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v

 Transesophageal echocardiography plays a pivotal role in perioperative man-
agement of patients undergoing open-heart surgery and interventional trans-
catheter therapy. It provides information for therapeutic decisions and 
detection of patient after surgery. Advances in computer technology resulted 
in the development of 3D images of cardiac structures, which enhanced the 
usefulness of echocardiography during the operation and played the role of 
the third eye of the surgeon. 

 To become profi cient at perioperative 3D transesophageal echocardiogra-
phy, understanding of principles of echocardiography and the pathophysiol-
ogy is essential. In addition, clinical experience in perioperative 3D 
transesophageal is the must. This book contains a series of over 50 interesting 
and unusual cases to enrich your knowledge. In each case, background infor-
mation is followed by a step-by-step approach to patient diagnosis and post-
operative outcomes. The highlight of this book is the large number of 
illustrations, over 600, which is mainly 3D transesophageal echocardiogra-
phy combined with 2D transesophageal echocardiography, X ray, fl uoros-
copy, computed tomography, etc., to demonstrate the various cardiovascular 
pathologies. Since the echo images we obtain in clinic practice are moving 
images, we have also used over 400 videos, which serve as a supplement to 
the static illustrations in the casebook and are all freely available in the 
Internet. 

 The atlas is organized into 11 chapters. In Chaps.   1    ,   2     and   3      abnormalities 
affecting mitral, aortic, tricuspid, and pulmonary valves are described. 
Prosthetic valves are discussed in Chap.   4    . Chapter   5     details abnormalities of 
aorta. Chapters   6    ,   7     and   8     cover coronary artery diseases, congenital heart 
diseases, and cardiomyopathies. Cases of infective  endocarditis are provided 
in Chap.   9    . Chapter   10     deals with tumors and mass lesions. And the other 
cases are classifi ed in Chap.   11    . It is our hope that this book will offer readers 
an insider’s view of perioperative 3D transesophageal echocardiography and 
to refresh their clinical training. 

 Growing from  conception to completion, this casebook mirrored many 
of the experiences of parenting, especially wise from the rearing of our pre-
vious book,  Practice of clinical echocardiography case study . Thankfully, 
Cheng Hsin General Hospital, Taipei, Taiwan, provided us full clinical sup-
port. We also appreciate the Division of Cardiovascular and Division of 
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Cardiovascular Surgery for facilitating performance of perioperative 3D 
transesophageal echocardiography. Lastly, the entire Echocardiography 
Laboratory,  especially Li-Na Lee, Fang-Chieh Lee, and Wei-Hsuan Chiang, 
is thanked for compiling the cases and delivering the new book to the 
public.  

  Taipei, Taiwan     Wei-Hsian     Yin  ,   MD    
 Taipei, Taiwan     Ming-Chon     Hsiung  ,   MD     
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 The history of echocardiography started with A-mode images derived by a 
thin ultrasound beam and advanced to M-mode displays and then to 2D 
examination of the heart in motion. This was followed by Doppler, color 
Doppler, tissue Doppler, speckle imaging, 3D reconstruction, and ultimately 
the development of real-time 3D TEE. Echocardiography remains the most 
commonly requested imaging study of the heart. Combined with portability, 
non-invasion, low cost, and widespread availability, it is a tribute to decipher 
clinical problems in cardiac pathology. 

 The key differences between 2D and 3D ultrasound imaging are the 
arrangement of elements in the transducer and the image processing proce-
dure. In conventional cardiac 2D transducer, 64–128 elements are arranged 
along a single row, whereas 3D ultrasound used a matrix array transducer 
containing over 2500 elements. This system could acquire volumetric data 
rather than single slices of data, which ultimately permitted the display of 
volumetric 3D images. The piezoelectric elements within the transducers are 
arranged in a matrix confi guration and require a large number of digital chan-
nels for these fully sampled elements to be connected. To reduce both power 
consumption and the diameter of the connecting cable, several miniaturized 
circuit boards are incorporated into the transducer, allowing partial beam 
forming to be performed in the probe. The image quality using reconstructive 
techniques depend critically on the quality of the original 2D images where 
minor patient or transducer movements or irregular rhythms may result in 
artifacts. Technologic advances led to improve the acquisition of multiple, 
gated image planes using ECG and respiratory gating which limits the amount 
of motion artifacts. 

 To date, the 3D spatial modes may be summarized as follows: live 3D, 3D 
zoom, 3D full volume, and 3D color Doppler. First, live 3D is a real-time 
mode that displays a fi xed pyramidal dataset which allows quick 3D imaging 
and live change of movement of the TEE probe. Second, 3D zoom displays a 
magnifi ed but truncated pyramidal dataset of variable size. To optimize image 
quality, accurate placement and adjustment of the sector width are important. 
3D zoom is preferentially used to display the MV, TV, or the LAA. The en 
face view of the MV mirrors the surgical view from the LA perspective pro-
viding careful information. Third, the 3D full volume mode allows the acqui-
sition of a pyramidal dataset including a larger cardiac volume and composed 
by merging a predefi ned number of narrower live 3D pyramidal wedges 
obtained over one to six heartbeats. The full volume can be further processed 
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offl ine by rotating and cropping to visualize specifi c structures inside the 
pyramid. Lastly, 3D color Doppler is similar to the acquisition of a full vol-
ume mode while with a larger dataset. It displays the direction, the range, and 
the relationship with surrounding structures of the blood fl ow. 

 In conclusion, the 3D TEE technique improved anatomic defi nition, diag-
nostic confi dence, and novel views of the complicated cardiovascular encoun-
tered in common clinical practice. In addition, live 3D TEE enhances the 
perioperative communication among cardiac surgeons, cardiac physicians, 
and anesthesiologists. Together with promptly quantify software, 3D TEE 
helps to present the modality in perioperative situations precisely.  

Brief Introduction of 3D TEE
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      Diseases of the Mitral Valve                     

    Abstract  

  In this chapter, cases of mitral leafl ets prolapse, fl ail, annulus calcifi cation, 
rheumatic heart disease, and systolic anterior motion received mitral repair 
or replacement are presented. 

 The TEE assessment always begins with a systematic 2D examination 
of the MV regardless of the type of the disease. 3D en face view from LA 
down to the MV can mirror the surgeon’s view and express the MV struc-
ture and function carefully. In addition, evaluation of repair in the operat-
ing room before chest closure allows further intervention if required 
therefore improves the outcome.  

1.1            Prolapse of Posterior Mitral 
Leafl et Having Repair 

  A  59-year-old woman had valvular heart disease 
with severe MR suffered from intermittent palpita-
tion and exertional dyspnea. Auscultation: regular 

heart beat with a grade 3 systolic murmur over 
apex. ECG: sinus rhythm and nonspecifi c ST-T 
change. Chest X ray: cardiomegaly. Operation: 
MV and TV repair.

  1
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  Fig. 1.1    Two-dimensional transesophageal echocar-
diography (2D TEE) image, four- chamber view, showed 
prolapse of posterior mitral leafl et ( arrow ) and LA dila-
tation            

  Fig. 1.2    2D TEE color Doppler, showed severe eccentric 
MR ( arrow )            

  Fig. 1.3    3D TEE image, en face view, showed prolapse 
of P2 scallop (*) and chordae rupture ( arrow )            

  Fig. 1.4    3D TEE color Doppler, showed severe eccentric 
MR ( arrow )            

  Fig. 1.5    2D TEE color Doppler, status post MV repair, 
showed well-closed MV without MR       

  Fig. 1.6    3D TEE image, en face view, showed repaired 
MV with suture            
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  Fig. 1.7    3D TEE color Doppler, showed repaired MV 
without MR            

  Fig. 1.8    Picture during MV repair showed prolapse of P2       

           Tips 
 Prolapse of P2 scallop is the most common struc-
tural causes of MR and it has a very high rate of 
successful repair.   
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1.2     Prolapse of Both Mitral 
Leafl ets Having Mitral 
Replacement 

 A 73-year-old man has a 10-year-long valvuar 
heart disease history. He suffered dyspnea, short-
ness of breath and palpitation. Auscultation: 

irregular heart beat with a grade 2/6 systolic mur-
mur over apex. ECG: atrial fi brillation with rapid 
ventricular response and LV hypertrophy. Chest X 
ray: cardiomegaly. Cardiac catheterization: severe 
MR, LVEF = 47 % with general hypokinesis and 
dilated LA. Operation: MV replacement, TV 
repair and atrial fi brillation ablation.

  Fig. 1.12    3D TEE color Doppler, showed severe centric 
MR ( arrow )            

  Fig. 1.9    Two-dimensional transesophageal echocardiog-
raphy (2D TEE) image, fi ve-chamber view, showed pro-
lapse of both anterior and posterior mitral leafl ets 
( arrows ). Dilated LV and enlarged mitral annulus were 
also noted            

  Fig. 1.10    3D TEE image, long-axis view, showed prolapse 
of both anterior and posterior mitral leafl ets ( arrows )            

  Fig. 1.11    3D TEE image, en face view, showed prolapse 
of A3 ( arrow ), P1 ( o ), P2 ( ․ ), P3 ( ▲ ) scallops and pos-
teromedial commissure (*)            
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          Tips 
 The en face view of the MV is a view looks down 
at the valve from the LA perspective and is clos-
est to the surgeon’s actual view. By convention, 
the AML is at the top, the PML is at the bottom 
and the aorta is superior to the MV.   

  Fig. 1.13    2D TEE image, long-axis view, status post tis-
sue MV replacement, showed normal closure of MV       

  Fig. 1.14    3D TEE image, en face view, status post tissue 
MV replacement ( MVR ), showed normal closure of MV            

  Fig. 1.15    3D TEE color Doppler, long-axis view, status 
post tissue MV replacement, showed no MR            
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1.3     Barlow Syndrome 

 A 62-year-old man with medical-controlled 
hypertension suffered intermittent chest discom-
fort with dyspnea. Auscultation: regular heart 
beat with a grade 3 systolic murmur over apex. 
ECG: sinus rhythm and ventricular premature 

beats. Cardiac catheterization: double coronary 
artery disease and severe MR. Chest CT angiog-
raphy: extensive atherosclerotic change of the 
aorta and bilateral iliac arteries, atherosclerotic 
calcifi cations at bilateral coronary arteries. 
Operation: MV replacement and CABG  x 2 
(LAD, RCA)

  Fig. 1.18    2D TEE color Doppler, fi ve-chamber view, 
showed severe eccentric MR ( arrow )            

  Fig. 1.19    3D TEE image, en face view, showed prolapse 
of both anterior (*) and posterior (․) mitral leafl et with 
chordae rupture ( arrow )            

  Fig. 1.16    Two-dimensional transesophageal echocar-
diography (2D TEE) image, fi ve-chamber view, showed 
LA dilation and prolapse of both anterior and posterior 
mitral leafl et ( arrows )            

  Fig. 1.17    2D TEE image, fi ve-chamber view, showed 
fl ail of posterior mitral leafl et ( arrow )            
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        Tips 
 The Carpentier classifi cation of MR is based on 
MV leafl ets’ motion. Type II is the result in this 
case as the leafl ets extend beyond the annular 
plane in systole.   

  Fig. 1.20    3D TEE color Doppler, showed severe eccen-
tric MR ( arrow )            

 

1.3 Barlow Syndrome
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1.4     Flail of Anterior Mitral 
Leafl et Having Mitral Repair 

 The 73-year-old man with valvular heart disease 
refused surgical intervention. A year later, symptom 
of exertional dyspnea worsen. Auscultation: regular 

heart beat with a grade 3/6 systolic murmur. ECG: 
normal sinus rhythm, left axis deviation and LA 
enlargement. Cardiac catheterization: severe MR 
with huge LA, mild LV dysfunction and pulmonary 
hypertension. Operation: MV and TV repair and 
CABG x1 (SVG to RCA).

  Fig. 1.24    3D TEE color Doppler, showed severe eccen-
tric MR ( arrow )            

  Fig. 1.21    Two-dimensional transesophageal echocar-
diography (2D TEE) image, two-chamber view, showed 
LA dilation and fl ail of AML ( arrow ) which fl oats inde-
pendently            

  Fig. 1.22    2D TEE color Doppler, two-chamber view, 
showed severe eccentric MR ( arrow )            

  Fig. 1.23    3D TEE image, en face view, showed fl ail of 
A2 scallop (*) with chordae rupture ( arrow )            

 

 

 

 

1 Diseases of the Mitral Valve



9

  Figs. 1.25 and 1.26    2D TEE image, long-axis view, sta-
tus post MV repair, showed normal MV function with 
cardiac cycle       

  Figs. 1.27 and 1.28    2D color Doppler, status post MV 
repair, showed well-closed MV with trivial MR ( arrow ) 
and normal mitral infl ow ( below )       

  Figs. 1.29 and 1.30    3D TEE image, long-axis view, status post MV repair, showed MV normal closing and opening 
in systole ( left ) and in diastole ( right )            

  

 

1.4 Flail of Anterior Mitral Leafl et Having Mitral Repair
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           Tips 
 Flail is a situation where a leafl et fl oat freely into 
the atrium in systole with one or more ruptured 
chordae.   

1.5     Flail of Posterior Mitral 
Leafl et Having Mitral 
Replacement 

 A 72-year-old man with MV disorder, arrhyth-
mia, heart failure and pulmonary edema suffered 
exertional dyspnea. Auscultation: irregular heart 
beat with a grade 3/6 systolic murmur. ECG: 
atrial fi brillation with moderate ventricular 
response and early repolarization. Chest X ray: 
cardiomegaly. Operation: MV replacement, TV 
repair and atrial fi brillation ablation.

  Fig. 1.31    3D TEE image, en face view, status post MV 
repair, showed MV with suture and left atrial appendage 
( LAA )            

  Fig. 1.32    Two-dimensional transesophageal echocar-
diography (2D TEE) image, long-axis view, showed LA 
dilatation and fl ail of posterior mitral leafl et ( arrow )            

  Fig. 1.33    2D TEE color Doppler, long- axis view, showed 
severe eccentric MR ( arrow )            
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  Fig. 1.34    3D TEE image, en face view, showed fl ail of 
P2 scallop (*) and ruptured chordae ( arrow )            

  Fig. 1.35    2D TEE image, two-chamber view, status post 
tissue MV replacement, showed normal mitral prosthesis 
function       

  Figs. 1.36 and 1.37    2D TEE color Doppler, two- 
chamber view, status post tissue MV replacement, showed 
no MR in systole ( above ) and normal mitral prosthesis 
infl ow ( below )       

 

 

 

1.5 Flail of Posterior Mitral Leafl et Having Mitral Replacement
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          Tips 
 Eccentric MR jets usually suggest a structural 
MV abnormalities and need to be carefully 
investigated.   

  Figs. 1.40 and 1.41    3D TEE color Doppler, status post 
tissue MV replacement ( MVR ), showed no MR in systole 
( above ) and slightly accelerated mitral infl ow in diastole 
( below )            

  Figs. 1.38 and 1.39    3D TEE image, en face view, status 
post tissue MV replacement, showed mitral prosthesis 
normal closing and opening in systole ( above ) and in dias-
tole ( below )            

  

1 Diseases of the Mitral Valve
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1.6     Mitral Annulus Calcifi cation 
Having Mitral Replacement 

 A 74-year-old woman had a 10-year-long history of 
mitral regurgitation. She suffered exercise intoler-
ance and generalize weakness. Auscultation: regular 

heart beat with a grade 3 low pitch murmur over 
left sternal border. ECG: sinus rhythm. Cardiac 
catheterization: severe mitral stenosis (PPG is 
12 mmHg, MPG is 10 mmHg and MV area is 
0.74 cm 2 ) with mild MR. Operation: MV replace-
ment and TV repair.

  Fig. 1.42    Two-dimensional transesophageal echocar-
diography (2D TEE) image, showed thickened MV 
( arrows ) with mitral annulus calcifi ed            

  Fig. 1.43    2D TEE color Doppler, showed mitral stenosis 
with high-velocity mosaic mitral infl ow ( arrow )            

  Fig. 1.44    3D TEE image, long-axis view, showed thick-
ened MV with mitral annulus calcifi ed ( arrows )            

 

 

 

1.6 Mitral Annulus Calcifi cation Having Mitral Replacement
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  Fig. 1.45    Multi-planar reconstruction ( MPR ) of 3D TEE image, showed MV area is 0.9 cm 2        

  Fig. 1.46    2D TEE image, x-plane view, status post tissue MV replacement, showed normal prosthesis function       
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  Fig. 1.47    2D TEE color Doppler, x-plane view, status post tissue MV replacement, showed normal mitral infl ow       

  Figs. 1.48 and 1.49    3D TEE image, en face view, status 
post tissue MV replacement, showed normal mitral pros-
thesis closing in systole ( above ) and opening in diastole 
( below )            

  Figs. 1.50 and 1.51    3D TEE color Doppler, long-axis view, 
status post tissue MV replacement, showed no MR in systole 
( above ) and normal mitral infl ow in diastole ( below )            

           Tips 
 Calcifi c stenosis is common in elderly patients who 
have mitral annulus calcifi cation invading leafl ets 
and leading to effective stenosis.   

 

  

1.6 Mitral Annulus Calcifi cation Having Mitral Replacement
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  Fig. 1.52    Two-dimensional transesophageal echocar-
diography (2D TEE) image, four-chamber view, showed 
thickened MV with hockey sign ( arrow ). Dilated LA and 
enlarged mitral annulus were also noted            

  Figs. 1.53 and 1.54    2D TEE color Doppler ( above ) 
showed high-velocity mosaic fl ow in diastole ( arrow ) due 
to mitral stenosis ( MS ) and high pressure gradient (PPG 
is16 mmHg) was present by continuous-wave Doppler 
( below )            

1.7     Rheumatic Heart Disease 
Having Mitral Replacement 

 A 45-year-old woman suffered dyspnea on exer-
tion and cough. Rheumatic heart disease with 
mitral stenosis was told by other hospital. She 
admitted for surgical treatment. Auscultation: 
regular heart beat with a grade 4/6 systolic mur-
mur over apex. Chest X ray: LA enlargement. 
Coronary CT: mild cardiomegaly. Operation: 
MV replacement and TV repair.
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  Fig. 1.55    2D TEE color Doppler, showed severe MR 
( arrow ) in systole            

  Fig. 1.56    3D TEE image, long-axis view, showed thick-
ened MV with hockey sign ( arrow )            

  

1.7 Rheumatic Heart Disease Having Mitral Replacement



18

  Figs. 1.57 and 1.58    3D TEE image, en face view ( left ) and Multi-planar reconstruction ( MPR ) ( right ), showed thick-
ened MV and small mitral orifi ce with area is 1.4 cm 2             
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  Figs. 1.59 and 1.60    2D TEE image, long-axis view, sta-
tus post mechanical MV replacement, showed reverbera-
tion ( arrows ) from the valve and good function in systole 
( above ) and diastole ( below )       

  Fig. 1.61    3D TEE image, en face view, status post MV 
replacement, showed bileafl et mechanical mitral prosthe-
sis with normal opening in diastole       

  Fig. 1.62    3D TEE color Doppler, status post MV 
replacement ( MVR ), showed smooth mitral infl ow       

           Tips 
 Rheumatic mitral stenosis usually presents with 
restricted mitral leafl ets, commissural fusion, and 
calcifi cation of the subvalvular appartus. Increase 
of diastolic grdients across the MV are also seen.   

 

 

 

1.7 Rheumatic Heart Disease Having Mitral Replacement
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1.8     Systolic Anterior Motion 
After Mitral Valve Repair 

 A 77-year-old man had a history of severe MR, 
colon cancer status post operation, multiple cere-
bral infarctions and hypertension. Auscultation: 
regular heart beat with a grade 1/6 systolic mur-
mur. ECG: sinus rhythm with occasional supra-
ventricular premature complexes. Chest X ray: 
cardiomegaly. Cardiac catheterization: severe 
MR. Operation: attempted MV repair then MV 
replacement and TV repair.

  Fig. 1.65    3D TEE color Doppler, showed prolapse of 
PML with severe eccentric MR ( arrow )            

  Fig. 1.66    2D TEE image, long-axis view, status post MV 
repair, showed intravnetricular septal hypertrophy with 
mitral leafl et systolic anterior motion ( arrow ) and LV out-
fl ow tract obstruction            

  Fig. 1.67    2D TEE continuous-wave Doppler with the 
origin of the velocity at subaortic region, status post MV 
repair, showed a late-peaking, high-velocity gradient is 
86 mmHg ( arrow ) due to LV outfl ow tract obstruction       

  Fig. 1.63    Two-dimensional transesophageal echocar-
diography (2D TEE) color Doppler, long-axis view, 
showed prolapse of posterior mitral leafl et ( red arrow ) 
with severe eccentric MR ( yellow arrow ). LA dilation and 
LV hypertrophy were also noted            

  Fig. 1.64    3D TEE image, en face view, showed prolapse 
of P1 ( o ) and P3 (*)            
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  Fig. 1.68    3D TEE image, long-axis view, status post MV 
repair, showed interventricular septal ( IVS ) hypertrophy 
with mitral leafl et systolic anterior motion ( arrow ) and LV 
outfl ow tract obstruction            

  Fig. 1.69    3D TEE color Doppler, long-axis view, status 
post MV repair, showed severe MR ( yellow arrow ) due to 
mitral leafl et systolic anterior motion and turbulent LV 
outfl ow ( black arrow ) due to subaortic obstruction            

  Fig. 1.70    2D TEE image, long-axis view, status post tis-
sue MV replacement, showed normal prosthesis function 
without systolic anterior motion of mitral leafl et       

  Fig. 1.71    2D TEE color Doppler, long- axis view, status 
post tissue MV replacement, showed trivial MR ( arrow ) 
and normal LV outfl ow       

  Fig. 1.72    3D TEE image, long-axis view, status post tis-
sue MV replacement ( MVR ), showed normal prosthesis 
function without mitral leafl et systolic anterior motion            

 

 

 

 

 

1.8 Systolic Anterior Motion After Mitral Valve Repair
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              Tips 
 Factors which develop systolic anterior motion 
after mitral repair include short anterior leafl et, 
long posterior leafl et, and small LV cavity, etc.       
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      Diseases of the Aortic Valve                     

    Abstract  

  This chapter described AV prolapse, bicuspid AV, rheumatic heart disease, 
and AS received proper treatments including aortic repair, replacement, or 
transcatheter AV implantation. 

 The best views for the AV examination are middle esophageal AV 
short- and long-axis views. 3D echocardiography compared with 2D can 
assess valvular morphology and provide additional information regarding 
AS severity with accurate multi-planer reconstruction of the anatomic AV 
orifi ce.  

2.1            Prolapse 
of Noncoronary Cusp 

 A 58-year-old man had a history of type B Wolff- 
Parkinson- White syndrome, chronic obstructive 
pulmonary disease and severe AR with prolapse 

of NCC. He complained of frequent chest  distress 
and exertional dyspnea recently. Auscultation: 
regular heart beat with a grade 2/6 diastolic mur-
mur. Chest X ray: cardiomegaly. Operation: AV 
replacement.

  2

  Electronic supplementary material    The online version 
of this chapter (doi:  10.1007/978-981-10-0587-9_2    ) con-
tains supplementary material, which is available to autho-
rized users. 
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24

  Fig. 2.1    Two-dimensional transesophageal echocardiog-
raphy (2D TEE) image, long-axis view, showed NCC 
( arrow ) prolapse into LV            

  Fig. 2.2    2D TEE color Doppler, long-axis view, showed 
severe AR ( arrow )            

  Fig. 2.3    3D TEE image, surgical view, showed NCC ( * ) 
prolapse into LV            

  Fig. 2.4    3D TEE color Doppler, long-axis view, showed 
severe AR ( arrow )            

  Fig. 2.5    3D TEE image, short-axis view, status post tis-
sue AV replacement ( AVR )            
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         Tips 
 AV prolapse has the aortic cusp extend beyond 
the annular plane resulting in eccentric AR in 
diastole.   

  Fig. 2.6    3D TEE color Doppler, long-axis view, status 

post operation, showed trivial AR            

 

2.1 Prolapse of Noncoronary Cusp
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2.2     Bicuspid Aortic Valve Having 
Aortic Valve Repair 

 A 24-year-old young man had a history of hyper-
tension, bicuspid AV with AR under regular med-
ical treatment. He suffered from shortness of 
breath, chest distress and malaise. Auscultation: 

regular heart beat with a grade 1/6 to and fro mur-
mur over upper sternal border and a grade 1/6 
systolic murmur over apex. ECG: sinus rhythm, 
counter clockwise rotation and LV hypertrophy. 
Cardiac catheterization: bicuspid AV and severe 
aortic regurgitation. Operation: AV repair and 
ventriculoaortic junction plasty.

  Fig. 2.7    Two-dimensional transesophageal echocardiography (2D TEE) image, x-plane view, showed bicuspid aortic 
valve ( yellow arrows ) with oval shape orifi ce and doming sign ( red arrows ) in systole            
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          Tips 
 A thickened, doming valve is common in patients 
with bicuspid AV; however, a calcifi ed valve is 
uncommon before age 30.   

  Fig. 2.8    2D TEE color Doppler, long-axis view, showed 
severe eccentric AR ( arrow )            

  Fig. 2.9    3D TEE image, short-axis view, showed bicus-
pid AV with oval shape orifi ce ( arrows )            

  Fig. 2.10    3D TEE color Doppler, showed severe eccen-
tric AR ( arrow )            

  Fig. 2.11    2D TEE image, long-axis view, status post AV 
repair and ventriculoaorticplasty ( arrows )       

  Fig. 2.12    2D TEE color Doppler, long-axis view, status 
post AV repair, showed no AR in diastole       

  Fig. 2.13    Picture during operation showed the bicuspid AV       

 

 

 

 

 

 

2.2 Bicuspid Aortic Valve Having Aortic Valve Repair
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2.3     Bicuspid Aortic Valve Having 
Tissue Aortic Valve 
Replacement 

 A 61-year-old woman had poor physical activity 
and poor sleeping quality. She suffered from 

cough with shortness of breath. Auscultation: 
regular heart beat with a systolic murmur over 
apex. ECG: sinus rhythm and clockwise rotation. 
Chest X ray: mild cardiomegaly. Cardiac cathe-
terization: critical AS with AV area is 0.6 cm 2 . 
Operation: AV replacement.

  Fig. 2.14    Two-dimensional transesophageal echocar-
diography (2D TEE) image, long-axis view, showed the 
bicuspid AV with doming sign ( arrows ) in systole            

  Fig. 2.15    2D TEE color Doppler, long-axis view, showed 
aortic stenosis (AS) with high-velocity LV outfl ow 
( arrow )            

  Fig. 2.16    2D TEE continuous-wave Doppler, AS with 
high pressure gradient (peak 60 mmHg) fl ow ( arrow ) was 
present       

  Fig. 2.17    3D TEE image, short-axis view, showed bicus-
pid AV ( arrows ) with small orifi ce            
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  Fig. 2.18    Multi-planar reconstruction (MPR) of 3D TEE image, showed the AV area is 0.64 cm 2        

 

2.3 Bicuspid Aortic Valve Having Tissue Aortic Valve Replacement
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  Figs. 2.20 and 2.21    2D TEE color Doppler, long-axis 
view, status post tissue AV replacement, showed slightly 
accelerated fl ow across the prosthesis in systole ( above ) 
and no AR in diastole ( below )       

  Fig. 2.19    3D TEE color Doppler, showed AS with high- 
velocity LV outfl ow ( arrow )            

  Fig. 2.22    3D TEE image, long-axis view, status post tis-
sue AV replacement ( arrows ), showed good prosthesis 
function            

  Fig. 2.23    3D TEE color suppressed image, en face view 
of AV, status post AV replacement ( AVR ), showed good 
prosthesis function            
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              Tips 
 Bicuspid AV is the most common congenital 
heart disease diagnosed in adults. It is asymptom-
atic in most patients but may develop AS or AR 
over the lifetime. Today, of valve replacement 
worldwide, tissue valves are used in 40 % or 
more, predominantly as stented porcine AV and 
bovine pericardial valves.   

  Fig. 2.24    3D TEE color Doppler, long- axis view, status 
post AV replacement, showed slightly accelerated fl ow 
across the prosthesis            

  Fig. 2.25    3D TEE color Doppler, short-axis view, status 
post AV replacement, showed slightly accelerated fl ow 
across the prosthesis            

 

 

2.3 Bicuspid Aortic Valve Having Tissue Aortic Valve Replacement
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2.4     Bicuspid Aortic Valve Having 
Mechanical Aortic Valve 
Replacement 

 A 51-year-old woman with a history of schizo-
phrenia, hepatitis C and intestinal adhesions had 
bicuspid AV and suffered progressive dyspnea on 

exertion for months. Auscultation: regular heart 
beat with a grade 2 systolic murmur over the aor-
tic area and left sternal border. ECG: sinus brady-
cardia. Cardiac catheterization: congenital 
bicuspid AV with symptomatic critical stenosis. 
Operation: AV replacement.

  Fig. 2.26    Two-dimensional transesophageal echocardiography (2D TEE) image, x-plane view, showed aorta dilation 
and bicuspid AV ( yellow arrows ) with doming sign ( red arrows ) and small oval-shape orifi ce            

  Figs. 2.27 and 2.28    2D TEE color Doppler, long-axis 
( above ) and short-axis ( below ) view, showed bicuspid AV 
with aortic stenosis ( AS ) and high AV velocity ( arrow )            

  Fig. 2.29    2D TEE continuous-wave Doppler, AS with 
pressure gradient (peak gradient is about 20 mmHg) LV 
outfl ow ( arrow ) was present       
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  Fig. 2.30    3D TEE, short-axis view, showed bicuspid AV 
( arrows ) with small oval-shape orifi ce            

  Fig. 2.31    Multi-planar reconstruction (MPR) of 3D TEE image, showed AV area is 0.96 cm 2        

 

 

2.4 Bicuspid Aortic Valve Having Mechanical Aortic Valve Replacement
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          Tips 
 The cusp size is often uneven with an eccentric 
orifi ce in bicuspid AV. The optimal visualization 
of prosthetic AV is achieved from short-axis and 
long-axis view at the mid-esophageal level, while 
upper-esophageal and trans-gastric views are not 
helpful due to poor image quality.   

  Fig. 2.32    2D TEE image, long-axis view, status post AV 
replacement with mechanical valve ( arrows ), showed 
good prosthesis function       

  Figs. 2.33 and 2.34    2D color Doppler, showed AV post 
operation with slightly accelerated fl ow across the pros-
thesis in systole ( above ) and no AR in diastole ( below ), 
mild MR is present       
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2.5     Rheumatic Heart Disease 
Having Aortic and Mitral 
Replacement 

 A 65-year-old woman had a long standing his-
tory of rheumatic heart disease with severe 
mitral, aortic stenosis and Af. She admitted for 
exertional dyspnea and dizziness off and on. 

Auscultation: irregular heart beat with a grade 
2/6 systolic murmur over apex. ECG: Atrial 
fi brillation with moderate ventricular response. 
Chest X ray: Borderline heart size. Cardiac cath-
eterization: mitral and aortic stenosis. Operation: 
AV and MV replacement, TV repair and Af 
ablation.

  Fig. 2.35    Two-dimensional transesophageal echocardio-
gram (2D TEE) image, long-axis view, showed calcifi ed 
aortic leafl ets with systolic doming ( arrows )            

  Fig. 2.36    2D TEE image, long-axis view in diastole, 
showed restricted motion of mitral leafl et tips with 
hockey-sign ( arrow )            

  Fig. 2.37    2D TEE color Doppler, long-axis view in sys-
tole, showed accelerated fl ow across the calcifi ed AV 
( arrow )            

  Fig. 2.38    2D TEE color Doppler, long-axis view in dias-
tole, showed high-velocity mitral infl ow ( yellow arrow ) 
and moderate AR ( red arrow )            

 

 

 

 

2.5 Rheumatic Heart Disease Having Aortic and Mitral Replacement
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  Figs. 2.39 and 2.40    3D TEE image, long-axis view in systole ( left ) and diastole ( right ), showed rheumatic aortic 
stenosis occurred concurrently with rheumatic mitral stenosis ( arrows )            
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  Figs. 2.41 and 2.42    3D TEE image, short-axis view ( above ) and MPR ( below ), showed fusion commissural of aortic 
leafl ets with small AV area which is 0.98 cm 2             

 

2.5 Rheumatic Heart Disease Having Aortic and Mitral Replacement
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  Figs. 2.43 and 2.44    3D TEE image, en face view ( above ) and MPR ( below ), showed small mitral orifi ce with the area 
is 1.16 cm 2             
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               Tips 
 Rheumatic heart disease preferentially involves 
the MV. Rheumatic AS may be diagnosed con-
currently with rheumatic MV disease.   

  Fig. 2.45    3D TEE color Doppler, long- axis view in systole, 
showed accelerated fl ow across the calcifi ed AV ( arrow )            

  Fig. 2.46    3D TEE color Doppler, long-axis view in dias-
tole, showed moderate AR ( arrow )            

  Fig. 2.47    3D TEE color Doppler, long-axis view in dias-
tole, showed high-velocity mitral infl ow ( arrow )            

  Fig. 2.48    3D TEE image, long-axis view, status post tis-
sue aortic and mitral replacement, showed normal pros-
thetic function            

  Fig. 2.49    3D TEE color Doppler, long-axis view, status 
post tissue aortic and mitral replacement, showed normal 
mitral infl ow            
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2.6     Aortic Stenosis Having 
Transcatheter Aortic Valve 
Implantation 

 A 73-year-old woman with a history of asthma 
and left side breast cancer status post mastec-
tomy presented to our ER with complaints of 
chest pain, dyspnea and dizziness. Auscultation: 
regular heart beat with a grade 3/6 systolic mur-
mur over apex. ECG: sinus tachycardia, left 

ventricular hypertrophy with repolarization 
abnormality, myocardial ischemia. Cardiac 
catheterization: three-vessel coronary artery 
disease, critical AS and severe MR. Chest CT: 
some mural thrombi at the orifi ce of right CCA, 
calcifi ed plaques on the coronary arteries, calci-
fi ed AV and left pleural effusion. Operation: 
CABG  x 2 (LAD and RCA), TV repair and 
emergency transcatheter aortic valve implanta-
tion (TAVI)

  Fig. 2.50    Two-dimensional transesophageal echocar-
diography (2D TEE) image, long-axis view, showed calci-
fi ed AV ( arrow ) with aortic stenosis (AS)            

  Fig. 2.51    2D TEE image, short-axis view, showed calci-
fi ed AV ( arrow ) with AS            

  Fig. 2.52    2D TEE color Doppler, long-axis view, showed 
AS with high-velocity mosaic LV outfl ow ( arrow )            

  Fig. 2.53    3D TEE image, long-axis view, showed calci-
fi ed AV ( arrows ) with AS            
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  Fig. 2.54    3D TEE image, short-axis view, showed calci-
fi ed AV with AS            

  Fig. 2.55    Multi-planar reconstruction (MPR) of 3D TEE image, showed the aortic valve area is 0.87 cm 2        
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  Fig. 2.56    MPR of 3D TEE image showed the aortic annular area is 4.04 cm 2        

  Fig. 2.57    CT angiogram showed the aortic annular area 
is 4.14 cm 2        
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  Figs. 2.58 and 2.59    MPR of 
3D TEE image showed the 
anatomical relationship among 
sinus of valsalva, left coronary 
artery ( black arrows ) and right 
coronary artery ( red arrow )       
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  Fig. 2.60    CT angiogram showed the anatomical relationship between aortic annulus and its surroundings       

  Fig. 2.61    3D TEE image, long-axis view, during the 
TAVI procedure, showed the guiding catheter ( arrow ) 
crossed AV from aorta to LV            

  Fig. 2.62    3D TEE image, long-axis view, during the 
TAVI procedure, showed the open core valve ( arrows )            
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  Fig. 2.63    2D TEE image, long-axis view, during the 
TAVI procedure, showed the open core valve ( arrows )        

  Fig. 2.64    2D TEE color Doppler, long-axis view, during 
the TAVI procedure, showed mild paravalvular leakage 
( arrows ) when the valve was not fully opened       

  Fig. 2.65    2D TEE image, x-plane view, status post TAVI, 
showed the core valve ( arrows )       

  Fig. 2.66    2D TEE color Doppler, x-plane view, status 
post TAVI, showed normal LV outfl ow       

  Figs. 2.67 and 2.68    3D TEE color Doppler ( above ) and 
color suppressed image ( below ), long-axis view, status 
post TAVI, showed the core valve ( arrows ) with normal 
LV outfl ow            
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                     Tips 
 TAVI is an alternative to surgical AV replacement 
in patients who were at unacceptable risk for car-
diac surgery requiring a sternotomy. Because 
TAVI is a relatively new procedure, it is impor-
tant for both experienced and novice operators to 
be aware of the echocardiographic appearance of 
major complications.       

  Figs. 2.69 and 2.70    3D TEE color Doppler ( above ) and 
color suppressed image ( below ), en face view of AV, status 
post TAVI, showed normal LV outfl ow and good prosthe-
sis function            
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      Diseases of the Tricuspid 
and Pulmonary Valve                     

    Abstract  

  Right-sided vlavular disorders are discussed in this chapter, including 
cases of TV prolapse, tricuspid prosthesis restenosis, subvalvular PS, and 
carcinoid syndrome. 

 The TV is the largest cardiac valve and the PV has thinner leafl ets. 
3D zoom mode is preferable for assessment for TV and PV leafl ets 
whereas 3D full volume is better for regurgitation and valvular support-
ing structures.  

3.1            Prolapse of Posterior 
Tricuspid Leafl et Having 
Tricuspid Repair 

 A 34-year-old man with previous VSD and TV 
repair suffered from chest tightness and palpita-
tion off and on. Auscultation: irregular heart beat 

with a grade 2/6 systolic murmur over apex and 
left sternal border. ECG: atrial fl utter and com-
plete right bundle branch block. Chest X ray: 
 cardiomegaly. Cardiac catheterization: severe TR 
and RV failure. Abdominal echo: engorged IVC 
and hepatic vein. Operation: re-do TV repair, 
partial pericardiectomy and Af ablation.

  3

 Electronic supplementary material   The online version 
of this chapter (doi:  10.1007/978-981-10-0587-9_3    ) 
 contains supplementary material, which is available to 
authorized users. 

http://dx.doi.org/10.1007/978-981-10-0587-9_3


50

  Fig. 3.1    Two-dimensional transesophageal echocardiog-
raphy (2D TEE) image, four-chamber view, showed 
 prolapse of posterior tricuspid leafl et ( arrow ), dilated RA 
and RV with RV dysfunction            

  Fig. 3.2    2D TEE color Doppler, four-chamber view, 
showed severe eccentric TR ( arrow ) due to TV prolapse            

  Fig. 3.3    3D TEE image, en face view of TV from atrial 
perspective in systole, showed prolapse of posterior tri-
cuspid leafl et (*)            

  Fig. 3.4    3D TEE color Doppler, showed severe eccentric 
TR ( arrow )            
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  Fig. 3.5    2D abdominal echography showed engorged IVC and hepatic vein ( HV )       

  Fig. 3.6    2D TEE image, RV infl ow-outfl ow view, status 
post TV repair with annuloplasty ( arrow )       

  Fig. 3.7    3D TEE image, en face view of TV from atrial 
perspective, status post TV repair, showed the suture and 
ring ( arrows )            
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           Tips  
 All kinds of TV repairs include an annuloplasty, 
which is a complete or partial ring placed around 
the opening of the valve to restore and retain its 
correct size and shape.   

  Fig. 3.8    3D TEE color Doppler, status post TV repair, 
showed repaired TV with normal RV infl ow and mild TR            
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3.2     Prosthetic Tricuspid Valve 
Stenosis Having Redo 
Replacement 

 A 72-year-old woman had TV replacement 
30 years ago. She experienced dyspnea on exer-
tion, abdominal distention and poor appetite 
recently. Auscultation: regular heart beat without 
signifi cant murmur. ECG: atrial fi brillation with 
rapid ventricular response, right axis deviation, 
counter clockwise rotation and complete right 
bundle branch block. Chest X ray: mild cardio-
megaly and mild calcifi cation of aortic arch. 
Operation: CABG x2 (SVG to LAD and RCA), 
TVR and permanent sutureless myocardial screw 
in lead placement of RV.

  Fig. 3.9    Two-dimensional transesophageal echocardiog-
raphy (2D TEE) image, status post tissue TV replacement 
( arrows ), showed thickened tissue tricuspid prosthesis 
( arrows ) with dilated RA            

  Figs. 3.10 and 3.11  
  2D TEE color Doppler 
( above ) and 
continuous-wave 
Doppler ( below ), 
showed prosthetic 
tricuspid stenosis with 
narrow tricuspid orifi ce 
(calculated TV area is 
0.59 cm 2 ) and 
high-velocity mosaic 
RV infl ow ( arrow ) 
(peak gradient is 
9 mmHg) in diastole            
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  Fig. 3.14    3D TEE image, en face view of TV from atrial 
perspective, status post redo TV replacement ( TVR )            

  Fig. 3.15    3D TEE color Doppler, status post redo TV 
replacement ( TVR ), showed normal tricuspid prosthesis 
function without stenosis            

  Fig. 3.12    3D TEE image, en face view of TV from atrial 
perspective in diastole, status post TV replacement (TVR), 
showed thickened tricuspid prosthesis with small TV area            

  Fig. 3.13    2D TEE image, status post redo TV replace-
ment with tissue valve ( arrows )       
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          Tips   
The prosthetic valve is diffi cult to image due to 
shadowing by the valvular graft sometimes, 
where the Doppler can deal with the situation.   

  Figs. 3.16 and 3.17    Gross specimen of the calcifi ed and 
stenotic tricuspid prosthesis        
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3.3     Subvalvular Pulmonary 
Stenosis with Right Atrium 
Thrombus 

 A 61-year-old man had a history of congenital heart 
disease with severe pulmonic stenosis, single coro-
nary artery disease and chronic atrial fi brillation. 
He suffered from sudden onset epigastralgia fol-
lowed by syncope with generalized tonic-seizure 

like movement. Auscultation: irregular heart beat 
with a grade 2–6 systolic murmur over left upper 
sternal border and a grade 3/6systolic murmur over 
left lower sternal border and apex. Chest X ray: 
marked cardiomegaly. Operation: CABG x1 (LAD 
to SVG), carotid endarterectomy of ICA, removal 
of RA thrombus, myomectomy of RV outfl ow tract 
with resection of parietal band, atrial fi brillation 
ablation and LA & RA auricle obliteration.

  Fig. 3.18    Two-dimensional trsnseosphageal echocardiog-
raphy (2D TEE) showed RV hypertrophy and a muscle band 
( arrows ) at the junction of RV and infundibulum divided the 
cavity into two chambers. MPA, main pulmonary artery            

  Fig. 3.19    2D TEE color Doppler showed infundibular 
pulmonic stenosis with accelerated fl ow ( arrow ) in RV 
outfl ow tract            
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  Fig. 3.20    2D TEE continuous-wave Doppler, showed high-velocity pressure ( arrow ) at RV outfl ow tract due to infun-
dibular pulmonic stenosis        

  Fig. 3.21    3D TEE, short-axis view, showed infundibular 
pulmonic stenosis with a muscle band ( arrows ) at the 
junction of RV and infundibulum            

  Fig. 3.22    3D TEE showed RV hypertrophy and a muscle 
band ( arrows ) at the junction of RV and infundibulum 
divided the cavity into two chambers            
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             Tips 
 TEE examination provides useful views to assess 
RV outfl ow tract and PV region to identify the 
pathology of subvalvular or supravalvular pul-
monary stenosis.   

  Fig. 3.25    2D TEE showed dilated RA with a thrombus 
(*) in it            

  Fig. 3.26    3D TEE showed dilated RA with a thrombus 
(*) in it            

  Fig. 3.27    3D TEE, view from RV perspective, showed a 
thrombus (*) in RA            

  Fig. 3.23    3D TEE, zoom-mode of short- axis view, 
showed the stenosis position ( arrow ) at the infundibulum 
           

  Fig. 3.24    3D TEE color Doppler showed infundibular 
pulmonic stenosis with accelerated fl ow ( arrow ) in RV 
outfl ow tract            
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3.4     Carcinoid Syndrome Having 
Aortic, Tricuspid 
and Pulmonary Replacement 

 A 65-year-old woman with left breast cancer and 
small intestine carcinoid tumor with liver metas-
tasis status post operation 10 years ago suffered 
from exertional dyspnea. Auscultation: regular 
heart beat with a grade 3/6 pan-systolic murmur 
over xyphoid process and a grade 2/6 to and fro 
murmur over PA, left sternal border and aortic 
area. ECG: sinus rhythm, right axis deviation, 
clockwise rotation and non-specifi c ST-T change. 
Chest X ray: cardiomegaly. Cardiac catheteriza-
tion: carcinoid heart disease with severe AR, TR 
and PR. Operation: AV, TV and PV replacement.

  Fig. 3.28    Two-dimensional transesophageal echocardio-
gram (2D TEE) image, carcinoid involvement of the TV, 
showed retraction and thickening of the leafl ets ( arrows ) 
that fail to coapt            

  Fig. 3.29    2D TEE image, modifi ed four-chamber view 
during operation, showed the central venous line across 
TV ( white arrows ) and carcinoid involvement of the TV 
with retraction and thickening of the leafl ets ( yellow 
arrows ). Dilated RA and RV are also noted            

  Fig. 3.30    2D TEE color Doppler showed severe TR 
( arrow ) with the regurgitant jet nearly fi lling the RA            

  Fig. 3.31    2D TEE color Doppler, modifi ed four-chamber 
view, showed severe TR through a wide regurgitant orifi ce 
           

  Fig. 3.32    3D TEE color Doppler showed severe TR with 
the regurgitant jet nearly fi lling the RA            
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  Fig. 3.33    2D TEE image showed carcinoid involve-
ment of the PV with diminutive and rigid leafl ets 
( arrows ). A carcinoid neoplasm at LV outfl ow tract (*) 
was present            

  Fig. 3.34    2D TEE color Doppler showed pulmonic ste-
nosis with high-velocity mosaic fl ow ( arrow ) across PV in 
systole            

  Fig. 3.35    2D TEE color Doppler showed severe PR ( red 
arrow ) and AR ( yellow arrow ) in diastole           

  Fig. 3.36    3D TEE image showed carcinoid involvement 
of the PV with diminutive and rigid leafl ets ( arrows ). A 
carcinoid neoplasm at LV outfl ow tract (*) was present            

  Fig. 3.37    3D TEE color Doppler showed severe PR ( red 
arrow ) and AR ( yellow arrow )            

  Fig. 3.38    2D TEE image, modifi ed long-axis view, showed 
carcinoid involvement of the left heart with thickened AV            
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  Fig. 3.39    2D TEE color Doppler, modifi ed long-axis view, 
showed severe AR ( yellow arrow ) and PR ( white arrow )            

  Fig. 3.40    3D TEE image, long-axis view, showed carci-
noid involvement of the left heart with thickened AV            

  Fig. 3.41    3D TEE color Doppler, long-axis view, showed 
severe AR ( arrow )            

  Fig. 3.42    2D TEE image, status post mechanical AV, TV 
and PV replacement ( AVR ,  TVR & PVR ), showed normal 
aortic and tricuspid prosthetic function        

  Fig. 3.43    2D TEE color Doppler, status post mechanical 
AV, TV and PV replacement, showed normal aortic and 
tricuspid prosthetic function with minimal AR and TR        
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  Figs. 3.44 and 3.45    3D TEE image, status post mechan-
ical AV, TV and PV replacement ( AVR ,  TVR & PVR ), 
showed normal aortic and tricuspid prosthetic function 
with cardiac cycle            

  Fig. 3.46    2D TEE image, short-axis view, status post 
mechanical AV, TV and PV replacement, showed normal 
pulmonic prosthetic function ( arrows )        

  Figs. 3.47 and 3.48    2D TEE color Doppler, short-axis 
view, status post mechanical AV, TV and PV replacement, 
showed normal pulmonic prosthetic function without pul-
monic stenosis or PR        

  Fig. 3.49    3D TEE image, short-axis view, status post 
mechanical AV, TV and PV replacement, showed normal 
pulmonic prosthetic function            
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  Fig. 3.50    3D TEE color Doppler, short-axis view, status 
post mechanical AV, TV and PV replacement ( AVR , TVR 
&  PVR ), showed normal aortic and pulmonic prosthetic 
function            

  Fig. 3.51    2D TEE image, long-axis view, status post 
mechanical AV, TV and PV replacement, showed normal 
aortic prosthetic function        

  Figs. 3.52 and 3.53    3D TEE image, long-axis view, sta-
tus post mechanical AV, TV and PV replacement, showed 
normal aortic prosthetic function            
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                            Tips 
 Carcinoid syndrome typically affects all right 
heart structures. If liver or lung metastasis was 
present, the symptoms may invade left heart.       

  Figs. 3.54 and 3.55    3D TEE color Doppler, long-axis 
view, status post mechanical AV, TV and PV replacement, 
showed normal aortic prosthetic function            

  Fig. 3.56    Delay phase of contrast enhanced CT image 
showed multiple carcinoid metastatic lesions over liver        
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      Prosthetic Valves                     

    Abstract  

  Prosthetic valves are discussed in this chapter. Cases of paravalvular leak-
age, mitral prosthesis dysfunction having transcatheter valve in valve 
replacement, and aortic restenosis having transcatheter AV implantation 
are involved. 

 Bioprosthetic valve may be complicated by dehiscence or tissue degen-
eration. 3D TEE examination provides valuable information about the 
exact anatomic characteristics for further operative treatment.  

4.1            Paravalvlular Leakage 
of Mitral Prosthesis 

 A 56-year-old woman status post MV replace-
ment and TV repair 14 years ago suffered from 
severe shortness of breath and orthopnea. 
Auscultation: irregular heart beat with a grade 2 

systolic murmur over apex. ECG: atrial fi brilla-
tion with moderate ventricular response, myocar-
dial ischemia. Chest X ray: cardiomegaly and 
right pleural effusion. Coronary CT angiography: 
cardiomegaly and patency of three coronary 
arteries. Operation: redo MV replacement and 
TV repair.

  4
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  Fig. 4.2    2D TEE color Doppler, long-axis view, status 
post mechanical MV replacement, showed severe mitral 

paravalvular leakage ( arrows )            

  Fig. 4.3    2D TEE continuous-wave Doppler, status post MV replacement, high-pressure-gradient mitral paravalvular 
leakage ( arrow ) was present       

  Fig. 4.1    Two-dimensional transesophageal echocar-
diography (2D TEE) image, long-axis view, status 
post mechanical MV replacement ( arrows ), showed 

dilated LA            
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  Fig. 4.4    3D TEE image, en face view, status post MV 
replacement, showed a tear ( arrows ) is around the 
mechanical prosthetic mitral annulus ( * ) from 9 o’clock 

position to 12 o’clock position            

  Fig. 4.5    3D TEE color Doppler, en face view, status post 
MV replacement, showed severe mitral paravalvular leak-

age jet ( arrows )            

  Fig. 4.6    3D TEE color Doppler image, en face view, 
after cropping down toward MV, showed the origin of the 
mitral paravalvular leakage ( arrows )       
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  Fig. 4.7    Multi-planar reconstruction (MPR) of 3D TEE image, showed the origin of the paravalvular leakage is a 
crescent-shape orifi ce which area is 2.6 cm 2        
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            Tips 
 MV replacement may be complicated by post- 
operative dehiscence of the valve or annuloplasty 
ring resulting in clinically signifi cant MR or 
hemolysis. Real time 3D TEE provides valuable 
information about the exact anatomic character-
istics of the dehiscence.   

  Figs. 4.8 and 4.9    2D TEE color Doppler, long-axis 
view, status post redo MV replacement with mechanical 
valve, showed mild MR ( arrow ) in systole ( above ) and 
normal mitral infl ow in diastole ( below )       

  Figs. 4.10 and 4.11    3D TEE image, en face view, status 
post redo MV replacement ( MVR ) with mechanical valve, 
showed normal prosthesis function with cardiac cycle       
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4.2     Mitral Prosthesis 
Dysfunction Having Valve 
in Valve Replacement 

 A 63-year-old woman had CABGx1 (LAD) and 
tissue MV replacement 2 years ago. But she suf-
fered dyspnea on exertion and exercise  intolerance 

recurrently. Auscultation: regular heart beat with 
a systolic murmur over apex and axillary area. 
ECG: 1 AV block, ST depression which possible 
indicated myocardial ischemia. Chest X ray: car-
diomegaly. Cardiac catheterization: severe 
MR. Treatment: transcatheter mitral valve in 
valve replacement.

  Fig. 4.12    Two-dimensional transesophageal echocar-
diography (2D TEE) image, long-axis view, status post 
tissue MV replacement, showed mitral prosthesis dys-

function ( arrow ) and dilated LA            

  Fig. 4.13    2D TEE color Doppler, long-axis view, status 
post tissue MV replacement, showed severe MR ( arrow ) 

due to mitral prosthesis dysfunction            

  Fig. 4.14    2D TEE continuous-wave Doppler, status post tissue MV replacement, high pressure gradient MR ( arrow ) 
was present       
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  Fig. 4.15    3D TEE image, en face view, status post 
tissue MV replacement, showed one of the leaflets is 

fixed ( * )            

  Fig. 4.16    3D TEE color Doppler, long-axis view, status 
post tissue MV replacement, showed severe MR ( arrow ) 

due to mitral prosthesis dysfunction            

  Fig. 4.17    3D TEE, zoom view, during the transcatheter 
mitral valve in valve replacement, showed the guiding 

catheter ( * ) crossed MV            

  Fig. 4.18    2D TEE image, long-axis view, status post 
re-do tissue mitral valve in valve replacement, showed 
good mitral prosthesis function       
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  Fig. 4.19    2D TEE continuous-wave Doppler, status post mitral valve in valve replacement, showed normal mitral 
infl ow pattern ( arrow )       
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             Tips 
 Patients need MV reoperations due to pros-
thetic dysfunction is a high-risk population. 
Transcatheter techniques may reduce the morbid-
ity and mortality.   

  Figs. 4.20 and 4.21    3D TEE image, en face view, status 
post mitral valve in valve replacement, showed the new 
prosthetic mitral annulus ( * ) is within the old one ( o ), nor-

mal mitral prosthesis function with cardiac cycle            

  Fig. 4.22    3D TEE color Doppler, status post mitral valve 

in valve replacement, showed smooth mitral infl ow            
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4.3     Aortic Prosthetic Stenosis 
Having Transcatheter Aortic 
Valve Implantation 

 A 61-year-old woman had bovine AV and MV 
replacement, TV repair and atrial fi brillation abla-
tion 4 years ago. She suffered from exertional 
dyspnea recently. Auscultation: regular heart beat 

with a grade 2/6 systolic murmur over apex. ECG: 
atrial fi brillation with moderate ventricular 
response and right bundle branch block. Chest X 
ray: cardiomegaly. Contrast-enhanced chest CT: 
marked cardiomegaly, atherosclerosis of aorta 
and enlarged both thyroid glands. Treatment: 
transcatheter aortic valve implantation (TAVI) 
and temporal pacemaker implantation.

  Fig. 4.23    Two-dimensional transesophageal echocar-
diography (2D TEE) image, long-axis view, status post 
tissue aortic and mitral valve replacement, showed aortic 
prosthesis failure with aortic stenosis ( arrows ) and dilated 

LA            

  Fig. 4.24    2D TEE color Doppler, long-axis view, status 
post tissue aortic and mitral valve replacement, showed 

fl ow acceleration ( arrow ) across the aortic prosthesis            

  Fig. 4.25    3D TEE image, en face view, status post tissue 
aortic and mitral valve replacement, showed aortic pros-

thetic stenosis            

  Fig. 4.26    3D TEE image, long-axis view, status post tis-
sue aortic and mitral valve replacement, showed aortic 

prosthetic valve stenosis plus stent creep ( arrows )            
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  Fig. 4.27    3D TEE color Doppler, long-axis view, status 
post tissue aortic and mitral valve replacement, showed 

fl ow acceleration ( arrow ) across the aortic prosthesis            

  Fig. 4.28    2D TEE color Doppler showed a small PFO 

( arrow ) with left to right shunt            

  Fig. 4.29    3D TEE color Doppler showed a small PFO 

( arrow ) with left to right shunt            

  Fig. 4.30    2D TEE image, long-axis view, during the 
TAVI procedure, showed the guiding catheter ( arrows ) 
crossed the stenosis aortic prosthesis       

  Fig. 4.31    3D TEE image, long-axis view, during the 
TAVI procedure, showed the guiding catheter ( arrows ) 

crossed the stenosis aortic prosthesis            

  Fig. 4.32    2D TEE image, long-axis view, status post 
TAVI, showed the core valve ( arrows ) was opened to 
replace the stenosis one       
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                Tips 
 Failure of a bioprosthetic valve usually is a result 
of progressive tissue degeneration or stent creep. 
Fibrocalcifi c changes of the leafl ets induce 
restrictive opening as prosthetic valve stenosis. 
Transcatheter valve in valve implantation is a 
reproducible option for the management of bio-
prothetic valve failure.       

  Fig. 4.35    3D TEE color Doppler, long- axis view, status 
post TAVI, showed normal fl ow within the core valve 

( arrows )            

  Fig. 4.33    2D TEE color Doppler, long- axis view, status 
post TAVI, showed normal fl ow within the core valve 
( arrows )       

  Fig. 4.34    3D TEE image, long-axis view, status post 
TAVI, showed the core valve ( arrows ) in ascending aorta 
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      Diseases of the Aorta                     

    Abstract  

  Abnormalities of the aorta are details in this chapter, which contains aortic 
root fi stula, ruptured sinus of Valsalva, and variants of aortic dissection. 

 The aorta begins at the AV and ends at the bifurcation in abdomen. It 
can be divided into the aortic root, ascending aorta, aortic arch, descending 
thoracic aorta, and abdominal aorta. In an aortic dissection patient, a CT 
angiography must be arranged to collaborate with the TEE assessment to 
confi rm the range of the dissection.  

5.1            Dilated Aortic Root Having 
David’s Operation 

 A 62-year-old man has a longstanding history of 
gout and hypertension. He suffered orthopnea, 
progressive shortness of breath and palpitation. 
Auscultation: regular heart beat with a grade 3 sys-
tolic murmur over right sternal border. ECG: sinus 

rhythm, fi rst degree AV block and early repolariza-
tion. Cardiac catheterization: two- vessel coronary 
artery disease and severe AR. Coronary CT angi-
ography: coronary artery calcium score is 2091, 
ascending aorta dilatation and three-vessel coro-
nary artery disease with obstructive atherosclero-
sis. Operation: David’s operation, reconstruction 
of ascending aorta and CABG x2 (LAD, RCA).

  5
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  Fig. 5.1    Two-dimensional transesophageal echocardiog-
raphy (2D TEE) image, long-axis view, showed dilated 
sinus of Valsalva and ascending aorta            

  Fig. 5.2    2D TEE color Doppler, long-axis view, showed 
severe AR ( arrow ) due to sinus of Valsalva dilation            

  Fig. 5.3    3D TEE image, long-axis view, showed dilated 
sinus of Valsalva and ascending aorta            

  Figs. 5.4 and 5.5    Multi-planar reconstruction (MPR) of 
3D TEE image ( above ) showed the ascending aorta 
dilated to 4.72 cm; contrast-enhanced CT image ( below ) 
also showed the dilated ascending aorta        

  Fig. 5.6    3D TEE color Doppler, long-axis view, showed 
severe AR ( arrow ) due to sinus of valsalva dilation            
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  Fig. 5.7    2D TEE, x-plane view, status post David’s operation, showed the artifi cial graft ( arrows )        

  Fig. 5.8    2D TEE color Doppler, x-plane view, status post David’s operation, showed mild AR ( arrows )        

5.1 Dilated Aortic Root Having David’s Operation
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            Tips 
 The type of surgical therapy of an aortic aneu-
rysm depends on the presence of associated 
lesions of AV, sinus of Valsalva, and sinotubular 
junction. In brief, the David technique is per-
formed as follows: after excision of the sinuses, 
the AV is implanted inside a straight Dacron tube 
in a manner similar to the implantation of an AV 
homograft.   

5.2     Type A Aortic Dissection 

 A 58-year-old man with hypertension suffered 
sudden severe chest pain with radiation pain to 
abdomen and back. Acute type A aortic dissec-
tion was told by other hospital, then he was trans-
fer to our hospital for surgical intervention. 
Auscultation: regular heart beat with a grade 2/6 
systolic murmur over ascending aorta. ECG: 
counter clockwise rotation, non-specifi c ST-T 
change. Chest CT: type A aortic dissection from 
ascending aorta down to all the way extending, 
left renal artery originating from the false lumen. 
Operation: emergent reconstruction of ascending 
aorta, aortic arch and descending aorta, aorto- 
innominant artery and aorto-left CCA bypass.

  Fig. 5.9    3D TEE color Doppler, en face view of AV, sta-
tus post David’s operation, showed mild AR            

  Fig. 5.10    Chest X ray, status post David’s operation, 
showed the artifi cial graft ( arrow ) in ascending aorta        

  Fig. 5.11    Two-dimensional transesophageal echocar-
diography (2D TEE) image, long-axis view, showed dis-
section of ascending aorta with a highly mobile intimal 
fl ap ( arrow ) close above AV            
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  Figs. 5.12 and 5.13    2D TEE color Doppler, long-axis 
view, the intimal fl ap ( red arrows ) moved back and forth 
with cardiac cycle. It attached to the AV in diastole 
( below ) causing eccentric AR ( yellow arrow )            

  Fig. 5.14    2D TEE color Doppler of ascending aorta, 
short-axis view, showed the intimal fl ap ( arrow ) between 
the true lumen ( TL ) and the false lumen ( FL )       

  Fig. 5.15    2D TEE color Doppler of ascending aorta, 
short-axis view, showed blood fl ow ( arrow ) from the true 
lumen ( TL ) to the false lumen ( FL ) through the intimal 

fl ap tear            

  Fig. 5.16    3D TEE image showed the intimal fl ap with a 
huge irregular tear ( arrow ) between true lumen ( TL ) and 
false lumen ( FL )            

5.2 Type A Aortic Dissection
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          Tips 
 TEE is an appropriate diagnostic tool for aortic 
dissection to identify the intimal tear, true 
lumen, extension of dissection, and potential 
complications.   

  Fig. 5.17    3D TEE image showed the intimal fl ap with a 
huge irregular tear ( arrows ) between true lumen ( TL ) and 
false lumen ( FL )       

  Figs. 5.18 and 5.19    Contrast-enhanced CT images showed type A aortic dissection from ascending aorta down to all 
the way extending ( arrows )       
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5.3     Type A Aortic Dissection 
Having Bentall Operation 

 A 62-year-old woman has a history of hyperten-
sive cardiovascular disease, hypothyroidism and 
type A aortic dissection. She experienced short-
ness of breath, dyspnea on exertion and chest dis-
tress. Auscultation: regular heart beat with a 

grade 4/6 pan-systolic murmur. ECG: sinus 
rhythm, left axis deviation and non- specifi c ST-T 
change. Chest CT: pericardial effusion and intra-
mural hematoma seen in ascending aorta. Cardiac 
CT: type A aortic dissection from aortic root 
(5.7 cm) to distal ascending aorta with mural 
thrombi in the false lumen and mild pericardial 
effusion. Operation: Bentall operation.

  Fig. 5.20    Two-dimensional transesophageal echocar-
diography (2D TEE) image, long-axis view, showed 
dilated aortic root and a dissection fl ap with tear ( arrow ) 
between the true ( TL ) and false lumen ( FL )            

  Fig. 5.21    2D TEE color Doppler, long-axis view, showed 
blood fl ow from the true lumen ( TL ) to the false lumen 
( FL ) through the intimal fl ap tear ( arrow )       

5.3 Type A Aortic Dissection Having Bentall Operation

  



88

  Fig. 5.22    2D TEE color Doppler, x-plane view, showed blood fl ow from the true lumen ( TL ) to the false lumen ( FL ) 
through the intimal fl ap tear ( arrow )            

  Fig. 5.23    2D TEE color Doppler, long-axis view, 
showed moderate to severe AR ( arrow ) due to dilated 
aortic annulus            

  Fig. 5.24    3D TEE image, long-axis view, showed dilated 
aortic root and a dissection fl ap with tear ( arrows )            

5 Diseases of the Aorta

 

  



89

  Fig. 5.25    3D TEE image, en-face view of AV, showed 
the prominent false lumen ( arrow )            

  Fig. 5.26    3D TEE color Doppler, long-axis view, showed 
blood fl ow ( arrow ) from the true lumen ( TL ) to the false 
lumen ( FL ) through the intimal fl ap tear            

  Fig. 5.27    Contrast-enhanced CT image showed type A 
aortic dissection with fl ap tear ( arrow ) in aortic root       

5.3 Type A Aortic Dissection Having Bentall Operation

 

 

 



90

  Fig. 5.28    2D TEE image, x-plane view, status post Bentall operation, showed the tissue AV prosthesis ( yellow arrow ) 
and the artifi cial graft ( red arrows )       

  Fig. 5.29    3D TEE image, long-axis view, status post 
Bentall operation, showed the artifi cial graft ( arrows )            

  Fig. 5.30    3D TEE color Doppler, long- axis view, status 
post Bentall operation, showed normal LV outfl ow and no 
AR            
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               Tips 
 If an aortic dissection is associated with AV dis-
ease, which needs repair or replacement, Benetall 
operation is appropriate to replace the AV along 
with the ascending aorta. The indication of 
Bentall operation is the procedure of AV dysfunc-
tion severe enough to warrant AV replacement, 
the aortic root will be replaced if the ascending 
aorta exceeded by 4.0–4.5 cm in diameter, and 
the patients’ life expectancy is anticipated to be 
greater than 10 years.   

5.4     Type A Aortic Dissection 
with Intramural Hematoma 

 A 61-year-old man with medical-controlled 
hypertension suffered from chest pain and tight-
ness. Auscultation: no signifi cant murmur. ECG: 
sinus rhythm, LA enlargement and non-specifi c 
ST-T change. Chest CT angiography: type A aor-
tic dissection from ascending aorta to aortic arch, 
atherosclerotic calcifi cation of the thoracic aorta 
and coronary arteries, cardiomegaly, pericardial 
effusion and left pleural effusion. Operation: 
emergency aortic reconstruction.

  Fig. 5.31    3D TEE color Doppler, en face view of AV, 
status post Bentall operation, showed normal LV outfl ow 
and no AR            

  Fig. 5.32    Two-dimensional transesophageal echocar-
diography (2D TEE) image, long-axis view, showed a dis-
section fl ap ( red arrow ) and an intramural hematoma 
( yellow arrows ) in ascending aorta            

5.4 Type A Aortic Dissection with Intramural Hematoma
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  Fig. 5.33    2D TEE image, short-axis view, showed a 
crescent-shape intramural hematoma ( arrows ) in ascend-
ing aorta            

  Fig. 5.34    2D TEE color Doppler, long-axis view, showed 
mild to moderate AR ( arrow )       

  Fig. 5.35    3D TEE image, long-axis view, showed an 
intramural hematoma ( arrows ) in ascending aorta            

  Fig. 5.36    3D TEE image, en face view of AV, showed an 
intramural hematoma ( arrows ) in ascending aorta            

  Fig. 5.37    3D TEE color Doppler, long-axis view, showed 
mild to moderate AR ( arrow )            
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           Tips 
 Intramural hematoma is a variant of aortic dissec-
tion and appears as a circumferential or crescent- 
shape thickening of the aortic wall on ascending 
aorta short axis view.   

5.5     Type B Aortic Dissection 
from Distal Aortic Arch 

 A 50-year-old man had a history of hypertension, 
type two diabetes mellitus and hyperlipidemia. 
He suffered from sudden onset lower back pain. 
Type B aortic dissection was found and medical 
treatment was given, but the symptoms worsen. 
Auscultation: regular heart beat without murmur. 
ECG: sinus rhythm and counter clockwise rota-
tion. Thoracic and abdominal aorta CT angiogra-
phy: type B aortic dissection from distal aortic 
arch, thoracic and abdominal aorta to bilateral 
common iliac arteries and SMA. Operation: 
reconstruction of distal aortic arch and upper tho-
racic aorta.

  Fig. 5.38    Contrast-enhanced CT image showed type A 
aortic dissection with intimal fl ap between the true ( TL ) 
and false lumen and thrombus (*) in false lumen       

  Fig. 5.39    Chest X ray, status post aortic reconstruction, 
showed the artifi cial grafts ( arrows ) in ascending aorta 
and aortic arch       

  Fig. 5.40    Three-dimensional transesophageal echocar-
diography (3D TEE) of descending thoracic aorta, short- 
axis view, showed the intimal fl ap with tear ( arrow ) 
between the true lumen ( TL ) and the false lumen ( FL )            

5.5 Type B Aortic Dissection from Distal Aortic Arch
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  Figs. 5.42 and 5.43  
  Contrast-enhanced CT 
images showed type B 
aortic dissection 
( arrows ) from distal 
aortic arch, thoracic 
and abdominal aorta to 
bilateral common iliac 
arteries and SMA            

  Fig. 5.41    3D TEE color Doppler of descending thoracic 
aorta, short-axis view, showed blood fl ow from the true 
lumen ( TL ) to the false lumen ( FL ) through the intimal 
fl ap tear ( arrow )            
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  Fig. 5.44    2D TEE color Doppler of descending aorta, x-plane view, status post aortic reconstruction, showed fl ow 
within the artifi cial graft ( arrows )        

  Fig. 5.45    3D TEE of descending aorta, long-axis view, 
status post aortic reconstruction, showed the artifi cial 
graft ( arrows )            

  Fig. 5.46    3D TEE color Doppler of descending aorta, 
long-axis view, status post aortic reconstruction, showed 
fl ow within the artifi cial graft ( arrows )            

5.5 Type B Aortic Dissection from Distal Aortic Arch
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          Tips 
 In the Stanford classifi cation, type A aortic dis-
sections refers to involvement of the ascending 
part of the aorta and any extension into other aor-
tic sections, whereas type B refers to dissection 
involving the descending aorta with distal to the 
left subclavian artery.   

5.6     Type B Aortic Dissection 
from Middle Descending 
Aorta 

 A 65-year-old man has a history of type B dissec-
tion status post right renal artery bypass graft, 
PAOD status post PTA, single-vessel coronary 
artery disease, type two diabetes mellitus, hyperlip-
idemia, hypertension and hyperuricemia. He suf-
fered from sudden severe chest pain with radiation 
pain to the back, dizziness, general fatigue and cold 
sweating. Auscultation: RHB. EKG: sinus rhythm 
and left axis deviation. CT: type B aortic dissection, 
dissection extended from proximal portion of the 
descending aorta to lower abdominal aorta and right 
renal artery, lower abdominal aorta stenosis. 
Operation: reconstruction of middle descending 
thoracic aorta with intraluminal graft.

  Fig. 5.47    Non-contrast-enhanced CT images, status post 
aortic reconstruction, showed artifi cial graft ( arrow ) in 
distal aortic arch       

  Fig. 5.48    Two-dimensional transesophageal echocar-
diography (2D TEE) image of descending aorta, long-axis 
view, showed the intimal fl ap with tear ( arrow ) between 
the true lumen ( TL ) and the false lumen ( FL )            

  Fig. 5.49    2D TEE color Doppler of descending aorta, long-
axis view, showed blood fl ow ( arrow ) from the true lumen 
( TL ) to the false lumen ( FL ) through the intimal fl ap tear            
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  Fig. 5.50    3D TEE image of descending aorta, long-axis 
view, showed the intimal fl ap with tear ( arrow ) between 
the true lumen ( TL ) and the false lumen ( FL )            

  Fig. 5.51    3D TEE color Doppler of descending aorta, 
long-axis view, showed blood fl ow from the true lumen 
( TL ) to the false lumen ( FL ) through the intimal fl ap tear 
( arrow )            

  Fig. 5.52    2D TEE color Doppler of descending aorta, x-plane view, status post aortic reconstruction, showed fl ow 
within the artifi cial graft ( arrows )       
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           Tips 
 In aortic dissection, the great vessel is divided 
into true lumen and false lumen by intimal fl ap. 
The false lumen is typically larger than the true 
lumen.   

  Fig. 5.53    Preoperative contrast-enhanced CT image 
showed type B aortic dissection from proximal portion of 
the descending aorta to lower abdominal aorta and intimal 
fl ap tear at descending aorta ( arrow )       

  Fig. 5.54    Contrast-enhanced CT image, status post aor-
tic reconstruction, showed artifi cial grafts ( arrows ) in 
descending aorta       

  Fig. 5.55    Picture during operation showed an artifi cial 
graft in descending aorta       

  

 

5 Diseases of the Aorta



99

5.7     Aorta-to-Left Ventricular 
Fistula Having Occluder 
Implantation 

 A 54-year-old man had a history of bicuspid AV 
with infective endocarditis status post AV replace-
ment. He presented with a residual shunt from 

aorta to LV and symptoms of shortness of breath 
and dyspnea on exertion. Auscultation: regular 
heart beat with a grade 2/6 low-pitched continuous 
murmur over left sternal border. ECG: fi rst degree 
AV block. Cardiac catheterization: sinus of Valsalva 
aneurysm with an aorta to LV fi stula and moderate 
amount shunt. Treatment: occluder implantation.

  Fig. 5.56    Two-dimensional transesophageal echocardiography (2D TEE) color Doppler, x-plane view, status post tis-
sue AV replacement, showed an aorta-to-LV fi stula with moderate amount shunts ( arrows )            

  Fig. 5.57    3D TEE image, long-axis view, showed dehis-
cence of the AV replacement. An echolucent space ( arrow ) 
was seen posterior to the prosthetic aortic annulus            

  Fig. 5.58    3D TEE color Doppler, long-axis view, showed 
dehiscence of the AV replacement. An echolucent space 
( red arrow ) was seen posterior to the prosthetic aortic 
annulus with continuous fl ow ( yellow arrow ) from aorta 
to LV            
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  Fig. 5.59    3D TEE image, long-axis view, during 
occluder implantation, showed the guiding catheter (*) 
crossed the fi stula from aorta to LV            

  Fig. 5.60    2D TEE image, long-axis view, during the pro-
cedure, showed the occluder (*) was deployed to occlude 
the fi stula       

  Fig. 5.61    2D TEE color Doppler, long-axis view, status 
post occluder (*) implantation, showed only trivial resid-
ual shunt       

  Fig. 5.62    3D TEE image, long-axis view, status post 
occluder (*) implantation            

  Fig. 5.63    3D TEE image, viewed from LV perspective, 
status post occluder ( arrow ) implantation            
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             Tips 
 The patient had received a bioprosthetic AV fol-
lowed by a formation of an aorta-to-LV fi stula. It 
may be caused by an episode of endocarditis, but 
the blood culture test of this patient is negative.   

5.8     Aortic Pseudoaneurysm 
Having Occluder 
Implantation 

 A 58-year-old man had a past history of coronary 
artery disease status post coronary artery bypass 
graft, valvular disease status post AV replace-
ment and MV repair, chronic atrial fi brillation 
status post ablation, PFO status post closure and 
hypertension under medical treatment. He suf-
fered from shortness of breath for a month then a 
giant ascending aortic pseudoaneurysm was 
diagnosed. Auscultation: regular heart beat with-
out murmur. ECG: normal sinus rhythm and left 
axis deviation. Chest X ray: cardiomegaly and 
enlarged ascending aorta. Cardiac CT angiogra-
phy: giant ascending aortic aneurysm (7.23 cm × 
9.77 cm) and pseudoaneurysm formation with a 
small hole about 1 cm connected between the 
true lumen and the false lumen. Treatment: 
occluder implantation.

  Fig. 5.64    3D TEE color Doppler, long-axis view, status 
post occluder (*) implantation, showed only trivial resid-
ual shunt            

  Fig. 5.65    Fluoroscopy status post occluder implantation, 
showed the deployed occluder ( arrows )       

  Fig. 5.66    Two-dimensional transesophageal echocardiog-
raphy (2D TEE), long-axis view, status post tissue AV 
replacement ( AVR ), showed dilated ascending aorta ( arrow ) 
with a thrombus ( TH ) wrapped pseudoaneurysm (*)            
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  Fig. 5.67    2D TEE color Doppler, long-axis view, status 
post tissue AV replacement, showed a fl ow ( arrow ) from 
aorta to the pseudoaneurysm            

  Fig. 5.68    3D TEE, long-axis view, status post tissue AV 
replacement, showed a thrombus ( TH ) wrapped pseudoa-
neurysm (*) at proximal ascending aorta            

  Fig. 5.69    3D TEE color Doppler, long-axis view, status 
post tissue AV replacement, showed a thrombus ( TH ) 
wrapped pseudoaneurysmat in proximal ascending aorta 
with fl ow ( arrow ) across the communication            

  Fig. 5.70    3D TEE, viewed from ascending aorta per-
spective, showed the communication ( arrow ) between 
ascending and the pseudoaneurysm       
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  Fig. 5.71    Contrast-enhanced CT image showed a giant 
ascending aortic aneurysm (7.23 cm × 9.77 cm) and pseu-
doaneurysm formation with a small hole about 1 cm con-
nected between the true lumen and the false lumen       

  Fig. 5.72    2D TEE, long-axis view, during occluder 
implantation, showed the guiding catheter ( arrows ) 
crossed the communication from aorta to pseudoaneu-
rysm (*)            

  Fig. 5.73    3D TEE, long-axis view, during the procedure, 
showed the occluder (*) was deployed to occlude the 
communication between ascending aorta and the pseudo-
aneurysm            

  Fig. 5.74    3D TEE color Doppler, long-axis view, status 
post occluder (*) implantation, showed only trivial resid-
ual shunt            
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             Tips 
 An aortic pseudoaneurysm is different from an 
aneurysm. The previous contains rupture of aor-
tic wall that involves all the layers.   

5.9     Ruptured Sinus of Valsalva 
Aneurysm Having Occluder 
Implantation 

 A 29-year-old woman was in good health before. 
She suffered from chest tightness and exertional 
dyspnea. Auscultation: regular heart beat a with 
grade 3/6 systolic murmur over left sternal bor-
der. ECG: normal sinus rhythm. Treatment: 
occluder to block the shunt.

  Fig. 5.75    Chest X ray, status post occluder implantation, 
showed the deployed occluder ( arrows )       

  Fig. 5.76    Two-dimensional transesophageal echocardio-
gram (2D TEE) image, short-axis view, showed a sinus of 
Valsalva aneurysm (*), which is a “wind sock”-like mem-
branous outpouching of NCC protruded into RA            

  Fig. 5.77    2D TEE color Doppler, short-axis view, 
showed mosaic-pattern fl ow ( arrow ) crossed the ruptured 
sinus of Valsalva aneurysm            
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  Fig. 5.78    3D TEE image, short-axis view, showed a 
sinus of Valsalva aneurysm (*) of NCC protruded into 
RA            

  Fig. 5.79    3D TEE image, viewed from RA perspective, 
showed a rupture ( arrow ) of sinus Valsalva aneurysm            

  Fig. 5.80    3D TEE color Doppler, short-axis view, 
showed an aorta-to-RA shunt ( arrow ) through the rup-
tured sinus of Valsalva aneurysm            

  Fig. 5.81    Fluoroscopy showed ruptured sinus Valsalva 
aneurysm with an insignifi cant shunt ( arrow )       
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             Tips 
 Isolated sinus of Valsalvs aneurysm may be con-
genital or from trauma, endocarditis, Marfan syn-
drome, or syphilis. A percutaneous approach to 
repair sinus of Valsalva rupture may be an alter-
native strategy.       

  Fig. 5.82    2D TEE color Doppler, short-axis view, during 
occluder implantation, showed the guiding catheter 
( arrows ) crossed the rupture of sinus Valsalva aneurysm 
from aorta to RA       

  Fig. 5.83    3D TEE image, short-axis view, during the 
procedure, showed the guiding catheter (*) crossed the 
rupture of sinus Valsalva aneurysm from aorta to RA            

  Fig. 5.84    3D TEE image, short-axis view, status post 
occluder implantation, showed the occluder (*) block the 
aorta-to-RA fi stula            

  Fig. 5.85    3D TEE image, short-axis view, status post 
occluder (*) implantation, showed no residual shunt            
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      Coronary Artery Diseases                     

    Abstract  

  This chapter, Coronary Artery Disease, covers ischemic MR, LV apex aki-
nesis having Dor’s procedure, and a post myocardial infarction VSD. 

 Complications of myocardial infarction must be aware of besides the 
wall motion. When evaluating ventricular function in the perioperative 
period, changes in preload, pacing, respiration, and performance are 
dynamic and are affected signifi cantly by the physiologic changes.  

6.1            Ischemic Mitral 
Regurgitation Having Mitral 
Repair 

 A 61-year-old man suffered from chest tightness. 
Triple coronary artery disease with recent myo-
cardial infarction was diagnosed at another 

 hospital. Auscultation: regular heart beat with a 
grade 3 murmur over apex. ECG: sinus rhythm, 
fi rst degree AV block, clockwise rotation and 
non-specifi c ST-T change. Chest X ray: cardio-
megaly with LV enlargement. Operation: CABG 
x4 (LIMA to diagonal branch, SVG to LAD, 
SVG to OM and SVG to RCA) and MV repair.

  6
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  Fig. 6.2    2D TEE color Doppler, long-axis view, showed 

severe ischemic MR ( arrow )            

  Fig. 6.3    3D TEE, long-axis view, showed a small apical 

anterior septal aneurysm ( arrows )            

  Fig. 6.1    Two-dimensional transesophageal echocardiog-
raphy (2D TEE), long-axis view, showed a small apical 
anterior septal aneurysm ( yellow arrows ) and “sea gull” 
sign of anterior mitral leafl et ( white arrow ) which caused 

by ischemic tethering of leafl et with chordae            

  Fig. 6.4    3D TEE, long-axis view, showed “sea gull” sign 
of anterior mitral leafl et ( arrow ) which caused by isch-

emic tethering of leafl et with chordae            

  Fig. 6.5    3D TEE color Doppler, long-axis view, showed 

severe ischemic MR            

  Fig. 6.6    2D TEE, long-axis view, status post CABG and 
MV repair, showed normal MV function       
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  Fig. 6.7    2D TEE color Doppler, long-axis view, status 
post CABG and MV repair, showed mild MR       

  Fig. 6.8    3D TEE, long-axis view, status post CABG and 

MV repair, the physic ring ( arrow ) was seen            

  Fig. 6.9    3D TEE color Doppler, long-axis view, status 

post CABG and MV repair, showed mild MR            

            Tips 
 Examination of mitral leafl et, subvalvular appa-
ratus, and ventricular function are all essential to 
evaluate the etiology of MR.   
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  Fig. 6.10    Two-dimensional transesophageal echocar-
diography (2D TEE), two-chamber view, showed LV apex 

akinesis with thrombus ( arrow ) seen            

  Fig. 6.11    3D TEE, two-chamber view, showed LV apex 

akinesis with thrombus ( arrow ) seen            

  Fig. 6.12    Contrast-enhanced CT, showed dilated LV 
apex       

6.2     Left Ventricular Apex 
Akinesis with Thrombus 
Having Dor Procedure 

 A 24-year-old man with gout suffered from 
severe chest pain, cold sweating, vomiting and 
mild dyspnea. Emergent cardiac catheterization 
showed LAD coronary aneurysm and thrombus 

impaction. But PTCA and thrombus suction 
failed. Auscultation: regular heart beat without 
signifi cant murmur. ECG: sinus rhythm and old 
anterior wall myocardial infarction with aneu-
rysm formation. Chest CT: dilated cardiac apex 
and prominent left coronary artery. Operation: 
CABG x1 (SVG to LAD), Dor procedure and 
removal of LV thrombus.
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  Fig. 6.13    ECG showed old anterior wall myocardial infarction with aneurysm formation       

  Fig. 6.14    2D TEE, two-chamber view, status post Dor’s 
procedure, showed patch repair of LV apex ( arrows ) to 
reduce the akinetic region therefore increase the ejection 
fraction       
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          Tips 
 Poor cardiac function will cause blood deposi-
tion and increase the possibility of thrombus for-
mation. Understanding of cardiacmuscular 
segment model helps determine associated coro-
nary abnormalities.   

  Fig. 6.15    2D TEE color Doppler, x-plane view, status post Dor’s procedure, showed patch repair of LV apex ( arrows ) 
to separate the akinetic apex from normal region and increase the stroke volume       

  Fig. 6.16    3D TEE, two-chamber view, status post Dor’s 

procedure, showed patch repair at LV apex ( arrows )            
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6.3     A Post Myocardial Infarction 
Ventricular Septal Defect 
Having Occluder 
Implantation 

 The 49-year-old woman denied any systemic his-
tory. She suffered from chest tightness, chest dis-
tress, shortness of breath and exertional dyspnea 
recently. Auscultation: irregular heart beat with a 

holosystolic murmur over apex. ECG: sinus 
tachycardia, complete right bundle branch block 
and anterior wall ST elevation myocardial infarc-
tion. Chest X ray: cardiomegaly. Cardiac cathe-
terization: dyskinesis of LV apex and hypokinesis 
of LV anterior wall, moderate to severe LV sys-
tolic dysfunction and a ventricular septal defect 
(VSD). Treatment: VSD occluder implantation 
and PCI of LAD.

  Fig. 6.17    Two-dimensional transesophageal echocar-
diography (2D TEE), four-chamber view, showed myo-
cardial infarction with LV apical septum akinesis 

( arrows )            

  Fig. 6.18    2D TEE color Doppler, four-chamber view, 
showed a post myocardial infarction apical VSD with a 

left to right shunt ( arrow )            

  Fig. 6.19    2D TEE color Doppler, transgastric short-axis 
view, showed a post myocardial infarction VSD with a left 

to right shunt ( arrow )            

  Fig. 6.20    3D TEE, four-chamber view, showed myo-
cardial infarction with LV apical septum akinesis 

( arrows )            
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  Fig. 6.21    3D TEE color Doppler, four-chamber view, 
showed a post myocardial infarction apical VSD with a 

left to right shunt ( arrow )            

  Figs. 6.22 and 6.23    3D TEE color Doppler ( above ) and 
color suppressed image ( below ), viewed from LV per-

spective, showed the VSD ( arrows ) at apex            
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  Fig. 6.24    ECG showed anterior wall ST elevation myocardial infarction       

  Fig. 6.25    3D TEE, four-chamber view, during occluder 
implantation, showed the guiding catheter (*) in LV       

  Fig. 6.26    3D TEE, transgastric short-axis view, during 
the procedure, showed the occluder (*) was deployed to 

occlude the apical VSD            
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                Tips 
 VSD in this case is a complication of myocardial 
infarction. Transgastric view can show the VSD 
directly assisted by 3-D TEE in determination of 
the VSD number, size, location, and associated 
lesions.       

  Fig. 6.27    2D TEE, four-chamber view, status post 
occluder (*) implantation       

  Fig. 6.28    3D TEE, four-chamber view, status post 

occluder (*) implantation            

  Fig. 6.29    3D TEE color Doppler, four-chamber view, 
status post occluder (*) implantation, showed only trivial 

residual shunt            

  Fig. 6.30    Fluoroscopy, status post occluder implanta-
tion, showed the deployed occluder (*)       
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      Congenital Heart Diseases                     

    Abstract  

  Congenital heart diseases are discussed in this chapter, which covers case 
with subaortic stenosis, and cases with ASDs or VSDs received occluder 
implantation or patch repair. 

 3D TEE can carefully measure the morphology and pathology of the 
ASDs and VSDs from varies perspectives, detect any intraprocedure acci-
dental event which should be solved immediately, and evaluate the result 
of the treatment to confi rm that no residual remains  

7.1            Patent Foramen Ovale 
Having Occluder 
Implantation 

 A 22-year-old man with funnel chest status post 
operation had a patent foramen ovale (PFO). He 
admitted for chest discomfort and dizziness. 

Auscultation: regular heart beat without signifi -
cant murmur. ECG: sinus bradycardia. Treatment: 
PFO occluder.

  7
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  Fig. 7.1    Two-dimensional transesophageal (2D TEE), 
bicaval view, showed a PFO ( yellow arrow ) covered by a 

fl aplike structure ( white arrows )            

  Fig. 7.2    2D TEE color Doppler, bicaval view, showed a 

left-to-right shunt ( arrow ) across the PFO            

  Fig. 7.3    3D TEE, bicaval view, during the occluder 
implantation, showed a guiding catheter ( arrows ) across 

the PFO            

  Fig. 7.4    3D TEE color Doppler, bicaval view, during the 
occluder implantation, showed a guiding catheter across 

the PFO with a left- to-right shunt ( arrow )            

  Fig. 7.5    3D TEE, view from LA perspective, during the 
occluder implantation, showed a guiding catheter ( black 

arrows ) across the PFO ( red arrow )            
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  Fig. 7.6    3D TEE color Doppler, view from LA perspec-
tive, during the occluder implantation, showed a left-to- 

right shunt across the PFO ( arrow )            

  Fig. 7.7    2D TEE, bicaval view, status post occluder implan-
tation, showed the PFO was blocked by the occluder ( arrow )       

  Fig. 7.8    3D TEE, view from LA perspective, status post 
occluder implantation, showed the occluder was success-

fully deployed            

  Fig. 7.9    3D TEE color Doppler, bicaval view, status post 
occluder implantation, showed the PFO was blocked by 

the occluder without residual            

  Fig. 7.10    Fluoroscopy, status post occluder implantation, 
showed the occluder ( arrow ) was successfully deployed       

             Tips 
 Bicaval view has the advantage of providing high 
quality image of the interatrial septum as the 
ultrasound beam is perpendicular to the septum. 
Transcatheter treatment of PFO is safe, whereas 
patients with PFO are at high risk of stroke.   
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7.2     Primum Atrial Septal Defect 

 A 48-year-old woman admitted for exertional dys-
pnea and chest pain. Auscultation: regular heart 
beat with a grade 3/6 systolic murmur over apex. 

ECG: sinus rhythm and incomplete right bundle 
branch block. Chest X ray: mild cardiomegaly. 
Cardiac catheterization: atrial septal defect (ASD) 
and moderate to severe MR. Operation: ASD 
patch repair, MV and TV repair.

  Fig. 7.11    Two-dimensional transesophageal echocar-
diography (2D TEE), four-chamber view, showed a pri-
mum ASD ( arrow ) with the defect adjacent to the central 

fi brous body. Dilated RA and RV were also present            

  Fig. 7.12    2D TEE color Doppler, four-chamber view, 
showed a primum ASD with a left-to-right shunt ( arrow ) 

across it into enlarged RA and RV            

  Fig. 7.13    3D TEE, four-chamber view, showed a primum 
ASD ( arrow ) with the defect adjacent to the central 

fi brous body            

  Fig. 7.14    3D TEE color Doppler, four-chamber view, 
showed a primum ASD with a left-to-right shunt ( arrow ) 

across it into enlarged RA and RV            
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  Figs. 7.15 and 7.16    3D TEE, view from atrial perspec-
tive, showed a primum ASD ( arrows ) near atrioventricu-

lar connection            

  Fig. 7.17    3D TEE, view from right side perspective, 
showed a primum ASD ( arrows ) near atrioventricular 

connection            

  Fig. 7.18    2D TEE color Doppler, four-chamber view, 
showed moderate to severe MR ( arrow ) caused by valve 

abnormity associated with primum ASD            

  Fig. 7.19    3D TEE, long-axis view, showed MV abnor-

mity ( arrow ) associated with primum ASD            

  Fig. 7.20    3D TEE color Doppler, long-axis view, showed 
moderate to severe MR ( arrow ) caused by valve abnor-

mity associated with primum ASD            
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  Fig. 7.22    3D TEE, view from ventricular perspective, 
showed cleft MV with discontinuity of the anterior mitral 

leafl et ( arrow )            

  Fig. 7.24    2D TEE color Doppler, four-chamber view, 
status post ASD patch repair, MV and TV repair, showed 

minimal ASD residual and MR            

  Fig. 7.25    3D TEE, four-chamber view, status post ASD 
patch repair, MV and TV repair, showed intact interatrial 

septum and normal MV function            

  Fig. 7.21    3D TEE, en face view, showed cleft MV with 

discontinuity of the anterior mitral leafl et ( arrow )            

  Fig. 7.23    2D TEE, four-chamber view, status post ASD 
patch repair, MV and TV repair, showed intact interatrial 

septum and normal MV function            
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  Figs. 7.26 and 7.27    2D ( above ) and 3D ( below ) TEE 
color Doppler, status post ASD patch repair, MV and TV 

repair, showed minimal ASD residual ( arrow )            

  Fig. 7.28    2D TEE long-axis view, status post ASD patch 
repair, MV and TV repair, showed normal MV function       

  Fig. 7.29    2D TEE color Doppler, long- axis view, status 
post ASD patch repair, MV and TV repair, showed mini-
mal MR ( arrow )       

  Fig. 7.30    3D TEE, long-axis view, status post ASD patch 
repair, MV and TV repair, showed normal MV function 
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                       Tips 
 A cleft MV can be seen carefully in 3D TEE from 
ventricular perspective. There is signifi cant thick-
ening and fi brosis along the edges of the cleft.   

  Fig. 7.31    3D TEE, en face view, status post ASD patch 

repair ( white arrow ) and MV repair ( black arrow )            

  Fig. 7.32    2D TEE color Doppler, long- axis view, status 
post ASD patch repair, MV and TV repair, showed mini-

mal MR ( arrow )            
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7.3     Secundum Atrial Septal 
Defect Having Occluder 
Implantation 

 An 89-year-old woman with a history of atrial septal 
defect (ASD) and hypertension suffered from short-
ness of breath and chest discomfort. Auscultation: 

regular heart beat with a grade 2/6 systolic murmur 
over second interspace. ECG: sinus bradycardia, 
fi rst degree AV block, clock rotation and myocardial 
ischemia. Chest X ray: cardiomegaly and engorge-
ment of pulmonary trunk and bilateral pulmonary 
arteries. Cardiac catheterization: single vessel coro-
nary artery disease. Treatment: ASD occluder.

  Fig. 7.33    Two-dimensional transesophageal echocar-
diography (2D TEE), short-axis view, showed dilated RA 
and a secundum ASD ( arrow ) in midsection of the atrial 
septum       

  Fig. 7.34    2D TEE, short-axis view, showed a secundum 

ASD ( arrow ) in midsection of the atrial septum            

  Fig. 7.35    2D TEE color Doppler, short- axis view, 

showed a left-to-right shunt ( arrow ) across the ASD            

  Fig. 7.36    3D TEE showed a secundum ASD ( arrow ) in 

midsection of the atrial septum            
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  Fig. 7.37    3D TEE, view from LA perspective, showed 
a secundum ASD ( arrow ) in midsection of the atrial 

septum            

  Fig. 7.38    3D TEE color Doppler showed a left-to-right 

shunt ( arrow ) across the ASD            

  Figs. 7.40 and 7.41    3D TEE color Doppler ( above ) and 
color-suppressed ( below ) showed a continuous fl ow 

across the ASD ( arrow )            

  Fig. 7.39    3D TEE color Doppler, view from LA perspec-
tive, showed a continuous fl ow ( arrow ) across the ASD 
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  Fig. 7.42    Contrast-enhanced CT showed a secundum 
ASD ( arrow ) in midsection of the atrial septum       

  Fig. 7.43    3D TEE, view from LA perspective, during the 
occluder implantation procedure, showed a guiding cath-

eter across the ASD ( arrows )            

  Fig. 7.44    3D TEE, view from LA perspective, during the 
procedure, showed the occluder ( arrow ) was deployed to 

occlude the secundum ASD            

  Fig. 7.45    2D TEE, status post occluder implantation, 
showed the secundum ASD was blocked by the occluder 
( arrow )       

  Fig. 7.46    2-D TEE color Doppler, status post occluder 
implantation, showed a trivial residual shunt       
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                   Tips 
 Secundum ASDs are located in the central por-
tion of the interatrial septum, which are the most 
amendable to implant an occluder. A preproce-
dure TEE examination is essential to evaluate the 
presence of a rim to ensure that the patient is 
appropriate for occluder implantation.   

  Fig. 7.47    3D TEE, status post occluder implantation, 
showed the secundum ASD was blocked by the occluder 

( arrow )            

  Fig. 7.48    3D TEE, view from LA perspective, status post 
occluder implantation, showed the secundum ASD was 

blocked by the occluder            

  Fig. 7.49    Fluoroscopy status post occluder implantation 
showed the deployed occluder ( arrow )       
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7.4     Atrial Septal Defect Occluder 
Device Embolization 

 A 43-year-old man who was incidentally diag-
nosed with secundum atrial septal defects (ASDs) 
(“Swiss cheese” like multiple defects) presented 
for further evaluation. Auscultation: regular heart 
beat with a grade 2/4 continuous murmur over 
sternal border. Chest X ray: borderline cardio-
megaly. Contrast-enhanced cardiac CT: coronary 
artery calcium score is 0 and small defects over 

interarterial septum. The patient refused surgical 
repair, percutaneous closure by occluders was 
arranged. During the procedure, after implanta-
tion of two devices, residual defect with signifi -
cant shunting persisted. When the third device 
was attempted, the fi rst one dropped into LA, 
rapidly migrated to the right iliac artery and 
caused embolization. The device was pushed 
back to proximal descending aorta intravascu-
larly. Emergency sternotomy was done to remove 
the device and to accomplish ASD patch repair.

  Fig. 7.50    Two-dimensional transesophageal echocardiography (2D TEE) image, x-plane view, showed four defects 

( arrows ) over interarterial septum            

  Fig. 7.51    2D TEE color Doppler, short- axis view, 
showed four shunts ( arrows ) from LA to RA through the 

ASDs            
  Fig. 7.52    3D TEE image, viewed from LA perspective to 
RA, showed four defects ( arrows ) over interarterial sep-

tum            
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  Fig. 7.53    3D TEE color Doppler, short-axis view, 
showed fl ows ( arrows ) from LA to RA through the 

ASDs            

  Fig. 7.54    Contrast-enhanced cardiac CT showed dilated 
RA and RV with a small defect ( arrow ) over interarterial 
septum       

  Fig. 7.55    3D TEE image, during occluder implantation 
procedure, after the fi rst implantation of occluder ( O   1  ), 

defects (* and  arrow ) persisted            

  Fig. 7.56    3D TEE image, during the procedure, after 
implantation of the fi rst ( O   1  ) and the second ( O   2  ) occlud-

ers, residual defects ( arrow ) were seen            
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               Tips 
 Occluders can be used to closed ASDs, but the 
ASDs cannot be too large, too many, and there 
must be an adequate rim to seat the occluder.   

  Fig. 7.57    2D TEE color Doppler, during the procedure, 
after implantation of the fi rst ( O   1  ) and the second ( O   2  ) 
occluders, there were still fl ows ( arrows ) through the 

defects            

  Fig. 7.58    3D TEE image showed the fi rst occluders ( O   1  ) 

dropped into LA when the third device was attempted            

  Fig. 7.59    2D TEE showed occluder ( O   1  ) in descending 
aorta       

  Fig. 7.60    3D TEE showed occluder ( O   1  ) in descending 
aorta       

  Fig. 7.61    Picture during removal of the occluder from 
proximal descending aorta       
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7.5     Supracristal Ventricular 
Septal Defect Having Patch 
Repair 

 A 45-year-old man with heart murmur presented 
with exertional chest tightness, shortness of 
breath and dyspnea on exertion. Auscultation: 

regular heart beat with a grade 3/6 pan-systolic 
murmur over left lower sternal border and pul-
monary area. ECG: sinus rhythm and complete 
right bundle branch block. Cardiac catheteriza-
tion: ventricular septal defect (VSD) and LAD 
myocardial bridge. Operation: patch repair of 
VSD.

  Fig. 7.62    Two-dimensional transesophageal echocar-
diography (2D TEE) color compare, short-axis view, 
showed a supracristal VSD ( arrow ) located at the 5 

o’clock position and adjacent to the PV with fl ow from 

LV outfl ow tract to RV outfl ow tract            
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  Fig. 7.63    2D TEE color compare, modifi ed long-axis view, showed a supracristal VSD ( arrow ) located just below the 

AV with fl ow from LV outfl ow tract to RV outfl ow tract            

  Fig. 7.64    2D TEE color Doppler, modifi ed long-axis 
view, showed a supracristal VSD located just below the 

AV with fl ow ( arrow ) from LV outfl ow tract to RV            
  Fig. 7.65    3D TEE, short-axis view, showed a supracristal 
VSD ( arrows ) located inferior to the AV and above the 

crista ventricularis            
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  Figs. 7.66 and 7.67    3D TEE color Doppler, short-axis 
view in systole ( above ) and diastole ( below ), showed a 
continuous left-to-right shunt ( arrow ) across the suprac-

ristal VSD            

  Fig. 7.68    2D TEE color Doppler, modifi ed long-axis 
view, showed a left-to-right shunt ( arrow ) across the 

supracristal VSD            
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  Fig. 7.69    2D TEE color compare, short-axis view, status post VSD patch repair, no abnormal intracardiac shunt was 
present       

  Fig. 7.70    2D TEE color compare, long-axis view, status post VSD patch repair, no abnormal intracardiac shunt was 
present       
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              Tips 
 A supracristal VSD, so called outlet VSD or sub-
atrial VSD, is located in the RVOT portion of 
septum, above the crista ventricularis, inferior to 
the AV and below the PV.   

  Fig. 7.71    3D TEE, short-axis view, status post VSD 

patch repair            

  Fig. 7.72    3D TEE, long-axis view, status post VSD patch 

repair            

  Fig. 7.73    3D TEE color Doppler, long-axis view, status 
post VSD patch repair, no abnormal intracardiac shunt 

was present            
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7.6     Subaortic Stenosis Having 
Resection 

 A 23-year-old woman is a known case of con-
genital heart disease with discrete subaortic 
membranous stenosis since she was born. She 

suffered from exertional dyspnea and chest tight-
ness for months. Auscultation: a 3/6 systolic 
murmur over apex with transmission to neck and 
gallop. ECG: sinus rhythm and non- specifi c 
ST-T change. Operation: resection of subaortic 
membranous tissue.

  Fig. 7.74    Two-dimensional transesophageal echocar-
diography (2D TEE), long-axis view, showed a subaortic 
membrane ( red arrows ) locate 1.5 cm apically to the AV 

( yellow arrow s)            

  Fig. 7.75    2D TEE color Doppler, long-axis view, showed 
high-velocity fl ow in the LV outfl ow track (LVOT) caused 

by discrete subaortic membranous stenosis ( arrows )            
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  Fig. 7.77    3D TEE, long-axis view, showed a subaortic 
membrane ( red arrows ) locate 1.5 cm apically to the AV 

( black arrows )            

  Fig. 7.76    2D TEE color compare, long-axis view, showed fl ow disturbance on the LV side of the AV with the AV 

leafl ets appear normal, which indicated subaortic stenosis ( arrows )            
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  Fig. 7.78    Multi-planer reconstruction (MPR) of 3D TEE, showed subaortic stenosis area is 0.56 cm 2        
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  Fig. 7.79    3D TEE color Doppler, long-axis view, showed 
fl ow disturbance between the subaortic membrane ( red 

arrows ) and AV ( black arrow )            

  Fig. 7.80    2D TEE color Doppler, long-axis view, status 
post resection of the subaortic membranous tissue, showed 
normal fl ow in the LVOT       

  Fig. 7.81    3D TEE, long-axis view, status post resection 
of the subaortic membranous tissue, no more subaortic 

stenosis was present            
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  Fig. 7.82    MPR of 3D TEE, status post resection, showed LVOT area is 2.02 cm 2        

  Fig. 7.83    3-D TEE color Doppler, long-axis view, status 

post resection, showed normal fl ow in the LVOT            
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              Tips 
 If aortic acceleration was present with normal AV 
appearance, subaortic stenosis and dynamic 
obstruction must be suspected.       
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      Cardiomyopathies                     

    Abstract  

  This chapter provides cardiomyopathies. Hypertrophic cardiomyopathies 
are common genetic cardiac disease with properties of LV hypertrophy 
most asymmetric. 

 Patients with hypertrophic cardiomyopathy usually generate systemic 
hypertension or MV systolic anterior motion which should be corrected by 
surgical therapy.  

  8

 Electronic supplementary material   The online version 
of this chapter (doi:  10.1007/978-981-10-0587-9_8    ) 
 contains supplementary material, which is available to 
authorized users. 

8.1            Apical Hypertroph 
Cardiomyopathy with 
Severe Mitral Regurgitation 
Having Mitral Repair 

 A 60-year-old man with a history of atrial 
fi brillation and hyperthyroidism status post 
partial thyroidectomy suffered dyspnea after 

exercise with worsening symptom. Auscultation: 
irregular heart beat with a grade 2/6 systolic 
murmur over apex. ECG: atrial fi brillation, LV 
hypertrophy with strain and counter clockwise 
rotation. Cardiac catheterization: LV apical 
hypertrophy with normal contractility and severe 
MR. Operation: MV and TV repaired and atrial 
fi brillation ablation.

http://dx.doi.org/10.1007/978-981-10-0587-9_8
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  Fig. 8.1    Two-dimensional transesophageal echocardiography (2D TEE), x-plane view, showed LV apical hypertrophic 

cardiomyopathy with normal function            

  Fig. 8.2    2D TEE, long-axis view, showed localized api-
cal hypertrophy with a spade-like shape LV cavity in the 

whole cardiac cycle            

  Fig. 8.3    2D TEE color Doppler, long-axis view, showed 

severe MR            
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  Fig. 8.4    3D TEE, long-axis view, showed localized api-

cal hypertrophy with a spade-like shape LV cavity (*)            

  Fig. 8.5    3D TEE, en face view, showed prolapse of A1 

(*) and A2 ( )            

  Fig. 8.6    3D TEE color Doppler, long-axis view, showed 

severe MR due to prolapse of anterior mitral leafl et            
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  Fig. 8.9    2D TEE color Doppler, long-axis view, status 
post MV repair, showed mild MR ( arrow )       

  Fig. 8.7    ECG showed atrial fi brillation, LV hypertrophy with strain and counter clockwise rotation       

  Fig. 8.8    Fluoroscopy showed a spade-like LV demon-
strating apical hypertrophic cardiomyopathy       
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  Fig. 8.10    3D TEE, long-axis view, showed repaired MV 

with suture ( arrow )            

  Fig. 8.11    3D TEE, en face view, status post MV repair 

( MVA )            

  Fig. 8.12    3D TEE color Doppler, long-axis view, status 

post MV repair, showed mild MR            

               Tips
  Apical hypertrophic cardiomyopathy is a rare 
form of hypertrophic cardiomyopathy which usu-
ally involves the apex of the LV and develops car-
diac arrhythmias.   
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  Fig. 8.14    2D TEE color Doppler, four-chamber view, 
showed severe eccentric MR ( arrow ) due to systolic ante-

rior motion of the MV            

  Fig. 8.15    2D TEE color Doppler, long-axis view, showed 
turbulence in LV outfl ow tract ( arrow ) due to subaortic 

dynamic obstruction            

  Fig. 8.13    2D TEE, four-chamber view, showed systolic 

anterior motion of the MV ( arrow ) at end-systole            

8.2     Hypertrophic Obstructive 
Cardiomyopathy Having 
Myectomy and Mitral 
Replacement 

 A 42-year-old man with medical-controlled 
hypertension and type two diabetes mellitus suf-
fered from intermittent chest pain and dyspnea 
on exertion. Auscultation: regular heart beat 

with a grade 2/6 systolic murmur over apex. 
ECG: biatrial enlargement, LV hypertrophy 
with strain and old septal wall myocardial 
infarction. Cardiac catheterization: hypertro-
phic cardiomyopathy with dynamic LV outfl ow 
tract obstruction and severe MR, double vessel 
coronary artery disease. Operation: MV replace-
ment, myectomy of IVS and CABG x2 (SVG to 
LAD and D2).

  Fig. 8.16    3D TEE, four-chamber view, showed systolic 

anterior motion of the MV ( arrow ) at end-systole            
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  Fig. 8.17    3D TEE image, long-axis view, showed sys-
tolic anterior motion of the MV ( arrow ) and dynamic out-

fl ow tract obstruction. IVS, interventricular septum            

  Fig. 8.18    3D TEE, short-axis view from ventricular per-

spective, showed LV hypertrophic cardiomyopathy            

  Fig. 8.19    3D TEE, view from LA perspective, showed 
systolic anterior motion ( SAM ) of the MV indicating LV 

outfl ow tract obstruction.  LAA  left atrial appendage            
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  Figs. 8.20 and 8.21    3D TEE color Doppler ( left ) and color suppressed ( right ), long-axis view, showed severe eccen-
tric MR ( black arrow ) and turbulence in LV outfl ow tract ( red arrow ) caused by systolic anterior motion of the MV 

( yellow arrow )            

  Figs. 8.22 and 8.23    Multi-planer reconstruction of 3D TEE color Doppler ( left ) and color suppressed ( right ) showed 
severe eccentric MR and LV outfl ow tract obstruction with a fl ow convergence area ( arrows )       
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  Fig. 8.27    3D TEE, transgastric two-chamber view, 

showed LV hypertrophic cardiomyopathy            

  Fig. 8.24    Two-dimensional transesophageal echocardiography (2D TEE), transgastric x-plane view, showed LV hyper-

trophic cardiomyopathy with normal function            

  Figs. 8.25 and 8.26    2D TEE ( left ) and color Doppler 
( right ), transgastric long-axis view, showed systolic 
anterior motion of MV ( white arrow ) in association 

with severe MR ( yellow arrow ). Turbulence in outfl ow 
tract ( red arrow ) was seen due to subaortic dynamic 

obstruction            
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  Fig. 8.29    2D TEE, long axis view, status post mechanical 
MV replacement and myectomy of IVS, showed normal 
prosthesis function without systolic anterior motion       

  Fig. 8.30    3D TEE, long-axis view, status post mechan-
ical MV replacement and myectomy of IVS, showed 
normal prosthesis function without systolic anterior 

motion            

  Fig. 8.28    ECG showed sinus rhythm, biatrial enlargement, LV hypertrophy with strain and old septal wall myocardial 
infarction       
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                     Tips 
 Systolic anterior motion occurs only in mid to 
late systole. The severity of obstruction can be 
altered by loading conditions.   

  Fig. 8.33    2D TEE, transgastric x-plane view, status post mechanical MV replacement ( MVR ) and myectomy of IVS, 
showed normal prosthesis function       

  Fig. 8.34    2D TEE color Doppler, transgastric long-axis 
view, status post mechanical MV replacement and myec-
tomy of IVS, showed normal prosthesis function without 
MR or LV outfl ow tract obstruction       

  Figs. 8.31 and 8.32    3D TEE color Doppler, long-axis view, status post mechanical MV replacement and myectomy 

of IVS, showed normal prosthesis function without MR or LV outfl ow tract obstruction            
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8.3     Hypertrophic Obstructive 
Cardiomyopathy Having 
Aortic, Mitral Replacement 
and Myectomy 

 A 74-year-old man had a past history of hyperlip-
idemia, hypertension, carotid stenosis and valvu-
lar heart disease with moderate to severe AR and 
MR. he suffered from progressive effort angina 

and chest distress with shortness of breath. 
Auscultation: regular heart beat without signifi -
cant murmur. ECG: sinus bradycardia (52BPM), 
fi rst degree AV block and LV hypertrophy. Chest 
X ray: cardiomegaly. Cardiac catheterization: 
valvular heart disease with moderate to severe 
AR and MR, insignifi cant coronary artery dis-
ease. Operation: myectomy, AV and MV replace-
ment and CABG x1 (SVG to LAD).

  Fig. 8.38    3D TEE, long-axis view, showed asymmetric 
septal hypertrophy with systolic anterior motion of mitral 

leafl et ( arrow ). IVS, interventricular septum            

  Fig. 8.35    Two-dimensional transesophageal echocar-
diography (2D TEE), long-axis view, showed asymmetric 
septal hypertrophy with systolic anterior motion of mitral 

leafl et ( arrow )            

  Fig. 8.36    2D TEE color Doppler, long-axis view in sys-
tole, showed moderate to severe eccentric MR ( red arrow ) 
in associated with systolic anterior motion of mitral leaf-
let; turbulent fl ow in LV outfl ow tract ( black arrow ) was 

seen due to subaortic dynamic obstruction            

  Fig. 8.37    2D TEE color Doppler, long-axis view, showed 

moderate to severe AR ( arrow ) in diastole            
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  Fig. 8.39    3D TEE, view from LV perspective, showed 
mitral leafl et systolic anterior motion ( SAM ) indicating 

LV outfl ow tract obstruction            

  Figs. 8.40 and 8.41    2D TEE color Doppler ( left ) and color suppressed ( right ), long-axis view, showed moderate to 
severe MR ( red arrow ) and turbulent fl ow in LV outfl ow tract ( black arrow ) due to systolic anterior motion of the mitral 

leafl et ( yellow arrow )            

  Fig. 8.42    3D TEE color Doppler, long-axis view, showed 

moderate to severe AR ( arrow ) in diastole            
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  Figs. 8.45 and 8.46    2D TEE color ( left ) and pulsed Doppler ( right ), status post myectomy, showed a small coronary 
fl ow drained to LVOT with continuous fl ow       

  Fig. 8.43    2D TEE, long-axis view, status post myec-
tomy, tissue AV and MV replacement, showed normal 
prosthetic function without systolic anterior motion       

  Fig. 8.44    2D TEE color Doppler, long-axis view, status 
post myectomy, tissue AV and MV replacement, coronary 

fl ow seen drained to LVOT due to myectomy ( arrow )            
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  Fig. 8.47    3D TEE, long-axis view, status post myec-
tomy, tissue AV and MV replacement, showed normal 

prosthetic function without systolic anterior motion            

  Figs. 8.48 and 8.49    3D TEE, en face view, status post tissue AV and MV replacement, showed normal prosthetic 

function            
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                Tips 
 Following septal myectomy, it is important to 
check the complication of the procedure which 
includes iatrogenic fi stula and valvular damage.       
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  Figs. 8.50 and 8.51    3D TEE color Doppler, long-axis view, status post myectomy, tissue AV and MV replacement, 

showed minimal MR ( arrow ) and AR            
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      Infective Endocarditis                     

    Abstract  

  Infective Endocarditis is an infl ammation of the valves and the endocar-
dium. Vegetation formation is an essential evidence of infective endocar-
ditis. The location, morphology, size, number, complications, and the 
mobility of the vegetation with the cardiac cycle must be assessed. 
Compared with transthoracic echocardiography, 3D TEE has much more 
advantages in examining infective endocarditis.  

9.1            Mitral Valve Vegetation 

 A 63-year-old man with hypertension and severe 
MR suffered from shortness of breath and critical 
leg edema. Congestive heart failure was diagnosed. 
But after diuretic and inotropic agent therapy, symp-
toms worsened. Auscultation: irregular heart beat 

with a grade 3/6 systolic murmur over apex and left 
sternal border. ECG: atrial fi brillation, anterioseptal 
myocardial infarction and abnormal right axis devi-
ation. Chest X ray: cardiomegaly with enlarged LV 
and right pleural effusion. Operation: MV replace-
ment, repair of TV, atrial fi brillation ablation and 
ligation of RA and LA auricles.

  9
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  Fig. 9.1    Two-dimensional transesophageal echocardiog-
raphy (2D TEE), four-chamber view, showed vegetation 
attached to the atrial side of both mitral leafl ets ( arrow ) 

with AML fl ail into the LA            

  Fig. 9.2    2D TEE color Doppler, four-chamber view, 
showed severe eccentric MR ( arrow ) due to the fl ail leaf-

let            

  Fig. 9.3    3D TEE image, long-axis view, showed huge 

vegetation ( arrow ) attached to MV            

  Fig. 9.4    3D TEE image, en face view, showed mitral 
vegetation (*) and fl ail of AML due to the rupture chordae 

( arrow )            
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         Tips 
 Mobile echodense masses attached to valvular 
leafl ets and periannular abscesses are criteria for 
diagnosis of infective endocarditis.   

  Fig. 9.5    3D TEE color Doppler, two-chamber view, 
showed severe eccentric MR ( arrow ) due to the fl ail  

leafl et            

  Fig. 9.6    Picture during operation showed the mitral 
vegetation       
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9.2     Status Post Mitral 
Replacement Endocarditis 

 A 62-year-old woman had a history of rheumatic 
heart disease with mitral stenosis status post MV 
replacement 10 years ago and sick sinus syn-
drome status post permanent pacemaker. She suf-
fered general weakness, chest pain and exertional 
dyspnea. Auscultation: regular heart beat. ECG: 

 ventricular rhythm. Cardiac CT: marked cardio-
megaly, lobulated masses over MV (2.2 cm × 
1.5 cm at LA side, 1.8 cm × 1.3 cm at LV side 
with calcifi cations), engorged pulmonary arteries 
and right pleural effusion. Abdomen echo: 
engorged IVC and hepatic veins. Operation: redo 
MV replacement, repair of TV and pericardiec-
tomy. Tissue culture of mitral vegetation con-
fi rmed micrococcus luteus.

  Figs. 9.7 and 9.8    Two dimensional transesophageal 
echocardiography (2D TEE), long-axis view in systole 
( left ) and diastole ( right ), status post mechanical MV 

replacement, showed enlarged LA and irregularly shaped 
echogenic masses ( arrows ) attached to the atrial side of 

the mitral prosthesis            

  Fig. 9.9    2D TEE color Doppler, long-axis view, status 
post mechanical MV replacement, showed acceleration of 

mitral infl ow ( arrow )            
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  Figs. 9.10 and 9.11    3D TEE, en face view in systole ( left ) and diastole ( right ), status post mechanical MV replace-

ment, showed the vegetation ( arrows ) was mobile and close to the prosthetic mitral annulus            

  Figs. 9.12 and 9.13    3D TEE, long-axis view in systole ( left ) and diastole ( right ), status post mechanical MV replace-

ment, showed a mobile vegetation ( arrows ) attached to the atrial side of the mitral prosthesis            
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  Fig. 9.14    3D TEE color Doppler, status post 
mechanical MV replacement, showed acceleration 

of mitral inflow            

  Fig. 9.15    Contrast-enhanced CT, status post mechanical 
MV replacement, showed marked cardiomegaly and lobu-
lated masses ( arrows ) over both LA and LV sides of MV 
with calcifi cations       

  Fig. 9.16    2D TEE, long-axis view, status post re-do tis-
sue MV replacement, showed normal prosthetic function       
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             Tips 
 The infection of prosthetic valve often involves 
the area around the sewing ring rather than valvu-
lar vegetation.   

  Fig. 9.17    2D TEE color Doppler, x-plane view, status post re-do tissue MV replacement, showed normal mitral infl ow 
and minimal MR       

  Fig. 9.18    3D TEE, en face view, status post re-do tissue 
MV replacement ( MVR ), showed normal prosthetic func-

tion            

  Fig. 9.19    3D TEE color Doppler, long-axis view, status 
post re-do tissue MV replacement, showed normal mitral 

infl ow            
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9.3     Bicuspid Aortic Valve 
Vegetation 

 A 57-year-old man without any previous medical 
history suffered from exertional shortness of 
breath. Auscultation: regular heart beat with a 

grade 2/6 systolic murmur over aortic area. ECG: 
LA enlargement, left axis deviation and LV 
hypertrophy. Chest X ray: cardiomegaly and 
bilateral pleural effusion. Cardiac catheteriza-
tion: severe AR and pulmonary hypertension. 
Operation: AV replacement.

  Figs. 9.20 and 9.21    2D TEE, long-axis view, showed systolic doming ( left ) and diastolic sagging ( right ) of AV with 

a vegetation ( arrows ) attached to it            

  Figs. 9.22 and 9.23    2D TEE color Doppler, long-axis view, showed aortic stenosis ( AS ) with high-velocity LV out-

fl ow in systole ( left ) and severe AR in diastole ( right )            

 

 

9 Infective Endocarditis



171

  Figs. 9.24 and 9.25    3D TEE, long-axis view in systole ( left ) and diastole ( right ), showed AV vegetation (*) attached 

to the ventricular side of the leafl et with prolapse into the LV outfl ow tract in diastole            
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  Figs. 9.26 and 9.27    3D TEE, short-axis view ( above ) and multi-planer reconstruction ( below ), showed bicuspid AV 

with vegetation (*) extension into the aortic root in systole and the AV area is 1.8 cm 2             
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  Figs. 9.30 and 9.31    2D TEE ( left ) and color Doppler ( right ), long-axis view, status post tissue AV replacement, 
showed normal prosthesis function and LV outfl ow       

  Figs. 9.28 and 9.29    3D TEE color Doppler, showed AS with high-velocity LV outfl ow ( arrow ) in systole ( left ) and 

severe AR in diastole ( right ) caused by AV vegetation ( arrow )            
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            Tips 
 An AV vegetation usually results in AR. A TEE 
examination is essential in detecting associated 
pathologies such as aortic abscess.   

  Fig. 9.32    3D TEE, long-axis view, status post tissue 
AV replacement (AVR), showed normal prosthesis 

function            

  Fig. 9.33    3D TEE, short-axis view, status post tissue 

AVR, showed normal prosthesis function            

  Fig. 9.34    3D TEE color Doppler, short-axis view, status 
post tissue AVR, showed normal LV outfl ow and minimal 

AR            
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9.4     Ascending Aorta Vegetation 

 A 68-year-old woman has a history of coronary 
artery disease status post PCI, type two diabetes 
mellitus, bilateral pulmonary artery obstructive 
disease status post PTA with stent, end stage renal 
disease with regular hemodialysis and hyperlipid-
emia. She suffered from productive yellowish spu-
tum and tarry stool, progressive shortness of breath 

and fever after dialysis. At emergency room, lab 
data showed leukocytosis and NT-pro 
BNP = 23202 pg/ml. Auscultation: irregular heart 
beat without signifi cant murmur. ECG: sinus 
tachycardia and possible inferior ischemia. Chest 
X ray: pulmonary congestion, pneumonia and car-
diomegaly. Chest CT: heavy calcifi cation of coro-
nary arteries. Operation: removal of vegetation in 
ascending aorta and CABG x1.

  Figs. 9.35 and 9.36    Two-dimensional transesophageal ehcocardiagraphy (2D TEE), long-axis view, showed highly 

mobile vegetation (*) attached to the wall of ascending aorta            

  Fig. 9.37    2D TEE color Doppler, long-axis view, showed 
vegetation (*) in ascending aorta and mild AR ( arrow )       

  Fig. 9.38    2D TEE color Doppler, long-axis view, showed 
vegetation ( arrow ) in ascending aorta and fl apping back 

and forth with cardiac cycle            
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        Tips 
 Although TEE cannot defi ne tissue pathology, 
the clinical presentation and image properties can 
help diagnosing vegetation and endocarditis.   

  Fig. 9.39    3D TEE, long-axis view, showed highly 
mobile vegetation (*) attached to the wall of ascending 

aorta            

  Figs. 9.40 and 9.41    3D TEE, zoom mode, showed highly mobile vegetation (*) attached to the wall of ascending aorta 

and fl apping back and forth with cardiac cycle            
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9.5     Right Ventricular Outfl ow 
Tract Vegetation 

 A 49-year-old woman with old anterior septal myo-
cardial infarction suffered from chest tightness and 
dyspnea. After being hospitalized, she experienced 
fever and Salmonella paratyphoin-A infection was 

found. Auscultation: regular heart beat without 
murmur. Cardiac catheterization: insignifi cant coro-
nary artery disease. Chest CT: bilateral lung septic 
emboli, pericardial effusion with pericardial thick-
ening and prominent pulmonary trunk with focal 
thickening over PV. Operation: emergency removal 
of RV outfl ow tract vegetation.

  Fig. 9.42    Two-dimensional transesophageal echocar-
diography (2D TEE), short-axis view, showed a RV out-
fl ow tract vegetation (*) which was close to the PV. MPA, 

main pulmonary artery            

  Fig. 9.43    2D TEE, zoom-mode of short-axis view, 
showed a RV outfl ow tract vegetation (*) which was close 

to the PV            

  Fig. 9.44    2D TEE color Doppler, short-axis view, 
showed accelerated flow ( arrow ) in main pulmo-
nary artery ( MPA ) caused by the RV outflow tract 

vegetation            

  Fig. 9.45    3D TEE, short-axis view, showed a RV outfl ow 

tract vegetation (*) which was close to the PV            
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  Fig. 9.46    3D TEE color Doppler, short-axis view, 
showed accelerated fl ow ( arrow ) in main pulmonary 

artery caused by the RV outfl ow tract vegetation            

  Figs. 9.47 and 9.48    3D TEE color Doppler ( left ) and color suppressed ( right ), view from RV perspective, showed 

accelerated fl ow ( arrow ) in main pulmonary artery caused by the RV outfl ow tract vegetation (*)            
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          Tips 
 Although endocarditis often results in valvular 
vegetation, vegetation can arise from any portion 
of the heart.   

  Fig. 9.49    Picture during the operation, the RV outfl ow 
tract vegetation was present       
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9.6     Infective Endocarditis 
with Ventricular Septal 
Defect 

 A 27-year-old woman with heart murmur has 
run a fever since coming back from Thailand. 
Blood culture growth with MRSA. After 

 antibiotics treatment, fever persisted. 
Auscultation: regular heart beat with a grade 
2/6 systolic murmur. ECG: sinus tachycardia 
and nonspecifi c ST-T abnormality. Chest X 
ray: borderline cardiomegaly. Operation: TV 
repair and VSD patch repair.

  Fig. 9.50    Two-dimensional transesophageal echocardio-
gram (2D TEE), short-axis view, showed perimembra-
nous ventricular septal defect (*) just lateral to the TV and 

huge TV vegetation ( arrow )            

  Fig. 9.51    2D TEE, short-axis view, showed multiple 
highly mobile echodense masses ( arrows ) attached to 
both atrial and ventricular sides of the septal tricuspid 
leafl et with its tail extended to the RV outfl ow tract       

  Fig. 9.52    2D TEE, modifi ed four-chamber view, showed 
multiple highly mobile echodense masses ( arrows ) 
attached to both atrial and ventricular sides of the septal 

tricuspid leafl et            

  Fig. 9.53    2D TEE color Doppler, short-axis view, 
showed a left-to-right fl ow ( red arrow ) across the ven-
tricular septal defect and mild to moderate TR ( yellow 

arrow )            
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  Fig. 9.54    3D TEE, short-axis view, showed a perimem-
branous ventricular septal defect (*) and vegetation 
( arrows ) attached to both atrial and ventricular sides of 

septal tricuspid leafl et            

  Fig. 9.55    3D TEE, modifi ed four- chamber view, showed 
vegetation ( arrows ) attached to both atrial and ventricular 

sides of septal tricuspid leafl et            

  Fig. 9.56    3D TEE color Doppler, short-axis view, 
showed a left-to-right fl ow ( arrow ) across the ventricular 

septal defect            

  Fig. 9.57    3D TEE color Doppler, modifi ed four-chamber 

view, showed a mild to moderate TR ( arrow )            
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            Tips 
 The differential diagnosis of a large, mobile, 
echodense mass includes thrombus or a tumor. 
The pathology should be confi rmed by blood 
culture.       
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      Tumors and Mass Lesions                     

    Abstract  

  This chapter deals with tumors and mass lesions. Cases of thrombus, myx-
omas, and thymoma are described. 

 3D TEE allows a full view and better understanding of the mass and its 
relation with the surrounding anatomic structures. An en face view of the 
LAA inlet from the LA can be provided to evaluate the LAA thrombus.  

10.1            Left Atrial Thrombus 

 A 73-year-old man had a history of hypertension, 
hepatitis B and chronic atrial fi brillation. A LA 
thrombus was told by another hospital. 
Auscultation: irregular heart beat with a grade 3 
systolic murmur over apex. ECG: atrial  fi brillation 

with rapid ventricular response, clockwise rota-
tion and non-specifi c STT change. Chest x ray: 
mild cardiomegaly. Cardiac catheterization: sin-
gle vessel coronary disease. Operation: removal 
of LA thrombus, obliteration of LA appendage 
and atrial fi brillation ablation.

  10
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  Fig. 10.2    2D TEE, two-chamber view, showed dilated 

LA with a thrombus (*) in LA appendage ( LAA )            

  Fig. 10.3    3D TEE, en face view, showed a thrombus (*) 

in LA            

  Fig. 10.4    3D TEE, view from LA perspective, showed a 

thrombus (*) in LA appendage ( LAA )            

  Fig. 10.1    Two-dimensional transesophageal echocardiography (2D TEE), x-plane view, showed dilated LA with a 
thrombus (*) in LA appendage ( LAA )       
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          Tips 
 In 2D TEE, two- and four-chamber views pro-
vide best images of LAA. But in 3D TEE, multi-
ple viewing perspectives are available to evaluate 
the thrombus in LAA.   

  Figs. 10.5 and 10.6    3D TEE, view from LA perspective in systole ( left ) and diastole ( right ), showed a thrombus (*) 

in LA appendage ( LAA )            

  Fig. 10.7    2D TEE, x-plane view, status post removal of LA thrombus and obliteration of LA appendage, showed no 
more thrombus in LA       

  Fig. 10.8    3D TEE, long-axis view, status post removal of 
LA thrombus and obliteration of LA appendage, no more 

thrombus was in LA            
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10.2     Left Atrial Myxoma 

 A 61-year-old man with medical-controlled type 
two diabetes mellitus suffered from dizziness 
with heart burn sensation. He was told having a 
LA tumor by other hospital. Auscultation: regu-

lar heart beat without murmur. ECG: non-specifi c 
ST-T change. Cardiac catheterization: single- 
vessel coronary artery disease. Operation: 
removal of LA tumor, patch repair of created 
ASD and CABG x1 (SVG to OM2). Pathological 
diagnosis: myxoma.

  Fig. 10.9    Two-dimensional transesophegeal echocar-
diography (2D TEE), long-axis view, showed a highly 
mobile, grape cluster appearance myxoma ( M ) attached to 

anterior mitral leafl et            

  Fig. 10.10    2D TEE color Doppler, long-axis view, 
showed the LA myxoma ( M ) with fl ow across and caused 

eccentric MR            

  Fig. 10.11    3D TEE, long-axis view, showed the irregular 
LA myxoma ( M ) prolapse across the mitral annulus into 

the LV in diastole            

  Fig. 10.12    3D TEE, showed the LA myxoma ( M ) arising 
from a stalk ( arrow ) attached to the anterior mitral leafl et 
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  Fig. 10.13    3D TEE color Doppler, long-axis view, 

showed eccentric MR and normal LV diastolic fi lling            

  Fig. 10.14    2D TEE image, x-plane view, status post removal of LA tumor, showed clear LA with normal MV 
function       
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            Tips 
 Clinical presentation, location, attachment site, 
mobility, size and shape are key points to elabo-
rate an intracardiac mass. Among which, deter-
mination of the attachment site is the most 
essential for surgical plan for resection.   

  Fig. 10.15    2D TEE color Doppler, long- axis view, sta-
tus post removal of LA tumor, showed mild MR ( arrow )       

  Fig. 10.16    3D TEE, fi ve-chamber view, status post 
removal of LA tumor, showed clear LA with normal MV 

function            

  Fig. 10.17    3D TEE color Doppler, fi ve-chamber view, 

status post removal of LA tumor, showed mild MR            
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10.3     Right Atrial Myxoma 

 A 50-year-old woman presented with RA tumor, 
numbness of bilateral hand and shortness of 
breath. Auscultation: regular heart beat. ECG: 

RA enlargement and right axis deviation. 
Catheterization: a large RCA branch gave blood 
supply to the huge RA tumor, positive tumor 
stain sign. Operation: RA tumor removal. 
Pathological diagnosis: myxoma.

  Fig. 10.18    Two-dimensional transesophageal echocar-
diography (2D TEE), modifi ed four-chamber view, 
showed a huge mobile mass ( M ) in RA with dilated RA 

and RV            

  Fig. 10.19    2D TEE, modifi ed four-chamber view, 
showed the mass ( M ) with non-homogeneous density 

attached to RA basal posterior wall            

  Fig. 10.20    2D TEE color Doppler, modifi ed four- 
chamber view, showed accelerated tricuspid infl ow 
( arrow ), partial obstruction to RV diastolic fi lling, due to 

the atrial mass ( M )            
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  Fig. 10.21    2D TEE continuous-wave Doppler of TV, TS with high gradient tricuspid infl ow ( arrow ) was present       

  Fig. 10.22    2D TEE color Doppler, modifi ed four- 
chamber view, showed the RA mass ( M ) had blood supply 
and nearly fi lled the chamber       

 

 

10 Tumors and Mass Lesions



191

  Fig. 10.23    2D TEE color Doppler, x-plane view, showed moderate TR ( arrows ) due to incomplete TV closure            

  Fig. 10.24    3D TEE, modifi ed four-chamber view, 
showed the huge mass ( M ) attached to RA basal posterior 

wall            

  Fig. 10.25    3D TEE color Doppler, showed the RA mass 

( M ) had blood supply ( arrow )            

 

  

10.3  Right Atrial Myxoma



192

  Figs. 10.26 and 10.27    3D TEE color Doppler, modifi ed 
four-chamber view, showed moderate TR ( yellow arrow ) 
in systole due to incomplete TV closure ( left ) and acceler-

ated tricuspid infl ow ( red arrow ) in diastole as the mass 

( M ) obstructed the tricuspid orifi ce ( right )            

  Figs. 10.28 and 10.29    Fluoroscopy of RCA, a large conus branch ( arrow ) gave blood supply to the RA tumor, posi-
tive tumor stain sign       
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  Fig. 10.30    2D TEE, x-plane view, status post removal of RA tumor, complete excision was documented       

  Fig. 10.31    2D TEE color Doppler, modifi ed four- 
chamber view, status post removal of RA tumor, showed 
mild TR ( arrow )         Fig. 10.32    3D TEE, modifi ed four-chamber view, status 

post removal of RA tumor without residudal            
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                  Tips 
 Myxomas are the most common primary cardiac 
tumor, which most often are single and arise from 
the fossa ovalis of the interatrial septum.   

  Fig. 10.33    3D TEE color Doppler, modifi ed four- 
chamber view, status post removal of RA tumor, showed 

mild TR ( arrow )            

  Figs. 10.34 and 10.35    Picture during operation ( left ) and gross specimen ( right ) showed the RV myxoma measuring 
6 cm × 5 cm × 4 cm in fresh state       

 

 

10 Tumors and Mass Lesions



195

10.4     Invasive Thymoma 
Extending into Superior 
Vena Cava and Right 
Atrium 

 A 34-year-old man was in good health before. He 
suffered from facial fl ush, swelling and dyspnea 
recently. Lab data showed aspartate transami-
nase = 18 IU/L and creatinine = 0.88 mg/dl. 
Auscultation: regular heart beat without murmur. 

ECG: normal sinus rhythm. Chest X ray: 
increased soft tissue density at mediastinum with 
a space occupied lesion in left pulmonary hilum. 
Chest CT: a huge anterior mediastinal tumor 
(10 cm × 7.4 cm) with lung metastasis and supe-
rior vena cava (SVC) involvement. Operation: 
mediastinal tumor resection, wedge resection of 
right middle lobe lung tumor and SVC repair. 
Pathological diagnosis: thymoma, type B2, 
stage IV.

  Fig. 10.36    Two-dimensional transesophageal echocar-
diography (2D TEE), showed an invasive thymoma ( M ) 

extending into the SVC and protruded into RA            

  Fig. 10.37    2D TEE color Doppler, showed an invasive 

thymoma ( M ) extending into the SVC with occlusion            

  Fig. 10.38    2D TEE color Doppler, x plane view, showed SVC was occluded by the invasive thymoma ( M )            
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  Fig. 10.41    3D TEE, showed the thymoma ( M ) extending 

into the SVC and protruded into RA            

  Figs. 10.42 and 10.43    3D TEE, zoom mode and perspective from RA to SVC ( right ), showed the thymoma almost 
fi lled the SVC and protruded into RA       

  Figs. 10.39 and 10.40    3D TEE, showed the thymoma ( M ) extending into the SVC and protruded into RA            
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  Fig. 10.44    3D TEE, perspective from RA to RV, showed 

the thymoma ( M ) protruded into RA            

  Fig. 10.45    3D TEE color Doppler, showed an invasive 
thymoma ( M ) extending into the SVC with occlusion       

  Fig. 10.46    Contrast-enhanced CT images, showed a huge anterior mediastinal tumor with lung metastasis ( red arrows ) 
and extended into the SVC and RA ( yellow arrows )       
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                 Tips 
 Invasive thymoma commonly infi ltrates neigh-
boring mediastinal structures. The case with thy-
moma extension into the SVC and consequent 
SVC occlusion is rare.       

  Fig. 10.49    3D TEE, status post tumor resection, showed 

clear RA without residual thymoma            

  Fig. 10.50    3D TEE, status post tumor resection, showed 

clear RA without residual thymoma            

  Fig. 10.47    Picture during tumor resection, showed the 
thymoma in SVC ( arrow )       

  Fig. 10.48    2D TEE color Doppler, status post tumor 
resection, showed clear RA without residual thymoma       

  Fig. 10.51    3D TEE color Doppler, status post tumor 

resection, showed mild TR            
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      Others                     

    Abstract  

  The other cases are classifi ed as this chapter including a patient received a 
HeartMate II and the other patient suffered aortic root perforation. 
  A HeartMate II is a LV assistant device which can be alternative to heart 
transplantation. Perforation of aortic root is an iatrogenic complication 
during atrial fi brillation ablation. The cases are both interesting and 
enjoyable.  

11.1            HeartMate II 

 A 50-year-old man had a history of ischemic car-
diomyopathy with congestive heart failure, old 
myocardial infarction with triple-vessel coronary 
artery disease status post PTCA and stenting, LV 
thrombus, hypertension and type two diabetes 
mellitus. He suffered from fever with chillness 
and exertional dyspnea. Auscultation: irregular 
heart beat with a grade 3/6 murmur over left ster-
nal border. ECG: atrial fi brillation with moderate 

ventricular response, ventricular premature beats 
and right axis deviation. Chest X ray: cardiomeg-
aly and bilateral pleural effusion. Cardiac cathe-
terization: severe triple-vessel coronary artery 
disease, ischemic cardiomyopathy and refractory 
heart failure, NYHA Fc III-IV. Heart transplanta-
tion was advised, but due to pertinacity of severe 
hyperglycemia under oral hypoglycaenic agent 
status, he decided to have a HeartMate II implan-
tation. Operation: CABG x1 (SVG to OM) and 
HeartMate II implantation.

  11
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  Fig. 11.1    Two-dimensional transesophageal echocar-
diography (2D TEE), four-chamber view, showed conges-
tive heart failure with global systolic dysfunction, 
four-chamber dilation and moderate pericardial effusion 

( arrows )            

  Fig. 11.2    2D TEE color-Doppler, long-axis view, showed 
congestive heart failure with moderate ischemic MR 

( arrow )            

  Fig. 11.3    2D TEE, long-axis view, status post implanta-
tion of LV assistant device, HeartMate II. The cannula 

( arrows ) inserted into LV apex            

  Fig. 11.4    2D TEE color Doppler, long-axis view, status 
post HeartMate II implantation. Flow out of the ventricle 

occurred through the HeartMate II ( arrows )            
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  Fig. 11.5    2D TEE 
continuous-wave Doppler 
through the cannula, proper 
fi lling was confi rmed       

  Fig. 11.6    3D TEE, four-chamber view, status post 
implantation of LV assistant device, HeartMate II. The 

cannula ( arrows ) inserted into LV apex            

  Fig. 11.7    3D TEE color Doppler, long-axis view, status 
post HeartMate II implantation. Showed diastolic fl ow in 

the apical cannula ( arrows )            
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           Tips 
 A comprehensive TEE examination is essential 
both prior to and after the HeartMate II insertion 
to prevent any contraindication as well as to con-
fi rm the placement and function.   

  Fig. 11.8    Chest X ray showed the HeartMate II device 
was successfully implanted which included an outlet (o) 
inserted into LV apex, a pump (*), an inlet draining into 
ascending aorta ( yellow arrow ) and a wire ( red arrow ) 
connecting to external battery       
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11.2     Iatrogenic Aortic Root 
Perforation 

 A 71-year-old man had a history of coronary artery 
disease status post PCI (LAD, LCX) and CABG x3 
(SVG to fi rst diagonal, posterior lateral branch of 
RCA and OM), severe MR and TR status post MV 
replacement and TV repair. He suffered from 
 intermittent palpitation and exertional dyspnea. 

Auscultation: irregular heart beat without signifi cant 
heart murmur. ECG: atrial fi brillation with tachycar-
dia and old anterioseptal MI. He admitted for atrial 
fi brillation ablation. During procedure, the ablation 
lead pierced through from RA to aorta which 
resulted in aortic root perforation. Operation: emer-
gent occluder implantation for aorta to RA iatro-
genic fi stula.

  Fig. 11.9    Two-dimensional transesophageal echocar-
diography (2D TEE), short-axis view, during atrial fi bril-
lation ablation, showed the ablation lead ( arrows ) went 
through from RA to aortic root at the level of the aortic 

sinus, just above the non-coronary cusp of the AV            

  Fig. 11.10    3D TEE, short-axis view, during the proce-
dure, showed the ablation lead ( arrows ) pierced through 

from RA to aortic root            

  Fig. 11.11    3D TEE, modifi ed fi ve-chamber view, 
showed the ablation lead ( arrows ) pierced through from 

RA to aortic root            
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  Fig. 11.13    3D TEE, short-axis view, showed the 
occluder (*) was transported by catheter ( arrows ) and 

deployed to occlude the iatrogenic aorta to RA fi stula            

  Fig. 11.14    3D TEE, modifi ed fi ve-chamber view, status 

post occluder (*) implantation            
  Fig. 11.12    3D TEE color Doppler, short-axis view, 

showed continuous fl ow ( arrow ) from aorta to RA            

  Fig. 11.15    3D TEE color Doppler, short-axis view, status 
post occluder (*) implantation without residual fl ow seen       

 

 

 

 

11 Others



207

           Tips 
 TEE examination of aorta assists in the place-
ment of ablation wire by preventing aortic injury 
and confi rming proper positioning.       
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