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I NTROOUCTI ON 

A decade ago, the internist who could interpret electrocardiograms and 
chest X-rays was considered to have mastered cardiology's diagnostic technology. 
However, the introduction of a wide array of radiographic, scintigraphic and 
sonographic techniques has sometimes left the internist in a consumer's role 
with an almost total dependence on the cardiologist's and radiologist's interpre
tation of these newer diagnostic tests. In the case of M-Mode echocardiography, 
the lack of involvement by the internist is somewhat understandable. The images 
have only an indirect relationship to cardiac anatomy and physiology, so transfer 
of prior knowledge is not facilitated. 

In 1976, two-dimensional echocardiography was introduced commercially in 
the U. S. and is currently available in almost every medium- or large-sized 
hospital. Two-dimensional echo offers substantial advantages over M-Mode echo
cardiography, both in terms of informational content as well as ease of inter
pretation (Poppet al., 1980). The latest generation of equipment provides 
real-time, high resolution images which are "anatomically correct" and are 
easily understood by the physician with a basic knowledge of cardiac anatomy and 
physiology. The test offers an excellent opportunity for the internist to "see" 
the patient's heart and make pathophysiological correlations with the history, 
physical examination and other diagnostic tests (Kotler et al., 1980; Kisslo, 
1980). In addition, greater understanding on the part of the internist should 
produce more appropriate utilization of this non-invasive but expensive procedure 
(Reichek, 1982). The following pages are intended to provide the internist with 
a basic understanding of two-dimensional echocardiography, so that he or she 
will be able to order the test more appropriately and interpret its findings . 

II HOW IMAGES ARE PRODUCED 

A. General Ultrasound Pr>inciples 

In simple terms, the echocardiography unit sends high frequency (1-5 
MHz) sound into the body. As the sound strikes various cardiac structures, a 
portion is reflected or echoed back to the receiver. Its speed in the body is 
known (1560 m/sec), so the time it takes for sound to travel to a particular 
cardiac structure and return to the receiver allows determination of the struc
ture's distance from the transmitter. To avoid overlap of returning and outgoing 
echoes, the sound waves are transmitted for only a few millionths of a second 
(microseconds). The next burst of sound is not transmitted until the echoes 
from the previous burst have been received. 

Echocardiographs use the same device, the transducer, both to send and 
receive ultrasound. The transducer contains one or more crystals composed of a 
man-made ceramic material with piezo-electric properties (Figure 1). 
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Fig. 1 DiagrJm dlustr.11€'S the pnncmle~ oi prezodct..tnut\' . -\.A qute~u·n t reci.Hl)..:ul.u uoLH t.. rv ... t.!ltc;; pus !Ironed 
between two e!ecuocies 6. An extern.11 stress 1:, applied. therehv derormu1~ the crv~t.ll. Tim. mech.1r.rcal stress. 
c.IUses electrical charges bound w nhr n the crystal to shtit to the suri.1ce. where thev t·,m he nw.1 ~ured J~ ,, voltJ.ge. 
C. :\n electncal current rs <1ppl ied to the cryst.1 l. The m ter.1n ron or thrs e'< tern.ll el~<..:tn L JI iield wrth th€' char!o!es rn 
the ronic lauice oi the crysta l Jllers the crys1.11's ::.hape \Vhcn 111e electnc :reid t'> r,lptdlv .1hern.1ted. the nv~tJ I rs 
thrown intu a correspondingly r,1pid vrbr,l lrun. whiCh produces ,1 sound w,l\ e oi hke lrt:'quenry. 

If the crystal is excited by placing a voltage across it, vibration occurs and 
sound is created. Likewise, when the crystal is vibrated, electrons are moved 
and a voltage potential is created in direct relationship to the amplitude and 
frequency of the sound applied . The device changes sound to electricity and 
e l ectric i ty to sound, hence its name "transducer." ("Magicube" flash cubes use 
a similar piezo-electr ic crystal material to generate the c urrent needed to 
ignite the flash material in the cube.) 

M-Mode (M =Motion) echocardiographs have a sin g le crystal transducer which 
repeats its transmit-receive cycle about 1,000 time s per second ( 1 KHz ) . If one 
is imaging a moving cardiac structure, its motion "li 11 be small relative to the 
interval of sampling by theM-Mode ultrasound beam, so a fairl y accurate, high 
resolution representation of motion can be obtained. The mo tion is displayed 
"across time" by means of a str i p chart recorder (Figure 2) . TheM-Mode provide s 
information about where a given structure was at a given moment. 
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Two -dimensional echocardiographs provide information about cardiac struc
tures and their motion in real-time, that is, as the action actuall y occurs. 
Unlike M-Mode which uses a single beam o f sound and gives an "ice pick" or "soda 
straw" v iew of the heart, 2-D uses multiple beams of sound transmitted, more or 
less simultaneously, so a cross-sectional or two-dimensional image of the heart 
is created. There are two types of devices for transmitting multiple sound 
waves to obtain 2-D images- mechanical and phased array scanners . 

B. Mechanical Scanners 

Mechanical scanners have 1-4 crystals in the transducer. The crystals 
are mechanically moved in a circle or in an arc so that sound is transmitted 
through a 60-90° sector. The time required for the echoes to return to the 
transducer i s translated by the instrument as a specific distance while direc
tional information permits lateral localization of structures. The echoes from 
the 90-120 beams of sound (1 ines) are integrated and organized by a micropro
cessor and displayed on a television screen. Transmitting and receiving discrete 
beams through a 60-90° sector takes substantially longer than pulsing a single 
M-Mode beam (1 versus 120 individual beams needed for an image) so 2-0 images 
are created about 30 times/sec rather than the 1 ,000/sec with M-Mode. This 
causes a substantial decrease in resolution (consider fast mo vi ng acti on recorded 
with a movie camera at 30 frames/sec versus 1,000 frames/sec). If the structure 
to be imaged is more than about 16 em from the transducer, the " f rame rate" is 
decreased even further and resolution decreases. Mechanical sector scanners 
give good images and are substantially less expensive than phased array units. 
However, because the transducer motion must be stopped to record M-Mode tracings, 
simultaneous M-Mode and 2-D cannot be done with mechanical scanners. Fo r the 
same reasons simultaneous 2-D and doppler cannot be obtained with mechanical 
systems. 

C. Phased Array Scanners 

Phased array scanners use a completel y different approach to direct 
sound beams throughout a sector to create an image (Figure 3). 
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Phased array transducers contain 32-64 crystals. When excited, these crystals 
transmit sound waves in a pattern much 1 ike the concentric waves caused by 
dropping a stone into a quiet pool of water. The waves merge so that a linear 
wave front is created. (The waves approaching the beach are an example of a 
wave front produced by merging multiple smaller waves.) If all crystals are 
fired simultaneously, the resulting wave front will travel straight out from the 
transducer. If the crystals are fired with a progressive delay so that those on 
the left are fired earlier and those on the right later, the resulting wave 
front will be directed to the right. By varying the delay, the wave front can 
be directed to any angle through a 90° sector. A microprocessor contro~s the 
delay in crystal firing to give approximately 120 "scan 1 ines" in the 90° 
sector. The time required for the sound wave to cover the required distance is 
the same for mechanical or phased array systems so these systems also provide 
about 30 frames per second. To record simultaneous M-Mode and 2-0 echoes, the 
phased array system selects a few of its many crystals forM-Mode while the rest 
are used for the 2-D image . Earlier phased arra y systems had terrible M-Mode 
quality, but that provided by current equipment is superb. TheM-Mode beam is 
also steered electronically so 2-D echo equipment can image diff icult-to-find 
structures, such as the pulmonary valve, more easily than M-Mode machines. The 
equipment is substantially more complex and correspondingly more expensive. 
Mechanical scanners cost $35-70,000 while phased array units are $65-95,000. 

D. Signal PT'oaessing 

Once the sound is received by the transducer, it is handled in similar 
ways by both mechanical and phased array systems (Figure 4). 
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An internal clock provides t1m1ng, which is converted to distance informati on 
and displayed on the screen with an internally c reated depth scale. An electro
cardiogram is also provided for timing cardiac events. Newer units will "gate" 
from the ECG to provide serial images selected from one or two times in the 
cardiac cycle, usually end-systole and end-diastole. 

Sound is attenuated as it passes through the body, so echoes from s truc
tures near the transducer are stronger than those from more distant sites. To 
correct for this, some adjustment is made to attenuate the near echoes and 
enhance the distant echoes. This is called "Time Gain Compensation" or TGC. 
Some devices provide a series of slide potentiometers allowing one to attenuate 
or amplify echoes for individually multiple depth level, wh ile other devices 
change near or far echoes in a more gross fashion and then allow a continuous, 
linear variation between near and far field echoes (a ramp). 

All systems have some method for selective ly enhancing or suppressing 
echoes based on their strength rather than location. A crude control, cal led 
"rejec t" simply eliminates all echoes below a certain strength. Computer 
processing also allows a variety of enhancement/attenuation schemes for empha
sizing weak and strong echoes, weak only, strong only, strong more than weak, 
etc. An almost 1 imitless number of transformation curves are available. Some 
units provide a set of co.ntrols to set these curves, while others have a computer 
"menu" of stored processing curves. Some equipment allows processing of the 
image before it is recorded on tape; other systems also allow reprocessing of 
previously recorded studies. 

The assessment of image quality is highly subjective and a great source of 
consternation for equipment manufacturers who must design machines with wide 
capabilities to meet the varied and sometimes irrational demands of the users 
and purchasers of 2-0 echoes. One can quantify res o lution of a given system. 
In s imple terms, resolution is the distance two echo-dense objects must be 
separated in order to appear as t~1o separate targets in the echo image. In two 
dimensional systems, the beam is really 3-dimensional so axial and late ral 
resolution must be considered separately. Axial resolution, for most systems, 
is 1-2 mm, whi le lateral resolution is 4-8 mm. The machine is quite accurate in 
measuring time and hence distance, but is not as accurate in determining direc
tion, because the sound tends to diverge and beam width increases beyond the 
"focal zone.". 

Resolution is also affected by the frequency of sound transmitted by the 
transducer. Low frequency sound penetrates well but has poor resolving power. 
Higher frequencies give substantially better images but at the expense of 
penetration. The practical result is that most adults are imaged wi th 2.5 MHz 
transducers, while thinner adults and children can be imaged with the 3.5-5.0 
MHz systems since penetration is less of a problem. 

Although technical o r equipment factors are importan t, individual differences 
in anatomy have even greater effects on image quality. Sound attenuation in air 
is about 200 times greater than in muscle or bl ood. This is why a water-based 
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gel is used during echocardiography to provide an interface between the trans
ducer and the bod y . If the lung is interposed between the transducer and the 
heart, as in obstructive lung disease, most of the sound wil 1 be absorbed and a 
poor image will result. Likewise extensive calcification (in the elderl y) or 
scarring (post-thoractomy pat ·ients) attenuate sound and diminish image quality. 

Finally, images are viewed on a television screen. Smaller screens give 
the appearance of a better quality image, and this has led manufacturers to 
instal 1 smaller and smaller viewing screens. The trade-off is a decreased ease 
of viewing, so most companies provide a 9 inch high resolution black and white 
monitor. Video images from patient studies are stored on video tape (usually 
1/2") and can be replayed or reproduced "hard copy" by printing with a dry 
photocopy system. Substantial image degradation occurs when paper copies are 
made, so one must usually view the tape for interpretation. Photcs of 2-D echo 
images include onl y half the information seen with a normal video image so most 
of the material presented today will be from video tapes and not stil 1 photo
graphs. (For more technical information, the reader should review Weyman (1982) 
or Feigenbaum (1981) Textbook of Echocardiography. 

III THE NORMAL EXAMINATION 

An initially intimidating aspect of two-dimensional echocardiography is the 
almost 1 imitless number of possible views. This potential can be highly ad va nta
geous, since the heart's position and architecture vary substantially from 
patient to patient. Unlike M-Mode echocardiography, 2-D echo does not require 
standardized patient positioning since one's view of the heart is easily deter
mined from the image itself. However most of the time, a few standard views 
will provide all the neces sa ry informat ion (Fig ure 5). 
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The right sided structures are always displa yed on the left side of the video 
scree n as one would view a chest X-ray (Henry et al ., 1980; Tajik et al., 1978-
superb pictures but 4-chamber views are non-standard, i . e. RV is not on left 
s ide of screen). The standard positions and views are shown in Figure 6. These 
will be described in brief. 

Figure6. 

~I 

A • Parasternal - Long Axis 

Parasternal long axis (top center) provides images of the mitral and 
aortic valves as well as dimensions of the right ventricle, left ventricle, left 
atrium and proximal aorta. It is very sim ilar to the posit ion and information 
obtained with a complete M-Mode sweep from the aorta through the left ventricle. 
The right atrium and left ventricu lar apex are not see n in this view. 

B. Parasternal - Short Axis 

The transducer is rotated 90 ° from the o rientati on producing the long 
axis v iew. The angle of viewing is then varied to provide cross-sectional 
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images through the heart from base to apex (Figure 6). Standard views (clock
wise) would be through a) the aortic root, b) LV outflow tract, c) the mitral 
oriface, d) mitral chordae, e) papillary muscles, and, f) left ventricular 
apical region. This view shows the relationship of the aorta to the septum, 
mitral valve aperture and left ventricular wal 1 motion. The view through the 
base of the heart is quite useful because it shows parts of the right and left 
atria, RV outflow tract, tricuspid, aortic and pulmonary valves and main pulmo
nary artery to its bifurcation. 

C. Apical- 4-Chamber 

The apical 4-chamber view is obtained by placing the transducer at the 
apex and aiming toward the right shoulder (Figure ?a). Ventricular cross
sectional areas are maximized . The size of the four chambers, as wel 1 as the 
relative position of the mitral and tricuspid valves, can be appreciated. By 
angling the transducer superiorly, the round cross-sectional image of the aorta 
is also seen. This is sometimes called an~ 5-chamber view. Ttie transducer 
can be rotated 90° to give an apical 2-chamber view of either-the right or left 
side of the heart (Figure ?b).--- ---

Figure?a. Figure 7b. 
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In pediatric cases and in patients with lung disease and/or a midi ine heart 
location, subcosta 'l views should be obtained. The great vessels can be viewed 
from the suprasternal notch, but t hese are usuall y of poor quality and not often 
use f ul in adults. Non-standard views can be recognized as more experience is 
gained and structures accurately identified . The abilit y to obta i n views from 
almost any angle is one of the major diagnostic advantages of 2-D echo. 

IV CARDIOMYOPATHIES 

Patients often present with an enlarged heart in assoc iation with a wide 
range of symptoms and electrocardiographic findings. The echocard iogram provides 
substantial information because it first allows separation of patients with 
pericardia! effusions from those with true cardiac enlargement (DeMaria et al., 
1980). The echo also provides precise information about which cardiac chambers 
are enlarged and to what extent their funct ion has been impaired. Cardiomyop
athies, the most common causes of cardiac enlargement, wil 1 be di scussed in this 
section. The general classification scheme suggested by Goodwin in 1972 wil 1 be 
used. A general outline is given in Table 1. 

Tab! e 1. 

Con!i!estive Hyeer t roehic Restrictive 

Chambers Involved All LV (RV) LV, LA (All) 
Chamber Dimensions Enlarged Normal or Reduced Norma 1 o r Reduced 
Wall Thickness Thin Thick Norma 1 to Thick 
Systolic Function Dec rea sed Increased Decreased 
Diastolic Function Decreased Decreased Dec rea sed 

A. Congestive Cardiomyopathies 

Congest ive cardiomyopathy is found in a number of settings including 
alcoholism, hypertension, myocard i tis, foll owing pregnancy, in families and 
after extensive, often silent, myocardial ischemia and infarction. Al though 
these and many other factors are listed as "causes , " with the exception of 
ischemia, they are really "associations" which do not provide in fo rmati o n as t o 
the cause of the cardiomyopathy. The 2-D echo usuall y cannot provide a precise 
etiology either, but does provide some help in that hypertensive and ischemic 
origins may be deduced from certain echocardiographic features. 

1 . ldioeathic congestive cardiomyoeathy consists of dilation of all 
four cardiac chambers, usually in a predictabl y symmetr ical pattern . Predomi
nant involvement of only one side of the heart would suggest another diagnosis. 
Left and right ventricular function are usually decreased in a global fashion 
without evidence of segmental wall moti on abnormalities o r dys kinetic areas. 
Typically , LV function is more affected . Finding the opposite should raise the 
question of secondary right heart disease. 
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The cardiac valves should appear normal although the excursion of the 
mitral and aortic valves may be decreased and age~related thickening can be 
seen. The relatively slow sampling rate of the 2-0 system in the setting of 
decreased cardiac output often causes the mitral valve to appear thickened when 
it is really normal. An M-Mode trace wil I show a normal thickness and answer 
the quest ion. 

A number of echo laboratories use an index called 11 E Point Septal Separa
tion11 (EPSS) to indicate the degree of left ventricular dysfunction (Massie e t 
al., 1977; Lew et al., 1978; Pollick et al., 1982) (Figure 8 ). 

Fig. 8. ' Diagram oi an M·mode echocardio
gram dernonslra tmg two ways of measuring the dis
tance between the E point of the mitral val ve ond the 
leit septal echo. E·point septal separatron number 1 
repreSents the distance bet\\een the peak downward 
mot10n or" the sep tum and the max1mum upward ex
cursion of the E po1n1. E-p01n1 septal s.ep.uJ ticn 
number 2 represents the dist,1nce between th(' mitrol 
'JIH~ and the o;;;eprurn or rhe !tme 01 the E pntnL 
LS = left side oi the interventriculdr septum. 

It is the distance from the septum to the point of maxima l diastolic excursion 
of the mitral valve. The normal va lve is less than 5 mm. Increases are rea sona bly 
well correlated with the extent of left ventricular dysfunction fo r several 
reasons. With congestive cardiomyopathies , both septal and mitra l lea f let 
excursions are reduced, and the left ventricle becomes a mo re rounded or globular 
structure. Thus, a single numerical value reflects a number of d i ffere nt pa t ho 
physiolog ical events and correlates wei 1 with global left ventricular functi o n. 
It does not add any ne1~ information and i s no t reported routinel y in our labora
tory . 

Some etiological information may be obtained from left ventricular free 
wa ll thickness and aortic root size. The left ventricle may be expected co 
hypertrophy as dilation occu·rs in an attemp t to keep intramyocardial wall s tress 
constant. The norma l relatio nship of LV mass to volume is usua l l y preserved but 
in idiopathic conges t ive c~rdiomyopathy , the mass:volume ratio is not no rmal and 
only minimal hypertrophy is found. The LV wall is usu a l ly less t han 1. 2 em in 
thick ness in congestive cardiomyopathy uncomp licated by syst em ic ar te rial 
hypertension. The aorta should be normal in diameter in congestive card io
myopathies. The finding of left ventricu l ar hypertrophy and aortic dilation 
provides strong evidence for long-standing hypertension and may be a clue to t he 
etiology of the card iomyo pa thy. Unfortunatel y, a large proportion of the 
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cardiomyopathy patients at Parkland have a history of hypertension and excessive 
alcoholic intake. Their hearts usually show some hypertensive changes (LV 
septum and posterior wall ~1 .2-1.5 em), but not nearly to the extent seen in 
other hypertensive patients with only hypertensive cardiomyopathy. 

Additional findings in patients with cardiomyopathy include the presence of 
small pericardia! effusions and both right and left ventricular thrombi. The 
former are easily recognized and their contribution to the extent of the "cardio
megaly" can be determined. Ventricular thrombi in patients 1o;ith congestive 
cardiomyopathy are said to be easily recognized (Reeder et al., 1981). It is 
probably more correct to say that typical findings of thrombus are common in 
these patients, but the actual diagnosis of clot is not easy. These clots are 
often small and are found within the extensive trabeculae which develop in 
dilated, poorly functioning hearts. The thrombi are usually not discrete and 
well-localized as in the post-infarction patient, so 2-D echo should not be 
considered a sensitive technique for detecting ventricular thrombi in congestive 
cardiomyopathy. 

Assessment of left ventricular wali motion is discussed later, but a point 
should be made here with respect to congestive cardiomyopathy. Both systolic 
and diastolic ventricular function are important in the production of signs and 
symptoms of congestive heart failure. Changes in preload, afterload and contrac
tility produced by vasodilators, diuretics, anti-hypertensive medications and 
digital is may result in great improvement of ventricular function and/or volume. 
The echo may be used to assess these changes. However, an echo ordered after 
several days of aggressive treatment, may be nearly normal or within normal 
I imits even though the patient was in florid pulmonary edema a few days earlier. 
Our laboratory is sometimes questioned about the lack of abnormal findings in 
patients in this situation. As obvious as it might seem, one must remember that 
the 2-D echo shows function as it is, not as it was. 

B. Restrictive Cardiomyopathies 

Restrictive cardiomyopathies have a multiplicity of causes and the 2-D 
echo exam can only suggest their presence and etiology. Except perhaps in the 
case of amyloid (Siqueira-Filho et al., 1981) it cannot provide definitive 
diagnostic information. There is usually normal or decreased chamber size with 
decreased left ventricular function both in systole and diastole. The LV walls 
are thickened and in the case of cardiac amyloid, may show an abnormal, glittery 
texture. The RV is also involved. It is reported that amyloid also involves 
the valves, papillary muscles and atrial walls, differentiating it from other 
infiltrative cardiomyopathies . In practice, this is probably not a very useful 
sign and the diagnosis must be made by cardiac biopsy or by finding amyloid in 
other non-cardiac sites. Hemochromatosis usually produces cardiac dilation 
(Buja and Roberts, 1971). This and its non-cardiac manifestations permit 
differentiation from the other infiltrative diseases. 
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A decreased ejection or shortening fraction suggests abnormal systolic 
function. Signs of impaired diastolic function include a dilated left atrium 
and decreased mitral valve motion, which reflect a chronically elevated LV end
diastolic pressure (Feigenbaum, 1981a). The absence of segmental •,;all motion 
abnormalities or thinning and a dilated aortic root help differentiate infil tra
tive cardiomyopathies from ischemic and hypertensive heart disease respectively. 
Likewise, the finding of LVH on 2-D echo with decreased electrocardiographic LV 
voltage would be strong evidence for an infiltrative/restrictive cardiomyopathy 
and is probably the most common clue for diagnosis at this institution. 

C. Hypertrophic Ca:t'diomyopathie s 

Hypertrophic cardiomyopathies comprise such a wide range of etiologies 
and pathophysiologies that they alone could easily be the subject of an en ti re 
Grand Rounds. A good approach is to determine the pattern of hypertrophy and 
the presence or absence of obstruction (Maron and Epstein, 1979 ) . The variable 
patterns of hypertrophy and the dynamic nature of obstruction make this a diffi
cult task but one for which 2-D echo is particularly '"ell suited (Maron et al., 
1981a and b; Silverman et al., 1982 ) . 

The sine-qua-non of hypertrophic cardiomyopathy is an abnormal mass:volume 
ratio. Small increases in LV thickness are to be expected in dilated hearts and 
do not indicate a primary hypertrophic process. Increases in LV wall thickness 
in athletes, especially those who engage in activities with a prominent isometric 
component should be considered normal (Longhurst et al., 1979). The "hypertrophy" 
involves the septum and LV posterior wall more or less symmetrically although 
the septum is normally 1-2 mm thicker. A left ventricular posterior wa l l 
thickness of~ 1.2 em should suggest a non-physiological cause of hypertrophy. 

1. Syrrrnetrical hypertrophy is the most conmon form of syrrrnetrical 
hypertrophic cardiomyopathy associated with systemic arterial hypertension. 
Even though this is called "symmetrical" hypertrophy, the septum is usually 
slightly thicker than the posterior wall (mean ratio of septum:LVPW = 1.1 : 1). 
Unfortunately, many hypertensive patients also have localized areas of hyper
trophy, especially in the region of the septum where the anterior aorta attaches. 
Many of these patients have systolic ejection murmurs and dilated aortic roots 
with normal aortic valve leaflets. There is no evidence of obstruction (vide 
infra), although the murmur may suggest the presence of turbulence. LV function 
may be normal or decreased, but the high ejection fractions seen with obstructive 
hypertrophic cardiomyo pathies are almost always absent. Left atrial dilation 
occurs frequently and is due to decreased LV compliance and a high LVEDP. 
Whether this plays a role in the frequent association of hypertension and atrial 
fibrillation is not known. 

Differentiating hypertensive cardiomyopathies from familial hypertrophic 
cardiomyopathies can be extremely difficult. Attempts to obtain adequate 
historical information about the patients previous blood pressures should be 
made although this information is frequentl y inaccurate o r unavailable. Many 
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hypertrophic cardiomyopathies are familial, so echocardiographic examination in 
younger family members may be helpful. Hypertension may also be familial, so 
blood pressures should be measured if family screening is done. 

2. Asymmetrical hypertrophy was initially described as a single 
disease called Idiopathic Hypertrophic Subaortic Stenosis (IHSS) (Brock, 1957; 
Teare, 1958). It is inherited as an autosomal dominant trait and characterized 
by a septal to posterior LV wall thickness ratio of > 1.3, decreased septal 
motion, systolic anterior motion of the mitral valve and a dilated left atrium 
(Henry et al., 1973). Pathologically, disarray of myocardial fibers was found 
and was said to produce an abnormal, glittery appearace of the septum on two
dimensional echo. Unfertunately, subsequent studies have provided much new 
information, but probably an equal amount of confusion. 

With 2-D echo studies, it became obvious that septal hypertrophy was not a 
uniform process and could involve any oral 1 of the septum (Maron et al ., 1981a; 
Yamaguchi et al., 1979). About two-thirds of the patients with asymmetrical 
septal hypertrophy show mid-septal enlargement while about 1/4 have thickening 
throughout the septum. Most patients show consistent thickening in a superior
inferior direction. Almost half the patients ·have hypertrophy of the LVPW. 
Clear-cut guidelines for separating asymmetrical and symmetrical forms do not 
exist because of this, but most authors v.ould probably agree that septal :posterior 
wall diastolic thickness ratios of> 1.5 v.ould be classified as "asymmetrical" 
and are more 1 ikely to represent a familial or primary form of hypertrophic 
cardiomyopathy. 

Septal motion is usually reduced in patients with Asymmetrical Septal 
Hypertrophy (ASH), particularly when the hypertrophy is severe (> 1.8 em). This 
is somewhat surprising when one considers that the ejection fractions in these 
patients are usually above normal unless lowered by drugs or congestive heart 
failure. The LV is usually normal in size although the left atrium is frequently 
dilated as a result of increased LV end-diastolic pressures, reduced LV compliance 
and mitral regurgitation that is commonly seen in patients with ASH. Impaired 
diastolic function also produces decreased mitral motion, i.e. pseudo mitral 
stenosis . Abnormally small LV end-systolic volumes may also produce mitral 
valve prolapse with a morphologically normal valve (Boeker et al ., 1981). This 
has nothing to do with click-murmur syndrome and should be considered an arti
fact. It is not usually reported by our laboratory for that reason. 

3. Obstructive hypertrophy is the presence or absence of left 
ventricular outflow tract obstruction and cannot be determined quantitatively by 
2-D echo, but clues to its presence and severity are provided. The most reliable 
sign is that of notching of the aortic valve during systole (Figure 9). This 
is caused by dynamic LV outflow tract (LVOT) obstruction decreasing the rate of 
LV ejection which produces an incomplete closure of the aortic valve. This 
corresponds to the "spike and dome" carotid artery tracing and is highly specific 
for LVOT obstruction. Unfortunately, the sensitivity of the sign is not known 
and is probably not seen in all cases of obstruction, especially when only small 
gradients are present. 
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Figure 9 shows an M-Mode tracing from the aortic valve of a patient 
with septal hypertrophy and obstructio'l. No te the mid - systolic 
notching of the non-coronary leaflet in the second cardiac cycle . 

A number of papers have suggested that systolic anterior motion of the 
mitral valve (SAM) is a reliable sign of :..VOT obst ruct ion (Henry eta!., 1973; 
Rossen eta!., 1974 ). Unfortunately, it is not specific f o r obstruct ion, and it 
is probably not the mitral leaflets which cause it. TI·JO-dimensional studies 
show very clearly that the abnormal echoes recorded in the LVOT during systole 
are caused by the chordae tendineae in hypertrop h ic, hypercontractile left 
ventricle (Come et al., 1977). Obstruction is certainly more I ikely to occu r in 
the presence of a very high ejection fraction and a sm21l I end - systolic LV volume, 
so the co-existence of SAM and obstruction is easi ly understood. One should 
consider SAM a ma r ker of a high EF however and not o f LV outflow tract obstruction. 

The absence of valvular lesi ons helps to rule out other causes of LV 
hypertrophy. Examination of fam i J y membe rs may be qu ite usefu I to detect 
unsuspected or silent cases o f ASH. The aort ic root shou ld be normal, and 
enlargement 1-10uld raise the question of v1het her systemic arterial hypertension 
may have been present. Maneuvers wh ich redu ce LV volume o r inc rease its ejection 
fraction should be used to provoke signs of ob st ruction in patients with a 
hypertrophic cardiomyopathy . 
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V RIGHT HEART DISEASE 

The right-sided cardiac chambers are difficult to examine by routine 
clinical methods including the physical examination, chest X-ray and electro
cardiogram. For this reason, two-dimensional echo is especially useful in 
providing anatomical and functional informati o n not easil y obtained by other 
methods. Although chronic obstructive lung disease does create problems for 
echocardiography, the use of subcostal and apical 2-D views has lessened its 
impact. 

A. Right Heart Dilation -Pressure Versus Volume? 

In evaluation of the patient with RV dilation, one would want to know 
whether the left ventricle is involved as well, or if the disease seems to have 
affected the right heart only. A number of conditions lead to right ventricular 
dilation, but associated findings often provide useful diagnostic information. 

Dilation of the right atrium (RA), ventricle (RV), and pulmonary artery 
would suggest either a significant left-to-right shunt and/or pulmonary hyper
tension . RV hypertrophy would favor the diagnosis of pulmonary hypertension. A 
large RV might mean Eisenmenger physiology. When RA pressure is substantially 
above that in the LA, the atrial septum can be seen bulging toward the LA in 
both systole and diastole. The pulmonary valve also has a characteristic 
systolic notching in pulmonary hypertension, although this is an inconsistent 
finding. It is virtually identical to the notching seen in aortic valve with 
IHSS (Figure 9). Dilated right heart structures and drop-out of atrial septal 
echoes and excessive motion of atrial septal mid-portion edges v10 uld suggest an 
ostium secundum atrial septal defect. If an intracardiac shunt is present and 
of sufficient magnitude to cause right heart enlargement, its site can usually 
be localized with contrast echocardiography. 

Paradoxical septal motion is often discussed in association with RV enlarge
ment, but unfortunately it occurs with both pressure and volume overload states 
and cannot be used to distinguish one from the other (Weyman et al., 1976). In 
both situations, the ventricular septum is displaced downward into the LV at 
end-diastole. With systole, isovolumetric contraction of the LV quickly overcomes 
the RV : LV pressure differential and the septum is pushed back toward the RV. 
This means that the septum moves "paradoxically" in early systole. It may be a 
useful sign in situations of acute increases in RV pressure such as pulmonary 
embolism or rupture of the aorta or septum or sinus of Valsalva into the RV. 

B. Right Heart Valvular Disease 

I. Tricuspid regurgitation. In most patients, clear 2-D echo views 
of the tricuspid and pulmonary valves are easily obtained. A v igorously con
tracting dilated RV with a large RA and normal PA wo uld suggest tr icus pid regur
gitation (TR). Depending on etiology, the tricuspid valve itself may be normal 
or abnormal. The inferior vena cava (IVC) and hepatic veins are usually dilated 
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and even pulsatile. Contrast echocardiography is useful in identifying TR. An 
injection of contrast material into an arm vein will enter the heart via the 
superior vena cava and will not normally enter the IVC. Detection there, 
especially during ventricular systole, would be proof of TR. It is also possible 
to observe a to-and-fro pattern of motion of the contrast bubbles in TR (Veyrat 
et al., 1982). 

2. Malignant carcinoid syndrome may produce substantial cardiac 
involvement that is easiiy recognized by 2-D echo (Hodard et al ., 1982). The 
tricuspid leaflets are shrunken and retracted without commissural fusion and 
signs of tricuspid regurgitation are present. The pulmonary valve may be 
similarly involved while the left sided valves wil 1 be normal. Carcinoid is 
unique in this respect and therefore easily diagnosed. 

C. Pulmonary Embolism 

Echocardiography is usually not useful in detect ing pulmonary emboli 
but may detect acute pressure increases in the right ventricle (W iner et al., 
1977; Arvan and DuBois, 1982) -. A sudden increase in RV size with paradox ical 
septal motion would indirectly suggest the diagnosis. The echo may also be 
useful in ruling out other causes of hypotension and low cardiac output, but 
most of the time, other tests wil 1 be more useful and time should not be wasted 
obtaining an echo acutely if the diagnosis of pulmonary embolism is 1 ikely . 

D. Arrhythmogenic RV Dysplasia (Uhl's ) 

Parchment Right Ventricle, Uhl's Anomal y cr most recentl y Arrhyth 
mogenic RV Dysplasia all refer to the same disease characterized by RV dilation 
associated with a partial absence of RV myocardium (B aran et al ., 1982; Gaffney 
et al., 1983). Children born with a total absence of myocardium die in infancy 
or early childhood, while patients with less severe disease survive into adult
hood. The RV is massively dilated, poorl y contracting, and thin walled. TheRA 
is similarly dilated while the pulmonary artery is of normal size. There is 
diastolic opening of the pulmonary valve from atrial systole s ince the RV serves 
mainly as a passive conduit. The patients often have recurrent ventricular 
tachycardia with a characteristic "after potential" or "epsilon wave" on their 
electrocardiogram. The ventricular septum and moderator band are normal as are 
the cardiac valves. A normally positioned tricuspid valve rules out Ebstein's 
anomal y. The ability to recognize these patients non-invasively may permit more 
effective treatment of the associated 1 ife-threatening arrhythmias to prevent 
sudden death. 

VI VALVULAR HEART DISEASE 

Two-dimensional echo is unique in its ability to examine card iac val ve 
structure and motion. This is of great value for de termining both the eti o logy 
and severity of valvular heart disease. Because various diseases tend to a ffec t 
one or more valves in a consistent pattern, t his section wil 1 d iscuss valvular 
heart disease from that perspective. 
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A. Rheumatic Hea:rt Disease 

Al though the U.S. incid ence of acute r heumatic fever a nd therefo re 
valvular heart disease has been decreasing stead il y the past two decades, t he 
recent arrival of immigrants from Mex ico a nd so u theast Asia has brought substan
tial rheumatic heart disease. The history i s often not clear, but calcification, 
scarring and commissural fusion provide rei ia b l e informati o n about the presence 
of rheumatic valvular disease. The damage to leaflet s and chordae may prod uce 
either stenotic or r egurgitant lesions o r a comb ination of both. The valves 
wil I be discussed in order of frequency of i nvolvement. 

1. The mitral valve typicall y shows thickening of the leaflets. The 
commissures may be fused. --=ri"i'e""anteri or leaflet wi th its la rge r surface area 
pulls the posterior leaflet up during diastole, so that its mo ti o n is restricted 
and a bowed configuration i s seen. Scar ri ng and ca lc ificat io n may be seen in 
the leaflets, chordae or papillary musc les. Two-dimensional ec ho is an extremely 
sensitive method for detecting ca lcif ica tio n , bu t differentiation from fibro si s 
i s difficult and up to 1/3 of mitral valves sa id to be calci f i ed on · 2-D exam 
will not show the calcium on X-ray . This probably rep r esen t s oversensitivity of 
2-D echo and poor sensiti v ity of radiography (Zanella et al., 1982). Minor 
degrees of thickening are al-so commonly seen wi th ag ing and in o t her conditions, 
but commissural fusion as wel l as involvement of other valves are strong evidence 
of rheumat ic heart disease. 

Associated findings indirectl y po int to a diagno sis predomi nant of regu rg i 
tation o r stenosis. The latter typically prod uces an enlarged left atrium with 
a small, hypocontractile left ve nt ric l e and aortic root. Occas ional l y a c lot 
may be seen in the LA . A parasternal, short - ax i s v iew a t the tips of the mitr al 
leaflets provides an estimate of mitral valve cross-sectional area (N icho l et 
al., 1977) . Technical details are important , but t he meas ur ements from 2-D have 
been found to correlate well with est imate s of va l ve area taken at catheterization 
or surgery (Figure 10) . 

Figure 10. 
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If combined stenosis and regurgitation are present, 2-D echo may be the only 
non-surgical method of estimating valve size since the Gorlin formula (Gorlin 
and Gorl in, 1951) cannot be easily applied in combined lesions. 

Mitral regurgitation cannot be diagnosed directly from echo, but an enlarged 
LA and LV with an increased or high normal LV ejection fraction and increased MV 
excursion would suggest regurgitation (Wann et al., 1977). It is usually possible 
to estimate the extent of regurgitation or stenosis in combined lesions by 
looking at leaflet motion and LA and LV size. Non-invasive estimates of LV 
volume and function can be used to assess severity and determine the timing of 
more invasive tests or treatments. 

2. The aortic valve may show changes similar to those seen in 
rheumatic mitral disease, ~thickening of the leaflets, commissural fusion 
and variable amounts of calcification and fibrosis. Like the mitral valve, 
stenosis, regurgitation or a combination of the two lesions may be seen. A 
stenotic valve should be associated with concentric LV hypertrophy and a dilated 
aortic root. Estimates of severity are based on leaflet thickness and motion, 
but the degree of stenosis can be determined only in general categories since 
measurements of aortic valve area are less reliable than mitral valve area 
measurements (DeMaria et al., 1980; Godley et al., 1981). Problems in diagnosis 
occur in the elderly patient with calcification in the aortic valve and concen
tric LV hypertrophy. Hypertension in an elderly patient may cause similar 
findings, and leaflet thickening ~lith annular calcification is common in this 
age group, so great attention must be paid to leaflet separation, thickness and 
the localization of calcification. The ability to place patients in diagnostic 
categories of mild, moderate or severe aortic stenosis on that basis is often 
adequate for clinical purposes, especially when the patients are elderly o r the 
relationship of symptoms to aortic stenosis is not clear. 

Aortic regurgitation, like mitral regurgitation, cannot be diagnosed 
directly but its presence can be inferred (Kotley et al. , 1980). The LV ~~ill be 
dilated and show signs of volume overload with exaggerated septal and posterior 
wall motion and a high ejection fraction. Hypertrophy is common but the wall 
thickness is usually 1.3 em or less. In combined lesions, the degree of LV 
dilation and hypertrophy reflect the amount of regurgitation or stenosis present, 
although associated disease of the mitral valve or systemic hypertension may 
produce similar findings. The mitral valve is commonly involved in rheumatic 
aortlc valve disease so that combined disease is almost always rheumatic in 
etiology. However, aortic insufficiency produces fluttering of the mitral 
leaflets in diastole. The 2-D image sho•ds thickened leaflets because the 30 Hz 
frame rate of the 2-D system is not adequate to resolve the fine flutter ·pattern 
of leaflet motion. Decreased LV compliance and elevated end-diastolic pressures 
produce an enlarged left atrium and reduced mitral valve motion. This combination 
looks remarkably 1 ike mitral stenosis and may lead to an incorrect diagnosis. 
Simultaneous high quality M-Mode and 2-D tracings of the mitral valve will 
identify flutter as the cause of apparent leaflet thickening, while normal 
posterior mitral leaflet motion identifies pseudo-mitral valve prolapse. Left 
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atrial diameter is usually less than 4 . 5 em in this setting, but may be much 
larger with true mitral stenosis. Various M-Mode indices of LV size and volume 
have been suggested as criteria for aortic valve replacement, but these measure
ments are unreliable in large dilated LV's. Even though 2-D measurements are 
much better, rest measurements may not be sensitive enough to detect early signs 
of LV dysfunction (Huxley et al., 1983). 

3. Tricuspid valve involvement is less common but pathologically 
similar to aortic and mitr:ar-7heumatic disease. Secondary tricuspid regurgi
tation is also a common problem in mitral rheumatic heart disease because 
pulmonary hypertension may produce a dilated RV and RA. Careful imaging of the 
tricuspid valve leaflets in this setting can be useful in distinguishing rheu
matic tricuspid regurgitation from secondary, non-valvular causes. Many times, 
the presence of tricuspid involvement is unsuspected or underestimated because 
of the subtle nature of the physical findings and the inherent difficulties in 
examining the right heart. Contrast studies may be of benefit in evaluating TR 
(see Section X). 

B. Infective Endocarditis 

Infective endocarditis may affect any cardiac valve, but I ike rheumatic 
disease, it is virtually always found on either the mitral, aortic or tricuspid 
valves. Any leaflet may be involved and multi-leaflet or multi-valve disease 
is not rare. A vegetation appears as a bright, mobile, echo-dense structure 
attached to the valve leaflets or rarely to the chordae tendineae. The vegeta
tions (2 mm- 4 em) often move in a direction or speed different from the leaflet 
itself. The presence of vegetations allows confirmation of the diagnosis and 
provides localization of the involvement so clinical problems can be anticipated 
and appropriate surgical intervention provided when necessary. 

Thickening of a leaflet in a bacteremic patient is not diagnostic of 
endocarditis , but does show the presence of an abnormal valve with the increased 
risk of infection. Occasionally, a flail leaflet may show a pattern of motion 
similar to that of a vegetation, but careful stop frame analysis will show 
leaflet destruction and allow one to discriminate a flail leaflet from a vegetation. 

There is substantial controversy as to the meaning of vegetations detected 
by echocardiography. Originally, some investigators suggested that the mere 
presence of a vegetation was an indication for surgery . Subsequent studies of 
left-sided endocarditis have supported the concept that patients with vegetations 
are at greater risk for embolic and hemodynamic complications, but not every 
patient will require an operation (Stewart et al., 1980). Vegetations on the 
tricuspid valve seem to have similar prognostic significance in terms of embolic 
complications and prolonged course although hemodynamic complications are not a 
significant factor. 

Serial echoes are not useful in assessing anti-bacterial therapy since 
vegetations may persist for months to years after the initial infection (Ma rtin 
et al., 1980) . Likewise, the absence of vegetations on 2-D echo does not rule 
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out endocarditis and normal exams may be seen in 1/3 to 1/2 of patients with 
clinically diagnosed bacterial endocarditis. If significant leaflet involvement 
i~ found, the echo is useful in assessing the extent of damage and its hemo
dynamic consequences and serial examinations should be done for that reason. A 
pre-discharge echo should be obtained to provide a baseline study, especially in 
drug abuse patients, since recurrences are 1 ikely and vegetations may persist 
for months to years. 

In following patients •,.lith aortic valve endocarditis, a sign of hemodynamic 
compromise is that of "early mitral valve closure" (Figure 11 ). 

Figure 11. 

The physiology underlying this finding is often misunderstood, so it wil I be 
d iscussed in detail. Normally, mitral leaflet motion consists of an initial 
opening in diastole during early rapid fil 1 ing of the LV (seeM-Mode trace on 
the cover). As flow dec! i nes, the mitral leaflets drift toward a closed position 
only to be reopened by flow associated with atrial systole. In acute aortic 
insufficiency, the LV has not yet di lated adequately to accommodate the volume 
load so the end-diastolic pressure (LVEDP) becomes quite high. It may be so 
high that atrial systole produces 1 ittle or no additional movement of blood and 
the mitral leaflets fail to reopen. Thus the mitral valve is closed long before 
ventr icular systole. If the heart rate is rapid ( > 110-120 ) or if there is 1° 
heart block, the rapid filling phase and atrial systole become superi mposed and 
give the appearance of early closure, regardless of the LVEDP or deg ree of 
aortic leak. (This i s the same physiology that causes 5

3 
and 54 gallops to 

merge and be heard as a summation gallop.) 
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Flail valve leaflets or rarely the complete absence of a leaflet are almost 
always accompanied by significant hemodynamic consequences which require surgical 
intervention. We have not seen a single patient with endocarditis and a flail 
leaflet survive without surgery. Most of these patients are severely il 1 on 
admission and require emergency valve replacement. The echo has been extremely 
useful in this situation and most of our patients have had surgery in this 
setting without catheterization. There are obvious risks to this and one should 
probably continue to catheterize such patients until substantial experience has 
been gained by the echocardiographer in this setting. 

Mitral valve leaflets with vegetations wil 1 often show abnormal motion 
typical for mitral valve prolapse. This often leads to a diagnosis of MVP and 
myxomatous disease as the basis for the endocarditis. Unfortunately, a pre
viously normal valve wil 1 also prolapse when a vegetation is attached on one of 
its leaflets . One therefore wonders in how many cases of MVP and endocarditis 
was the MVP the underlying cause and how many t i mes was it the result. 

1. Prosthetic valve endocarditis is extremely difficult to recognize 
because of differences in patterns of involvement as well as technical problems 
associated with imaging prosthetic valves. Often vegetations are not present. 
Ring dehiscence may occur and would be seen as excessive valve motion (Wang et 
al., 1982). A fluoroscopic exam would give similar information. Valve ring 
abcesses occur and in technically favorable circumstances may be identified on 
2-D echo by the presence of a fluid-filled cyst involving the ventricular septum 
or bulging into the left atrium from the posterior aortic root (Nakamura et al., 
1982). Unfortunately, by the time these abcesses are large enough to be recog
nized by 2-D echo, damage is severe and surgery often difficult or impossible. 
A routine post-operative echo in prosthetic valve patients is extremely useful 
for comparison purposes, but the cost effectiveness is not high. 

2. Indications in bacteremia. A common problem in the Parkland echo 
laboratory is the number ofrequests of "Rule-out SBE." Our y ield and that of 
others in a patient without positive blood cultures is 1% or less and clearly 
not high enough to justify using 2-D echo as a screening device (White et al ., 
1982). A possible exception would be the ICU patient wi th multiple catheters 
and persistent fevers despite broad spectrum antibiotics. Even in this group, 
the yi eld from 2-D echo is very low, but the lack of less expensive diagnostic 
alternatives may justify its use. 

C. Mitral Valve Prolapse 

The diagnosis of mitral valve prolapse can be considered either the 
boon or bane of echocardiography depending on one's point of view. Very large 
numbers of patients are ' referred to "rule-out" MVP. In practice, this is 
difficult because M-Mode diagnostic criteria are not applicable to 2-D echo 
studies. TheM-Mode beam "sees" prolapse of the mitral leaflets in a direction 
parallel with the beam. Two-dimensional echo showing a cross-section of the 
mitral valve detects leaflet prolapse into the left atrium, i.e. in a direction 
perpendicular to that seen with M-Mode (Figure 12) . 
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Figure 12. Schematic of apical 4-chamber and parasternal long 
axis views showing mitral valve prolapse of both leaflets. 

Substantial overdiagnosis of MVP has become the rule. To provide better diagnostic 
definition in MVP, we examine not only valve motion but valve morphology as 
well. 

Two-dimensional echoes in patients with clear-cut auscultatory and phono
cardiographic evidence of MVP, reveal a wide spectrum of valve types. Some 
valves are large, thick, and redundant, and prolapse regardless of the view. 
Others are small, thin, normal-appearing valves which prolapse in mid- or late
systole only. In these latter patients, the prolapse is often intermittent and 
may be seen in only one view. The question then is whether MVP constitutes a 
single disease with a spectrum of valve findings or whether patients can be 
classified into identifiable categories based on mitral valve leaflet morphology. 

To answer this question we performed in vivo echoes on patients with 
classical, persistent MVP, on survivors from fami I ies where a death occurred due 
to MVP, on patients undergoing mitral valve replacement for complications of MVP 
and in vitro on hearts of MVP v ictims of sudden deat h. We then reviewed 68 
technically satisfactory 2-D echoes from 33 patients with classic auscultatory 
MVP and 35 normal healthy adults without known cardiac disease. For each echo, 
an arbitrary value of I-V was assigned to estimate mitral val ve leaflet size : I 
=normal, II =equivocal, III =clearly enlarged, IV= even larger, and, V 
largest ever seen. The presence or absence of MVP was also noted. To be 
considered prolapse, one or both mitral leaflets had to protrude behind an 
imaginary line through the mitral annulus. Both parasternal long axis and 
apical 4-chamber views were utilized. In addition, simple measurements of 
aortic, left atrial and mitral annular dimensions were made. There was some 
bias in grading valve size since the observers could tell whether the valve 
prolapsed or not. Otherwise all three readers were blinded to the diganosis and 
identity of each subject in the study. The results from this preliminary 
investigation are shown in Table 2. 
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Tab 1 e 2. 
Valve Size MVP MV Annulus Ao Root 

II II I-V J.:!l (mm) (mm) 

MVP ( N=33) 1 2 30 32 31.8±6.9 30.7±4.8 
Norma 1 s (N=35) 33 2 0 1 28 .5±4 .2 30.9±5.1 

Table 2 gives the results of 2-D echo evaluations in 33 MVP patients and 35 
normal controls (Mean± 1 SO). Measurements of mitral valve annulus and aortic 
root include only patients with large mitral valve leafle ts, Sizes III-V, 
(N=30). 

It appears that diagnostic criteria using motion and morphology can separate 
patients from controls with a high degree of sensitivity and specificity. The 
problem of diagnosis occurs in patients with morphologically normal valves but 
minor degrees of prolapse and an intermittent mi~-systolic click or faint systolic 
murmur. Levine (1982) and Perloff (1982) have proposed that patients be divided 
into categories either of functional or "myxomatous" MVP. We believe that these 
2-D criteria based on valve motion and morphology, permit classification of 
patients as either normal, functional MVP, or myxomatous MVP and provide guidance 
in terms of further ~MJrk-up and treatment, if any, of symptomatic MVP patients. 
We are currently conducting studies to test this premise by looking at family 
members of both types of MVP patients to see if there is a genetic component of 
both types or only in myxomatous MVP. 

MVP can occur in situations associated with myxomatous mitral leaflets or 
normal leaflets in the presence of a smal 1 LV volume. More than 3/4's of 
Marfan syndrome patients have large floppy mitral va lves and MVP, but virtually 
all have a dilated aortic root as \'/e ll and none of the symptoms of Barlow's 
disease. Enlarged mitral and aortic valves, a family history, the typical 
Marfan habitus, and other stigmata of the Marfan syndrome shou ld be adequate 
clues for a correct diagnosis . In fact, a dilated aorta and MVP with a large 
floppy valve would be cons idered by this writer to be very strong ev idence 
against MVP alone or Barlow's and wou ld suggest a diagnosis of the Marfan 
syndrome or another connective tissue disorder such as Ehlers-Danlos (Jaffe et 
al., 1981). Atrial septal defects can produce MVP with a morpho logica l ly normal 
valve. The clue is that closure of the ASDel iminates the MVP. Some patients 
with idiopathic hypertrophic subaortic stenosis (IHSS) also have MVP with a 
morphologically normal valve. The prolapse occurs in the setting of a small LV 
and systolic volume and is relieved by maneuvers which increase LV volume . 
Recognition of these secondary causes of MVP is worthwhile since, in each case, 
the primary condition is more important than MVP itself. 

D. Bicuspid Aortic Valve 

Bicuspid aortic valve is one of the most common congenital cardiac 
anomalies (Roberts, 1970). It occurs in 1-2% of all births and in later 1 ife is 
associated with progressive stenosis due to calcification. Its identification 
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is useful in differentiating it from rheumatic heart disease and for determining 
the need for prophylaxis against bacterial endocarditis, the most common adult 
cause of death in these patients (Fenoglio et al., 1977). The sensitivity and 
specificity of diagnosis of this condition by 2-D echo has recently been reviewed 
in detail by Brandenburg et al . (1983). 

These investigators retrospectively reviewed available 2-0 echoes from 115 
of 283 patients < SO years old, undergoing aortic valve replacement at the Mayo 
Clinic between J-;:;-ne 1977 to June 1981. Chronic aortic regurgitation (AR) wa s 
present in 53, while 32 had aortic stenosis (AS) . Seventeen had a history of 
infective endocarditis. Adequate surgical description or pathological material 
was available in all 115 cases. There •~e re 50 bicuspid va lves, 60 tricuspid 
aortic valves, 4 had unicommissural valves while 1 patient had a quadricuspid 
valve. 

The number of cusps was determined by 2-D echo in 86 patients (75 %). 
Inadequate images (13 %) and heavil y calcified va l ves (11 %) produced a few 
uninterpretable echoes. The age restric tion was important in keeping the figur e 
at only 24%. Overall, sensitivity and specificity were 78 and 96% respectivel y , 
although in patients with AS the values were 67% and 80 % respectively. Almost 
1/3 of the studies in AS patients >vere "indeterminant." 

The aorta, imaged cross-sectionally in a short axis-base viev1, appears to 
be a circle (F igure 13). 

'"""·0 
'"""© 0 

Tricuspid AV Bicuspid AV 
with Raphe 

P'IGUREtJcx.gram o1 perastemal short-axis scan of tricuspid (l.tt) aro 
bicuspid (right) aortic valves (AV) in diastole (109) aro systole (bottom). 
Ahhough diastolic appearance of both valves may be slmil.v, viewing 
the opening pattern distinguisnes a raphe from a commlss4Jre. 

The three leaflets in diastole fo rm a 
as a straight line across the aorta. 
a nearly vertical closure 1 ine. If a 

"Y". A bicuspid va l ve in diastole appears 
Most bicuspid valves wil l be oriented with 
media n raphe is present, it will always be 
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in the anterior cusp. Care must be taken not to m istak~ this for a third cusp. 
Likewise, slight rotation of the transducer out of the short ax is view can make 
a normal tricuspid aortic valve appear to be bicuspid . The "missing" leaflet 
should be diligently sought before the diagnosis of a bicuspid valve is made. 
Thickened and redundant leaflets are common in bicuspid valves and may be helpful 
signs. 

These investigators also examined the eccentricity index as a method of 
differentiating tricuspid from bicuspid aortic valves. The normal aortic valve 
closes in the middle of the aorta while bicuspid aortic valves appear to close 
eccentrically when recorded by theM-Mode beam. The Eccentricity Index (E) (the 
aortic diameter divided by half the smaller distance from the leaflet to the 
aortic wall , (E =A 7 2a)) is normally 1 . 0 and if above 1.3-1.5 would suggest a 
bicuspid aortic valve (Nanda et al., 1974). The Mayo Clinic group found a wide 
scatter of values with a sensitivity and specificity of 55 and 71 % respectively. 
A previous M-Mode study by Radford et al. (1976) showed a sensitivity of 75%. A 
sensitivity of 55% is more reflective of our .experience at Parkland. In general, 
the Eccentricity Index is not a useful calculation except in obvious cases where 
it is not needed for diagnosis. Two-dimensional echo visualization is substan
tially better and offers the added benefit of being able to assess leaflet 
morphology_ as well as number. 

VII MITRAL ANNULAR CALCIFICATION 

A common finding i n elderly patients is mitral annular calcification (MAC) 
(Geil, 1950; Simon and Liu , 1954). It is most commo n in women over age 60 but 
can be found in men, usuall y somewhat older, o r in patients of either sex with 
end-stage renal disease or ot her disorders of calcium metzbol ism. These abnormal 
calcium deposi t s are located posteriorl y in the mitral annulus itself o r in the 
adjacent myocardium beneath the posterior mitral leaflet (D' Cruz et al., 1979). 
Their location may produce a dense echocardiograph pattern in the shape of a 
horseshoe or merely bright spots near the posterior leaflet of the mitral val ve 
(Figure 14). 

A 8 
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Extensive calcification can result in dysfunction of the mitral apparatus with 
mild to moderate mitra l regurgitation. Invasion of the intraventricular septum 
has been associated with the development of conduction system defects and bundle 
branch block. There is less fibrous substance in the mitral ring anteriorly so 
less calcification is seen there . Several cases of endocarditis have been 
reported in patients with MAC (D'Cruz, 1982). 

The caus e or causes of MAC are not known, but the clinical presentation 
suggests it is a normal ag ing process, more advanced in women than men, and 
accelerated by abnormalities of calcium metabol i sm, such as those found in 
patients with ESRD. This writer believes that the loca tion of MAC reflects 
points of chronic structural stress, ;vorse in ;vome n with hi gher hear~ rates and 
smaller end-diastolic volumes. It is ve r y common to see exaggerated motion of 
the posterior mitral annulus or posterior basal LV wall in women, and it is this 
area which develops MAC. Subtle age- and sex-related diffe r ences in calci um 
metabolism may explain the nearl y five-fold increase in the prevalence o f MAC in 
women compared v.J ith men. 

MAC is of 1 itt le significance except that it may someti mes produce a 
murmur or conduction system disease. It can be mistaken for mitra l valve 
leaflet calcification on X-ray or 2-D echo, so an awareness of its characte r
i st ics is useful. As an asymptomatic finding, it should be considered a benign 
cu ri osity. 

VIII CORONARY ARTERY DISEASE 

Coronary artery disease patients compri s e a la rge portion of both interna l 
medicine and ca r diology practices so it is only na t ural that 2-D echo has been 
applied extensively in this group. Some applications are genuinely useful 
(Willerson, 1979; Reede r, 1982) w.hile othe rs generally fall into the category of 
a "technique in search of a purpose." The following sections discuss th i s at 
length. 

A. Detection of Coronary Artery Disease 

1. Left main coronary disease. The first 2-D pictures of the left 
main coronary artery\LMCA) were published by Weyman et al. in 1976, but diagnostic 
quality images are sti ll difficult to obta in. The LMCA is sma ll , relative to 
the resolving po~1er of the2 -D echo, and its course is such that only a portion 
of the vessel is usually visible. Rogers et al. (1980a), from the same group, 
examined 23 hearts i n vitro and were able to s ee most or all of the LMCA in 70 %. 
However, the take off of the left anterior descending (LAD) and left circumflex 
(LCx) were much more difficult to visualize, even in post-mortem hearts because 
the left atrial appendage and epicardial fat obscured the view. 

Anatomical and technical difficulties notwithstanding, Chandraratn and 
Aranow (1980) pub! ished a prospective series of 2-D echoes from 123 pat e nts. 
The LMCA was visible in only 60% includi ng 9 of 15 patients with LMCA ~ sease of 
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>50% stenosis. Al 1 9 patients had a narrowing detected prior to catheter
ization. Three patients with normal LMCA's were diagnosed as abnormal on 2-D 
echo. This is probably representative of mo st echocardiographers' experience 
and would suggest that ordinary 2-D echo is not very useful in detecting signif
icant LMCA stenoses. 

Rogers et al. (1980b) performed a further in vivo study with a simple 
signal processing technique which increased the brightness of high-intensity 
echoes caused by fibrosis and calcification. By doing so, they were able to 
detect calcification in the proximal left main coronary artery, but could not 
distinguish between significant or non-significant lesions. 

At catheterization, almost half of the detected lesions were less than 50%. 
There was excellent agreement with the presence of calcium detected by fluoros
copy. For that reason, it would seem that cardiac fluoroscopy, especially with 
newer high resolution systems would offer the same diagnostic information on a 
more reliable basis. 

2. Kawasaki's disease. Somewhat better results have been obtained 
in children with Mucocutaneous Lymph Node Syndrome or Kawasa ki 's Disease. This 
childhood disorder, first described in Japan in 1967 (Kawasaki et al., 1974), is 
characterized by fever, lymph node swelling, rash and in about 0.7% of the 
cases, coronary artery aneurysms which can produce myocardial infarctions and 
death. Both right and left coronary artery systems may be involved, alone or 
together, and the aneurysmal dilations in their prox imal portions render them 
more 1 ikely to be detected. Many of the cases have been diagnosed prior to 
catheterization, so 2-D echo is probabl y a suitable non-invasive screening 
devi ce (Hiraishi et al., 1979; Yoshida et al., 1982; Yoshikawa et al., 1979). 
There is probabl y a fairly low sensitivity but a relativel y high specificity. 

B. Detection of Wall Motion Abnormalities 

Significant differences exist between the various diagnostic techniques 
in their ability to detect wall motion abnormalities. Angiography, whethe r 
accomplished by radiographic or scintigraphic techniques, provides silhouette 
images of the heart while 2-D echo gives a tomographic view. In all methods, 
multiple views must be taken to compensate for sampling errors. These v iews 
must then be related to precise anatomical locati o ns in the heart. Because of 
differences in v iews, it is often difficult to make precise comparisons between 
2-D echo and angiographic assessments of wall motion abnormal i ties. 

To avoid the problems inherent in finding a suitable gold standard, Weiss 
et al. (1981) compared 2-D echo-detected wall motion abnormalities with autopsy 
findings in 2-D echo patients with heart disease. Their simple system uti! ized 
only parasternal long and short ax is views and divided the heart into fi ve 
regions. Wall motion was classified as normal, hypokinetic, or akinetic /dy skinetic. 
The hearts were examined in bread-loaf secti·ons corresponding roughly to the 
tomog raphic views obtained by 2-D echo. Of the segments found abnormal at 
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autopsy, 90% were also abnormal on 2-D echo. Conversely, 46 % of the segments 
examined by 2-D echo were abnormal, but had no pathology at autopsy. Thus, 
virtually all areas of transmural infarction will show akinesis/dyskinesis, but 
not a! I wal I motion abnormalities are associated with any demonstrable pathology. 
Hypokinetic l'<all motion is very non-specific and may be seen with a subendocar
dial Ml or histologically normal tissue. However many such areas of hypokinesis 
will be adjacent to an area of necrosis and probably represent mechanically or 
ischemical ly impaired but not infarcted tissue. 

This clinicopathological study supported earlier work by Drs. Nixon, 
Narrahara and Smitherman of this i~stitution (1980). They compared 2-0 echo 
with technetium 99m pyrophosphate and thai I ium-201 scin tigrams which provide 
information on the extent of myocardial infarction and perfusion abnormalities 
respectively (Figure 15). 

I . TRANSMURAL 
t 0 SU8ENOOCAROIAL I 

'0 '2 

ECHOCARDIOGRAPHIC SIZE 

(Summed Segment Score) 

Ft(A Rf: 15 . Companwn her .... ·een echocardiugrarhtcally t't 

''"'atf'd .w mmed .regmenc .rcures and rha//ium-201 reperfi.i · 
!itnn .scinugraphic image si:e 1n !9 pat1en1S . 

There was good agreement on infarct location in 26/29 cases, although thai! ium 
perfusion scintigraphy correlated much better with 20 echo than the PYP scans, r 
= 0.87 vs 0.74 respectively. The remaining variability is probably a result of 
wall motion abnormalities occurring next to ischemic or infarcted tissue. 
Similar findings in the setting of an acute Ml have been reported by others 
(Visser eta!., 1981; Gibson et a!., 1982 ) . 

Clearly, better results will be obtained if one I imits the study to patients 
with their first Ml or patients •,;ith only transmural Ml's, but this is not the 
usual CCU population. The technique for assessing •,;all rrotiol'l can be fairly 
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simple, although substantial time is required to perform these analyses by 2-0 
echo (Parisi et al., 1981). Extensive wall motion abnormalities do have pre
dictive value and may be use ful in identifying high risk patients. Similar 
results in patients with unstable angina would support the use of 2-0 echo in 
those patients as well (Nixon et al., 1982). 

C. Complications of Coronary Arte~d Disease 

1. Ischemic congestive heart failure can present a diagnostic 
problem in that the patients often have no history of anginal pain or infarction. 
The electrocardiogram may show only "poor R-wave progression" consistent with 
left ventricular hypertrophy and ca rdiomyopath y or old anterior infarction. The 
2-D echo may provide useful diagnostic information in this setting. Segmental 
wall motion abnormalities localized to classical patterns of infarction are 
strong evidence for ischemic heart disease. If the cardiomyopathy is ischemic 
in origin, substantial areas of akinesis or dyskinesis may be seen with normal 
or increased wall motion in the basal portions of the heart. 

2. Left ventricular thrombus may also be seen. This topic was 
extensively reviewed by Dr. J.V. Nixon in a recent Grand Rounds (September 2, 
1982) so only a few sal ient points and key references wil l be mentioned (Assinger 
et a]., 1981; Reeder et al., 1981; Stratton et a]., 1982). The clots always 
form in an area of decreased \vall motion; usually there is akinesis or dyskineses 
(i .e. paradoxical wall motion). Almost all are seen in the LV apex and may be 
recognized as an echo-dense mass protruding into the LV cavity in several 
different views. The clots, which are layered and not globular, blend into the 
LV wal 1 contour and may be difficult to recognize. The myoca rdium is usually 
thin and of increased density due to scarring. A normal or increased wall 
thickness in a akinetic or dyskinetic segment v~uld be presumptive evidence of 
LV clot. In the apical four chamber view, clots occur at the top of the sector 
image in an area of artefactually bright echoes. Gain settings and transducer 
position are very important if false positive and negative results are to be 
avoided. Two-dimensional echo has been said to be the best method of detection 
of LV clot associated with myocardial infarction, but its age or activity cannot 
be determined (Reede r et al., 1981). (Reeder had only a few cases to support 
this contention and although this writer personally agrees, there is I ittle 
objective support for the statement.) lndium-111 labeled platelets have prove n 
useful for showing active thrombus formation in the post-infarction patient, but 
the expense and availability of the technique have prevented its widespread use. 
Likewise, the significance of an LV clot demonstrated by 2-D echo is not known. 
There are case reports linking LV clot (Arvan and Plehn, 1982) to systemic 
emboli, but there are no studies which show definitively whether patients with 
LV clot are at increased risk of embolic events, or whethe r short-te rm anti
coagulant therapy v.ould prevent clots or their complications in susceptible 
individuals . The time course of development and resolution of these apical LV 
clots is also not known, although patients have been found with LV clot on 
admission with an acute Ml and have developed clots while receiving full systemic 
heparinization (Friedman et al., 1982). Clearly, there are major difficulties 
associated with basing treatment decisions for LV thrombus on 2-D echo findings. 
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Nonetheless, echo laboratories continue to receive many requests for a 2-D echo 
to "rule out cardiac source of emboli." The yield of 2-D echo 1-1as carefully 
studied by Lovett et al. (198 1) and Greenland et al. (198 1) in the Annals of 
Internal Medicine. Their findings, discussed in an editorial by Larson et-al. 
[1981), show very clearly that, in the absence of reasonable clinical suspicion 
of vegetations, myxoma, mitral valve prolapse, prosthetic valve thrombus, left 
atrial thrombus or left ventricular thrombus, the 2-D echo is not 1 ikely to be 
usefu 1. They estimate that 40-50% of the $100 mi 11 ion spent annua 11 y for 2-D 
echoes in these patients would be saved if Lovett's and Greenland's recommen
dations were followed. The experience at Parkland would support these conclusions 
entirely. A careful history and cardiac exam would eliminate the r.eed for a 
substantial portion of the requests currently being received. 

3. Left ventricular aneurysms are thin v1alled dyskinetic segments of 
myocardial scar and are easily detected by 2-D echo (Baur et al ., 1982). They 
can be a sou rce of ma lignant arrhythmias or clots so their detection can be of 
va lue in some patients (vide infra ). · 

4. Left ventricular pseudoaneurysms re sult when ventricular rup ture 
occurs, but pericardia] adhesions permit only a small localized leak of blood 
(Catherwood et al., 1980; Levy et al., 1981; Glover et al., 1981). With time, 
these pseudoaneurysms expand and produce cardiomegaly and congestive heart 
failure. They are prone to spontaneous rupture, v1hich is a fatal complication. 
The true aneurysms have a 110uth or opening the same width as the body of the 
aneurysm, while pseudoaneurysms have a narrow mouth usually less tha n half the 
diameter of the bod y of the pseudoaneurysm (Figure 16). The y usually contain a 
large thrombus while true aneurysms are 1 i kely to contain smaller chrombi or 
none at a 11. 

a) 

b) 

FIGURE 1 6schematic illustrations of the two types of left ventricular 
aneurysm. a, 1n a pseudoaneurysm {PSEUOO AN.) the rP.aximal internal 
wtdth of its neck or opening {Om:~~ l is much smaller than the maxtmal 
parallel mternal diameter (Dmcu l of the aneurysmal sac . b, in a true 
aneurysm (TRUE AN .} !he maxtmal internal w1dth of the mouth or 
ooenmg (Omax) is usually equal to. or wtder than, any o:h~r parallel tn
:ernal d•ameter ('" · ---) of the aneurysmal cav1ty . Therefore, in thts 
example Oma .. recresents the maxtmal parallel internal d:ameter (0,.....). 
Ao ::: aorta: CL = cl01: LA = left atnum: LV : le ft vemncle: MV = rTlltral 
valve. 
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5. Ventricular~ defects (VSD) and partial rupture of a papillary 
muscle may occur acutely following a myocardial infarction. Both conditions 
produce a loud systolic murmur and congestive heart failure o r pulmonary edema. 
The VSD is usuall y visible with or without contrast while papillary muscle 
rupture produces a flail mitral leaflet o r prolapse with an unattached papillary 
muscle head flying about the LV (Mintz et al., 1981; Erbel et al., 1981). 

6. Right ventricular infarctions are difficult to recognize clinically 
although Croft et al. (1982) from this institution have shown the value of an RV 
precordial ECG . RV wall motion can be assessed by 2-D echo the same way as with 
an LV infarction. Abo ut 1/3 of the patients with an inferior Ml will have RV 
involvement. D'Arcy and Nanda (1982) reported 10 patients with RV infarcts 
confirmed by autopsy (2), surgery (1) or 99Tc-PYP scintigram (7). All had an 
akinetic diaphragmatic RV surface, 8 had RV dilation and 7 had abnormal septal 
motion. Contrast echocardiography was performed in 9/10 and confirmed the 
presence of tricuspid regurgitation. 

In summary, 2-D echo's ability to visua.l ize cardiac architecture and motion 
can be useful in estimating LV function, the extent of ischemic damage, and the 
presence of certain campi ications such as thrombus, aneurysm and pseudoaneurysm. 
It is not useful for examining the coronary arteries themselves in adults and is 
not a recommended or preferred way to diagnose the presence of ischemia or age 
of infarction. In institutions where nuclear cardio~ogy is not well developed 
or readily accessible, it offers anal ternative for scintigraphic assessment of 
wall motion and R and L ventricular size and functio n. 

IX PERICARDIAL DISEASE 

The pericardium is an echo-dense structure easily visualized by 2-0 echo. 
Normally, the visceral and parietal layers or pericardium are opposed and moved 
in unison with the epicardium. Unfortunately, the normal density of the peri
cardium makes thickening difficult to detect. A doubling or tripling of the 
normal pericardia] thickness is still at the 1 imits of resolution for the 2-0 
echo. One should not depend on echo to diagnose pericardia] thickening or 
fibrosis, even whe n substantial calcification is present. 

Pericardia] effusion is easily detected and was one of the first medical 
uses for echo (Fe igenbaum et al., 1965). It is recognized as an echo free space 
between the epicardium and the pericardium with a loss of pericardia] motion. 
The pericardium is attached to the great vessels anteriorly and to the pulmonary 
veins behind the left atrium. This means that pericardia! effusions may surround 
both ventricles and the right atrium, but usuall y do not extend behind the left 
atrium. Larger pleural effusions do extend posteriorly, so that this location 
permits differentiation between the two types of effusion. Also, patients with 
large pleural effusions often have pericardia] fluid as well . The intervening 
dense pericardia] echoes and the failure of the pericardia] fluid layer to 
extend behind the LA would be diagnostic of both pleural and pericardia! effusions. 
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The 2-D echo is not as sensitive as theM-Mode in de t ecting small amounts 
of fluid, but the wider view of the 2-D echo offers several advanta9es. Locu-
lated or localized f luid collections are roore easily seen '"ith 2-D as well as 
features such as fibrous strands, clots and tumor implants which provide a clue 
as to etiology. Neither M-Mode nor 2-D is particularly useful for quantitating 
the exact amount of fluid present. M-Mode formulae have been proposed but are 
subject to a wide range of errors (D'Cruz eta!., 1977). It is probabl y sufficient 
to know if an effusion is present, if it is small, rooderate or large, and if it 
has changed in size since t~e last echo or chest X-ray . These questions can be 
answered with a qualitative as sessment and fu rt r. e r quantitation is probably 
mean i ng 1 e s s. 

More important than diagnosing the presence of a peri card ia ! effusion or 
its size is the problem of determining whether cardi ac tampona de is present 
(Kronzon et al., 1983). Tamponade has traditi o nall y been a clinicall y o r hemo
dynamically diagnosed condition and echo could onl y determine whet~er a peri
cardiocentesis 'das 1 i kely to y ield fluid or not. A number of abnormalities o f 
chamber size and motion as well as valve excursion '"e r e ;10 t e d ~ u t no cl ear c u t 
relationship to tamponade was appreciated. 

Shi ina eta!. ( 1979 ) pub! ished ( in Japanese ) obser va t ions o n posterior 
displacement of the ?.V free 1"all in impending tamponade, but 1 i ttle work '"as 
done on this until this year. Weyman (1982 ) una~1are o f the report by Shiina, 
reported in his textbook of 2-D echo that he had seen pa t ients •dith "a striking 
undulant motion of the anterior right ventricular wall in the region of the 
right ventrio::u lar outfl o1" tract. This rootion, o n occasion , ma y be so pronounced 
that the right ventricular anterio r ,,,.:11 ma y ac t ual ly invaginat e i nto ~ he RIJ 
outflow trac: during diasto le. The si9ni fi cance o f th i s phenomenon and i ts 
relationship to hemodynamic events, however r emai n :.~ nc l ear t o da te." Th is 
motion was o nly one of several abnormalities associa t ed '" ith large effus ions a nd 
variably associated with electrical and mechanical a ! te r nans and tamponade 
( G abo r e t a 1 • , 1 9 71 ) . 

More recently, Armstrong et al. (1982 ) , f urt he red ~he observation o f Sh i ina 
in 91 patients including 17 with hemodynamica l ly documented pericardia! tamponade. 
They also found patients in whom the right ventricular free •dall collapsed 
during diastolic fil 1 i ng -a time when the RV should be increasin9 in volume and 
dimensions. Thirteen of seventeen patients with tampo nade had ?.V diastolic 
collapse. Wall motion reverted to normal after pericard iocentesis. They 
postulated that the tense pericardium became non-distensible and pericardia! and 
RV pressures equalized during diastole. As a result, compression of the RV 
occurred. When pericardia! pressure exceeds early dias tolic RV pressure, the RV 
collapses, expanding on ly late, during atrial s ysto le. Diastolic f ill i <'g in t he 
LV is less impeded due to LV ~1all stiffness and perhaps LV s uct ion (Brecher GA. 
1958). A differential effect in right and l eft ventricular campi iance during 
acute cardiac tamponade in dogs has recentl y been demons :rated (Di tchey, 1981 ) 
and probably provides an excellent animal model for what r as "ow been seen i n 
the patients. 
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Although RV diastolic collapse appears to be a relatively reliable sign of 
impending tamponade, there are factors which affect its sensitivity and specific
ity. There is an assumption that the RV free wall is soft and easily compressed. 
If the patient has RVH or has had cardiac surgery with adhesions, serious tamponade 
may occur without diastolic collapse. Likewise, if the RV pressure is low due 
to decreased preload, one may see marked diastolic collapse in the absence of 
classical tamponade. Diastolic RV collapse is best considered a marker of 
equalization of RV diastolic and pericardia] pressures. Most of the time, this 
will mean early embarrassment of RV filling by pericardia] effusion, i.e. early 
tamponade. Its absence does not rule out tamponade, but in the setting of an 
otherwise normal RV, makes the diagnosis of tamponade very unlikely. 

A combination of multiple echo demonstrated abnormalities of hear_t motion 
in tamponade associated with electrical and mechanical a·lternans provides a 
possible mechanism for these physical finding? and are shown in Figures 17 
and 18. 

Figure 17. Pulmonary artery tracing from patient whose 
echo is shown in Figure 18. Note alternating pressure 
peaks . This was also present in his arterial pulse. 
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Figure 18. M-Mode echo demonstrating a large anterior and 
posterior pericardia! effusion 1vith electrical alternans. 
The smal Jer QRS occurs when the RV is most col lapsed. 

The patient has pulsus alternans and electr ical a! ternans produced by peri
cardia! tamponade. Right ventricular fi l I ing is enhar.ced by insp iratory aug
mentation of venous r eturn. The expanded RV, now closer t o the anterior chest 
wal I, gives a la rge r QRS complex o n the ECG. This relatively large RV stroke 
volume is ejected into the LV; increased LIJ f i l 1 ing causes RV d ias tolic collapse . 
With ejection, the aortic pulse is increased but the RV f ree •.val l , farther from 
the anterior chest wall, gives a smaller QRS complex. The smal ler RV st ro ke 
volume underfills the LV o n the next beat so the RV is allowed to fill mo re 
normally. The alternans can occ ur even when the patient has atria! fi bril Ja 
tion. Withdrawal of a sma l I a mo unt of flui d prov i des enough pericardia! space 
for t he RV to fil 1 normally and the al ternans disappea r s . 

The re is probably no better example than the 2-D ec ho findings in tamponade 
to show that echo can p r ovi de impor:ar.t ph ysiological informa t ion, but t hat 
information must be interpreted carefully and in te g rat ed in to t he o vera ll 
clinical picture if the correc t diagnosi s and treatment are to be chose n. 
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X CONTRAST ECHOCARDIOGRAPHY 

Because of the large difference in attenuation of sound in air compared 
with water, gas bubbles in blood are highly visible on 2-0 echoes . Gramiak 
first used microbubbles to perform contrast echocardiography in 1969. The 
microbubbles produce a dense opaque cloud which permits detection of flow, 
intracardiac shunts, endocardial surfaces and unusually located vessels or 
structures. The microbubbles are completely cleared by the pulmonary capil
laries, so injection of contrast material into a peripheral vein will opacify 
only right-sided structures. The appearance of contrast in the left heart means 
a right-to-left cardiac shunt is present. 

A number of agents are used to provide echocardiographic contrast, but 
rel iabi 1 i ty varies. Normal saline or 5% dextrose in water can be aerated by 
agitation. When injected, the microbubbles of air produce a contrast effect . 
These are obviously safe and inexpensive materials but the contrast is not dense 
and persists a few heart beats at the most. lndocyanine green, a harmless dye 
used to meas ure cardiac output, acts as a soap to stabilize dissolved gas 
bubbles. It provides better microbubble contrast than D5W o r normal saline, but 
its bubbles also last only a few seconds and the mate rial is expensive. 

To provide dense, sustained opacification of the right heart and associated 
vessels, Wang Xinfong of the People's Republic of China suggested the use of 
hydrogen peroxide to produce intravenous microbubbles {Wang , 1979). He performed 
studies in several hundred cardiac patients with only minor complaints in 11 of 
437 injections. We have performed studies with 0.2 % H20 2 , and other modifications 
to Wang's technique. Dilute H202 appears to be a superb contrast agent {Ga ffne y, 
1983), although it is not recommended in patients with severe pulmonary hyper
tension or large right-to-left shunts. 

With 2-D contrast echocardiography, one can reliabl y detect tricuspid and 
pulmonar y regurgitation, as v1e ll as intracardiac shunts. Sma ll right-to-left 
shun t s, undetectable by green dye in jections are easily found by 2-0 echo. 
Atrial and vent ricular septal defects are reliably found if the degree of 
shunting is significant or if right-to-left shunts of any size a re present. The 
technique has been extremely useful in pediatric cardiology since it permits 
qualitative and semi-qualitative assessment of flow with a harmles s peripheral 
venous injectio n. In ma ny cases, cardiac cathete rization can be avoided or 
shortened 1vhen contrast echocard iography is performed. 
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X I SUMMARY 

In only seven years, two-dimensional echocardiography has become an important 
and widely utilized cardiac procedure. I ts completely non-invasive natu r e makes 
it an excel lent method fo r evaluating cardiac anatomy and physiology. When used 
pr ope rl y, it often p r ovides the cli n ical d iagnosis or at least g i ve s guidanc e in 
se lecting the next more expensive or more invasive diagnostic procedu re. 
Unfortunate ly, the benign nature of the 2- D echo has 1ed to substantial ove r-
uti! ization. The test is often ordered when new or useful i nfo r mat ion is not 
1 ikely to be acquired or acted u;:>on This test, 1 ike most others, is best used 
when specific diagnostic and therapeutic questions are being asked. A thoroug h 
unde rstanding of a) the physiological info rmation alreac y available fo r a given 
patient, b) the information like l y to be obtained from a 2-di mensional echo 
cardiogram, and, c) th e spec i fic technical and methodolog ic al l i mitations of the 
p r ocedure in a given patie nt should result in better care for the pat·ient at a 
l o;.Jer cost . 

T;o!o - d imensi onal echoca rdiography presents a unique oppo r tunity for the 
physic i an to "see" the patie n t ' s hear t and understand the ph ysiolog i cal ba s is of 
the symp toms a nd physica l findings. It is hooed that the materia l p r esented 
today wi l 1 encourage the internist t o take a dva nta ge of th is oppo rtunit y . 

- 36-



REFERENCES 

Ari ta M, Ueno Y, Masuyama Y: Detection of intracardiac thrombi in a case of 
cardiomyopathy by two dimens·ional echocardiography. Br Heart J 47:397-399, 
1982. 

Armstrong WF, Schi It BF, Halper OJ, Di I len JC, Feigenbaum H: Diastolic collapse 
of the right ventricle with cardiac tampo nade: An echocardiographic study. 
Circulation 65:1491-1496,1982. 

Arvan S, DuBois B: M-mode and two-dimensional echocardiography of pulmonary 
emboli. JCU 10:177-179, 1982. 

Arvan S, Plehn J: Embolization of a left ventricular mural thrombus: verification 
by two-dimensional echocardiography. Arch Intern Med 142:1952-1953, 1982. 

As inger RW, Mikell FL, Elsperger J, Hodges M: Incidence of left-ventricular 
thrombosis after acute transmural myocardia( infarction. Serial evaluation by 
two-dimensional echocardiography. N Engl J Med 305:297-302, 1981. 

Asinger RW, Mikell FL, Sharma B, Hodges M: Observations on detecting left 
vent ri cular thrombus with two dimensional echocardiography: emphasis on avoidance 
of false positive diagnoses. Am J Cardiol 47:145-156, 1981. 

Baran A, Nanda NC, Falkoff M, Barold SS, Gallagher JJ: T~-XJ-dimensional echo
cardiographic detection of arrhythmogenic right ventricular dysplasia. Am Heart 
J 103:1066-1067, 1982. 

Baur HR, Daniel JA, Nelson RR: Detection of left ventricular aneurysm on two 
dimensional echocardiography. Am J Cardiol 50:191-196, 1982. 

Boeker K, Kohler E, Kuhn H, Korfer R: Holosystol ic mitral val ve prolapse and 
"SAM" after surgical treatment of hypertroph ic obstructive cardiomyopathy 
(author's translation) . Z Kardiol 70:403-405, 1981. 

Brandenburg RO, Tajik AJ, Edwards WD, Reeder GS, Shub C, Seward JB: Accuracy of 
2-dimensional echocardiographic diagnosis of congenitally bicuspid aortic 
valve: Echocardiographic-anatomic correlation in 115 patients. Am J Cardiel 
51:1469-1473. 1983. 

Brecher GA: Critical review of recent work on ventricular diastolic suction. 
Circ Res 6:554-566, 1958. 

Brock RC: Functional obstruction of the left ventricle. Guy's Hosp Rep 106: 
221-238,1957. 

Buja LM, Roberts WC: Iron in the heart: etiology and clinical significance. Am 
J Med 51:209-221, 1971 . 

-37-



l 
Catherwood E, Mi n tz GS, Kotler MN, Pa r ry WR, Segal BL: TvJo -dimensional echo
cardiographic recognition of left ventricula r pseudoa neury sm. Circulation 
62 : 294-303, 1980. 

Chandraratna PAN, Aronow WS: Left mai n coronary arte r ia l pate ncy assessed wi th 
cross -secti ona l echocardiography . Am J Cardiel 46:91 - 94, 1980. 

Come PC, Bu l kley BH, Goodman ZD, Hutchins GM, Pitt B, Fortu i n NJ: Hypercont ractile 
cardiac states simulating hypertrophi c sardiomyopathy . Circulation 55:901-908, 
1977 . 

Croft C, RudeR, Wil lerson JT: Right ventr icula r infarction -chang i ng concepts. 
Primary Cardiel ( In Pre ss) 

D'A rcy B, Nanda NC: T•.vo-dimensional echocardiographic features of right ventr icular 
infarction. Circulation 65:167-173, 1982. 

D' Cruz lA, Coli ison HK, Gerra rdo L, Hensel P: Two-dimensional echocardiographic 
cetection of staphylococcal vegetation attached to calcified mi tra l annulus . Am 
Heart J 103:295-298, 1982. 

D'Cruz I, Panetta F, Cohe n H, Glick G: Submitral ca lc ification o r sclerosis in 
elder l y pat ients: ,'1-f~ode and t•I'IO-dimensi onal echocardiography in "Mitra l Annulus 
Calcification." Am J Cardiel 44:31-38, 1979 . 

D' Cruz I , Prabhu R, Cohen HC, Glick G: Potential pitfa l ls in quantitation of 
pericardia] effusions by echocardiography . 3r Hea r t J 39:529-535, 1977. 

DeMar ia AN, Bommer W, Joye J, Lee A, Bouteller J, Mason DT: Value and limi tat ions 
of cross-sectional echocardiography of t he aortic valve in the diagnosis and 
quantification of valvu l ar aortic stenosis. Circulation 62:304-312, 1980. 

DeMar ia AN, Borm1er W, Lee G, Mason DT: Value and limitations of two-dimensional 
echocardiography in assessment of cardiomyopathy . Am J Cardiel 46 :1224 - 1231, 
1980. 

Ditchey R, Engler R, Le\olin ter M, Pave lec R, Bhargava V, Covell J, Moores '"• 
Sha betai R: The role of the right heart in acute cardiac tamponade in dogs . 
Ci rc Res 48 :701-711, 1981 . 

Erbel R, Schweizer P, Ba rdos P, Meyer J: Two -di mensional echocardiographic 
d iagnosis of pap il lary muscle rupture. Chest 79:595-598, 1981. 

Fe igenbaum H: Echoca rdiography. Lea & Febiger, Philadelphia , Pa . , 1981. 

Feigenbaum H, Wal dhausen JA, Hyde LP: Ultrasound diagnosis of perica rd ia! 
effusio n. JAMA 191:711-714, 1965. 



Fenoglio JJ Jr, MeAl! ister HA Jr, DeCastro CM, Davia JE, Cheitl in MD: Congenital 
bicuspid aortic valve after age 20. Am J Cardiel 39:164-169, 1977 . 

Friedman MJ, Carlson K, Marcus Fl, Woolfenden JM: Clinical correlations in 
patients 1-1ith acute myocardial infarction and left ventricular thrombus detected 
by two-dimensional echocardiography. Am J Med 72:894-898, 1982. 

Friedman MJ, Sahn OJ, Goldman S, Eisner DR, Gittinger NC, Lederman FL, Puckette 
CM, Tiemann JJ: High predictive accuracy for detection of left main coronary 
artery disease by antilog signal processing of two-dimensional echocardiographic 
images. Am Heart J 103:194-201, 1982. 

Gabor GE, Winsberg F, Bloom HS : Electrical and mechanical alternans in pericardia! 
effusion. Chest 59:341-344, 1971. 

Gaffney FA, Lin JC, Peshock RM, Bush L, Buja LM: Hydrogen peroxide contrast 
echocardiography. Am J Cardiel (In Press, September 1983) 

Gaffney FA, Nicod P, Lin JC, Rude RE: Non-invasive recognition o f the parchment 
right ventricle (Uhl's anomal y arrhythrrogenic right ve ntricular dysplasia) 
syndrome. Cl in Cardiel 6:235-242, 1983. 

Gatewood RP Jr, Nanda NC: Differentiation of left ventricular pseudoaneurysm 
from true aneurysm with two dimensional echocardiography. Am J Cardiel 46:869-
878, 1980. 

Geil I T: Calcification of the left annulus fibrosus (230 cases ) . Acta Med Scand 
Suppl 239:153-156 , 1950. 

Gibson RS, Bishop HL, Stamm RB, Crampton RS, Beller GA, Martin RP: Value of 
earl y two dimensional echocardiography in patients wit h acute myocardial infarction. 
Am J Cardiel 49:1110-1119, 1982. 

Glover MU, Hagan AD, Vieweg WV, Ceretto WJ: Pseudoaneur ys m of the left ventricle 
diagnosed by two-dimensional echocardiography: case report. Mil it Med 146 :696-
698. 1981 . 

Godley RW, Green D, Dillon JC, Rogers EW, Feigenbaum H, Weyman AE: Reliability 
of two.:dimensional echocardiography in assessing the severity of valvular aortic 
stenosis. Chest 79:657-662, 1981. 

Goodwin JR: Clarification of the cardiomyopathies. Mod Concepts Cardiovascular 
Dis 41 : 41-51 , 197 2. 

Gorl in R, Gorl in SA: Hydraulic formula for calculation of area of the stenotic 
mitral valve, other cardiac valves and central circulatory shunts. Am Heart J 
41 : 1-29, 1951. 

-39-



Gramiak R, Shah PM, Kramer OH: Ultrasound cardiography: Contrast studies in 
anatomy and function. Radiology 92:939-948, 1969. 

Greenland P, Knopma n OS, Mikel 1 FL, Asinger RW, Anderson DC, Good DC: Echo
cardiography in diagnost ic assessment of stroke. Ann Intern Med 95:51-53, 
1981. 

Henry WL, Clark CE, Epstein SE: Asymmetrical septal hypertrophy (ASH) echo
cardiographic iden t ificatio n of the pathognomonic anatomic abnormality of IHSS. 
Circulation 47:225-233, 1973. 

Henry WL, Clark CE , Glancy DL, Epstein SE: Echocardiograpnic measurement of the 
left ventricular outfl ow gradient in idiopathic hypertrophic subaortic stenosis. 
N Eng! J Med 288:989- 993, 1973. 

Henry \oil, DeMaria A, Gramiak R, King DL, Kis slo JA, Popp RL, Sahn OJ , Schiller 
NB, Tajik A, Teichholz LE, Weyman AE: Report of the American Soc iety of ~chocar
diography comm it tee on nomenclatu r e and standards in tv~ -dimensional echocardi
og rap hy . Circulation 62 :2 12-215, 1980. 

Hiraishi S, Yash iro K, Kusano S: Non-invasive visua li zation of coronary ar tery 
aneurysm in infants a nd yo ung children 'd i th mucocutaneous lymph node syndrome 
~l ith tlvo - dimens io na l echoca rdiography. Am J Ca rd iol 43:1220 -1 223 , 1979. 

Horowitz RS, Morganroth J: Immediate detection of early high -ri sk patients wi t h 
ac ute myocard ia l infarction using t\Vo-di mensional echocardiographic evaluation 
of left ventricula r regional \va ll motion abnormalities. Am Heart J 103:814-
822' 1982. 

Horowitz RS, Mo rganroth J, Parrotto C, Chen CC, Soffer J, Pau!etto FJ : Immediate 
d ia gnosis of acute myocardial infarct ion by two - dimensiona l echocardiography. 
Circulation 65:323 -3 29, 1982. 

Howard RJ, Drobac M, Rider WD, Keane TJ, Finlayson J, Silve r 1'10, 'liigle ED, 
Rakowsk i H: Carcinoid heart disease: diagnosis by two-dimensional echocardi
og ra phy .. Ci rculati on 66:1059 -1 065, 1982. 

Hux ley RL, Gaffney FA , Co rbet t JR , Firth BG , Peshock R, Nicod P, Curry G, Lewis 
SE, Wil lerson JT: Earl y detection of l eft ventricular dysfunction in chronic 
ao rtic regurgitation as assessed by contrast angiograohy, echocard iograp hy and 
rest and exercise scintig ra phy. Am J Cardiol 15:1542-1550, 1983. 

Jaffe AS, Gel tman EM, Rodey GE, Uitto J: Mitral valve prolapse: a con sistent 
ma nifestation of t ype IIJ Ehlers-Danlos syndrome. The pathogene.tic role of the 
abnormal p roduct ion of type I ll collagen. Circulation 64: 121-125, 1981. 

Kawasaki T, Kosaki F, Okawa S, Sh i gematsu !, Yanaaawa Y: A new infantile acute 
fe brile mucocutaneous l ymph node syndrome (MLNS ) pre •1ailing in Japan . Pediat r ics 
54:271-276, 1974. 

-40-



l 

--·· __ ,...:.... 

Kisslo J: Two-dimensional echocardiography . Radiol Cl in North Am 18 :105 -115, 
1980. 

Ko tler MN, Mintz GS, Parry WR, Segal BL: M mode and two dimensional echocar
diography in mitral and aortic regurgitation: pre- and postoperative evaluation 
of volume overload of the left ventricle. Am J Cardiol 46:1144-1152, 1980. 

Ko tler 11N, Mintz GS, Parry WR, Segal BL: Two dimensional echocardiography in 
congenital heart disease. Am J Cardiol 46:1237-1246, 1980. 

Ko tler MN, Mintz GS, Segal BL, Parry WR: Clinical uses of two dimensional 
echocardiography. Am J Cardiol 45:1061-1082, 1980. 

Kronzon I, Cohen ML, Winer HE: Contribution of echocardiography to the under-
standing of the pathophysiology of cardiac tamponade. JAm Coli Cardiol 1: 
1180-1182,1983. 

Larson EB, Stratton JR, Pearlman AS: Selective use of two-dimensional echocardi-
ography in stroke syndromes. (editorial) Ann Intern Med 95:112-114, 1981. 

Levine HJ, Isner J, Salem DN: Primary vs secondary mitral valve prolapse: 
Clinical features and implications. Clin Cardiol 5 : 371-375, 1982. 

Levy R, Rozanski A, Charuzi Y, Chflds W, Waxman A, Corday E, Berma n DS: Comple
mentary roles of two-dimensional echocardiography and radionucl ide ventricu
lography in ventricular pseudoaneurysm diagnosis. Am Heart J 102:1066-1069, 
1981. 

Lew W, Henning H, Schelbert H, Ka rl iner JS: Assessment of mitral va lve E point 
septal separation as an index of left ventricular performance in patients with 
acute and previous myocardial infarction. Am J Cardiol 41:836-845, 1978. 

Longhurst JC, Kelly AR , Gonyea WJ, Mitchel 1 JH: Echocardiographic left ve ntricul a r 
masses in distance runners and weight lifters. J Appl Physiol 48:154-162, 
1980. 

Lovett JL, Sandok BA, Guil iani ER, Nasser FN: Two -dimensional echocardiography 
in patients with focal cerebral ischemia. Ann Intern Med 95:1-4, 1981. 

Maron BJ, Epstein SE: Hypertrophic cardiomyopa th y: A discussion of nomenclature. 
Am J Cardio l 43:1242-1244, 1979. 

Maron BJ, Gottdiener JS, Bonow RO, Epstein SE: Hypertrophic cardiomyopathy with 
unusual locations of left ventricular hype rtroph y undetectable by M-mode echocar-
diography. Identifica tion by wide-angle two-dimensi onal echocardiography. 
Circulation 63:409-418, 1981a. 

-41-



l 

Maron BJ, Gottdiener JS, Epstein SE: Patterns and significance of d is tr ibution 
of left ventricular hypertrophy in hy pertroph ic cardiomyopathy . A wide ang i e , 
two dimensio nal echoca rdiographic s tu dy of 125 patients. Am J Cardiel 48 :418 -
428, 1981b. 

Martin RP, Meltzer RS, Chi a BL, Stinso n EB, Rakowsk i H. Popp RL: Clinical utili ty 
of two dimensional echocardi ogra ph y i n infective endocarditis . Am J Cardiel 
46:379-385, 1980. 

Mass ie Bo'1, Schill e r NB, Ra t sh in RA, ?a rr.o ley WVJ: Miual - septal separat ion: Ne>" 
echocardiographic in dex of lef t ventricular !'unction. Am J Ca rd iel 39:1003 -
1016, 1977. 

Mintz GS, Victor MF, Ko tl e r MN, Par r y WR , Segal BL: Two - dimensional ec hocardio
g raphic identification of surg ically correc~able complications of acute myocardi al 
infarction . C i rcu lation 64:91 - 96, 1981 . 

Nakamura K, Suzuk i S , Satomi G, Hayashi H, Hi rosawa K: Detectio"' of :nit r a l r ing 
abscess by two -di mensio nal echocard iograohy. · Circu l ation 65:816 - 819, 1982 . 

Na nda NC, Gramiak R, Manning J, ~1ahoney ~3, Lipchik ': 0, Deweese JJl.: Ec hocardio 
graphic recognition of the conge ni tal bicuspid aortic valve. Circu la tion 
49:870 - 875 , 1974 . 

Nicho l PM, Gilbert 8W, Kissl0 J A: Tvlo - d i mensional echocardiog r apnic assessment 
of 111 i t:r a l stenosis . Circu l at ion 55 : 120- 128, 1977. 

Nixo n JV, Brovm CN, Smitherma n TC : Identi f ication o" t r ansient and persis~ent 
segmental wa l I motion abnormalities in patients VJi th u ns table a'1gina by tvlo -
di:nensional echocardiography. Circulation 65:1497 - 1503, 1982 . 

Ni xon JV , Na rahara KA, Sm i therma n TC: Est imation of myoca rdia l involvement in 
patie nt s with acu te myoc a r dia l infarction by tvlo - dimensi onal echoca r diography . 
Ci r culatio n 62:1248 - 1255, 1980. 

Parisi AF, Moy n ihan PF , Folland ED, Feldman CL: Qua nti tative detection of 
reg ional lef t ventricular contractio n abnorma l it ies by t wo - d imens ional echocar -
diography . II. Accuracy i n corona ry arte ry disease . Circul a ti o n 63:761 - 767 , 
1981 . 

Pe r loff JK: Evolving co nc epts of mitral va l ve p rolapse . New Engl J Med 
( Editorial) 307:369 - 370, 1982 . 

Pollick C, Pittman M, F illy K, Fitzge r ald PJ, Popp RL: Mitral and aortic valve 
o rif ice a rea in normal subjects a.nd i n pat ien t s with congest ive cardiomvopath y : 
de terminati o n by two dimensio nal ec hocardiography. Am J Cardiel 49 : 1191-1196. 
1982 . 

Popp RL, Rubenson OS, Tucker CR, French JW: Echocardiography: •'! -mode and t ,,"O
dimensio nal methods . Ann I ntern Med 93 : 844-856, 1980 . 

- 4 2-



Radford DJ, Bloom KR, lzukawa R, Moes CAF, Rowe RD: Echocardiographic assessment 
of bicuspid aortic valves. Circulation 53:80-85, 1976. 

Reeder GS, Sewa rd JB, Tajik AJ: The role of two-dimensional echocardiography in 
coronary artery disease: a critical appraisal. Mayo Cl in Proc 57:247-258, 
1982 . 

Reeder GS, Tajik AJ, Seward JB: Left ventricular mural thrombus : two-dimensi o nal 
echocardiographic diagnosis. Mayo Cl in Proc 56:82-86, 1981. 

Reichek N: Uses and abuses of two-dimensional echocardiography . lnt J Cardiol 
1:221-227, 1982. 

Roberts WC: The congenitally bicuspid aortic va lve: A study of 85 auto ps y cases. 
Am J Cardiol 26:72-83, 1970. 

Rogers EW, Feigenbaum H, Weyman AE, Godley RW, Vakili ST: Evaluation of left 
coronar y artery anatomy i n vi tro by c ross-secti onal echocardiography. Circulation 
62:782-787, 1980a. 

Rogers EW, Feigenbaum H, Weyman AE, Godley RW, Johnston KW, Eggleton RC: Possible 
detection of atherosclerotic coronary calcification by two-dimensional echocardi
ography. Circulation 62:1046-1053, 1980b. 

Rossen RM, Goodman DJ, Ingham RE, Popp RL: Echocardiographi c criteria in the 
diagnosis of idiopathic hypertrophic aortic stenosis. Circulation 50 :747-751, 
1974. 

Sahn DJ: Real-time two-dimensional echocardiography. J Pediatr 99:175-185, 
1981. 

Shiina S, Yaginuma T, Kondo K, Kawai N, Hosoda S: Echocardiographic evaluation 
of impending cardiac tamponade. J Cardiogr 9:555, 1979. 

Silverman KJ, Hutchins GM, Weiss JL, Moore GW: Catenoidal shape of the inter 
ventricular septum in idiopathic hypertrophic subaortic stenosis: two dimensional 
echocardiographic confirmation. Am J Cardiol 49;27-32, 1982. 

Simon MA, Liu SF: Calcification of the mitral valve annulus and its relationship 
to functional valve disturbances. Am Heart J 48:497-505, 1954. 

Siqueira-Filho AG, Cunha CL, Taj ik AJ, Seward JB, Schattenberg TT, Giuliani ER: 
M-mode and two-dimensional echocardiographic features i n cardiac amyloidosis. 
C i rcu 1 at ion 63 : 188-1 96, 1981 . 

Stewart JA, Sil imperi D, Harris P, Wise NK, Fraker TD, Kisslo JA: Echocardio
graphic documentation of vegetat ive lesions i n in fective endocarditis: Clinical 
imp] ications. Circulation 61:374-380, 1980. 

-43-



Stratton JR, Lighty GW Jr, Pearlman AS , Ritchie JL: Detection of left ventricular 
thrombus by two-dimensional echocardiography: sensitivity, specificity, and 
causes of uncertainty. Circulation 66:156-166 , 1982. 

Taji k AJ, Sev1ard JB, Hagler DJ, Mair DD, Lie JT: Two dimensional real-time 
ul trascnic imaging of the heart and great vessels. Mayo Cl inc Proc 53:271-302, 
1978. 

Teare 0: Asymmetrical hypert r o ohy of the heart in young adults. Br Heart J 
20:1-8, 1958 . 

Veyrat C, Kalmanson D, Farjon M, Manin JP, Abitbol G: ~~on -in vasive diagnosis a'ld 
assessment of tr icuspid regurgitation and stenosis using one and two dimensional 
echo-pulsed Doppler . Br Heart J 47:596 - 605, 1982. 

Visser CA, Lie :<1, :<an G, Meltzer R, Durrer 0: Detection and quantification of 
acute, isolated myoca r d i a l infarction by tl-io d i mensional echoca r d iography . . ll.m J 
Cardiol 47:1020-1025, 198 1. 

'..lang R, Lee WT , Mok C:<: Tl~o -di mensional echocardiographic featu res of Bjork -
Shiley aortic prosthetic valve dehiscence. Thorax 37:540 -541, 1982 . 

Wang X, Wang J, Huang Y, Cai C: Contrast echocardiography with hyd rogen peroxide: 
I - Expe ri r.1en~al study. Ch i nese Med J 92:595 - 599, 1979. 

Wann LS, Fe i ge'lbaum H, Weyman AE, Oil lon JC: Cross - sectional echocardiographic 
detectio n of rneumatic mitral regurgitation. Am J Cardiol 41:1258 - 1263, 1975 . 

'..Ieiss JL, Bulkley BH, H:.Jtchins G,'\, Maso n SJ: Two-di mensional echocardiographic 
recogn ition of myocardial InJury in man : comoarison •.-1ith postmortem studies. 
C i rc u I at ion 6 3 : 401 - 408, 1981 . 

Weyman AE : Cross -secti onal echocardiography. Lea & Febiger, Philadelphia, Pa . , 
1982. 

1..1eyma'1 AE, Fei genba um H, Dillon JC, Johnston KW, Eggleton RC: Non-invasive 
visual ization o f the left main c oronary artery by cross - sectional echocardi-
ograohy. Circulation 54:169 - 174, 1976 . 

Weyman AE, Wann LS , Feigenbaum H, Dillon JC: Mechanism of abnormal seotal mot ion 
in patients with right ventr icular volume overload. Circulation 54:179-186, 
1976 . 

'..lh ite !i, Wynne J: Clinical utility of echoca r d iog ra phy in suspected infective 
endocardi t is. (Abstract) Circulation 66(Part 11 ) :103, 1982 . 

Willerson JT: Echocardiography af ter acute myocardial infarction . ( Edit orial ) 
N Engl J Med 300:87-89, 1979. 

- 4b-



' . 

Winer H, Kronzman I, Glassman E: Echocardiographic findings in seve re paradoxical 
pulse due to pulmonary embolization. Am J Cardiel 40 :808- 810, 1977. 

Yamaguchi H, lshimura T, Nishiyama S: Hypertrophic non-obstructive cardiomy
opathy with giant negative T waves (apical hypertrophy}: Ventriculographic and 
echocardiographic features in 30 patients. Am J Cardiel 44:401-412, 1979. 

Yoshida H, Maeda T, Funabashi T, Nakaya S, Takabatake S, Taniguchi N: Subcostal 
two-dimensional echocardiographic imaging of peripheral right coronary ar tery in 
Kawasak i disease. Circulation 65:956-961, 1982. 

Yoshikawa J, Yanagihara K, Owaki T, Kato H, Takagi Y, Okumachi F, Fukaya T, 
Tomita Y, Baba K: Cross-sectional echocardiographic diagnosis of coronary a rt ery 
aneurysms in patients with the mucocutaneous lymph node syndrome. Ci rculation 
59:133-139, 1979. 

Zanella L, Marino P, Nicolosi GL, Peranzoni P.F, Poppi A: Two -dimensional echo
cardiographic evaluation of mitral valve calcification. Sensitivity and speci
ficity. Chest 82:154-157, 1982. 

-45-


