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Making 3-D Movies of the Heart 
When scientists in diverse disciplines pool their talents to devise a new, noninvasive way of 
imaging the heart, it pays off in research opportunities and clinical applications 

O N THE COMPUTER 

s c r e e n , a h e a r t 
pumps. Elias Zer­
houni, a radiologist 
at Johns Hopkins 
School of Medicine 
in Baltimore, points 
to a section of the 
heart wall that is 
moving less vigorously than the sur­
rounding muscle. "That sluggishness 
tells us," he says, "that this region is 
getting less oxygen than the rest of 
the heart ." Such ischemia—the 
medical term for the oxygen depriva­
tion caused by lessened blood flow— 
causes heart attacks in an estimated 
1.5 million people each year in the 
United States. 

Until now, there has been no easy way to 
pinpoint the damage done to the heart by 
ischemia or heart attacks, says Myron 
Weisfeldt, director of cardiology at Johns 
Hopkins Hospital. Although doctors have 
various ways to gauge how well the heart is 
functioning as a whole, "The methods we 
have for measuring regional function are 
second-rate," Weisfeldt says, and this is a 
major handicap for doctors trying to deter­
mine the best way to treat a heart attack 
victim. But now, using a modification of 
magnetic resonance imaging (MRI) , 
Zerhouni and co-workers have developed a 
noninvasive way to make three-dimensional 
"movies" of a beating heart with enough 
detail to pick out small abnormalities, as 
well as to give cardiac researchers new infor­
mation on how the heart works normally. 

"There's really nothing like this," says Ed 
Shapiro, a Johns Hopkins cardiologist who 
collaborates with Zerhouni. "It's opening 
up doors to [heart] physiology that have 
great promise." Already Shapiro, Weisfeldt, 
and other cardiologists are using Zerhouni's 
technique to judge the effectiveness of 
therapies, such as clot-dissolving drugs and 
balloon angioplasty, which is used to open 
the blocked coronary arteries of heart attack 
patients. Eventually, the technique could 
become a standard tool for diagnosing the 
location and extent of damage to the heart 
muscle. 

But the new MRI technique is more than 

Hearts on display. 
Heart "tags" (black 
radial lines) reveal 
a twisting motion as 
the left ventricle 
contracts (top); a 
three-dimensional 
line drawing shows 
the entire ventricle 
at once (bottom). 

just another medical breakthrough. The 
history of its development is an edifying tale 
of how scientists from several disparate fields 
can cooperate to create something much 
greater than would be possible for any of 
them worjcing individually. The Johns 
Hopkins team consists of cardiologists, ra­
diologists, electrical engineers, biomedical 
engineers, a mechanical engineer, and a 
physicist, each with his own research inter­
ests. How Zerhouni has kept them working 
toward a common goal for more than 2 
years is an important lesson for other re­
searchers in this day of increasing cross-
disciplinary collaboration. 

The research grew out of a need to see the 
beating heart in greater detail than is pos­
sible with existing methods, Zerhouni says. 
Echosound, for instance, allows doctors to 
image two-dimensional slices of the heart 
many times a second, but it can probe at the 
heart only from certain angles because the 
sound waves used to produce the images 
can't "see" through bone or the air in the 
lungs. In contrast, computerized tomo­
graphy, which is based on x-rays, can see 
through anything in the body, but is not fast 
enough to take a series of pictures of the 
heart through a beat cycle. And both tech­
niques suffer from an even more serious 
shortcoming: They see the heart in silhou­
ette and cannot make out what's going on 
inside the heart wall. 

Cardiac researchers have tried various 

methods to obtain 
more details of the 
heart's function. In 
one, which has been 
in use for two de­
cades, metal beads 
are surgically im­
planted into the 
hearts of lab ani­

mals. Since these beads show up 
clearly in x-rays, they serve as "mark­
ers" that identify particular points in 
the heart muscle and allow research­
ers to watch exactly how these points 
move relative to each other as the 
heart beats. But even this technique 
is severely limited. Researchers can 
put only a few beads into the heart, 
so they can monitor only small sec­

tions at a time; the presence of the beads 
may disturb the heart's function; and even 
though Stanford researchers did insert beads 
into a few human volunteer heart patients in 
the 1970s, the technique has little clinical 
value—doctors can't surgically implant 
beads into patient's hearts just to get more 
details of the heart's functioning. 

So 5 years ago, Weisfeldt and other 
Hopkins cardiologists approached Zerhouni 
with a challenge: find a way to use MRI to 
get more details of the heart's functions. 
"We had tried echocardiography and were 
stymied by its limitations," Weisfeldt recalls. 
"I thought MRI might work because we 
could get three-dimensional information 
within a reasonable amount of time." 

Zerhouni responded by conceiving a new, 
noninvasive way to create markers in the 
heart. In standard MRI, a strong magnetic 
field first aligns the spins of all the protons 
(hydrogen atom nuclei) in the heart and 
surrounding tissue; then a radio-frequency 
field is applied to disturb the spins and, by 
monitoring the resulting signal, the MRI 
machine obtains an image of the proton 
distribution. Since that distribution differs 
from one type of tissue to another, the 
outline of the heart is clearly visible in the 
image. 

Zerhouni realized it would be possible to 
"paint lines" across the heart by changing 
the orientation of the proton spins along 
various strips in the heart; these strips would 
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show up as black lines in the MR images. By 
watching the shifting and twisting of these 
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behaves-information needed to serve as a 
reference point for diagnosing damaged 
hearts. Over the next 5 years, he will be 
collecting such data from 100 human vol- 
unteers of all ages. 

The tagging technique is already proving 
itself in clinical research. Cardiologist 
Shapiro, for instance, has recently demon- 
strated that the left ventricle-the main 
pumping cavity of the heart-twists as it 
contracts. Before the advent of heart tagging, 
no one had seen this twisting explicitly in the 
human heart, although it had been predicted 
on theoretical grounds. Now Shapiro is try- 
ing to understand the function of this 
twisting and subsequent untwisting and 
whether it is connected with certain forms 
of heart disease. 

"We think the untwisting provides suction 
that helps the heart fill [with blood] very 
fast," he says. "This is very important be- 
cause the filling of the heart is known to be 
the limiting step in heart function in many 
cases, and many diseases interfere with fill- 
ing." Shapiro is now using Zerhouni's 
magnetic resonance tagging method to  
study this untwisting motion in human 
subjects, both normal and those whose 
hearts don't fill well, in order to  determine 
if it is a faulty untwisting motion that causes 
the poor filling function. 

In a second study, Shapiro is studying the 
effects of angioplasty-the medical tech- 
nique in which a balloon is placed in a 
clogged coronary artery and then blown up 
to  open the blood vessel--on the function 
of the part of a heart damaged by a heart 
attack. An earlier clinical study by other 
doctors could detect no effect of such 
angioplasties on damaged heart tissue, a 
surprising finding that called into question 
the way angioplasties are being used. With 
Zerhouni's tagging technique, Shapiro says 
he can perform a much more sensitive 
measure of heart function, and he hopes to 
see whether the earlier studies missed 
something. 

Even though Shapiro and the other team 
members are enthusiastic about what they 
are learning, taking part in such a collabo- 
ration does have costs, they concede. "The 
obvious pitfall," Douglas notes, "is that you 
have to wait for a time when several of you 
can meet [before making decisions on how to 
proceed]. You have to put in some 'overhead' 
and spend time taking to others." 

Fortunately, the Johns Hopkins team has 
managed to  avoid one common plight of 
collaborative efforts, Douglas adds. "As an 
engineer, I've been warned about working 
with M.D.'sm because of their "big egos," 
he says. But in this case, those egos never 
materialized. "No one's acting like a prima 
donna." ROBERT POOL 

Cosmologists Begin to 
Fill in the Blanks 
They are mapping out more Dark Matter than ever before- 
but is there enough to reach %ritical" density? 

Brighton, E n g l a n d - C o s ~ o ~ ~ ~ ~ ,  WHICH 

has spent generations being a playground 
for theoretical abstractions and little else, is 
fast becoming an observational science. 
Witness an international conference* held 
here last month, where several independent 
groups reported intriguing, if preliminary, 
evidence that apparently confirms a long- 
standing conjecture: that the universe is 
poised in a state of "critical density," bal- 
anced precisely between an endless expan- 
sion and an ultimate recollapse into a "Big 
Crunch. " 

"It's one of the revolutions in the sub- 
ject," said University of Sussex astronomer 
Bernard Jones in his summary talk at the 
symposium. LLCertainly it is the thing that 
has impressed me the most at this confer- 
ence." 

Jones had good reason to  be excited. 

and galaxies all around us, the density must 
have somehow been just right. 

However, anyone who accepts this argu- 
ment also has to live with a serious embar- 
rassment: Astronomers can't find anywhere 
near that much matter in the universe. The 
mass in all the visible stars and galaxies, 
averaged over the immense distances between 
them, adds up to only about 1% of the critical 
density. To make up the difference, re- 
searchers are forced to assume the remaining 
99% of the mass consists of invisible "Dark 
Matter"-presumably a haze of some kind 
of massive but weakly interacting elemen- 
tary particles left over from the Big Bang. 

That assumption is not quite as ad hoc as 
it sounds. Astronomers have found ample 
evidence for Dark Matter by observing its 
gravitational influence on the internal mo- 
tions of galaxies and clusters of galaxies. Yet 

started out even slightly less than critical at I Dekel of the Hebrew University in Israel, is 

Many cosmologists even in the largest clusters, the Dark Matter 
believe that the aver- .ountainous I never seems to account for more than about mass. A new plot 
age density of the o f  cosmic mass 10% of the critical density. That 

universe be density shows the missing 90% has thus become a 
precisely equal to the Great Attractor major cosmological conundrum. If 
critical density, which looming 0 ver  it exists at all, then it can only be 
has been estimated to everything in the found by mapping out the distribu- 

neighborhood. tion of mass over truly vast regions 
of space, encompassing not just 

clusters of galaxies, but whole 
superclusters on a scale of 

hundreds of millions of 
light-years. 

And that is pre- 
cisely what the 

observers are starting to do. 
The newest such maps come from two 

the Big Bang, they argue, then the super- 
heated cosmic plasma would have expanded 
so fast that neither stars nor galaxies would 

meter for the present 
epoch of the universe. If the density had 

based on measurements of galaxies' "pecu- 
liar" velocities: their motions relative to the 
overall expansion of the universe. Since these 

complementary survey techniques. One 
technique, discussed at Brighton by Avishai 

the average density had started out even 
slightly higher than critical, then the uni- 
verse would have expanded and recollapsed 
in less than a microsecond-more of a Big 

have had a chance to form. Conversely, if 
tional forces, explained Dekel, they can in 
principle reveal the existence of lumps and 
gaps in the cosmic mass distribution. 

That possibility was dramatically con- 

I motions &e presumably caused by gravita- 

Burp than a Big Bang. Since the universe is firmed in 1986, when a group of seven 
billions of years old, and since there are stars astronomers published convincing evidence 

Texas/ESO-CERN Symposium on Relativistic Asuo- 
physics, Cosmology, and Fundamental Physics, 16-21 
December 1990, Brighton, United Kingdom. 

that our and most of the other galax- 
ies for hundreds of millions of light-years in 
every direction are streaming toward a cer- 
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