STRESS ECHO

UDDA TE-

Please route to:

3
u
J

H|

Stress Echo Ideas & News ==sss= a service of American Echo, INC =====+ August, 1994 Vol. 4 No. 3

icycle and treadmill stress echocardiography
techniques & technical hints
from Indiana University

H Cris Davis,

BS, RCVT, RDCS,

DiReCTOR STRESS ECHO PRECEPTORSHIP
Incliana University Schoal of Medicine
Indianapolis, Indiana

Stress echocardiography has emerged as an
accurate noninvasive diagnostic tool for eval-
uating patients with known or suspected coro-
nary arfery disease. Using equipment readily
available in most hospitals or clinics, stress
echo combines virtually any method of stress
testing with the two-dimensional echocardio-
gram. With the introduction of on-line com-
puters to the echo laboratory, the technique has
greatly improved and the popularity of stress
echo has become widespread.

Adoption of stress echocardiography to
provide good diagnostic results requires a dig-
ital format and a sonographer trained and ex-
perienced enough to capture representative
images of good quality in a very short time (4
different images in less than 1 minute).

The purpose of this article is to discuss the
basics of digital echo, the technical parameters
of stress echo, the stress echo protocols used
at Indiana University, and technical hints for
the sonographer performing stress echocar-
diography.

Digital Echocardiography

Several technical factors must be consid-
ered when setting up a stress echocardiogra-
phy program, including a variety of equipment
needs, supplies, and personnel. Of these fac-
lors, the component that is least likely to be in
place is the digital echo component.

Digital terminology must be understood to

understand digital echocardiography. Simply
stated, “digital” means converting the received
ultrasound information into a language or for-
mal that is read, displayed, and stored via a
compuler.

Terms used when discussing digital
echocardiography include cell or frame,
cineloop, screen format, resolution, triggering,
interim delay, and image acquisition:

= cell (or frame) - one frozen full screen
ultrasound image.

» cineloop - several cells of digitized
frozen images played consecutively and
continuously, so that the frozen images
become a motion picture.

» formal - divisions of the computer
screen that are commonly used for digi-
tal echocardiography. They may be full
screen, split screen, or quad screen.

= resolution - distinguishing individual
parts of an object from each other.

» triggering - method of selecting the
ultrasound image and storing it in
compuler memory.

« interim delay - length of time belween
cells or frames in a cineloop format.

» image acquisition - method used to cap-
ture or trigger the echo images.

Resolution is a term thal is often used when
discussing digital echocardiography. When
digitally storing information, resolution can be
high (512 x 480 pixels), normal (512 x 240
pixels), or low (256 x 240 pixels). High-reso-
lution images are sharper or clearer, whereas
low-resolution images appear less sharp; how-

ever, high resolution uses four limes as much
memory as low resolution, and two times as
much memory as normal resolution. Addi-
tionally, the inherent raw ultrasound informa-
tion is probably no better than 256 x 240
pixels.

Generally, information storage is an im-
portant factor when deciding what resolution
to use for stress echocardiography. The
amount of storage space needed for stress
echocardiography depends on how many im-
ages are stored, the resolution of the images
{how many pixels were used for each image),
and whether compression is used when storing
the images. About 1.5 megabytes of space are
needed to store the images for a three-stage
stress echocardiogram when low resolution and
digital compression are used. A two-stage (e.g.
resting and post stress) stress echocardiogram
with low resolution and compression uses
about one megabyte of storage space. We use
low resolution because the tradeoffs are not
worth the added cost of storage space. plus
there is no loss of real information.

Triggering is the computer's method of se-
lecting the ultrasound image (cell or frame) that
is stored in memory. The computer “sees” the
R wave from the electrocardiogram (ECG) and
stores the image from that point in time, in cell
or frame one.

Image acquisition refers to the method used
to capture or trigger the echo images. Two ac-
quisition methods, retrospective/ prospective
trigger and full disclosure, are currently avail-
able for use on most digitizing equipment. A
four-cycle capture scheme is used for peak ex-
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ercise and postexericse imaging. The prospec-
tive/retrospective method allows one of select
how many cardiac cycles will be digitized.
Equipment may be set to capture all retro-
spectively, all prospectively, or any combina-
tion of the two. For example, if the setting for
a four-cycle capture is 1-3, the 1 represents ret-
rospective cardiac cycles (cycles before the
triggered R wave), and the 3 represents

stable, artifact-free ECG R wave is displayed
for triggering purposes. If the ECG is unsta-
ble, the computer may trigger from an artifact
causing cell 1 to be triggered at some time oth-
er than end diastole. A cable that connects the
ECG monitor to the digitizing equipment
andfor the echograph is included with most
commercially available digitizers.

Because the dynamic changes in wall mo-
tion pceur in systole, using an eight-cell loop
with a 50 msec interim delay enables one to

concentrate on the first
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350 msec of the heart
beal, or primarily sys-
tole. Cell 1, triggered
from the R wave, repre-
sents 0 time. Cell 2is 50
msec later, Cell 8, or the
last cell digitized, is 350
msec from the R wave
and is usually early dias-
tole; therefore, the gap
between cell 8 and cell 1
represents the remainder

o mullssoocrde

Figure L. Interim delay: eight-frame cineloop acquisition with the interim delay set at 50
msce. Frame 1, tiggered from the ECG R wave, represents 0 time, Frame 8 oceurs 350
msec from the R wave, The cineloop, which primarily represents systole, is created when
the B frames are played congecutively and continuously. The gap between frame 1 and
frame § represents the remainder of diastole. When the loop is played at 100 msec the loop
appears more like a real-time image.

of diastole (Figure 1).
When played back at 50
misee, the loop looks dis-
torted; however, when
played back at 100 msec,

prospective cardiac cycles (cycles that oceur
after the triggered R wave). When acquiring
postexercise images with the four-cycle cap-
ture, one must quickly decide if at least one of
the cycles captured is a usable image before
advancing to the next view.

The full disclosure method of image ac-
quisition allows one to continuously capture
1'6 or more cardiac cycles. The exact number
depends on the amount of image memory
available on the digitizing equipment with full
disclosure. Rather than making the decision at
the time of acquisition as to whether or not an
acceptable image has been acquired, full dis-
closure allows one to capture several cycles for
each view and then decide which cycle is ac-
ceptable after imaging is completed.

Stress Echo
Digital Parameters

The stress echocardiography digital pa-
rameters used at Indiana University include the
use of a “conditioned ECG™ directly from the
stress equipment to help ensure that the most

the loop appears more like a real-lime heart

we use low resolution and a compression al-
gorithm for all of our stress echo studies to
minimize the amount of space needed 1o store
each study on floppy disk or on our optical net-
work.*

Other digital considerations to be aware of
include the displayed heart rate indicator and
the examination timer. Having the heart rate
displayed for cach view allows the interpret-
ing physician to know the precise heart rate
during acquisition of each view. The exami-
nation timers tell the interpreting physician not
only how long the patient exercised, but also
how much time elapsed after cessation of ex-
ercise and acquisition of each view. This in-
formation is especially helpful for those
patients who exhibit early resolution of re-
gional wall motion abnormalities.

Stress Echo
Technical Parameters

When considering the type of exercise (o
utilize in your stress echocardiography pro-
gram, it is important to note that although all
exercise methods are similar in some aspects,
they also possess inherent differences. Be-
cause of these differences, the technical pa-
ramelers for each type of exercise differs to
some degree.

beat. Systole is actually
being played at one-half
normal speed, which
provides a more detailed
analysis of ventricular
contraction, and diastole
is being displayed as a
single 100 msec interval,
By grabbing 350 msec
we can display loops of
heart rates up to 170
beats per munute withoul
getling into the nex{ car-
diac cycle.!
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Figure 2, Treadmill stress echocardiography digital format. Two quad-screen, eight-frame
cincloops: with low resolution (256 x 240 pixels) are shown. The upper and lower left
quadrants of cach loop represent resting images, whereas the upper and lower right quadrants
represent posteacreise images. LAX, Parastemal long-axis view; SAX, parastemal shon-axis
view; 4-C, apical four-chamber view; 2C. apical two-chamber view.

By convention, we
display our digital echocardiograms in a quad-
screen format, Stress echo is displayed with
the resting images located on the upper and
lower left quadrants of the screen and peak or
poststress images located on the upper and
lower right quadrants (Figure 2). We use the
prospective four-cycle capture because we are
comfortable with that method. Additionally,

We currently use upright bicycle stress
cchocardiography and treadmill stress echocar-
diography at Indiana University. We also per-
form some supine bicycle stress
echocardiography, but not on a routine basis
at this time. Other than the actual stress test-
ing equipment, the equipment needed to per-
form the echo portion of the examination is the

* For an indepth discussion regarding the differences between various types of exercise echocardiography,
please reler to article by Thomas Ryan, M.D.: Echocardiography, Vol 9, No 1, 1992; Futura Publishing compa-

ny, Bicycle Stress Echocardiography.






