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A Sector Scanner for Real Time Two-Dimensional
Echocardiography

By James M. GrirriTH, M.S.E.E. AND WALTER L. HENRY, M.D.

SUMMARY

During the past several years one-dimensional pulse-echo ultrasound techniques have proven extremely
useful in cardiac diagnosis. A one-dimensional system, however, only visualizes structures lying along a
single straight line. The spatial relationships of the various cardiac structures are therefore not so easily
defined as with two-dimensional systems which display the heart by constructing a plane image composed of
many straight lines. We have developed a sector scanning system for obtaining two-dimensional echocar-
diograms in real time using ultrasonic pulse-echo techniques. Images are produced by angling rapidly a
single transducer through a 30-degree sector from a fixed spot (between ribs) on the patient’s chest. Thirty
complete sectors (or frames) are produced per second. The use of a large diameter transducer ensures that
signal strength is good and cardiac structures, including endocardium, can be visualized. Other advantages
include high transducer sensitivity, real time imaging and easy visualization of various regions of the heart.
Experience with more than 100 patients indicates that diagnostic quality two-dimensional echocardiograms
can be readily obtained in essentially the same patients from whom one-dimensional echocardiograms are

recorded and can usually be performed in less time.

Additional Indexing Words:

Cardiac cross-sections
Ultrasonic imaging

URING THE PAST SEVERAL YEARS one-

dimensional pulse-echo ultrasound techniques
have proven extremely useful in cardiac diagnosis.**
A one-dimensional system, however, only measures
distances to structures lying along a single straight
line. Cardiac anatomy is therefore not so easily
defined as with two-dimensional systems, which
simultaneously measure distances along many straight
lines comprising a plane. Several systems*? have
been described for obtaining two-dimensional
echocardiograms. None, however, has combined the
advantages of a high sensitivity, narrow beam
transducer, real time imaging, and a simple method
for controlling the section of the heart being viewed.
This paper describes the design of a system that in-
cludes these features. Subsequent publications will
describe specific clinical applications.?

System Design

The scanning system uses the pulse-echo technique with a
single ultrasonic transducer or probe (Aerotech 2.25 MHz,
12 mm diameter) and receiver (Ekoline 20A ), the same types
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Pulse-echo ultrasound

typically used for one-dimensional applications. It has three
major components: (a) hand-held scanner, (b) video display
and (c) video recorder (fig. 1).

Hand-Held Scanner

The hand-held scanner consists of the ultrasound
transducer (which both transmits and receives ultrasonic
signals), an angle indicator, and a small feedback-regulated
DC motor. The transducer reciprocates continuously
through a 30-degree sector at a rate of 15 cycles/sec. Each
complete cycle results in the generation of two separate 30-
degree sectors (i.e., one sector is visualized as the transducer
moves from left to right and another from right to left),
providing 30 separate frames (or sectors) per second. In ad-
dition, the transmitter is pulsed at a rate of 2 KHz; therefore
each frame consists of 66 separate ultrasound signal lines.
The angular motion is produced by a small DC motor con-
nected to the transducer via a crank and lever system (figs. 2
and 3).

The angular position of the probe is monitored con-
tinuously by the angle indicator (a rotary variable differen-
tial transformer) attached to the motor through a
mechanical linkage identical to that driving the transducer.
The electrical signal generated by the indicator therefore is
always proportional to the transducer orientation. A
tachometer-feedback system regulates motor speed so that
the frame rate does not change appreciably with variations
in contact force between the transducer and patient.

The use of a 12 mm diameter ultrasound transducer
results in high quality images; low intensity echoes, e.g.,
from endocardium, can be detected easily. In addition, the
probe is not angled faster than 1.4 degrees/msec and
therefore the transducer angle changes no more than 0.7
degrees during a transmit and receive cycle (a transmit and
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Figure 1

Diagrammatic representation of the sector scanning system. The
ultrasound transducer reciprocates through a 30-degree sector of
the heart. Signals from the scanner are processed and fed to the
video display so that the cross-section of the heart is visualized. The
television camera records the image on video tape. The image is
subsequently viewed on the television monitor.

réceive cycle is 0.5 msec). Since a 12 mm probe has a 6
degree beam width, there is no significant signal loss or dis-
tortion caused by the scanning motion; and resolution, ax-
ially and radially, is essentially the same as in the typical
one-dimensional system. Moreover, the sector generation
rate of 30/sec is fast enough to prevent flicker in the image.

Video Display

The echoes received from the scanned sector are
electronically processed and displayed on a cathode ray
tube. Patterns are produced by electronically synchronizing
the cathode ray tube beam and the probe angle so that the
position of the beam is always proportional to the position
from which the echoes are received. The echo signal
amplitude is used to modulate beam intensity, thus
generating the image (fig. 4). For example, a pulse is
emitted and received along line A,. The angle indicator
generates an electrical signal proportional to angle «; which
is fed into a circuit that reproduces the received ultrasound
signal on the video display along line B, at an angle 8,. The
circuit has been designed so that angle a equals angle 8. By
angling the probe from A; to Ae and simultaneously
generating lines B, to B on the video display, a complete
30-degree sector image (or frame) is produced.

The crank and lever arrangement angles the transducer in
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Figure 2

Diagrammatic representation of the hand-held scanner. A
tachometer-feedback regulated DC motor drives a crank and lever
system which angles the ultrasound transducer in a reciprocating
manner through a 30-degree sector. The angle indicator is driven
simultaneously by an identical mechanical linkage and generates an
electrical signal proportional to the transducer angle.
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a sinusoidal fashion, e.g., the beam moves most rapidly
through the sector’s center and then slower at the sides.
Although a more complex drive system might make the line
density more even, the present scan pattern does not require
special signal processing for the side portions.

Video Recording

Each ultrasonic sector or frame is composed of 66 separate
lines. An ideal recording system would provide some means
of summing each set of 66 lines as a separate frame. This
could be done by using a movie camera like the Milliken
model DBM-16 which has a film pull-down time of about
one msec. Since the pull-down could be externally syn-
chronized to occur at the edge of a frame, only two of the 66
lines would be lost. A camera of this type, however, is expen-
sive and not easily available. A closed circuit television
system, utilizing a television camera, television monitor and
video tape recorder was therefore used (fig. 1). In our
system, the camera is focused on the video display and its
output is recorded on video tape. At the present stage of
development, the video recorder fields (60/sec) are not syn-
chronized with the scan frames (30/sec). In practice, this
difference in frame rate and lack of synchronization is not
serious because of both the decay time in the video display
and the inherent integration of the television camera.
Although a system of this type does not record exactly one
ultrasonic frame on one video frame, it does allow images of
fast moving structures, like the mitral valve, to be recorded
accurately. A significant advantage of the video tape system

Figure 3

Photograph showing scanner’s actual shape and positioning on the
chest. Patient is supine with head at the top of the picture; the
scanner is oriented to scan along the left ventricular long axis.
Although patients are aware of the transducer's rocking motion,
they do not find it unpleasant.
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Lines in the two-dimensional image are generated sequentially.
When the transducer is directed along line A,, the signal processor
generates line B, on the video display. As the transducer is rotated
through the 30-degree sector to line Ag the display line is
simultaneously swept through the sector to line Bgs.

over film is that data are available for instant replay and
analysis; slow motion and stop frame play-back are
employed. In addition, analog channels are available for
simultaneously recording ECG, pressures, blood flow, or
volice.

Results

Two images, shown in figures 5 and 6, were ob-
tained with the sector scanner oriented parallel to the

Figure 5

Diastolic frame obtained by scanning a normal heart parallel to the
left ventricular long axis shows the closed aortic valve and open
mitral valve. The septum is seen to narrow as it joins the aorta.
AML = anterior mitral leaflet; AO = aorta; AoV = aortic valve;
LA = left atrium; PM = papillary muscle; PML = posterior mitral
leaflet; PW = posterior wall; RV = right ventricle; S = ventricular
septum.
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left ventricular long axis in a normal subject. The
scanner was directed so that both the aortic and mitral
valves were seen simultaneously. Figure 5 is one of the
frames obtained during diastole which shows the aor-
tic valve closed; the mitral valve open. The anterior
leaflet is near the ventricular septum; the posterior
leaflet is adjacent to the posterior left ventricular wall.
The picture in figure 6 is one of the frames obtained
during systole; the aortic valve is open and the mitral
valve is closed. The head of the papillary muscles, the
apposed mitral leaflets, and the mitral valve ring are
clearly visible. In figures 7, 8, and 9 the scanner was
rotated 90° so that the scanned sector is perpendicular
to the left ventricular long axis. The cross-sections
show the heart as if it were viewed from the apex; that
is, the patient’s chest is at the top and his left side is at
the right. Figure 7 images the left ventricle during
late systole at the level of the papillary muscles. The
septum, papillary muscles, and posterior wall are
demonstrated. Figure 8 was obtained by scanning
another normal subject at a slightly higher level, thus
displaying septum, anterior and posterior mitral
leaflets, and posterior wall. Finally, figure 9 was ob-
tained at the level of the aortic root. The aorta and left
atrium are in cross-section, the aortic valve is closed,
and the right ventricular outflow tract curves oblique-
ly over the aorta.

Figure 6

Systolic frame from the same subject obtained by scanning parallel
to the left ventricular long axis shows the open aortic valve and
closed mitral valve.
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Figure 7

Image obtained at end systole by scanning a normal heart
perpendicular to the left ventricular long axis at the level of the
papillary muscles. The septum, ventricular cavity, papillary
muscles, and posterior wall are shown. The posterior wall thickness
was verified by observing several cardiac cycles and adjusting the
receiver damping.

Experience with over 100 subjects, age two months
to sixty years, has not shown any particular group
more difficult to study than another.

Discussion

The desirability of viewing the heart ultrasonically
in two-dimensions has been recognized for some time.
The system described meets the requirements of a
scanner for clinical use. Examination is done in real
time, using a hand-held scanner; an operator watches
the video display and simultaneously adjusts the
scanner position until the heart section to be viewed is
displayed. The section can be chosen at any orienta-
tion relative to the heart’s major and minor axes. By
slowly altering the scanner orientation, it is possible to
visualize specific structures and accurately determine
their relationships to other cardiac structures.
Moreover, the 30-per-second frame rate prevents
flicker in the display, an important operator considera-
tion, and allows visualization of fast moving cardiac
structures. Acoustic coupling between the scanner and
the chest is provided by a layer of transmission gel.

The tilting mirror system and the time-gated, non-
real time systems'®'? have been useful but are rather

GRIFFITH, HENRY

Figure 8

Image obtained at mid-diastole by scanning another normal subject
perpendicular to the left ventricular long axis at the level of the
mitral leaflets.

Figure 9

Diastolic frame obtained by scanning a normal heart perpendicular
to the left ventricular long axis at the level of the origin of the great
arteries. The aortic leaflets are closed and the right ventricular out-
flow tract is seen to curve obliquely around the aorta.

Circulation, Volume XLIX, June 1974
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cumbersome and time-consuming for routine clinical
use. For example, 50 or more separate cardiac cycles
are used to compose one frame in the time-gated
systems. Further, it may be necessary to repeat this
procedure several times in order to visualize the
region of interest or to obtain frames from a different
phase of the cardiac cycle. Obviously, patients with
atrial fibrillation are particularly difficult to study with
this method. Since our system allows visualization of
30 frames per second, the problems of a nonreal time
system are overcome and observations can be made
easily and rapidly.

The multi-element ultrasound system? is similar to
our system in that it generates real time images and is
quite simple to use. There are, however, several
differences between the two. First, the sector scanner
described in this paper employs a larger transducer
with concomitant greater sensitivity and resolution
than the small transducers used in the multi-element
equipment. Second, our system generates 30 complete
frames per second of 66 ultrasound data lines each,
whereas the multi-element system generates 160
frames per second of 20 lines each. Clinical use thus
far suggests that the increased number of data lines
produces images of improved detail without
significantly impairing the capability for visualizing
the motion of rapidly moving cardiac structures. Since
our system is designed to function from a small spot
on the chest (between ribs), the signal absorption and
distortion that may occur when a transducer is placed
over ribs or lung are minimized. As with a one-
dimensional system, however, about 10 percent of the
patients cannot be studied because of chest configura-
tion or lung location. The increased sensitivity, in-
creased number of data lines per frame and
diminished signal distortion have been gained,
however, with some sacrifice. For instance, the region
of the heart being visualized decreases as one nears
the chest wall. The multi-element system allows a
much greater area to be visualized near the chest wall
and as a result may produce better definition of the
right ventricle. The area limitation of the sector scan-
ning system, however, does not affect left ventricular
image quality. In this region of the heart the increased
sensitivity and increased number of data lines per
frame of the sector scanning system provide images of
improved definition.

Although our system is at an early stage of develop-
ment, we believe that two-dimensional echocar-
diography will prove to be an extremely useful tool for
cardiac diagnosis. It allows a large portion of the left
ventricle to be visualized safely and painlessly without
the discomfort and risk associated with cardiac
catheterization. Since radiopaque dye is not used, the
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arrhythmias and depression of myocardial contrac-
tility that commonly occur following the injection of
dye are not present. Moreover, it is possible to
visualize an unlimited number of consecutive cardiac
cycles, as compared to the limitation to five or six con-
secutive cycles for conventional angiography. Another
feature is the capability of visualizing minor axis cross-
sections of the heart at several levels. For example, the
cross-section of the heart at the level of the great
vessels (fig. 9) clearly demonstrates the normal
relationship of the great vessels, i.e., the right ven-
tricular outflow tract is seen in longitudinal view to
curve anterior to the cross-sectioned aorta (viewed as a
circle.) Experience thus far has demonstrated that this
image is characteristic of normally related great
vessels and that the abnormal anatomy associated
with such congenital malformations as transposition
complexes, pulmonary atresia, and truncus arteriosus
can be visualized clearly.?” If the heart is cross-
sectioned at a lower level (fig. 8), the complete mitral
valve orifice can be seen. Cross-sectioning the left
ventricle below the mitral leaflets enables viewing and
assessment of papillary muscle architecture (fig. 7).
Experience with more than 100 patients indicates that
diagnostic quality, two-dimensional echocardiograms
can be painlessly obtained in essentially the same
patients from whom one-dimensional echocar-
diograms are recorded. Moreover, two dimensional
studies can usually be performed in less time. We are
presently exploring other research and clinical
applications that are made feasible by this technique.
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