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Reflected ultrasound, although a relatively decent development, has
become a well-accepted diagnostic technique in clinical cardiology. It
is a safe, noninvasive procedure of minimal inconvenience to the patient.
Its principle value lies in the ability to visually display intracardiac
structures in considerable detail. Its Timitations although few are
primarily technical, extending from the physical suitability of the patient
to the capability and experience of the examining technician and the inter-
preting physician.

Even a casual review of the medical literature of the past decade
reveals the intense interest of clinical cardiologists in echocardio-
graphy. The majority of these publications have been concerned with the
association of certain patterns on the echocardiogram with specific cardio-
vascular disease states. Of greater importance to the clinician has been
the trend in the last two or three years to examine the ability of the
echocardiogram to directly assess and quantitate cardiac dysfunction. It
is this latter concept that I would Tike to review today. I have selected
a few examples of disease states in which attempts have been made using
ultrasound to evaluate the severity of the pathophysiology

PHYSICAL PRINCIPLES

The utilization of reflected ultrasound for the assessment of cardiac
dysfunction requires a certain basic knowledge of the physical principles
involved in the technique. High frequency sound waves of between 1.5 and
5 million cycles per second (megaherz) are pulsed from a focus transducer
at a rate of 1000 impulses per second. The beam of sound waves are trans-
mitted through several media including skin, subcutaneous tissue, fat,
blood and muscle. Reflection of ultrasonic waves occurs when they encounter
an interface between two media of different acoustic impedence. The re-
flected waveform is then sensed by the amplifying part of the transducer
and may be displayed visually in several different ways. Al1 visual dis-
plays represent the distance between the transducer and each reflecting
interface, based on the principle that sound reflected from more distant
objects takes Tonger to return to the transducer.

The various methods of display of the reflected waveforms include an
amplitude or A mode, a brightness or B mode and a motion or M mode. The
latter is the conventional display of a diagnostic echocardiogram, when
the transducer is placed in the third or fourth left intercostal space
on the anterior chest wall (Figure 1).
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Figure 1: Different methods of ultrasonic display. The transducer (T) is
placed on the anterior chest wall (CW) with the broken line indicating the
direction of the ultrasound. Corresponding displays of amplitude (A) mode,
brightness (B) mode and motion (M) mode are shown, the latter with the con-
current electrocardiogram. RV=right ventricle; LV=left ventricle; Ao-aortic
root; LA=left atrium; AL=anterior mitral 1eaf1et; PL=posterior mitral Teaflet.

The M-mode recording is a unidimensional, icepick display of reflected
echoes within the beam of the transducer. As such, only vertical measure-
ments may be accurately related to distance and the horizontal axis of time
is governed by the speed of sweep of the oscilloscope or, in the case of
permanent records, of the recording paper. It is important to note that
this method of recording does not reflect spatial orientation, a problem
which has been recently overcome by the development of cross-sectional or
two-dimensional echocardiographic techniques which I will refer to later.
Nevertheless, the standard M-mode recording, in addition to identifying
patterns of motion of heart walls and valves is very useful in measuring
distances, velocities of structural motion and dimensions of cardiac chambers.
The concurrent recording of the electrocardiogram permits the identification
of motion of the heart walls and valves at various phases of the cardiac
cycle.

MITRAL STENOSIS

Mitral stenosis was the first pathological abnormality to be identi-
fied by echocardiography (1). Figure 2 illustrates a typical normal
echocardiogram and Figure 3 a typical tracing of a pat1ent with severe
mitral stenosis.



Figure 2: A normal echocardiogram of the mitral
valve showing both leaflets. The heavy line re-
presents the early diastolic closing velocity or
E to F slope. Letters A and C annote points of
change of leaflet motion.
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Figure 3: The mitral valve and left atrium in severe
mitral stenosis. AlL=anterior mitral Teaflet, PL=posterior
mitral leaflet, IVS=interventricular septum, Ao=aorta,
LA=Teft atrium

The characteristic findings in mitral stenosis are (1) a reduction in
the normally rapid early diastolic closing velocity of the anterior mitral
leaflet (E to F slope), (2) an increased number of echoes from the mitral
leaflets, (3) decreased amplitude of leaflet motion, (4) loss of the A wave,
(5) a dilated left atrium, and (6) paradoxical or anterior motion of the
posterior mitral Teaflet. Several authors have pointed out that all of
these features are not necessarily present in every patient with mitral
stenosis (2,3). ‘

Since Edler's original observations, there have been many attempts to
use the diastolic closing velocity of the anterior mitral leaflet as an
estimate of the severity of mitral stenosis. Table 1 Tists these studies,
comparing the range of echocardiographically estimated mitral valve velo-
cities to the range of mitral valve area calculated by the Gorlin formula
at subsequent catheterization (4-9). I have also listed the linear correl-
ation coefficients for the respective studies, all of which reach statistical
significiance but show variable material correlation. Similar attempts to
correlate the E-F slope with the surgeon's estimate of the severity of the
stenosis also showed inconsistent material correlation (5-7, 10-13).
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Furthermore, a diminished E to F slope is not a finding that is
exclusive to mitral stenosis. It has been described in association with
left atrial myxoma, left ventricular hypertrophy due to aortic stenosis,
both nonobstructive and obstructive forms of asymmetrical septal hyper-
trophy, right ventricular pressure overload states, and altered left
ventricular compliance (14-20).

It is not surprising, then, that attention has been directed else-
where on the echocardiogram in patients with mitral stenosis. In 1969,
it was reported that the left atrial internal dimension on the M-mode
tracing correlated well with the maximum left atrial angiographic dimension
(21). More recently, Strunk et.al. have shown that, during ventricular
diastole, the motion of the posterior aortic wall accurately reflects the
left atrial volume curve (22). Figure 4 from their paper illustrates
sequential plots of posterior aortic wall motion and left atrial angio-
graphic area during a complete cardiac cycle in two of their patients.
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Schematically in Figure 5, they were able to describe posterior aortic
wall motion during ventricular diastole reflecting the various phases of
left atrial emptying. Their diagram shows the initial rapid phase, the re-
latively inactive conduit phase and the atrial systolic phase.
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Figure 5: Schematic representa-
tion of posterior aortic wall (PAW)
motion relative to mitral valve
motion. AAW-anterior aortic wall;

EKG

E

AAW
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Subsequently, the same group have attempted to estimate the severity
of mitral stenosis by the same means (23). Schematic representation of the
posterior aortic wall motion of a typical patient is shown in Figure 6.
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Figure 6: Calculation of the left atrial emptying index (AEI) from the
posterior aortic wall (PAW) echo. Time of passive atrial emptying (tppp)
occurs between points 0 and A. X represents the amplitude of change in

PAW motion during the first third of passive atrial emptying; OA represents
the amplitude of change during the whole of passive atrial emptying. In a
patient with atrial fibrillation, as simulated by the diagram on the right

passive atrial emptying is measured to the onset of ventricular systole (V).
Other abbreviations as in Figure 5 (23).

They expressed the amplitude change in the first third proportional
to the amplitude change during the whole of ventricular diastole as a left
atrial emptying index. Figure 7 shows that a Tinear correlation coefficient
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of 0.86 was obtained with a standard error of estimate of 0.1 sq cm/m2
(This SEE was not quoted and has been estimated from the figure).
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Figure 7: Plots of the angiographic-

_ 1of . 1 ally estimated mitral valve area index
T . (MVAI) versus the echocardiographically
T ol 5 ] estimated Teft atrial emptying index
2 (AEI) in 25 patients with mitral stenosis
= (MS) (23).

08 1.0

Also, a substantial increase in the left atrial emptying index was
found after the valvular obstruction was relieved by surgical porcine
heterograph replacement. The importance of this finding Ties in the
difficulty of clearly identifying a porcine heterograft by ultrasound,
and thus assessing prosthetic valve dysfunction.

These studies were performed on patients with pure mitral stenosis.
Similar studies in our laboratory on patients with mitral regurgitation
and/or associated aortic valvular disease have correlated with the angio-
graphically determined mitral valve area, with correlation coefficients

of 0.88 in patients without and 0.97 in patients with mitral regurgita-
tion (24).

The introduction of real-time, two-dimensional echocardiography has
provided a noninvasive method of directly visualizing the mitral valve
in cross-section (25,26). Figure 8 shows a typical two-dimensional dis-
play of a normal and a stenosed mitral valve (27). Direct planimetry
of the mitral valve area in two recently published studies of patients
with mitral stenosis were compared with values calculated by the Gorlin

formula at catheterization, and linear correlation coefficients of 0.92
and 0.95 were obtained (27,28).
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Figure 8: Two-dimensional images of normal and stenosed mitral valves in
early diastole with the morphological specimen of the stenosed valve
shown on the right. Planimetered areas are given beneath each image.
RV=right ventricle; S=septum; AML=anterior mitral leaflet; PML=posterior
mitral leaflet; PW=papillary muscle (27).

Thus it is possible to estimate the degree of severity of mitral
stenosis by M-mode echocardiography. While real-time, two-dimensional
imaging is obviously the method of choice, the prohibitive cost of this
equipment currently Timits its general use in clinical cardiology.
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LEFT VENTRICULAR DYSFUNCTION

Measurements of the various estimates of left ventricular performance
have been the pursuit of physicians interested in echocardiography for many
years. The extrapolation of linear dimensions obtained from a single
dimensional M-mode study to represent the volume of a three dimensional chamber
has obvious drawbacks. Furthermore, there are no means currently of accur-
ately assessing subtle changes in intracavitary pressure by echocardiography.
Nevertheless, alterations in ultrasonic measurements do reflect actual
and angiographically determined changes in ventricular dimensions in normal
and uniformly diseased left ventricles.

The geometric representation of the normal Teft ventricle as a prolate
ellipse has been used routinely in estimating cineangiographic volumes for
many years (29). By assuming that the major axis of the geometric shape is
twice the minor axis, the volume can be estimated with reasonable accuracy
as the cube of the minor diameter (30). Figure 9 shows the minor diameters
of the Teft ventricle at end-diastole and end-systole.
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- Figure 9: A normal echocardiogram of the left ventricular
cavity (LV) showing the points of estimation of the end-
diastolic diameter (EDD) and end-systolic diameter (ESD).
IVS=1n¥erventricu1ar septum; PLVW=posterior left ventricu-
lar wall. :

In twenty patients with normal left ventricular angiograms, echocardio-
graphic measurements correlated well with angiographic measurements with a
standard error of estimate of 8 ml (31) (Figure 10). These findings have
been confirmed by several authors and summarized recently by Linhart et.al.

(32). '
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The mean velocity of circumferential fiber shortening or the velocity
of change of the minor axis circumference during systole has been shown
to be an accurate measure of myocardial contractility (33). This can be
easily estimated from end-diastolic (EDD) and end-systolic (ESD) dimensions
on the echocardiogram, and estimations have been shown to correlate with
reasonable accuracy with angiographic measurements (34).

Mean VCF = EDD-ESD
EDD xLVET

where LVET is the ejection time.

As I have already stated, the echocardiogram is not able to provide
direct estimations of Teft ventricular pressure. However, an abnormal
pattern of mitral valve motion, as is shown in Figure 11, has been asso-
ciated with an elevated left ventricular end-diastolic pressure (35).

Figure 11: Delayed mitral va]Qe closure (C) indicated
by the arrows on the echocardiogram of a patient fol-
Towing an acute myocardial infarction (42).

Becau§e the interval between the A and C points is a function of atrio-
ventricular contraction, this interval was subtracted from the PR interval
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on the electrocardiogram. Figure 12 compares the PR-AC interval with the
left ventricular end-diastolic pressure in 36 patients, 14 of whom had
end-diastolic pressures of greater than 20 mm Hg. Al1 14 patients had
PR-AC intervals of less than 0.06 second (35).
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g - 3 S - - tracing (35).
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These estimates of left ventricular function have been used to evaluate
patients with valvular heart disease and cardiomyopathies (36-38). The
acute effects of low doses of alcohol have been measured by these means (39).
Figure 13 shows the reduction in echocardiographic ejection fraction and
mean velocity of circumferential fiber shortening for up to ninety minutes
after the ingestion of six ounces of whiskey in thirteen normal volunteers.

ep<L.05
N=13 SUBJECTS 0ep<.0/

FRACTION
o

Figure 13: Acute effects of
alcohol indigestion on left
ventricular ejection fraction,
mean velocity of circumferen-
tial fiber shortening (Vcf),
pre-ejection period (PEP), heart
rate and arterial blood pressure
in 13 normal volunteers. C=
control values (39).
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Estimations of ventricular volumes from minor axis dimensions are in-
accurate in patients with ischemic heart disease, because of the presence
of segmental wall motion abnormalities, (40). Figure 14 demonstrates that
while estimations of end-diastolic volumes remain accurate, echocardiographic
end-sy?to;ic volumes are inconsistent when compared to angiographic measure-
ments (31).
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Left ventricular end-diastolic dimensions have been shown to correlate
with the presence of heart failure in patients with acute myocardial in-
farctions (41,42). Also, an abnormal ratio of the volume estimate (the end-
diastolic diameter) to the pressure estimate (the PR-AC time) of the left
ventricle has been shown to have prognostic implications. This abnormal
ratio has correlated significantly with both inhospital deaths and post-
discharge ischemic events following myocardial infarction, identified high
risk patients undergoing coronary artery bypass and predicted mortality
following left ventricular aneurysmectomy (41-44).

Although a qualitative observation rather than a quantitative estima-
tion, the value of two-dimensional studies in the demonstration of a left
ventricular aneurysm should be noted (45,46). Figures 15 and 16 compare
the two-dimensional studies of a normal cardiac apex with an apical aneurysm.
Both reports confirm that this technique is highly specific.
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Figure 15: Two-dimensional echocardiogram of the left
ventricular apex of a normal subject. ALV=anterior left
ventricular wall; PLV=posterior left ventricular wall;
LAX=1ong axis section (45).

——diastole

s =1 oo._systole

Figure 16: Two-dimensional echocardiogram of the left
ventricular apex of a patient with a large apical
aneurysm. Abbreviations as in Figure 15 (45).

__ Estimations of left ventricular mass are also possible by ultrasound.
While original determinations were compared to angiographic measurements,
a recent study comparing echocardiographic measurements to postmortem

weights showed an excellent correlation (47,48) (Figure 17).



700
600 |
® /
’
500 | °
® 7
’
r'd
400 p
Whes
’
-~
\J Y
\;., 300 f e,
X e o
S o
' o7
200 e _,
(. ’ Geometry: Cube
3 Measurement: Penn
': MMT= (PWT *IVST)/2
100 | ,; LVMA- 095 LVME- 13.69
’ r= 096
’ sd.= 2919
‘ A A
) N N "
100 200 300 400 500

LM, (9)

- 19 =

Figure 17: Plots of post-mortem left
ventricular weight (LVMp) versus the
echocardiographically estimated left
ventricular mass (LVMg) in 34 patients
whose echocardiograms were obtained
within 3 months of their death (48).

These methods have been used to 1nvesti§ate the left ventricular mass of

patients with arterial hypertension (49

. Figure 18 illustrates how we

applied this method to confirm the experimental observations that left
ventricular mass regresses in thyrotoxic patients treated effectively (50).
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Figure 18: Echocardiographic estimates
of left ventricular mass in 15 patients
treated effectively for thyrotoxicosis
prior to and 12 months after commence-
ment of therapy (Rx) (50).

Thusz ultrasound is a useful means of estimating left ventricular per-
formance in patients with cardiac disease as a single evaluation and in
serial studies to determine the progression of disease and the effects of

therapy.
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ASYMMETRIC SEPTAL HYPERTROPHY

Echocardiographic studies have helped considerably to clarify the syn-

drome formerly known as idiopathic hypertrophic subaortic stenosis or hyper-
trophic obstructive cardiomyopathy (51,52). Figure 19 illustrates the echo-
cardiographic features of the obstructive form of asymmetric septal hyper-
trophy, namely, a reduced left ventricular outflow tract, disproportionate
hypertrophy of the interventricular septum and systolic anterior motion of
the anterior mitral valve leaflet (53).
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Figure 19: Echocardiogram of a patient with asymmetric septal hypertrophy
showing disproportionate hypertrophy of the interventricular septum (IVS)
and systolic anterior motion (SAM) of the anterior leaflet of the mitral
valve.

Studies by Henry and associates have shown that the characteristic
finding in this disease is asymmetric hypertrophy of the interventricular
septum compared to the posterior left ventricular wall (54). This find-
ing was present in 100 patients, independent of the presence or absence of
left ventricular outflow tract obstruction. Figure 20 compares the find-
ings of patients with 22 normal subjects and 11 patients with fixed Teft
ventricular outflow tract obstruction (55). In every case of asymmetric
septal hypertrophy, the ratio of septal to posterior left ventricular
wall thickness was greater than 1.3 to 1. In contrast, the same ratio
was less than 1.2 to 1 in normal subjects and patients with fixed outflow
tract obstruction. Because their studies included patients without the
obstructive form of the disease, the same authors concluded that asymmetric
septal hypertrophy was the pathognomonic anatomic abnormality.
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Figure 20: The echocardio-
graphic septal-posterobasal
left ventricular free wall
ratio in 22 normal subjects,

© 11 patients with fixed left
- ventricular outflow tract

obstruction and 100 patients
with asymmetric septal hyper-
trophy (55).

Because several previous reports had indicated that this disease was
sometimes familial, the same group of investigators obtained echocardio-
grams from the first-degree relatives of 30 patients with asymmetric septal
hypertrophy (56). Figure 21 shows the prevalence of disease in the family
members based on their relationship to the respective patient. Twenty-
eight patients were found to have at least one affected relative. Parents
and siblings were more frequently affected than children. There was no
difference in prevalence between males and females. They concluded that
most, if not all, patients with asymmetric septal hypertrophy have a
genetic defect that is transmitted as an autosomal dominant trait with

a high degree of penetrance.
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Finally, Henry and his colleagues directed their attention to patients
with the obstructive form of asymmetric septal hypertrophy to examine
whether it was possible to estimate the left ventricular outflow tract

gradient by echocardiogram (57).

Figure 22 shows their method of calculat-

ing the obstruction index, where the duration of narrowing of the systolic
anterior motion of the anterior mitral Teaflet was expressed as a propor-

tion of the average septal-mitral distance.
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Figure 22: Representation of the method used to calcu-
late the obstruction index in patients with asymmetric
septal hypertrophy (57).

OBSTRUCTION INDEX




- 25 -

Figure 23 illustrates the excellent correlation obtained when the obstruc-
tion index was compared to the outflow tract gradient measured during
catheterization. They concluded that echocardiography is the preferred
technique for the diagnosis of asymmetric septal hypertrophy, because of
its ability to identify the disease process in the absence of significantly
altered hemodynamics. Furthermore, the echocardiogram is capable of
demonstrating the presence or absence of a pressure gradient. When pre-
sent, the magnitude of the gradient may be calculated by this means.
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Figure 23: Plots of echo-
cardiographic obstruction
index versus simultaneous
peak subaortic pressure
gradient for 56 individual
heart beats in 11 patients
(57).
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PERICARDIAL EFFUSION

Echocardiography is considered to be the procedure of choice for
evaluating patients suspected of having a pericardial effusion. The
demonstration of an echo-free space between the epicardial surface of
the posterior Teft ventricular wall with or without a similar finding
between the anterior right ventricular wall and the anterior chest
wall indicates the presence of a pericardial effusion (58). These
features are illustrated in Figure 24.
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Figure 24: Pericardial
effusion with an echo- .
free space (E) seen both
anteriorly and posteriorly.
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Since these observations gained general acceptance, some effort has
been made to estimate the volume of a pericardial effusion by echocardio-
graphy, with only Timited success. Horowitz et.al. analyzed the echo-
cardiograms of 39 patients prior to cardiac surgery (59). Several
patterns of posterior epicardial and pericardial motion were seen in the
presence and absence of pericardial effusion (Figure 25). Patterns A,

B and Cy represented normal variants. Patterns Cp and D were consistently
seen in the presence of small and moderate or large effusions. Pattern E

represented a thickened pericardium. They confirmed that pattern D was
classical for an effusion.
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Figure 25: Patterns of posterior epi-
cardial and pericardial movement in
the presence and absence of pericardial

¢3f3 ECG _4L+C;_____ effusions. Patterns A, B and C] were
found in patients without effusion. Cp2
__,,//\\\‘__ represents a small effusion. D is the
EN -_,//’~\\~_ classical pattern. E represents a

e P =S thickened pericardium (59).
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The same authors also attempted to quantitate the size of the peri-
cardial effusion by devising a method of estimating volume similar to the
method used for the echocardiographic estimation of left ventricular mass
(47). The comparison between the ultrasonic estimations and the actual
volumes of 12 patients measured at cardiac surgery are shown in Figure 26A.
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Figure 26: A shows plots of surgically measured pericardial effusions
versus echocardiographically estimated effusions. B shows plots of
effusions removed by pericardiocentesis versus echocardiographically
estimated effusions (59).

The authors were well aware that the high correlation was a statistical
quirk brought about by the reasonably accurate estimation of two large
volumes. Despite the high correlation coefficient, the standard error of
estimate remained large at 44 mls. They also compared the ultrasonic
estimations of 13 patients undergoing paracentesis (Figure 26B). A more
moderate Tinear correlation and much higher standard error of estimate of
132 mls were found.

A more recent study by Vignola and associates, attempted to correlate
the amplitude and velocity of right and left ventricular free wall motion
with the size of the pericardial effusion (60). From their paper, I have
plotted their echocardiographic estimations according to their description

- of the size of the effusion in 28 echocardiograms obtained from 20 patients
in Figure 27. Although they comment that posterior left ventricular wall
diastolic velocity was significantly increased in the moderate and large
effusions combined when compared to those with small effusions, the
obvious overlap of all measurements would make any individual patient
evaluation extremely difficult.
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Figure 27: Plots of echocardiographic estimates of posterior
left ventricular wall excursion and diastolic velocity, and
anterior right ventricular wall excursion and diastolic velo-
city in 28 echocardiograms obtained from 20 patients with
small (S), medium (M) or large (L) pericardial effusions.

*Significant difference between values for small versus medium
and Targe effusions (from reference 60).

Although the presence of a pericardial effusion can be accurately
identified, it is fair to say that its volume identified by echocardiogram
can only be approximately estimated by currently available methods.

Comment should be made on the place of echocardiography in the diagnosis
of cardiac tamponade. Early studies reported that the amplitude and velocity
of the posterior left ventricular wall was diminished in these patients (58).
Subsequently, it was reported that increased cardiac motion was associated
with electrical and pulsus alternans (61,62). Recently, D'Cruz and asso-
ciates have confirmed earlier direct hemodynamic studies of patients with
cardiac tamponade. Figure 28 shows how, during inspiration, the right
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ventricular dimension increases, the left ventricular dimension decreases
and the mitral valve closing velocity (E to F slope) is reduced. Figure 29
illustrates these changes on a typical echocardiogram (65).
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Figure 28: Serial plots of left
ventricular end-diastolic dia-
meter (LVID), right ventricular
~end-diastolic diameter (RVID),
and mitral valve velocity (E-F
slope) from a continuous echo-
cardiogram in a patient with
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cardiac famponade, showing how
the diameters change during
" respiration (64).

58.

59,
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‘Figure 29: A typical echocardiogram of a patient
with cardiac tamponade showing pronounced varia-
tions in cardiac dimensions during respiration.
IN=inspiration; EXP=expiration; RV=right ventricle;
VS=interventricular septum; LV=left ventricle;
PW=posterior left ventricular wall; PF=pericardial
fluid (65).
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ENDOCARDITIS

The echocardiographic manifestations of valvular endocarditis include
the demonstration of vegetations and flail and prolapsing valve leaflets
(66,67). Associated hemodynamic abnormalities, particularly with aortic
valve endocarditis, may also be seen on the echocardiogram (68-71). The
issue as to what size a vegetation must be before it is detected during an
ultrasonic examination has not yet been resolved (72). Dillon et.al. in
their original report of the demonstration of vegetations stated that the
echocardiogram detected vegetations of 2 to 8 mm in diameter when compared
to surgical or autopsy measurements (66). More recently, studies on
aortic valve endocarditis failed to demonstrate vegetations less than 5 mm
in diameter (73). Real-time, two-dimensional techniques have also been
used to identify vegetations. In a small series of seven patients, two-
dimensional studies failed to detect vegetations of less than 2 mm in
diameter (74). Figure 30 illustrates the growth of vegetations on the
aortic valve of a patient from Parkland Memorial Hospital.



Figure 30: Serial echocardiograms obtained from a patient with
acute aortic regurgitation due to endocarditis. V=vegetations;
Ao=aortic root; LA=left atrium. Numbers refer to the month and
day the studies were performed.

Irrespective of whether the minimal size for the ultrasonic detection of
vegetations is 2 or 5 mm, it can be seen from this example that the ad-
mission study is non-specific. Thus, endocarditis must be established
for a finite length of time before the echocardiogram is capable of
demonstrating valvular vegetations.

A recent study reported 20 or 22 patients found to have vegetations on
echocardiogram either died or underwent cardiac surgery, and concluded
that this was a significant indication for early surgical intervention
(75). These findings do not concur with those of Roy et.al. who studied
3 patients up to 18 months and continued to demonstrate vegetations by
echocardiography after apparent clinical and bacteriological cure (67).

The hemodynamic derangements produced by acute aortic regurgitation
due to endocarditis may be detected by echocardiogram (68-71, 76). The
premature mitral valve closure, demonstrated in Figure 31, is due to the




Figure 31: Premature mitral
valve closure on an echo-
cardiogram obtained from a
patient with acute aortic re-
gurgitation. The arrows indi-
cate the normal point of
mitral valve closure. AL=
anterior leaflet; PL=posterior
leaflet.

sharp rise in diastolic pressure within a ventricle unaccustomed to a volume
overload. Because dilatation and eccentric hypertrophy, the primary compen-
satory mechanisms of the left ventricle, have insufficient time to develop
in the acute situation, the result is a rise in diastolic pressure to levels
greater than the left atrial pressure and premature closure of the mitral
valve (Figure 32) (69).
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e Figure 32: Simultaneous recording of
the left ventricular (LV) and pulmonary
capillary wedge (PAW) pressures in a
patient with acute aortic regurgitation.
The arrows indicate the premature inter-
section of the two pressure tracings
which coincide: with mitral valve closure
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In the absence of other defects, the degree of early valve closure correlated
with the degree of elevation of the left ventricular end-diastolic pressure
(69). Clearly, the demonstration of this echocardiographic finding is an
indication for aortic valve replacement.

Thus, the echocardiogram is of particular value in the patient with
endocarditis who develops acute valvular regurgitation. There is no doubt
that ultrasonic studies are capable of identifying valvular vegetations, but
the importance of demonstrating these findings with respect to the overall
management of the patient with an established diagnosis of endocarditis
remains unclear.
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CONCLUSIONS

These are some examples of the value of ultrasound in the quantitative
assessment of cardiac dysfunction. It is clear that in some disease states,
echocardiography is capable of providing an accurate assessment of the
severity of the disease. In certain cases, it is the procedure of choice.
Nevertheless, much work still has to be done in this field to both improve
the technique and expand its application.

Real-time, two-dimensional ultrasound represents a fascinating develop-
ment that is already suggesting that the trend in diagnostic techniques in
clinical cardiology is more and more towards noninvasive methods. Its
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ability to visualize the whole heart in motion, together with its cap-
ability to accurately display normal or abnormal valvular orifices and
ventricular outflow tract obstructions, and the presence or absence of
significant atherosclerotic lesions in the left and right main coronary
arteries, demonstrates that these techniques show great promise and
suggests that their value and use can only increase in the near future.

Finally, the relatively easy adaptation of echocardiography to com-
puter techniques has permitted not only the rapid online analysis of
conventional tracings, but also the consideration of three-dimensional
imaging and cardiac tissue characterization (77-79).
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