Reproduced from DeBakey, Michael E. and Gotto, Antonio: The Living Heart, New York, David McKay Co., Inc., 1977, p. 111,

Diagram illustrates several forms of
atherosclerotic lesions that can develop in
arteries. Top cross section shows layers
of arterial wall: adventitia (1), media (2)
and intima (3). Lipoproteins (4), which
transport cholesterol through blood-
stream, can enter damaged arterial lining
(arrow) to stimulate growth and prolifera-
tion of smooth muscle cells (SMCs) seen
in next cross section (5). In fibrous plaque
(cross section second from bottom), most
fats (7) are outside cells. Together with
broken-down cells they form a core that is
capped with collagen tissue and elastic
fibers (6), and fat-filled SMCs. A fibrous
plaque may be transformed into “compli-
cated lesion” (bottom cross section)
through development of hemorrhage (10),
blood clot (9) or the hardened tissue (11)
formed by deposits of insoluble salts.
Complicated lesions, the most dangerous,
contain a core of lipids (12) — mainly
cholesterol and cholesterol esters — in the
center of dead tissue (8).
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Sounding Out
-D Interiors

Three-dimensional reconstruction may revolutionize
ultrasound imaging of the cardiovascular system

By JANET RALOFF

A medical imaging system that offers
three-dimensional renderings of the heart
and arteries is one of the newest space-
program spinoffs. Developed to monitor
temporary spaceflight-induced changes in
the hearts of astronauts, this system is al-
ready providing cardiologists at the Uni-
versity of Southern California a low-cost
noninvasive means of tracking changes in
the development of atherosclerosis
(hardening of the arteries) in humans.

The technique, an adaptation of con-
ventional ultrasound imaging, uses so-
phisticated computer processing to mesh
digital data representing a series of two-
dimensional cross-sectional ultrasound
images with the position and spatial-
orientation coordinates of the ultrasound
probe as each image was taken. What re-
sults is an ability to compute three-
dimensional reconstructions of the
human heart or selected arteries. Using
computer-graphics techniques, the data
are manipulated to produce crisp two-
dimensional representations — with ap-
propriate shading to suggest a third di-
mension —of the imaged structure.

The reconstructed image, or ultrasonic
cast, can be selected to display the struc-
ture as it would appear from any orienta-
tion angle the researcher selects. Arteries
can be visualized as if a plaster cast of
them were suspended in space. “When the
technology gets a little cheaper, every
cardiologist in the country will have one of
these in his office, not just in [his] hospi-
tal,” predicts John Hestenes, one of its de-
velopers at the National Aeronautics and
Space Administration’s Jet Propulsion
Laboratory in Pasadena, Calif.

More than 75 percent of all cases of
“heart disease” actually affect the arteries.
And most of these result from atheroscle-
rosis, a form of arteriosclerosis in which
lipids—fatty substances including choles-
terol—adhere to the inner surface of arte-
rial walls. The disease usually involves the
innermost and medial layers of the arterial
wall, and occurs most often in medium- to
large-sized vessels.

Atherosclerosis can lead to strokes,
heart attacks, angina pectoris and other
forms of heart disease. What causes it is
still not fully understood; theories abound,
yet none accounts satisfactorily for all
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manifestations of the disease.

Lipid deposits characterizing this dis-
ease tend to be nodular and localized,
rather than evenly deposited films lining
the entire vascular network. Sites where
deposits occur are called lesions. Severe
lesions involving “plaque”—Ilipid deposits
that extend into the blood vessel pas-
sageways — may end up totally blocking
the flow of blood through an artery. Other
times, the disease may cause a ballooning
out of the arterial wall, known as an
aneurysm.

In their book The Living Heart (McKay,
1977), heart surgeon Michael DeBakey and
Antonio Gotto, who have researched the
role of blood fats in coronary disease, sug-
gest that atherosclerosis in this country
probably begins early: “Post-mortem stud-
ies carried out on young soldiers killed in
the Korean war indicated that many of
them had a significant degree of blockage
due to atherosclerosis of coronary ar-
teries by the time they were in their mid-
twenties.”

In charting the development of athero-
sclerotic lesions, angiography has become
the diagnostic standard. The procedure
involves threading a thin plastic tube, or
catheter, through a vein or artery until it
has been positioned properly. Then a
harmless dye, opaque to X-rays, is in-
jected. Subsequent X-rays of the injected
region highlight the blood-vessel passages
— revealing arterial blockages, constric-
tions and other signs of atherosclerotic
disease. But as angiography involves
minor surgery (to place the catheter),
X-rays and an injection of dye, it is not
without risk; in fact, an average of two pa-
tients in every 1,000 die from complica-
tions associated with the procedure.

Far safer is echocardiography. An adap-
tation of submarine sonar, it involves
bouncing high-pitched “ultrasound”
waves off arterial structures, and using
data from the returned echoes to noninva-
sively view them. Such sonographic im-
ages, however, can prove murky. At least
as important, it is virtually impossible to
picture precisely the same view in suc-
ceeding visits to the doctor, making the
comparison of structural features over
time difficult.

Recently, William Moritz, an electrical
engineer at the University of Washington
in Seattle, began attaching a spark-gap de-

SCIENCE NEWS, VOL. 123

www_jstor.org



vice to the ultrasound probe. (The probe,
which looks something like a standard
telephone receiver, is placed against the
skin over the structures to be viewed. In-
side it, a piezoelectric crystal vibrates
when excited, creating the ultrasonic
pulses used for imaging.) Three spark
gaps, mounted in a triangular configura-
tion, are fired in sequence. Noise they emit
is picked up by a trio of microphones on
the ceiling of the room (which have been
mounted at three corners of a square-
shaped frame). Listening to the firings,and
coordinating those pulses with the time
each signal was emitted, allows a com-
puter to calculate the position and orien-
tation of the ultrasound probe in relation
to the patient’s body, and to then assign
reference coordinates to each sonogram
indicating how the probe had been po-
sitioned when it was taken.

Hestenes, who has worked with Moritz,
decided to take the procedure one step
further. He developed computer software
(programming) that integrates the digit-
ized videotape ultrasound images and
ultrasound-probe position readings. What
results are three-dimensional coordinates
describing the arterial structures ob-
served (the same technique can be
applied to multiple images defining the
heart). Drawing from this data base, a
computer can then reconstruct any view
of the structures selected, and project it
onto television monitors. The reconstruc-
tion process is similar to that used in
computed-axial-tomography (CAT) scan-
ning. But unlike CAT scans and conceptu-
ally related systems, such as the Dynamic
Spatial Reconstructor (SN:11/1/80, p. 284),
three-dimensional ultrasound imaging is
done without use of ionizing radiation or
injection of contrast dyes.

David Blankenhorn is a USC cardiologist
using this ultrasound system in an exper-
iment to determine whether reducing
blood-cholesterol levels in men who have
undergone coronary-bypass surgery in-
fluences the course of their atherosclero-
sis. Though angiography is relied upon as
the primary imaging technology, ul-
trasound monitoring has also been per-
formed on these patients for the past three
years. And over just the past few months,

three-dimensional reconstruction of the
ultrasound measurements has begun.

It's still too early to compare results
from the two techniques in this project,
Blankenhorn says. However, during exper-
iments imaging arteries in “phantoms”
(material used in biological experiments
that approximates as closely as possible
the density and effective atomic number of
living tissue), he said three-dimensional
ultrasound reconstructions had been
compared with angiograms, “and they're
pretty good.”

“The problem with currently available
ultrasound equipment,” Blankenhorn
says, “is that their view is too restricted —
they do not reach in deep enough to see a
number of important vessels.” What's
more, he adds, in its current state of de-
velopment, ultrasound “will not resolve
the fine detail that X-rays [angiography]
will. But on balance, ultrasound has the
advantage that it is noninvasive, so you
can use it as often as you want.” And that’s
“a compelling advantage,” he points out.

Already three-dimensional ultrasound
shows promise for replacing angiography
in the imaging of peripheral (noncardiac)
vessels — perhaps as a routine diagnostic
procedure. And it’s possible, Blankenhorn
suggests, that several experimental pro-
cedures, such as swept-frequency ul-
trasound, may extend the depth with
which ultrasound can penetrate tissue and
still yield clear images.

“We are visualizing the carotid [neck]
artery,” Blankenhorn says, “because that’s
the one you can see really well with ul-
trasound equipment that’s available for
clinical use.” Today the higher frequencies
that permit good resolution simply “don’t
penetrate well into tissue,” he explains,
“so deep-lying arteries aren’t well vis-
ualized.” But the carotid — lying right
under the skin, or close to it, for a span of
about two and a half inches in the neck —
presents no obstacles. And it’s an impor-
tant window on the cardiovascular sys-
tem, since lesions in this artery may lead
to strokes or stroke-like symptoms.

The usual procedure is to coat the sur-
face of an ultrasound probe with jelly, then
to rub it about the neck. “As you do this,
you see on a TV screen the [nonrecon-

JPL’s three-dimensional computer-generated casts, or reconstructions (shown above),
were developed from digital data representing 100 or more standard echocardiographic
(two-dimensional ultrasound) images of a lesion-free carotid artery.
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Training is required to “read” echocardio-
graphs;, this one shows carotid artery.

structed] picture of the artery,” Blanken-
horn explains. Though in theory an inves-
tigator could scan the probe along the
neck free-hand from chin to shoulder
(roughly 100 sonograms are needed for
each reconstruction), Blankenhorn fears
the computer might have a hard time in-
tegrating the data. Therefore, in conjunc-
tion with the JPL team, his laboratory at
USC has developed “a mechanical rack-
and-pinion device” to take the sonograms.
By taking each cross-sectional sonogram
exactly parallel to the neck at 0.2-milli-
meter intervals, it greatly simplifies the
computer’s data-integration problem. The
mechanical arm makes two full sweeps
over the neck—first in one direction, then
again at what would amount to a right
angle from the initial run. In fact, the sec-
ond run may not even be necessary,
Blankenhorn points out, because a full
three-dimensional reconstruction can be
developed from any single run.

The real advantage of three-dimen-
sional ultrasound, Hestenes says, “is that a
person gets the same results regardless of
how he holds the probe.” As long as they
take enough sonograms of the region, “all
investigators will get the same reconstruc-
tion,” he says; “therefore, this method is
reproducible.” In fact, he adds, by working
with several medical centers and one of
the ultrasound-equipment manufacturers,
“we probably have helped a lot of people
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Continued from page 315

see the light—that [three-dimensional ul-
trasound] must be done in order to get re-
producibility.”

What’s more, angiograms depict the
presence of the injected contrast agent
(dye), not the arterial wall. “In ultrasound,
you image the arterial-wall structures
themselves,” points out James Rooney,
who works with Hestenes on the three-
dimensional-reconstruction project at
JPL. “This is important because there are
differences in elastic properties of the
arterial wall and the blood that’s flowing
through it. In addition, one can obtain de-
tailed information on the arterial wall it-
self which is not available through any
X-ray technique,” he told SCIENCE NEws.
Adds Blankenhorn, “There is some reason
to believe that ultrasound can visualize
both sides of a blood vessel —both the in-
nermost layer and the outermost layer of a
vessel — thereby telling you how thick it
is.”

It’s interest in measuring heart-wall tis-
sue, however, that prompted Hestenes and
Rooney to develop this system for NASA.
Studies made by NASA scientists have
shown that in response to space flight, an
astronaut’s heart will undergo important
changes. “For example,” Hestenes says, “it
changes its function, its dynamics, it even
loses some weight (over the duration of
flight, muscle is lost, it atrophies). Also the
internal volume of the heart — in the left
ventricle — will diminish under zero-
gravity conditions. When a person comes
back to earth he has to readjust so that the
internal volume will increase.” Of course,
with U.S. astronauts spending only a week
or so in space at a time now, there are “no
drastic changes” Hestenes explains. “But
in long-term flights, like manning space
stations, we may have to worry about what
zero gravity is doing to the heart.”

Under zero gravity, the heart doesn't
have to work as hard; it is no longer fight-
ing gravity in its efforts to pump blood up
from the feet toward the head. In addition,
blood distributes itself differently —
there’s less in the legs, more in the
stomach, arms and head. (In fact, Hestenes
notes, “the face sort of puffs up” as a re-
sult.) Because of these changes, “the ac-
tual motion of the heart can change. And
as the demands on it change,” Hestenes
points out, “so the function will change
slightly.”

Currently measurements are made of
the astronauts’ hearts just prior to space-
flight, the day after they arrive back on
earth, and again a week later — all in an
attempt to understand cardiovascular
readjustment. The goal of the NASA proj-
ect is to have three-dimensional ultra-
sound-imaging systems portable enough
to ride along on space-shuttle flights.
“We'd like to see a device like this in a
space station,” Hestenes says. “And when
that happens, I'll retire with a smile on my
face.” O
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PROOF

WFF 'N PROOF: The Game of Modern
Logic, by Professor Layman E. Allen
(Univ of Michigan)

The original 21-game kit that teaches
symbolic logic. Beginning games are
easily learned by children. Advanced
games will challenge any intelligent
adult. WFF 'N PROOF develops precise
reasoning and creative thinking skills.
2-4 players; ages 6-aduit

EQUATIONS: The Game of Creative
Mathematics, by Layman E. Allen

This exciting, 5-game kit has

doubled math achievement and cut
absenteeism by 2/3.* Basic game uses
addition, subtraction, multiplication,
division, roots and exponents.
Advanced versions include higher
math. A game as simple or complex as
you make it.

2 or more players; ages 7—-aduit

Games for Thinkers

from WFF ‘N PROOF Publishers

An exciting, fun way

to learn the fine art of thinking!

THE PROPAGANDA GAME: by Lorne
Greene (ulc Paramount Studios and
Robert Games Director,
Nova unlversltv

Learn the fascinating techniques
used by professionals to mold public
opinion. This game teaches you to
recognize "bandwagon’ appeals,
rationalization, faulty analogy,
technical jargon and more.

2-4 players; ages 12-adult

ON-SETS: The Game of Set Theory, by
Layman E. Allen, Peter Kugel (M.I.T.), and
Martin Owens (Mitre Corporation)

ON'WORDS. The Game of Word

Stl'llﬂll by Layman E. Alien, Frederick L.
borls uumphrev. and Joan Ross

(unlversny of Michigan)

Two exciting, strategy-filled games.

Learn set theory or word forms with

prefixes, suffixes, phonetics, spelling,

counting and grammar skills.

2 or more players; ages 7-aduit

OUERIES ’N THEORIES: the Game of
, by Layman E. Allen,
Joan ROSS and Peter Kugel

Fascinating simulation of scientific
method and laws of generative
grammars in linguistics. Learn methods
of inquiry, synthesizing, organizing and
analyzing data while trying to break
the code of another player's secret
symbolic language.

2 or more players; ages 12—-aduit

Order from: WFF ‘N PROOF,1490-MS

O W#§F'nProof (logic) $16.00
O Equations (math) 13.00
O On-Sets (set theory) 13.00

0O On-Words (word structures) 13.00
Prices include postage and handling.

South Bivd., Ann Arbor, Mi 48104

Please send me the games indicated. Enclosed is my check for S

C Propaganda (social studies) $13.00
C Queries’'nTheories 16.00
00 Complete Special

All6 Games $69.95

Address

street city

state Zip code

*Free catalog and reprints available of studies on increased achievement, comprehension,

1.Q. scores, and reduced absenteeism.
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