Beating a

Sudden

When a young woman nearly
died from a ruptured aneurysm,
the author and the woman’s
husband began searching for
ways to save other aneurysm

patients from catastrophe

Killer

BY JOHN A. ELEFTERIADES

[t was the first beautiful Saturday in spring, and I was in

charge of my children. We were out browsing the stores
around our local green when the page came in. Law-
rence Cohen, a preeminent cardiologist and my col-
league at Yale University, was distraught. Normally a
man of few words, Cohen was speaking quickly, almost
feverishly. “I need you, John. In the ER. Right away.
She’s dying, John. She’s dying right in front of me.”
The situation was particularly distressing because
Cohen had been following the woman’s condition for
three years, ever since her husband had come to teach
at Yale. So Carmela Kolman was like a member of the
Family. She was 32 years old and had Marfan’s syn-
drome, a connective tissue disorder that tends to pro-
duce thoracic aortic aneurysms: dangerous swellings in
the upper part of the large artery that carries blood
from the heart, down through the chest and into the
abdomen. Leftuntreated, these aneurysms can grow
until they rupture, an event that is often factal. The only
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intervention is a preemptive operation to replace the
damaged regions with artificial components. But the
surgery has its own risks, so physicians hold off on
making that call until it seems absolutely necessary.
Because Carmela’s aorta had been only modestly en-
larged, Cohen had not recommended surgery.

Yet this Saturday morning Carmela had come to the
emergency room complaining of severe chest pain. A
computed tomographic (CT) scan and an echocardio-
gram showed an aortic dissection: blood had seeped
through a tear in the inner part of the arterial wall,
causing the inner half of the wall to separare from the
outer half, down the entire length of the vessel. Dissec-
tion alone can be deadly, because it can resultin blocked
or diverted blood flow, robbing the heart and other or-
gans of essential oxygen and nutrients. But that was not
the worst of the story. The scans indicated that Car-
mela had blood in her pericardium, the sac that sur-
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rounds the heart. So the di

dissection had
ruptured. She was drifting in and out of
consciousness, her blood pressure was
falling, and she was in shock. She need-
ed surgery immediately.

I left the children with a neighbor
and rushed ro the hospital. There my
surgical team and | replaced the weak-
ened part of Carmela’s aorta with an ar-
tificial vessel made of Dacron, a fabric
that is woven into a flexible but sturdy
tube. We also traded her damaged aortic
valve, which controls the flow of blood
as it exits the heart, for a mechanical ver-
sion. After the surgery, Carmela was
very sick. But she clung to life and im-
proved steadily.

Each night on my evening rounds, I
spoke with Carmela’s husband, John
Rizzo, about her condition. As she got
better, we found our conversations turn-
ing to more scientific topics, particularly
issues relating to aortic disease.

Rizzo, it turned out, was an econo-
mist working in the epidemiology divi-
sion of the school of public health and

was an expert.in data analysis and man-.

agement. He took a keen interest in my
group’s work, and in the decade since
Carmela’s trip to the hospital, Rizzo has
helped us compile a database containing
the records of all our patients with tho-
racic aortic aneurysms. As a result, my
colleagues and I now have computerized
information on more than 3,000 patients
with this condition, including some
9,000 images and 9,000 patient-years of
follow-up {(when our work with all these
patients is totaled). We know of no larger
organized database on this disorder.
This extensive clinical resource has
allowed us to learn more about the be-

havior of thoracic aortic aneurysms: no-
tably, how fast they grow, how to tell
when they are likely to become critical
and who is most susceptible to them.
These insights have helped physicians
decide when to intervene so as to avert
the kind of catastrophic event that
brought Carmela to the ER that Satur-
day morning.

Silent Stalker
AS A CARDIAC SURGEON, Ifocuson
disorders that can damage the heart,
such as thoracic aneurysms. But aneu-
rysms can arise in any artery. A good
number occur in the lower, or abdomi-
nal, aorta: the section that runs from the
diaphragm to the area above the pelvis,
where the artery branches to carry blood
to the legs. Research by other investiga-
tors has revealed that the mechanisms
underlying the growth, dissection and
rupture of abdominal aortic aneurysms
are similar to those that control the be-
havior of aneurysms in the chest.
Aneurysms that strike the aorta are
the most life-threatening. Every.yeas
more than 15,000 people in the U.S. die
when an aneurysm in the chest or abdo-
men bursts or dissects—more people
than die from AIDS. Albert Einstein,
Olympic volleyball star Flo Hyman,
Florida State University basketball play-
er Ronalda Pierce, and actors Lucille
Ball, George C. Scott and John Ritter
were all killed by thoracic aortic aneu-
rysms. Individuals with Marfan’s syn-
drome are especially susceptible. Medi-
cal historians have suggested that Abra-
ham Lincoln might have had this
disorder, a condition that, before surgery
became feasible, killed most victims by

the best time to operate.
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verview/Aneurysms

» Clinicians have classically been unsure whento operate on an aortic
aneurysm-a swellingin the large artery that carries blood from the heart.
Left alone, an aneurysm could fatally rupture or dissect, the innerlayer
peeling away from the vessel wall. But the only proven intervention,
replacementof the damaged aorta with artificial parts, is itself risky.

= Detailed analyses of thousands of patients have now led to guidelines for

= Weightlifters with aneurysms are in particular danger of sudden death while
exercising and should take special precautions.

The normal aorta (a) is shaped like a candy cane

and is roughly as wide as a garden hose. An

aneurysm, which can occur anywhere along the
tube, is a ballooning of the wall {b), which thins

Ascending

Descending
aorta

Abdominal

middle age. Thus, it is possible that our

16th president would have died early

even if he had not been assassinated.

Aortic aneurysms are insidious be-

cause they are silent stalkers. The vessel
can balloon without causing pain. In-

deed, most people discover their aneu-

rysms while being tested for something
else: a physician will spot the telltale

bulge while performing an ultrasound to
investigate a heart murmur or a CT scan
to evaluate a chronic cough. Pain most
often occurs only when an aneurysm
ruptures or dissects. And it is severe: the
knifelike rearing sensation that accom-
panies the crisis is described by patients
as being orders of magnirude worse than
the agony of childbirch or kidney stones.

Survival after such an event tends to
be poor. Ruptures usually kill instantly.
[n some fortunate cases, however, neigh-
boring tissues can press up against the
rentin the aorta and hold the structure

AUGUST 2005

COPYRIGHT 2005 SCIENTIFIC AMERICAN, INC.

TAMITOLPA (preceding pages)




and weakens as it enlarges. The condition can be fatal if the tissue
ruptures (c] or dissects (d and photograph), or both. Dissection, the
separation of the inner and outer parts of the vessel wall, results when
blood seeps into the middle of the wall through a tear of the inner lining.

SARACHEN [iffustration]): CNRIJPHOTO RESEARCHERS, INC. {photograph)

THE PERILS OF ANEURYSMS

b

Examples of
aneurysms

together long enough for the patient to
get to the hospital. For dissections, sur-
vival depends on the location. If left un-
treated, those that begin in the ascend-
ing aorta—the segment that emerges
from the heart—are fatal within hours
or days. Tearsin this area can unseat the
aortic valve, causing shock, or occlude
the coronary arteries, triggering a heart
attack. Dissections in the descending
aorta, which runs down the back of the
chest, are not as threatening: they rup-
ture less frequently than those in the as-
cending aorta and do not share the same
complications.

Surgery can prevent rupture or dis-
section, but the operation to replace the
aorta 1s very serious and as invasive as
procedures get. The operation involves
stopping the heart and shunting the
blood through a heart-lung machine. In
some cases, depending on the location of
the aneurysm, surgeons must shut down
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RUPTURE

By analyzing thousands of cases, the author and his colleagues have
learned how to predict when an aneurysm is highly likely to rupture or
dissect. Suchinformation can help determine when the need for
corrective surgery outweighs the substantial risks of the procedure.

i

Quterwall

Cross-sectional view of
dissected aneurysm

blood flow entirely and cool the patient
from 37 to 18 degrees Celsius to slow
metabolism and prevent brain damage
while they repair the aorta. Although
most people do very well after the sur-
gery, the operation carries risks of stroke,
paralysis and death.

To assess whether such a dangerous
intervention is warranted, a physician
must know how likely it is that an aortic
aneurysm will rupture or dissect. In gen-
eral, alarge aneurysm is more dangerous
than a small one. But specific data were
sorely lacking when Carmela fell ill. Al-
though more than 300 papers had been
written on how to operate on the aorta,
we could find precious little information
on how aortic aneurysms behave before
surgery, namely, how fast they expand
and how likely they are to burst or tear at
any given size. Carmela’s aorta, for ex-
ample, had dissected ar 4.8 centimeters
in diameter, a relatively modest size—
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which was why the event was so unex-
pected. (The normal thoracic aorta is
typically about 2.5 to 3.5 centimeters.)
Thus, questions regarding aneurysm
growth and stability, we reasoned, were
a good place to begin our investigations.

AThreshold Emerges
TO HELP DRAW thisinformation from
our clinical database, Rizzo first devel-
oped sophisticated statistical techniques
that allowed us to determine accurately
the growth rate of aneurysms. We found
that most grow inexorably and surpris-
ingly slowly: only about 0.12 centimeter
per year. Thus, an aneurysm will gener-
ally take a decade to grow one centime-
ter. This finding suggests that aneu-
rysms detected in middle-aged adulrs
probably began growing when the pa-
tients were young adults or earlier.
Asstatistical method devised by Rizzo
also permitted us to assess the probabil-
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PROBABILITIES that rupture or dissection will occur have been calculated for aortic aneurysms in the
chest. In one study, the author and his colieagues plotted risk relative to that posed by smali
aneurysms of 4.0 to 4.9 centimeters. They found a dramatic surge in danger when aneurysms
reach six centimeters in the ascending aorta (top graph) or seven centimeters in the descending
aorta [not shown). Another study [bottom graph) revealed that the likelihood of rupture, dissection
or death within the coming year also jumps sharply for aneurysms that reach six centimeters or
higher. {The rates indicated for “Rupture or Dissection” and for “Rupture, Dissection or Death” are
lower than the sum of the rates in individual categories because patients with multiple
complications were counted only once in the combined categories.) Based on such information,
the investigators have determined that many patients with aneurysms in the ascending aorta
need corrective surgery when the artery balloons to 5.5 centimeters.

ity of rupture or dissection for thoracic
ancurysms of different sizes. We were
amazed by the definitiveness of the re-
sults. According to our data, the proba-
bility of ruprure or dissection skyrockets
when an aneurysm in the ascending aor-
ra reaches a diameter of about six cent-
meters, roughly that of a soft drink can.
More than 30 percent of patients whose
aneurysms reached thatsize experienced
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a devastaring complication, either rup-
ture or dissection. In the descending aor-
ta, the risk shoots up most dramatically
at about seven centimeters.

These numbers represent a lifetime
risk of complication: the chance thatan
aneurysm of a given size will rupture or
dissect, although the figures do notin-
dicate when the crisis will happen. But
patients who discover that they have an
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aneurysm are more interested in num-
bers that predict the yearly rate of com-
plication: in other words, whether their
aneurysm might harm them in the near
future.

Determining such probabilities re-
quires a large number of cases, and we
have recently amassed enough data to
begin the appropriate statistical analy-
ses; this data set combines information
from patients with aneurysms anywhere
in the thoracic aorta, although about
two thirds of the patients were affected
in the ascending region. We see a trend
of gradual increase in the probability of
adverse events within the coming year
as the aneurysm grows from 4.0 to 5.9
centimeters and then a sharp jump in
risk once the aorta reaches six centime-
ters [see bottom graph in illustration at
left]. For instance, we find that for a
thoracic aneurysm of six centimeters or
greater, the risk of rupture, dissection or
death within a year soars to a staggering
15.6 percent. Many forms of cancer do
not carry as great an annual probability
of mortality.

Based on these observations, we rec-
ommend that aneurysms in the ascend-
ing aorta be surgically removed well be-
fore the defect grows to six centimeters.
For most people with no family history
of aneurysms, we suggest operating at
5.5 centimeters. For the descending aor-
ta, we might perform surgery at six cen-
timeters if a patient is healthy enough to
withstand it, but we sometimes delay
until about 6.5 centimeters if the patient
is frail. We operate at smaller sizes than
those listed above for patients with
Marfan’s or a family history of aneu-
rysm-related disorders, as aneurysms in
these people tend to become life-threat-
ening earlier. Using these criteria, we
believe, should prevent the vast majority
of ruptures and dissections without ex-
posing patients unduly or prematurely
to the dangers of aortic surgery. Before
an ancurysm warrants going under the
knife, doctors may attempt to protect
the aorta with medicines that control
blood pressure and slow the hearrt, to
limir the stress thatis exerted on the bal-
looned wall.

The abdominal aorta is normally
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smaller than the thoracic aorta, and
rupture of the abdominal aorta usually
occurs at smaller sizes than in the tho-
rax. Accordingly, physicians usually in-
tervene surgically at smaller sizes for
abdominal aortic aneurysms. Some au-
thorities recommend intervention at
four centimeters for women and five
centimeters for men, as rough general
guidelines.

Allin the Family

TO SAVE MORE LIVES, doctorswould
benefit from knowing which asymptom-
atic individuals are at risk for aneurysms,
so that the condition could be derected
early, monitored closely and treated
promptly. Marfan’s syndrome is a well-
known warning; many with the condi-
tion wind up having aortic aneurysms.
But people with Marfan’s account for
only § percent of all aneurysm patients,
The remaining 95 percent of cases are id-
iopathic—their cause is not yet known.

Physicians once believed that aneu-
rysms were caused by atherosclerosis—
the accumulation of plaque (fatty gunk)
in the arterial wall. But we have found
that patients with aneurysms in the as-
cending aorta are actually less suscep-
tible to atherosclerosis than the general
population, so plaque deposition prob-
ably is not causal in their cases. Aneu-
rysms in the descending and abdominal
areas, on the other hand, are often ac-
companied by plaque throughout the
aorta and in its branches, which sug-
gests that atherosclerosis probably does
contribute to those aneurysms.

Our database has revealed that most
thoracic aneurysms have a strong genetic
compornent of some kind—and the same
appears to be true for aneurysms in the
abdominal aorta and in the brain. Re-
viewing family histories, we were as-
tounded to discover how often people
with aneurysms report having a relative
with one or a family member who died
suddenly or unexpectedly ata young age.
The latrer occurrence is often chalked up
to cardiac arrest, but in many instances
an autopsy would have revealed a rup-
tured aneurysm. In the 500 families
whose pedigrees we have analyzed, ap-
proximately 20 percent display some his-
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WALL OF AORTA became so thinin a six-centimeter aneurysm that a ruler placed behind it can
be seen through the tissue. New findings indicate that aneurysms are caused in part by
excessive activity of enzymes known as metalloproteinases (MMPs}, which digest proteins
thatare needed for the elasticity of the artery wall.

tory of aneurysm. In most families, the
trait appears to be dominant—in other
words, an individual need only inheritan
“aneurysm gene” from one parent to be
affected; in one of these families, the fa-
ther passed on aortic disease to all four
of his children. Other families showed
different patterns of inheritance, sug-
gesting that more than one gene can play
a role in susceptibility.

If genetic markers that signify in-
creased susceptibility could be identi-
fied, physicians might someday use a
simple blood test to pinpoint those who
need close monitoring—say, by CT
scans or echocardiograms—to catch an-
eurysms early and determine the best
time for surgery. And if the actual genes
at fault could be found, researchers
might even be able to develop therapies
that specifically counteract their ill ef-
fects—potentially slowing or preventing
the growth of aneurysms by blocking
the undesirable activities of the proteins
encoded by those genes.

With better detection and, ultimate-
ly, improved treatment in mind, we have
begun to collaborate with scientists at
Celera Diagnostics in Alameda, Calif.,
to search for genetic markers called
SNPs-—single nucleotide polymor-
phisms—that correlate with aortic dis-
ease. SNPs are DNA sequences that dif-
fer by a single nucleotide, or code letter,
between one part of a population and
another. James Devlin, Olga Iakoubova
and their Celera team are comparing
DNA samples obtained from 500 of our
patients with thoracic aneurysms and
from 500 healthy individuals, in this
case the patients’ spouses. Then, using
automated equipment, they will scan
some 16,000 genetic regions for SNPs
that appear more often in patients than
in the healthy controls.

Our preliminary work has revealed
a number of SNPs that might signify in-
creased risk, and we are pursuing these
leads in our large patient group. In ad-
dition, we are conducting a similar

THE AUTHOR

JOHNA. ELEFTERIADES attended Yale University as an undergraduate and never left. He
graduated magnacumlaude with atriple majorin physics, Frenchand psychology before
completing his medical degree and clinical training in general and cardiothoracic sur-
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and has confirmed, by echocardiogram, that he does not harbor an aneurysm.
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study on aneurysm patients in Europe,
to be sure that the findings will hold up
in a different population.

What Goes Wrong

ONCE WE IDENTIFY the genes in
which ancurysm-related SNPs occur, we
can discern which proteins those genes
encode and learn how they contribute to
aortic malfuncrion. But already re-
searchers have a sense of some of the
proteins that might be involved. For in-
stance, we know that in most patients
with aortic aneurysms, the stretched
part of the vessel wall shows a loss of

70 SCIENTIFIC AMERICAN

elastic fibers and collagen as compared
with healthy tissue. Together these pro-
teins give the artery its strength and flex-
ibility. The defects that contribute to this
problem could occur in the genes that
code for those proteins or in other genes
that regulate the manufacture or main-
tenance of elastin and collagen.

In Marfan’s, the genertic defects that
are at faulr usually hobble the gene for
fibrillin, a protein that combines with
elastin to form elastic fibers. As a conse-
quence, the synthesis and deposition of
fibrillin are disrupted, a problem that
presumably weakens the aortic wall and

renders it vulnerable to the formation of
an aneurysm. No one yet knows, though,
whether mutations in the fibrillin gene
are common in patients who do not have
Marfan’s.

We have recently found evidence
that an overabundance of certain en-

zymes in the aortic wall probably con-
tributes to the formation and growth of
aneurysms in many victims, All blood
vessels harbor enzymes called metallo-
proteinases {MMPs) that chew up old
proteins to make way for new. The same
vessels also possess inhibitory proteins
that help hold MMPs at bay. In a healthy
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aortic wall the activity of these proteins
is balanced, so that protein turnover re-
mains constant. In segments of aorta
removed from our aneurysm patients, in
contrast, we find an excess of two types
ot MMP and decreased amounts of one
of the inhibitory proteins.

This imbalance could lead to an en-
hanced degradation of proteins, includ-
ing elastin and fibrillin, in the aortic
wall-—a situation that mighr pave the
way for thoracic aortic aneurysms by
weakening the vessel wall. In one pa-
tient, the aorta had become so thin that
the markings of a ruler could be read
through its wall. Other scientists have
also found evidence of a role for over-
zealous MMPs. These findings suggest
that drugs able to block MMP activity
might help retard growth or forestall
rupture of aortic aneurysms, but study
of this concept is just beginning.

With our Yale colleague George
Koullias, we have recently begun to as-
sess the mechanical properties of the
dilated aorta to better understand why
it becomes moee dangerous as it enlarg-
es. Before surgically removing an aneu-
rysm, we measure its diameter, the
thickness ofits wall, and the blood pres-
sure as the heart contracts and relaxes.
From these parameters we can calculate
the vessel’s mechanical properties.

We have shown that as the aorta
grows larger its distensibility, or ability
to stretch, falls. We have also demon-
strated that by the time an aneurysm in
the ascending aorta reaches six centinie-
ters—the same critical value we encoun-
tered in our previous studies of aneu-
rysm behavior—the vessel behaves as a
rigid tube. This stiffening maximizes
the stress that gets absorbed by the wall
of the aorta as blood pounds against it
with every heartbeat and helps to ex-
plain why trouble often ensues when an
aneurysm hirs the crucial dimension of
SIX centimeters.

Inflexibility sets an aortic aneurvsm
up for disaster. But what sends it over the
edge? We have begun to categorize the
specific events that cause dissection to
oceur ar one particular moment in time
in a susceptible individual, Afrer inter-
viewing patients in our database, we find
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that nearly three out of four recall expe-
riencing an intense episode of extreme
emotion or physical exertion immedi-
ately preceding the dissection. What
these activities have in common is that
both presumably cause a spike in blood
pressure that splits the vulnerable aorta.
For one class of athletic activity—weight
lifting—we have specific evidence that
this is the case; indeed, this activity can
put so much stress on an aneurysm that
it prompts a crisis even when the swell-
ing has not crossed the six-centimeter
mark [see box on opposite page]. It seems
logical to surmise that pressure spikes
from other events could also induce rup-
ture, although we have not looked at
that possibility directly yet.

The renowned 19th-century physi-
cian Sir William Osler once observed

that “there is no disease more conducive
to clinical humility than aneurysm of the
aorta.” Today investigations into the bi-
ology and behavior of thoracic aortic an-
eurysms—~from the genetic susceptibility
that drives their formation to the physi-
cal or emotional events that cause them
to blow out or tear—are helping to render
the condition a little less humbling.

As for Carmela, she continues to be
in good health and has returned to her
work as an artist. “I know it sounds cli-
chéd,” she says, “but I feel ’'ve been giv-
en a second chance to live my life”—a
chance her father did not have when he
died from an aortic dissection at the age
of 34. We hope that our research, in-
spired by Carmela’s crisis that terrifying
spring day, will provide many others
with the same opportunity. &

MORE TO EXPLORE
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on Size.R.R. Davies, L. J. Goldstein, M. A. Coady,S. L. Tittle, J.A Rizzo,G.S. Kopfand

J. A ElefteriadesinAnnals of Thoracic Surgery, Vol. 73, No. 1, pages 17-27; January 2002.
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Kevin Helliker and Thomas M. Burton's Wall Street Journal series on aortic aneurysms:
www.pulitzer.org/year/2004/explanatory-reporting/works/
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