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Foreword 

This Atlas of transesophageal echocardiography represents four years' clinical expe
rience with peri operative color Doppler echocardiography performed at the Depart
ment of Heart Surgery of the University of Heidelberg. Four years ago we started a 
training program in echocardiography with the purpose of utilizing the information 
derived from transesophageal and epicardial echocardiography for intraoperative 
diagnosis and surgical decisions. The great impact of echocardiographic information 
on the surgical procedures disclosed to us an increasing number of applications of 
TEE and its enormous diagnostic potential. At the moment, intraoperative transeso
phageal echocardiography represents, in our Institution, an indispensable diagnostic 
technique for assessing the adequacy of heart surgery. The aim of this Atlas, which 
was conceived primarily to deal with intraoperative imaging, goes beyond the purpo
se of making the cardiac surgeon familiar with this technique. The clinical cardiolo
gist will find immense advantages from the description of many rare diseases and 
from the direct verification of the echocardiographic diagnoses by the operative fin
dings. We hope that our experience will contribute to supporting all colleagues who 
are engaged in the treatment of heart disease. 

Prof. Dr. Siegfried Hagl 
Department of Heart Surgery 
University of Heidelberg 
Germany 
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Preface 

Why an atlas? 

This book was conceived primarily as a short manual to introduce cardiac surgeons 
to the basics of color Doppler echocardiography. With the increasing range of appli
cations of intraoperative transesophageal echocardiography (TEE) the collection of 
figures expanded until it covered a wide variety of heart diseases. In its final form, 
this Atlas represents a comprehensive handbook of transesophageal echocardiogra
phy which is directed not only to the cardiac surgeon but also to the clinical cardio
logist and to everyone involved in the diagnosis and treatment of heart disease. The 
echocardiographic figures were chosen with the purpose of showing the anatomy 
and function of the heart in a single picture, thus enabling a diagnosis "at first 
glance". The concise self-explanatory form of this Atlas aims to reproduce the situa
tions in which the surgeon must quickly evaluate the echocardiographic information 
necessary for operative decisions. 

The authors have attempted to treat the spectrum of intraoperative applications of 
TEE comprehensively, but as in any ambitious undertaking the final outcome never 
appears complete. Since the introduction of echocardiography into the surgical the
ater is still fairly recent, many of its potential applications have not yet been investi
gated. 

Special attention is given to the evaluation of cardiac valve repairs, the most fre
quent use of echocardiography in adult cardiac surgery, since TEE provides a relia
ble method for intraoperative diagnoses of residual valve regurgitation and stenosis. 
The adjustment of suture annuloplasty under echocardiographic control is an exam
ple of active interaction between intraoperative TEE and surgical procedures. The 
use of TEE in patients undergoing heart transplantation and in experimental surgery, 
as well as in patients with dynamic cardiomyoplasty, reveals new aspects of these 
diseases and contributes to their surgical treatment. 

Congenital heart disease represents a quite new application for TEE. Hitherto, 
only few experiences with pediatric TEE are reported in the literature. Conventional 
echocardiography can still be considered the method of choice since high-quality 
images can easily be obtained in most children by the transthoracic approach. De
spite the new application of TEE in pediatric patients, the series of images shown in 
the respective section covers a broad spectrum of congenital heart diseases. 

The content of this Atlas summarizes our experience with perioperative echocar
diography at the Department of Cardiac Surgery, University of Heidelberg, Ger
many. We address this manual to all those engaged in the diagnosis and management 
of heart disease, and hope that it will contribute to further exploit of the great dia
gnostic potential of this technique. 

Dr. Raffaele De Simone 
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Abbreviations 

Most of the abbreviations used in the figures are commonly used in the cardiological 
practice. Nonstandard abbreviations are explained in the legends to the figures. The 
standard abbreviations are listed below: 

A,AO, 
ASD, 
LA, 
LV, 
LVOT, 
M,MV, 
P, Pv, 
PA, 
RA, 
RV, 
RVOT, 
T,TY, 
VSD, 

Aorta 
Atrial septal defect 
Left atrium 
Left ventricle 
Left ventricular outflow tract 
Mitral valve 
Pulmonary valve 
Pulmonary artery 
Right atrium 
Right ventricle 
Right ventricular outflow tract 
Tricuspid valve 
Ventricular septal defect 

Abbreviations XV 



1 Techniques 

This section describes the techniques used for intraoperative imaging and the basics 
of two-dimensional transesophageal echocardiography (TEE) and color Doppler 
flow imaging. In addition the following chapters present schematic diagrams of the 
standard views and the pattern of normal intracardiac flow. 



Intraoperative Echocardiography 

Recent technological advances such as the advent of 
color Doppler flow mapping and the development of 
safe transesophageal transducers make possible clini
cal applications of cardiac sonography. 

Clinical Applications 

The use of transesophageal and epicardial color 
Doppler echocardiography in the operating room pro
vides information for assessing the outcome of heart 
surgery immediately after the surgical procedure. Up 
to now, many decisions made in evaluating cardiac 
repairs have been based on subjective judgments. 
Conventional methods such as the measurement of 
pressures and oxygen saturation provide an indirect 
and relatively insensitive appraisal of the adequacy of 
cardiac repairs. In contrast, two-dimensional echo
cardiography, used in combination with Doppler and 
two-dimensional Doppler (color flow imaging), pro
vides real-time data on morphology, hemodynamics, 
and blood flow in the beating heart immediately after 
the surgical procedure and before closure of the 
chest. 

However, optimal use of this technique requires a 
long training. The high-quality images obtained by 
intraoperative epicardial and transesophageal echo
cardiography can be easily interpreted by echocardi
ographers, but they are not immediately understand
able by non-experienced users. Our institution initiat
ed a clinical program to optimize the application of 

2 Intraoperative Echocardiography 

this method in heart surgery and to enable the surgi
cal team to use and interpret operative echocardiogra
phy. 

TransesophagealApproach 

TEE has only recently been introduced into clinical 
practice. The first application of M-mode TEE dates 
from 1972. With the introduction of flexible endo
scopes and the advent of phased-array technology 
and transducer miniaturization, around 1980, the in
terest in the new clinical applications of the tech
nique began to increase considerably. Most of the 
commercially available machines use 5.0-MHz trans
ducers fixed to the tip of a modified flexible gastro
scope. The proximity of the esophagus to the heart 
and aorta allows high-quality imaging without inter
ference from ribs and lungs. 

The transesophageal probe in intubated patients 
undergoing cardiac surgery can be introduced under 
direct laryngoscopy or even "blindly" by directing 
the tip of the esophagoscope into the posterior part of 
the pharynx and allowing the probe to flex passively. 
Catheters within the esophagus, such as a nasogas
tric tube, should be removed to ensure satisfactory 
images and to avoid potential kinking or knotting of 
the device. Intraoperative TEE can be performed con
tinuously during surgery without interfering with the 
surgical procedures (Fig. 1.1). 



Fig. 1.1 a-c. Intraoperative TEE. View of the surgical 
theater. The examination can be performed contin-

uously during surgery without interfering with the 
surgical procedure. 
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Epicardial Approach 

Epicardial echocardiography is another valuable 
technique for performing intraoperative echocardio
graphic examinations. Epicardial echocardiography 
can be performed with normal transducers sterilized 
by a cold gas technique or with a nonsterile transduc
er placed inside a sterile plastic cover. Ultrasound gel 
should be placed between the head of the transducer 
and the sleeve to eliminate the air space (Fig. 1.2). 
This procedure requires a team of two persons. The 
acquisition of data is made by the surgeon in the ster
ile field, while another person operates the instru
ment controls of the echocardiographic machine. 

4 Intraoperative Echocardiography 

The major advantages of intraoperative epicardial 
echocardiography are its ability to provide multiple 
tomographic planes and its easy availability. The 
principal limitations of the epicardial technique are 
poor visualization of the apex of the left ventricle and 
interruption of the operation during the examinations. 
The patient can be studied after thoracotomy. Four 
standard imaging planes are suggested for visualizing 
the various cardiac structures: the parasternal equiva
lent view, the aortopulmonary sulcus view, the sub
costal equivalent view, and aorta-superior vena cava 
view. These have been derived from the standard 
views of conventional transthoracic echocardiography. 



a 

c 

Fig. 1.2a-d. Epicardial echocardiography. a A non
sterile transducer is introduced into the sterile sheath. 
b The transducer has been sterilized and can be pla-

ced directly onto the epicardial surface of the heart. 
c, d Special miniaturized transducer for epicardial 
echocardiography. 
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Two-Dimensional TEE 

TEE examinations include transversal and longitudi
nal views of the heart. The most common TEE endo
scopes are equipped with monoplanar transducers 
which provide only transverse views. With the recent 
advent of new biplanar probes, an additional longitu
dinal plane can be visualized along with the trans
verse one. The second longitudinal plane adds further 
useful information for spatial localization of intracar
diac blood flows and for three-dimensional imaging 
of the cardiac chambers. 

Monoplanar Imaging 

TEE examination includes three primary standard 
views: the basal short-axis, the four-chamber, and the 
trans gastric view. The thoracic portion of the de
scending aorta and the first 2-3 cm of the supraval
vular ascending aorta can be imaged systematically. 
The upper portion of the ascending aorta cannot be 
visualized due to the interposition of the left bron
chus between the esophagus and the aorta. Monopla
nar TEE provides a single transverse imaging plane. 
However, intermediate views, or "off-axis" views, 
may be obtained by manipulating the tip of the endo
scope (advancement, withdrawal, retroflexion, ante
flexion, and rotation). These views are very useful 
for visualizing the structures of interest. 

6 Two-Dimensional TEE 

Fig. 1.3a, h. Monoplanar endoscopes for TEE. Dif
ferent sizes for adults , children, and newborns. 

a 

b 



Transversal Views 

Three primary standard transversal views can be ob
tained by monoplanar TEE. The basal short-axis, the 
four-chamber, and the trans gastric view. Standard 
TEE examinations should begin with the four-cham
ber view since this represents a useful landmark for 
orientation. 

I 

Fig. 1.4. Standard transversal views. Schematic dia
gram of the three primary transversal views: basal 
short-axis view (I), four-chamber view (II), and 
trans gastric view (/lI). 

Fig. 1.5 a-c. Standard transversal views. a Basal 
short-axis view. b Four-chamber view. c Transgastric 
view. 

a 

b 

c 
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a 

a 

Four-Chamber View 

Fig. 1.6a, b. Four-chamber view, obtained by placing 
the transducer posterior to the left atrium, at the level 

Fig. 1.7 a, b. Four-chamber view, magnification of 
the Fig. 1.6 focusing on the mitral and tricuspid val
ves. 

8 Two-Dimensional TEE 

of the atrioventricular valves. Mitral valve, tricuspid 
valve, and both atria can be visualized. 

b 

b 



a 

a 

left Ventricular Outflow Tract 

Fig. 1.8 a, b. LVOT view, obtained from the four
chamber view position by slightly anteflexing the tip 

Fig. 1.9a, b. LVOT view at a level higher than in Fig. 
1.8, obtained from the previous position by slightly 
withdrawing the probe toward the basis of the heart. 

of the endoscope. This view is useful for evaluating 
aortic valve regurgitation and LVOT obstruction. 

b 

b 
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a 

a 

Basal Short-Axis View 

Fig. 1.10a, b. Basal short-axis view, obtained by plac
ing the tip of the endoscope at the level of the basis 
of the heart. It can be derived from a four-chamber 

Fig. 1.11 a, b. Basal short-axis view, obtained from 
the projection in Fig. LID by further withdrawing the 

10 Two-Dimensional TEE 

LA 

view by withdrawing the endoscope. The aortic valve 
leaflets, both atria, and the RVOT can be visualized. 

LA 

endoscope. The ascending aorta and the orifices of 
the coronary arteries can be visualized (arrows). 

b 

b 



a 

a 

Fig. 1.12a, b. Basal short-axis view, allowing the vi
sualization of the main pulmonary artery (P), right 
(RPA) and left (LPA) pulmonary arteries, and ascend
ing aorta. This imaging plane cannot always be ob-

Fig. 1.13a, b. Basal short-axis view, left atrial append
age, obtained from the projection in Fig. 1.12 by 
flexing the tip of endoscope anteriorly. Thrombotic 

LPA 

tained because of the interposition of the left bron
chus between the esophagus and the great arteries of 
the heart. 

b 

~b 

formations within the left atrium can be easily detec
ted. LAA, Left atrial appendage; UP V, upper pulmo
nary vein. 
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a 

a 

Transgastric Short-Axis 

Fig. 1.14a, b. Transgastric short-axis view, obtained 
by positioning the endoscope in the stomach. The tip 
of the probe is anteflexed. A transverse section of the 
heart can be visualized from the fundus of the sto-

Fig. 1.15 a, b. Transgastric short-axis view at the lev
el of the papillary muscles (arrows), obtained from 

12 Two-Dimensional TEE 

mach. This view is taken at the level of the mitral 
valve and shows the diastolic opening of the anterior 
and posterior leaflet (arrows). 

the view in Fig. 1.14 by slightly retroflexing the tip 
of the endoscope. 

b 

b 



a 

a 

Descending Aorta 

Fig. 1.16a, b. Transverse view of the descending aor
ta, obtained by rotating the endoscope posteriorly. 
Complete visualization of the descending aorta at dif-

Fig. 1.17 a, b. Transverse view of the aortic arch, ob
tained by rotating the endoscope posteriorly and by 

ferent levels can be performed. The depth of the tip 
of the endoscope from incisor teeth should be re
corded for orientation. 

withdrawing the endoscope along the descending 
aorta to its proximal extremity. 

b 

b 
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Biplanar Imaging 

Biplanar and multiplanar transducers have been re
cently built into the new TEE endoscopes. Biplanar 
imaging is now the current standard for TEE examin
ations. Two imaging planes (transversal and longitu
dinal) can be visualized from the same location with
out moving the probe. 

A series of longitudinal views can be obtained 
from each standard transversal view. Four standard 
longitudinal views can be obtained by placing the 
transducer posterior to the left atrium, at the level of 
the corresponding transversal four-chamber view, by 
rotating the endoscope from left to right. The longitu
dinal views taken at the level of the corresponding 
four-chamber view are: the left ventricular-left atrial 
(LV-LA) long-axis view, the right ventricular outflow 
tract (RVOT). long-axis view, the ascending aorta
atrial septal long-axis view, and the caval-atrial septal 
long-axis view. Longitudinal views can even be ob
tained with the transducer at the level of the corre
sponding basal and transgastric short-axis views. 

Fig. LISa, b. Biplanar TEE endoscopes. Two trans
ducers are mounted at the tip of the endoscope; the 
distal transducer provides a transversal imaging view 
and the proximal a longitudinal imaging plane. 
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Longitudinal Views 

Four primary standard longitudinal views can be ob
tained by biplanar TEE. The LV-LA long-axis view, 
the RVOT long-axis view, the ascending aorta-atrial 
septal long-axis view, and the caval-atrial septal long
axis view. These can be obtained at the level of the 
corresponding four-chamber view. A line on the two
dimensional transversal echocardiogram indicates the 
plane on which the corresponding longitudinal view 
will be displayed. The four-chamber view represents 
a necessary landmark for orientation. 

IV III II 

Fig. 1.19. Standard longitudinal views. Schematic 
diagram of the standard longitudinal views derived 
from the four-chamber view: LV-LA long-axis view 
(f), RVOT long-axis view (If), ascending aorta-atrial 
septal long-axis view (llJ), caval-atIial septal long
axis view (IV). 



a 

c 

Fig. 1.20a-d. Standard longitudinal views, obtained 
at the level of the transversal four-chamber view by 
rotating the endoscope from the left side toward the 

right side of the heart. a LV-LA long-axis view. b 
RVOT long-axis view. c Ascending aorta-atrial septal 
long-axis view. d Caval-atrial septal long-axis view. 

b 

d 
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Left Ventricular-Left Atrial Long-Axis View 

Fig.1.21a-d. LV-LA long-axis view, transversal 
view (above) and corresponding longitudinal view 
(below). Line (transversal view) indicates the ima
ging plane where the corresponding longitudinal 
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view is visualized. a, b Transversal four-chamber 
view. c, d Corresponding LV-LA long-axis view. T, 
Transversal view; L, longitudinal view. 

b 

d 



a 

c 

Right Ventricular Outflow Tract Long-Axis View 

Fig. 1.22a-d. RVOT long-axis view, transversal view 
(above) and corresponding longitudinal view (be
low). Line (transversal view) indicates the imaging 
plane where the corresponding longitudinal view is 

visualized. a, b Transversal four-chamber view. c, d 
Corresponding RVOT long-axis view. T, Transversal 
view; L, longitudinal view. 

b 

d 
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Ascending Aorta-Atrial Septum 

Fig. 1.23a-d. Ascending aorta-atrial septal long-axis 
view, transversal view (above) and corresponding 
longitudinal view (below). Line (transversal view) in
dicates the imaging plane where the corresponding 
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longitudinal view is visualized. a, b Transversal four
chamber view. c, d, Corresponding ascending aorta
atrial septal long-axis view. T, Transversal view; L, 
longitudinal view. 

b 

d 



a 

c 

Caval-Atrial Septal Long-Axis View 

Fig.1.24a-d. Caval-atrial septal long-axis view, 
transversal view (above) and corresponding longitu
dinal view (below). Line (transversal view) indicates 
the imaging plane where the corresponding longitudi-

nal view is visualized. a, b Transversal four-chamber 
view. c, d Corresponding caval-atrial septal long-axis 
view. T, Transversal view; L, longitudinal view. 

b 

d 
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Transgastric Long-Axis View 

Fig. 1.25a-d. Transgastric long-axis views, transver
sal view (above) and corresponding longitudinal view 
(below). The longitudinal view of the left ventricle 
can be obtained from the transgastric position. The 
subvalvular apparatus and the chordae of the mitral 
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b 

LV." 

iif" d 

valve can be visualized more in detail by this view. a, 
b Transgastric short-axis view. c, d Corresponding 
transgastric long-axis view. The subvalvular appara
tus and chordae tendineae can be clearly 
visualized. T, Transversal view; L, longitudinal view. 



a 

c 

Descending Aorta Long-Axis View 

Fig.1.26a-d. Longitudinal view of the descending 
aorta, transversal view (above) and corresponding 
longitudinal view (below). Longitudinal views of the 
descending aorta can be obtained from the correspond
ing transversal views. The descending aorta can be 

visualized at different depths of the transducer from 
the incisors. a, b Short-axis view of the aorta. c, d 
Corresponding longitudinal view of the aorta. T, 
Transversal view; L, longitudinal view. 
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e 

Off-Axis View 

Fig. 1.27 a-f. Off-axis longitudinal views. Nonstan
dard views are useful for visualizing particular struc
tures. They can be obtained by slight movements of 
the transducer into the esophagus. a, b LVOT and 
RVOT are imaged in the same frame. c, d The pul-
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monary valve and main pulmonary artery are well vi
sualized in this view. e, f A long portion of the 
ascending aorta can be visualized up to the arch. L, 
Longitudinal view. 

b 

d 

f 



a 

b 

Color Doppler Flow Imaging 

Color Doppler flow imaging is based on pulsed wave 
Doppler technology. Blood flow velocity can be mea
sured by analyzing the velocity of the red blood cells 
in a small area, called a sample volume, along a scan 
line superimposed on the two-dimensional echocar
diogram. 

Scan 
Line ......,.. 

"'- Sample 

Volume 

Fig. 1.28a, b. Pulsed-wave Doppler and color flow 
imaging. a Pulsed Doppler. Intracardiac blood flow is 
measured in a small area (sample volume) along a 
scan line. b Color Doppler. A sector with multiple 
sample volumes (color flow area) is superimposed on 
the two-dimensional echocardiogram. 

Basics 

Color Doppler consists of mUltiple sample volumes 
along multiple sample lines. These lines form a sec
tor containing a large number of sample volumes 
(Fig. 1.28). The Doppler shift signal measured at 
each sampling point is transformed into color-coded 
information. A sector with multiple pulsed-wave 
sample sites (color flow area) is superimposed on the 
two-dimensional echocardiogram, providing real
time imaging of intracardiac blood flow (Fig. 1.29). 
The characteristics of blood flow that can be evaluat
ed by color Doppler imaging are direction, velocity, 
and variance. Blood flow direction is usually dis
played with the colors red and blue. Red represents 
the flow toward the transducer, and blue the flow 
away from the transducer. The velocity of blood flow 
is represented by the brightness: the higher the veloc
ity, the brighter is the color displayed. The variance, 
or degree of dispersion in the velocity of the single 
blood cells, indicates the amount of turbulent or dis
turbed flow; this is displayed by adding another col-

Fig. 1.29. Color flow area superimposed on the two
dimensional echocardiogram (2-D image) as it ap
pears on the screen of the echo machine. 

Color Doppler 23 



or, usually green, to the principals. Each commercial 
color Doppler imaging system visualizes flow infor
mation using different colors (Fig. 1.30). 

Thefrequency of color image display (frame rate) 
depends on the cross-sectional area of the color flow 
sector. The generation of real-time color flow images 
requires the calculation of all data points (sample 
volumes) which constitute the sector of color flow 
area within a very short time (a few milliseconds). 
The larger the angle of color flow area, the greater 
the number of data points to be calculated and dis
played, and hence the slower is the frequency of col
or picture generation. The depth of color Doppler ex
amination does not affect the frame rate of color flow 
pictures since the number of data points to be dis
played remains the same at different depths. Howev
er, the higher the depth of Doppler examination, the 
lower is the resolution and the maximal blood flow 
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Table 1.1. Relationship between frequency of color 
image display and angle of color Doppler sector. 

Angle of color Doppler 

30 
50 
80 
30/80* 
45/80* 

Frequency of display 

25Hz 
12Hz 
6Hz 

17 Hz 
12Hz 

* The first angle refers to color flow area, the second 
to the sector of two-dimensional echocardiogram. 

velocity which is measurable. The relationship be
tween the frequency of color image display and the 
angle of color Doppler sector in a commercially 
available system is shown in Table 1.1. 



Max. velocity -

Toward flow Red 1 

Away flow Blue 1 
Max. velocilv ---

Velocity 

A 
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f 
Dark 

Dark 

! 
Bright 

Fig. 1.30. Information derived from color-coded sig
nals. The color flow Doppler signal is formed by the 
three fundamental colors: red, blue, and green. A, 
Flow direction is represented by red (toward flow) 
and blue (away flow). Flow velocity is displayed by 

Fig. 1.31. Color Doppler echocardiography, exam
ples of different color flow patterns. Color bar (left) 
shows the flow information. A, Flow direction; red, 
toward the transducer; blue, away from the transduc-

Variance Red --- Yellow 

Bright 

f 

+ Dark 

Dark 

! 
Bright 

Dark --- Bright Blue- Cyan 
Green 

8 c 
varying the brightness of red or blue. B, Variance, or 
the degree of flow velocity dispersion, is obtained by 
adding green. (Blue + green = yellow; red + green = 
cyan). C, Color bar shows complete flow informati
on. 

er. B, Flow velocity; high flow velocity is displayed 
with bright colors. C, Variance; disturbed flow is dis
played by adding green to the principal color (blue + 
green = yellow; red + green = cyan. 
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Normal Flow 

Normal intracardiac blood flow is usually character
ized by low velocity and little velocity dispersion. In 
laminar flow most of the red cells move with almost 
equal velocity. 

Fig. 1.32a-d. Laminar flow, color Doppler, normal 
diastolic and systolic flows. a Left ventricular inflow. 
The flow (blue) is directed away from the transducer 
(ideally placed at the top of the figure), from the left 
atrium into the left ventricle. b Right ventricular in
flow. The flow (blue) is directed away from the trans
ducer, from the right atrium into the right ventricle. c 
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Laminar Flow 

The term laminar flow has been used in echocardiog
raphy to indicate normal intracardiac blood flow; 
however the term is improper since intracardiac flow 
is never laminar. We use the term laminar flow to in
dicate low-velocity blood flow with little velocity 
dispersion of the red cells. This flow pattern is usual
ly displayed as a uniform color signal. From a four
chamber view, tricuspid and mitral diastolic flows are 
displayed in blue and pulmonary and aortic ejection 
flows in red. 

Left ventricular ejection flow. The flow (red) is 
directed toward the transducer. The systolic flow in 
the LVOT is displayed in red. d Pulmonary ejection 
flow. The systolic flow in the main pulmonary artery 
is displayed in red. AD, Aorta; P, main pulmonary ar
tery; RPA, right pulmonary artery; LPA, left pulmo
nary artery. 

b 

d 



il 

Pulsed Doppler 

lntracardiac blood flow can be analyzed with pulsed
wave Doppler by placing the sample volume in the 

c _~ ___ ~_ 
Fig. 1.33 a-d. Pulsed Doppler, normal diastolic and 
systolic flow. a Left ventricular diastolic inflow. The 
sample volume is placed at the level of the mitral 
valve. E, Early diastolic filling velocity; A, Late di
astolic filling, due to atrial contraction. bRight ven-

color flow area. The pulsed-wave Doppler curves of 
laminar flow show little velocity dispersion. The sin
gle blood cell velocities are displayed along the con
tour of the curve. An empty zone with no Doppler 
signals can be observed in the inner part of the curve. 

tricular diastolic inflow. The sample volume is placed 
at the level of tricuspid valve. c Left ventricular ejec
tion flow. The sample volume is placed in the LVOT. 
d Pulmonary ejection flow. The sample volume is 
placed in the main pulmonary artery. 
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Aliased Flow 

Both pulsed-wave Doppler and color Doppler are un
able to measure high flow velocities. The higher 
measurable velocity, called Nyquist limit, depends on 
the pulse repetition frequency of the transducer and 
on the depth of the flow to be measured. If the flow 
velocity exceeds the Nyquist limit, a reversed flow 
with opposite direction, is displayed. This phenome
non is called aliasing. In aliased flows both positive 
and negative color Doppler signals are observed. 
Aliasing does not mean turbulent or abnormal flow. 
Aliased flow indicates normal flow with velocity ex
ceeding the maximal measurable flow velocity. 

28 Color Doppler 

Fig. 1.34. Aliasing. The diastolic flow across the mit
ral valve, directed from the left atrium into the left 
ventricle, is displayed in blue (flow away from the 
transducer). Arrow, aliasing within the left ventricu
lar diastolic flow. This phenomenon is due to accele
ration of the blood flow at the level of the mitral 
valve leaflets. 



a 

c 

Fig. 1.35 a-d. Aliased flow, color Doppler, diastolic 
and systolic flow. a Left ventricular inflow, directed 
from the left atrium into the left ventricle, is display
ed in blue; red, aliasing. b Right ventricular inflow. 
The flow (blue) is directed from the right atrium into 
the right ventricle; red, aliased flow. cLeft ventricu-

lar ejection flow. Red, systolic flow in the LVOT; 
blue, aliasing. d Pulmonary ejection flow. Red, systol
ic flow in the main pulmonary artery; blue, zones of 
aliased flow. AG, Aorta; P, main pulmonary artery; 
RPA, right pulmonary artery; LPA, left pulmonary ar
tery. 
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Abnormal Flow 

Disturbed intracardiac blood flow is frequently char
acterized by high velocity and/or turbulence. Abnor
mal flow is generally displayed as a mosaic effect 

Fig. 1.36a-d. Abnormal flow. a Mitral valve regurgi
tation. A wide multicolored regurgitant jet (mosaic) 
spreads into the left atrium. b Mitral valve stenosis. 
Turbulent diastolic flow (multicolored jet) across the 
stenotic mitral valve. c Aortic regurgitation. The re
gurgitant jet (mosaic) in the LVOT obstructs the dia-
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This effect derives from the combination of the alias
ing phenomenon (due to the high velocity) and the 
high dispersion of the blood cell direction (high vari
ance). High-velocity turbulent flows, such as re
gurgitant or post-stenotic flow, are displayed as a mo
saic effect and are called jets. 

stolic flow across the mitral valve causing "functio
nal" stenosis. Disturbed diastolic flow (mosaic) at the 
level of the mitral valve. d Aortic stenosis. Turbulent 
systolic ejection flow (mosaic) beyond the stenotic 
aortic cusps (arrow). 

b 

d 



a 

c 

Fig. 1.37 a-c. Abnormal flow, presence of normal 
and abnormal flow in the same frame. a Mitral insuf
ficiency. Normal systolic ejection flow (red) in the 
LVOT and mitral regurgitant jet (mosaic) in the left 
atrium. b Aortic insufficiency. Normal diastolic flow 
across the mitral valve (aliased flow) and aortic re
gurgitantjet (mosaic) in the LVOT. c Subaortic steno
sis. Left ventricular ejection flow (red) turns first into 
aliased flow (blue) and then into turbulent-high 
velocity flow (mosaic) beyond the subvalvular ob
struction. 
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2 Acquired Heart Disease 

This section considers the most frequent and useful applications of echocardiogra
phy in acquired diseases of the heart. Many examples are drawn from intra- or peri
operative examinations performed to assess the adequacy of surgical repair. 



Valvular Heart Disease 

The study of valvular function represents one the 
most diffuse and valuable applications of cardiac 
sonography. The advent of TEE has markedly im
proved the diagnostic potential of this technique, al
lowing clear visualization of the valvular apparatus 
and assessment of its function. TEE is the most use
ful diagnostic tool for intraoperative assessment· of 
the heart valve function. 

Mitral Valve 

Visualization of the mitral valve and evaluation of its 
function are among the most profitable applications 
of TEE. Residual valve regurgitation and the pressure 
gradient across the mitral valve can be accurately 
evaluated by intraoperative TEE. 

Valvuloplasty 

Up to now assessment of the adequacy of valve re
gurgitation has been based on the detection of fluid 
leaks into the open atrium while the heart is arrested 
and the patient is on cardiopulmonary bypass. How
ever, the dynamics of the valve apparatus is quite dif
ferent in the actively beating heart, and residual re
gurgitation may therefore occur after cardiopulmo
nary bypass, even though no leaks are detected by in
traoperative testing. Valve regurgitation may also be 
detected by palpation of a systolic thrill on the atrial 
free wall or by measurement of the atrial pressure 
and the size of the "V" wave on the pressure curve. 
However, these methods are subjective and may not 
reflect the severity of residual regurgitation. Color 
Doppler flow imaging provides more reliable infor
mation on valve motion and blood flow dynamics in 
the beating and ejecting heart. 
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Fig. 2.1 a, b. Mitral valve prolapse, operative view. a 
Prolapse of the posterior mitral leaflet before valvu
loplasty. b Mitral valvuloplasty. The patient under
went quadrangular resection of the posterior leaflet 
and implantation of a Carpentier-Edwards ring. 

a 

b 



a 

c 

Fig.2.2a-d. Mitral valvuloplasty. Intraoperative 
TEE prior to surgery; Same patient as in the Fig. 2.1. 
a, b Two-dimensional TEE shows the prolapse of the 
posterior mitral leaflet at two different points in time 

during systole (1, 2 on the ECG). c, d Color Doppler 
shows the mitral regurgitant jet directed away from 
the prolapsed leaflet. 

b 

d 
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Fig. 2.3a-d. Mitral valvuloplasty, TEE after surgery; 
same patient as in the Figs. 2.1, 2.2. a, b Disappear
ance of the prolapse of the posterior mitral leaflet 
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(arrow). c, d Color Doppler shows the disappearance 
of mitral valve regurgitation after valvuloplasty (1, 2 
on the ECG). 

b 

d 



a 

b 

Fig. 2.4a-c. Mitral valvuloplasty and ring implanta
tion. Same patient as in the Figs. 2.1-2.3. a Two-di
mensional TEE, four-chamber view. Arrows, position 
of the annulus. b Pulsed-wave Doppler. The sample 
volume (arrow) is placed immediately behind the re
paired mitral valve. No regurgitation can be detected 
after valvuloplasty. eM-mode color Doppler. The M
mode line (white arrow) is placed across the mitral 
valve orifice. After valvuloplasty no residual mitral 
regurgitation can be observed during the entire systo
le (between the two arrows). 
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Mitral Valve Prolapse 

The most frequent etiology of mitral valve prolapse 
is myxomatous degeneration of the leaflets and tendi-

Fig. 2.5a-d. Mitral valve prolapse, TEE before val
vuloplasty. a, b Two-dimensional TEE, four-chamber 
views shows a massive systolic prolapse of the pos
terior mitral leaflet (arrow) in the left atrium. c, d 
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nous chordae. Other conditions such as rheumatic 
endocarditis, chordal rupture due to myocardial is
chemia, bacterial endocarditis, trauma, and heritable 
disorders of connective tissue may also cause pro
lapse of the mitral valve. 

Corresponding views as above (a, b) show color 
Doppler flow imaging. A regurgitant jet directed 
away from the prolapsing leaflet can be observed. 

b 

d 



a 

c 

Fig. 2.6a-d. Mitral valve prolapse, TEE before val
vuloplasty; same patient as in Fig. 2.5. a, b Two-di
mensional TEE, longitudinal LV-LA views, show 
proJapse of the posterior mitral leaflet (arrow) in the 

left atrium. c, d Corresponding views as above (a, b) 
show color Doppler flow imaging. The regurgitant jet 
(arrows) is directed into the pulmonary veins, away 
from the prolapsing leaflet. 

b 

d 
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Fig. 2.7a-d. After mitral valvuloplasty, same patient 
as in Figs. 2.5, 2.6. Quadrangular resection of the 
posterior leaflet and implantation of a flexible ring 
were performed. a, b Two-dimensional TEE, four
chamber views. Magnification of the left atrium 
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showing the position of the prosthetic ring (arrows). 
c, d Corresponding views as above (a, b) showing 
color Doppler flow imaging. No residual regurgitant 
jet could be detected in the left atrium in systole. 
Red, systolic ejection flow in the LVOT. 

b 

d 



a 
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Contrast Echocardiography 

Injection of contrast agents into the cardiac chambers 
can be used to detect intracardiac shunts and valve 
regurgitation. The contrast effect derives from sus
pended micro bubbles in the injected fluid. 

Fig. 2.8a-d. Contrast echocardiography, after mitral 
valvuloplasty; same patient as in Figs 2.5-2.7. a, b 
Two-dimensional TEE, four-chamber view, in diasto-

Ie (a) and systole (b) without contrast. c, d After con
trast injection into the left ventricle (black arrows) no 
contrast can be detected in the left atrium. 

b 

d 
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Mitral Regurgitation 

Residual mitral regurgitation may occur after valve 
repair, requiring further surgery or valve replace
ment. Current clinical color Doppler grading of mi
tral regurgitation is based on the planimetry of the re
gurgitant jet area or on the ratio between the regurgit
ant jet and the cross-sectional area of the left atrium. 
Color Doppler criteria for assessing valve regurgita
tion are based on the assumption that the distribution 
of flow velocities of the regurgitant jet reflects the re
gurgitant flow volume. However, the regurgitant jet 
area is only a two-dimensional view of a three-di
mensional jet. Other limitations may also influence 
the value of color Doppler for estimating valve regur
gitation as well as jet geometry, temporal variation 
during systole, driving pressure, and gain setting. 
Color Doppler estimation of mitral valve insufficien
cy shows good correlation with the traditional angio
graphic evaluation. Color Doppler TEE can be con
sidered the most adequate diagnostic method for as
sessing valve repair intraoperatively. 

Fig. 2.11 a, b. Residual mitral regurgitation after re
pair. a Intraoperative TEE shows the persistence of 
severe mitral regurgitation after quadrangular leaflet 
resection and Carpentier-Edwards ring implantation. 
Part of the regurgitant jet is not visualized because of 
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Fig. 2.9. Regurgitant jet area. Planimetry of mitral re
gurgitant jet (1) and the ratio between jet area and left 
atrial area provide useful clinical parameters for as
sessing the severity of mitral valve regurgitation. 

the narrow color flow area. Mitral valve replacement 
was performed during the same operation. b Persis
tence of two regurgitant jets. This patient showed two 
regurgitant jets after mitral valvuloplasty. 



a 

c 

a 

Fig. 2.10a-d. Mitral valve regurgitation, color Dopp
ler. Examples show various degrees of mitral valve 

regurgitation: mild (a), moderate (b, c), and severe 
(d). 

b 

d 

b 
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Regurgitant Jets 

The degree of mitral valve insufficiency may be in
correctly evaluated when regurgitant jets are asym
metrical. If the regurgitant jet does not lie on the 
same viewing plane as the two-dimensional echocar
diography, the severity of regurgitation may be un-
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derestimated. Multiple viewing by biplanar or multi
planar transducers can overcome this limitation. Con
versely, the direction of regurgitant jet may provide 
helpful information on the etiology and pathophysiol
ogy of the regurgitant lesions. In patients with mitral 
valve prolapse the regurgitat jet is almost always di
rected away from the prolapsed leaflet. 

b 

d 

f 



a 

Fig.2.13a, b. Biplanar imaging of regurgitant jet. 
The impact of biplanar TEE on assessment of mitral 
valve regurgitation is demonstrated. a Transverse 

Fig. 2.12a-f. Mitral valve prolapse, asymmetrical re
gurgitant jets. This series shows that the regurgitant 
jets due to mitral prolapse are asymmetrical and are 
directed in the opposite direction as the affected 
leaflet. a Prolapse of the posterior mitral leaflet (ar
row). b The regurgitant jet is directed anteriorly. c 
Prolapse of the anterior mitral leaflet (arrow). d The 
regurgitant jet is directed posteriorly. e Prolapse of 

plane, four-chamber view, shows a trivial mitral valve 
regurgitation. b The corresponding long-axis view re
veals a moderate degree of mitral valve regurgitation. 

posterior mitral leaflet. f "Swirling" of the regurgi
tant jet into the left atrium. Three zones with diffe
rent flow patterns can be observed in the left atrium: 
I, High-velocity turbulent flow (mosaic); II, dis
placement flow directed toward the transducer (red); 
III, displacement flow directed toward the mitral val
ve orifice (blue). 

b 
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Regurgitation and Cardiac Pacing 

Ventricular pacing affects the synchrony of myocar
dial contraction, resulting in significant changes in 
the degree of mitral valve regurgitation. Special at
tention must be paid when assessing the degree of 
mitral regurgitation upon ventricular pacing. 
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Fig. 2.14a, b. Mitral valve regurgitation during car
diac pacing. a Sinus rhythm. Mitral valve regurgita
tion is limited to ventricular systole. b The same pa
tient during ventricular stimulation. Mitral valve 
regurgitation can be detected until early diastole 
(arrows on the ECG). 

a 

b 



Fig. 2.15 a-c. Mitral regurgitation during cardiac 
pacing. Simultaneous recording of pulsed Doppler 
and arterial pressure pulse. The onset of mitral valve 
regurgitation varies with the different pacing modali
ties. a Sinus rhythm. Mitral valve regurgitation oc-

curs at the onset of arterial pulse (arrow). b Ventricu
lar pacing. Mitral regurgitation occurs prior to the 
onset of the arterial pulse. c Atrial pacing. Mitral re
gurgitation occurs at the onset of the pulse (arrow). 
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Mitral Valve Stenosis 

Valve opening area and leaflet separation, as well as 
the occurrence of mitral valve regurgitation, can be 
evaluated by transesophageal and epicardial echocar
diography intraoperatively. 
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Fig.2.16a, b. Mitral valve stenosis, four-chamber 
view (magnification). a Two-dimensional echocar
diography. Diastolic opening of the mitral leaflets is 
highly impaired. b Color Doppler shows turbulent 
diastolic flow across the reduced opening of the mi
tralleaflets. 

a 

b 



a 

c 

Fig. 2.17 a-d. Combined mitral stenosis-insufficien
cy, color Doppler TEE. a Turbulent flow across the 
narrow mitral valve opening. Giant left atrium with 
spontaneous echo contrast (due to reduced blood 
flow velocity). b Mild mitral valve regurgitation. c, d 

Color M-mode. Left, the M-mode line is placed 
across the mitral valve (arrows); right, turbulent flow 
in diastole and in systole, due to stenosis and insuffi
ciency. 
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Fig. 2.18a-d. Mitral valve commissurotomy, intraop
erative epicardial echocardiography. a Parasternal 
equivalent long-axis view, mitral stenosis. The arrow 
shows the diastolic "doming" of the anterior mitral 
leaflet, a typical sign of valve stenosis. Enlarged left 
atrium. b Short-axis view. The cross-sectional plani-
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metry of mitral opening area before the commissuro
tomy is 0.6 cm2• c After mitral valve commissuro
tomy. The planimetry of cross-sectional mitral open
ing area is now 2.1 cm2. d Trivial residual mitral re
gurgitation (arrow) can be detected in the left atrium 
after the procedure. 

b 

d 



Aortic Valve 

TEE allows direct visualization of the aortic valve 
and the flow imaging in the left ventricular outflow 
tract (LVOT). Systolic separation of the aortic leaflets 
can be assessed by basal short-axis views. Regurgit
ant jet flows from incompetent aortic valves can be 
assessed by LVOT views. 

Fig. 2.19a, b. Aortic valve disease. a Basal short-axis 
view, aortic valve stenosis. Impaired systolic separa
tion of the aortic cusps. b LVOT view, aortic valve 
insufficiency. A regurgitant jet spreads into the LVOT 
in diastole. 

a 

b 
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Aortic Stenosis 

Assessment of systolic motion and the thickening or 
calcification of the aortic cusps is useful for the diag-

Fig.2.20a-d. Aortic stenosis. a Two-dimensional 
echocardiography, basal short-axis view, shows 
reduced systolic opening of the aortic leaflets. b Co
lor Doppler shows systolic turbulent flow beyond the 
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nosis of aortic valve stenosis. Direct measurement of 
the systolic aortic orifice area allows evaluation of 
the severity of the stenosis. Tricuspid, bicuspid, and 
unicuspid valves can be recognized in congenital aor
tic valve stenosis. 

stenotic valve. c, d Longitudinal basal views show 
the reduced leaflet opening and the poststenotic tur
bulent flow. 

b 

d 



a 

Fig.2.21a, b. Bicuspid aortic valve, intraoperative 
TEE. a Two-dimensional echocardiography, basal 
short-axis view, shows impaired systolic separation 

of the two aortic leaflets. b Color Doppler shows sys
tolic turbulent flow across the opening area of the 
aortic valve. 

b 
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Aortic Commissurotomy 

Intraoperative echocardiography represents the only 
diagnostic technique available for assessing the ade
quacy of aortic valve repair. Systolic opening area 
and residual aortic regurgitation can be measured im
mediately after repair. Aortic insufficiency can be 
evaluated by the length and area of a regurgitant jet 
into the LVOT. 

54 Valvular Heart Disease 

Fig. 2.22a, b. Aortic commissurotomy, planimetry of 
systolic aortic opening area. a Before commissuro
tomy the systolic opening area is 0.9 cm2• b After 
commissurotomy the systolic opening area is 1.7 
cm2• 

a 

b 



a 
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Fig. 2.23a-d. Aortic commissurotomy, assessment of 
aortic regurgitation. LVOT view. This sequence 
shows the absence of aortic regurgitation in the 
LVOT during various phases of the cardiac cycle. a 

Systolic ejection flow can be observed in the LVOT. 
b-d This sequence shows early, middle, and late 
diastole, respectively. No aortic regurgitation can be 
observed in the LVOT. 

Valvular Heart Disease 55 



Aortic Regurgitation 

Echocardiographic assessment of the degree of aortic 
regurgitation is still controversial. The length and 
width of the regurgitant jet have been proposed as pa
rameters for evaluating the degree of aortic regurgita
tion. The extent to which left ventricular diastolic 
filling is hindered by the regurgitant jet is a useful 
parameter for evaluating the severity of aortic regur
gitation. 
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Fig. 2.24a, b. Aortic valve regurgitation, LVOT view. 
Different degree of regurgitation. a Moderate aortic 
regurgitation. The regurgitant jet is thin and does not 
hinder left ventricular diastolic inflow (blue). b Se
vere regurgitation. A large regurgitant jet hinders the 
diastolic left ventricular inflow, causing functional 
mitral stenosis (mosaic effect across the mitral valve). 

a 

b 



a 

Fig. 2.25 a, b. Residual aortic regurgitation after 
commissurotomy. Intraoperative color Doppler TEE, 
LVOT view. Severe aortic regurgitation detected by 
intraoperative color Doppler TEE. After aortic com
missurotomy a large regurgitant jet hinders the dia
stolic left ventricular inflow, causing functional mi-

tral stenosis (mosaic effect across the mitral valve). 
The regurgitant jet can be viewed up to the apex. The 
aortic valve was replaced during the same operation. 
In this case the regurgitant jet was directed toward 
the ventricular septum, and the surgeon could not 
palpate the thrill on the free wall of left ventricle. 

Fig. 2.26. Aortic regurgitation. M-mode TEE. Dia
stolic "fluttering" of the anterior mitral leaflet 
(arrow) is a useful echocardiographic sign of aortic 
regurgitation. 

b 
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Tricuspid Valve 

Tricuspid valve function can be easily evaluated by 
color Doppler TEE. An adjustable tricuspid suture 
annuloplasty guided by TEE has been developed at 
our institution. 

Annuloplasty 

Tricuspid suture annuloplasty is perfonned according 
to the technique described by De Vega. The free ends 
of the suture are brought through the right atrial wall 
and then passed through a rubber tourniquet. After 
cardiopulmonary bypass, with the heart beating, the 
reduction of the tricuspid annulus can be perfonned 
by adjusting the tension on the tourniquet (Fig. 2.27). 
The diameter of the tricuspid annulus can be reduced 
until the regurgitant jet disappears or, at least, until 
obtaining a major reduction of regurgitation. Tricus
pid valve stenosis can be avoided since the diastolic 
inflow velocity and the gradient across the tricuspid 
valve are measured throughout the procedure. This 
technique allows substantial reduction of residual tri
cuspid regurgitation without creating valve stenosis. 
In most cases the systolic competence of the tricus
pid valve can be achieved by this technique. 
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TEE-Probe 

Esophagus 

Fig. 2.27 a, b. Tricuspid suture annuloplasty guided 
by TEE. a The extent of annulus reduction can be re
gulated by adjusting the tension on the tourniquet, 
with the heart beating, until color Doppler shows the 
most adequate reduction of regurgitation without 
causing stenosis. b Schematic diagram of the four
chamber view for assessing tricuspid annuloplasty. 
(From De Simone R et al. (1993) Adjustable tricu
spid valve annuloplasty assisted by intraoperative 
transesophageal color Doppler echocardiography. Am 
J Cardiol 71:926-931). 

a 

b 



a 

c 

Fig. 2.28a-d. Tricuspid annuloplasty. Progressive re
duction of tricuspid regurgitation during the adjust
ment of tricuspid annuloplasty, four-chamber view. a 
Severe regurgitation before adjustment of the suture. 
b Moderate regurgitation after annulus reduction. c 

Complete disappearance of tricuspid regurgitation by 
further adjustment of the annulus. d Color Doppler 
shows normal diastolic flow (blue) across the tricus
pid valve. 

b 

d 
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Fig.2.29a, b. Tricuspid annuloplasty. Reduction of 
tricuspid valve annulus diameter (arrows) . Before (a) 
and after (b) tricuspid valve annuloplasty. (From De 
Simone R et al. (1993) Adjustable tricuspid valve an-
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nuloplasty assisted by intraoperative transesophageal 
color Doppler echocardiography. Am J Cardiol 
71:926-931). 

b 



a 

c 

Regurgitant Jet Area 

The severity of tricuspid valve regurgitation can be 
assessed by color Doppler echocardiography by mea
suring the planimetry of the regurgitant jet. 

Fig. 2.30. Planimetry of the regurgitant jet area. This 
sequence shows the progressive reduction of tricus
pid valve regurgitation (arrows) during adjustment 
Of the suture annuloplasty. a Severe tricuspid regurgi
tation prior to the procedure (jet area, lO.2 cm2). b 
Moderate regurgitation during the adjustment of the 
suture (jet area, 4.2 cm2) . c Further reduction of tricus
pid regurgitation obtained by adjusting the suture un-

der echocardiographic guidance (jet area, 1.0 cm2). d 
Pulsed Doppler after tricuspid annuloplasty. Peak 
flow velocity across tricuspid valve is 0.66 mis, 
showing no significant diastolic gradient (1.7 
mmHg). (From De Simone Ret al . (1993) Adjustable 
tricuspid valve annuloplasty assisted by intraoperati
ve transesophageal color Doppler echocardiography. 
Am J Cardiol 71 :926-931). 

b 

d 
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Tricuspid Valve Prolapse 

Prolapse of the tricuspid valve leaflets is rare. It may 
result from myxomatous degeneration of the valve or 
from blunt chest trauma. 

Fig. 2.31 a-d. Prolapse of the tricuspid valve. A 36-
year-old patient presented signs of right heart failure 
within weeks after a chest trauma. Echocardiographic 
examination showed a prolapse of the tricuspid valve. 
Intraoperative echocardiography. a Two-dimensional 
TEE. Arrow, prolapse of the posterior leaflet of the 
tricuspid valve. Right atrium and right ventricle are 
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highly dilated. b Color Doppler shows severe tricus
pid regurgitation. c After valvuloplasty. Reconstruc
tion of the posterior leaflet with a pericardium patch 
was performed. Color Doppler shows a significant re
duction of tricuspid regurgitation. d Normal diastolic 
flow across the tricuspid valve. 

b 

d 
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Pulmonary Valve 

The pulmonary valve and the right ventricular out
flow tract (RVOT) may not be easily assessed by 
trans esophageal transverse views. Monoplanar TEE 
can visualize flow in the main pulmonary artery, but 

Fig. 2.32a-<l. Stenosis and insufficiency of the pul
monary valve. a Basal short-axis view, color Doppler, 
shows turbulent poststenotic flow (mosaic) in the 
main pulmonary artery. b Two-dimensional TEE, 
RVOT long-axis view, shows stenosis of the pulmo-

not across the pulmonary valve. Biplanar TEE with 
longitudinal views provides direct visualization of 
the pulmonary valve and RVOT. 

nary valve (P). c RVOT long-axis view. Color Dopp
ler shows turbulent poststenotic flow in the main pul
monary artery immediately beyond the valve. d Color 
Doppler shows regurgitation of the pulmonary valve 
(mosaic in the RVOT). 

b 

d 

Valvular Heart Disease 63 



Prosthetic Valves 

TEE provides excellent visualization of prosthetic 
valves in the mitral position. The atrial approach 
overcomes the "shadowing" effect produced by the 
echo-reflective metallic parts of the valve. Mechani
cal function and prosthetic regurgitation can be as
sessed immediately after valve replacement by two
dimensional echocardiography and color Doppler, re
spectively. Early mechanical prosthetic dysfunction, 
which is a life-threatening complication of mitral val
ve replacement, can be detected by intraoperative 
TEE. 

Nonnal Function 

TEE allows the visualization and assessment of the 
motion of prosthetic valve leaflets. 

Fig. 2.33a-c. Prosthetic mitral valve, normally func
tioning St. Jude Medical prosthetic valve. a Systole; 
the two leaflets are closed. b Diastole; the leaflets are 
opened. Three channels between the two leaflets are 
visible (arrows). c Color Doppler shows a normal 
diastolic flow pattern across the valve (arrows). 
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Dysfunction 

TEE provides a readily available diagnostic tool for 
the recognition of acute mechanical prosthetic valve 
dysfunction. 

Fig. 2.34 a-c. Prosthetic mitral valve. Mechanical 
dysfunction of the prosthesis was observed immedi
ately after replacement. a St. Jude Medical mitral 
prosthetic valve in systole. Arrows, the two leaflets in 
closed position. b In diastole only one leaflet is 
open; the other is blocked in the closed position. c 
Color Doppler shows abnormal turbulent diastolic 
flow (mosaic) across the partially open valve. The 
patient could not be weaned off the cardiopulmonary 
bypass. Operative inspection of the prosthetic valve 
confirmed the echo finding. The prosthesis was re
placed and the patient could easily be weaned off the 

a 

b 

bypass. c 
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Prosthetic Regurgitation 

Normally functioning mechanical prosthetic valves 
exhibit a "normal" regurgitation. The color Doppler 
characteristics of normal prosthetic valve regurgita
tion have not yet been well defined. In our series of 
patients two types of regurgitant jets can be distin
guished: (a) central jets, originating from the pros
thetic valve (normal prosthetic backflow), and (b) lat
eral jets, originating from the sewing cuff (paravalvu
lar leaks). The echocardiographic pattern of normal 
prosthetic regurgitation should be recognized in each 
type of prosthesis to avoid replacement of normally 
functioning valves. The characteristics of normal re
gurgitant jets of two types of prosthetic valves in mi
tral position are shown in Table 2.1. 
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Table 2.1. Characteristics of normal prosthetic re-
gurgitant jets. 

St. Jude Medical Medtronic Hall 
valve valve 

Origin Central/from the Central/from the 
gap between the gap between the 
leaflets and the leaflets and the 
ring ring 

Duration Early systolic Holosystolic 

Direction Central Central 

Turbulence Low High (mosaic) 



a 

c 

Fig. 2.35a-d. Normal prosthetic valve regurgitation. 
a Two-dimensional TEE, color Doppler. Three regur
gitant jets (arrows) originate from the central part of 
a St. Jude Medical prosthetic mitral valve. b Color 
M-mode of the same valve as in a. The M-mode line 
is placed across the central part of the prosthesis. Ar
rows, a thin regurgitant jet which lasts a few millisec-

onds. c Color Doppler. A large turbulent regurgitant 
jet (mosaic) originates from the central part of a 
Medtronic-Hall prosthetic valve in mitral position. d 
Color M-mode of the same valve as in c. The M
mode line is placed across the central part of the 
prosthesis. A regurgitant jet (right) lasts throughout 
systole (arrows) . 

b 

d 
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Paravalvular Leak 

The characteristics of abnormal prosthetic valve re
gurgitant jets as they appear in color Doppler echo
cardiography are presented in Table 2.2. 

Table 2.2. Characteristics of prosthetic paravalvular 
reguritant jets. 

Paravalvular jets 

Origin From the sewing cuff 

Duration Early systolic 

Direction Central 

Turbulence High (mosaic) 
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Fig. 2.36. Prosthetic valve regurgitation. Color Dopp
ler shows two types of regurgitant jets of a St. Jude 
Medical prosthetic valve in mitral position. Three re
gurgitant jets (red) originate from the central part of 
the prosthetic valve (normal prosthetic backflow). 
Arrow, a lateral jet originating from the sewing cuff 
(paravalvular leak). 

b 

d 



a 

c 

Fig. 2.38a-d. Paravalvular leakage, prosthetic valve 
endocarditis. Severe valve regurgitation originating 
from the mitral annulus. Intraoperative inspection of 

Fig. 2.37 a-d. Prosthetic paraval vular leakage. a Re
gurgitant jets (arrow) originating from the lateral part 
of the prosthetic valve. b Paravalvular regurgitant jet 
originating from the anterior portion of the annulus 
(arrow). c Paravalvular leak directed along the atrial 

the valve showed suture dehiscence. Reconstruction 
of the mitral annulus with a patch and replacement of 
the prosthetic valve was performed. 

septum. d Color M-mode echocardiography. Left, the 
M-mode line is placed across the regurgitant jet (ar
row); right, the regurgitant jet persists throughout 
systole. 

b 

d 
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Endocarditis 

TEE provides a very sensitive tool for the diagnosis 
of infective endocarditis. It allows direct visualiza
tion of floating vegetations and assessment of valve 
function. 

Fig.2.39a-<l. Mitral valve endocarditis. a Two-di
mensional TEE, four-chamber view. Thickening of 
the anterior mitral valve leaflet due to infective vege
tations (arrow). b Longitudinal four-chamber view; 
same patient as in a. Infective vegetation on the ante-
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Mitral Valve Endocarditis 

The diagnosis of mitral valve endocarditis is based 
on direct visualization of floating vegetations at
tached to the leaflets or the chordae. Mitral valve re
gurgitation due to leaflet perforation or chordal rup
ture can be easily detected by Color Doppler. 

rior mitral valve leaflet (arrow). c Prolapse of the an
terior leaflet of the mitral valve due to rupture of the 
chordae tendineae. d Color Doppler shows a severe 
mitral regurgitation due to the prolapse of the anteri
or mitral valve leaflet. 

b 

d 



a 
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Fig. 2.40a, b. Endocarditis of the mitral valve. a In
fective vegetation (arrow) on the atrial side of the 
mitral valve. b Color Doppler shows a large regurgi
t~t jet (mosaic) in the left atrium consistent with se
vere mitral regurgitation. 
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Aortic Valve Endocarditis 

Aortic valve endocarditis can be diagnosed by the vi
sualization of infective vegetations on the aortic 
cusps or by the detection of abscess formations at the 
aortic annulus. Turbulent diastolic flow in the LVOT 
due to aortic valve regurgitation may be observed in 
patients with perforation of the cusps. 
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Fig. 2.41 a, b. Aortic valve endocarditis. a Two-di
mensional TEE shows a floating vegetation protrud
ing into the LVOT in diastole. b Severe aortic regur
gitation is detected by color Doppler. The regurgitant 
jet (mosaic) spreads into the LVOT up to the apex. 

a 

b 



a 
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Tricuspid Valve Endocarditis 

Infective endocarditis of the tricuspid valve is rare. 
Drug abusing patients have a relatively high inci
dence of tricuspid valve endocarditis. Leaflet perfora
tion, rupture of chordae, and valve prolapse may lead 
to severe tricuspid valve regurgitation. 

Fig. 2.42a-d. Tricuspid valve endocarditis in a drug
addicted patient. a Floating vegetations of the tricu
pid valve prolapse into the right atrium in systole. b 
Severe tricuspid regurgitation. c The patient under-

went vegectomy and reconstruction of the tricuspid 
valve. d Residual tricuspid regurgitation after tricus
pid valve bicuspidalization. 

b 

d 
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Coronary Artery Disease 

TEE offers new perspectives for the diagnosis of cor
onary artery disease. Direct visualization of the coro
nary arteries is a promising diagnostic approach for 
assessing the patency of the proximal segments of 
left and right coronary arteries. Coronary blood flow 
can be measured by pulsed-wave or color Doppler. 
The study of regional wall motion due to coronary 
disease can be performed by a trans gastric view of 
the left ventricle. 

Fig. 2.43a-d. Left main coronary artery. Two-dimen
sional TEE shows the left coronary artery (arrow) up 
to the bifurcation. 
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Coronary Arteries 

Coronary artery stenosis can be detected by TEE. 
However, despite the initial optimism this method to
day represents only a supplementary technique for 
the diagnosis of coronary artery disease since the 
success rate of visualization is limited. 

'Zf· .-. .. 
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a 
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Fig. 2.44a--<l. Right coronary artery. Two-dimension
al TEE shows the proximal tract of the right coronary 
artery (arrow) . 

RA 

b 

d 
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Coronary Blood Flow 

Coronary blood flow can be assessed by color Dopp
ler flow imaging. A number of studies reported the 
utility of pulsed-wave Doppler for quantitative as
sessment of coronary flow. 
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Fig. 2.45 a, b. Normal coronary blood flow. Color 
flow Doppler shows normal coronary flow in the left 
main coronary artery. 

a 

b 



Regional Wall Motion 

Regional disturbances of wall motion is the most sen
sitive sign of myocardial ischemia. Two-dimensional 
TEE allows assessment of segmental contraction of 
the heart. The trans gastric short-axis view is the most 
useful for visualizing regional wall motion. 

Fig. 2.46a, b. Regional wall motion of the left ven
tricle. Transgastric short-axis view of the left ven
tricle allows analysis of regional wall motion. a Dias
tole. b Systole. PW, Posterior wall; LW, lateral wall; 
AW, anterior wall; IVS, interventricular septum. 

a 

b 
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Aortic Dissection 

Aortic dissection is characterized by detachment of 
the intima and by the entry of high-pressure flow into 
the disrupted media. Three types of aortic dissections 
can be distinguished, according to the classification 
of DeBakey. In type I the entry is in the ascending 
aorta, and the dissection extends to the descending 
aorta; in type II the dissection does not extend be
yond the arch; in type III, the dissection is confined 
to the descenrl;ing aorta. TEE represents a highly ac
curate method for the diagnosis of aortic dissections 
and for evaluating flow dynamics in the true and false 
lumen. 
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Dissecting Aneurysm 

The degeneration of the aortic media, which is a pre
requisite for the development of aortic dissection, is 
often associated with aneurysmatic enlargement of 
the vessel. The dilatation of the ascending aorta may 
extend to the aortic annulus, causing aortic regurgita
tion. 



a 

c 
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Fig. 2.47 a-f. Dissecting aortic aneurysm. a LVOT 
view shows massive dilatation of the ascending aorta 
(ASC). b LVOT view, color Doppler shows turbulent 
diastolic flow in the LVOT due to aortic regurgita
tion. c, d Transverse view of the ascending aorta 

(ASe, AO). Left, arrows, aortic valve; right, arrows, 
intimal flaps. e Transverse view of the aortic arch 
showing the intimal flap. f Cross-sectional view of 
the descending aorta showing a small true lumen 
(TL) compressed by the false lumen (FL). 

b 

d 
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Intimal Flap 

The echocardiographic diagnosis of aortic dissection 
is based primarily on visualizing an intimal flap and 
on distinguishing two lumina within the aorta. 

Fig. 2.48a-h. Aortic dissection, intimal flap. a LVOT 
view. Arrow, the dissected intimal flap just few centi
meters above the aortic valve (AO). b LVOT view, 
color Doppler. Aortic insufficiency. Arrow, a regurgi
tant jet directed along the anterior leaflet of the mitral 
valve. c Basal short-axis view. Ascending aorta with 
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an intimal flap separating the true (TL) and the false 
lumen (FL). Arrow, the entry tear of the intima. d 
Basal short-axis view. Color Doppler shows turbulent 
flow in the true lumen and the flow entering the false 
lumen (arrow). 

b 

d 



Fig. 2.48 e. Basal short-axis view of the aortic arch. 
The intimal flap (arrows) divides the true lumen (TL) 
from the false lumen (FL). The true lumen is almost 
c9mpletely surrounded by a tubular dissection. f Co-

lor Doppler shows the flow in the true lumen. g, h 
Transverse view of the descending aorta showing the 
intimal flap (arrow) and the flow in the true and in 
the false lumen. 

f 

h 
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True and False Lumen 

The echocardiographic criteria for differentiating the 
true from the false lumen are: (a) the true lumen sho
ws systolic expansion and diastolic collapse, (b) sys
tolic jets (entry) are directed away from the false lu
men, and (c) the false lumen shows spontaneous 
echocardiographic contrast due to slow flow velocity. 

Fig. 2.50a-1. TEE and computed tomography, aortic 
dissection. a LVOT view shows a small aortic regur
gitant jet (arrow). b An intimal flap (arrow) can be 
visualized 2 cm above the aortic valve. c, d Left, 
transverse view of the ascending aorta shows the true 

82 Aortic Dissection 

Fig. 2.49a, b. Differentiation between true and false 
lumen. Aortic dissection. Cross-sectional view of the 
descending aorta. a: Expansion of the false lumen 
(FL) and compression of the true lumen (TL) in dia
stole. b Opposite motion in systole. 

(TL) and the false lumen (FL); right, computed 
tomogaphy at the same level. Arrows, dissecting 
membrane. e, f Left, Transverse view of the aortic 
arch 22 cm from the incisors; right, computed 
tomography at the same level. 
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b 
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TEE and Computed Tomography 

Computed tomography is another useful diagnostic 
technique for diagnosing dissection of the aorta. Ad
equate visualization of the dissecting membrane re
quires the injection of contrast. 
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Fig. 2,50 g, h Left, TEE cross-sectional view of the 
descending aorta 25 cm from the incisors; right, 
computed tomography at the same level. i, j Left, 
cross-sectional view of the descending aorta 30 cm 
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from the incisors; right, computed tomography at the 
same level. k, I Left, cross-sectional view of the des
cending aorta about 50 cm from the incisors; right, 
computed tomography at the same level. 

h 

j 



a 

c 

Flow in the False Lumen 

Surgery for aortic dissection replaces the ascending 
aorta with a tubular Dacron prosthesis at the level of 
the proximal entry tear so that the aortic flow is devi-

Fig. 2.51 a-h. Flow in the false lumen after surgery, 
aortic dissection. Left, prior to surgery, color Doppler 
shows flow in the false lumen; right, after surgery the 
false lumen is reduced, and no flow can be detected 

ated into the true lumen. Persistence of false lumen is 
described in more than 90% of patients after surgery 
for of aortic dissection. If the false lumen extends to 
the descending aorta, the flow deviation causes oblit
eration of the distal dissection, provided that no distal 
entry is present. 

(arrows, color reverberations due to excessive "gain" 
of the Doppler signal). a, b Transverse view of the 
aortic arch. c, d Cross-sectional view of the descen
ding aorta 30 cm from the incisors. 

d 
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Fig. 2.51 e-h. Left, prior to surgery, color Doppler 
shows flow in the false lumen; right, after surgery the 
false lumen is reduced, and no flow can be detected 
(arrows, color reverberations due to excessive "gain" 
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of the Doppler signal). e, f Cross-sectional view of 
the descending aorta at 35 cm. g, h Cross-sectional 
view of the descending aorta at 40 cm. 

f 

h 
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Thrombus Formation 

Surgical deviation of aortic blood flow into the true 
lumen reduces blood flow velocity and allows throm
bus formation in the false lumen. Obliteration of the 
false lumen by thrombus formation can be regarded 
as a favorable prognostic sign. 

Fig. 2.52a-d. Thrombus formation in the false lumen 
after surgery, aortic dissection. The ascending aorta 
was replaced by a conduit that deviated the aortic 
flow into the true lumen. Left, immediately after sur
gery; right, 1 week after surgery the false lumen was 

partially occluded by thrombus formation (arrows). 
a, b Transverse view of the proximal tract of the de
scending aorta immediately distal to the aortic arch. 
c, d Transverse view of the descending aorta. 

b 

d 
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Reentry 

TEE allows visualization of flow communication be
tween true and false lumen (entry). The persistence 
of flow in the false lumen after surgical repair of 
proximal entry in the ascending aorta may be due to a 
communication located distally in the descending 
aorta (reentry). 
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Valved Conduit 

Surgical therapy of aortic dissection replaces the as
cending aorta and/or the arch with or without the re-

Fig. 2.54a-1. Valved conduit, aortic dissection. The 
patient underwent replacement of the aortic valve and 
ascending aorta with a valved Dacron conduit. a, b 
Transverse (left) and longitudinal (right) views of the 

Fig. 2.53 a-f. Reentry, aortic dissection. The patient 
underwent replacement of the ascending aorta with a 
valved conduit. A reentry with antegrade flow was 
found in the distal descending aorta 38-40 cm from 
the incisors. a Transverse view of the aortic arch just 
distal to the anastomosis. Turbulent flow in the true 
lumen (TL); absence of flow in the false lumen (FL). 
b Cross-sectional view of the descending aorta at 30 

implantation of the coronary arteries and brachioce
phalic vessels. The diseased segment of the aorta is 
replaced by a woven Dacron valved conduit that de
viates the left ventricular ejection flow into the true 
lumen. 

conduit (arrow) at the level of the aortic arch. c, d 
Same frames as above, with color Doppler showing 
the flow in the prosthesis. 

cm. Color Doppler shows flow in the true lumen and 
absence of flow in the false lumen. c Cross-sectional 
view of the descending aorta at 35 cm. Absence of 
flow in the false lumen. d, e Cross-sectional view of 
the descending aorta at 38 and 40 cm. Arrows, a re
entry into the false lumen. f Cross-sectional view of 
the descending aorta at 43 cm. Presence of antegrade 
flow in the false lumen. 

Aortic Dissection 89 



e 

g 

Fig. 2.54 e, f Transverse (left) and longitudinal 
(right) views of the conduit (arrow) at the level of the 
proximal descending branch of the aortic arch (depth, 
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26 cm). g, h Same frames as above, with color Dopp
ler. 

f 

h 



Fig. 2.54 i, j Transverse (left) and longitudinal (right) 
views of the distal end of the conduit at the level of 

the proximal descending aortic arch. k, I Same fra
mes with color Doppler. 

j 
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Cardiac Tumors 

Intracardiac masses can be diagnosed and localized 
accurately by TEE. Benign tumors appear as 
pedunculated masses within the atria. Atrial my
xomas are the most frequent finding. Malignant tu
mors may infiltrate the free walls of the ventricles. 
Tumor location and attachment and the visualization 
of the myocardial wall are important additional fac
tors in the diagnosis of diverse tumor types. 
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Myxoma 

Atrial myxomas are the most common tumors of the 
heart. The left atrium is the most frequent localiza
tion (75%). Right atrial myxomas are rare, and only 
occasional reports describe ventricular localization. 
Myxomas are generally pecunculated masses, at
tached to the area of the fossa ovalis. Clinical symp
toms include systemic or pulmonary embolization 
and signs of mechanical obstruction to the left ven
tricular diastolic filling. 



Fig. 2.55a-d. Myxoma of the left atrium. a-c Trans
esophageal four-chamber view. This sequence shows 
a pedunculated ovoid mass within the left atrium, 
protruding into the left ventricle in diastole. The tu-

mor insertion could not be visualized by this imaging 
view. d Color Doppler. The tumor prolapses into the 
left ventricle through the mitral valve orifice, causing 
"functional" mitral stenosis (turbulent flow). 
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Fig. 2.S6a:-d. Myxoma of the left atrium. a-c LV-LA 
long-axis view. This sequence shows the tumor prot
ruding into the left ventricle in diastole. The tumor 
attachment is localized at the posterior wall of the 
left atrium, close to the mitral valve annulus. d Color 
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Doppler. The tumor prolapses into the left ventricle 
through the mitral valve orifice, causing obstruction 
to the diastolic filling of left ventricle (turbulent 
flow). 

b 

d 



a 
Fig. 2.57 a, b. Right atrial myxoma, two-dimensional 
TEE. a Arrow, an ovoid mass within the right atrium 
consistent with myxoma. b Caval-atrial septal long-

axis view. This longitudinal view shows the localiza
tion of the tumor insertion close to the orifice of the 
inferior vena cava. 

b 
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Hemangioma 

Hemangiomas are extremely rare benign vascular tu
mors of the heart. They may be localized in any part 
of the heart. Surgical removal may be difficult or im
possible if massive infIltration of cardiac wall occurs. 
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Fig. 2.58a-f. Cardiac hemangioma. a Four-chamber 
view. A large extracardiac mass (n compresses the 
left atrium and the left ventricle. The atrial «) and 
the ventricular septum (*) appear thickened by infil
tration. b Magnification of the left atrium. The ar
rows indicate the tumor compressing the left atrial 
wall. c The tumor can be visualized by rotating the 

transducer posteriorly. The tumor shows a cavernous 
appearance. d, e Transgastric short-axis views. 
Arrow, thrombus. It was not possible to remove the 
tumor because a large portion of the posterior wall 
and right ventricle were infiltrated. f Intraoperative 
view. Histological examination revealed a cavernous 
hemangioma. 

b 

d 

f 
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Sarcoma 

Sarcoma is the most common type of malignant tu
mor of the heart. It may proliferate intracavitarily or 
infiltrate the myocardial walls. Surgical removal is 
usually impossible. Pericardial invasion of the tumor 
produces pericardial effusion and tamponade. 

Fig. 2.59 a-d. Cardiac sarcoma. a Four-chamber 
view shows a large mass occupying the right atrium 
and right ventricle. The abnormal thickening of the 
right ventricular wall (arrows) and ~he pericardial ef
fusion are signs suggesting malignancy. Histological 
examination revealed a neurogenic sarcoma. b After 
the extirpation of the . tumor incomplete systolic clo-
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sure of the tricuspid valve occurred (arrows) . Right 
atrium and ventricle are dilated. c Color Doppler 
shows severe tricuspid regurgitation. No surgical 
repair of the tricuspid valve was performed. d Trans
thoracic echocardiography. After 2 weeks the right 
atrium and right ventricle were reduced, and the 
tricuspid valve closed properly (arrow). 

b 

d 



Extracardiac Tumors 

Tumors originating elsewhere may invade the heart 
by infiltrating the walls, compressing the cavities or 

Fig.2.60a-d. Extracardiac tumor, renal tumor pro
truding into the right atrium. a Transversal four-cham
ber view. Arrow, the extremity of the renal tumor 
protruding in the right atrium. b Longitudinal 
caval-atrial septal view shows the provenience of the 

invading the cardiac chambers. Tumors of the kidney 
may invade the inferior vena cava and grow until pro
truding into the right atrium. A combined abdominal 
and thoracic surgical approach is necessary to re
move the tumor. 

finger like structure (tumor) from the inferior vena 
cava (lVC). c, d Transversal (D and longitudinal (L) 
views after the extirpation of the tumor. Note: the tu
mor was removed by laparotomy in conjunction with 
thoracotomy and extracorporeal circulation. 

b 

d 
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Left Ventricular Aneurysm 

Left ventricular aneurysm may occur in patients with 
coronary heart disease as a complication of transmu
ral myocardial infarction. Rupture of the heart may 
arise acutely with cardiac tamponade and sudden 
death, or develop chronically, resulting in a "false" 
aneurysm. 

Fig. 2.61 a-d. Left ventricular aneurysm. The patient 
had a large aneurysm involving the anterior wall of 
the left ventricle, the apex, and the apical portion of 
the ventricular septum. a, b Four-chamber view. Ar-
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Aneurysm 

Diagnosing and quantifying the extent of aneurysma
tic enlargement of the heart can be accomplished eas
ily by two-dimensional TEE. Three-dimensional 
imaging of the myocardial wall may add further use
ful information on the extent and function of the an
eurysm. 

rows, aneurysmatic dilatation of the apex and apical 
portion of the ventricular septum. c, d Corresponding 
longitudinal views. Arrows, aneurysm of the anterior 
wall. a, c Diastole. b, d Systole. 

b 

d 



a 
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Pseudoaneurysm 

Rupture of the heart and the formation of a "false an
eurysm" of the heart is life threatening and may lead 
to sudden death. 

Fig. 2.62 a-d. Pseudoaneurysm, left ventricular 
aneurysm with rupture. a Four-chamber view. 
Arrows, a large echo dropout of the posterolateral 
wall of the left ventricle. This was in communication 
with a large false aneurysm (AN) of the left ventricle. 

b Intraoperative view of the pseudoaneurysm. Border 
between fibrotic tissue and viable myocardium. c 
Four-chamber view after the resection of the 
aneurysm and closure of the defect with a patch. Ar
rows, patch. d Intraoperative view of the patch. 

b 

d 
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Cardiomyopathies 

Cardiomyopathies are diseases affecting primarily 
the myocardium. The functional classification, based 
on the pathophysiological abnormality, includes three 
forms: dilated, hypertrophic, and restrictive. 
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Dilated Cardiomyopathy 

Dilated (or congestive) cardiomyopathy is character
ized by dilatation of cardiac chambers and poorly 
contracting left ventricle. The clinical manifestations 
of this disease are symptoms of congestive heart fail
ure. 



Fig. 2.63 a-f. Dilated cardiomyopathy. a, b Four
chamber views show massive dilatation of the left 
ventricle. Left ventricular function is highly impaired 
(left, diastole; right, systole). c, d Transgastric views 
of left ventricle. The transverse (c) and the 
corresponding longitudinal (d) views show dilatation 
of the left ventricle. Arrows, mitral subvalvular appa
ratus. e Transgastric short-axis view, two-dimension-

d 

-====== 

------~--------------------~ f 
al echocardiography. The transverse section of the 
left ventricle shows poor changes in the systodiastol
ic cross-sectional area. f Transgastric short-axis view, 
M-mode echocardiography. Fractional shortening of 
left ventricular transverse diameter is extremely redu
ced. EDD, End-diastolic diameter; ESD, end-systolic 
diameter; FS, fractional shortening; EF, ejection 
fraction. 
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Hypertrophic Obstructive Cardiomyopathy 

Hypertophic obstructive cardiomyopathy is charac
terized by marked myocardial hypertrophy of un
known cause. The hypertrophy involves especially 

Fig. 2.64a, b. Hypertophic obstructive cardiomyopa
thy. a Two-dimensional TEE, LVOT view. Arrow, 
asymmetrical hypertrophy of the ventricular septum. 
b Color Doppler shows the obstruction to the left 
ventricular outflow. Turbulent flow (mosaic) in the 
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the upper part of the interventricular septum. This 
"asymmetrical" septal hypertrophy may cause ob
struction to the left ventricular outflow. Hypertrophic 
cardiomyopathy may occur with or without obstruc
tion. 

LVOT beyond the obstruction. c, d After septal myo
tomy no obstruction to the left outflow can be 
observed. Color Doppler shows normal systolic ejec
tion flow (red) in the LVOT. 

b 

d 



a 
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Restrictive Cardiomyopathy 

Restrictive cardiomyopathy is characterized by mar
ked myocardial thickening due to interstitial infiltra
tion. The left and the right ventricular cavities are 

Fig.2.65a-d. Restrictive cardiomyopathy in a pa
tient with cardiac amyloidosis. Transthoracic echocar
diography. a Parasternal long-axis view. b Parasternal 
short-axis view. The myocardial wall is thickened 
and shows the typical increased refractility known as 
"granular sparkling." c Four-chamber view. The 
thickening of the right ventricular wall is evident. d 

usually small. The hallmark of restnctIve card
iomyopathy is diastolic dysfunction. The myocardial 
thickening makes the heart incapable of receiving an 
adequate filling volume to maintain sufficient cardiac 
output. 

M-mode shows the global thickening of the myocar
dial walls, including the posterior wall (PW), ventri
cular septum (VS), and right ventricular wall (RVW). 
(From De Simone R et al. (1989) Echocardiographic 
features of cardiac amyloidosis. Cardiovascular Ima
ging 1(4):61-64). 

b 

d 
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Pericardial Effusion 

Pericardial effusion is one of the most frequent com
plications following cardiac surgery. Echocardiogra
phy is very useful for detecting pericardial effusion 
and the signs of tamponade, such as compression of 
the right atrium and diastolic collapse of the right 
ventricle. The following figures show various degrees 
of pericardial effusion after cardiac surgery. The vol
ume of the pericardial effusion is not predictive of 
the occurrence of cardiac tamponade. 
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Fig.2.66a, b. Pericardial effusion, transthoracic 
echocardiography. a Parasternal long-axis view. Peri
cardial effusion (PE) surrounding the entire heart. No 
compression of the right atrium or diastolic collapse 
of the right ventricle is present. b Parasternal short
axis view. Same patient as in a. 

a 

b 



a 

c 

a 

Fig. 2.67 a-d. Cardiac tamponade. Transthoracic 
echocardiography. a Parasternal long-axis view. Peri
cardia! effusion (PE) surrounding the heart. The wall 
of the left atrium shows diastolic compression 
(arrow). b Four-chamber view. Pericardial effusion 
(PE) and atrial compression (arrow). c Four-chamber 

Fig. 2.68a, b. Cardiac tamponade, TEE. Four-cham
ber view shows a pericardial effusion (PE) posterior 
to the right atrium. a Systole. b Diastole. Arrow (b), 

view shows a large pericardial effusion (PE) which 
compresses the left ventricle. d Parasternal long-axis 
view. Very large pericardial effusion posterior to the 
heart without signs of cardiac tamponade. Note: the 
volume of the pericardial effusion is not predictive of 
the occurrence of cardiac tamponade. 

diastolic compression of the right atrium, a sign of 
cardiac tamponade. 

b 

d 

b 



3 Congenital Heart Disease 
Conventional transthoracic echocardiography is a well-established technique that 
provides high-quality images for the diagnosis and management of congenital heart 
disease. Despite the rapid expansion of indications for TEE in adult patients, the use 
of TEE in pediatric patients is still limited. TEE in children with congenital heart 
disease has a number of limitations: (a) it cannot be performed without deep seda
tion; (b) the images produced by pediatric TEE probes are of lesser quality than 
those for adults since the transducers contain fewer elements; (c) the great arteries 
of the heart are poorly visualized due to the interposition of the left main bronchus 
between the esophagus and the heart; and (d) the probes for small children lack 
biplanar or multi planar transducers. 

Nevertheless, TEE does provide additional information. The structures that can 
be optimally visualized by TEE are the atrial cavities, atrial septum, atrioventricular 
valves, and LVOT. The RVOT and ascending aorta can be studied by biplanar TEE. 



Atrial Septal Defects 

The diagnosis of atrial septal defect (ASD) can easily 
be obtained by conventional transthoracic echocardi
ography. An increasing number of patients with ASD 
are referred to surgery without angiography. 

110 Atrial Septal Defects 

Fig. 3.1 a, b. ASD, conventional transthoracic echo
cardiography, subcostal four-chamber view. a A large 
echo dropout (arrow) of the superior portion of the 
atrial septum. b Left-to-right shunt (red) across the 
defect. 

a 

b 



a 

c 

Patent Foramen Ovale 

Patent foramen ovale is due to incomplete fusion of 
the membrane of the fossa ovalis. The defect can be 
diagnosed in adult asymptomatic patients. 

Fig. 3.2a-d. Patent foramen ovale. a Two-dimension
al TEE, four-chamber view. The ASD cannot be vi
sualized. b Caval-atrial septal long-axis view. Arrow, 
ASD. c Incomplete closure of the valve of the fossa 

ovalis. Arrow, floating membrane of the fossa ovalis. 
d Color Doppler shows the left-to-right shunt across 
the defect. 

b 

d 
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Ostium Secundum ASD 

Ostium secundum defect consists of a tissue deficien
cy of the middle portion of the atrial septum between 
the orifices of the superior and inferior venae cavae. 

a b 

c d 

e f 
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Bidirectional Shunt 

In ASD the shunt flow across the defect is directed 
mainly from the left to the right atrium. Bidirectional 
shunt or shunt inversion can be observed in patients 
with pulmonary valve obstruction or high pulmonary 
vascular resistances. 

Fig. 3.4a-d. Bidirectional shunt across the ASD in a 
patient with single ventricle and double outlet right 
ventricle. a Two-dimensional TEE shows the ASD 
(arrow). b Left-to-right shunt (blue) across the de-

Fig. 3.3a-f. Secundum ASD. Two-dimensional TEE 
shows an echo dropout (arrows) of the superior por
tion of atrial septum (left). Color Doppler shows a 
left-to-right shunt (blue) across the defect (right). a, 

fect. c Right-to-Ieft shunt (red). d M-mode color 
Doppler. The M-mode line placed across the ASD 
shows a bidirectional shunt (blue, left-to-right shunt; 
red, right-to-Ieft shunt). 

b Transversal four-chamber view. c, d Caval-atrial 
septal long-axis view. e, f After repair. Arrow, patch. 
able residual shunt flow. Transversal four-chamber 
view (e) and caval-atrial septal long-axis view (f). 

b 

d 
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Echocontrastography 

Venous injection of contrast can improve the value of 
echocardiography for the diagnosis of ASD. A left
to-right shunt appears as a wash-out of the contrast 
injected in the right atrium; a right-to-left shunt can 
be diagnosed by the direct visualization of contrast 
passage from right to left chambers. 
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Fig.3.Sa-c. Contrast echocardiography, secundum 
ASD. a Two-dimensional TEE shows a large ASD. b 
Contrast echocardiography. Agitated human albumin 
diluted with blood was injected in the right atrium. 
The left-to-right shunt appears as a negative contrast 
effect (outlined in c). 

a 

b 

c 



Multiple Defects 

Multiple tissue defects of the atrial septum are ob
served more commonly in patients with primum 
ASD. The clinical relevance of these defects depends 
on the magnitude of the shunt flow. 

Fig.3.6a, b. Multiple ASD. a Arrows, two echo 
dropouts in the atrial septum. b Color flow Doppler 
shows two low-velocity flows shunt across the defects. 

a 

b 
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Ostium Primum ASD 

Ostium primum ASD is characterized by the absence 
of the lower part of atrial septum. It is often associat
ed with a defect of the anterior mitral leaflet (cleft). 
Both atrioventricular valves are inserted at the crest 
of the ventricular septum. The two atrioventricular 
valves have two distinct annuli. 

Fig. 3.9a, b. Ostium primum ASD. After surgical re
pair. a Two-dimensional TEE. Arrow, atrial patch. 
The "cleft" of the anterior mitral leaflet was repaired 
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Fig. 3.7. Ostium primum ASD, two-dimensional 
TEE, four-chamber view. Defect of the lower portion 
of the atrial septum. 

by single sutures. b Color Doppler shows the absence 
of shunt and the competence of the mitral valve in 
systole. 



a 

c 

a 

Fig.3.8a, d. Ostium primum ASD, flow across the 
defect; same patient as in Fig. 3.7. a Color Doppler. 
Left-to-right shunt across the ASD (arrows). Color 
Doppler shows a diastolic flow (blue) directed from 
the left to the right atrium and to the right ventricle 

through the tricuspid valve. b-d In systole the color 
Doppler signal of the shunt turns into a turbulent 
high-velocity jet (mosaic). This represents the flow 
from left ventricle to right atrium through the "cleft" 
of the anterior mitral leaflet. 

b 

d 

b 
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Sinus Venosus ASD 

Sinus venosus ASD is a deficiency of the portion of 
the atrial septum located posterior to the foramen 
ovalis just beneath the orifice of superior vena cava. 

Fig. 3.10a-d. Sinus venosus ASD. a Two-dimension
al TEE, four-chamber view. Echo dropout of the up
per portion of atrial septum close to the entry of the 
superior vena cava (upper arrow). The patient also 
had an associated anomalous connections of the pul
monary veins. A dilated coronary sinus (lower arrow) 
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drained into the right atrium. b Color Doppler flow. 
Flow across the defect (upper arrow) and coronary 
sinus (lower arrow). c, d Two-dimensional and color 
Doppler TEE, basal short-axis view. Arrows, sinus 
venosus ASD. Asterisks, cross-sectional view of the 
dilated coronary sinus. 

b 

d 



a 
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Atrial Septal Aneurysm 

Aneurysm of the atrial septum is an occasional echo
cardiographic finding in asymptomatic patients. Pa
tent foramen ovale and recurrent systemic embolism 
are often associated with this anomaly. The clinical 
relevance of this finding is still controversial. 

Fig. 3.11 a---d. Atrial septal aneurysm, two-dimension
al TEE. This sequence shows the bulging of the atrial 
septum (arrow) throughout the cardiac cycle. 

b 

d 
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Cor Triatriatum 

In cor triatriatum an abnormal muscular membrane 
divides the left atrium into a posterosuperior cham
ber, which drains the pulmonary veins, and an antero
inferior chamber, leading to the mitral valve. The de
gree of obstruction to pulmonary venous return varies 
depending on the size of the orifice from the upper to 
the lower chamber. 

Fig.3.12a-c. Cor triatriatum. a Two-dimensional 
TEE. Arrow, a very small ASD. A membrane (M) di
vides the left atrium into two chambers. b Color 
Doppler shows a high-velocity jet directed from the 
upper chamber of the left atrium toward the right atri
um. c After surgical correction. The membrane was 
resected and the defect closed by single sutures. 
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Atrioventricular Septal Defects 

One of the most profitable applications of intraopera
tive TEE is evaluating the anatomy and function of 
the atrioventricular valves during repair of atrioven
tricular septal defects (AVSD). Surgical correction 
closes the ASD and ventricular septal defect (VSD) 
with a patch and reconstructs the atrioventricular val
ve. Two-dimensional echocardiography allows the 
study of leaflet motion before and after valve recon
struction. Residual shunts and valve regurgitation can 
be detected by color Doppler flow imaging. Two 
forms can be distinguished: partial, or ostium pri
mum ASD, and complete AVSD. Three anatomic ty
pes of complete AVSD can be distinguished accord
ing to the morphology of the atrioventricular valve: 
type A, type B, type C. 

Partial AVSD 

Partial AVSD is characterized by the absence of the 
lower part of the atrial septum, associated with a de
fect of the anterior mitral leaflet (cleft). Both atrio
ventricular valves are inserted at the crest of the ven
tricular septum. The two atrioventricular valves have 
two distinct annuli. (See "Ostium Primum ASD"). 

Fig. 3.13. Partial AVSD, two-dimensional TEE, four
chamber view. Defect of the lower portion of the atri
al septum. The insertion of both right and left atrio
ventricular valves is to the crest of the ventricular 
septum (arrow). There is no VSD. 
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Fig. 3.14 a-d. Partial AVSD. a Two-dimensional 
TEE, four-chamber view, shows a dilated right ven
tricle. b Color Doppler shows the diastolic flow 
across the mitral and tricuspid valves, and the left-to
right shunt across the ASD. c Color Doppler shows 
the flow (blue) directed from left to right atrium and 
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to the right ventricle through the tricuspid valve in 
diastole. d In systole the color Doppler signal of the 
shunt turns into turbulent high-velocity jet (mosaic). 
This represents the flow from left ventricle to right 
atrium through the "cleft" of the anterior mitral 
leaflet. 

b 

d 



a 
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Fig.3.15a, b. Partial AVSD. "Cleft" of the mitral 
valve. Color Doppler shows a regurgitant jet (red) 
originating from the cleft of the anterior mitral 
leaflet. 

Fig.3.16a, b. Partial AVSD. After surgical repair; 
same patient as in Fig. 3.15. a Arrow, atrial patch. 
Color Doppler shows the absence of atrial shunt. b 

The cleft of the anterior mitral leaflet was closed by 
single sutures. Color Doppler shows the competence 
of the mitral valve in systole. 

b 

b 
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Complete AVSD 

Complete AVSD is characterized by absence of the 
lower portion of the atrial septum and upper portion 
of the ventricular septum. Between the atria and the 
ventricles there is a common atrioventricular valve. 
Rastelli's classification is based on the configuration 
of the anterior leaflet and on the location of right-sid
ed chordal insertions for the anterior leaflet. In type 
A the anterior bridging leaflet is divided into mitral 
and tricuspid portions and is attached by short cords 
to the crest of the interventricular septum. In type B 
the anterior leaflet is attached to an anomalous ante
rior papillary muscle adjacent to the septum in the 
right ventricle. In type C the anterior leaflet is at
tached to the anterior papillary muscle, at the right 
ventricular free wall. The membranous septum is pre
sent in type A and is absent in types Band C. 
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Fig. 3.17. Complete AVSD, two-dimensional TEE, 
four-chamber view. Defects of the lower portion of 
the atrial septum (ASD) and of the upper portion of 
the ventricular septum (VSD). A common atrioven
tricular valve divides the atria from the ventricles. 



Type A 

In AVSD type A the anterior bridging leaflet is divid
ed into mitral and tricuspid portions and is attached 
by short cords to the crest of the interventricular sep
tum. 

Fig.3.18a- c. Complete AVSD, type A. a Two-di
mensional TEE, four-chamber view. Large defect of 
the lower portion of the atrial septum. Arrow, a small 
defect of the upper portion of the interventricular 
septum. Short chordae from the anterior leaflet are 
attached to the crest of the interventricular septum. b 
Color Doppler shows two small regurgitant jets aris
ing from the mitral portion (M) of the common 
atrioventricular. valve and from the commissure adja
cent to the tricuspid portion of the valve (T) . The col
or Doppler signal (blue) represents the left-to-right 
shunt across the ASD. c The arrow shows the left-to
right shunt across the small VSD. 
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Fig.3.19a-d. Complete AVSD, after repair; same 
patient as in Fig. 3.18. a Two-dimensional TEE 
shows repair of the ASD and VSD. Arrow, small 
echo dropout in the ventricular septum. b Color 
Doppler shows a small residual flow across the VSD. 
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C, d Color Doppler shows the competence of the two 
atrioventricular valves. A small jet directed posterior
ly can be observed in the left atrium. C Transversal 
view. d Longitudinal view. 

b 

d 
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TypeB 

In AVSD type B the anterior leaflet is attached to an 
anomalous anterior papillary muscle adjacent to the 
septum in the right ventricle. The membranous sep
tum is absent. 

Fig. 3.20a-<l. Complete AVSD, type B. a, b Two-di
mensional TEE, four-chamber view. Large ASD and 
VSD. The chordae of the anterior bridging leaflet 

(arrow) are attached onto the right side of the 
ventricular septum. a Systole. b Diastole. c, d Detail 
showing the attachment of the chordae to the septum. 

b 

d 
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Fig.3.21a-d. Complete AVSD, type B. a Color 
Doppler shows the shunt across the VSD. b Increased 
diastolic flow across the tricuspid orifice can be ob
served due to the confluence of the left-to-right shunt 
through the ASD and the systemic venous return. c, d 
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Color Doppler shows the incompetence of the atrio
ventricular valve. Two regurgitant jets originate from 
the mitral (c) and tricuspidal (d) portions of the val
ve, respectively. 

b 

d 



a 
Fig. 3.22a,b. Complete AVSD, after repair; same pa
tient as in Fig. 3.21. a Two-dimensional TEE shows 
repair of the ASD and VSD. Arrows, position of the 

atrial and ventricular patches. b Color Doppler shows 
the absence of valve insufficiency and of a residual 
shunt. 

b 
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TypeC 

In this of AVSD the anterior leaflet is attached to the 
anterior papillary muscle, at the right ventricular free 
wall. The membranous septum is absent. 

Fig. 3.23a-<l. Complete AVSD, type C. a, b Two-di
mensional TEE, four-chamber view. Large ASD and 
VSD. The anterior bridging leaflet of the atrioventric
ular valve (arrow) straddles the large VSD and 
has a free-floating appearance. The chordae of the 
bridging leaflet are attached to an anomalous papil
lary muscle in the right ventricle. The right ventricle 
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is dilated and hypertrophied. An obstruction to the 
RVOT secondary to the infundibular hypertrophy is 
present (see Fig. 3.49). a Systole. b Diastole. c Color 
Doppler shows two shunts across the ASD and VSD. 
The common atrioventricular valve shows no regurgi
tation. d The same frame as in c, without the color 
Doppler signal. 

b 

d 



3 

Fig. 3.243, b. Complete AVSD, after repair. Same 
patient as in Fig. 3.23. 3 Two-dimensional TEE, four
chamber view. Arrows, position of the patches. The 
ventricular patch has been attached to the right side 

of the ventricular septum. b Color Doppler shows the 
absence of left-to-right shunts. A small regurgitant jet 
originating from the mitral portion of the valve is di
rected posteriorly into the left atrium. 

b 
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Ventricular Septal Defects 

Two-dimensional echocardiography allows assess
ment of the dimension and location of VSD. Color 
Doppler flow imaging permits detection of the shunt 
and assessment of the flow direction. 

Fig. 3.25a-d. Perimembranous VSD. a Two-dimen
sional TEE. Arrow, defect of the membranous por
tion of the ventricular septum. b Color flow Doppler 
shows a large left-to-right shunt. Turbulent flow (mo
saic) in the right ventricle originating from the de
fect. Normal (aliased) systolic ejection flow is dis-
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played in the left outflow tract (red + blue). c, d Two
dimensional and color Doppler echocardiography af
ter the closure of the defect with a patch. No residual 
shunt was present after the repair. (T, TR, Tricuspid 
valve). 

b 

d 



a 

Fig. 3.26a, b. VSD and double outlet right ventricle, 
preoperative transthoracic echocardiography. Large 
VSD including the membranous and a large portion 
of the muscular ventricular septum. a Parasternal 

long-axis view. Arrow, large defect of the upper por
tion of the ventricular septum. b Parasternal short
axis view of the same patient. Arrow, VSD. 

b 
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Fig. 3.27 a-d. VSD; same patient as in Fig. 3.26. In
traoperative TEE shows a very large VSD, acting 
functionally as a single ventricle. Closure of the de
fect was not possible. A modified Fontan operation 
was performed. a Basal short-axis view shows a VSD 
immediately beneath the aortic valve. b Four-cham
ber view shows the absence of the membranous por-
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tion of the interventricular septum c Advancing the 
transducer more deeply into the esophagus, a much 
larger defect including a large portion of the muscu
lar septum can be visualized. d Color Doppler shows 
a bidirectional shunt with low velocity flow signal 
across the large defect. 

d 



a 

c 

e 

Fig. 3.28 a-f. VSD, shunt direction. A patient with 
VSD, double outlet left ventricle, and infundibular 
pulmonary stenosis. EpiCardial echocardiography, pa
rastemallong-axis equivalent view. a Large subaortic 
VSD. b The flow of the right-to-Ieft shunt through 
the defect is visualized as low velocity signal (blue). 

c, d Contrast echocardiography. Human albumin di
luted with blood was injected into the right atrium. 
The sequence shows that the contrast appears first in 
the right ventricle and is then directed into the left 
ventricle. e Arrows, flow direction of the contrast. f 
Ventricular patch after surgical closure of the defect. 

b 

d 

f 
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Single Ventricle 

Single ventricle is a rare heart anomaly in which both 
atria empty into a single ventricular chamber. The 
term double inlet ventricle is therefore more appro
priate. The two atria are connected to the single ven
tricle through two separate valves or through a com
mon atrioventricular valve. Most commonly the sin-
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gle ventricle is morphologically a left ventricular 
chamber with a rudimentary right outlet chamber. 
More rarely it is a right ventricular chamber with a 
rudimentary left outlet chamber. This anomaly is of
ten accompanied by malposition of the great arteries. 



a 

c 

Fig. 3.29a-d. Single ventricle with left transposition 
of the great arteries. a "Four" -chamber view shows a 
single ventricle (V) with two atria and two atrioven
tricular valves. b After surgery. A total cavopulmo
nary connection was performed. An intra-atrial tun-

nel (T) connected both superior and inferior venae 
cavae to the main pulmonary artery. An ASD was en
larged surgically. c, d Color flow and pulsed Doppler 
indicate that the flow through the ASD is directed 
from the left to the right atrium. 

b 
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Fig. 3.30a-c. Double inlet left ventricle. Dextrocar
dia with situs solitus, right transposition of the 
great arteries with a rudimentary right outlet cham
ber. a Two-dimensional TEE. "Four" -chamber view 
shows a single ventricle (LV). b Magnification of 
the atrioventricular valves. The tricuspid valve is 
dysplastic. c Detail of the rudimentary right ven
tricle (RV), in communication with the left chamber 

c through a restrictive foramen bulboventricularis. 
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Fig.3.31a-c. Double inlet left ventricle; same pa
tient as in Fig. 3.30. a, b Two-dimensional TEE, 
longitudinal view (intermediate view between RVOT 
long-axis and ascending aorta-atrial septum long-axis 
view), showing the single chamber and the atrioven
tricular valves in systole (a) and in diastole (b). The 
tricuspid valve is dysplastic. The pulmonary artery 
(PA) arises from the left ventricle. c Regurgitant jet 
across the tricuspid valve. Note: the standard TEE 
views cannot be used in complex anomalies of the 
heart. 

Fig. 3.32 a, b. Double inlet left ventricle; same pa
tient as in Figs. 3.30, 3.31. a Two-dimensional TEE, 
longitudinal view. The aorta arises from the rudimen
tary outlet right chamber. b Turbulent systolic flow in 
the rudimentary right chamber. 

Single Ventricle 

a 

b 
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Tetralogy of Fallot 

The four characteristics of Fallot's tetralogy are: 
VSD, aortic root overriding the ventricular septum, 
obstruction to the right ventricular outflow, and right 
ventricular hypertrophy. Pulmonary valve stenosis 

Fig. 3.33 a-d. Tetralogy of Fallot. a Two-dimensional 
TEE, transversal four-chamber view, shows the VSD. 
b Color Doppler flow signal through the defect. c 
LVOT view shows the aortic root overriding the ven-
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and hypoplasia of the pulmonary arteries may coex
ist. Biplanar TEE provides unique visualization of 
the VSD and the RVOT. 

tricular septum. d Biplanar TEE, long-axis view of 
the LVOT. The aortic valve overrides the ventricular 
septum. 

b 

d 
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Fig. 3.34a-c. Tetralogy of Fallot, bidirectional shunt 
through the VSD; same patient as in Fig. 3.33. a 
Two-dimensional TEE,longitudinal view, shows the 
VSD just beneath the aortic root. b Right-to-Ieft 
shunt through the defect (red). Blue, aliasing. c Left
to-right shunt through the defect (blue). Red, alia
sing. 

Fig. 3.35 a, b. Tetralogy of Fallot, pulmonary steno
sis. a Two-dimensional TEE, longitudinal view, 
shows the VSD and the narrowing of the pulmonary 
valve (P). b Color Doppler. The normal ejection flow 
in the RVOT (red) turns into a turbulent flow in the 
pulmonary artery beyond the stenosis (mosaic). 

a 

b 
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Fig. 3.36a-d. Tetralogy of Fallot, after surgical cor
rection. a Two-dimensional TEE. Arrow, the patch 
that separates the two ventricles and deviates the left 
ventricular ejection flow into the overriding aorta. b 
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Color Doppler shows no residual shunt. c Two-di
mensional TEE. Arrow, patch. d Color Doppler 
shows normal flow in the pulmonary artery after 
commissurotomy of the pulmonary valve. 

b 

d 
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Double Outlet Right Ventricle 

The anomaly of double outlet right ventricle is char
acterized by a subaortic or subpulmonary VSD from 
which the two great arteries arise. More than 50% of 
both great arteries arise from the right ventricle, 

Fig. 3.37 a-d. Double outlet right ventricle. a Two
dimensional TEE, transversal four-chamber view, 
shows the VSD. b LVOT view shows the aorta over
riding the right ventricle. More than 50% of the aor-

whereas the main outlet from the left ventricle is the 
VSD. Pulmonary valve or infundibular stenosis is 
common, and the hemodynamics and symptoms are 
therefore similar to those in the tetralogy of Fallot. 

tic root arises from the right ventricle. c, d Bidirec
tional shunt through the VSD. c left-to-right shunt 
(mosaic) . d Right-to-Ieft shunt (red). 
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Fig. 3.38a, b. Double outlet right ventricle. Obstruc
tion to right ventricular outflow. Same patient as in 
Fig. 3.37. a Two-dimensional TEE, basal short-axis 
view shows the relationship between aorta and pul-
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monary artery. The diameter of the aorta is twice that 
of the pulmonary artery. b Turbulent pulmonary 
ejection flow due to the stenosis. 

b 



a 

c 

Fig. 3.39a-d. Double outlet right ventricle, after sur
gical repair. a-c Two-dimensional TEE, transversal 
four-chamber view, shows the position of the ventric-

ular patch (arrows) that deviates the left ventricular 
outflow into the aorta. d Color Doppler shows the 
flow in the LVOT and the absence of residual shunt. 

b 
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Dextrocardia 

Dextrocardia is characterized by malposition of the 
heart and cardiac apex. The cardiac apex is located in 
the right side of thorax. Two types of dextrocardia 
can be distinguished: that with situs solitus and that 

Fig. 3.40a-d. Dextrocardia with situs inversus, post
operative two-dimeNsional TEE. The patient under
went cardiac surgery for closure of a VSD. a, b Four
chamber view shows the position of cardiac cham
bers in diastole (a) and systole (b). The morphologi
cal left atrium and morphological left ventricle are to 
the patient 's right (left in the figure) . The morpholog
ical right atrium and morphological right ventricle 
are to the patient's left (right in the figure). c LVOT 
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with situs inversus. In dextrocardia with situs solitus 
the morphological left atrium is to the patient's left; 
in situs inversus it is to the right. 

view. Arrow, the patch that closes the defect. d Pul
sed-wave Doppler. Arrow, the sample volume placed 
in the LVOT. Right, Doppler curve shows laminar 
flow, demonstrating no obstruction to the left ventric
ular ejection. Note: dextrocardia with situs solitus 
and levocardia with situs inversus are associated with 
a characteristic curvature of the atrial septum, while 
dextrocardia with situs inversus does not show the 
characteristic curvature. 

b 

d 
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Fig. 3.41a-c. Dextrocardia with situs solitus. The pa
tient underwent cardiac surgery for closure of an 
ASD. a Chest roentgenogram shows the heart malpo
sition. The heart apex is located in the right side of 
thorax. b, c Two-dimensional TEE, four-chamber 
view, shows the position of cardiac chambers in 
diastole (b) and in systole (c). The morphological left 
atrium and morphological left ventricle are to the pa
tient's left (right in the figure). The morphological 
right atrium and morphological right ventricle are to 
the patient's right (left in the figure) . The cardiac 
apex (arrow) looks toward the right side (left in the 
figure). 

b c 
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Transposition of the Great Arteries 

In transposition of the great arteries (TGA) the aorta 
arises from the morphological right ventricle and the 
pulmonary artery from the morphological left ventri
cle, in the setting of a concordant atrioventricular 
connection. 
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Noncorrected TGA 

Noncorrected TGA is not compatible with life if no 
other associated septal defect is present. If untreated, 
about one-third of patients die within the first week 
of life. Generally TEE provides poor visualization of 
the great arteries of the heart. However, the great ar
teries can be imaged and their reciprocal relationship 
determined by withdrawing the transducer systemati
cally from the level of the four-chamber view toward 
the basis of the heart. 

b 

d 
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Fig. 3.42a-<l. TGA. a, b LVOT view shows that the 
pulmonary artery arises from the morphological left 
ventricle through the LVOT. c, d Basal short-axis 
view of the aorta and main pulmonary artery and the 
bifurcation. The aorta is markedly smaller than the 

Fig. 3.43a-c. TGA; same patient as in Fig. 3.42. In
traoperative TEE in a 3-day-old newborn. a, b Four
chamber view showing the normal position of the 
four chambers and the atrioventricular valves. Arrow, 
a large ASD achieved by rupturing the valve of the 
foramen ovale with a balloon catheter (Rashkind's 
procedure). c Color Doppler flow signal of the shunt 
through the defect. 

pUlmonary artery. RPA, Right pulmonary artery; LPA, 
left pulmonary artery. Note: the basal short-axis 
views are taken at different levels since the aorta and 
pulmonary artery could not be visualized in the same 
view. 
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Fig.3.44a-d. TGA, after arterial switch procedure; 
same patient as in Fig. 3.43. a Four-chamber view. 
Arrow, patch closure of the ASD caused by the Rash
kind's procedure. b Basal short-axis view shows the 
relative position of the great arteries after the switch 
procedure. c Color Doppler flow imaging shows tur
bulent flow in the aorta. d Normal position of the 
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great arteries, basal short-axis view. The aorta is vi
sualized to the patient's right (left in the figure) in its 
transversal section. The pulmonary artery and its bi
furcation are visualized to the patient's left. Note: the 
turbulent flow in the aorta was not associated with a 
significant pressure gradient. 

b 

d 



Congenitally Corrected TGA 

In congenitally corrected TGA the aorta arises from 
the morphological right ventricle and the pulmonary 
artery from the morphological left ventricle, in the 

Fig.3.45a-d. Congenitally corrected TGA. a Basal 
short-axis view of the great arteries. The aortic valve 
is anterior and to the patient's left (right in the fig
ure), the pulmonary artery is posterior and to the pa
tient's right (left in the figure). b Four-chamber view 
shows the atrioventricular discordance: the morpho
logical left ventricle and mitral valve are to the pa-

setting of a discordant atrioventricular connection. 
The anatomical left ventricle lies to the patient's right 
and connects the right atrium to a posterior and right
sided pulmonary artery. The anatomical right ventri
cle lies to the patient's left and connects the left atri
um to an anterior and left-sided aorta. 

tient's right. The morphological right ventricle and 
tricuspid valve are to the patient ' s left. An associated 
large VSD is present. c Color Doppler flow imaging 
of the bidirectional shunt through the defect. Note the 
low velocity signal of the ventricular shunt due to the 
absence of gradient between the two ventricles. d Af
ter surgical closure of the VSD. Arrow, the patch. 

b 

d 

Transposition of the Great Arteries 151 



Truncus Arteriosus 

Persistent truncus arteriosus is an anomaly in which a 
single vessel (truncus) arises from both ventricles 
through a VSD. Systemic, pulmonary and coronary 
circulation originate from the truncus, which is pro
vided with a common valve. Four types of truncus ar
teriosus may be distinguished according to the de
gree of blood flow to the lung. In type I, the common 
type, a rudimentary separate pulmonary trunk gives 
origin to the left and right pulmonary arteries. In type 
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II a separate pulmonary trunk is absent; the left and 
the right pulmonary arteries originate from the left 
side of the common trunk. In type III the left and 
right pulmonary arteries originate from the left and 
right side of the common trunk, respectively. In the 
so-called type IV the pulmonary arteries are com
pletely absent; the pulmonary circulation is supplied 
by systemic collateral arteries arising from the de
scending aorta. 



a 

c 

Fig.3.46a-d. Persistent truncus arteriosus, type I. 
The truncus arteriosus gives origin to the main pul
monary artery. a Four-chamber view shows the VSD. 
b By withdrawing the esophagoscope from the four
chamber view toward the basis of the heart, the trun-

cus root (T) and the valve (V) can be visualized. c 
Basal short-axis view. Arrow, communication be
tween the truncus and pulmonary artery. d Color 
Doppler shows the shunt flow from the truncus (T) to 
the pulmonary artery across the communication. 

b 
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a 
Fig. 3.47 a, b. Persistent truncus arteriosus, type I; 
same patient as in Fig. 3.46. a Four-chamber view 
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shows the VSD. b Color Doppler shows the shunt 
flow across the VSD. 

b 



a 
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Fig. 3.48 a-c. Persistent truncus arteriosus, after 
surgical repair. a Basal short-axis view. The truncus 
has been separated into systemic and pulmonary 
vessels. b Four-chamber view shows the position of 
the patch closing the VSD. c Color Doppler shows 
the absence of residual shunt flow across the ventri
cular septum. 

b 
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Congenital Pulmonary Stenosis 

Obstructions to pulmonary arterial flow may be lo
calized at the RVOT, the pulmonary valve, or the pul
monary artery and its peripheral branches. Pulmo
nary stenosis is frequently associated with other car
diac malformations. Valvular stenosis cannot always 
be visualized directly by monoplanar transverse TEE, 
but color Doppler can show the characteristics of 
poststenotic turbulent flow. Pulmonary valve and 
right ventricular infundibular obstructions can be 
clearly visualized by longitudinal views of biplanar 
TEE. Peripheral stenoses of pulmonary artery cannot 
be visualized by TEE. 
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Infundibular Stenosis 

Narrowing of the infundibulum of the right ventricle 
is often associated with other heart malformations 
that cause right ventricular hypertrophy. 

b 

d 
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Pulmonary Valve Stenosis 

Congenital stenosis of the pulmonary valve results 
from fusion of the valve commissures. Hypertrophy 
of the right ventricle and associated secondary ob
struction of the right ventricular infundibulum is of
ten observed in these patients. 

Fig.3.S0a-d. Pulmonary valve stenosis. a Two-di
mensional TEE, RVOT long-axis view, shows 
narrowing of the pulmonary valve (P). b Color 
Doppler shows turbulent poststenotic flow (mosaic) 
in the main pulmonary artery. c Two-dimensional 

Fig.3.49a-d. Infundibular stenosis, AVSD and ob
struction to the RVOT due to right ventricular hyper
trophy, same patient as in Fig. 3.23. a Longitudinal 
RVOT view shows hypertrophy of the right ventricle 
and narrowing of the infundibular tract. b Color 

TEE, four-chamber view, shows hypertrophy and 
dilatation of the right ventricle. d Color Doppler 
shows relative insufficiency of the tricuspid valve due 
to right ventricular dilatation. 

Doppler shows turbulent systolic flow in the RVOT. 
c, d After surgical repair. Longitudinal RVOT view 
shows enlargement of the RVOT after the infun
dibulectomy. No turbulent systolic flow is present in 
the RVOT. 

b 
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Fig. 3.51 a-d. Pulmonary valve stenosis, patent fora
men ovale; same patient as in Fig. 3.50. a, c Two-di
mensional TEE, RVOT long-axis view shows inc om-
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plete closure of the fossa ovalis. Color Doppler 
shows a bidirectional shunt. b Left-to-right shunt 
(blue). d Right-to-Ieft shunt (red). 

b 

d 



Banding of the Pulmonary Artery 

Banding of the pulmonary artery is aimed at prevent
ing the occurrence of pulmonary vascular obstructive 
disease in patients with left-to-right shunts. It repre
sents one of the most frequent obstructions to right 
outflow. Early correction of cyanotic heart diseases 
represents a new tendency in modem heart surgery. 

Fig. 3.52a, b. Banding of the pulmonary artery, pa
tient with AVSD. a Two-dimensional TEE, basal 
short-axis view. Arrows, narrowing of the main pul
monary artery due to banding. b Color Doppler 
shows turbulent systolic flow in the pulmonary bifur
cation beyond the banding. The patient underwent 
correction of the AVSD, enlargement of the RVOT 
and debanding of the pulmonary artery. LPA, Left 
pulmonary artery; RPA, right pulmonary artery. 

a 
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Congenital Aortic Stenosis 

Congenital aortic stenosis includes subvalvular ob
struction to left ventricular outflow, valvular stenosis, 
and narrowing of the supravalvular ascending aorta. 

Fig.3.S3a-d. Subvalvular aortic stenosis. a LVOT 
view. Arrow, fibromuscular membrane just beneath 
the aortic valve, obstructing left ventricular outflow. 
b Color Doppler. Left ventricular ejection flow (red) 
turns into turbulent high-velocity flow (mosaic) 
beyond the obstruction. c LVOT view. Systolic ante-
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Subvalvular Stenosis 

Subvalvular aortic stenoses are generally due to a 
membranous fibromuscular diaphragm obstructing 
the LVOT just beneath the aortic valve. 

rior movement of the anterior mitral leaflet (arrow) 
increases the degree of obstruction to left ventricular 
outflow. d Color Doppler shows a small mitral regur
gitant jet directed posteriorly, due to the systolic an
terior movement of the anterior mitral leaflet. 

b 

d 
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Aortic Valve Stenosis 

Various degrees of fusion of the aortic commissures 
can be observed in congenital stenosis of the aortic 
valve. These include the tricuspid, bicuspid, and uni
cuspid aortic valves. 

Fig. 3.55a, b. Aortic valve stenosis, congenitally bi
cuspid aortic valve. Two-dimensional TEE, transver
sal (n and longitudinal (L) basal views The "dom
ing" of the aortic cusps in systole (arrow) is a typical 
landmark of aortic valve stenosis. 

.. 
Fig. 3.54 a-c. Aortic valve stenosis. a Basal short
axis view, tricuspid aortic valve. Impaired systolic se
paration of the three aortic cusps. b Bicuspid aortic 
valve, impaired systolic separation of the two aortic 
leaflets. c LVOT view, unicuspid aortic valve. Arrow, 
a single aortic leaflet. 

a 
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Supravalvular Stenosis 

Three types of obstructions to the ascending aorta 
have been described: the hourglass, membranous, and 
tubular types. 

Fig. 3.56a-d. Supravalvular aortic stenosis. a Angiog
raphy of the aorta showing a tubular narrowing of 
the ascending aorta beginning just above the aortic 
sinuses, extending up to the transverse aortic arch. 
The internal diameter of the ascending aorta is nar
rowed to only 5-6 nun. A small right coronary artery 
arises from the narrowed portion and shows 70% 
ostial stenosis. b The left coronary system, arising 

162 Congenital Aortic Stenosis 

proximal to the narrowing, is enormously dilated and 
tortuous. The diameter of the left main coronary ar
tery is 9 nun. C, d Left ventricular angiography in 
diastole (left) and systole (right) shows left ventricu
lar hypertrophy. Note: the patient was 23 years old 
and asymptomatic. The diagnosis was made after a 
routine medical examination that revealed a systolic 
murmur. 



Fig. 3.57 a-f. Supravalvular aortic stenosis. a Basal 
short -axis view shows a dilated aortic root with dys
plastic aortic valve. A dilated left main coronary ar
tery (arrow) arises from the aorta, proximal to the 
obstruction. b Color Doppler shows normal systolic 
ejection flow in the aortic root, proximal to the nar
rowing. c, d The narrowing of ascending aorta (A) 

and the turbulent flow (mosaic) in the stenotic tract 
can be visualized by withdrawing the transducer 
farther toward the basis. e, f Basal short-axis view 
proximal to the obstruction shows enormous dilata
tion of the left main coronary artery (LMC) up to a 
diameter of 9 mm. 

b 
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Fig.3.S8a-c. Supravalvular aortic stenosis, intrao
perative view. a Arrow, tubular narrowing of the as-
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cending aorta. b, c Arrows, highly dilated and tor
tuous left coronary artery. 



Fig. 3.59a, b. Supravalvular aortic stenosis. a Trans
gastric short-axis view shows hypertrophy of left 
ventricle. b Pulsed-wave Doppler. The sample vol
ume is placed in the LVOT. The Doppler signal shows 
a delayed peak velocity of the left ventricular outflow 

a 

b 

occurring in late systole (arrows) . This characteristic 
"daggerlike" waveform of the Doppler signal can be 
observed in the obstructions to LVOT, as well as hy
pertrophic obstructive cardiomyopathy. 
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Coarctation of the Aorta 

Coarctation of the aorta is characterized by stenosis 
of the descending aorta, just distal to the left subclav
ian artery, close to the ductus arteriosus. TEE is use-
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ful for direct measurement of the descending aorta 
and assessment of the stenotic cross-sectional area. 
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Fig. 3.60a-f. Coarctation of the aorta. a, b Transgas
tric short-axis view shows left ventricular hypertro
phy, in diastole (left) and systole (right). c-f Trans
verse views of the descending aorta obtained by pro
gressively withdrawing the esophagoscope from the 
stomach toward the basis. The distance of the trans-

ducer from the incisors is shown in each frame. At 
40, 35, and 30 cm of depth the diameter of the des
cending aorta is 2, 2.1, and 2.2 cm, respectively. At 
25 cm from the incisors the diameter of the aorta was 
reduced to 1.4 cm, indicating the aortic coarctation 
(t'). 

b 
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Ebstein's Anomaly 

This heart malformation is characterized by down
ward displacement of the tricuspid valve into the 
right ventricle. The portion of right ventricle between 

the atrioventricular ring and the attachment of the tri
cuspid valve is "atrialized." The functional right ven
tricle is smaller than normal. 

Fig.3.61a-c. Ebstein's anomaly. a Transthoracic 
echocardiography. Downward displacement of the 
septal leaflet of the tricuspid valve (n and atrializa
tion of the right ventricle are evident. b, c TEE. Dis
placement of the tricuspidal valve, dilatation of the 
right atrium, and the presence of an ASD (arrow) 
can be visualized. Color Doppler shows a large tri-

c cuspid regurgitant jet (mosaic) in the right atrium. 
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Fig. 3.62a, b. Ebstein's anomaly, operative view. The 
intraoperative finding showed a dysplastic tricuspid 
valve, firmly adherent to fibrotic endocardium. A 
large atrialized portion of the right ventricle was in 
connection with a small functional right ventricle 
through a thick layer of fibrotic endocardium. a Ar
row, atrialized portion of the right ventricle covered 
by fibrotic endocardium. b After resection of the fi
brotic layer there comes into view the tricuspid valve 
(arrow) that was displaced into the right ventricle. 

Fig. 3.63a-c. Ebstein's anomaly; same patient as in 
Fig. 3.62. a Two-dimensional TEE, four-chamber 
view, shows the atrialized portion of the right ven
tricle (*). The tricuspid valve (arrows) was highly de
formed, firmly adherent to fibrotic endocardium, and 
displaced downward in the right ventricle. b Longitu
dinal view shows ASD and left-to-right shunt (blue). 

Arrow, tricuspid valve. c After surgical repair. The fi
brotic endocardium was resected and the atrialized 
portion plicated. A biological prosthetic valve (Han
cock) was implanted. Note: in Ebstein's anomaly the 
tricuspid annulus may be mistaken in echocardiogra
phy for normally positioned tricuspid leaflets. 

a 
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Fig. 3.64a-c. Ebstein's anomaly. The extent of tri
cuspid valve malformation in the Ebstein's anomaly 
varies widely, from minimal to severe. This patient 
shows a moderate form of Ebstein's anomaly with 
severe degree of tricuspid valve regurgitation. At 
surgical inspection the atrialized portion of the right 
ventricle could not be clearly identified. The septal 
leaflet was malformed. a, b Two-dimensional TEE, 
four-chamber view, shows that the attachment of the 
tricuspid valve leaflets is displaced at a level lower 
than the mitral valve. a Diastole. b Systole. c Color 
Doppler shows a regurgitant jet in the right atrium 

c directed along the atrial septum. 
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e 

Fig. 3.65 a-f. Ebstein's anomaly, bidirectional shunt 
at atrial level. a-c Color Doppler shows left-to-right 
shunt (blue) occurring during different phases of the 
diastole (1, 2, 3 on ECG). d Right-to-Ieft shunt (red) 
during the systole (4 on ECG). Arrow, systolic bulg-

ing ofthe atrial septum. e, f Color M-mode shows the 
direction of the atrial shunt throughout the heart cy
cle. The right-to-Ieft shunt (red) occurs only in systo
le. Note: the inversion of the shunt in systole is due 
to the tricuspid regurgitation. 

b 

d 

f 
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4 Other Application of TEE 

Since the introduction of echocardiography into the surgical theater is still fairly re
cent, many of its potential applications have not yet been investigated. This section 
describes new applications of TEE in heart surgery. The use of TEE in patients un
dergoing heart transplantation and in experimental heart surgery, such as in patients 
with dynamic cardiomyoplasty, has revealed new aspects of these diseases and con
tributed to their surgical treatment. 



a 

Left Ventricular Function 

TEE is widely used for intraoperative monitoring of 
global and regional left ventricular function during 
cardiac surgery. However, caution is necessary in as
sessing changes in left ventricular function before 
and after cardiopulmonary bypass because of the un
equal loading conditions and the interference of cat
echolamine administration. 

Fig. 4.1a, b. Transgastric short-axis view. This view 
is usually used for monitoring left ventricular func
tion. These panels show the contraction of a normal 
heart. Left, cross-sectional view of left ventricle in di-
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Transgastric View 

The trans gastric cross-sectional view of the left ven
tricle is particularly suitable for assessing global and 
regional left ventricular function. Diastolic and sys
tolic changes in the cross-sectional area of the left 
ventricle and the percent shortening of the area pro
vide an indirect index of ejection fraction. 

astole; right, in systole. Regional wall motion can 
also be assessed. PW, Posterior wall; LW, lateral 
wall; AW, anterior wall; IVS, interventricular septum. 

b 



M·Mode Echocardiography 

M-mode echocardiography allows highly accurate 
measurements of systolic and diastolic diameters of 
the left ventricle and of the changes in wall thickness 

during the cardiac cycle. Fractional shortening of the 
short diameter, measured at the level of the chordae 
tendineae, provides a simple and highly reproducible 
parameter for the assessment of left ventricular func
tion. 

a 

______ ......J .. 1IIIIIi b 

Fig. 4.2a, b. M-mode echocardiography, patient with 
dilated cardiomyopathy undergoing heart transplanta
tion. a Impaired fractional shortening (FS) of left 
ventricle prior to heart transplantation. b Normal 

fractional shortening of the left ventricle of the trans
planted heart immediately after weaning off cardio
pulmonary bypass. EDD, End-diastolic diameter; 
EDS, end-systolic diameter; EF, ejection fraction. 
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Diastolic Function 

Echocardiography provides only indirect parameters 
of diastolic function. Doppler curves of flow velocity 

a 

b 

Fig.4.3a, b. Assessment of diastolic ventricular 
function, pulsed Doppler at the level of the tip of an
terior mitral leaflet. An estimate of isovolumetric re
laxation time (fRI) can be measured from the end of 
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of diastolic fllling have been proposed for the study 
of diastolic function. Isovolumetric relaxation time 
can be calculated from the pulsed Doppler curve 
measured in a region between the inflow and the out
flow of the left ventricle. 

left ventricular outflow (arrow) to the beginning of 
left ventricular inflow. E, Early diastolic filling; A, 
atrial diastolic filling of left ventricle. 



Heart Transplantation 

The peculiar anatomic characteristics of the trans
planted heart and the function of the atrioventricular 
valves can be accurately visualized and investigated 
by TEE. 

Atrial Anatomy 

The anastomoses of donor and recipient portions of 
the atria create an "hourglass" configuration of the 
transplanted heart. The atria are enlarged, and the su
ture lines protrude into the atrial cavities. The distor
tion of the atrioventricular annulus may be due to the 
deformation of atrial geometry. 

Fig. 4.4a, b. Orthotopic heart transplantation, atrial 
anatomy. Two-dimensional TEE, four-chamber view. 
Arrows, anastomoses between recipient and donor 
portions of the atria. 

a 

b 
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Pseudoaneurysm of the Atrial Septum 

A cyclic bulging of the atrial septum has been 
described in orthotopic heart transplantation. The 
systolic bulging of the atrial septum toward the left 
atrium may be due to tricuspid valve regurgitation, 
which is a frequent occurrence in transplanted hearts. 

Fig.4.5a-d. Orthotopic heart transplantation, pseu
doaneurysm of the atrial septum. Two-dimensional 
TEE, four-chamber view. Magnification of the atria. 
The donor portion of the atrial septum shows phasic 
excursions during the cardiac cycle. a, bArrows, 
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bulging of the atrial septum toward the right atrium 
in diastole (left), and left atrium in systole (right). c, 
d Color Doppler in diastole (left) and in systole 
(right). 

b 

d 



Atrioventricular Valve Function 

Mitral and tricuspid valve incompetence is common 
in patients after orthotopic heart transplantation. The 
etiology of this phenomenon is still not clear. The 
major factors involved include distortion of atrioven
tricular annulus and deformation of atrial geometry. 

Fig. 4.6a, b. Orthotopic heart transplantation, atrio
ventricular valve function. Color Doppler TEE, four
chamber view. a Normal diastolic flow (blue) across 
the tricuspid and mitral valves. b Mitral and tricus
pidal regurgitant jets in the left and the right atria 
(mosaics). The etiology of atrioventricular valve in
competence of the transplanted heart is still contro
versial. Note: the tricuspidal regurgitant jet is direct
ed toward the atrial septum, which bulges into the 
left atrium in systole. 

a 

b 
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Tricuspid Valve Insufficiency 

Tricuspid valve regurgitation occurs in about 90% of 
transplanted hearts. Its etiology is still controversial. 
We have found the geometry of the right atrium to be 
correlated with the incidence and severity of tricuspid 
insufficiency. The degree of tricuspid regurgitation 
shows a significant correlation with the ratio between 
the area of the recipient portion (R) and the area of 
the donor portion (D) of the right atrium. Patients 
with a higher RID ratio show a greater degree of tri
cuspid regurgitation. 
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Fig. 4.7 a-c. Orthotopic heart transplantation, tricus
pid valve regurgitation and atrial geometry. a Tricus
pid valve regurgitation occurring immediately after 
cardiopulmonary bypass. b Arrows, anastomoses be
tween recipient and donor portions of the right atri
um. c Cross-sectional area of the recipient (R) and of 
the donor (D) portion of the right atrium, measured at 
the sites of the atrial anastomoses. 

a 

b 

c 



a 

c 

Fig. 4.8a-d. Orthotopic heart transplantation, tricus
pid valve regurgitation and atrial geometry. Patients 
with larger recipient portion of the right atrium show 
a greater degree of tricupid valve regurgitation. a, b 
This patient shows a large recipient portion of right 

atrium (RID ratio, 1.2). Left, arrows, sites of the atri
al anastomoses. Right, important tricuspid valve re
gurgitation Get area, 12.8 m2) . c, d This patient 
shows an almost insignificant RID ratio. No tricuspid 
regurgitation was found. 

b 

d 
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Mitral Valve Insufficiency 

Mitral valve regurgitation occurs in about 50% of 
transplanted hearts. The degree of regurgitation is not 
correlated with the RID ratio. 

Fig. 4.9 a-d. Orthotopic heart transplantation, mitral 
valve regurgitation and atrial geometry. Mitral valve 
regurgitation occurs in about 50% of transplanted 

. hearts. The degree of mitral regurgitation is not cor-
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related with the geometry of left atrium. Left, arrows, 
sites of the anastomoses. Right, corresponding de
grees of mitral valve regurgitation . 

b 

d 



a 

c 

Left Ventricular Inflow 

Obstruction to left ventricular diastolic flow is a rela
tively common complication of heart transplantation. 

Fig.4.10a-d. Orthotopic heart transplantation, left 
ventricular inflow. Protrusion of the atrial anastomo
sis into the left atrium may hinder the diastolic flow 
through the mitral valve. a, b Left, color Doppler 
shows normal diastolic flow across the suture sites 
(arrows) in the left atrium; right, pulsed-wave Dopp
ler shows a normal diastolic flow pattern. E, Early di-

astolic filling; A, late diastolic filling. c, d Left, color 
Doppler shows turbulent diastolic flow across the mi
tral valve; right, pulsed-wave Doppler at the level of 
the mitral valve. The tracing shows delayed decay of 
the early diastolic flow velocity (arrow), a typical 
pattern of obstruction to ventricular diastolic filling. 

b 

d 
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Acute Rejection 

Two-dimensional echocardiography has been pro
posed as a potential noninvasive diagnostic technique 
for recognizing acute cardiac rejection. The acute 
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phase of heart transplant rejection is characterized by 
interstitial edema, which increases the refractility of 
myocardial walls. Heart transplant rejection can be 
recognized by the analysis of brightness of the echo 
signal from the myocardial walls. 

Fig. 4.11 a-c. Orthotopic heart transplantation, acute 
rejection. Transthoracic echo cardiography. a Apical 
view showing a large pericardial effusion (PH) and 
thickened, hyperrefractile myocardium during acute 
rejection. Arrows, fibrinous pericardial adhesions. 
The free wall of the right ventricle appears thicker 
than the lateral wall of the left ventricle. b M-mode 
echocardiography during acute rejection. Increased 
thickening of the myocardial walls. The myocardium 
appears hyperrefractile due to interstitial infiltration. 
c The same patient as in b after the remission of car
diac rejection. The thickness of the myocardial walls 
is markedly reduced. 

..----~------------~ c 



Dynamic Cardiomyoplasty 

Dynamic cardiomyoplasty is a surgical procedure in 
which the skeletal latissimus dorsi muscle is wrapped 
around the heart to assist myocardial contraction. The 
skeletal muscle is stimulated by a pacemaker syn
chronous with the ventricular systole. Dynamic card
iomyoplasty is performed at our institution in pa
tients with severe heart failure . Echocardiography has 
proven useful in evaluating the efficacy of this new 
surgical procedure. 

Fig. 4.12. Dynamic cardiomyoplasty. Schematic dia
gram showing the latissimus dorsi muscle wrapped 
around the heart and the position of the pacemaker. 
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Wall Motion 

Two-dimensional and M-mode echocardiography 
provides a useful noninvasive diagnostic tool for as
sessing left ventricular function and wall motion after 
dynamic cardiomyoplasty. 

a ~~ ________ ~ 

c 

Fig.4.13a-d. Dynamic cardiomyoplasty, wall mo
tion. Transthoracic echocardiography, parasternal 
long-axis view. M-mode of left ventricle in a patient 
with cardiomyoplasty. a Nonstimulated contraction 
Of left ventricle (arrows on the ECG). Note the im
paired motion of the posterior wall (PW). b During 
the muscle stimulation (arrows on the ECG), a mar-
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ked increase in motion of the posterior wall (PW) can 
be observed. c, d Magnification of the M-mode trac
ing of the anterior wall of the right ventricle. Beat A 
(paced) shows greater wall motion than beat B (not 
paced). The spikes on the ECG indicate the paced 
beats. 

d 



a 

c 

Doppler Echocardiography 

The effects of muscle contraction of paced beats can 
be evaluated by Doppler examination of intracardiac 
blood flow in patients who have undergone dynamic 
cardiomyoplasty. 

Fig.4.14a-d. Dynamic cardiomyoplasty, Doppler
echocardiography. Transthoracic echocardiography, 
apical views. a, b Continuous-wave Doppler placed 
&long the left ventricular ejection flow. On the Dopp
ler tracings the paced beats show higher peak ejec
tion flow velocity than the nonpaced beats. c, d 

Pulsed-wave Doppler at the level of the mitral valve. 
The delay of the muscle burst was adjusted on the 
basis of the diastolic flow tracings. The first burst 
occurred at the end of diastolic filling , just after 
completion of the left ventricular diastolic filling. 

b 

d 
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Appendix 

About "Atlas of TEE Demo" 

This Atlas is also available as an electronic book: 
"Interactive Atlas of Transesophageal Color Doppler 
Echocardiography and Intraoperative Imaging" pub
lished on CD-ROM by Springer-Verlag. The enclosed 
disk "Atlas of TEE Demo" contains a reduced ver
sion of the CD-ROM. In this short version you 
may access only some pages. The items in italics in 
the indexes are not available. The chapter "Two-di
mensional TEE" contains two special pages (22, 30) 
which demonstrate the transversal and the longitudi
nal views respectively. These pages show a diagram 
of the heart and the great arteries with different posi
tions of the transducer in the esophagus on the left 
side, and the corresponding imaging planes on the 
right side of the screen. Click on the view plane or on 
the transducers to display the corresponding echocar
diographic view on the right side of the screen. This 
program will help you to locate and recognize the 
standard transversal and longitudinal imaging views 
and their spatial orientation. In addition, you may ac
cess the first page of each section and some examples 
containing movies, such as the first page of "Valvular 
Heart Disease" and "Cor Triatriatum". 

How to install "Atlas of TEE Demo" 

• Insert the disk into the disk drive. 
• Double click on "Atlas of TEE Demo. sea ". 
• The installer will copy the files to the hard disk in 

a new folder named "Atlas of TEE Demo". 
• Open this new folder and double click on the file 

"Atlas of TEE Demo" to start the program. 

If QuickTime™ is not installed in the extension fol
der, the movies will not run. If you want to display 
the movies, copy QuickTime™ to the extension fol
der and reinstall the program "Atlas of TEE Demo". 

This demo version runs exactly like the full version. 
The instructions in the following pages are related to 
the CD-ROM version of the Atlas. Please refer to 
them, but remember that some features are not avail
able due to the limited space on the floppy disk. 
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About "Interactive Atlas of TEE" 
(CD-ROM) 

This Atlas was written to communicate to other car
diologists, cardiac surgeons, and students the experi
ence achieved in the use of color Doppler transeso
phageal echocardiography at the Department of Car
diac Surgery, University of Heidelberg, Germany. 
The Atlas includes a comprehensive collection in car
diac pathology selected from routine perioperative 
examinations. 

This type of data is usually shown as color photo
graphs in journals and in books, and this work was 
also initially intended to be organized in this way. It 
is in fact available as a book from the same publisher. 
However this format is far from ideal since echocar
diographic examinations are typically dynamic data, 
i.e., video sequences. Although in many cases it is 
possible to select frames which particularly well re
present specific sequences, much information is ne
cessarily lost in the process, and in general the obser
vation cannot be effectively reproduced. The alterna
tive option, i.e. the use of videotapes to record the se
quences, has obvious limitations: it does not allow 
random access, and it prevents easy association of 
pictures, text, and movies. In this CD-ROM based At
las we try to take advantage of the large storage ca
pacity of the CD-ROM and of the graphics capabili
ties of the Macintosh to create an "animated book", 
which, while retaining the usual structure of a book 
as much as possible, allows the additional feature of 
displaying movies. They can be carefully examined 
in slow motion or frame by frame, as is normally 
done on the echocardiograph. The use of this type of 
media also allows the addition of useful features, 
such as the ability to click on the indexes to find the 
related data, or remembering the recently observed 
pages, to go back quickly. This CD-ROM includes 
277 pages, more than 500 echocardiographic figures, 
and 136 movies of digitally recorded video sequen
ces, showing real TEE examinations. 

The creation of this Atlas on CD-ROM was not 
without complications: the screen is smaller and has 
much lower resolution than the page of a book, and 
the speed requirements of echocardiographic movies 
(25 frames per second, large screen sizes) are pre
sently at the limit of the capabilities of many perso
nal computers. Compression techniques had to be 
chosen carefully to preserve the quality of the gra
phics while allowing performance, and special care 
had to be devoted to avoiding unnecessary delays in 
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accessing the slow CD-ROM medium. In particular, 
we tried to reduce to a minimum the time in which 
the computer is busy and the user is not in control, as 
was too often the case observed on many early CD
ROMs. In its present form the Atlas rnns on every 
Macintosh which allows the use of color. Movies run 
at full speed even on slower machines, such as Mac 
Hcx or PowerBooks. Starting and quitting the pro
gram takes only a few seconds. The Atlas does not 
take over the computer; system menus may be activa
ted at any time and the Atlas may be run at the same 
time as other programs, within the limits of the avai
lable RAM. The time for going from page to page va
ries according to the number of figures, but it is 
usually kept within 1-2 seconds. If the Atlas is trans
ferred to a hard disk on a faster 68040 Macintosh, 
this time is typically reduced to less than 1 second. 

How the Atlas is organized 

The Atlas is organized as a tree. It is composed of six 
main sections: Introduction, Techniques, Acquired 
Heart Disease, Congenital Heart Disease, Other Ap
plications of TEE, and References. Each of these is 
further divided into smaller subsections, termed as 
follows: 

Section 
Chapter 
Topic 
Subtopic 

Example: Acquired Heart Disease 
Example: Valvular Heart Disease 
Example: Mitral Valve 
Example: Mitral Valve Prolapse 

How to use the Atlas 

I. Browse the Atlas 

The Atlas may be read as if it were a conventional 
printed book. You can go from page to page by using 
the arrows, choose topics in index or subindex pa
ges, or go directly to the beginning of the various 
sections, by clicking on their names. You can even go 
at random to any page in the Atlas by moving the tri
angular cursor at the bottom of the page. You can use 
the "Up" arrow to go to the beginning of the higher 
order subdivision, for example, the chapter which in
cludes the present topic. You can return to the pre
viously visited page with the "Back" arrow. The ob
served pages are retained in memory, and you can 
trace back all the pages in the order in which you 



have seen them by repeatedly pressing the "Back" ar
row button. 

Pages are composed of text, figures, and, unlike a 
printed book, movies. Movies are identified by a 
small movie icon in the top right corner. You can ac
tivate the movies by clicking on them once, and stop 
them by clicking again. Only one movie at a time 
may be active; therefore if you click on a movie 
while another is running, the former is activated 
while the latter stops. 

II. Examine movies 

The pages of the Atlas have been edited so that only 
the central part of the movie is displayed. Double
click on the movie to go to the page where the full 
size movie is displayed, together with the technical 
details of the original recording. Data such as type of 
recording, projection, type of probe, and depth set
ting of the echocardiographic examinations are repor
ted. Click on them to see additional information. 

The movie may run at variable speed, correspon
ding to heart rates between 30 and 120 beats per min 
by using the cursor in the bottom right of the page. 
Click once on the movie to stop it and look at the 
single frames. Length measurements may be done by 
dragging the mouse over the stopped movie frames. 

III. Self-teaching assessment 

By pressing the button "Self Test" a movie is picked 
at random and displayed in a page similar to the mo
vie page described above. All functions are available, 

but the title of the movie indicating the diagnosis is 
not displayed, and the triangular cursor at the bottom 
is also hidden. 

You are expected to study the movie, compare the 
corresponding projections by clicking on "View", 
and make guesses. You can press the button "Show 
Hint" to display the cursor indicating the section of 
the Atlas in which the movie is contained. This gives 
a generic indication of the type of pathology. This 
last action also reveals a new button, "Show Diagno
sis". Press it to display the title of the movie. Press 
the "Up" arrow button to go to the page where the 
movie is described. 

For further information please contact: 

Springer-Verlag 
Electronic Media 
TiergartenstraBe 17 
69121 Heidelberg, FRG 
Phone: 0049-6221-487665 
FAX: 0049-6221-487366 
internet: em-helpdesk@springer.de 

In the US and Canada: 

Springer-Verlag 
Electronic Media 
175 Fifth Avenue 
New York, NY 10010, USA 
Phone: 001-212-4601682 
FAX: 001-212-4736272 
internet: lange@spint.compuserve.com 
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Subject Index 

abnormal flow 30 
acquired heart 

disease 33-108 
aliased flow 28 
annuloplasty 34,36,37,58 
aortic commissurotomy 54 
aortic dissection 78-91 
- flow in the false lumen 85 
- intimal flap '80 
- reentry 87 
- tee and computed tomogra-

phy 83 
- thrombus formation 87 
- true and false lumina 82 
aortic regurgitation 56 
aortic stenosis 51,52, 

161-164 
aortic valve 51-57 
aortic valve stenosis 161 
aortic valve endocarditis 72 
ascending aorta-atrial septum 

view 18 
atrial septal aneurysm 119 
atrial septal defects 110-119 
- echocontrastography 114 
- multiple defects 115 
atrioventricular septal defects 

121-131 
- complete avsd 124 
- partial avsd 121 
- type a 125 
- type b 127 
- type c 130 

banding of the pulmonary artery 
159 

basal short-axis view 10 
bidirectional shunt 113, 134, 

135,141,143,158,171 
biplanar imaging 14 

cardiac tamponade 107 
cardiac tumors 92-99 

cardiomyopathies 102 
- dilated cardiomyopathy 102 
- hypertrophic obstructive car-

diomyopathy 104 
- restrictive cardiomyopathy 

105 
caval-atrial septal long-axis 

view 19 
clinical applications 2 
coarctation of the aorta 166 
color doppler flow imaging 

23-31 
congenital aortic stenosis 160 
congenital heart disease 

109-171 
congenital pulmonary stenosis 

156 
contrast echocardiography 41, 

114, 135 
cor triatriatum 120 
coronary arteries 74 
coronary blood flow 76 

descending aorta 13,81-86, 
167 

descending aorta long-axis view 
21 

dextrocardia 146-147 
diastolic function 176 
dissecting aneurysm 78 
double outlet right ventricle 

143-145 
dynamic cardiomyoplasty 185 

ebstein's anomaly 168 
endocarditis 70-73 
epicardial approach 4 
extracardiac tumors 99 

four-chamber view 8 

heart transplantation 177 
- acute rejection 184 

- atrial anatomy 177 
- atrioventricular valve func-

tion 179 
- left ventricular inflow 183 
- mitral valve insufficiency 182 
- pseudoaneurysm of the atrial 

septum 178 
- tricuspid valve insufficiency 

180 
hemangioma 96 

infundibular pulmonary stenosis 
156 

intraoperative echocardio
graphy 2 

laminar flow 26 
left ventricular aneurysm 100 
- pseudoaneurysm 10 1 
left ventricular function 

174-176 
left ventricular - left atrial 

long-axis view 16 
left ventricular outflow tract 

view 9 
longitudinal views 14 

m-mode echocardiography 
175 

mitral regurgitation 42, 44, 46 
mitral valve 34-50 
- endocarditis 70 
- prolapse 34,38-40 
- stenosis 48-50 
- valvuloplasty 34-41 
monop1anar imaging 6 
myxoma 92 

normal flow 26 

off-axis views 22 
ostium primum asd 116 
ostium secundum asd 112 
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patent foramen ovale 111 
pericardial effusion 106 
prosthetic valves 64-69 
- dysfunction 65 
- normal function 64 
- paravalvu1ar leak 68 
- prosthetic regurgitation 66 
pulmonary valve 63,156-159 
pulmonary valve stenosis 157 
pulsed doppler 27, 187 

regional wall motion 77 
regurgitant jet area 42,61 
regurgitant jets 44 
regurgitation and cardiac pacing 

46 

204 Subject Index 

right ventricular outflow tract 
long-axis view 17 

sarcoma 98 
single ventricle 136-139 
sinus venosus asd 118 
subvalvu1ar aortic stenosis 

160 
supravalvular aortic stenosis 

162 

techniques 1-5 
tetralogy offal1ot 140-142 
transesophageal approach 2 
transgastric long-axis view 20 
transgastric short-axis view 12 

transposition of the great arte-
ries 148-151 

- congenitally corrected 151 
- non corrected 148 
transversal views 7 
tricuspid valve 58-62 
- annuloplasty 58 
- regurgitation 59,61-62, 

180 
- prolapse 62 
tricuspid valve endocarditis 73 
truncus arteriosus 152-153 
two-dimensional tee 6-22 

valved conduit 89 
valvular heart disease 34 
ventricular septal defects 

132-135 
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R. DeSimone 

Interactive Atlas of 
Transesophageal Color Doppler 

Echocardiography and 
Intraoperative Imaging 
CD-ROM for Macintosh 

With the assistance of G. Paolella, 

With contributions by R. Lange, S. Hagl 

1994. CD-ROM for Macintosh, booklet with approx. 
10 pp. ISBN 3-540-14179-0 

The Interactive Atlas of Transesophageal Doppler 
Echocardiography and Intraoperative Imaging is the 

new multimedia application that provides an interactive 
educational tool in transesophageal echocardiography 

(TEE). This electronic manual of TEE will introduce the user 
to the diagnostic possibilities of this new technique and will ena

ble him to recognize and diagnose a wide range of acquired and 
congenital heart diseases. The CD-ROM includes 505 high-quality 
echocardiographic figures and 136 movies, i.e. digitally recorded 
video sequences, showing real echocardiographic examinations. 
This program represents a complete interactive course of TEE for 
cardiologists, cardiac surgeons, anesthetists and internists. A ran
domized self-test program gives extra value to the interactive atlas. 
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