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.~ JEEEE H: Quantifications of MR and MS
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3D echocardiography has been proven to be useful for clarifying complicated cardiac anatomies and
hemodynamics. Recently introduced real-time 3D TEE may overcome technical and quality problems
and result in widespread use of 3D echocardiography in routine clinical settings.
3D echocardiography is able to provide intuitive recognition of cardiac structures from any spatial
point of view and may provide complete information about absolute heart chamber volumes and func-
tions. Although there are still limitations to the currently available 3D ultrasound methods due to its
relatively low image quality and low time resolution, this method would be one of the ultimate goals
of cardiac imaging. In light of the recent development of real-time 3D transesophageal echocardiog-
raphy (TEE), this new imaging method may become a clinical standard within a few years
In general, there are two major definite advantages of 3D imaging over conventional 2D echocardiog-
raphy as follows:
(1)Quantification of absolute cardiac chamber volumes, including left ventricle (LV), right ventricle (RV),



and left atrial (LA) volumes and their functions.
(2)Visualization of the 3D structure and dynamic motion images of the heart, especially heart valve

structures.
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Assessment of left ventricular (LV) systolic function plays an important role in the diagnosis, manage-
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ment, and prognosis of patients with a wide variety of cardiovascular disease. Measurement of LV
ejection fraction (LVEF) represents the most commonly reported measure of LV systolic performance.
Parameters that directly measure myocardial contractility such as strain and strain rate may prove to
be more sensitive, reliable, and reproducible, though their clinical roles have not been established.
Two-dimensional transthoracic echocardiography is the most commonly preferred initial imaging mo-
dality due to widespread availability, portability, and negligible risk. Careful clinical judgement should
be exercised when a test evaluating LV systolic function yields unexpected or discrepant results. Possi-
ble causes include technical difficulties (e.g., suboptimal image quality or image processing), inaccurate

interpretation, or development of an unexpected clinical condition.
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Diastolic function is an essential component in evaluation of patients presented with suspected heart
failure. Echocardiography is the cornerstone for evaluation of diastolic function. Mitral inflow pattern
by Doppler echocardiography and tissue Doppler are the two main tools for assessment of diastolic
function. In 2015, ASE and EACVI published a new guideline and standard for the evaluation of left
ventricular diastolic function by echocardiograph. Four key components including mitral annular veloc-
ity by tissue Doppler (E’), E/E’, left atrial volume and pulmonary artery pressure were emphasized in
the latest recommendation. In this presentation, basic concepts and latest update recommendation
will be reviewed.
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The right ventricle has an impact on cardiovascular morbidity and mortality. Cardiologists should al-

—

@5
@5

ways evaluate right ventricle in daily clinical practice. The echocardiographic assessment of right ven-
tricle is based on qualitative and quantitative parameters. These parameters include a measure of right
ventricular size, right atrial size, right ventricular systolic function (at least one of following: fractional
area change, and tricuspid annular plane systolic excursion; with or without right index of myocardial
performance, and pulmonary artery systolic pressure with estimate of right atrial pressure on the basis
of inferior vena cava size and collapse. The current values are not indexed to body surface area or
height; therefore, the available data are insufficient for the classification of the abnormal data into
mild, moderate, and severe categories. Cardiologists and physicians should use their judgment in de-



termining the impact of data on individuals. As a result, all information should be obtained on echo-

cardiographic examination of the right ventricle

7N~ JHEEEREHE © Endocarditis: Diagnosis, Evaluation and Management by  Echocardiography
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Infective endocarditis is a life-threatening disease associated with high mortality. Echo plays a key
role in the diagnosing of endocarditis. One should know when to perform trans-thoracic and
trans-esophageal echo, in addition to what are the limitations of each modality. For most patients with
suspected IE, an initial TTE is usually recommended, especially in individuals without a prior TTE. When
the TTE is nondiagnostic or if there is high clinical suspicion for IE, a TEE is recommended. TEE is rec-
ommended as the initial test for individuals with suspected IE involving a prosthetic heart valve in any
location. Repeat TTE/TEE may be necessary in four to five days if IE is suspected and not identified by
initial examination.

It is also important to be aware of the echocardiographic features that characterize vegetations, in ad-
dition to native valvular findings that may be confused with infective endocarditis. In addition to its
role in diagnosing endocarditis, echo is important for recognizing the intracardiac complications asso-
ciated with endocarditis, including regurgitant valve lesions, valve perforation, and abscess and fistula
formation. Echo findings that suggest a need for surgery are severe valvular regurgitation with signs of
heart failure, abscess, large vegetation (>10 mm), prosthesis dehiscence, or increase in vegetation size
despite appropriate antibiotic therapy. Echo is also useful in assessing predictors of systemic embolism
and stroke. It can also provide important information in the follow up of surgery and at the same time



provide prognostic information.
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Coronary artery disease accounts for the majority of hospitalized patients. Coronary artery has distinc-
tive distribution, and conventional echocardiography assesses ischemia based on systolic function,
namely regional wall motion. However, regional wall motion evaluation is semi-quantitative, experi-
ence-dependent and subjective, therefore, it is used limitedly.
Strain and strain rate echocardiography evaluates deformation of myocardium during both systolic and
diastolic phases, giving objective and quantitative data. In addition, this novel could distinguish acute
ischemia, hibernation, and stunning in animal studies. In human study, strain echocardiography ena-
bles to demonstrate improved heart function after intervention. Due to high frame rate, up to 230/s,
not only systolic event could be detected, but also diastolic event is also available using stain echocar-
diography, which could not be obtained using conventional echocardiography. Noise and time con-
suming are in process of revolution, using 2D speckle tracking.

So it is not surprised that strain echocardiography is getting important in daily practice
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Stress echocardiography is now widely accepted in the USA for evaluating patients with coronary ar-
tery disease (CAD). However, conventional 2D stress echocardiography requires acquisition of at least
four different 2D image planes, including parasternal long-axis and short-axis, and apical 4- and
2-chamber views to analyze all the LV segmental walls. Even with experienced sonographers, it usually
takes about 20—-30 s to obtain all four 2D images. This may lead to some images being acquired at
submaximal heart rates at presumed “peak” heart rates. This limitation may reduce the specificity and
sensitivity of stress echocardiography. Real-time 3D echocardiography is reportedly able to overcome



this limitation by its fast scanning of all the LV walls. Ahmad et al. reported that mean scanning time
was 27 s by real-time 3D and 62 s by 2D echocardiography. In addition, in 90 patients who had coro-
nary angiography, 3D echocardiography demonstrated higher sensitivity of 87% in the detection of
CAD compared with 79% by 2D echocardiography. Simultaneous multiplane imaging in 3D space is now
possible with a newer 3D platform. Thus, it may become realistic to employ real-time 3D echocardiog-

raphy for clinical stress echocardiography.

T~ JEEEE H © Diagnosis of Aortic Dissection, Atheroma and Intramural Hematoma: Role of Trans-
thoracic and Transesophageal Echocardiography
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Echocardiography is the most effective means of evaluating the aortic valve in normal and diseased
states. For most conditions, transthoracic echocardiography (TTE) is sufficient. Congenital, degenera-
tive, and inflammatory lesions are readily recognized and their severity graded. In addition, it is stand-
ard practice for TTE to be the sole method of serial evaluation of aortic stenosis (AS) and aortic regur-
gitation (AR).

Medical and interventional approaches to the management of patients with valvular AS depend on
accurate diagnosis of the cause and stage of the disease process. Hemodynamic severity is best char-
acterized by the transaortic maximum velocity (or mean pressure gradient) when the transaortic vol-
ume flow rate is normal. Some patients with AS have a low transaortic volume flow rate that is either
because of LV systolic dysfunction with a low LVEF or because of a small, hypertrophied LV with a low
stroke volume. Severe AS with low flow is designated D2 (with a low LVEF) or D3 (with a normal LVEF).
Meticulous attention to detail is required during assessment of aortic valve hemodynamics, either with
Doppler echocardiography or cardiac catheterization, and the inherent variability of the measurements
and calculations should always be considered in clinical decision-making.

TTE or TEE is indispensable in confirming the presence, severity, and etiology of acute AR; determining
whether there is rapid equilibration of the aortic and LV diastolic pressures; visualizing the aortic root;
and evaluating LV size and systolic function. The most common causes of chronic severe AR in the
United States and other high-income countries are bicuspid valve disease and primary diseases of the
ascending aorta or the sinuses of Valsalva. Rheumatic heart disease is the leading cause of AR in many
low- to middle-income countries. TTE provides diagnostic information about the etiology and mecha-
nism of AR (including valve reparability), severity of regurgitation, morphology of the ascending aorta,
and LV response to the increases in preload and afterload. Imaging with TEE, CMR, or aortic angi-

ography provides additional information when needed.

+— ~ JEEERE H  Cardiac Tumors and Thrombus: Differential Diagnosis and

Evaluation
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52 . Detection of a cardiac mass is an impressive experience for clinical echocardiographers but it
continues to captivate the attention each time encountered. Some cardiac masses are suspected from
the presentation of the patient but most cardiac masses are found incidentally. Occasionally, a normal
structure or variant may appear as an intracardiac mass. As an abnormal structure within or adjacent
to the heart, cardiac mass can be classified as a cardiac tumor, thrombus, vegetation, iatrogenic mate-
rial, normal variant, or extracardiac structure. Echocardiography allows for dynamic evaluation of car-
diac masses, with an advantage over other tomographic images in that assessing both the anatomic
extent and the physiologic consequences of the mass is possible. Following a careful assessment,
echocardiography provides valuable diagnostic information regarding the mass etiology and greatly
facilitates subsequent therapy. These masses can normally be differentiated based on their size, shape,
location, mobility, and attachment site as well as their presentation. Limitations of echocardiography
include suboptimal image quality in some patients, possibility of mistaking an ultrasound artifact for an
anatomic mass, and inability to provide histologic diagnosis. Accurate diagnosis is vital to ensure an

accurate management strategy.

—+— ~ JEEEREH : Prosthetic Valves: 2-D and Doppler Approach for Evaluating of Normal Prosthetic
Valve and Valve Dysfunction (TTE and TEE)
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Echocardiography may identify patients with a high or low probability of disease in a wide range of
pretest probabilities of disease (20—-70%). These excellent results can be achieved if echocardiography
has a sensitivity and specificity of 90% and 97%, respectively. Thus, it is important to obtain high quali-
ty examinations, regardless of the type of echocardiogram, either TTE or TEE. TEE provides high quality
data with a better sensitivity. In our study, TEE was immediately performed in patients with prosthetic
valves or intracardiac devices, and it was performed after low quality or negative TTE, when the pre-
test probability of disease was intermediate to high (more than two Duke minor criteria). A positive
TTE of good quality, however, has often been sufficient for diagnostic purposes, because of the high
specificity. Nevertheless, we often performed TEE in order to complete the study for left-sided IE. In
this setting, echocardiography should be performed as soon as possible, and in all cases within 24—-48 h
of the clinical suspicion of IE. The echocardiogram has a strong clinical impact and may guide clinicians
to the appropriate therapy (early empiric antibiotic therapy, surgical option, need for further diagnos-
tic tests in doubtful or negative cases), or towards other diseases. After this preliminary phase, a defi-
nite diagnosis should, however, be reached by defining disease etiology whenever possible, using ei-
ther the Duke criteria or any other diagnostic tool. The underlying diagnostic approach may be valua-
ble in clinical practice to optimize early management of IE.
+=~ JEzEE H : Ischemic Mitral Regurgitation
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Ischemic mitral regurgitation (IMR), with a conservatively estimated prevalence of 1.6 million to 2.9

v
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million patients in the United States, is currently present in 10 percent to 20 percent of patients with
coronary artery disease (CAD). Despite the large number of patients, there remains relative scarce data
regarding effective treatment delivery and currently there is a lack of a unifying definition throughout
the literature.

Not until recently, the pathophysiology was understood and delineated more comprehensively, in part
driven by the more advanced echocardiography techniques, especially 3D based algorithms and more
guantitative descriptional analysis. This progress has resulted in success in surgical strategies with
more optimal results and post-surgical durability. Therefore, the surgical approach has evolved from
merely revascularization alone to an additional mitral valve procedure, replacement, or repair.

In this lecture, we will address the possible pathological mechanisms underlying IMR more up to date,
and further reviewed the newly developed diagnostic tools, mostly based on 3D algorithms.we will
further explore several related randomized trials results and related research which may possibly en-

lighten or bring us new insights into a better understanding if this clinical picture in daily practice.
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522 © Hypertrophic cardiomyopathy (HCM), especially in terms of the risk of sudden cardiac death and
the clinical presentation by obstruction, has increasingly become a treatable condition with good
long-term prognosis. Septal reduction by surgery or alcohol ablation is indicated in patients with
symptoms refractory to medications. Besides the left ventricular (LV) septum, mitral valve and subval-
vular apparatus are vital to determine the pathophysiology of LV obstruction and mitral regurgitation
(MR), which make combined myectomy and mitral operations appropriate in carefully selected pa-
tients. Echocardiography has played the greatest single role in assisting clinicians in the diagnosis and

management of the complex manifestations.
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Hamw - BN BB ORRAR AR AT
2015.04~ 2016.05 T[R4 E A g EEE2 0 Oxford Heart Center #E(Z
2015.07~ 2<% BWOMNCHEEE R L
2013.07~ 25 HEREF LK IS OSCE FE
2011.07~ 25 G REEESER D B 22 A iR PR BN 24 A
B LR 6 B D
ERE
BT P IR B B E B BRI R TR £
P R B
HRESE ¢
BIOM ot =2 e e £
EB LTRSS B
BN O E s GRS R SHIE B
HPEE B B L g B R B il



HrEE REDMME /T A S R A
BB NRIER R AT R E S5
B8 Ll R R T S RS
T
Contrast echocardiography is a technique for improving echocardiographic resolution and providing
real time assessment of intracardiac blood flow. Agitated saline contrast provides contrast in the right
heart and enables detection of right to left shunts. Opacification of the left ventricular (LV) cavity by
contrast agents developed to traverse the pulmonary vasculature permits improved endocardial bor-
der detection [1]. Contrast echocardiography can also enhance delineation of Doppler signal . Addi-
tional uses of contrast echocardiography are to assess myocardial perfusion and viability .
The development and safety of microbubbles for echocardiographic contrast and the optimization of
the echocardiographic settings for visualizing contrast will be reviewed here. The current and potential
clinical applications of CE are discussed separately.
16 ~ JE:E%ERE H: Common Congenital Heart Defects in the Adult Diagnosis,
Evaluations by 2-D and Doppler Echo
HaAe 0 REM TREER A EREN HEME
PRELEE e LB 22 0 /NG OB R A

Division of Pediatric Cardiology, Heart Center, Cheng-Hsin General Hospital Taipei, Taiwan
Education and training
1975-1980 National Defense Medical Center, Taipei, Taiwan
1980-1982 Tri-Service General Hospital, Taipei, Taiwan Internship
1982-1985 Tri-Service General Hospital, Taipei, Taiwan Rotating Residency in Pediatrics
1985-1987 Tri-Service General Hospital, Taipei, Taiwan Senior Residency in  Pediatric Cardiology
1987-1988 Tri-Service General Hospital, Taipei, Taiwan Chief Residency of Department of Pediatrics
1990-1991 Research Fellow in Cardiovascular Research Institute, University of California, San Francisco
Under the instruction of Dr. Michael Heymann
Licensure and certification
1982~  National Board of Medical Examination, Taiwan
1982~  ECFMG, medical part
1986~  Certified Board in Pediatrics, Pediatric Association of Taiwan
1987~  Certified Sub-Board in Pediatric Cardiology, Taiwan Society of Cardiology
1993~  Certified Board in Neonatology, Taiwan
1995~  Certified Board in Pediatric Emergency and Critical Care
1996~  Certified Instructor in Advanced Cardiac Life Support Course
e
Atrial Septal Defect
(1) secundum,
(2) primum or partial atrioventricular canal
(3) sinus venosus,
(4) coronary sinus atrial septal defect.

A complete TTE examination can detect most primum and secundum atrial septal defects, but si-
nus venosus defect is visualized in only about 70 percent of patients.

TEE is exquisitely sensitive for the identification of all types of atrial septal defect, as well as asso-

ciated anomalous pulmonary venous connections.



Each form of atrial septal defect is normally associated with a left-to-right shunt, which eventually
results in RA and RV volume overload.

It is not necessary or recommended to quantify shunt volume by Doppler measurements.

These assessments are often inaccurate because of the number of component measurements in-
volved in the calculation of multiple stroke volumes.

The TTE finding of an atrial septal defect with associated right-heart enlargement is enough to
warrant closure of the defect in the absence of pulmonary hypertension.

Pulmonary hypertension of a magnitude that would preclude surgical or device closure is rare and
can be recognized on 2D and Doppler echocardiography studies.

Confirmation of fixed pulmonary hypertension requires cardiac catheterization and hemodynamic
assessment.

Routine cardiac catheterization is not required to establish the diagnosis of atrial septal defect.
Ventricular Septal Defect (VSD)

Ventricular septal defects are common, occurring in approximately 20 to 25 percent of patients
with congenital heart disease.

Often, they are small, isolated defects that cause no symptoms, but multiple ventricular septal
defects may occur in the same patient.

Large ventricular septal defects cause a large left-to-right shunt and pulmonary hypertension.

Left-heart volume overload and RV hypertrophy are features that should suggest the presence of
a large ventricular septal defect.

If unrepaired, large defects may cause irreversible pulmonary vascular obstructive disease, even
in young children. These defects can occur in various locations in the ventricular septum.
There are four major categories of ventricular septal defect:

The most common type in adults is the membranous type.

These are located at the junction of the muscular, atrioventricular, and outlet portions of the
septum.

They are adjacent to the aortic and tricuspid valves, which may eventually cause aortic or tricus-
pid valve regurgitation; thus, prolonged echocardiographic surveillance is recommended.

The most common ventricular septal defect in newborn is the muscular type.

They are most often located in the apical two thirds of the ventricular septum. Remote from any
cardiac valve, they are not associated with progressive valve dysfunction.

Most of these defects are small and close spontaneously early in life.

A large muscular ventricular septal defect can cause a large left-to-right shunt, with eventual
pulmonary hypertension.

The third most frequent type of ventricular septal defect is the one seen with complete atrioven-
tricular septal defects.

This type usually occurs as part of a complete atrioventricular canal defect, but occasionally it may
be seen in isolation.

The supracristal, or subarterial, ventricular septal defect is rare.

It is located in the outlet septum, immediately adjacent to both the aortic and pulmonary valve
annulus at the base of the heart.

As a result, the right aortic cusp may be unsupported and prolapse into the ventricular septal de-
fect.

Aortic cusp prolapse restricts the functional size of the defect but distorts the aortic valve and is
associated with aortic valve regurgitation. Elective repair of this ventricular septal defect is usually



recommended to prevent progressive aortic cusp prolapse and regurgitation.

A comprehensive TTE examination can identify a ventricular septal defect in more than 90 percent
of cases.

Continuous wave Doppler echocardiography can measure the blood flow velocity and gradient
across the defect.

A large ventricular septal defect will have a smaller pressure difference between the ventricles;
conversely, a small defect would have a large gradient (i.e., velocity).

Rarely, TEE is used to improve imaging in patients with a known or suspected ventricular septal
defect.
Patent Ductus Arteriosus

Patent ductus arteriosus is an arterial communication between the upper descending aorta and
the distal main pulmonary artery, near the origin of the left pulmonary artery.

Echocardiographic diagnosis is based on demonstrating a persistent anatomical connection and
flow between the descending thoracic aorta and the pulmonary artery.

The best imaging views include the high left parasternal long-axis scan of the RVOT and main
pulmonary artery and the suprasternal view.

A patent ductus arteriosus associated with pulmonary hypertension may be difficult to visualize
with TTE or TEE because of equalization of pressures between the two vessels.

High Doppler velocities across the patent ductus suggest low pulmonary artery pressure.
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3D echocardiography has been proven to be useful for clarifying complicated cardiac anatomies and
hemodynamics. Recently introduced real-time 3D TEE may overcome technical and quality problems
and result in widespread use of 3D echocardiography in routine clinical settings.
3D echocardiography is able to provide intuitive recognition of cardiac structures from any spatial
point of view and may provide complete information about absolute heart chamber volumes and func-
tions. Although there are still limitations to the currently available 3D ultrasound methods due to its
relatively low image quality and low time resolution, this method would be one of the ultimate goals
of cardiac imaging. In light of the recent development of real-time 3D transesophageal echocardiog-
raphy (TEE), this new imaging method may become a clinical standard within a few years
In general, there are two major definite advantages of 3D imaging over conventional 2D echocardiog-
raphy as follows:
(1)Quantification of absolute cardiac chamber volumes, including left ventricle (LV), right ventricle (RV),
and left atrial (LA) volumes and their functions.



(2)Visualization of the 3D structure and dynamic motion images of the heart, especially heart valve

structures.
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Constrictive pericarditis is caused by a variety of etiologies resulting in inflamed, scarred, thickened, or
calcified pericardium. When the abnormal pericardium limits diastolic filling, there are a series of he-
modynamic consequences. Since the hemodynamic and clinical features are similar between constric-
tive pericarditis from a myocardial disease, it is often challenging to distinguish between the two cate-
gories. Even the traditional invasive hemodynamic criteria of "equalization of end-diastolic pressures"
is not specific for constrictive pericarditis. Despite many similarities between myocardial and pericardi-
al diseases, there are several unique features of constriction that allow a reliable diagnosis. Those fea-
tures are 1. Respiratory variation in ventricular filling 2. Interventricular dependence and 3. Augment-
ed longitudinal motion of the heart.
The reduction in left heart filling during inspiration causes a reduction in mitral inflow velocity and a
shift of the interventricular septum toward the left ventricle. With expiration, left heart filling increases
which shifts the interventricular septum back toward the right ventricle, leading to reduced filling to
right side of the heart and a late-diastolic reversal of flow in the hepatic veins. Besides, a plethoric in-
ferior vena cava can be found in echo findings as the character in most restrictive cardiomyopathy. It
may appear dilated or collapse insufficiently during inspiration. This is the echocardiographic marker
for increased venous pressure.
The advent of tissue Doppler imaging has provided increased diagnostic confidence to separate con-
striction from a myocardial disease. The early diastolic mitral annular velocity (e') which reflects the
status of LV myocardial relaxation is reduced in most forms of heart failure related to myocardial dis-
ease, including restrictive cardiomyopathy. The normal e' velocity from the medial mitral annulus is 9
cm/sec or greater, and it is usually 6cm/sec or less in patients with a myopathy. In contrast, €' is usually
preserved or even increased in constrictive pericarditis since the lateral motion of the heart is limited
by the constrictive pericardium. Furthermore, the medial mitral annular e' velocity is usually greater
than the lateral mitral annular e', which is usually reversed in cases other forms of heart failure.
Restrictive cardiomyopathy is a myocardial disease of various etiologies, such as amyloidosis, hypereo-
sinophilic syndrome, sarcoidosis, etc. It is characterized by normal LV systolic function with impaired
diastolic function due to stiff and thickened myocardium. In most restrictive cardiomyopathy patients,
the LV diastolic pressure is higher than the right. Right side heart failure appear with lower atrial pres-
sure and therefore appear earlier in the course of the disease. In the presence of poor ventricular
compliance, atrial fibrillation may lead to further deterioration of ventricular filling. Besides intracardi-



ac clot formation in hypereosinophilic syndrome, atrial fibrillation may be further complicated by
blood clot formation in either atrium or atrial appendage with central or peripheral embolic events.
The comparison of restrictive cardiomyopathy and constrictive pericarditis will be further demonstrat-
ed.



