Long-axis TEE demonstrated posterior mitral 
leafl et vegetation and mitral-aortic intervalvular fi brosa 
abscess and aneurysm (AVI 4764 kb)  

   Video 7.9  Long-axis TEE with color Doppler fl ow imaging 
showing mild aortic insuffi ciency and perforation of the 
anterior mitral leafl et. During diastole, a mild aortic insuf-
fi ciency (AI) jet was seen, which was eccentric and ante-
riorly directed. During systole, there was mitral 
regurgitation caused by leafl et perforation from a “kissing 
lesion.” (AVI 1713 kb)  

   Video 7.10  Three-dimensional (3D) TEE of the mitral 
valve (LA view) showing multiple vegetations (AVI 
1022 kb)  

   Video 7.11  Coronary angiogram showing total occlusion 
of the distal left anterior descending artery. Given the 
angiographic features of acute cut-off appearance and 
the history of multiple vegetations, the fi nding is most 
likely consistent with coronary embolism from IE (AVI 
5517 kb)    

7.2.1     Learning Points 

 This case demonstrated two serious complications of mitral 
valve infective endocarditis: coronary embolism and pseu-
doaneurysm of the aortomitral curtain. Septic embolism 
leading to an acute myocardial infarction is rare, and balloon 
angioplasty with emergent cardiac surgery has been pro-
posed as a treatment option. It can be argued that balloon 
dilation and stent implantation should be avoided, to prevent 
distal embolization and entrapment of septic embolism mate-
rial in situ, which may affect vascular integrity in the long 
run [ 5 ,  6 ]. 

 Because of the close anatomical relationship between 
the mitral and aortic valves, the infection can start from 
either valve and extend toward the other. There are two 
main mechanisms of extension of the infection from the 
aortic valve to the mitral valve: (1) aortic annular abscess 
that extends to the aortomitral curtain or intervalvular 
fi brous curtain and anterior mitral leafl et (Fig.  7.13 ), and 
(2) the aortic regurgitation caused by IE of the aortic valve, 
causing a “kissing lesion” on the secondarily infected ante-
rior mitral leafl et. Various types of pseudoaneurysm of the 
aortomitral curtain are shown in Fig.  7.14 . Endocarditis can 
also extend from the mitral to the aortic valve, by direct 
extension of a mitral annular abscess or as an isolated satel-
lite lesion. The vegetation is usually small, typically located 
on the ventricular side of a leafl et, and does not result in 
aortic valve regurgitation. Comprehensive analysis of the 
aortic valve is mandatory in all patients with mitral valve 
endocarditis.   
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  Fig. 7.7    Apical four-chamber 
TEE showing a large vegetation 
attached to the anterior and 
posterior leafl et of the mitral 
valve ( arrows ).  RA  right atrium       

  Fig. 7.8    Apical four-chamber 
TEE with color Doppler fl ow 
imaging showing severe mitral 
regurgitation       
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  Fig. 7.9    Long-axis TEE demonstrated posterior mitral leafl et vegeta-
tion and mitral-aortic intervalvular fi brosa abscess and aneurysm. 
During diastole ( left panel ), vegetation was seen attached to the P2 seg-
ment of the posterior mitral leafl et ( arrows ), with outpouching of the 
proximal A2 segment of anterior mitral leafl et at the aortomitral curtain 

area, a fi nding consistent with mitral-aortic intervalvular fi brosa pseu-
doaneurysm ( arrowhead ). During systole ( right panel ), vegetation was 
seen attached to the P2 segment of the posterior mitral leafl ets ( arrows ). 
There is a thickening of the aortomitral curtain area, with an area of 
hyperechodensity consistent with aortic abscess ( arrowhead )       

  Fig. 7.10    Long-axis TEE with color Doppler fl ow imaging showing 
mild aortic insuffi ciency and perforation of the anterior mitral leafl et. 
During diastole ( left panel ), a mild aortic insuffi ciency (AI) jet was seen 

( arrows ). The AI jet was eccentric and anteriorly directed. During 
systole ( right panel ), there was mitral regurgitation caused by leafl et 
perforation from a “kissing lesion.”       

 

 

7 Infective Endocarditis



154

  Fig. 7.11    Three-dimensional 
(3D) TEE of the mitral valve (LA 
view) showing multiple 
vegetations ( asterisks )       

  Fig. 7.12    Coronary angiogram showing total occlusion of the distal 
left anterior descending artery (LAD) ( arrow ). Given the angiographic 
features of acute cut-off appearance and the history of multiple vegeta-
tions, the fi nding is most likely consistent with coronary embolism 
from IE       
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Intervalvular
fibrous curtain

Fibrous mitral
annulus Anterior

mitral leaflet

Left atrial wall

  Fig. 7.13    Schematic diagram 
showing the close anatomical 
relationship of the mitral and 
aortic valves and the location of 
the intervalvular fi brous curtain       

  Fig. 7.14    The normal aortomitral curtain and several types of aortomi-
tral curtain pseudoaneurysms. ( a ) Normal aortomitral curtain ( arrow ). 
( b ) Aortomitral curtain pseudoaneurysm ( arrow ). ( c ) Aortomitral cur-

tain pseudoaneurysm with fi stula to the aorta ( arrow ). ( d ) Aortomitral 
curtain pseudoaneurysm with fi stula to the left atrium       
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7.3     Case 3. Aortomitral Curtain 
Perforation due to Extension of Aortic 
Root Abscess 

 A 33-year-old man with subacute IE of the aortic valve, 
severe aortic insuffi ciency, and aortic root abscess presented 
with hemorrhagic stroke due to mycotic aneurysm rupture. 
After successful mycotic aneurysm clipping, he was trans-
ferred to our institute for management of his endocarditis 
and decompensated heart failure. 

 Intraoperatively, all three aortic leafl ets were found to be 
destroyed, with a 1.5–3.0-cm abscess occupying all the left 
coronary cusp area, with attachment to the anterior mitral 
leafl et. The infected tissue was completely removed and irri-
gated with vancomycin solution. An aortic homograft was 
placed. The patient had an uneventful postoperative course 
and was discharged 1 week later. 

 Two months later, he developed acute decompensated 
heart failure and was found to have severe mitral regurgita-
tion due to perforation of the anterior leafl et. The abscess at 
the aortomitral curtain, extending below the left main coro-
nary cusp, was again seen. Surgery identifi ed a 3-cm perfora-
tion of the aortomitral curtain, with a 3-cm abscess cavity 
below the left main coronary cusp. He underwent successful 
aortic valve homograft replacement and mitral valve replace-
ment (Figs.  7.15 ,  7.16 ,  7.17 ,  7.18 ,  7.19 ,  7.20 ).      
    Video 7.12  TEE (short-axis view) demonstrating the aortic 

homograft with a paravalvular root abscess. Specifi cally, 
there is circumferential paravalvular issue thickening, 
with a more organized echolucent space adjacent to the 
interatrial septum (AVI 2916 kb)  

   Video 7.13  TEE (3-chamber, long-axis view) showing perfo-
ration of the base of the anterior mitral valve leafl et (AVI 
2970 kb)  

   Video 7.14  TEE (3 chamber, long-axis view) with color 
Doppler imaging showing severe mitral regurgitation 

through the perforation in the base of the anterior mitral 
valve leafl et (AVI 1224 kb)  

   Video 7.15  TEE (4-chamber view) showing perforation of 
the base of the anterior mitral valve leafl et (AVI 2824 kb)  

   Video 7.16  TEE (4-chamber view) with color Doppler imag-
ing showing severe mitral regurgitation through the perfo-
ration in the base of the anterior mitral valve leafl et (AVI 
1302 kb)  

   Video 7.17  TEE three-dimensional reconstruction of the 
mitral valve (surgical view from the left atrium) demon-
strating well-circumscribed perforation in the basal aspect 
of the middle scallop of the anterior mitral valve leafl et 
(A2) (AVI 426 kb)    

7.3.1     Learning Points 

 New mitral regurgitation or progression of pre-existing mitral 
regurgitation after aortic valve replacement is uncommon, 
occurring in 4–14 % of patients [ 7 ]. Infection of the aortomi-
tral curtain forms a subaortic abscess that may lead to one of 
four complications: (1) incomplete rupture and formation of a 
pseudoaneurysm originating from the left ventricular outfl ow 
tract; (2) rupture of the pseudoaneurysm resulting in cardiac 
tamponade; (3) rupture of the pseudoaneurysm into the left 
atrium, and (4) direct rupture of the subaortic abscess with 
communication of the left ventricular outfl ow tract to the left 
atrium [ 8 ]. The latter two complications can result in shunting 
of blood from the left ventricular outfl ow tract into the left 
atrium, mimicking mitral regurgitation by clinical and routine 
transthoracic echocardiography. Anatomically, the perfora-
tion of the aortomitral curtain is located above the plane of the 
mitral annulus and below the aortic annulus. This complica-
tion should be differentiated from mitral regurgitation caused 
by a perforation of the anterior mitral leafl et, in which the 
defect is below the mitral annulus.   
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  Fig. 7.15    TEE (short-axis view) 
demonstrating the aortic 
homograft with a paravalvular 
root abscess. Specifi cally, there is 
circumferential paravalvular 
issue thickening, with a more 
organized echolucent space 
adjacent to the interatrial septum       

  Fig. 7.16    TEE (2 chamber view) 
showing perforation of the base 
of the anterior mitral valve leafl et       
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  Fig. 7.17    TEE (3-chamber, 
long-axis view) with color 
Doppler imaging showing 
perforation in the base of the 
anterior mitral valve leafl et       

  Fig. 7.18    TEE (4-chamber 
view) showing perforation of the 
base of the anterior mitral valve 
leafl et       
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  Fig. 7.19    TEE (4-chamber 
view) with color Doppler 
imaging showing severe mitral 
regurgitation through the 
perforation in the base of the 
anterior mitral valve leafl et       

  Fig. 7.20    TEE three-
dimensional reconstruction of the 
mitral valve (surgical view from 
the left atrium) demonstrating 
well-circumscribed perforation in 
the basal aspect of the middle 
scallop of the anterior mitral 
valve leafl et (A2)       
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7.4     Case 4. Endocarditis with Gerbode 
Defect 

 A 60-year-old woman was referred to our institution for eval-
uation of postoperative heart murmur. Severe symptomatic 
mitral regurgitation due to mitral prolapse was diagnosed a 
year ago, and she underwent mitral valve repair with a mitral 
valve ring a few months ago at another hospital. She was 
undertaking cardiac rehabilitation when cardiac murmur was 
noted. She subsequently underwent TEE, which demon-
strated ventricular septal defect, and she was advised to have 
the defect closed percutaneously. She then sought a second 
opinion (Figs.  7.21 ,  7.22 ,  7.23 ,  7.24 , and  7.25 ).     
    Video 7.18  TEE image (four-chamber view) showing multi-

ple mobile echodensities attached to both leafl ets of the 
mitral valve, consistent with multiple vegetations (AVI 
6108 kb)  

   Video 7.19  TEE images (long-axis view) again showing 
multiple mobile echodensities seen at both leafl ets of the 
mitral valve, consistent with multiple vegetations (AVI 
2617 kb)  

   Video 7.20  3D-TEE images of the surgical view of the mitral 
valve showing multiple vegetations (AVI 2074 kb)  

   Video 7.21  TEE images (four-chamber view) showing LV to 
RA shunts (just above the septal leafl et of the tricuspid 
valve) during systole, features consistent with a Gerbode 
defect (AVI 1880 kb)    

7.4.1     Learning Points 

 The Gerbode defect is a type of communication between 
the left ventricle (LV) and the right atrium (RA). The con-
genital form of the LV-RA shunt is very rare and was fi rst 
classifi ed in 1958 by Frank Gerbode, a noted cardiac sur-
geon at Stanford University. Acquired causes have been 
described secondary to IE, trauma, and aortic or mitral 
valve surgery. TEE is the main diagnostic modality to con-
fi rm the diagnosis and the location of the LV-RA shunt. A 
high Doppler gradient across the defect is one of the hall-
marks of the Gerbode ventriculoatrial defect because of 
the difference between the left ventricular systolic pres-
sure and the low right atrial pressure. The echocardiogram 
typically shows a dilated right atrium in patients with a 
signifi cant Gerbode defect. Surgical correction is the 
defi nitive treatment.   

  Fig. 7.21    TEE    image (four-
chamber view) showing multiple 
mobile echodensities attached to 
both leafl ets of the mitral valve 
( arrows ), consistent with 
multiple vegetations and echo 
drop-out at the interventricular 
septum area (arrowhead)       
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  Fig. 7.22    TEE images 
(long-axis view) again showing 
multiple mobile echodensities 
( arrows ) seen at both leafl ets of 
the mitral valve, consistent with 
multiple vegetations       

  Fig. 7.23    3D-TEE images of the 
surgical view of the mitral valve 
showing multiple vegetations 
( arrows )       
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  Fig. 7.24    TEE images 
(four-chamber view) showing LV 
to RA shunts (just above the 
septal leafl et of the tricuspid 
valve) during systole, features 
consistent with a Gerbode defect 
( arrows )       

  Fig. 7.25    Doppler envelope of 
the ventricular septal defect 
showing that the maximum peak 
instantaneous gradient in this 
patient was 81 mmHg       
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7.5     Case 5. Mechanical Valve Infective 
Endocarditis with Submitral Left 
Ventricular Pseudoaneurysm 

 A 55-year-old woman had a past medical history signifi cant 
for rheumatic heart disease and chronic anemia due to 
colonic arteriovenous malformation (AVM). She had under-
gone aortic and mitral valve replacement 12 years previ-
ously. She had a left chest mediport for her chronic blood 
transfusion, and 2 weeks ago was found to have  S. epidermi-
ditis  bacteremia, which was treated with intravenous vanco-
mycin and then switched to oxacillin, gentamicin, and 
rifampin. She now presented with shortness of breath and 
fever (Figs.  7.26 ,  7.27 ,  7.28 ,  7.29 ,  7.30 ,  7.31 , and  7.32 ).       
    Video 7.22  TTE, parasternal view, showing expansile submi-

tral echolucent space consistent with ventricular pseudoa-
neurysm (AVI 5261 kb)  

   Video 7.23  TTE, apical four-chamber view, showing rocking 
motion of the prosthetic mitral valve consistent with pros-
thetic dehiscence. There is an expansile echolucent space 
consistent with ventricular pseudoaneurysm (AVI 4559 kb)  

   Video 7.24  TTE, apical two-chamber view, showing rocking 
motion of the prosthetic mitral valve consistent with pros-
thetic dehiscence. There is an expansile echolucent space 
consistent with ventricular pseudoaneurysm (AVI 5034 kb)  

   Video 7.25  TTE, subcostal view, showing mitral pros-
thetic dehiscence and ventricular pseudoaneurysm 
(AVI 2774 kb)    

7.5.1     Learning Points 

 Submitral left ventricular pseudoaneurysm, a very rare con-
dition caused by disruption of the posterior mitral annulus, 
occurs in 0.02–2 % of mitral valve replacement operations. 
The major risk factors are removal of excess leafl et and 
annular tissue, previous mitral valve replacement, and a 
mitral prosthesis that is too large [ 9 ]. Surgical repair is the 
defi nitive treatment; it can be done by an internal approach 
(from inside the left atrium) or an external approach. The 
external repair approach is typically advocated for small 
defects limited to myocardium.   

  Fig. 7.26    TTE, parasternal 
view, showing expansile 
submitral echolucent space 
consistent with ventricular 
pseudoaneurysm ( PsA )       
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  Fig. 7.27    TTE, apical four- 
chamber view, showing rocking 
motion of the prosthetic mitral 
valve ( arrows ) consistent with 
prosthetic dehiscence. There is 
an expansile echolucent space 
consistent with ventricular PsA       

  Fig. 7.28    TTE, apical two- 
chamber view, showing rocking 
motion of the prosthetic mitral 
valve ( arrows ) consistent with 
prosthetic dehiscence. There is 
an expansile echolucent space 
consistent with ventricular PsA       
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  Fig. 7.29    TTE, subcostal view, 
showing mitral prosthetic 
dehiscence ( arrow ) and 
ventricular PsA       

  Fig. 7.30    TEE, two-chamber 
view with zoom at the mitral 
valve level, showing two 
vegetations ( arrows ) attached to 
the mechanical bileafl et mitral 
prosthesis       
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  Fig. 7.31    Cardiac CT scan 
demonstrating mitral prosthesis 
dehiscence into the left atrium 
( arrow ) and multiple submitral 
PsA       

  Fig. 7.32    Cardiac CT with 3D reconstruction demonstrating multiple 
PsA       
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7.6     Case 6. Cardiac Crux Abscess 
and Mitral Infl ow Obstruction 

 A 59-year-old man with a past medical history signifi cant for 
aortic insuffi ciency underwent aortic valve replacement with 
aortic aneurysm repair and mitral valve repair 6 months pre-
viously. He presented to another hospital with new-onset 
dyspnea and dry cough, which progressed to hemoptysis in a 
few days. He had leukocytosis, elevated BNP, and hypox-
emia requiring a nonrebreather mask. TTE showed a mobile 
mass (about 1 cm) on the aortic valve, suspicious for vegeta-
tion. He was treated with cefepime, vancomycin, and ceftri-
axone and transferred to our institution. He had pulmonary 
edema on arrival and went into severe bradycardia and car-
diac arrest shortly after arrival. He was successfully resusci-
tated and a temporary pacemaker was placed (Figs.  7.33 , 
 7.34 ,  7.35 ,  7.36 , and  7.37 ).     
    Video 7.26  TEE, four-chamber view, showing mobile ech-

odensity at the cardiac crux, extending over the mitral and 
tricuspid annulus, as well as a central, echolucent area 
consistent with cardiac crux abscess (AVI 7362 kb)  

   Video 7.27  TEE, two-chamber view, showing extensive veg-
etation obstructing mitral infl ow (AVI 7370 kb)  

   Video 7.28  TEE, short-axis view at the aortic valve level, 
showing communicating fl ow between the proximal aorta 
and the right ventricle, with systolic and diastolic fl ow 
consistent with an aortic-ventricular fi stula (AVI 1448 kb)  

   Video 7.29  TEE, short-axis view at the aortic valve level, 
showing prosthetic aortic valve dehiscence along the pos-
terior aspect. There are vegetations involving the aortic 
valve and the tricuspid valve (AVI 7312 kb)    

7.6.1     Learning Points 

 Conduction abnormalities are commonly associated with aortic 
paravalvular abscess extension due to anatomical proximity of 
the aortic valve to the His bundle. This case also demonstrated 
extension of aortic paravalvular abscess to the cardiac crux, 
causing mitral infl ow obstruction. The decompensation in this 
case was most likely due to worsening rupture of the aortic 
valve and fi stulous connection with the right ventricle.       

  Fig. 7.33    TEE, four-chamber 
view, showing mobile 
echodensity at the cardiac crux, 
extending over the mitral and 
tricuspid annulus ( arrows ), as 
well as a central, echolucent area 
consistent with cardiac crux 
abscess       
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  Fig. 7.34    TEE, two-chamber 
view, showing extensive 
vegetation obstructing mitral 
infl ow ( arrows )       

  Fig. 7.35    Transmitral Doppler 
fl ow imaging showing signifi cant 
mitral infl ow obstruction (mean 
pressure gradient 17 mmHg)       
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  Fig. 7.36    TEE, short-axis view 
at the aortic valve level, showing 
communicating fl ow between the 
proximal aorta and the right 
ventricle, with systolic and 
diastolic fl ow ( arrows ) consistent 
with an aortic-ventricular fi stula       

  Fig. 7.37    TEE, short-axis view 
at the aortic valve level, showing 
prosthetic aortic valve dehiscence 
along the posterior aspect. There 
is vegetation involving the aortic 
valve ( arrow ) and the tricuspid 
valve ( arrowhead )       
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8.1            Case 1. Familial Hypertrophic 
Obstructive Cardiomyopathy 

 A 38-year-old man presented with progressively worse exer-
tional dyspnea, effort-related chest tightness, and one epi-
sode of exertional syncope. He had a strong history of 
multiple family members dying suddenly. He also reported 
intermittent palpitations over the years. On examination, he 
was found to have a harsh systolic ejection murmur at left 
upper sternal border that increased with Valsalva and reduced 
with squatting. Patient also had a moderate intensity systolic 
precordial murmur. Electrocardiogram revealed normal 
sinus rhythm with severe left ventricular hypertrophy (LVH) 
and strain pattern. He was found to have hypertrophic 
obstructive cardiomyopathy (HOCM) with severe left ven-
tricular outfl ow tract (LVOT) obstruction. He underwent sur-
gical myectomy with complete relief of symptoms. 
    Video 8.1  Two-dimensional transthoracic echo in the para-

sternal view demonstrating severely hypertrophied basal 

interventricular septum with systolic anterior motion 
(SAM) of the mitral valve. The patient has a characteristic 
“reverse septal curvature” pattern, which is frequently 
seen in patients with a genetically transmitted mode of 
disease (AVI 5952 kb)  

   Video 8.2  Two-dimensional transthoracic echo with color 
Doppler in the parasternal view demonstrating severe 
turbulence of blood fl ow across the LVOT, due to a 
combination of SAM of the anterior mitral leafl et and 
severely hypertrophied basal interventricular septum. 
Notice the characteristic SAM-related posteriorly 
directed jet of mitral regurgitation (MR) in the left 
atrium (AVI 3537 kb)  

   Video 8.3  Four-chamber balanced steady-state free preces-
sion (b-SSFP) cine cardiac magnetic resonance (CMR) 
image of the same patient confi rming severe basal septal 
hypertrophy, LVOT obstruction, and posteriorly directed 
jet of MR. Again, notice the characteristic reverse septal 
curvature pattern (AVI 1425 kb)     
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  Fig. 8.1    Spectral Doppler echocardiographic image across the LVOT after Valsalva maneuver demonstrating a characteristic late-peaking “dagger- 
shaped” signal suggestive of severe dynamic LVOT obstruction, characteristic of HOCM       
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8.2     Case 2. Hypertensive Heart Disease 
of Elderly with Severe LVOT 
Obstruction 

 A 78-year-old woman presented with progressively worse 
exertional dyspnea. She had a long-strong history hyperten-
sion, that was not well controlled. On examination, she was 
found to have a harsh systolic ejection murmur at left upper 
sternal border that increased with Valsalva and reduced with 
squatting. Electrocardiogram revealed normal sinus rhythm 
with severe LVH. She was diagnosed with hypertensive heart 
disease of elderly and severe LVOT obstruction. She under-
went surgical myectomy with complete relief of symptoms. 

    Video 8.4  Two-dimensional transthoracic echocardiogram in 
the parasternal view demonstrating a severely hypertro-
phied focal segment of the basal interventricular septum 
with systolic anterior motion (SAM) of the mitral valve. 
The patient has a characteristic “sigmoid” pattern, which 
is frequently seen in elderly patients with long-standing 
history of uncontrolled hypertension (AVI 6144 kb)  

   Video 8.5  Two-dimensional transthoracic echocardiogram in 
the apical 5-chamber view again demonstrating the char-
acteristic sigmoid-shaped interventricular septum with 
systolic anterior motion (SAM) of the mitral valve (AVI 
2502 kb)     

  Fig. 8.2    Post-exercise spectral 
Doppler echocardiographic 
image across the LVOT in the 
same patient, demonstrating a 
characteristic late-peaking 
“dagger-shaped” signal, 
suggestive of severe dynamic 
LVOT obstruction       
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8.3     Case 3. Obstructive Cardiomyopathy 
Without Overt Basal Septal 
Hypertrophy: Intrinsic Mitral Calve 
Pathology 

 A 55-year-old woman presented with positional dizziness 
and progressive exertional dyspnea. She had a known history 
of mitral valve abnormality. On examination, she was found 
to have a harsh systolic ejection murmur at left upper sternal 
border that increased with Valsalva and reduced with squat-
ting. She also had a loud systolic precordial murmur. 
Electrocardiogram revealed normal sinus rhythm. She was 
diagnosed with obstructive cardiomyopathy without overt 
basal septal hypertrophy, due to intrinsic anterior mitral leaf-
let disease. Her anterior mitral leafl et was elongated and 

resulted in systolic anterior motion (SAM) and symptomatic 
LVOT obstruction. She underwent anterior mitral valve 
repair (without a myectomy) with complete relief of 
symptoms. 
    Video 8.6  Two-dimensional transthoracic echocardiogram in 

the apical 3-chamber view demonstrating a long anterior 
mitral leafl et with obstructive SAM. Notice that the basal 
interventricular septum is normal in thickness (AVI 
1709 kb)  

   Video 8.7  Two-dimensional transthoracic echocardiogram 
with color Doppler in the same apical 3-chamber view 
demonstrating severe turbulence of blood fl ow across the 
LVOT and characteristic severe posteriorly-directed jet of 
MR. However, there is no evidence of basal septal hyper-
trophy (AVI 0 bytes)     

  Fig. 8.3    Spectral Doppler 
echocardiographic image across 
the LVOT in the same patient, 
demonstrating a characteristic 
late-peaking “dagger-shaped” 
signal, suggestive of severe 
dynamic LVOT obstruction       
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8.4     Case 4. Obstructive Cardiomyopathy 
Without Overt Basal Septal 
Hypertrophy: Intrinsic Mitral Valve 
Pathology 

 A 48-year-old man presented with progressive exertional 
dyspnea. He had a known history of mitral valve abnormal-
ity. On examination, he was found to have a harsh systolic 
ejection murmur at left upper sternal border that increased 
with Valsalva and reduced with squatting. Patient also had a 
loud systolic precordial murmur. Electrocardiography 
revealed normal sinus rhythm. He was diagnosed with 
obstructive cardiomyopathy without overt basal septal 
hypertrophy, due to intrinsic posterior mitral leafl et disease. 
His posterior mitral leafl et was very elongated and resulted 
in SAM and symptomatic LVOT obstruction. He underwent 
posterior mitral valve repair (without a myectomy) with 
complete relief of symptoms.
    Video 8.8  Two-dimensional transthoracic echocardiogram in 

the apical 2-chamber view demonstrating a long posterior 
mitral leafl et with SAM. Notice that the basal interven-
tricular septum is normal in thickness (AVI 2035 kb)  

   Video 8.9  Two-dimensional transthoracic echocardiogram in 
the same apical 2-chamber view demonstrating severe 
SAM with septal contact, following inhalation of amyl 
nitrite (AVI 128 kb)  

   Video 8.10  Two-dimensional transthoracic echo with color 
Doppler in the parasternal long-axis view, demonstrating 
fl ow turbulence across LVOT suggestive of signifi cant 
LVOT obstruction. Additionally, there is an anteriorly 
directed jet of MR, which is atypical for being SAM- 
related. In HOCM patients, presence of an anteriorly 
directed jet of MR should always raise a suspicion of 
intrinsic mitral valve (especially posterior leafl et) pathol-
ogy (AVI 1459 kb)     

8.5     Case 5. Obstructive Cardiomyopathy 
Without Overt Basal Septal 
Hypertrophy: Mitral Subvalvular 
(Papillary Muscle) Pathology 

 An 18-year-old man presented with recent onset of recurrent 
extreme fatigue after eating a large meal. In addition, he also 
had exertional palpitations and dizziness. His workup thus far 
was negative. He was told he was anxious. On examination, he 
had no murmur and electrocardiogram revealed normal sinus 
rhythm. His workup at our institution included resting echo-
cardiography, echocardiography with provocation, upright 
bike echocardiography, transesophageal echocardiogram, and 
cardiovascular magnetic resonance imaging (CMR). 

 He also underwent genetic testing and was found positive 
for myosin-binding protein C mutation, consistent with 
hypertrophic cardiomyopathy (HCM). He was diagnosed 
with obstructive cardiomyopathy without overt basal septal 
hypertrophy, due to an abnormally hypertrophied papillary 
muscle. He underwent papillary muscle reorientation with 
complete relief of LVOT obstruction and symptoms.  
    Video 8.11  Two-dimensional transthoracic echocardiogram 

in the apical 3-chamber view demonstrating a very hyper-
trophied anterolateral papillary muscle. Notice that the 
mitral leafl et lengths are normal and the basal interven-
tricular septum is normal in thickness (AVI 5927 kb)  

   Video 8.12  Two-dimensional transthoracic echocardiogram 
in the apical 3-chamber view in the same patient follow-
ing inhalation of amyl nitrite. Notice severe SAM with 
septal contact (AVI 0 bytes)  

   Video 8.13  Two-dimensional transthoracic echocardiogram 
in the apical 3-chamber view at peak upright bicycle exer-
cise in the same patient, demonstrating severe SAM with 
septal contact (AVI 1847 kb)  

   Video 8.14  Two-dimensional transesophageal images (mid- 
esophageal view) in the same patient after administration 
of intravenous Isoprenaline, demonstrating severe SAM 
with septal contact (AVI 7703 kb)  

   Video 8.15  Two-dimensional Color Doppler transesopha-
geal images (mid-esophageal view) in the same patient 
after administration of intravenous Isoprenaline demon-
strating severe posteriorly directed SAM-related MR and 
turbulence across the LVOT suggestive of LVOT obstruc-
tion (AVI 3759 kb)  

   Video 8.16  Four-chamber b-SSFP cine CMR image of the 
same patient confi rming a very hypertrophied anterolat-
eral papillary muscle and absence of basal septal hyper-
trophy (AVI 1290 kb)  

   Video 8.17  Two-dimensional transthoracic echocardiogram 
in the apical 3-chamber view obtained following surgical 
correction of LVOT obstruction (papillary muscle reori-
entation). Notice the bright suture material in the mid por-
tion of the LV cavity. Also there is no LVOT obstruction 
(AVI 10920 kb)     

8 Hypertrophic Cardiomyopathy and Mitral Valve Disease



176

  Fig. 8.4    Spectral Doppler 
echocardiographic image across 
the LVOT in the same patient, 
following amyl nitrite 
administration, demonstrating a 
characteristic late-peaking 
“dagger-shaped” signal, 
suggestive of severe dynamic 
LVOT obstruction       

  Fig. 8.5    Spectral Doppler 
echocardiographic image across 
the LVOT in the same patient, at 
peak upright bicycle exercise, 
demonstrating a characteristic 
late-peaking “dagger-shaped” 
signal, suggestive of severe 
dynamic LVOT obstruction       
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8.6     Case 6. Obstructive Cardiomyopathy 
Without Overt Basal Septal 
Hypertrophy: Mitral Subvalvular 
(Papillary Muscle) Pathology 

 An 18-year-old man with one episode of syncope. His 
workup thus far had been negative. He had been told 
he was anxious. On examination, he had no murmur 
and electrocardiography revealed normal sinus rhythm. 
He also underwent genetic testing and was found to 
have an R1036C variant in myosin-binding protein C 
gene. 

    Video 8.18  Two-dimensional transthoracic echocardiogram 
in the apical 3-chamber view demonstrating a bifi d and 
hypermobile anterolateral papillary muscle. Notice that 
the mitral leafl et lengths are normal and the basal inter-
ventricular septum is normal in thickness (AVI 2290 kb)  

   Video 8.19  Two-dimensional transthoracic echocardiogram 
in the apical 3-chamber view at peak treadmill exercise, 
demonstrating severe SAM (AVI 0 bytes)  

   Video 8.20  Three-chamber b-SSFP cine CMR image of the 
same patient confi rming a bifi d and hypermobile antero-
lateral papillary muscle and absence of basal septal hyper-
trophy (AVI 0 bytes)     

  Fig. 8.6    Spectral Doppler 
echocardiographic image across 
the LVOT in the same patient, at 
peak-exercise, demonstrating a 
characteristic late-peaking 
“dagger-shaped” signal, 
suggestive of severe dynamic 
LVOT obstruction       
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8.7     Teaching Points 

•     Involvement of the mitral valve is intrinsic to the patho-
physiology of obstructive HCM. When evaluated care-
fully, ~70 % patients with HCM have resting or provocable 
LVOT obstruction, related to SAM  

•   Not all patients with LVOT obstruction have basal septal 
hypertrophy. Approximately 15–20 % of patients have 
abnormal mitral valve or subvalvular (papillary muscle) 
abnormality resulting in LVOT obstruction  

•   In many instances, surgical myectomy or alcohol septal 
ablation are not suffi cient to relieve LVOT obstruction. In 
these situations, mitral valve repair/replacement and/or 
papillary muscle reorientation may be necessary for opti-
mal relief of LVOT obstruction  

•   A detailed multimodality imaging evaluation might be 
necessary in many instances to come to an accurate diag-
nosis and develop an optimal therapeutic plan         
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9.1            Case 1. Primum Atrial Septal Defect 
with Mitral Valve Cleft 

 A 66-year-old woman has a history of coronary artery bypass 
grafting in 1987, when she had left main stenosis and under-
went bypass with anastomosis of the left internal mammary 
artery to the left anterior descending artery and a saphenous 
vein graft to the obtuse marginal branch. The patient now 
returns with symptoms of congestive heart failure. She is 
found to have an atrioventricular canal defect including 
mitral valve regurgitation with mitral valve cleft, primum 
atrial septal defect, and severe tricuspid regurgitation. She 
also has a left-sided superior vena cava, into which she has 
an anomalous left upper pulmonary vein. She has recently 
noticed a signifi cant decline and can now walk only half a 
block at a slow pace before having to stop. She was referred 
to our institute for surgical correction of her complex con-
genital heart disease (Figs.  9.1 ,  9.2 ,  9.3 ,  9.4 ,  9.5 ,  9.6 ,  9.7 , 
 9.8 ,  9.9 , and  9.10 ).          
    Video 9.1  Transthoracic echocardiography (TTE), paraster-

nal long-axis view, showing dilatation of the coronary 
sinus in the setting of persistent left superior vena cava 
and mitral regurgitation (AVI 1923 kb)  

   Video 9.2  TTE, parasternal short-axis view, showing atrial 
septal defect with left-to-right shunt (AVI 2013 kb)  

   Video 9.3  Three-dimensional (3D) TTE short-axis view at 
the aortic valve level showing the bicuspid aortic valve. 
The aortic valve orifi ce appears to have a “fi sh-mouth” 
appearance (AVI 1832 kb)  

   Video 9.4  TTE X-plane imaging showing two orthogonal 
views showing an anterior mitral valve cleft (AVI 3804 kb)  

   Video 9.5  TTE parasternal short-axis view of the mitral 
valve with color Doppler imaging showing anterior mitral 
valve cleft with corresponding mitral regurgitation (AVI 
1818 kb)  

   Video 9.6  TTE four-chamber view showing dilated right- 
sided cardiac chambers with a ventricular upper septal 
aneurysm (AVI 5815 kb)  

   Video 9.7  TTE four-chamber view with color Doppler imag-
ing showed atrial septal defect with left-to-right shunt at 
the level close to the cardiac crux, consistent with primum 
atrial septal defect. Also seen are mitral and tricuspid 
regurgitation (AVI 2320 kb)  

   Video 9.8  Transesophageal echocardiography (TEE) four- 
chamber view showed primum atrial septal defect (AVI 
6583 kb)  

   Video 9.9  TEE short axis view at aortic valve level showed 
bicuspid aortic valve (AVI 6459 kb)  

   Video 9.10  3D TEE of mitral valve (surgical view) showed 
anterior mitral valve cleft (AVI 218 kb)    
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  Fig. 9.1    Transthoracic echocardiography (TTE) parasternal long-axis view showing dilatation of the coronary sinus (CS) in the setting of persis-
tent left superior vena cava and mitral regurgitation ( arrow ).  Ao  aorta,  LA  left atrium,  LV  left ventricle,  RV  right ventricle       

  Fig. 9.2    TTE parasternal short-axis view showing atrial septal defect with left-to-right shunt.  AV  aortic valve,  RA  right atrium,  RV  right ventricle        
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  Fig. 9.3    Three-dimensional (3D) TTE short-axis view at the aortic valve level showing the bicuspid aortic valve. The aortic valve orifi ce appears 
to have a “fi sh-mouth” appearance.  LA  left atrium,  RA  right atrium,  RV  right ventricle       

  Fig. 9.4    TTE X-plane imaging showing two orthogonal views showing an anterior mitral valve cleft ( arrow ).  Ao  aorta,  CS  coronary sinus,  LA  left 
atrium,  LV  left ventricle,  RV  right ventricle       

 

 

9 Congenital Mitral Valve Diseases



182

  Fig. 9.5    TTE parasternal short-axis view of the mitral valve with color Doppler imaging showing anterior mitral valve cleft ( arrow ) with corre-
sponding mitral regurgitation ( arrowhead )       

  Fig. 9.6    TTE four-chamber view showing dilated right-sided cardiac chambers with a ventricular upper septal aneurysm.  LA  left atrium,  LV  left 
ventricle,  RA  right atrium,  RV  right ventricle       
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  Fig. 9.7    TTE four-chamber view with color Doppler imaging showed 
atrial septal defect with left-to-right shunt ( arrow ) at the level close to 
the cardiac crux, consistent with primum atrial septal defect. Also seen 

are mitral and tricuspid regurgitation.  LA  left atrium,  LV  left ventricle, 
 RA  right atrium,  RV  right ventricle       

  Fig. 9.8    Transesophageal echocardiography (TEE) four-chamber view showed primum atrial septal defect ( arrow ).  LA  left atrium,  LV  left ven-
tricle,  RA  right atrium,  RV  right ventricle       
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  Fig. 9.9    TEE short-axis view at aortic valve level showed bicuspid 
aortic valve ( arrow ).  LA  left atrium,  RA  right atrium,  RV  right 
ventricle       

  Fig. 9.10    3D TEE of mitral valve (surgical view) showed anterior 
mitral valve cleft ( arrow )       

9.1.1     Learning Points 

 In ostium primum atrial septal defect, absence of the mem-
branous septum and a cleft in the anterior mitral leafl et are 
the characteristic features resulting from maldevelopment of 
the endocardial cushions [ 1 ]. The echocardiographic fea-
tures of mitral valve cleft include the separation of the ante-
rior mitral leafl ets during diastole, typically with accessory 
chordae seen as thin linear echoes between the ridges of both 
parts of the anterior leafl et and the ventricular septum.   
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9.2     Case 2. Parachute Mitral Valve 

 A 27-year-old woman has a history of Shone complex, which 
includes coarctation of the aorta, a bicuspid aortic valve, and 
a parachute-variant mitral valve with supramitral ring status 
post multiple previous operative repairs, including patch 
arterioplasty, a supramitral ring resection, and subaortic ste-
nosis resection, as well as a Konno procedure with implanta-
tion of a #19 St. Jude aortic valve replacement. She is here 
for routine follow-up. She has remained asymptomatic and 
continues to exercise vigorously several times per week 
(Figs.  9.11 ,  9.12 ,  9.13 ,  9.14 , and  9.15 ).     
    Video 9.11  TTE parasternal long-axis view showed an elon-

gated anterior mitral leafl et with parachute mitral valve 

with a unifocal attachment of the mitral valve chordae to 
a single papillary muscle (AVI 7949 kb)  

   Video 9.12  TTE parasternal long-axis view with color 
Doppler imaging showed turbulent fl ow across the mitral 
valve during diastole (AVI 3947 kb)  

   Video 9.13  TTE apical four-chamber view showed mitral 
valve opening during diastole. The valve opening was 
restricted because of abnormal chordal attachment, giving 
the appearance of the parachute mitral valve (AVI 
6701 kb)  

   Video 9.14  TTE apical four-chamber view with color 
Doppler fl ow showed diastolic fl ow acceleration across 
the mitral valve, consistent with mitral stenosis, as well as 
mild mitral regurgitation (AVI 1969 kb)    

  Fig. 9.11    TTE parasternal long-axis view showed an elongated anterior mitral leafl et with parachute mitral valve with a unifocal attachment of 
the mitral valve chordae to a single papillary muscle ( arrow )       
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  Fig. 9.12    TTE parasternal long-axis view with color Doppler imaging showed turbulent fl ow across the mitral valve during diastole ( arrow ).
  LA  left atrium       

  Fig. 9.13    TTE apical four-chamber view showed mitral valve opening 
during diastole. The valve opening was restricted because of abnormal 
chordal attachment, giving the appearance of the parachute mitral valve 

( arrowheads ).  LA  left atrium,  LV  left ventricle,  RA  right atrium,  RV  
right ventricle       
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  Fig. 9.14    TTE apical four-chamber view with color Doppler fl ow showed diastolic fl ow acceleration across the mitral valve, consistent with 
mitral stenosis, as well as mild mitral regurgitation.  LA  left atrium,  LV  left ventricle,  RA  right atrium,  RV  right ventricle       

  Fig. 9.15    Continuous-wave Doppler imaging across the mitral valve showed severe mitral stenosis (mean pressure gradient 15 mmHg)       
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9.2.1     Learning Points 

 In 1963, Shone et al. [ 2 ] described a developmental complex 
in which four obstructive anomalies of the left side of the 
heart and aorta coexist. Most patients with Shone’s Anomaly 
are diagnosed in childhood. The complex includes a para-
chute mitral valve and aortic coarctation (68 % of patients), 
atrial septal defect (54 % of patients), ventricular septal 
defect (46 % of patients), aortic valve stenosis (32 % of 
patients), subaortic stenosis (20 % of patients), and left ven-
tricular hypoplasia (19 % of patients) [ 3 ]. The primary mor-
phological feature of parachute mitral valve is the unifocal 
attachment of chordae tendineae. “True” parachute mitral 
valve is characterized by attachment of the chordae to a sin-
gle or fused papillary muscle, whereas in “parachute-like 
asymmetric mitral valve” the mitral valve can be asymmetri-
cal, having two papillary muscles, one of which is dominant 
and elongated, with its tip reaching to the valve leafl ets. It is 
believed embryologically that the development of the antero-
lateral and posteromedial papillary muscles was disrupted 
between the 5th and 19th weeks of gestation, thereby forcing 
the embryonic predecessors of the papillary muscles to con-
dense into a single muscle [ 4 ]. Survival for patients with 
parachute mitral valve is dependent on the spectrum of asso-
ciated cardiac lesions (left ventricular hypoplasia and atrial 
septal defect). The degree of mitral valve obstruction remains 
stable, and most patients do not require valvotomy [ 3 ].   

9.3     Case 3. Cor Triatriatum Sinister 
with Atrial Septal Defect 

 A 56-year-old woman has a history of heart murmur noted 
during childhood, with exertional dyspnea, frequent light-
headedness, and presyncope, especially after exertion. She 
was recently diagnosed with cor triatriatum sinister and a 
secundum atrial septal defect and was referred to our insti-
tute for further evaluation and possible surgical correction 
(Figs.  9.16 ,  9.17 ,  9.18 ,  9.19 ,  9.20 , and  9.21 ).      
    Video 9.15  TTE parasternal long-axis view showing a thin 

membrane separating the left atrium into two chambers. 
The proximal or superior chamber drains the pulmonary 
venous blood, and the distal inferior chamber (or true 
atrium) is in contact with the atrioventricular valve (AVI 
954 kb)  

   Video 9.16  TTE apical four-chamber view showing a thin 
membrane separating the left atrium into two chambers, a 
fi nding consistent with cor triatriatum sinister (AVI 
1141 kb)  

   Video 9.17  TTE apical two-chamber view showed that the 
left atrial appendage and the foramen ovale are distal to 
the cor triatriatum membrane. This feature is important in 
differentiating cor triatriatum from a supramitral valve 
ring, which tends to attach to the base of the mitral valve, 
past the left atrial appendage and the foramen ovale (AVI 
1095 kb)  

   Video 9.18  TTE subcostal view zoomed at the interatrial 
septum, demonstrating atrial septal defect with left-to- 
right shunt (AVI 1582 kb)  

   Video 9.19  TTE apical four-chamber view with color 
Doppler fl ow imaging showed nonturbulent fl ow across 
the cor triatriatum membrane. This fi nding was confi rmed 
by pulsed-wave Doppler and cardiac cathetherization 
showing a nonobstructive cor triatriatum membrane (AVI 
1502 kb)  

   Video 9.20  TEE short-axis view zoomed at the interatrial 
septum confi rmed the presence of the cor triatriatum 
membrane. The color Doppler fl ow imaging showed non-
turbulent fl ow across the membrane (AVI 2049 kb)    
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  Fig. 9.16    TTE parasternal long-axis view showed a thin membrane 
( arrow ) separating the left atrium into two chambers. The proximal or 
superior chamber drains the pulmonary venous blood, and the distal 

inferior chamber (or true atrium) is in contact with the atrioventricular 
valve.  Ao  aorta,  LV  left ventricle,  RV  right ventricle       

  Fig. 9.17    TTE apical four-chamber view showed a thin membrane separating the left atrium into two chambers ( arrow ), a fi nding consistent with 
cor triatriatum sinister.  LV  left ventricle,  RA  right atrium,  RV  right ventricle       
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  Fig. 9.18    TTE apical two-chamber view showed that the left atrial 
appendage ( LAA ) and the foramen ovale are distal to the cor triatriatum 
membrane ( arrow ). This feature is important in differentiating cor tria-

triatum from a supramitral valve ring, which tends to attach to the base 
of the mitral valve, past the LAA and the foramen ovale.  LV  left 
ventricle       

  Fig. 9.19    TTE subcostal view zoomed at the interatrial septum, demonstrating atrial septal defect with left-to-right shunt ( arrow ).  LA  left atrium, 
 RA  right atrium       
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  Fig. 9.20    TTE apical four-chamber view with color Doppler fl ow 
imaging showed nonturbulent fl ow across the cor triatriatum membrane 
( arrow ). This fi nding was confi rmed by pulsed-wave Doppler and car-

diac cathetherization showing a nonobstructive cor triatriatum mem-
brane.  LV  left ventricle,  RA  right atrium,  RV  right ventricle       

  Fig. 9.21    TEE short-axis view zoomed at the interatrial septum confi rmed the presence of the cor triatriatum membrane ( arrows ). The color 
Doppler fl ow imaging showed nonturbulent fl ow across the membrane.  AV  aortic valve,  RA  right atrium       
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9.3.1     Learning Points 

 Cor triatriatum sinister is a rare congenital abnormality 
reported in 0.4 % of patients with congenital heart disease at 
autopsy [ 5 ]. In cor triatriatum sinister, the left atrium is 
divided into two chambers by a thick, fi bromuscular, mem-
branous septum, which can have a transverse or horizontal 
orientation or can be bandlike or funnel-shaped. The proxi-
mal or superior chamber drains the pulmonary venous blood, 
whereas the distal inferior chamber (or true atrium) is in con-
tact with the atrioventricular valve and contains the atrial 
appendage and the true atrial septum [ 6 ]. Echocardiography 
of cor triatriatum sinister shows a thin, linear structure bisect-
ing the atrium on a four-chamber view, distal to the mitral 
valve and the left atrial appendage. In the long-axis view, the 
superior part of the membrane is usually parallel to the aortic 
wall and its inferior part connects to the left atrial posterior 
wall. Color Doppler fl ow imaging and measurement of the 
transmembrane maximal pressure gradient differentiates 
obstructive cor triatriatum from the nonobstructive group. 
A maximal Doppler velocity greater than 2 m/s indicates 
severe obstruction [ 7 ].       
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10.1            Case 1. Inferior Wall Myocardial 
Infarction Complicated by Ruptured 
Papillary Muscle 

 A 78-year-old woman had a past medical history of atrial 
fi brillation and acute ST-elevation inferior wall myocar-
dial infarction 2 weeks prior to presentation. Her hospital 
course was complicated by ventricular tachycardia, car-
diac arrest, and cardiogenic shock. After discharge to a 
rehabilitation facility, she was readmitted because of 
acute decompensated congestive heart failure. She suc-
cessfully underwent mitral valve repair with coronary 
artery bypass grafting (Figs.  10.1 ,  10.2 ,  10.3 ,  10.4 ,  10.5 , 
 10.6 , and  10.7 ).       
    Video 10.1  Transesophageal echocardiography (TEE) four- 

chamber view showed ruptured chordae tendineae of the 
posterior leafl et. The ruptured chordae are seen as a freely 
moving structure from the left ventricle to the left atrium 
during the cardiac cycle (AVI 5505 kb)  

   Video 10.2  A TEE zoom view of the mitral valve demon-
strating fl ail of the posterior mitral leafl et with ruptured 
chordae (AVI 12633 kb)  

   Video 10.3  TEE zoom view of the mitral valve with color 
fl ow Doppler imaging demonstrating anteriorly directed 
mitral regurgitation jet (AVI 3203 kb)  

   Video 10.4  TEE at 60° showed ruptured chordae with papil-
lary muscle head moving freely into the left atrium (AVI 
9826 kb)  

   Video 10.5  TEE at 120° showed ruptured chordae with pap-
illary muscle head moving freely into the left atrium (AVI 
10014 kb)  

   Video 10.6  TEE at 120° with color fl ow Doppler imaging 
demonstrating anteriorly directed mitral regurgitation jet 
(AVI 1972 kb)  

   Video 10.7  Three-dimensional (3D) reconstruction imaging 
of the mitral valve (surgical view) showing fl ail P3 seg-
ment of the mitral valve with ruptured papillary muscle 
(AVI 2454 kb)    
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  Fig. 10.1    Transesophageal echocardiography (TEE) four-chamber 
view showing ruptured chordae tendineae of the posterior leafl et. The 
ruptured chordae ( arrow ) are seen as a freely moving structure from the 

left ventricle to the left atrium during the cardiac cycle.  LA  left atrium, 
 LV  left ventricle,  RV  right ventricle       

  Fig. 10.2    A TEE zoom view of the mitral valve demonstrating fl ail of the posterior mitral leafl et with ruptured chordae ( arrow ).  LA  left atrium, 
 LV  left ventricle,  RV  right ventricle       

 

 

T. Yingchoncharoen



195

  Fig. 10.3    TEE zoom view of the mitral valve with color fl ow Doppler imaging demonstrating anteriorly directed mitral regurgitation jet ( arrow ). 
 LA  left atrium,  LV  left ventricle       

  Fig. 10.4    TEE at 60° showed ruptured chordae with papillary muscle head moving freely into the left atrium ( arrow ).  LA  left atrium,  LV  left 
ventricle       
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  Fig. 10.5    TEE at 120° showed ruptured chordae with papillary muscle head moving freely into the left atrium ( arrow ).  LA  left atrium,  LV  left 
ventricle       

  Fig. 10.6    TEE at 120° with color fl ow Doppler imaging demonstrated anteriorly directed mitral regurgitation jet ( arrows ).  LA  left atrium,  LV  left 
ventricle       
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  Fig. 10.7    Three-dimensional (3D) reconstruction imaging of the 
mitral valve (surgical view) showed a fl ail P3 segment of the mitral 
valve with ruptured papillary muscle ( arrow )       

10.1.1     Learning Points 

 Papillary muscle rupture (PMR) is a catastrophic mechanical 
complication of acute myocardial infarction (AMI). Patients 
with PMR typically present 2–7 days after AMI with acute 
pulmonary edema and are often in cardiogenic shock. The 
absence of new heart murmur after AMI does not exclude the 
diagnosis. PMR is far more common in patients with inferior 
wall infarction because the posteromedial papillary muscle 
has a single blood supply via the posterior descending coro-
nary artery, whereas the anterolateral papillary muscle has a 
dual blood supply from both the left anterior descending and 
the left circumfl ex coronary arteries. The ruptured head or 
heads are seen to be attached to the leafl ets by the mitral 
chordae. These can mimic vegetations, but the clinical pre-
sentation, the chordal attachment to the leafl ets, and the 
usual attachment to both leafl ets help to distinguish them 
from vegetations.   
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10.2     Case 2. Chronic Ischemic Mitral 
Regurgitation 

 A 75-year-old man with a remote history of AMI presented 
with shortness of breath. His primary care physician heard 
systolic murmur, so echocardiography was performed. 
Transthoracic echocardiography (TTE) revealed mitral 
regurgitation with impaired left ventricular systolic function. 
The patient was referred for further management (Figs.  10.8 , 
 10.9 ,  10.10 , and  10.11 ).    
    Video 10.8  Transthoracic echocardiography (TTE) apical 

long-axis view showed anteroseptal wall hypokinesia. 

The zona coapta of the mitral valve was apically displaced 
(AVI 6579 kb)  

   Video 10.9  TTE apical long-axis view with color Doppler 
fl ow imaging showed a posteriorly directed mitral regur-
gitation jet (AVI 4392 kb)  

   Video 10.10  TTE apical four-chamber view showed antero-
lateral and apical hypokinesia. The posterior mitral leafl et 
has restricted motion throughout the cardiac cycle (AVI 
6328 kb)  

   Video 10.11  TTE apical four-chamber view with color 
Doppler fl ow imaging showed posteriorly directed mitral 
regurgitation (AVI 4777 kb)    

  Fig. 10.8    Transthoracic echocardiography (TTE) apical long-axis view showed anteroseptal wall hypokinesia. The zona coapta of the mitral 
valve was apically displaced.  LA  left atrium,  LV  left ventricle       

  Fig. 10.9    TTE apical long-axis view with color Doppler fl ow imaging showed posteriorly directed mitral regurgitation jet ( arrow ).  LA  left atrium, 
 LV  left ventricle       

 

 

T. Yingchoncharoen



199

  Fig. 10.10    TTE apical four-chamber view showed anterolateral and apical hypokinesia. The posterior mitral leafl et has restricted motion through-
out the cardiac cycle.  RA  right atrium,  RV  right ventricle,  LA  left atrium,  LV  left ventricle       

  Fig. 10.11    TTE apical four-chamber view with color Doppler fl ow imaging showed posteriorly directed mitral regurgitation ( arrow ).  LA  left 
atrium,  LV  left ventricle       
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10.2.1     Learning Points 

 Mitral regurgitation (MR) after AMI is a multifactorial pro-
cess involving both local and global left ventricular remodel-
ing. The presence of signifi cant MR in this setting portends a 
bad prognosis and increased risk of death and heart failure 
independently of previously known indicators of risk after 
myocardial infarction. MR is often clinically silent, so it 
should be systematically evaluated by echocardiography. 
Wall motion abnormalities are a common cause of chronic 
secondary MR, and their presence worsens the condition. 
Coronary revascularization and cardiac resynchronization 
therapy may improve the symptoms and outcome in appro-
priately selected patients. The new 2014 ACC/AHA guide-
lines for management of valvular heart diseases [ 1 ] 
considered that an effective regurgitant orifi ce (ERO) of 
0.20 cm 2  or larger and regurgitant volume of 30 mL or more 
are markers of severe MR. These changes are based on the 
fact that the measurement of the proximal isovelocity surface 
area by two-dimensional TTE in patients with secondary MR 
underestimates the true ERO because of the crescentic shape 
of the proximal convergence. Furthermore, a smaller calcu-
lated ERO is associated with adverse outcomes in patients 
with secondary MR than in patients with primary MR. The 
MR will also likely progress because of the associated pro-
gressive left ventricular systolic dysfunction and adverse 
remodeling [ 1 ]. Current medical options rely chiefl y on stan-
dard anti–heart failure medications; surgical approaches or 
mitral valve intervention offer future promise.   

10.3     Case 3. Post-myocardial Infarction 
Mitral Regurgitation and Ventricular 
Septal Rupture 

 A 75-year-old man with a past medical history of AMI 2 
months ago presented to our institute with cardiogenic shock. 
Physical examination revealed blood pressure of 
80/60 mmHg, jugular venous distension up to the mandible, 
and systolic thrill palpable at the left lower parasternal bor-
der. A 3/6 pansystolic murmur was heard at the left lower 
parasternal border and radiated to the axilla (Figs.  10.12 , 
 10.13 ,  10.14 , and  10.15 ).    
    Video 10.12  TTE apical four-chamber view, zoomed at LV 

and RV, showed severely impaired left ventricular systolic 
function with regional wall motion abnormalities in the 
left anterior descending coronary artery territory. An echo 
dropout is seen at the distal septum (AVI 562 kb)  

   Video 10.13  TTE apical four-chamber view with color 
Doppler fl ow imaging, zoomed at LV and RV, showed 
left-to- right shunt during systole at the distal septum and 
signifi cant mitral regurgitation (AVI 522 kb)  

   Video 10.14  TTE apical four-chamber view showed apical 
displacement of the mitral valve zona coapta (AVI 951 
kb)  

   Video 10.15  TTE apical four-chamber view with color 
Doppler fl ow imaging showed signifi cant mitral regurgi-
tation (AVI 460 kb)    

  Fig. 10.12    TTE apical four-chamber view, zoomed at LV and RV, 
showed severely impaired left ventricular systolic function with 
regional wall motion abnormalities in the left anterior descending coro-

nary artery territory. An echo dropout is seen at the distal septum 
( arrow ).  LA  left atrium,  LV  left ventricle,  RV  right ventricle       
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  Fig. 10.13    TTE apical four-chamber view with color Doppler fl ow imaging, zoomed at LV and RV, showed left-to-right shunt during systole at 
the distal septum ( arrow ) and signifi cant mitral regurgitation ( arrowhead ).  LV  left ventricle       

  Fig. 10.14    TTE apical four-chamber view showed apical displacement of the mitral valve zona coapta ( arrow ).  LA  left atrium,  LV  left ventricle, 
 RA  right atrium,  RV  right ventricle       
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  Fig. 10.15    TTE apical four-chamber view with color Doppler fl ow imaging showed signifi cant mitral regurgitation ( arrow ).  LA  left atrium, 
 LV  left ventricle,  RA  right atrium,  RV  right ventricle       

 

T. Yingchoncharoen



203

10.3.1     Learning Points 

 The differential diagnoses of a systolic murmur following 
AMI include papillary muscle dysfunction or rupture, ven-
tricular septal rupture (VSR), and left ventricular dilatation 
with resultant MR. The combination of post-MI VSR and 
MR is rare and devastating. The mechanical lesions of VSR 
and MR are amenable to surgical intervention if a suffi cient 
amount of residual functional muscle can be preserved in the 
left ventricle. Intraaortic balloon counterpulsation allows a 
period of time to stabilize the condition of patients with these 
lesions, to reduce myocardial ischemia, and to carry out 
studies to determine the extent of coronary artery disease [ 2 ].       
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        Mitral valve surgery is one of the most technically demand-
ing aspects of cardiac surgery, owing both to the valve’s 
location and to its complicated structure. Overall cardiac sur-
gical performance is gauged by the rate of successful mitral 
valve repair. Typically, the best short-term and long-term 
outcomes are achieved by surgeons who have a subspecial-
ized interest in mitral valve surgery and perform large num-
bers of repairs in high-volume centers. A repair is usually 
preferred over a replacement, owing to both longevity and 
the avoidance of anticoagulation, but repair is not always 
technically feasible if the valve is stenotic, calcifi ed, signifi -
cantly thickened, or morphologically unsuitable. A good 
replacement is always better than a poor repair, which may 
lead to premature redo surgery. Mitral valve repairs typically 
involve plication of the posterior leafl et and insertion of an 
annuloplasty ring. An Alfi eri stitch is sometimes included to 
optimize leafl et coaptation. Mitral valve replacements can be 
both bioprosthetic and mechanical. Individualized factors 
including the patient’s age, suitability for anticoagulation, 
and plans for future pregnancies are all important to consider 
when deciding on the best approach. Robotic mitral valve 
surgery with femoral cannulation via a mini-thoracotomy is 
now providing an alternative to traditional approaches via a 
median sternotomy. Percutaneous valve replacement or 
repair using various clip devices is now a viable alternative 
for some patients [ see  Chap.   6    ]. Valvuloplasty may be 
adjunctively performed as a temporizing bridge to surgery or 
a more palliative procedure in the setting of signifi cant mitral 

stenosis, although factors such as valve and subvalvular 
thickening and calcifi cation will ultimately govern suitabil-
ity for this procedure. 

 Like all surgery, mitral valve surgery can be associated 
with complications. Echocardiography plays an important 
role in the perioperative and long-term monitoring of 
valve function. Transesophageal echocardiography is 
often useful to overcome issues with poor leafl et visual-
ization and valve shadowing on transthoracic echo. 3D/4D 
imaging of the mitral valve has revolutionized prosthetic 
valve assessment by providing better temporal and spatial 
resolution than traditional 2D imaging (Fig.  11.1 ). Small 
paravalvular leaks can be readily identifi ed and localized, 
thereby allowing better preoperative surgical planning or 
consideration of percutaneous options. In additional to 
prosthetic valve degeneration with associated regurgita-
tion or stenosis, other complications include paravalvular 
leaks due to valve dehiscence and valvular dysfunction 
due to pannus, infl ammatory response, thrombus, or 
endocarditis. 
    Video 11.1  A 3D image of a normally functioning, trileafl et, 

Biocor bioprosthetic mitral valve replacement viewed 
from the left atrium. High image resolution enables the 
leafl ets, annulus, and even sutures to be clearly demon-
strated. The 3D image is conventionally orientated with 
the aortic valve at the 12 o’clock position, thereby allow-
ing consistency of image description and better ease of 
interpretation (AVI 1528 kb)    
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  Fig. 11.1    A 3D image of a 
normally functioning, trileafl et, 
Biocor bioprosthetic mitral valve 
replacement viewed from the left 
atrium. High image resolution 
enables the leafl ets, annulus, and 
even sutures to be clearly 
demonstrated. The 3D image is 
conventionally orientated with 
the aortic valve at the 12 o’clock 
position, thereby allowing 
consistency of image description 
and better ease of interpretation       
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11.1     Case 1. Alfi eri Stitch 

 A 70-year-old woman presented with long-standing mitral 
regurgitation, aortic regurgitation, and paroxysmal atrial 
fi brillation. She demonstrated increasing left atrial and left 
ventricular enlargement, which prompted surgical referral. 
Despite prominent mitral annular calcifi cation, the surgeon 
was able to successfully repair her mitral valve, using plica-
tion of the middle scallop of the posterior leafl et, an Alfi eri 
stitch, and placement of a 35-mm annuloplasty ring. She also 
underwent replacement of the aortic valve with a #23 
Carpentier-Edwards bovine pericardial heterograft, isolation 
of the pulmonary veins, and ligation of the left atrial append-
age (Figs.  11.2 ,  11.3 ,  11.4 , and  11.5 ).    
    Video 11.2  A parasternal long-axis view demonstrates the 

repaired mitral valve, with the aortic valve replacement in 
situ (AVI 2992 kb)  

   Video 11.3  Slight angulation of the probe demonstrates a 
parasternal long-axis view of the mitral valve at the posi-
tion of the Alfi eri stitch. This appearance may be mis-
taken for mitral stenosis. The annuloplasty ring in short 
axis can be best appreciated at the posterior aspect of the 
annulus (AVI 2244 kb)  

   Video 11.4  A parasternal short-axis view at the left ventricu-
lar base demonstrates the double-orifi ce mitral valve with 
the Alfi eri stitch joining the middle aspects of both mitral 
valve leafl ets and improving overall leafl et coaptation 
(AVI 3100 kb)  

   Video 11.5  The mitral valve is viewed from an apical four- 
chamber view. The Alfi eri stitch can be seen joining the 
leafl et tips centrally. The annuloplasty ring is appreciated 
laterally. The posterior leafl et appears small and some-
what restricted, consistent with the known repair and pli-
cation of the middle posterior scallop (AVI 2712 kb)     

  Fig. 11.2    A parasternal 
long-axis view demonstrates the 
repaired mitral valve, with the 
aortic valve replacement in situ       
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  Fig. 11.3    Slight angulation of the probe demonstrates a parasternal long-axis view of the mitral valve at the position of the Alfi eri stitch. This 
appearance may be mistaken for mitral stenosis. The annuloplasty ring in short axis can be best appreciated at the posterior aspect of the annulus       

  Fig. 11.4    A parasternal 
short-axis view at the left 
ventricular base demonstrates the 
double-orifi ce mitral valve with 
the Alfi eri stitch joining the 
middle aspects of both mitral 
valve leafl ets and improving 
overall leafl et coaptation       
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  Fig. 11.5    The mitral valve is viewed from an apical four-chamber 
view. The Alfi eri stitch can be seen joining the leafl et tips centrally. The 
annuloplasty ring is appreciated laterally. The posterior leafl et appears 

small and somewhat restricted, consistent with the known repair and 
plication of the middle posterior scallop       
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11.2     Case 2. Valvuloplasty 

 A 43-year-old woman in previously excellent health pre-
sented with a cerebrovascular accident due to middle cere-
bral artery occlusion. She was emergently treated with 
fi brinolysis and achieved full recovery. She subsequently 
was found to have severe mitral stenosis, despite an absence 
of previous symptoms. The transvalvular peak gradient was 
23 mmHg and the mean gradient was 14 mmHg, with mod-
erate (2–3+) mitral regurgitation. She was anticoagulated 
and then referred for mitral balloon valvuloplasty, which was 
performed via a trans-septal puncture. After the procedure, 
the gradients were reduced to 16 and 9 mmHg, with only 
mild (1+) residual mitral regurgitation, and the estimated 
mitral valve area (by pressure half time) was 1.9 cm 2  
(Figs.  11.6 ,  11.7 ,  11.8 ,  11.9 ,  11.10 ,  11.11 ,  11.12 , and  11.13 ).        
    Video 11.6  Transesophageal echocardiogram (TEE) at 0°, 

demonstrating severe thickening and tethering of both mitral 
valve leafl ets (predominantly involving the leafl et tips). This 

appearance is typical for rheumatic heart disease (AVI 
4855 kb)  

   Video 11.7  TEE at 0° demonstrating moderate (2–3+) regur-
gitation at baseline. A septostomy has been performed in 
preparation for the valvuloplasty, and the catheter can be 
seen traversing the interatrial septum (AVI 1992 kb)  

   Video 11.8  A 3D image of the mitral valve viewed from the 
left atrium. The leafl ets are thickened, with commissural 
fusion and a resultant reduced valve area (AVI 1077 kb)  

   Video 11.9  Balloon infl ation within the mitral valve at the 
time of valvuloplasty (AVI 6410 kb)  

   Video 11.10  After valvuloplasty, biplane color Doppler 
imaging through the mitral valve demonstrates no signifi -
cant increase in severity of mitral regurgitation from base-
line (AVI 1806 kb)  

   Video 11.11  A 3D image of the mitral valve (viewed from 
the left atrium) after valvuloplasty shows that leafl et 
mobility has improved, with a reduction in commissural 
fusion and an increased valve area (AVI 1272 kb)     

  Fig. 11.6    Transesophageal echocardiogram (TEE) at 0°, demonstrating severe thickening and tethering of both mitral valve leafl ets (predomi-
nantly involving the leafl et tips). This appearance is typical for rheumatic heart disease       
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  Fig. 11.7    TEE at 0° 
demonstrating moderate (2–3+) 
regurgitation at baseline. A 
septostomy has been performed 
in preparation for the 
valvuloplasty, and the catheter 
can be seen traversing the 
interatrial septum       

  Fig. 11.8    3D image of the 
mitral valve viewed from the left 
atrium. The leafl ets are 
thickened, with commissural 
fusion and a resultant reduced 
valve area       
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  Fig. 11.9    Continuous wave Doppler through the mitral valve demonstrates severe stenosis with a peak gradient of 23 mmHg and a mean gradient 
of 14 mmHg       

  Fig. 11.10    Balloon infl ation within the mitral valve at the time of valvuloplasty       
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  Fig. 11.11    After valvuloplasty, biplane color Doppler imaging through the mitral valve demonstrates no signifi cant increase in severity of mitral 
regurgitation from baseline       

  Fig. 11.12    A 3D image of the mitral valve (viewed from the left atrium) after valvuloplasty shows that leafl et mobility has improved, with a 
reduction in commissural fusion and an increased valve area       
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  Fig. 11.13    Continuous wave Doppler through the mitral valve after valvuloplasty demonstrates an improvement in transmitral gradients to a peak 
of 13 mmHg and a mean of 9 mmHg       
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11.3     Case 3. Paravalvular Leak 1 

 A 62-year-old woman with end-stage renal failure on hemo-
dialysis presented with a severe paravalvular mitral valve 
leak, severe tricuspid regurgitation, and moderate aortic ste-
nosis on a background history of previous bioprosthetic 
mitral valve replacement and coronary artery bypass graft 
surgery 3 years earlier. She underwent a mitral valve replace-
ment with an On-X mechanical valve (#33), a tricuspid valve 
repair with a Carpentier ring (#30), an aortic valve replace-
ment with a Trifecta bioprosthesis (#23), and coronary artery 
bypass graft surgery. 

 Preoperative echocardiography demonstrated a paraval-
vular leak originating at the anterolateral aspect of the mitral 

annulus. The eccentric, regurgitant jet hugged the wall of the 
left atrium and was diffi cult to quantitate, but visually it 
appeared severe. Transvalvular peak and mean gradients of 
17 and 9 mmHg were noted (Figs.  11.14 ,  11.15 , and  11.16 ).   
    Video 11.12  TEE at 50° demonstrates an eccentric paraval-

vular leak originating at the anterolateral aspect of the 
mitral annulus (AVI 1485 kb)  

   Video 11.13  With 3D reconstruction of the mitral valve, ori-
entated with the aortic valve at the top of the image, the 
small paravalvular defect can be seen adjacent to the 
valve annulus at the 6 o’clock position (AVI 845 kb)  

   Video 11.14  Color 3D imaging clearly demonstrates the 
small paravalvular leak (AVI 953 kb)     

  Fig. 11.14    TEE at 50° 
demonstrates an eccentric 
paravalvular leak originating at 
the anterolateral aspect of the 
mitral annulus       
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  Fig. 11.15    With 3D 
reconstruction of the mitral 
valve, orientated with the aortic 
valve at the top of the image, the 
small paravalvular defect can be 
seen adjacent to the valve 
annulus at the 6 o’clock position       

  Fig. 11.16    3D color Doppler 
imaging clearly demonstrates the 
small paravalvular leak       
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11.4     Case 4. Paravalvular Leak 2 

 A 51-year-old woman with a past history of mitral valve 
replacements 20 and 27 years previously now presents 
with hemolytic anemia, atrial fi brillation, and a small 
(5 mm) mitral paravalvular leak with severe tricuspid 
regurgitation. She has symptoms of right heart failure with 
evidence of fl uid overload. She has known biventricular 
dysfunction, with implantation of an implantable cardiac 
defi brillator. 

 Echocardiography demonstrated biventricular enlarge-
ment. The St. Jude mechanical prosthetic mitral valve 
replacement was associated with a moderate (2–3+), pos-
terolaterally directed paravalvular leak, which originated 
adjacent to the lateral aspect of the valve near the left atrial 
appendage ostium, although the valve itself remained well 
seated. There was severe (4+) tricuspid regurgitation related 
to annular dilatation. 

 She successfully underwent her third cardiac surgery involv-
ing mitral valve replacement with an On-X mechanical valve 
(#33) and a tricuspid valve repair with a Carpentier classic 
annuloplasty ring (#30) (Figs.  11.17 ,  11.18 ,  11.19 , and  11.20 ).    
    Video 11.15  TEE at 60° demonstrating the mechanical mitral 

valve with normally functioning leafl ets. A small paraval-
vular region of defect can be seen adjacent to the lateral 
aspect of the valve (AVI 8981 kb)  

   Video 11.16  The same 60° TEE view demonstrates a small 
jet of fl ow through the paravalvular defect on color 
Doppler imaging (AVI 1539 kb)  

   Video 11.17  Rotating the TEE probe to 90° demonstrates the 
paravalvular leak adjacent to the lateral aspect of the 
valve, perpendicular to the orifi ce of the left atrial append-
age (AVI 1689 kb)  

   Video 11.18  3D imaging of the mechanical mitral valve 
demonstrates a normally functioning, well-seated bileaf-
let prosthesis (AVI 1277 kb)     

  Fig. 11.17    TEE at 60° demonstrating the mechanical mitral valve with normally functioning leafl ets. A small paravalvular region of defect can 
be seen adjacent to the lateral aspect of the valve       

 

11 Mitral Valve Prostheses



218

  Fig. 11.19    Rotating the transesophageal probe to 90° demonstrates the paravalvular leak adjacent to the lateral aspect of the valve, perpendicular 
to the orifi ce of the left atrial appendage       

  Fig. 11.18    The same 60° transesophageal view demonstrates a small jet of fl ow through the paravalvular defect on color Doppler imaging       
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  Fig. 11.20    3D imaging ( right-hand panel ) of the mechanical mitral valve demonstrates a normally functioning, well-seated bileafl et prosthesis       
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11.5     Case 5. Paravalvular Leaks 3 

 A 67-year-old woman presented with mild exertional dys-
pnea and mild hemolytic anemia. Her background history 
included myxomatous mitral valve disease, for which she 
underwent mitral valve replacement over 10 years ago, fol-
lowed by replacement with a porcine valve and tricuspid 
repair 3 years ago. 

 Transthoracic and transesophageal echocardiograms were 
remarkable for a moderate (2+), anterolateral mitral paraval-
vular leak, although the mitral valve prosthesis appeared oth-
erwise well-seated. The vena contracta measured 0.1 cm 2 . 
Otherwise, there was only trivial valvular regurgitation, with 
no restriction of leafl et excursion. The peak and mean gradi-
ents were 22 and 6 mmHg. The tricuspid valve repair 
appeared intact, with only trivial regurgitation and a mean 
gradient of 4 mmHg (Figs.  11.21 ,  11.22 ,  11.23 , and  11.24 ). 

 Given her lack of symptoms and only mild anemia, she 
will have ongoing follow-up with serial echocardiogra-
phy every 6–12 months, or sooner if her symptoms 
worsen.    
    Video 11.19  Transesophageal long-axis view demonstrating 

a normally functioning bioprosthetic mitral valve replace-
ment (AVI 4234 kb)  

   Video 11.20  Transesophageal long-axis view with a moder-
ate (2+) paravalvular leak anteriorly on color Doppler 
imaging (AVI 2679 kb)  

   Video 11.21  3D left atrial view of the mitral valve, atypically 
orientated with the aortic valve at 3 o’clock and the ante-
rior paravalvular defect at the 9 o’clock position (AVI 
745 kb)  

   Video 11.22  3D left ventricular view of the mitral valve, 
with the anterior paravalvular defect now visible at the 3 
o’clock position (AVI 755 kb)     
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  Fig. 11.21    TEE long-axis view demonstrating a normally functioning bioprosthetic mitral valve replacement       

  Fig. 11.22    TEE long-axis view with a moderate (2+) paravalvular leak anteriorly on color Doppler imaging       
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  Fig. 11.23    3D left atrial view of the mitral valve, atypically orientated with the aortic valve at 3 o’clock and the anterior paravalvular defect at 
the 9 o’clock position       

  Fig. 11.24    3D left ventricular view of the mitral valve, with the anterior paravalvular defect now visible at the 3 o’clock position       
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11.6     Case 6. Bioprosthetic Mitral Valve 
Replacement and Pseudoaneurysm 

 A 77-year-old woman was referred with a history of coro-
nary artery bypass graft surgery and bioprosthetic aortic 
(#21) and mitral (#25) valve replacements for aortic stenosis 
and mitral regurgitation 2 months earlier. The surgery had 
been complicated by severe mitral annular calcifi cation and 
bleeding from the AV groove and posterior ventricle, which 
required a pericardial patch. She now reported worsening 
symptoms of heart failure, and echocardiography demon-
strated partial dehiscence of the mitral valve with a resultant 
severe, posterior paravalvular leak (measuring 1.0 cm in 
maximal diameter), which was in direct communication with 
a large (5.0 × 4.1 cm) pseudoaneurysm adjacent to the left 
atrium, which obstructed pulmonary venous drainage 
(Figs.  11.25 ,  11.26 ,  11.27 , and  11.28 ). The aortic valve 
replacement was well seated, with only trivial regurgitation. 
Reoperation was performed involving removal of the old 
prosthesis, unroofi ng and repair of the pseudoaneurysm, and 

replacement of the mitral valve with a Biocor #29 
prosthesis.    
    Video 11.23  TEE imaging of the bioprosthetic mitral valve 

replacement at 38°, demonstrating the large pseudoaneu-
rysm adjacent to the valve annulus and left atrium later-
ally (AVI 4606 kb)  

   Video 11.24  The addition of color Doppler imaging demon-
strates regurgitant fl ow directly from the left ventricle into 
the pseudoaneurysm via a communication located just 
below the level of the valve annulus laterally (AVI 
2413 kb)  

   Video 11.25  Transesophageal biplane view of the biopros-
thetic mitral valve replacement at 0 and 90°, demonstrat-
ing the large lateral pseudoaneurysm, which expands 
during systole, when there is retrograde fl ow into the cav-
ity (AVI 3898 kb)  

   Video 11.26  3D reconstruction of the mitral valve viewed 
from the left atrium. The large pseudoaneurysm can be 
seen adjacent to the lateral aspect of the valve and left 
atrium (AVI 1886 kb)     

  Fig. 11.25    TEE imaging of the bioprosthetic mitral valve replacement at 38°, demonstrating the large pseudoaneurysm adjacent to the valve 
annulus and left atrium laterally       
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  Fig. 11.26    The addition of color Doppler imaging demonstrates regurgitant fl ow directly from the left ventricle into the pseudoaneurysm via a 
communication located just below the level of the valve annulus laterally       

  Fig. 11.27    Transesophageal biplane view of the bioprosthetic mitral valve replacement at 0 and 90°, demonstrating the large lateral pseudoaneu-
rysm, which expands during systole, when there is retrograde fl ow into the cavity       
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  Fig. 11.28    3D reconstruction of the mitral valve viewed from the left atrium. The large pseudoaneurysm can be seen adjacent to the lateral aspect 
of the valve and left atrium       
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11.7     Case 7. Mechanical Valve 
Replacement and Pseudoaneurysm 

 A 33-year-old man presents with increasing dyspnea and 
fatigue. His past history was remarkable for bileafl et mechan-
ical mitral valve replacement 5 years earlier, as a result of 
mitral valve infection endocarditis secondary to intravenous 
drug use. He has abstained from drug use since this time and 
remained compliant with oral anticoagulation, but he has not 
had an echocardiogram for several years. 

 Echocardiography was performed and demonstrated a 
mechanical mitral valve replacement with moderate (2+) 
valvular regurgitation, a moderate (2+) paravalvular jet with 
fl ow directed into the left atrial appendage, and a further 
small paravalvular leak communicating with a small lateral 
pseudoaneurysm located between the valve annulus and the 
left atrial appendage (Figs.  11.29 ,  11.30 , and  11.31 ). Given 
his lack of constitutional symptoms and negative blood cul-
tures, it was suspected that the pseudoaneurysm was related 
to an old abscess cavity rather than active infection. 

 He was taken to the operating room, where the echocar-
diographic fi ndings were confi rmed. The mitral valve pros-
thesis was left alone, as it appeared normal and was well 
seated, with preserved function. The pseudoaneurysm was 
resected, and a patch repair of remaining paravalvular defects 

was performed. There was no evidence of infective endocar-
ditis or abscess formation visually or on microbiology of the 
resected tissue.   
    Video 11.27  TEE imaging of the bileafl et mechanical mitral 

valve prosthesis at 58°. The valve appears well seated, 
with normal leafl et opening. A large left atrial appendage 
can be seen laterally to the right of the image. Between 
the appendage and the valve is a small cavity demonstrat-
ing expansion during systole. This dynamic appearance is 
suggestive of a pseudoaneurysm (AVI 4572 kb)  

   Video 11.28  Color Doppler imaging, in the same 58° TEE 
plane, demonstrates three separate jets of systole fl ow. 
There is a moderate (2+) valvular regurgitant jet, a moder-
ate (2+) paravalvular jet originating laterally with fl ow 
directed into the left atrial appendage, and a small amount 
of systolic fl ow going directly from the left ventricle into 
the pseudoaneurysm (AVI 1335 kb)  

   Video 11.29  A 3D reconstruction of the mitral valve prosthe-
sis from the left atrial aspect. The valve appears well 
seated, with normal motion of both leafl ets. The large left 
atrial appendage can be seen adjacent to the valve later-
ally to the left of the image. Between the appendage and 
the valve ring is a small slit-like annular defect (9 o’clock 
position), which represents the cause of the paravalvular 
leak (AVI 927 kb)     

  Fig. 11.29    TEE imaging of the bileafl et mechanical mitral valve pros-
thesis at 58°. The valve appears well seated, with normal leafl et open-
ing. A large left atrial appendage can be seen laterally to the right of the 

image. Between the appendage and the valve is a small cavity demon-
strating expansion during systole. This dynamic appearance is sugges-
tive of a pseudoaneurysm       

 

C. Jellis



227

  Fig. 11.30    Color Doppler imaging, in the same 58° TEE plane, dem-
onstrates three separate jets of systole fl ow. There is a moderate (2+) 
valvular regurgitant jet, a moderate (2+) paravalvular jet originating 

laterally with fl ow directed into the left atrial appendage, and a small 
amount of systolic fl ow going directly from the left ventricle into the 
pseudoaneurysm       

  Fig. 11.31    A 3D reconstruction 
of the mitral valve prosthesis 
from the left atrial aspect. The 
valve appears well seated, with 
normal motion of both leafl ets. 
The large left atrial appendage 
can be seen adjacent to the valve 
laterally to the left of the image. 
Between the appendage and the 
valve ring is a small slit-like 
annular defect (9 o’clock 
position), which represents the 
cause of the paravalvular leak       
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11.8     Case 8. Bioprosthetic Valve 
Dehiscence 

 A 74-year-old woman presented in congestive heart failure. 
She was known to have a history of mitral valve replacement 
(St. Jude Biocor #29) 1 year earlier at another hospital for 
 Streptococcus viridans  infective endocarditis. Her other 
comorbidities involved atrial fi brillation with sick sinus syn-
drome (necessitating pacemaker implantation),  hypertension, 
hyperlipidemia, chronic renal insuffi ciency, and moderate to 
severe chronic lung disease. 

 Transthoracic echocardiography revealed mild left ven-
tricular dysfunction and a moderate (3+) posterolateral 

 paravalvular mitral leak in addition to severe (3–4+) tricus-
pid regurgitation. Blood cultures were negative on this occa-
sion, although there was clinical concern that an infective 
cause of valve dehiscence was masked by recent oral antibi-
otic use (Figs.  11.32 ,  11.33 , and  11.34 ). 

 She underwent redo mitral valve surgery. The surgeon 
noted that there was clear dehiscence of the prosthesis from 
the posterolateral annulus of the mitral valve, with no evi-
dence of any active infection. As a precaution, however, the 
valve’s original prosthesis was removed and the annulus was 
débrided. A 31-mm St. Jude Biocor porcine mitral valve was 
then sutured into place.     

  Fig. 11.32    TEE four-chamber 
view (13°) demonstrating a 
moderately severe lateral 
paravalvular leak on color 
Doppler imaging       

  Fig. 11.33    TEE long-axis view 
(141°) demonstrating the same 
moderately severe paravalvular 
leak viewed more posteriorly       
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a

b

  Fig. 11.34    3D reconstruction of 
the mitral valve viewed from the 
left atrium ( a ) and left ventricle 
( b ). Signifi cant dehiscence of the 
valve bioprosthesis is evident       
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11.9     Case 9. Annuloplasty Ring Dehiscence 

 A 58-year-old man with a history of myocardial infarction 
presented with symptoms of heart failure. Transthoracic 
echocardiography revealed severe functional ischemic mitral 
regurgitation, and coronary angiography revealed multives-
sel coronary artery disease. After extensive discussion of the 
risks, benefi ts, and alternatives, he elected to proceed with 
surgery. He understood that the risk of surgery was some-
what increased because of his ischemic mitral regurgitation. 

 He underwent coronary artery bypass grafting and inser-
tion of a 30-mm Carpentier-McCarthy-Adams ischemic 
annuloplasty ring. Unfortunately, 2 years later he again 
started developing symptoms of heart failure. 
Echocardiography demonstrated signifi cant left ventricular 
enlargement and dysfunction, with pulmonary hypertension 
and severe mitral insuffi ciency due to partial ring dehiscence 
(Figs.  11.35 ,  11.36 ,  11.37 ,  11.38 ,  11.39 ,  11.40 , and  11.41 ).       
    Video 11.30  Parasternal long-axis view on transthoracic 

echocardiography (TTE), demonstrating dehiscence of 
the mitral annuloplasty ring, which can be seen partially 

hanging below the native valve within the left atrium (AVI 
4432 kb)  

   Video 11.31  The same parasternal long-axis view with color 
Doppler imaging shows a severe paravalvular regurgitant 
jet (AVI 1942 kb)  

   Video 11.32  An apical four-chamber transthoracic view also 
shows the partially dehisced annuloplasty ring hanging 
below the native valve annulus in the left atrium (AVI 
9310 kb)  

   Video 11.33  Color Doppler imaging of the same four- 
chamber view confi rms a severe paravalvular jet laterally 
(AVI 2219 kb)  

   Video 11.34  Biplane imaging of the mitral valve at 40 and 
130° on TEE also demonstrates a moderate central jet of 
valvular regurgitation (AVI 896 kb)  

   Video 11.35  3D transesophageal imaging of the mitral valve 
demonstrates severe dehiscence of the annuloplasty ring, 
involving nearly 50 % of its circumference (AVI 1046 kb)  

   Video 11.36  3D transesophageal imaging with color Doppler 
demonstrates the severe paravalvular regurgitation associ-
ated with the annuloplasty ring dehiscence (AVI 1533 kb)     

  Fig. 11.35    Parasternal long-axis 
view on transthoracic 
echocardiography (TTE), 
demonstrating dehiscence of the 
mitral annuloplasty ring, which 
can be seen partially hanging 
below the native valve within the 
left atrium       
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  Fig. 11.36    The same parasternal 
long-axis view with color 
Doppler imaging shows a severe 
paravalvular regurgitant jet       

  Fig. 11.37    An apical four- 
chamber transthoracic view also 
shows the partially dehisced 
annuloplasty ring hanging below 
the native valve annulus in the 
left atrium       
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  Fig. 11.38    Color Doppler 
imaging of the same four- 
chamber view confi rms a severe 
paravalvular jet laterally       

  Fig. 11.39    Biplane imaging of the mitral valve at 40 and 130° on TEE also demonstrates a moderate central jet of valvular regurgitation       
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  Fig. 11.40    3D transesophageal 
imaging of the mitral valve 
demonstrates severe dehiscence 
of the annuloplasty ring, 
involving nearly 50 % of its 
circumference       

  Fig. 11.41    3D transesophageal imaging with color Doppler demonstrates the severe paravalvular regurgitation associated with the annuloplasty 
ring dehiscence       
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11.10     Case 10. Infl ammatory Response 

 A 51-year-old man with a history of mitral valve repair (35- 
mm Duran annuloplasty ring) for mitral valve prolapse 2 
years earlier (Figs.  11.42 ,  11.43 ,  11.44 ,  11.45 , and  11.46 ) 
presented with a transient ischemic attack and severe mitral 
stenosis. The peak and mean transvalvular gradients mea-
sured 23 mmHg and 14 mmHg respectively. Transesophageal 
echocardiography demonstrated the mitral annulus to be 
severely thickened globally (0.6 cm), with laminated echo-
genic material extending from the annulus onto both leafl et 
bodies (Figs.  11.47 ,  11.48 ,  11.49 ,  11.50 ,  11.51 , and  11.52 ). 
This thickening severely restricted the valve orifi ce and leaf-
let opening. The appearance was felt to be suspicious for 
infective endocarditis or laminar thrombus, although he 
denied any constitutional symptoms suggestive of infection. 
Multiple blood cultures remained negative. 

 He was commenced on empiric antibiotic therapy and 
therapeutically anticoagulated with heparin prior to redo 
mitral valve surgery. The ring and adjacent tissue was 
resected and a mechanical mitral valve was sutured in place. 
Histology revealed extensive infl ammatory response with no 
evidence of thrombus or infection.           
    Video 11.37  Transesophageal view (at 91°) of the repaired 

mitral valve with an annuloplasty ring in situ, taken 
immediately after the original valve surgery. There is 
good leafl et coaptation without restriction of leafl et move-
ment (AVI 4700 kb)  

   Video 11.38  Another transesophageal view (at 139°) taken 
immediately after the original valve surgery, showing 
good leafl et coaptation without restriction of leafl et move-
ment (AVI 4752 kb)  

   Video 11.39  Color Doppler imaging at the same transesoph-
ageal 139° view immediately after the original valve 
repair confi rms that there was no residual regurgitation 
(AVI 1148 kb)  

   Video 11.40  A TEE image (0°) obtained 2 years later showed 
that the mitral annulus was severely thickened circumfer-
entially, with laminated echogenic material extending 
from the annulus onto both leafl et bodies. This thickening 
restricted leafl et opening and resulted in a small, stenotic 
valve orifi ce (AVI 3941 kb)  

   Video 11.41  TEE view at 60°, also obtained 2 years later, 
showing thickening of the mitral annulus (AVI 
5445 kb)  

   Video 11.42  TEE view at 90°, also obtained 2 years later, 
showing thickening of the mitral annulus (AVI 5005 kb)  

   Video 11.43  TEE view at 120°, also obtained 2 years later, 
showing thickening of the mitral annulus (AVI 3815 kb)  

   Video 11.44  3D imaging of the mitral valve demonstrated a 
signifi cant reduction in valve orifi ce area related to the 
smooth, laminated echogenic material overlying the 
annuloplasty ring and extending onto the leafl et bases. 
Severe associated valve leafl et thickening was also evi-
dent (AVI 681 kb)     

  Fig. 11.42    Transesophageal 
view (91°) of the repaired mitral 
valve with an annuloplasty ring 
in situ, taken immediately after 
the original valve surgery. There 
is good leafl et coaptation without 
restriction of leafl et movement       
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  Fig. 11.43    Another 
transesophageal view (139°) 
taken immediately after the 
original valve surgery. There is 
good leafl et coaptation without 
restriction of leafl et movement       

  Fig. 11.44    Color Doppler 
imaging at the same 
transesophageal 139° view 
immediately after the original 
valve repair confi rms that there 
was no residual regurgitation       
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  Fig. 11.45    3D imaging 
immediately after the original 
valve repair confi rms good leafl et 
excursion with a normal-sized 
valve orifi ce area during diastole       

  Fig. 11.46    Transvalvular 
gradients immediately after the 
original valve repair were within 
acceptable limits, with a peak 
gradient of 9 mmHg and a mean 
gradient of 5 mmHg       
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  Fig. 11.47    A TEE image (0°) 
obtained 2 years later showed 
that the mitral annulus was 
severely thickened 
circumferentially, with laminated 
echogenic material extending 
from the annulus onto both leafl et 
bodies. This thickening restricted 
leafl et opening and resulted in a 
small, stenotic valve orifi ce       

  Fig. 11.48    TEE view at 60° also 
obtained 2 years later, showing 
thickening of the mitral annulus       
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  Fig. 11.49    TEE view at 90° also 
obtained 2 years later, showing 
thickening of the mitral annulus       

  Fig. 11.50    TEE view at 120° 
also obtained 2 years later, 
showing thickening of the mitral 
annulus       
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  Fig. 11.51    A signifi cant interval 
increase in transvalvular 
gradients was noted, to peak and 
mean gradients of 23 and 
14 mmHg respectively       

  Fig. 11.52    3D imaging of the 
mitral valve demonstrated a 
signifi cant reduction in valve 
orifi ce area related to the smooth, 
laminated echogenic material 
overlying the annuloplasty ring 
and extending onto the leafl et 
bases. Severe associated valve 
leafl et thickening was also 
evident       
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11.11     Case 11. Infl ammatory Response 

 A 60-year-old woman was noted to have a new murmur, 
shortness of breath, and fatigue when presenting for routine 
cardiology review. She denied any constitutional symptoms, 
including fever, diaphoresis, or change in weight. Three 
months earlier she had undergone a mitral valve repair for 
severe symptomatic mitral regurgitation secondary to pro-
lapse (Fig.  11.53 ). 

 She underwent a transesophageal echocardiogram, which 
demonstrated multiple mobile echodensities attached to the 
left atrial aspect of the mitral valve annuloplasty prosthesis, 
with suggestion of abscess formation along the intervalvular 
fi brosa and a small (0.6 cm, Qp:Qs 1.1) Gerbode-type defect 
(left ventricle to right atrial shunt) without evidence of right 
ventricular volume overload (Figs.  11.54 ,  11.55 ,  11.56 , 
 11.57 , and  11.58 ). 

 The appearance was felt to be concerning for vegetations 
or thrombi. She underwent cardiac surgery with resection of 
the previous annuloplasty ring, insertion of a bioprosthetic 
mitral valve replacement, and closure of the Gerbode defect. 
Histological assessment of the resected tissue revealed 
extensive chronic infl ammation with a small amount of acute 
fi brinous exudate. No microorganisms or organized thrombi 
were identifi ed. 

 On routine review 6 months later, she remained well, with 
no symptoms of heart failure or constitutional symptoms 
including fever, but repeat echocardiography again demon-
strated multiple echodensities attached to the new valve 
prosthesis (Figs.  11.59  and  11.60 ). In view of her stable clin-
ical status, it was felt that these new abnormalities repre-
sented a further infl ammatory response to another valve 

prosthesis. She was managed conservatively with ongoing 
discussion regarding the need for therapeutic 
anticoagulation.        
    Video 11.45  Normal TEE (119° long-axis view) of the fi rst 

bioprosthetic valve immediately after replacement (AVI 
7356 kb)  

   Video 11.46  Standard TEE (0° view) demonstrating exten-
sive multiple mobile echodensities attached to the left 
atrial aspect of the valve leafl ets and annulus (AVI 
8015 kb)  

   Video 11.47  Standard TEE (61° view) demonstrating exten-
sive multiple mobile echodensities attached to the left 
atrial aspect of the valve leafl ets and annulus (AVI 
6522 kb)  

   Video 11.48  Standard TEE (94° view) demonstrating exten-
sive multiple mobile echodensities attached to the left 
atrial aspect of the valve leafl ets and annulus (AVI 
6563 kb)  

   Video 11.49  Biplane 0/90° view demonstrating orthogonal 
views of the mitral valve prosthesis with multiple mobile 
echodensities attached (AVI 4399 kb)  

   Video 11.50  3D reconstruction of the mitral valve prosthesis 
with multiple mobile echodensities attached to the valve 
annulus and leafl ets (AVI 1340 kb)  

   Video 11.51  Repeat TEE after the redo bioprosthetic mitral 
valve replacement also demonstrated small, mobile ech-
odensities adherent to the left atrial aspect of the pros-
thetic valve annulus (AVI 7291 kb)  

   Video 11.52  Repeat TEE after the redo bioprosthetic mitral 
valve replacement also demonstrated small, mobile 
 echodensities adherent to the left atrial aspect of the pros-
thetic valve annulus (AVI 3147 kb)     

  Fig. 11.53    Normal TEE (119° 
long-axis view) of the fi rst 
bioprosthetic valve immediately 
after replacement       
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  Fig. 11.54    Standard TEE (0° view) demonstrating extensive multiple mobile echodensities attached to the left atrial aspect of the valve leafl ets 
and annulus       

  Fig. 11.55    Standard TEE (61° view) demonstrating extensive multiple mobile echodensities attached to the left atrial aspect of the valve leafl ets 
and annulus       
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  Fig. 11.56    Standard TEE (94° view) demonstrating extensive multiple mobile echodensities attached to the left atrial aspect of the valve leafl ets 
and annulus       

  Fig. 11.57    Biplane 0/90° view demonstrating orthogonal views of the mitral valve prosthesis with multiple mobile echodensities attached       
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  Fig. 11.58    3D reconstruction of 
the mitral valve prosthesis with 
multiple mobile echodensities 
attached to the valve annulus and 
leafl ets       

  Fig. 11.59    Repeat TEE after the 
redo bioprosthetic mitral valve 
replacement also demonstrated 
small, mobile echodensities 
adherent to the left atrial aspect 
of the prosthetic valve annulus       
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  Fig. 11.60    Repeat TEE after the 
redo bioprosthetic mitral valve 
replacement also demonstrated 
small, mobile echodensities 
adherent to the left atrial aspect 
of the prosthetic valve annulus       
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11.12     Case 12. Mitral Valve Prosthesis 
Thrombus 

 A 72-year-old woman with a history of rheumatic heart dis-
ease, obstructive lung disease, hypertension, and chronic 
kidney disease underwent a third-time redo double valve 
replacement involving a mitral valve replacement (27-mm 
Biocor bioprosthesis), aortic root replacement with reim-
plantation of the coronary arteries, an aortic valve replace-
ment (25-mm Freestyle bioprosthesis), and ascending aorta 
graft repair. The redo mitral valve replacement had required 
extensive annular débridement and reconstruction of the 
fi brous skeleton of the heart with pericardial patches because 
of heavy calcifi cation. The postoperative period was compli-
cated by shock requiring arteriovenous extracorporeal mem-
brane oxygenation support. Thrombus formation within the 
left atrium involved the mitral valve prosthesis, and she was 
returned to surgery for urgent thrombectomy of the mitral 
valve. Layered thrombus was found within the left atrium, 
which extended across the mitral valve and impeded its 
opening (Figs.  11.61 ,  11.62 ,  11.63 ,  11.64 ,  11.65 ,  11.66 , 
 11.67 ,  11.68 , and  11.69 ).         
    Video 11.53  3D reconstruction of the mitral valve immedi-

ately after initial implantation, demonstrating a normal, 
functioning valve (AVI 996 kb)  

   Video 11.54  Two days after surgery, while the patient was 
on arteriovenous extracorporeal membrane oxygenation 

 support, TEE (0° view) demonstrated severe biventricular 
dysfunction and severe mitral valve dysfunction. Both 
leafl ets demonstrated very poor mobility and were 
severely restricted by overlying thrombus, which extended 
into the left atrium. Swirling sludge could be seen 
throughout the left atrium. The left atrial appendage had 
been ligated at the time of the original surgery (AVI 
7260 kb)  

   Video 11.55  TEE (138° view) performed at the same time as 
Video  11.54  also demonstrated severe biventricular dys-
function and severe mitral valve dysfunction. Both  leafl ets 
demonstrated very poor mobility and were severely 
restricted by overlying thrombus, which extended into the 
left atrium. Swirling sludge could be seen throughout the 
left atrium (AVI 7232 kb)  

   Video 11.56  Color Doppler imaging demonstrated only a 
small jet of turbulent forwards fl ow across the severely 
stenotic mitral valve (AVI 2125 kb)  

   Video 11.57  3D reconstruction of the mitral valve showed a 
severely stenotic valve with only a slit-like valve orifi ce 
remaining (AVI 1136 kb)  

   Video 11.58  After the thrombectomy, leafl et mobility 
improved, but a degree of restricted leafl et excursion per-
sisted because of residual thrombus on the valve leafl ets 
and annulus. Biventricular function remained severely 
impaired (AVI 3627 kb)  

   Video 11.59  Zoomed view of Video  11.58  (AVI 5439 kb)     

  Fig. 11.61    3D reconstruction of 
the mitral valve immediately 
after initial implantation, 
demonstrating a normal, 
functioning valve       
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  Fig. 11.62    Peak transvalvular gradient (6 mmHg) and mean transvalvular gradient (2 mmHg) immediately after implantation       

  Fig. 11.63    Two days after 
surgery, while the patient was on 
arteriovenous extracorporeal 
membrane oxygenation support, 
TEE (0° view) demonstrated 
severe biventricular dysfunction 
and severe mitral valve 
dysfunction. Both leafl ets 
demonstrated very poor mobility 
and were severely restricted by 
overlying thrombus, which 
extended into the left atrium. 
Swirling sludge could be seen 
throughout the left atrium. The 
left atrial appendage had been 
ligated at the time of the original 
surgery       
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  Fig. 11.64    TEE (138° view) 
performed at the same time as 
Fig.  11.63  also demonstrated 
severe biventricular dysfunction 
and severe mitral valve 
dysfunction. Both leafl ets 
demonstrated very poor mobility 
and were severely restricted by 
overlying thrombus, which 
extended into the left atrium. 
Swirling sludge could be seen 
throughout the left atrium       

  Fig. 11.65    Color Doppler 
imaging demonstrated only a 
small jet of turbulent forwards 
fl ow across the severely stenotic 
mitral valve       
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  Fig. 11.66    3D reconstruction of 
the mitral valve showed a 
severely stenotic valve with only 
a slit-like valve orifi ce remaining       

  Fig. 11.67    Transvalvular 
gradients across the thrombosed 
valve had signifi cantly increased 
to a peak and mean of 34 and 
24 mmHg respectively       
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  Fig. 11.68    After the 
thrombectomy, TEE (0° 
midesophageal view) 
demonstrated improved leafl et 
mobility, however a degree of 
restricted leafl et excursion 
persisted due to residual 
thrombus on the valve leafl ets 
and annulus. Biventricular 
function remained severely 
impaired       

  Fig. 11.69    Zoomed view of 
Fig.  11.68        
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11.13     Case 13. Mitral Valve Thrombus 

 A 77-year-old man with a past history of recurrent deep vein 
thromboses and an inferior vena cava fi lter presented with 
severe mitral regurgitation due to a partial fl ail anterior mitral 
valve leafl et. He underwent a mitral valve replacement with 
31-mm Magna pericardial prosthesis. Several days later, he 
developed shortness of breath, congestion on chest x-ray, 
and atrial fi brillation. 

 Transesophageal echocardiography revealed layered 
thrombus measuring up to 1 cm in diameter within the left 
atrium, along the interatrial septum and within the left atrial 
appendage. The lateral leafl et of the mitral bioprosthesis was 
fi xed and thickened, probably related to superimposed 
thrombus (Figs.  11.70 ,  11.71 ,  11.72 , and  11.73 ). 

 The patient was found to have a complex hypercoagulable 
state related to lupus anticoagulant and heterozygosity for 
Factor V Leiden defi ciency. He was maintained on  therapeutic 

anticoagulation, with gradual reduction of the left atrial 
thrombus burden and improvement in symptoms. The lateral 
leafl et remained restricted, but given his hypercoagulable 
state, he was managed conservatively.    
    Video 11.60  ( a ) TEE (0° view) showing that the lateral pros-

thetic valve leafl et is relatively fi xed because of overlying 
thrombus, which also extends onto the annulus (AVI 
6167 kb)  

   Video 11.60  ( b ) Zoomed view of Video  11.60 a (AVI 
8609 kb)  

   Video 11.61  Color Doppler imaging demonstrated signifi -
cant turbulence in the fl ow across the valve, suggestive of 
valvular stenosis. Trivial regurgitation was noted (AVI 
2146 kb)  

   Video 11.62  3D imaging of the trileafl et, bioprosthetic mitral 
valve prosthesis viewed from the left atrium. Signifi cant 
restriction of lateral leafl et is noted, with relatively pre-
served excursion of the other two leafl ets (AVI 1227 kb)     
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a

b

  Fig. 11.70    ( a ) TEE (0° view) 
showing that the lateral prosthetic 
valve leafl et is relatively fi xed 
because of overlying thrombus, 
which also extends onto the 
annulus. ( b ) Zoomed view       
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  Fig. 11.71    Color Doppler 
imaging demonstrated signifi cant 
turbulence in the fl ow across the 
valve, suggestive of valvular 
stenosis. Trivial regurgitation was 
noted       

  Fig. 11.72    3D imaging of the 
trileafl et, bioprosthetic mitral 
valve prosthesis viewed from the 
left atrium. Signifi cant restriction 
of lateral leafl et is noted, with 
relatively preserved excursion of 
the other two leafl ets       
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  Fig. 11.73    Despite leafl et 
restriction, the transvalvular 
gradients were only mildly 
increased overall (peak, 
11 mmHg; mean, 4 mmHg)       
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11.14     Teaching Points 

•     Hemolytic anemia in the setting of a paravalvular leak 
suggests that the defect is actually small. Turbulence of 
blood fl ow through the small communication results in 
hemolysis.  

•   Regardless of severity, the prognosis for ischemic mitral 
regurgitation is worse than for nonischemic mitral regur-
gitation. The recent changes in the AHA/ACC valve 
guidelines refl ect this difference, reclassifying ischemic 
mitral regurgitation graded as 2+ and over as severe [ 1 ].  

•   Repair of the mitral valve is technically challenging. 
Overall, the highest rates of successful repair are achieved 
in valve centers of excellence by surgeons who perform 
high volumes of cases. A good replacement is always bet-
ter than a poor repair, which may lead to premature redo 
surgery.  

•   A repair is usually preferred over a replacement because 
of both valve longevity and the avoidance of anticoagula-
tion. Repair may not be feasible if the valve is stenotic, 
calcifi ed, signifi cantly thickened, or morphologically 
unsuitable. Valve surgery in the setting of ischemic mitral 
regurgitation remains controversial [ 2 ].  

•   Minimally invasive and percutaneous approaches for 
mitral valve surgery are gaining acceptance, although 
they lack long-term data regarding complication rates and 
durability. These approaches may be alternative treatment 
options for patients who are felt to be poor surgical candi-
dates because of age or comorbidities.  

•   3D/4D imaging has revolutionized our ability to diagnose 
and quantify prosthetic valve dysfunction [ 3 ].         
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        Although stress echocardiography is primarily used to 
exclude inducible myocardial ischemia, it also has several 
useful applications related to mitral valve functional assess-
ment. Its main role relates to assessment of contractile 
reserve, which can be used to optimally time mitral valve 
surgery in the setting of signifi cant mitral regurgitation 
(MR). Clinically, stress echocardiography is most often 
used in the setting of myxomatous mitral valve prolapse 
with severe regurgitation but an absence of symptoms. 
Exercise stress echocardiography allows physicians to 
assess the patient’s exercise capacity, investigate for exer-
cise-induced pulmonary hypertension, and perhaps most 
importantly, assess the left ventricle’s response to exercise. 
Unmasking of impaired functional capacity, inducible pul-
monary hypertension, precipitation of atrial arrhythmias, 
worsening of MR severity, or failure of augmentation in left 
ventricular systolic function with exercise all may suggest 
that the patient will benefi t from mitral valve surgery. 
Ideally, this surgery should involve mitral valve repair, so 
structural information regarding leafl et morphology or 
thickening, subvalvular apparatus, and the degree of 

 calcifi cation are important observations to include for 
 preoperative planning. 

 At peak exercise, the left ventricular end-systolic cavity 
size should be visibly smaller than the cavity size at rest. 
Quantitatively, it has been shown that preserved contractile 
reserve is refl ected by an increase in ejection fraction of at 
least 4 % owing to a reduction in end-systolic volume [ 1 ]. If 
this change in ejection fraction is not achieved, contractile 
reserve is said to be impaired. Clinically, this condition 
refl ects an inability of the left ventricle to cope with the vol-
ume load of severe MR. It also may be related to underlying 
myocardial fi brosis, which prevents an increase in left ven-
tricular stress function. 

 Exercise stress echocardiography also can be used to gain 
additional information regarding borderline-severe mitral 
stenosis. Impaired exercise capacity, a mean mitral transval-
vular gradient of 10 mmHg or higher at peak stress, abnor-
mally elevated peak-stress pulmonary pressures, or a 
combination of these fi ndings supports a diagnosis of hemo-
dynamically signifi cant mitral stenosis that may warrant sur-
gical intervention. 
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12.1     Case 1. Preserved Contractile Reserve: 
Normal Left Ventricular Stress 
Response 

 A 44-year-old hospital administrator presents with posterior 
mitral valve leafl et prolapse and severe, anteriorly directed 
MR. Echocardiography was performed before and after 
14 min of treadmill exercise stress. The ejection fraction 
increased from 65 to 73 % and the left ventricular end- 
systolic volume decreased from 45 to 22 mL, consistent with 
preserved contractile reserve. This case illustrates a normal 
ventricular response to exercise stress.      
    Video 12.1  Parasternal long-axis end-systolic image at rest, 

demonstrating posterior mitral valve leafl et prolapse (AVI 
1240 kb)  

   Video 12.2  Parasternal long-axis end-systolic image at peak 
exercise. Note the decreased left ventricular cavity size 
(AVI 892 kb)  

   Video 12.3  Parasternal short-axis end-systolic image at rest 
(AVI 1241 kb)  

   Video 12.4  Parasternal short-axis end-systolic image at peak 
exercise. Note the decreased left ventricular cavity size 
(AVI 932 kb)  

   Video 12.5  Apical two-chamber end-systolic image at rest 
(AVI 1273 kb)  

   Video 12.6  Apical two-chamber end-systolic image at peak 
exercise. Note the decreased left ventricular cavity size 
(AVI 849 kb)     

  Fig. 12.1    Parasternal long-axis end-systolic image at rest, demonstrat-
ing posterior mitral valve leafl et prolapse       

  Fig. 12.2    Parasternal long-axis end-systolic image at peak exercise. 
Note the decreased left ventricular cavity size       
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  Fig. 12.3    Parasternal short-axis end-systolic image at rest       

  Fig. 12.4    Parasternal short-axis end-systolic image at peak exercise. 
Note the decreased left ventricular cavity size       

  Fig. 12.5    Apical two-chamber end-systolic image at rest       

  Fig. 12.6    Apical two-chamber end-systolic image at peak exercise. 
Note the decreased left ventricular cavity size       
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12.2     Case 2. Impaired Contractile Reserve: 
Increased Left Ventricular Size 
with Stress 

 A 52-year-old previously fi t ballet instructor with known 
mitral valve prolapse and signifi cant MR presented with 
increasing fatigue but no overt dyspnea or signs of heart fail-
ure. She was referred for exercise stress echocardiography to 
assess left ventricular contractile reserve and exercise capac-
ity. She achieved 8 min of treadmill exercise according to the 
standard Bruce protocol. The test was ceased at 92 % of the 
maximum predicted heart rate because of dyspnea and fatigue. 

 Regional wall motion analysis did not demonstrate any 
focal abnormalities to suggest inducible ischemia, but the 
left ventricular size remained unchanged at peak exercise. 
This failure of augmentation in left ventricular function at 
peak stress refl ected impaired contractile reserve. Color 
Doppler imaging also demonstrated a signifi cant increase in 
the severity of her MR at peak stress. She was referred for 
consideration of mitral valve surgical repair.    

    Video 12.7  Apical four-chamber view with color Doppler 
demonstrating moderate (2+) mitral regurgitation at 
 baseline (heart rate 62 bpm) (MOV 454 kb)  

   Video 12.8  Parasternal stress echocardiographic images 
before exercise ( left images ) and after exercise ( right 
images ). The images at the top show the long-axis view 
and the bottom images show the short-axis view at the 
level of the mid left ventricle. The left ventricular cavity 
increases with exercise stress, consistent with impaired 
contractile reserve (AVI 1799 kb)  

   Video 12.9  Apical four-chamber ( top ) and two-chamber 
( bottom ) stress echocardiographic images before exer-
cise ( left images ) and after exercise ( right images ). The 
left ventricular cavity size increases with exercise 
stress, consistent with impaired contractile reserve (AVI 
1904 kb)  

   Video 12.10  Apical four-chamber view with color Doppler 
demonstrating severe (4+) mitral regurgitation in the early 
recovery phase even though the heart rate had nearly 
returned to the baseline of 68 bpm (MOV 432 kb)     

  Fig. 12.7    Apical four-chamber 
view with color Doppler 
demonstrating moderate (2+) 
mitral regurgitation at baseline 
(heart rate 62 bpm)       
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  Fig. 12.8    Parasternal stress echocardiographic images before exercise 
( left images ) and after exercise ( right images ). The images at the top 
show the long-axis view and the bottom images show the short-axis 

view at the level of the mid left ventricle. The left ventricular cavity 
increases with exercise stress, consistent with impaired contractile 
reserve       
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  Fig. 12.10    Apical four-chamber 
view with color Doppler 
demonstrating severe (4+) mitral 
regurgitation in the early 
recovery phase even though the 
heart rate had nearly returned to 
the baseline of 68 bpm       

  Fig. 12.9    Apical four-chamber ( top ) and two-chamber ( bottom ) stress echocardiographic images before exercise ( left images ) and after exercise 
( right images ). The left ventricular cavity size increases with exercise stress, consistent with impaired contractile reserve       
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12.3     Case 3. Increased Gradients After 
Stress 

 A 32-year-old female teacher presents for evaluation of pal-
pitations and exercise-induced shortness of breath. She also 
complains of hand and arm numbness and increased fatigue. 
She reports dyspnea upon climbing one fl ight of stairs and 
states that the dyspnea is getting progressively worse. She 
describes occasional leg swelling, especially towards the end 
of the teaching day. The palpitations occur multiple times a 
day and are quite debilitating. She has a history of previous 
mitral valve repair with insertion of an annuloplasty ring for 
mitral valve prolapse. 

 The resting echocardiogram demonstrated normal left 
ventricular size and systolic function (EF = 55 %). The right 
ventricle was mildly dilated, with mild systolic dysfunction. 
Peak and mean transvalvular gradients across the repaired 
mitral valve were 23 mmHg and 11 mmHg respectively. 
There was trivial valvular MR. Estimated right ventricular 
systolic pressure was 39 mmHg, consistent with mild pulmo-
nary hypertension. The left atrium was severely dilated, with 
an indexed volume of 41 mL/m 2 . 

 A stress echocardiogram was performed to assess func-
tional capacity, peak pulmonary pressures, and mitral valve 
gradients at peak stress. She demonstrated a reduced exer-
cise capacity of only 6.3 METs at a maximum heart rate of 
76 %. With exercise, her peak right ventricular systolic 
pressure increased to 61 mmHg and her peak and mean 
mitral valve gradients rose to 53 and 35 mmHg respec-
tively. At the submaximal predicted heart rate achieved, 
there was no evidence of inducible ischemia, and the left 
ventricular cavity size reduced appropriately with stress. 

Her MR remained unchanged but her tricuspid regurgita-
tion increased from mild (1+) at baseline to moderate (2+) 
with exercise. 

 Based upon the stress echocardiography fi ndings, she was 
referred for redo surgery. Given her young age and concern 
regarding valve longevity and further repeat sternotomy, a 
mechanical mitral valve prosthesis was selected.      
    Video 12.11  Parasternal long-axis view at rest, with color 

Doppler imaging demonstrating a repaired mitral valve 
with an annuloplasty ring and trivial valvular mitral regur-
gitation (AVI 1849 kb)  

   Video 12.12  ( a ) Parasternal long-axis view before exercise 
(AVI 8020 kb)  

   Video 12.12  ( b ) The same view after exercise, demonstrat-
ing a decrease in left ventricular size with stress, indica-
tive of preserved contractile reserve. No regional wall 
motion abnormalities are seen that would suggest under-
lying myocardial ischemia, although this exercise was at 
a submaximal predicted heart rate (AVI 1331 kb)  

   Video 12.13  ( a ) Apical four-chamber view before exercise 
(AVI 1344 kb)  

   Video 12.13  ( b ) The same view after exercise, demonstrat-
ing a decrease in left ventricular size with stress, indica-
tive of preserved contractile reserve. No regional wall 
motion abnormalities are seen that suggest underlying 
myocardial ischemia, although this exercise was at a sub-
maximal predicted heart rate (AVI 973 kb)  

   Video 12.14  ( a ) Color Doppler imaging of the tricuspid 
valve at rest demonstrates mild to moderate (1–2+) tricus-
pid regurgitation (AVI 2068 kb)  

   Video 12.14  ( b ) This regurgitation increases to moderately 
severe (3+) after exercise stress (AVI 2169 kb)     

  Fig. 12.11    Parasternal long-axis 
view at rest, with color Doppler 
imaging demonstrating a repaired 
mitral valve with an annuloplasty 
ring and trivial valvular mitral 
regurgitation       
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b

  Fig. 12.12    ( a ) Parasternal 
long-axis view before exercise. 
( b ) The same view after exercise, 
demonstrating a decrease in left 
ventricular size with stress, 
indicative of preserved 
contractile reserve. No regional 
wall motion abnormalities are 
seen that would suggest 
underlying myocardial ischemia, 
although this exercise was at a 
submaximal predicted heart rate       
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a b

  Fig. 12.13    ( a ) Apical four-chamber view before exercise. ( b ) The 
same view after exercise, demonstrating a decrease in left ventricular 
size with stress, indicative of preserved contractile reserve. No regional 

wall motion abnormalities are seen that suggest underlying myocardial 
ischemia, although this exercise was at a submaximal predicted heart 
rate       
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b

a

  Fig. 12.14    ( a ) Continuous-wave 
Doppler through the mitral valve 
at rest demonstrates borderline- 
severe mitral stenosis with a peak 
gradient of 23 mmHg and a mean 
gradient of 11 mmHg. ( b ) With 
exercise stress, the transvalvular 
gradients signifi cantly increase to 
peak 53 mmHg and mean 
35 mmHg       
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a

b

  Fig. 12.15    ( a ) Color Doppler 
imaging of the tricuspid valve at 
rest demonstrates mild to 
moderate (1–2+) tricuspid 
regurgitation. ( b ) This 
regurgitation increases to 
moderately severe (3+) after 
exercise stress       
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  Fig. 12.16    ( a ) The estimated 
right ventricular peak systolic 
pressure at rest is 39 mmHg, 
assuming a right atrial pressure 
of 5 mmHg. ( b ) After exercise, 
the peak pressure increases 
signifi cantly to 61 mmHg       
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12.4     Teaching Points 

•     Stress echocardiography is a useful technique for the 
evaluation of mitral valve disease that might be borderline 
in severity or not clearly symptomatic.  

•   Assessment of contractile reserve, exercise capacity, pul-
monary pressures, transvalvular gradients, exercise- 
induced arrhythmias, and MR severity with exercise are 
all important components to consider when optimizing 
the timing of surgery and may be relevant to both acute 
surgical outcomes and long-term prognosis.         
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13.1            Case 1. Mitral Valve Myxoma 

 A 59-year-old man presented with acute dysarthria and left 
hemiparesis, which lasted for 15 min and spontaneously 
resolved. He had no risk factors for cardiovascular dis-
eases and had a negative family history for stroke or other 
premature cardiovascular diseases. Cardiac examination 
revealed a grade 3/6 systolic murmur at the left parasternal 
border. 

13.1.1     Learning Points 

 Although cardiac myxoma is the most common benign car-
diac tumor, those that originate from the heart valve are rare 
[ 1 ]. Mitral valve myxoma, conventionally defi ned as a myx-
oma arising from the mitral leafl et, annulus, commissures, 
junction area, or subvalvular apparatus (chordae or papillary 
muscle), is considered rare, with up to 64 myxomas described 
in 42 articles from 2006 to 2011 [ 2 ]. This case represented a 

mitral valve myxoma originated from the papillary muscle 
and chordae, which is considered exceedingly rare. This case 
also highlights the role of multimodality imaging in diagno-
sis and treatment planning. Cardiac MRI provided comple-
mentary data on tissue characteristics of the tumor and 
anatomic defi nition for surgical planning (Figs.  13.1 ,  13.2 , 
 13.3 ,  13.4 ,  13.5 ,  13.6 , and  13.7 ). Cardiac myxomas that are 
located in the left ventricular chamber are associated with 
higher embolization risk, partly owing to higher mobility 
and left ventricular pressure [ 3 ], so surgical resection should 
be performed promptly once the diagnosis is established. 
Follow-up echocardiography should be performed to detect 
recurrence [ 4 ].       
    Video 13.1  Transthoracic echocardiography (TTE) paraster-

nal long-axis view showed a 3.7 × 3.6-cm, highly mobile 
echodensity with frond-like projections in the left ventri-
cle, attached to the posterior mitral valve leafl et and sub-
valvular apparatus (AVI 5351 kb)  

   Video 13.2  TTE apical four-chamber view showed the mass 
( arrows ) of the mitral valve (AVI 4775 kb)      
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  Fig. 13.1    Transthoracic 
echocardiography (TTE) 
parasternal long-axis view 
showed a 3.7 × 3.6-cm, highly 
mobile echodensity ( arrows ) 
with frond-like projections in the 
left ventricle (LV), attached to 
the posterior mitral valve leafl et 
and subvalvular apparatus.  Ao  
aorta,  LA  left atrium       

  Fig. 13.2    M-mode 
echocardiography at the mitral 
valve showed the presence of an 
echodensity intermittently 
protruding into the left 
ventricular outfl ow tract during 
systole ( arrows )       
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  Fig. 13.3    TTE apical four- 
chamber view showed the mass 
( arrows ) of the mitral valve.  RA  
right atrium,  RV  right ventricle       

  Fig. 13.4    TTE apical fi ve-
chamber view showed that the 
mass ( arrows ) protruded into the 
left ventricular outfl ow tract 
(LVOT) during systole. The mass 
also caused fl ow acceleration in 
the LVOT, corresponding to the 
patient's systolic murmur       
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c d

a b
  Fig. 13.5    ( a – d ) Cardiac MRI 
confi rmed the fi ndings, with 
tissue characteristics consistent 
with cardiac myxoma.  SSFP  
steady-state free precession       
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  Fig. 13.6    Intraoperative fi ndings 
showed that the mass ( arrow ) 
was attached to the head of the 
posteromedial papillary muscle 
and several chords going to the 
P2 segment of the posterior 
mitral valve leafl et ( Courtesy of  
Dr. Joseph Sabik, Cleveland 
Clinic)       

  Fig. 13.7    Pathology confi rmed 
the diagnosis of mitral valve 
myxoma. ( Arrow  indicates mass.) 
( Courtesy of  Dr. Carmela Tan and 
Dr. Rene Rodriguez, Cleveland 
Clinic)       
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13.2     Case 2. Blood Cyst 

 An 84-year-old man with past medical history of hyperten-
sion and dyslipidemia was sent for echocardiographic evalu-
ation because of near syncope. 

13.2.1     Learning Points 

 Blood cysts are congenital in origin and most frequently 
have been found as a postmortem fi nding in fetuses and 
infants less than 6 months of age [ 5 ]. Histologically, they are 
diverticuli lined with fl at, endothelium-like cells on both 
sides, containing bloody fl uid. Echocardiographic fi ndings 
include a thin-walled, well-circumscribed mass with an 
echolucent core (Figs.  13.8 ,  13.9 ,  13.10 , and  13.11 ). The 
presence of microbubbles inside the cystic cavity during 
diastole (confi rming the passage of blood between the ven-
tricular cavity and the cyst lumen) has been described as a 
pathognomonic sign of the presence of a blood cyst [ 6 ]. The 
cyst is most commonly present at an atrioventricular valve; it 

occurs less often in semilunar valves and is also found at 
papillary muscle [ 7 ] or the atrialized right ventricular portion 
of Ebstein's anomaly. 

 There is no consensus regarding optimal management of 
asymptomatic blood cysts. The natural history is not known. 
(They regress spontaneously in most patients, but cyst 
growth also been reported.) Conservative management with 
echocardiographic follow-up is suggested for asymptomatic 
patients with a small cyst. Surgical resection should be per-
formed for masses that interfere with cardiac function.    
    Video 13.3  TTE parasternal long-axis view showed a thin- 

walled, well-circumscribed mass with an echolucent core 
in the posteroinferior wall area (AVI 878 kb)  

   Video 13.4  TTE parasternal long-axis view zoomed at the 
mass ( arrow ) confi rmed the same fi ndings (AVI 841 kb)  

   Video 13.5  TTE short-axis view zoomed at the mass attached 
to the anterolateral papillary muscle (AVI 858 kb)  

   Video 13.6  TTE apical four-chamber view confi rmed the 
thin-walled, well-circumscribed mass with an echolucent 
core attached to the anterolateral papillary muscle, fi nd-
ings consistent with a blood cyst (AVI 853 kb)      

  Fig. 13.8    TTE parasternal 
long-axis view showed a 
thin-walled, well-circumscribed 
mass with an echolucent core in 
the posterioinferior wall area 
( arrow )       
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  Fig. 13.9    TTE parasternal 
long-axis view zoomed at the 
mass ( arrow ) confi rmed the same 
fi ndings       

  Fig. 13.10    TTE short-axis view 
zoomed at the mass attached to 
the anterolateral papillary muscle 
( arrow )       
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  Fig. 13.11    TTE apical 
four-chamber view confi rmed the 
thin-walled, well-circumscribed 
mass with an echolucent core 
attached to the anterolateral 
papillary muscle, fi ndings 
consistent with a blood cyst 
( arrow )       
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13.3     Diastolic Mitral and Tricuspid 
Regurgitation 

 A 75-year-old man with shortness of breath on exertion was 
found to have complete heart block and underwent implanta-
tion of a permanent pacemaker. On examination, a 3/6 sys-
tolic murmur with short diastolic murmurs was heard at the 
lower left parasternal border. 

13.3.1     Learning Points 

 Diastolic mitral and tricuspid regurgitation is a common 
fi nding in patients with atrioventricular conduction abnor-
malities. It is caused by delayed ventricular contraction 

 following atrial contraction. The high ventricular pressure 
during atrial relaxation with incomplete atrioventricular 
valve closure results in reverse regurgitation (Figs.  13.12 , 
 13.13 ,  13.14 , and  13.15 ).    
    Video 13.7  A TTE apical four-chamber view with color 

Doppler fl ow imaging showed typical systolic mitral 
regurgitation but also a short regurgitation jet from the left 
ventricle to the left atrium during diastole, consistent with 
diastolic mitral regurgitation (AVI 114027 kb)  

   Video 13.8  A TTE apical four-chamber view with color 
Doppler fl ow imaging showed typical systolic tricuspid 
regurgitation but also a short regurgitation jet from the 
right ventricle to the right atrium during diastole, con-
sistent with diastolic tricuspid regurgitation (AVI 
112410 kb)          

  Fig. 13.12    A TTE apical 
four-chamber view with color 
Doppler fl ow imaging showed 
typical systolic mitral 
regurgitation but also a short 
regurgitation jet from the left 
ventricle to the left atrium during 
diastole, consistent with diastolic 
mitral regurgitation ( arrow )       
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  Fig. 13.13    Continuous-wave 
Doppler of mitral infl ow showed 
systolic ( arrowheads ) and 
diastolic ( arrows ) mitral 
regurgitation       

  Fig. 13.14    A TTE apical 
four-chamber view with color 
Doppler fl ow imaging showed 
typical systolic tricuspid 
regurgitation but also a short 
regurgitation jet from the right 
ventricle to the right atrium 
during diastole, consistent with 
diastolic tricuspid regurgitation 
( arrow )       
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  Fig. 13.15    Continuous-wave 
Doppler of mitral infl ow showed 
systolic ( arrowheads ) and 
diastolic ( arrows ) tricuspid 
regurgitation       
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 pulsed wave , 19  
 spectral , 19–20  

    E 
  Endocarditis.    See  Infective endocarditis (IE) 
   Exercise stress echocardiography , 255  

    F 
  Familial hypertrophic obstructive cardiomyopathy , 171–172  

    G 
  Gerbode defect, endocarditis , 160–162  

    H 
  Hypertensive heart disease of elderly with severe LVOT 

obstruction , 173  
   Hypertrophic obstructive cardiomyopathy (HOCM) , 17  

 familial hypertrophic obstructive cardiomyopathy , 171–172  
 hypertensive heart disease of elderly with severe LVOT 

obstruction , 173  
 obstructive cardiomyopathy without overt basal septal 

hypertrophy , 174–178  

    I 
  Infective endocarditis (IE) 

 2014 ACC/AHA guidelines , 150  
 aortomitral curtain perforation, extension of aortic root 

abscess , 156–162  
 cardiac crux abscess and mitral infl ow obstruction , 167–169  
 with complications , 151–155  
 with Gerbode defect , 160–162  
 native valve , 147–150  
 with submitral left ventricular pseudoaneurysm , 163–166  

   Infl ammatory response, mitral valve repair , 234–244  
   Inoue balloon , 73  

    L 
  Left ventricular outfl ow tract (LVOT) obstruction , 17  

 balanced steady-state free precession cine cardiac magnetic 
resonance image , 171  

 hypertensive heart disease of elderly and , 173  

    M 
  Mechanical valve replacement and pseudoaneurysm , 226–227  
   MitraClip device 

 anterior leafl et prolapse , 107–113  
 arms and grippers , 89, 90  
 cardiac resynchronization therapy , 142–145  
 deployment steps , 92–102  
 3D guidance , 114–118  
 mechanism , 90  
 mitral balloon valvuloplasty , 137–141  
 paravalvular leak 

 after mechanical mitral valve replacement , 119–122  
 bioprosthetic mitral valve replacement , 123–125  
 mechanical mitral valve replacement with hemolysis , 

126–131  
 percutaneous devices , 146  
 posterior leafl et prolapse , 103–106  
 transcutaneous mitral valve replacement , 132–135  

   Mitral annular calcifi cation (MAC) , 36  
   Mitral balloon valvuloplasty , 137–141  
   Mitral infl ow obstruction, cardiac crux abscess 

and , 167–169  
   Mitral regurgitation (MR) , 259 .    See also  Diastolic mitral 

and tricuspid regurgitation 
 Carpentier classifi cation , 21  

 type I , 22  
 type II , 22  
 type IIIA , 23  
 type IIIB , 23  

 chronic ischemic , 198–200  
 and ventricular septal rupture, post-myocardial 

infarction , 200–203  
   Mitral stenosis (MS) 

 continuity equation , 28  
 PHT method , 27  
 PISA method , 28  
 planimetry , 24–26  
 pulmonary artery pressure , 29  
 transmitral pressure gradient , 29  

   Mitral valve 
 cleft, primum atrial septal defect with , 179–184  
 parachute , 185–188  

   Mitral valve area (MVA).    See  Mitral stenosis (MS) 
   Mitral valve myxoma 

 cardiac MRI , 272  
 intraoperative fi ndings , 273  
 M-mode echocardiography , 270  
 pathology , 273  
 TTE , 269–271  

   Mitral valve nomenclature 
 apparatus , 2  
 labeling systems , 4  
 leafl et structure , 3  
 mitral annulus , 2  
 papillary muscles , 2  
 saddle-shaped structure , 2  
 TEE imaging planes , 4  

   Mitral valve prolapse 
 anterior leafl et fl ail 

 color M-mode , 60  
 continuous wave Doppler , 60  
 2D and color Doppler imaging , 58–59  
 PISA , 61  
 transgastric biplane view , 59  

 bileafl et 
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 central  vs.  anteriorly directed mitral regurgitation , 51  
 color M-mode , 51, 53  
 continuous wave Doppler trace , 54  
 2D and color Doppler imaging , 52  
 fl ail posterior leafl et , 52  
 parasternal long-axis imaging , 50  
 pulse-wave spectral Doppler , 53  

 exercise stress , 257  
 fl ail posterior mitral valve leafl et 

 color Doppler , 47  
 color M-mode , 45  
 continuous-wave Doppler , 45  
 three-dimensional reconstruction , 47  
 transesophageal , 46  

 myxoid degeneration 
 apical two-chamber transthoracic view , 56  
 transesophageal view , 56–57  
 transthoracic parasternal long-axis view , 55  

 myxomatous degenerative disease 
 color M-mode , 66  
 continuous wave Doppler , 66  
 3D zoom view , 64  
 pulse wave Doppler trace , 65  
 transesophageal view , 62–63  

 posterior leafl et , 43–44  
 previous mitral valve repair , 48–49  

   Mitral valve prostheses 
 Alfi eri stitch , 207–209  
 annuloplasty ring dehiscence , 230–233  
 bioprosthetic mitral valve replacement and pseudoaneurysm , 

223–225  
 bioprosthetic valve dehiscence , 228–229  
 3D/4D imaging , 205  
 infl ammatory response , 234–244  
 mechanical valve replacement and pseudoaneurysm , 226–227  
 mitral valve thrombus , 250–254  
 paravalvular leak 1 , 215–216  
 paravalvular leak 2 , 217–219  
 paravalvular leak 3 , 220–222  
 robotic surgery , 205  
 thrombus , 245–249  
 valvuloplasty , 210–214  

   Mitral valve repair 
 anterior mitral valve regurgitation , 48  
 2D and color Doppler imaging , 48  
 proximal isovelocity surface area measurements , 49  
 regurgitant jet, continuous wave Doppler , 49  

   Mitral valve thrombus , 250–254  
   M-mode imaging, mitral valve assessment 

 HOCM , 17  
 LVOT , 17  
 mitral valve tips , 18  
 systolic anterior motion , 17  
 transvalvular fl ow during diastole only , 18  

   Myocardial infarction, papillary muscle rupture , 193–197  
   Myxoid degeneration, mitral valve prolapse 

 apical two-chamber transthoracic view , 56  
 transesophageal view , 56–57  
 transthoracic parasternal long-axis view , 55  

   Myxomatous degenerative disease 
 color M-mode , 66  
 continuous wave Doppler , 66  
 3D zoom view , 64  
 pulse wave Doppler trace , 65  
 transesophageal view , 62–63  

    N 
  Native valve infective endocarditis , 147–150  
   Nitinol mesh design , 91  

    O 
  Obstructive cardiomyopathy without overt basal septal hypertrophy 

 intrinsic mitral valve pathology, 174–175,  
 mitral subvalvular (papillary muscle) pathology , 175–178  

   Occluder devices , 91  

    P 
  Papillary muscle rupture (PMR) , 197  
   Parachute mitral valve , 185–188  
   Paravalvular leak 

 MitraClip device 
 after mechanical mitral valve replacement , 119–122  
 bioprosthetic mitral valve replacement , 123–125  
 mechanical mitral valve replacement with hemolysis , 

126–131  
 paravalvular leak 1 , 215–216  
 paravalvular leak 2 , 217–219  
 paravalvular leak 3 , 220–222  

   Percutaneous balloon mitral commissurotomy (PBMC) 
 decreased transmitral pressure gradient , 74  
 improved mitral valve opening , 73  
 increased mitral valve area , 74  
 mild mitral regurgitation , 75  

   Percutaneous devices , 146  
   Percutaneous valve replacement , 205  
   Planimetry , 24–26  
   Posterior leafl et prolapse, MitraClip device 

 biplane view , 104, 105  
 3D zoom view , 105  
 multiplanar view , 106  
 RVSP , 103  
 TEE view , 103, 104  

   Post-myocardial infarction mitral regurgitation and ventricular septal 
rupture , 200–203  

   Pressure half-time (PHT) method , 27  
   Primum atrial septal defect with mitral valve cleft , 179–184  
   Proximal isovelocity surface area (PISA) method , 20–21, 28  

 anterior mitral valve leafl et fl ail , 61  
 mitral valve repair , 49  

   Pseudoaneurysm , 163–166 .    See also  Mechanical valve replacement 
and pseudoaneurysm 

   Pulmonary artery pressure , 29  
   Pulsed wave (PW) Doppler , 19  

    R 
  Rheumatic mitral regurgitation 

 color Doppler imaging , 84  
 dilated left atrium , 85  
 malcoapted mitral valve , 86  
 mitral valve and left atrium , 85  
 thickened mitral valve , 84  

   Rheumatic mitral valve disease 
 percutaneous mitral commissurotomy 

 color fl ow imaging , 71  
 inoue balloon , 73  
 lateral chest x-ray , 70  
 posteroanterior chest x-ray , 70  
 post PBMC , 73–75  
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 Rheumatic mitral valve disease ( cont .) 
 three-dimensional imaging , 72  
 transesophageal echocardiography , 70  
 transmitral gradient , 71  
 x-plane imaging , 72  

 pulmonary hypertension and tricuspid regurgitation 
 color Doppler imaging , 78  
 continuous wave Doppler imaging , 79, 81  
 TTE   ( see  Transthoracic echocardiography (TTE)) 

 regurgitation   ( see  Rheumatic mitral regurgitation) 
   Right ventricular systolic pressure (RVSP) , 29, 103  

    S 
  Shone’s anomaly , 188  
   Spectral Doppler imaging , 19–20  
   Stress echocardiography , 255  

 gradients at peak , 261–266  
   Submitral left ventricular pseudoaneurysm , 163–166  
   Systolic anterior motion (SAM) , 17, 171, 173  

    T 
  Three-dimensional reconstruction, fl ail posterior mitral valve 

leafl et , 47  
   Thrombus, mitral valve , 245–249  
   Transcutaneous mitral valve replacement , 132–135  
   Transesophageal echocardiography (TEE) 

 MitraClip device 
 3D guidance , 114, 116  
 mitral balloon valvuloplasty , 137–140  
 paravalvular leak   ( see  Paravalvular leak) 
 posterior leafl et prolapse , 103–105  
 transcutaneous mitral valve , 132, 136  
 transgastric , 110  

 mitral valve prolapse , 43–44  
 percutaneous mitral commissurotomy , 70  

   Transmitral pressure gradient , 29  
   Transthoracic echocardiography (TTE) 

 apical four-chamber view , 13  
 apical three-chamber view , 15  

 apical two-chamber view , 14  
 basal short-axis view , 9  
 blood cyst , 274–276  
 calcifi c mitral stenosis , 37  
 CCMA , 32–34  
 four-chamber view , 5  
 imaging planes , 4  
 mitral commissural view , 6  
 mitral regurgitation , 148–149  
 mitral valve cleft, primum atrial septal defect with , 179–184  
 mitral valve myxoma , 269–271  
 parasternal basal short-axis view , 12  
 parasternal long-axis view , 11  
 pulmonary hypertension and tricuspid regurgitation 

 calcifi ed and thickened aortic valve , 79  
 calcifi ed mitral valve with malcoapted tricuspid valve , 80  
 mild aortic insuffi ciency , 80  
 mitral valve severe calcifi cation , 78  
 moderate mitral regurgitation , 81  
 parasternal long-axis , 77  
 parasternal with color Doppler fl ow imaging , 77  
 three-dimensional imaging , 82  

 rheumatic mitral regurgitation 
 color Doppler imaging , 84  
 dilated left atrium , 85  
 malcoapted mitral valve , 86  
 mitral valve and left atrium , 85  
 thickened mitral valve , 84  

 subcostal four-chamber view , 16  
 three-chamber, long-axis view , 8  
 two-chamber view , 7, 10  
 valvuloplasty , 210–211  

   Tricuspid regurgitation.    See  Diastolic mitral and tricuspid regurgitation 
   Two-dimensional imaging, mitral valve assessment , 17  

    V 
  Valvuloplasty , 205, 210–214  
   Ventricular response, exercise stress , 256–258  
   Ventricular septal rupture (VSR), post-myocardial 

infarction , 200–203         
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