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here is an exquisite and fascinating scene in

Kandahar, a movie set in Afghanistan under the
Taliban regime, in which a male physician is asked
to examine a female patient. They are separated by

an opaque screen. Behind it, the
woman is covered from head to
toe by her burka. The two do not
talk directly to each other. The
patient’s young son serves as the
go-between. She has a stomach-
ache, he says.

“Does she throw up her food?”
the doctor asks.

“Do you throw up your food?”
the boy asks.

“No,” the woman says, per-
fectly audibly, but the doctor waits
as if he has not heard.

“No,” the boy tells him.

For the exam, the doctor has
cut a two-inch circle in the screen.
“Tell her to come closer,” he says.
The boy does. She brings her
mouth to the opening, and
through it he looks inside. “Have

her bring her eye to the hole,”
he says. And so the exam goes.
Such, apparently, can be the de-
mands of decency.

When I started my surgical
practice two years ago, I was not
at all clear about what my own
etiquette of examination should
be. Expectations are murky; we
have no clear standards in the
United States; and the topic can
be fraught with hazards. Physi-
cal examination is deeply inti-
mate, and the way a doctor deals
with the naked body — particu-
larly when the doctor is male
and the patient female — inevi-
tably raises questions of propri-
ety and trust.

No one anywhere seems to
have discovered the ideal ap-
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proach. A surgical colleague who
practices in Iraq told me about
the customs of physical exami-
nation there. He said he feels no
hesitation about examining fe-
male patients completely when
necessary, but because a doctor
and a patient of opposite sex can-
not be alone together without
eyebrows being raised, a family
member will always accompany
them for the exam. Women do
not remove their clothes or change
into a gown for the exam, and
only a small portion of the body
is uncovered at any one time. A
nurse, he said, is rarely asked to
chaperone: if the doctor is female,
it is not necessary, and if male,
the family is there to ensure that
nothing unseemly occurs.

In Caracas, according to a
Venezuelan doctor I met, female
patients virtually always have a
chaperone for a breast or pelvic
exam, whether the physician is
male or female. “That way there
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are no mixed messages,” the doc-
tor said. The chaperone, however,
must be a medical professional.
So the family is sent out of the
examination room, and a nurse
brought in. If a chaperone is un-
available or has refused to par-
ticipate, the exam is not done.

A Ukrainian internist told me
that she has not heard of doc-
tors in Kiev using a chaperone.
If a family member is present,
he or she will be asked to leave.
Both patient and doctor wear
their uniforms — the patient a
white examining gown, the doc-
tor a white coat. Last names are
always used. There is no effort
at informality to muddy the occa-
sion. This practice, she believes,
is enough to solidify trust and
preclude misinterpretation of the
conduct of care.

A doctor, it appears, has a
range of options.

In 2003, I set up my clinic
hours, and soon people arrived to
see me. I was, I realized, for the
first time genuinely alone with
patients. No attending physician
in the room or getting ready to
come in; no bustle of emergency
room personnel on the other side
of a curtain. Just a patient and
me. We’d sit down. We’'d talk.
I'd ask about whatever had occa-
sioned the visit, about past med-
ical problems, medications, the
family and social history. Then
the time would come to have
a look.

There were, 1 will admit,
some awkward moments. I had
an instinctive aversion to exami-
nation gowns. At our clinic they
are made of either thin, ill-fitting
cloth or thin, ill-fitting paper.
They seem designed to leave pa-
tients exposed and cold. I decid-
ed to examine my patients while
they were in their street clothes.
If a patient with gallstones wore

a shirt she could untuck for the
abdominal exam, this worked
fine. But then I'd encounter a
patient in stockings and a dress,
and the next thing I knew, I had
her dress bunched up around her
head, her tights around her knees,

and both of us wondering what
the hell was going on. An exam
for a breast lump one could man-
age, in theory: the woman could
unhook her brassiere and lift or
unbutton her shirt. But in prac-
tice, it just seemed weird. Even
checking pulses could be a prob-
lem. Pant legs could not be pushed
up high enough. Try pulling
them down over shoes, however,
and . . . forget it. I finally began
to have patients change into the
damn gowns. (I haven’t, however,
asked men to do so nearly as of-
ten as women.)

As for having a chaperone
present with female patients, I
hadn’t settled on a firm policy.
I found that I always asked a
medical assistant to come in for
pelvic exams and generally didn’t
for breast exams. I was com-
pletely inconsistent about rectal
exams.

I surveyed my colleagues about
what they do and received a va-
riety of answers. Many said they
bring in a chaperone for all pel-
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vic and rectal exams — “any-
thing below the waist” — but
only rarely for breast exams. Oth-
ers have a chaperone for breast
and pelvic exams but not for rec-
tal exams. Some did not have a
chaperone at all. Indeed, an ob-
stetrician—gynecologist estimated
that about half the male physi-
cians in his department do not
routinely use a chaperone. He
himself detests the word “chap-
erone” because it implies that
mistrust is warranted, but he
offers to bring in an “assistant”
for pelvic and breast exams. Few
of his patients, however, find the
presence of the assistant neces-
sary after the first exam, he said.
If the patient prefers to have her
sister, boyfriend, or mother stay
for the exam, he does not object
— but he is under no illusion
that a family chaperone offers
protection against an accusation
of misconduct. Instead, he relies
on his reading of a patient to
determine whether bringing in a
nurse-witness would be wise.
One of our residents, who was
trained partly in London, said he
found the selectivity here strange.
“In Britain, I would never exam-
ine a woman’s abdomen without
a nurse present. But in the emer-
gency room here, when I asked
to have a nurse come in when I
needed to do a rectal exam or
check groin nodes on a woman,
they thought I was crazy. ‘Just
go in there and do it!’ they said.”
In England, he said, “if you need
to do a breast or rectal exam or
even check femoral pulses, espe-
cially on a young woman, you
would be either foolish or stu-
pid to do it without a chaper-
one. It doesn’t take much — just
one patient complaining, ‘I came
in with a foot pain and the doc-
tor started diving around my
groin,” and you could be suspend-
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ed for a sexual-harassment inves-
tigation.”

Britain’s standards are strin-
gent: the General Medical Coun-
cil, the Royal College of Physi-
cians, and the Royal College of
Obstetricians and Gynaecologists
specify that a chaperone must be
offered to all patients who under-
go an “intimate exam” (i.e., in-
volving the breasts, genitalia, or
rectum), irrespective of the sex
of the patient or of the doctor.*?
A chaperone must be present
when a male physician performs
an intimate exam of a female
patient. The chaperone should be
a female member of the medical
team, and her name should be
recorded in the notes. If the pa-
tient refuses a chaperone and the
examination is not urgent, it
should be deferred until it can be
performed by a female physician.

In the United States, we have
no such guidelines. As a result,
our patients have little idea of
what to expect from us. To be
sure, some minimal standards
have been established. The Fed-
eration of State Medical Boards
has spelled out that touching a
patient’s breasts or genitals for a
purpose other than medical care
is a disciplinable offense. So are
oral contact with a patient, en-
couraging a patient to masturbate
in one’s presence, and providing
services in exchange for sexual
favors. Sexual impropriety —
which involves no touching but
is no less proscribed — includes
asking a patient for a date, criti-
cizing a patient’s sexual orienta-
tion, making sexual comments
about the patient’s body or cloth-
ing, and initiating discussion of
one’s own sexual experiences or
fantasies.> I can’t say anyone
taught me these boundaries in
medical school, but I would like
to think that no one needed to.
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The difficulty for those of us
who do not behave badly is that
medical exams remain inherently
ambiguous. Any patient can be
led to wonder: Did the doctor
really need to touch me there?
Even when doctors simply in-
quire about patients’ sexual his-
tory, can anyone be certain of the
intent? The fact that all medical
professionals have blushed or
found their thoughts straying
during a patient visit reveals the
potential for impropriety in any
encounter.

The tone of an office visit can
turn on a single word, a joke, a
comment about a tattoo in an un-
expected place. One surgeon told
me of a young patient who ex-
pressed concern about a lump in
her “boob.” But when he used the
same word in response, she be-
came extremely uncomfortable
and later made a complaint. An-
other woman I know left her gy-
necologist after he made an off-
hand, probably inadvertent, but
admiring comment about her tan
lines during a pelvic exam.

The examination itself — the
how and where of the touching
— is, of course, the most poten-
tially dicey territory. If a patient
even begins to doubt the propri-
ety of what a doctor is doing,
something is not right. So what
then should our customs be?

There are many reasons to
consider setting tighter, more
uniform professional standards.
One is to protect patients from
harm. About 4 percent of the
disciplinary orders that state
medical boards issue against phy-
sicians are for sex-related of-
fenses. One of every 200 physi-
cians is disciplined for sexual
misconduct with patients some-
time during his or her career.*
Some of these cases involve such
outrageous acts as having inter-
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course with patients during pel-
vic exams. The vast majority of
cases involved male physicians
and female patients, and virtu-
ally all occurred without a chap-
erone present.” About one third
of cases studied in one state in-
volved actual sexual intercourse
with patients; two thirds involved
sexual impropriety or inappro-
priate touching short of sexual
contact. Another goal might be
to reduce false accusations aris-
ing from misinterpretation.
Nonetheless, eliminating mis-
conduct and accusations would
be the wrong aim to guide med-
ical care. The trouble is not that
such acts are rare (though the
statistics suggest they are), nor
that total prevention — zero tol-
erance — is impossible. It is
that, at some point, the measures
required to achieve total preven-
tion will approach the Taliban-
esque and harm care of patients.
Embracing more explicit stan-
dards for medical encounters,
however, might actually improve
relationships with patients —
and that does stand as a worthy
goal. The new informality of
medicine — with white coats dis-
appearing, and patient and doc-
tor sometimes on a first-name
basis — has blurred boundaries
that once guided us. If physicians
are unsure about what is appro-
priate behavior for themselves,
is it any surprise that patients
are, too? Or that misinterpreta-
tion can occur? We have jetti-
soned our old customs but have
not bothered to replace them.
My father, a urologist, has
thought carefully about how to
avert such uncertainties. From
the start, he felt the fragility of
his standing as an outsider, an
Indian immigrant practicing in
a rural Ohio town. In the absence
of guidelines to reassure patients
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that what he does as a urologist
is routine, he has made pains-
taking efforts to avoid question.

The process begins before the
exam. He always arrives in a tie
and white coat. He is courtly. Al-
though he often knows patients
socially and doesn’t hesitate to
speak with them about personal
matters (the subjects can range
from impotence to sexual affairs),
he keeps his language strictly
medical. If a female patient must
put on a gown, he steps out while
she undresses. He makes a point
of explaining what he is going
to do during the examination
and why. If the patient lies down
and needs further unzipping or
unbuttoning, he is careful not to
help. He wears gloves even for
abdominal examinations. If the
patient is female or under 18 years
of age, then he brings in a nurse
as a chaperone, whether the exam
is “intimate” or not.

His approach has succeeded.
I grew up knowing many of his

patients, and they trust him com-
pletely. I find, however, that some
of his practices do not seem quite
right for me. My patients are as
likely to have problems above the
waist as below, and having a chap-
erone present for a routine ab-
dominal exam or a check of groin
pulses feels to me absurd. I don’t
don gloves for nongenital exams.
Nonetheless, I have tried to em-
ulate the spirit of my father’s vis-
its — the decorum in language
and attire, the respect for mod-
esty, the precision of examination.
As I think further about his ex-
ample, it has also led me to make
some changes: I now uniformly
use an assistant not just for pelvic
exams but also for rectal exams
of female patients and as patients
desire, for breast exams as well.
For the comfort and reassurance
of patients, these seem to be rea-
sonable customs, even expecta-
tions, for more of us to accept.
A professor once told my med-
ical school class that patients can

NAKED

tell when you've seen a thousand
naked patients and when you
haven’t. I now know that’s true.
But I have also come to recognize
that no patient has seen a thou-
sand doctors. They therefore have
little idea, coming to a doctor’s
office, of what is “normal” and
what is not. This we can change.

Dr. Gawande is a general and endocrine sur-
geon at Brigham and Women'’s Hospital and
an assistant professor at Harvard Medical
School and at the Harvard School of Public
Health, Boston.
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Angel McClary Raich, a Califor-
nia woman at the center of
the recent Supreme Court case on
medical marijuana, hasn’t changed
her treatment regimen since the
Court ruled in June that patients
who take the drug in states where
its medicinal use is legal are not
shielded from federal prosecution.
A thin woman with long, dark
hair and an intense gaze, Raich
takes marijuana, or cannabis as
she prefers to call it, about every
two waking hours — by smoking
it, by inhaling it as a vapor, by eat-
ing it in foods, or by applying it
topically as a balm. She says that

it relieves her chronic pain and
boosts her appetite, preventing her
from becoming emaciated because
of a mysterious wasting syndrome.
Raich and her doctor maintain
that without access to the eight
or nine pounds of privately grown
cannabis that she consumes each
year, she would die.

Although Raich has embraced
a public role advocating the me-
dicinal use of marijuana, she says
that her health suffered during
the hectic days following the an-
nouncement of the Court’s deci-
sion, when a whirlwind schedule
of press conferences and congres-
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sional meetings in Washington
prevented her from medicating
herself with cannabis as regu-
larly as she needed to. “My body
was shutting down on me,” she
said in an interview from her
Oakland home last month. “I'm
scared of my health failing. ’'m
scared of the federal government
coming in and doing more harm.
[Recently,] the city of Oakland
warned there were going to be
some raids” on marijuana dispen-
saries. “We’re all just waiting.
Sitting on the frontline is ex-
tremely stressful.”

In the Supreme Court case
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Gonzalesv. Raich, the justices ruled
6 to 3 that the federal government
has the power to arrest and pros-
ecute patients and their suppliers
even if the marijuana use is per-
mitted under state law, because
of its authority under the federal
Controlled Substances Act to reg-
ulate interstate commerce in ille-
gal drugs. In practical terms, it is
not yet clear what effect the Court’s
decision will have on patients. An
estimated 115,000 peo-

MEDICAL MARIJUANA AND THE SUPREME COURT

decision was announced, federal
agents raided 3 of San Francisco’s
more than 40 medical marijuana
dispensaries. Nineteen people were
charged with running an interna-
tional drug ring; they allegedly
were using the dispensaries as a
front for trafficking in marijuana
and in the illegal amphetamine
“ecstasy.”

In California, the raids were
widely viewed as a signal that fed-

difficulty obtaining a recommen-
dation for medical marijuana,
which allows the holder to pur-
chase the drug from a dispensary.
“We’re empathetic to the sick,”
the Drug Enforcement Adminis-
tration’s Javier Pena told reporters
after the raids, “but we can’t dis-
regard the federal law.”

Even before the Supreme Court
decision, many Californians had
been calling for stricter state reg-

ulation of medical marijua-

ple have obtained recom-
mendations for marijua-
na from doctors in the
10 states that have le-
galized the cultivation,
possession, and use of
marijuana for medicinal
purposes. Besides Cali-
fornia, those states are
Alaska, Colorado, Ha-
waii, Maine, Montana,
Nevada, Oregon, Vermont,

na. Some cities have banned
marijuana dispensaries, and
many counties and cities
— including San Francisco
— have imposed morato-
riums on the opening of
new ones. Some local juris-
dictions register and issue
identification cards to pa-
tients who use marijuana
for medical reasons, and
state officials have been

and Washington. (Three

weeks after the decision Vaporizer System for the Administration of Marijuana.

working on a voluntary
statewide registration pro-

was announced, Rhode The cannabis is placed in the chamber and heated to a tem- gram. However, the officials
Island’s legislature passed perature below that required for combustion. The balloon fills recently put the program

a similar law and soon
afterward overrode a veto

with vapor that contains the active ingredients without the tar
or particulates thought to be responsible for most of the
drug’s adverse effects on the respiratory tract. The patient

by the state’s governor.) inhales the vapor from the balloon.

Immediately after the
news of the high court’s ruling,
attorneys general in the states that
have approved the use of medical
marijuana emphasized that the
practice remained legal under their
state laws, and a telephone survey
of a random national sample of
registered voters, commissioned
by the Washington-based Mari-
juana Policy Project, indicated that
68 percent of respondents op-
posed federal prosecution of pa-
tients who use marijuana for
medical reasons. Nationally, most
marijuana arrests are made by
state and local law-enforcement
agencies, with federal arrests ac-
counting for only about 1 percent
of cases. However, soon after the

eral drug-enforcement agents in-
tended to crack down on abuse of
the state’s medical marijuana pro-
gram. California has an estimated
100,000 medical marijuana users.
Its 1996 law grants doctors much
greater latitude in recommending
the drug than do similar laws in
other states, and the U.S. District
Court for the Northern District of
California ruled in 2000 that doc-
tors who prescribe marijuana are
protected from federal prosecution
under the First Amendment, pro-
vided that they do not help their
patients obtain the drug. In San
Francisco, some journalists or in-
vestigators who posed as patients
have reported that they had little
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on hold, citing concern that
the issuance of identifica-
tion cards to patients might
put state health officials
at risk of prosecution for aiding
a federal crime and that federal
drug-enforcement agents might
seek state records in order to
identify medical marijuana users.
Registration of patients and the
issuance of identification cards
by the state are required in seven
other states that have legalized
the medical use of marijuana; pa-
tients can show the card as a de-
fense against arrest by local or
state police for possession of the
drug. Maine and Washington do
not issue identification cards to
patients.

Conditions for which marijua-
na is commonly recommended
include nausea caused by cancer
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chemotherapy; anorexia or wast-
ing due to cancer, AIDS, or other
diseases; chronic pain; spasticity
caused by multiple sclerosis or oth-
er neurologic disorders; and glau-
coma. Frank Lucido, a Berkeley
family practitioner who is Raich’s
doctor, said that so far, the Court
ruling appears to have had little
effect on his patients who use
medical marijuana. About 30 per-
cent of Lucido’s practice consists
of evaluating patients who want
a recommendation for the drug.
He said in an interview that he will
not issue such a recommendation
unless a patient has a primary care
physician and has a condition se-
rious enough to require follow-up
at least annually. About 80 per-
cent of his patients who use med-
ical cannabis have chronic pain;
a smaller number take the drug
for muscle spasms, mood disor-
ders, migraine, AIDS, or cancer.
“My patients probably average in
their 30s,” Lucido said. “I have had
probably five patients who are un-
der 18. These are people with se-
rious illnesses, where parents were
very clear that this would be a
good medication for them.”
Peter A. Rasmussen, an oncol-
ogist in Salem, Oregon, said he
discusses the option of trying
marijuana with about 1 in 10 pa-
tients in his practice. “It’s not my
first choice for any symptom,” he
said in an interview. “I only talk
about it with people if my first-
line treatment doesn’t work.” Ras-
mussen said marijuana has helped
stimulate appetite or reduce nau-
sea in a number of his patients
with cancer, but others have been
distressed by its psychological ef-
fects. Some express interest in
trying marijuana but have diffi-
culty getting the drug. “Most of
my patients who use it, I think,
just buy the drug illegally,” he
said. “But a lot of my patients,

MEDICAL MARIJUANA AND THE SUPREME COURT

they’re older, they don’t know any
kids, they don’t hang out on the
street. They just don’t know how
to get it.”

Clinical research on marijua-
na has been hampered by the fact
that the plant, which contains
dozens of active substances, is an
illegal drug classified as having
no legitimate medical use. Re-
searchers wishing to do clinical
studies must first get government
permission and obtain a supply
of the drug from the National
Institute on Drug Abuse. In a re-
port published in 1999, an ex-
pert committee of the Institute
of Medicine expressed concern
about the adverse health effects
of smoking marijuana, particu-
larly on the respiratory tract. The
report called for expanded re-
search on marijuana’s active com-
ponents, known as cannabinoids,
including studies to explore the
chemicals’ potential therapeutic
effects and to develop safe, reli-
able, rapid-onset delivery systems.
It also recommended short-term
clinical trials of marijuana “in
patients with conditions for which
there is reasonable expectation
of efficacy.”

There has been some progress
toward those goals. The Center
for Medicinal Cannabis Research
(CMCR), a three-year research ini-
tiative established in 1999 by the
California state legislature, has
funded several placebo-controlled
clinical trials of smoked marijua-
na to treat neuropathic pain, pain
from other causes, and spasticity
in multiple sclerosis, and the re-
sults are likely to be available
soon. The National Institute on
Drug Abuse provided both the ac-
tive marijuana and the “placebo,”
a smokable version of the drug
from which dronabinol (A’-tetra-
hydrocannabinol, or THC) and cer-
tain other active constituents had
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been removed. “It’s like decaf cof-
fee or nicotine-free cigarettes, and
it tastes the same [as marijua-
nal,” said Igor Grant, a professor
of psychiatry at the University of
California, San Diego, and direc-
tor of the CMCR. He said addi-
tional studies of the whole plant,
as well as its individual compo-
nents, are still needed. “It’s still
the case that we don’t know which
components of botanical mari-
juana have beneficial effects, if
any,” he said.

In an open-label trial, oncolo-
gist Donald I. Abrams of the Uni-
versity of California, San Francis-
co, found evidence of marijuana’s
effectiveness in the treatment of
neuropathic pain among HIV-
infected patients and has just fin-
ished a placebo-controlled trial
that he intends to publish soon.
Abrams has also shown that can-
nabinoids that are smoked or tak-
en orally do not adversely affect
drug treatment of HIV,*> and he
is completing a study that com-
pares blood levels of cannabi-
noids among volunteers who in-
haled vaporized marijuana with
similar levels among volunteers
who smoked the drug. Vaporizers
heat the drug to a temperature
below that required for combus-
tion, producing vapor that con-
tains the active ingredients with-
out the tar or particulates thought
to be responsible for most of the
drug’s adverse effects on the re-
spiratory tract.

Meanwhile, a new marijuana-
derived drug is on the Canadian
market and may soon be consid-
ered for approval by the Food and
Drug Administration. Sativex, a
liquid cannabis extract that is
sprayed under the tongue, was ap-
proved in Canada in June for the
treatment of neuropathic pain in
multiple sclerosis. Its principal
active ingredients are dronabi-
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nol and cannabidiol, which are
believed to be the primary active
components of marijuana. The
drug’s manufacturer, GW Phar-
maceuticals of Britain, is also test-
ing it for cancer pain, rheumatoid
arthritis, postoperative pain, and
other indications. Marinol, a syn-
thetic version of dronabinol sup-
plied in capsules, is approved in
the United States for chemother-
apy-associated nausea and for an-
orexia and wasting among pa-
tients with AIDS.

On the day the Supreme Court
ruling was announced, John Wal-
ters, President George W. Bush’s
“drug czar,” issued a statement
declaring, “Today’s decision marks
the end of medical marijuana as
a political issue. . . . We have a
responsibility as a civilized soci-
ety to ensure that the medicine
Americans receive from their doc-
tors is effective, safe, and free
from the pro-drug politics that
are being promoted in America
under the guise of medicine.”
Nine days later, the House of Rep-
resentatives, for the third year in
a row, defeated a measure that
would have prevented the Justice
Department from spending mon-
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MEDICAL MARIJUANA AND THE SUPREME COURT

ey to prosecute medical marijuana
cases under federal law.
Nevertheless, marijuana advo-
cates insist that the long-running
battle between federal and state
governments over the medicinal
use of marijuana is far from over.
Activists next plan to focus on
getting more states to pass laws
legalizing medical marijuana, ac-
cording to Steve Fox, former di-
rector of government relations
for the Marijuana Policy Project.
It is surprising that the Su-
preme Court decision does not
necessarily spell the end even of
Angel Raich’s legal case. Raich
and another California patient,
Diane Monson, who initially sued
to prevent the Justice Department
from prosecuting them or their
suppliers, won a favorable ruling
in 2003 from California’s Court
of Appeals for the Ninth Circuit.
The Supreme Court’s reversal now
sends their case back to that court.
Raich said that she, Monson, and
their attorneys will ask the ap-
peals court judges to consider
other legal arguments, such as
whether prosecuting patients who
use marijuana to relieve pain vi-
olates their right to due process

AUGUST 18, 2005

of law. “Previous decisions have
established that there is a funda-
mental right to preserve one’s life
and avoid needless pain and suf-
fering,” explained Boston Univer-
sity’s Randy Barnett, a constitu-
tional lawyer who argued the
women'’s case before the Supreme
Court. “Federal restriction on ac-
cessibility to medical cannabis is
an infringement” on that right,
he said.

Raich vowed to continue her
personal battle. “I'm stubborn as
heck, so I don’t plan to give it up
that easily. I plan to fight until I
can’t fight anymore,” she said.

Dr. Okie is a contributing editor of the
Journal.

An interview with Dr. Donald Abrams can be
heard at www.nejm.org.
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ORIGINAL ARTICLE
Comparison of Sirolimus-Eluting
and Paclitaxel-Eluting Stents

Sirolimus-eluting stents and paclitaxel-eluting stents
both reduce the risk of restenosis after percutaneous
coronary intervention as compared with bare-metal
stents. In a randomized trial, the two types of drug-elut-
ing stents were compared in patients undergoing revas-
cularization. The sirolimus-eluting stents were associ-
ated with fewer major adverse cardiac events at nine
months, primarily as a result of reductions in the rates
of clinical and angiographic restenosis.

SEE P. 653; EDITORIAL, P. 724; CME, P. 747

ORIGINAL ARTICLE
Paclitaxel-Eluting Stents Compared
with Sirolimus-Eluting Stents in Diabetic Patients

Drug-eluting coronary-artery stents are more effective
than bare-metal stents in reducing the frequency of coro-
nary restenosis in patients with diabetes. In a random-
ized, controlled trial in patients with diabetes, the siro-
limus-eluting stent was associated with a smaller extent
of late luminal loss than was the paclitaxel-eluting stent,
suggesting that the risk of restenosis was also reduced.

SEE P. 663, EDITORIAL, P. 724

SPECIAL ARTICLE

Sex and Racial Differences in the Management

of Acute Myocardial Infarction, 1994-2002

This study compared treatments and outcomes after
myocardial infarction according to sex and race from
1994 through 2002. As compared with white men,
black men and both white and black women had lower
rates of reperfusion therapy and coronary angiogra-
phy, and black women had higher mortality. Sex and
racial differences did not change substantially be-
tween 1994 and 2002.

SEE P. 671, EDITORIAL, P. 727
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SPECIAL ARTICLE
Racial Trends in the Use of Major Procedures
among the Elderly

More than a decade ago, it was established that there
were significant differences in the rates of major surgi-
cal procedures between blacks and whites. These in-
vestigators examined nine surgical procedures and
found that the racial differences noted in 1992 persist-
ed in 2001.

SEE P. 683; EDITORIAL, P. 727

SPECIAL ARTICLE

Trends in the Quality of Care and Racial Disparities
in Medicare Managed Care

In this study examining trends from 1997 to 2003 for
white patients and black patients enrolled in Medicare
managed care, performance on all nine quality mea-
sures improved for both blacks and whites, and racial
disparities narrowed for seven of the nine measures.
These findings suggest that efforts to improve care for all
patients result in reductions in racial disparities.

SEE P. 692, EDITORIAL, P. 727

MEDICAL PROGRESS
Soft-Tissue Sarcomas in Adults

Soft-tissue sarcomas have traditionally been managed
by wide excisional surgery and radiotherapy, with che-
motherapy reserved for advanced disease. However, ad-
vances in multidisciplinary care have improved the eval-
uation and treatment of patients with this uncommon
tumor. Limb-conserving surgery, superior radiotherapy
delivery, and novel adjuvant agents for specific tumors
are now available. This article reviews the current under-
standing and treatment of soft-tissue sarcoma, with an
emphasis on recent advances.

SEE P. 701; CME, P. 745

CASE RECORDS OF THE MASSACHUSETTS GENERAL HOSPITAL
A Man with Prolonged Fever and Weight Loss

A 40-year-old man was admitted to the hospital because
of fever and weight loss of two months’ duration. He had
been well until an episode of gastroenteritis, after which
daily fever, anorexia, and weight loss developed. A lapa-
roscopic appendectomy was performed, but symptoms
persisted. Repeated imaging showed occlusion of the
portal vein.

SEE P. 713; CME, P. 746
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ABSTRACT

BACKGROUND
Sirolimus-eluting stents and paclitaxel-eluting stents, as compared with bare-metal
stents, reduce the risk of restenosis. It is unclear whether there are differences in safety
and efficacy between the two types of drug-eluting stents.

METHODS

We conducted a randomized, controlled, single-blind trial comparing sirolimus-elut-
ing stents with paclitaxel-eluting stents in 1012 patients undergoing percutaneous
coronary intervention. The primary end point was a composite of major adverse cardiac
events (death from cardiac causes, myocardial infarction, and ischemia-driven revascu-
larization of the target lesion) by nine months. Follow-up angiography was completed
in 540 of 1012 patients (53.4 percent).

RESULTS

The two groups had similar baseline clinical and angiographic characteristics. The rate
of major adverse cardiac events at nine months was 6.2 percent in the sirolimus-stent
group and 10.8 percent in the paclitaxel-stent group (hazard ratio, 0.56; 95 percent
confidence interval, 0.36 to 0.86; P=0.009). The difference was driven by a lower rate
of target-lesion revascularization in the sirolimus-stent group than in the paclitaxel-
stent group (4.8 percentvs. 8.3 percent; hazard ratio, 0.56; 95 percent confidence in-
terval, 0.34 to 0.93; P=0.03). Rates of death from cardiac causes were 0.6 percent in the
sirolimus-stent group and 1.6 percent in the paclitaxel-stent group (P=0.15); the rates
of myocardial infarction were 2.8 percent and 3.5 percent, respectively (P=0.49); and
the rates of angiographic restenosis were 6.6 percent and 11.7 percent, respectively
(P=0.02).

CONCLUSIONS
As compared with paclitaxel-eluting stents, the use of sirolimus-eluting stents results
in fewer major adverse cardiac events, primarily by decreasing the rates of clinical and
angiographic restenosis.
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HE USE OF DRUG-ELUTING STENTS
that deliver site-specific, controlled re-
lease of therapeutic agents'-1° has signif-
icantly reduced the problem of restenosis inher-
ent to bare-metal stents.11-16 As compared with a
bare-metal stent, a polymer-encapsulated stent re-
leasing sirolimus reduced the rate of angiograph-
ic and clinical restenosis in several randomized
trials.12:5:7:9 Similarly, a polymer-based, paclitax-
el-eluting stent consistently reduced the rate of re-
stenosis and the need for repeated revasculariza-
tion procedures, as compared with a bare-metal
stent.3410 A recent meta-analysis of trials of drug-
eluting stents confirmed that sirolimus-eluting
stents and paclitaxel-eluting stents reduced the rate
of restenosis.1” The rates of death and myocardial
infarction were similar to those with bare-metal
stents, attesting to the safety of these devices.
Although the therapeutic benefit of sirolimus
stents and paclitaxel stents over bare-metal stents
is well established, there may be differences be-
tween the two devices.1® We therefore conducted
a randomized, controlled, partially blinded trial
comparing the safety and efficacy of the sirolimus
and paclitaxel stents in patients undergoing percu-
taneous coronary intervention.

METHODS

STUDY POPULATION
Patients with either stable angina or an acute cor-
onary syndrome were eligible to participate if they
had at least one lesion with stenosis of at least 50
percent in a vessel with a reference diameter be-
tween 2.25 and 4.00 mm thatwas suitable for stent
implantation. The time from the onset of symp-
toms to treatment was less than 24 hours in patients
classified as having a myocardial infarction char-
acterized by ST-segment elevation. There were no
limitations on the number of lesions or vessels or
on the length of the lesions. Exclusion criteria were
allergy to antiplatelet drugs, heparin, stainless steel,
contrast agents, sirolimus, or paclitaxel; partici-
pation in another coronary-device study; and ter-
minal illness.

The study complied with the Declaration of Hel-
sinki regarding investigation in humans and was
approved by the institutional ethics committees
at the University Hospital Bern and the University
Hospital Zurich, both in Switzerland. All patients
provided written informed consent. There was no

industry involvement in the design, conduct, finan-
cial support, or analysis of the study.

RANDOMIZATION, STENT IMPLANTATION,
AND ADJUNCT DRUG THERAPY

Randomization was performed after the diag-
nostic angiography and before percutaneous coro-
nary intervention. Sealed, opaque, sequentially num-
bered allocation envelopes were used. The allocation
schedule was based on computer-generated ran-
dom numbers, stratified according to trial center
and blocked, with block sizes of 6 and 10 varying
randomly. Patients were assigned on a 1:1 basis to
treatment with a polymer-based, sirolimus-elut-
ing stent (Cypher; Cordis, Johnson & Johnson) or
a polymer-based, slow-release, paclitaxel-eluting
stent (Taxus, Boston Scientific). Sirolimus-elut-
ing stents were available in diameters of 2.25 to
3.50 mm and in lengths of 8 to 33 mm. Paclitaxel-
eluting stents were available in diameters of 2.25 to
3.50 mm and in lengths of 8 to 32 mm.

Percutaneous coronary intervention was per-
formed according to standard techniques. No mix-
ture of drug-eluting stents was permitted except in
the case of an inability to insert the assigned study
stent, when crossover to another stent was allowed.

Before or at the time of the procedure, patients
received at least 100 mg of aspirin, a 300-mg load-
ing dose of clopidogrel, and unfractionated hepa-
rin (70 to 100 U per kilogram of body weight).
Glycoprotein IIb/IIIa antagonists were used at the
operator’s discretion. A 12-lead electrocardiogram
was obtained after the procedure and before dis-
charge. Levels of creatine kinase, its MB isoenzyme,
and troponin I were assessed 8 to 16 hours and
again 18 to 24 hours after the procedure. At the
time of discharge, all patients were receiving 100 mg
of aspirin once daily for an indefinite period, as well
as 75 mg of clopidogrel daily for 12 months.

STUDY END POINTS AND DEFINITIONS

Adverse events were assessed in the hospital and at
one, six, and nine months. An independent clinical-
events committee whose members were unaware
of the patients’ treatment assignments adjudicated
all clinical end points. An independent data and
safety monitoring board reviewed the data periodi-
cally to identify safety issues, but there were no for-
mal stopping rules. All patients were asked to re-
turn for an angiographic follow-up study at eight
months.
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The prespecified primary end point was a com-
posite of major adverse cardiac events (death from
cardiac causes, myocardial infarction, and ische-
mia-driven revascularization of the target lesion)
by nine months. Secondary end points included is-
chemia-driven revascularization of the target le-
sion, target-vessel revascularization, and target-ves-
sel failure (defined as a composite of death from
cardiac causes, myocardial infarction, and ische-
mia-driven target-vessel revascularization).

The diagnosis of myocardial infarction was
based on the presence of new Q waves in at least
two contiguous leads and an elevated creatine kinase
MB fraction. In the absence of pathologic Q waves,
the diagnosis of myocardial infarction was based
on an increase in the creatine kinase level to more
than twice the upper limit of the normal range with
an elevated level of creatine kinase MB or troponin .

Target-lesion revascularization was defined as
revascularization for a stenosis within the stent or
within the 5-mm borders adjacent to the stent. Re-
vascularization of the target lesion and vessel was
considered to be driven by ischemia if the stenosis
of any target lesion or vessel was at least 50 percent
of the diameter of the vessel on the basis of quanti-
tative coronary angiography in the presence of is-
chemic signs or symptoms or if the stenosis was at
least 70 percent of the diameter of the vessel even
in the absence of ischemic signs or symptoms. We
specified post hoc an alternative definition of the
primary end point: a composite of death from car-
diac causes, myocardial infarction, and clinically
driven revascularization of the target lesion with
stenoses of at least 50 percent in the presence of
ischemic signs or symptoms; revascularization
events were disregarded if ischemic signs or symp-
toms were absent.

The principal secondary end point of the angio-
graphic substudy was late luminal loss within the
stent as well as within the 5-mm margins proximal
and distal to the stent (“in segment”). Other angio-
graphic end points were late luminal loss within
the stent (“in stent”), in-stent and in-segment ste-
nosis, and in-stent and in-segment binary resteno-
sis (described below).

Successful stenting was defined as a final steno-
sis of less than 50 percent of the vessel diameter af-
ter implantation of the study stent, and treatment
success was defined as a final stenosis of less than
50 percent of the vessel diameter with the use of
any percutaneous intervention. Stent thrombosis

was diagnosed as an acute coronary syndrome with
angiographic documentation of either occlusion
of the target lesion or thrombus within the previ-
ously stented segment.

QUANTITATIVE CORONARY ANGIOGRAPHY
Coronary angiograms were digitally recorded at
baseline, immediately after the procedure, and at
follow-up and were assessed at the angiographic
core laboratory of the University Hospital Bern.
Angiogram readers were unaware of the type of
stent implanted. The projection that best showed
the stenosis was used for all analyses. Patients re-
ceived nitroglycerin before angiography, and mea-
surements were performed on cineangiograms.
The contrast-filled, nontapered tip of the catheter
was used for calibration. Digital angiograms were
analyzed with the use of an automated edge-detec-
tion system (CAAS II, Pie Medical Imaging). The
intraobserver and interobserver reliabilities of the
quantitative measurements have been reported
previously.19

Quantitative measurements included the diam-
eter of the reference vessel, the minimal luminal di-
ameter, the extent of stenosis (defined as the di-
ameter of the reference vessel minus the minimal
luminal diameter, divided by the reference diame-
ter and multiplied by 100), and late luminal loss (the
difference between the minimal luminal diameter
after the procedure and the minimal luminal diam-
eter at follow-up). Binary restenosis was defined
as stenosis of atleast 50 percent of the minimal lu-
minal diameter in the target lesion at angiograph-
ic follow-up. All angiographic measurements of
the target lesion were obtained in the stented area
and within the margins 5 mm proximal and distal
to each stent edge.

STATISTICAL ANALYSIS

On the basis of results from RAVEL (the Random-
ized Study with the Sirolimus-Coated Bx Veloci-
ty Balloon-Expandable Stent in the Treatment of
Patients with de Novo Native Coronary Artery Le-
sions)! and the TAXUS II trial,4 we assumed an in-
cidence of major adverse cardiac events of 6 per-
centin the sirolimus-stent group and of 12 percent
in the paclitaxel-stent group. Enrollment of 1010
patients would provide the study with a statistical
power of 90 percent to detect this difference with
a two-sided significance level of 0.05. All enrolled
patients were included in the analysis of primary
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Table 1. Baseline Clinical Characteristics.*
Sirolimus Stent Paclitaxel Stent
Characteristic (503 Patients) (509 Patients)
Age —yr 62+11 62+12
Male sex — no. (%) 382 (75.9) 399 (78.4)
Diabetes mellitus — no. (%) 108 (21.5) 93 (18.3)
Hypertension — no. (%) 302 (60.0) 317 (62.3)
Hyperlipidemia — no. (%) 305 (60.6) 290 (57.0)
Current smoking — no. (%) 184 (36.6) 181 (35.6)
Previous myocardial infarction — no. (%) 145 (28.8) 151 (29.7)
Stable angina pectoris — no. (%) 246 (48.9) 246 (48.3)
Acute coronary syndromes — no. (%) 257 (51.1) 263 (51.7)
Unstable angina — no. (%) 8 (5.6) 0(5.9)
Non-ST-segment elevation Ml —no. (%) 112 (22.3) 123 (24.2)
ST-segment elevation Ml — no. (%) 117 (23.3) 0 (21.6)
Time from onset of symptoms of Ml to
percutaneous coronary intervention
—no. (%)
<24 hr 192 (38 2) 180 (35.4)
24-72 hr 9 (5.8) 39 (7.7)
>72 hr 8 (1.6) 14 (2.8)
Glycoprotein I1b/Illa antagonists —no. (%) 171 (34.0) 147 (28.9)
Distal-embolization—protection devices 3 (6.6) 31 (6.1)
— no. (%)
Multivessel disease — no. (%) 300 (59.6) 301 (59.1)
Left ventricular ejection fraction 0.57+0.12 0.57+0.12

s

¥ Plus—minus values are means +SD. There were no significant differences be-

tween groups. MI denotes myocardial infarction.

farction.

i Percentages refer to all patients and not only to patients with myocardial in-
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and secondary clinical outcomes according to the
intention-to-treat principle. We used a Cox pro-
portional-hazards model to compare clinical out-
comes between the groups. We assessed the as-
sumptions of the Cox model statistically on the
basis of Schoenfeld residuals and graphically us-
ing log-log plots and found them to be approxi-
mately satisfied for all variables. We prespecified
stratified analyses of the primary outcome at nine
months according to the presence or absence of
two characteristics: diabetes and an acute coronary
syndrome.

Analyses of outcomes of the angiographic sub-
study were not based on the intention-to-treat prin-
ciple but were restricted to patients who returned
for follow-up angiography. A patient could have
had more than one lesion in which a stent was im-
planted. Therefore, in the analysis of the quantita-

N ENGL J MED 353;7 WWW.NEJM.ORG

tive angiographic data, we used maximum-likeli-
hood logistic and linear-regression models based
on robust standard errors that allowed the corre-
lation of multiple lesions within a patient to com-
pare the characteristics of lesions between groups
at baseline and follow-up.

Trial data were held by the trial-coordination
center at the University Hospital Bern. Analyses
were performed with the use of Stata software by
an analyst who was unaware of the type of stentim-
planted. No adjustments were made for multiple
comparisons in secondary analyses. All P values are
two-sided. As principal investigator, Dr. Windeck-
er had full access to the data and vouches for the
data and the analysis.

RESULTS

Between April 2003 and May 2004, 1012 patients
(1401 lesions) were enrolled; 503 patients (693 le-
sions) were randomly assigned to receive a siroli-
mus-eluting stent, and 509 patients (708 lesions)
to receive a paclitaxel-eluting stent. A total of 98.4
percent of lesions were located in a native coronary
artery. The groups had similar baseline clinical and
angiographic characteristics (Tables 1 and 2). Pro-
cedural characteristics, including the number of le-
sions per patient, the number of stents per lesion,
the length and diameter of the stents, and the rate
of direct stenting, were also similar in the two
groups (Table 2). The rates of stenting success and
treatment success were similar for the two types of
stents.

CLINICAL OUTCOME

Major adverse cardiac events during follow-up are
listed in Table 3. At one month, there was no trend
favoring either group for any of the clinical end
points.

The primary end point (death from cardiac caus-
es, myocardial infarction, or ischemia-driven target-
lesion revascularization at nine months) occurred
in 6.2 percent of patients receiving sirolimus stents
and 10.8 percent of patients receiving paclitaxel
stents (hazard ratio, 0.56; 95 percent confidence
interval, 0.36 to 0.86; P=0.009) (Fig. 1 and Table 3).
This difference was driven by a 44 percent reduc-
tion in the relative risk of target-lesion revascular-
ization in favor of the sirolimus stent (4.8 percent
vs. 8.3 percent; hazard ratio, 0.56; 95 percent con-
fidence interval, 0.34 to 0.93; P=0.03). Analysis of
the alternative definition of the primary end point,
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Table 2. Baseline Characteristics of Lesions and Procedural Results.*

Characteristic

Target-lesion coronary artery — no. (%)
Left main
Left anterior descending
Left circumflex
Right
Bypass graft
ACC-AHA lesion class — no. (%)
A
Bl
B2
C

<3 mo
=3 mo
Thrombus present — no. (%)
Bifurcated lesion — no. (%)
Ostial lesion — no. (%)
Calcification — no. (%)
None or mild
Moderate
Severe
Before procedure
Lesion length— mm
Diameter of reference vessel — mm
Minimal luminal diameter — mm
Stenosis — % of luminal diameter
During procedure
No. of lesions treated per patient
No. of stents per lesioni:
Maximal stent diameter — mm
Length of stent per lesion — mm
Maximal pressure — atm§
Direct stenting — no. (%)
Successful implantation — no. (%)
Treatment success — no. (%)
Intraprocedural complications — no. (%)
Immediately after procedure
Final minimal luminal diameter — mm
In stent
In segment
Final stenosis — % of luminal diameter
In stent
In segment
Acute gain —mm
In stent
In segment

Approximate duration of total occlusion — no. (%)

Sirolimus Stent (693 Lesions)

13 (1.9)
326 (47.0)
135 (19.5)
208 (30.0)

1(1.6)
131 (18.9)
300 (43.3)
173 (25.0)

89 (12.8)
129 (18.

)

(18.6
8 (L.2)

163 (23.5)
61 (3.8)
48 (6.9)

439 (63.3)
232 (33.5)
22 3.2)

11.8+6.8

2.82+0.40
0.52+0.45
81.7+15.1

1.4+0.6
1.1+0.4
2.9+0.4
18.7+10.3
14.4+3.2
222 (32.0)
686 (99.0)
689 (99.4)
14 (2.0)

2.65+0.37
2.56+0.41

7.2+4.7
8.8+7.2

2.13+0.52
2.08+0.53

Paclitaxel Stent (708 Lesions)

153 (21.6)
307 (43.4)
155 (21.9)

93 (13.1)

108 (15.3)
17 (2.4)
155 (21.9)
56 (7.9)
8(8.2)

480 (67.8)
200 (28.2)
28 (4.0)

12.4+7.2

2.82+0.43
0.53+0.43
81.5+14.5

1.4+0.6
1.2+0.5
2.9+0.5
19.0+£10.7
14.1+2.9
235 (33.2)
698 (98.6)
701 (99 0)
4(2.0)

2.68+0.39
2.60+0.44

6.8+5.5
8.4+6.6

2.15+0.51
2.08+0.56

* Plus—minus values are means +SD. ACC denotes American College of Cardiology, and AHA American Heart Association.

T Bifurcated lesions required double wiring.
1 P=0.09 for the comparison between groups.
§ P=0.04 for the comparison between groups.
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Table 3. Clinical Events during Follow-up.
Sirolimus Stent Paclitaxel Stent Hazard Ratio
Event (503 Patients) (509 Patients) (95% CI)* P Value
no. of patients (%)
Events at 1 mo
Death 0 4 (0.8) 0.11 (0.01-2.08) 0.12
Death from cardiac causes 0 4 (0.8) 0.11 (0.01-2.08) 0.12
Myocardial infarction 12 (2.4) 13 (2.6) 0.93 (0.43-2.04) 0.86
Q-wave 6 (1.2) 4(0.8) 1.52 (0.43-5.37) 0.52
Non-Q-wave 6 (1.2) 9 (1.8) 0.67 (0.24-1.89) 0.45
Target-lesion revascularization 11 (2.2) 10 (2.0) 1.11 (0.47-2.62) 0.81
Percutaneous 11 (2.2) 9 (1.8) 1.23 (0.51-2.98) 0.64
Surgical 0 2 (0.4) 0.20 (0.01-4.21) 0.50
Target-vessel revascularization 12 (2.4) 10 (2.0) 1.22 (0.53-2.81) 0.65
Percutaneous 12 (2.4) 9 (1.8) 1.35 (0.57-3.20) 0.50
Surgical 0 2(0.4) 0.20 (0.01-4.21) 0.50
Stent thrombosis 9 (1.8) 7 (1.4) 1.30 (0.48-3.49) 0.60
Major adverse cardiac events 15 (3.0) 19 (3.7) 0.80 (0.41-1.57) 0.51
Target-vessel failure 15 (3.0 19 (3.7) 0.80 (0.41-1.57) 0.51
Events at 9 mo
Death 5 (1.0 11 (2.2) 0.45 (0.16-1.31) 0.14
Death from cardiac causes 3 (0.6) 8 (1.6) 0.38 (0.10-1.42) 0.15
Myocardial infarction 14 (2.8) 18 (3.5) 0.78 (0.39-1.57) 0.49
Q-wave 6(1.2) 5 (1.0) 1.21 (0.37-4.00) 0.75
Non-Q-wave 8 (1.6) 13 (2.6) 0.62 (0.26—1.50) 0.28
Target-lesion revascularization 24 (4.8) 42 (8.3) 0.56 (0.34-0.93) 0.03
Percutaneous 22 (4.4) 36 (7.1) 0.61 (0.36-1.03) 0.06
Surgical 3 (0.6) 9 (1.8) 0.33 (0.10-1.22) 0.10
Target-vessel revascularization 30 (6.0) 47 (9.2) 0.63 (0.40-1.00) 0.05
Percutaneous 28 (5.6) 41 (8.1) 0.68 (0.42-1.10) 0.11
Surgical 3 (0.6) 9 (1.8) 0.33 (0.10-1.22) 0.10
Stent thrombosis 10 (2.0) 8 (1.6) 1.26 (0.50-3.20) 0.62
Primary end pointy 31 (6.2) 55 (10.8) 0.56 (0.36-0.86) 0.009
Alternatively defined primary end pointi: 29 (5.8) 49 (9.6) 0.59 (0.37-0.93) 0.02
Target-vessel failure 35 (7.0) 59 (11.6) 0.58 (0.38-0.89) 0.01

e

* Hazard ratios and P values are from the Cox proportional-hazards model. Cl denotes confidence interval.
" The prespecified primary end point was a composite of major adverse cardiac events (death from cardiac causes, myo-

cardial infarction, and ischemia-driven target-lesion revascularization).
1 The alternative primary end point, defined post hoc, was a composite of death from cardiac causes, myocardial infarc-

tion, and clinically driven target-lesion revascularization.

which included clinically driven rather than ische-
mia-driven revascularization of the target lesion,
yielded similar results (5.8 percent in the siroli-
mus-stent group, as compared with 9.6 percent in
the paclitaxel-stent group; hazard ratio, 0.59; 95
percent confidence interval, 0.37 to 0.93; P=0.02).

In a stratified analysis of the primary end point,

the difference between sirolimus and paclitaxel
stents was more pronounced among the 201 pa-
tients with diabetes (hazard ratio, 0.31; 95 percent
confidence interval, 0.12 to 0.78) than among the
811 patients without diabetes (hazard ratio, 0.66;
95 percent confidence interval, 0.40 to 1.09), but
confidence intervals were wide, and the result of
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a test of interaction was not significant (P for
interaction=0.13). Conversely, the difference be-
tween the sirolimus and paclitaxel stents appeared
less pronounced among the 520 patients present-
ing with an acute coronary syndrome (hazard ratio,
0.84; 95 percent confidence interval, 0.46 to 1.51)
than among the 492 patients presenting without
an acute coronary syndrome (hazard ratio, 0.34; 95
percent confidence interval, 0.17 to 0.68). Here,
the test of interaction reached borderline signifi-
cance (P=0.05).

The rates of death and myocardial infarction
were low and the estimates of hazard ratios impre-
cise (Table 3). The cumulative frequency of stent
thrombosis was 2.0 percent with the sirolimus stent
and 1.6 percent with the paclitaxel stent (hazard
ratio, 1.26; 95 percent confidence interval, 0.50 to
3.20; P=0.62), and the rates of acute, subacute,
and late stent thrombosis were similar in the two
groups. The rates of antithrombotic treatment were
similar in the two groups during the nine months
of the study.

ANGIOGRAPHIC RESULTS

Angiographic measurements of lesions before and
after stent implantation were similar in the siroli-
mus-stentand paclitaxel-stent groups (Table 2). An-
giographic follow-up at eight months was complet-
ed in 540 of 1012 patients (53.4 percent), who had
723 of the 1401 lesions (51.6 percent) (Table 4). A to-
tal of 267 patients in the sirolimus-stent group (53.1
percent) and 273 patients in the paclitaxel-stent
group (53.6 percent) underwent follow-up angi-
ography (P=0.86).

Patients undergoing angiographic follow-up
were younger (P<0.001), less likely to have diabe-
tes (P=0.04) or hypertension (P=0.04), and more
likely to be male (P=0.004) and to have chest pain
(P=0.01) than those who did not return for angio-
graphic follow-up. Among patients undergoing
angiographic follow-up, most baseline clinical char-
acteristics and the frequency of chest pain were
similar in the two groups, but hypertension was
significantly more frequent in the paclitaxel-stent
group (P=0.02).

The mean (£SD) in-segment late luminal loss,
the prespecified end point of the angiographic sub-
study, was 0.19+0.45 mm in the sirolimus-stent
group and 0.32+0.55 mm in the paclitaxel-stent
group (P=0.001). The rate of in-segment binary re-
stenosis was 6.6 percent in the sirolimus-stent
group and 11.7 percent in the paclitaxel-stent group

N ENGL J MED 353;7 WWW.NEJM.ORG
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Figure 1. Kaplan—Meier Cumulative-Event Curves for the Primary End Point
of Death from Cardiac Causes, Myocardial Infarction, or Ischemia-Driven

(P=0.02). The cumulative frequencies of in-segment
stenosis before and after the procedure and at fol-
low-up angiography in the two groups are shown
in Figure 2.

DISCUSSION

In this randomized, controlled, single-blind trial,
the use of sirolimus-eluting stents was associated
with a 44 percent decrease in the risk of major ad-
verse cardiac events at nine months, as compared
with the use of paclitaxel-eluting stents. The thera-
peutic benefit of the sirolimus stent was primarily
driven by a 44 percent reduction in the need for re-
peated revascularization of the treated lesion.

The rates of clinical and angiographic reste-
nosis were low for both drug-eluting stents, sub-
stantiating the results of previous studies.1-5:7:9,10
A previous small, randomized trial involving 202
patients found a trend toward a higher rate of ma-
jor adverse cardiac events at six months with the
sirolimus stent than with the paclitaxel stent (6 per-
centvs. 4 percent; relative risk, 1.5; 95 percent con-
fidence interval, 0.44 to 5.16).2° Notwithstanding
this finding, sirolimus stents have consistently been
shown to reduce the extent of late luminal loss, a
measure of neointimal hyperplasia, more effective-
ly than paclitaxel stents1-5:7:9,10,18 — 3 finding cor-
roborated in the present trial.
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Table 4. Angiographic Results of Follow-up.*

Sirolimus Stent
Variable (348 Lesions)

Diameter of reference vessel (mm) 2.79+0.43

Minimal luminal diameter (mm)

Proximal margin 2.64+0.54
In stent 2.53+0.50
Distal margin 2.49+0.45
In segment 2.37+0.57

Stenosis (% of luminal diameter)

Proximal margin 11.0+£12.2

In stent 10.3+£12.9

Distal margin 9.1+9.2

In segment 14.9+16.5
Late luminal loss (mm)

Proximal margin 0.12+0.32

In stent 0.12+0.36

Distal margin 0.07+0.20

In segment 0.19+0.45
Late-loss index

In stent 0.06+0.18

In segment 0.10+0.23
Binary restenosis (%)

Proximal margin 3.2

In stent 3.2

Distal margin 11

In segment 6.6

Paclitaxel Stent Difference
(375 Lesions) (95% ClI) P Value
2.80+0.45 -0.01 (-0.08 to 0.06) 0.74
2.65+0.65 -0.01 (-0.11t00.09)  0.84
2.44:0.66 0.08 (-0.01t00.17)  0.07
2.49+0.49 0.00 (-0.07 to 0.08) 0.96
2.28+0.73 0.09 (-0.01 to 0.20) 0.07
12.7+15.5 -1.7 (-3.9t0 0.5) 0.13
14.0£18.9 -3.4 (-63t0-1.3) 0.003
9.2+8.08 -0.1 (-1.4t01.2) 0.91
19.4+21.7 45 (-7.5 to -1.6) 0.003
0.16+0.39 -0.05 (-0.10to0 0.01) 0.11
0.25+0.49 -0.13 (-0.19t0 -0.06)  <0.001
0.08+0.22 -0.01 (-0.04 to 0.02) 0.42
0.32+0.55 -0.13 (-0.21t0 -0.05)  0.001
0.13+0.28 -0.07 (-0.11t0 -0.03)  <0.001
0.17+0.32 -0.07 (-0.12 to -0.03) 0.001
43 1.6 (-4.8t01.2) 0.29
7.5 -43 (-7.5to-1.1) 0.01
1.1 0.0 (-1.4 to 1.6) 0.92
11.7 -5.1 (-9.3to-1.0) 0.02

* Plus—minus values are means +SD. Late luminal loss was defined as the difference between the minimal luminal diam-
eter after the procedure and the minimal luminal diameter at follow-up. Binary restenosis was defined as stenosis of at
least 50 percent of the minimal luminal diameter in the target lesion at angiographic follow-up. Late-loss index was de-
termined by dividing late luminal loss by acute gain. Cl denotes confidence interval.

In our analysis, the rates of restenosis and late
luminal loss in the sirolimus-stent group were sim-
ilar to those in the SIRIUS (Sirolimus-Eluting Bal-
loon-Expandable Stent in the Treatment of Patients
with de Novo Native Coronary-Artery Lesions) trial,
the largest previous randomized trial of the siroli-
mus stent.2 In contrast, the rates of restenosis and
late luminal loss in the paclitaxel-stent group were
higher than those observed in the TAXUS 1V trial,
the largest previous randomized trial of the pac-
litaxel stent.1° The reasons for this difference are
unclear but may be related to the inclusion in the
current trial of patients with more complex con-
ditions and lesions than in the SIRIUS or TAXUS IV

trial. The therapeutic benefit of sirolimus stents
appears to be particularly apparent in such patients
and lesions, perhaps owing to the increased risk
of restenosis. Data from the ISAR-DESIRE (Intra-
coronary Stenting and Angiographic Results-Drug-
Eluting Stents for In-Stent Restenosis) trial18 involv-
ing patients with in-stent restenosis, a subgroup of
patients at high risk for restenosis, also indicated
that the sirolimus stent was more effective than the
paclitaxel stent in suppressing neointimal hyper-
plasia and reducing the need for repeated revascu-
larization. Patients with diabetes represent another
subgroup at increased risk for restenosis, even af-
ter the implantation of drug-eluting stents. A pre-
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specified, stratified analysis in the present trial in-
dicated that differences in favor of the sirolimus 1009 After Pz
stent were more pronounced in patients with dia- 7

betes than in those without diabetes. g 80- g A
The rates of death and myocardial infarction gg’
were low in both stent groups. The cumulative in- g2 6o
cidence of stent thrombosis was similar in thetwo | <&
groups, and there was no significant difference in 2 g 40
the rates of antithrombotic treatment. Althoughthe | E &
overall rate of stent thrombosis was higher than 5] f
<]

in previous studies of drug-eluting stents, the rate 207

is in keeping with our own experience of 1.6 per-

———————— Paclitaxel stent
— Sirolimus stent

cent among 6058 patients treated with bare-metal 0 T T - pA
stents.2! The higher incidence of stent thrombosis
in this trial may have been related to the inclusion

In-Segment Stenosis (% of luminal diameter)

T 1
80 100

of patients with more complex conditions and le-
sions and a higher prevalence of acute coronary syn-
dromes than in most previous studies.

Figure 2. Cumulative Frequency of In-Segment Stenosis.

present trial may have resulted in an overestima-
tion of differences owing to attrition bias.22 We con-
sider this possibility unlikely, since the difference | intervention.
in major adverse cardiac events in favor of the siroli-

The extent of stenosis was defined as the diameter of the reference vessel
minus the minimal luminal diameter, divided by the reference diameter and

Routine angiographic follow-up is known to in- multiplied by 100. There was no significant difference in measurements be-
crease the rate of target-lesion revascularization, fore and immediately after the procedure between the two groups. At follow-
and the incomplete angiographic follow-up in the up angiography, the cumulative distribution curve of in-segment stenosis was
shifted to the right for the paclitaxel-stent group as compared with the siroli-
mus-stent group, indicating that in-segment stenosis was more effectively re-
duced with the sirolimus stent. PCl denotes percutaneous coronary

mus stent over the paclitaxel stent was already ap-

parent at six months, before the scheduled angio-

graphic follow-up (hazard ratio for major adverse nine months, primarily by decreasing the rates of
cardiac events at six months, 0.56; 95 percent con- clinical and angiographic restenosis.

fidence interval, 0.32 t0 0.96; P=0.04). In addition, Supported by research grants (757 and 33-03) from the Univer-

. . P . sity Hospital Bern and the University Hospital Zurich, respectively.
the difference at nine months was Slgnlﬁcant with Dr. Eberli reports having received lecture fees from Cordis, Boston

the use of an alternative definition of the primary Scientific, and Biotronik. Dr. Liischer reports having received un-
end point, which disregarded target—lesion revas- conditional grant support for the Department of Cardiology from

.. . . Johnson & Johnson and Boston Scientific and having served as a
cularizations that were driven eXCluSlvely by find consultant for Boston Scientific. Dr. Hess reports having served as a

ings on routine angiOgrath- consultant for GlaxoSmithKline and having received lecture fees
In conclusion, as compared with polymer-based, from Menarini, SA. Dr. Meier reports having received unconditional

paclitaxel-eluting stents, sirolimus-eluting stents Jggﬁﬁtsjsi i‘;r;gztroﬁ’;ci et of Cardiology from Johnson &
resulted in fewer major adverse cardiac events at
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ABSTRACT

BACKGROUND

Drug-eluting stents are highly effective in reducing the rate of in-stent restenosis. It is
not known whether there are differences in the effectiveness of currently approved
drug-eluting stents in the high-risk subgroup of patients with diabetes mellitus.

METHODS

We enrolled 250 patients with diabetes and coronary artery disease: 125 were randomly
assigned to receive paclitaxel-eluting stents, and 125 to receive sirolimus-eluting
stents. The primary end point was in-segment late luminal loss. Secondary end points
were angiographic restenosis (defined as in-segment stenosis of at least 50 percent at
follow-up angiography) and the need for revascularization of the target lesion during a
nine-month follow-up period. The study was designed to show noninferiority of the
paclitaxel stent as compared with the sirolimus stent, defined as a difference in the ex-
tent of in-segment late luminal loss of no more than 0.16 mm.

RESULTS

The extent of in-segment late luminal loss was 0.24 mm (95 percent confidence inter-
val, 0.09 to 0.39) greater in the paclitaxel-stent group than in the sirolimus-stent group
(P=0.002). In-segment restenosis was identified on follow-up angiography in 16.5
percent of the patients in the paclitaxel-stent group and 6.9 percent of the patients in
the sirolimus-stent group (P=0.03). Target-lesion revascularization was performed in
12.0 percent of the patients in the paclitaxel-stent group and 6.4 percent of the patients
in the sirolimus-stent group (P=0.13).

CONCLUSIONS

In patients with diabetes mellitus and coronary artery disease, use of the sirolimus-
eluting stent is associated with a decrease in the extent of late luminal loss, as compared
with use of the paclitaxel-eluting stent, suggesting a reduced risk of restenosis.
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ORONARY ARTERY DISEASE IS A MAJOR

cause of complications and death among

patients with diabetes mellitus.® In partic-
ular, patients with diabetes are prone to a diffuse
and rapidly progressive form of atherosclerosis,
which increases their likelihood of requiring revas-
cularization.2# Percutaneous coronary intervention
and aortocoronary bypass surgery are recommend-
ed revascularization strategies for such patients.
However, because of the increased risk of reste-
nosis after percutaneous coronary interventions in
these patients,>7 aortocoronary bypass surgery has
been considered to be the preferred revasculariza-
tion strategy for many.8.%

Drug-eluting stents markedly reduce the inci-
dence of restenosis as compared with bare-metal
stents, both in patients without diabetes and in
those with diabetes.10-17 However, no data are avail-
able on the relative efficacy of particular drug-elut-
ing stents in patients with diabetes. This issue has
important implications for the selection of the most
effective therapy in this high-risk group of patients.
We therefore designed a prospective, randomized
trial to compare paclitaxel- and sirolimus-eluting
stents in patients with diabetes and coronary artery
disease.

METHODS

PATIENTS

Enrollment of participants began on June 11, 2003,
and was completed on March 15, 2004. Two Ger-
man centers participated in the trial: Deutsches
Herzzentrum and First Medizinische Klinik rechts
der Isar, both in Munich. Patients were considered
eligible if they had diabetes mellitus, presented with
angina pectoris or had a positive stress test or met
both criteria, and had clinically significant angio-
graphic stenosis in a native coronary vessel. Exclu-
sion criteria included acute ST-segment—elevation
myocardial infarction; a target lesion in the left main
trunk; in-stent restenosis; any contraindication to
the use of aspirin, heparin, or clopidogrel; and lack
of consent to participate in the study. The study pro-
tocol was approved by the institutional ethics com-
mittees at both participating centers. All patients
gave written informed consent.

RANDOMIZATION, INTERVENTIONS,
AND ADJUNCT DRUG THERAPY

All patients received a loading dose of 600 mg of
clopidogrel at least two hours before undergoing

coronary angiography.18:19 After the guide wire had
crossed the lesion, patients were randomly assigned
to receive a paclitaxel-eluting stent (Taxus, Boston
Scientific) or a sirolimus-eluting stent (Cypher; Cor-
dis, Johnson & Johnson) with the use of sealed en-
velopes containing a computer-generated random-
ization sequence. The same randomly assigned
stent had to be implanted in all lesions in patients
who required stenting in multiple lesions; the use
of more than one stent per lesion was also allowed.

Periprocedural antithrombotic therapy consist-
ed of intravenously administered aspirin and hepa-
rin; abciximab (ReoPro, Lilly) was given only to pa-
tients with acute coronary syndromes. After the
intervention, the protocol mandated the use of an-
tiplatelet therapy consisting of 100 mg of aspirin
twice a day indefinitely as well as 75 mg of clopido-
grel twice a day until discharge, followed by a dose
of 75 mg a day for at least six months.

FOLLOW-UP PROTOCOL
After undergoing stenting, all patients remained
in the hospital for at least 48 hours. Electrocardiog-
raphy was performed and blood was collected for
the measurement of creatine kinase and its MB
isoenzyme before stenting, every 8 hours for the
first 24 hours after the procedure, and daily there-
after during hospitalization. A telephone interview
was conducted after 30 days to assess each patient’s
clinical status. All patients were asked to return for
coronary angiography between six and eight months
after the procedure, or earlier if anginal symptoms
occurred. Telephone interviews were repeated nine
months after the intervention. Relevant data were
collected and entered into a computerized database
by specialized personnel at the clinical data-man-
agement center. All data were verified with the use
of hospital records or the records of family physi-
cians, and all adverse clinical events were adjudicat-
ed by an events committee whose members were
unaware of patients’ treatment assignments.

QUANTITATIVE CORONARY ANGIOGRAPHY

Baseline, postprocedural, and follow-up coronary
angiograms were digitally recorded and assessed
off-line in the quantitative angiographic core labo-
ratory (Deutsches Herzzentrum) with an automat-
ed edge-detection system (CMS version 5.1.4.1,
Medis Medical Imaging Systems) by experienced
personnel unaware of the type of stent implanted.
The complexity of the lesions was defined accord-
ing to the modified grading system of the Ameri-
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can College of Cardiology—American Heart Associ-
ation.2° The morphologic appearance of in-stent
restenosis at follow-up angiography was classified
according to the system proposed by Mehran etal.2?
All measurements were performed on cineangio-
grams recorded after the intracoronary administra-
tion of nitroglycerin. The same single, worst-view
projection was used at all times. The contrast-filled
nontapered catheter tip was used for calibration.
The reference diameter was determined by interpo-
lation.

The variables that were measured included the
reference diameter of the vessel, the minimal diam-
eter of the lumen, the extent of stenosis (the differ-
ence between the reference diameter and the min-
imal luminal diameter, divided by the reference
diameter and multiplied by 100), late luminal loss
(the difference between the minimal luminal diam-
eter at the end of the procedure and the minimal lu-
minal diameter at follow-up), and net luminal gain
(the difference between the minimal luminal diam-
eter at follow-up and the minimal luminal diameter
before the procedure). Quantitative analysis was
used to evaluate the stented area (“in stent”) and
the area that included the stented segment as well
as the 5-mm margins proximal and distal to the
stent (“in segment”).

STUDY END POINTS, DEFINITIONS,

AND DESIGN

The primary end point of the study was in-segment
late luminal loss on follow-up angiography. Second-
ary end points were angiographic restenosis (de-
fined as in-segment stenosis of at least 50 percent
on follow-up angiography) and the need for revas-
cularization of the target lesion owing to narrow-
ing of the lumen in the presence of symptoms or
objective signs of ischemia during the nine-month
follow-up interval.

The diagnosis of diabetes mellitus was consid-
ered confirmed in all patients receiving active treat-
ment with an oral hypoglycemic agent or insulin;
for patients with a diagnosis of diabetes who were
receiving dietary therapy alone, enrollment in the
trial required the documentation of an abnormal
blood glucose level after an overnight fast or an ab-
normal glucose-tolerance test.22 The diagnosis of
myocardial infarction during follow-up required the
presence of new Q waves on the electrocardiogram
or an elevation of creatine kinase or its MB isoen-

PATIENTS WITH DIABETES

zyme to at least three times the upper limit of the
normal range in at least two blood samples (some
patients met both criteria).23

STATISTICAL ANALYSIS

The objective of the study was to assess whether
the outcome of treatment with the paclitaxel-eluting
stent was not inferior to the outcome of treatment
with the sirolimus-eluting stent. Calculation of the
sample size was based on a margin of noninferiori-
ty for in-segment late luminal loss of 0.16 mm. This
value is equal to 35 percent of an assumed mean
(£SD) late luminal loss of 0.46%0.45 mm in dia-
betic patients after the implantation of a sirolimus
stent, as found in an analysis of a series of diabetic
patients treated with sirolimus stents at participat-
ing centers in the 10 months that preceded the ini-
tiation of the study.

Using a one-sided « level of 0.05, we estimated
that 99 patients per group were needed to demon-
strate noninferiority of the paclitaxel stent with a
statistical power of 80 percent. Expecting that up to
20 percent of the patients would not return for fol-
low-up coronary angiography, we included 250 pa-
tients in the study. Sample size was calculated with
the use of nQuery Advisor (version 4.0, Statistical
Solutions) according to the method of O’Brien and
Muller.24

Analyses related to angiographic measures
were conducted according to the number of pa-
tients available for each analyses. All other analyses
were conducted according to the intention-to-treat
principle. For patients with multilesion interven-
tions, only the data pertaining to the first treated le-
sion were included in the analysis. The noninferi-
ority hypothesis was assessed statistically with
EquivTest (Statistical Solutions) according to the
method of Chow and Liu.25 The differences be-
tween the groups were assessed with a two-sided
chi-square test or Fisher’s exact test for categorical
data and Student’s t-test for continuous data. The
relative risk and its 95 percent confidence interval
were computed for outcome measures. The differ-
ences in quantitative angiographic results at fol-
low-up between the two study groups were also as-
sessed after adjustment for baseline characteristics
by means of multiple linear regression analysis
(continuous dependent variables) or multiple lo-
gistic-regression analysis (dichotomous dependent
variables). All P values were two-sided, and a P val-
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ue of less than 0.05 was considered to indicate sta-
tistical significance.

RESULTS

A total of 250 patients were enrolled in the study
and randomly assigned to receive either a paclitaxel
stent or a sirolimus stent. Table 1 shows the base-
line demographic, clinical, and angiographic char-
acteristics of the study population. The procedural
characteristics are shown in Table 2. Implantation
of the randomly assigned stent was successful in
all patients. In 12.0 percent of patients, more than
one lesion was treated. There was only one case of

Table 1. Baseline Characteristics of the Patients and the Lesions.*
Paclitaxel-Stent  Sirolimus-Stent
Group Group
Characteristic (N=125) (N=125)
Age — yr 68.3+9.6 67.7+10.2
Female sex — no. (%) 36 (28.8) 32 (25.6)
Treatment of diabetes — no. (%)
Dietary therapy alone 4 (19.2) 24 (19.2)
Oral hypoglycemic agents 65 (52.0) 55 (44.0)
36 (28.8) 46 (36.8)
Glycosylated hemoglobin — % 7.4+1.6 73111
Current smoker — no. (%) 16 (12.8) 6 (12.8)
Arterial hypertension — no. (%) 2 (65.6) 70 (56.0)
Hypercholesterolemia — no. (%) 8 (62.4) 73 (58.4)
Unstable angina — no. (%) 43 (34.4) 56 (44.8)
Prior myocardial infarction — no. (%) 9 (39.2) 39 (31.2)
Prior aortocoronary bypass surgery 3 (10.4) 16 (12.8)
Left ventricular ejection fraction — % 51.7+13.6 50.3+12.7
Target vessel — no. (%)
Left anterior descending coronary artery 64 (51.2) 58 (46.4)
Left circumflex coronary artery 6 (28.8) (34 4)
Right coronary artery 25 (20.0) 4 (19.2)
Complex (type B2 or C) lesions — no. (%) 92 (73.6) 102 (81 6)
Vessel size — mm 2.75+0.56 2.70+0.50
Lesion length— mm 12.4+7.7 13.8+7.6
Minimal luminal diameter before 1.12+0.40 1.03+0.377
procedure — mm
Stenosis before procedure — % of luminal 59.4+11.9 61.1+13.1

3%

Plus—minus values are means +SD.
 P=0.09 for the comparison with the paclitaxel-stent group.
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early stent thrombosis: in one patient in the pacli-
taxel-stent group, the stent became occluded five
hours after the index procedure.

ANGIOGRAPHIC RESULTS

Follow-up angiography was performed in 103 pa-
tients (82.4 percent) in the paclitaxel-stent group
and 102 patients (81.6 percent) in the sirolimus-
stent group. Patients who did not undergo follow-
up angiography did not differ significantly from
those who did with respect to the baseline charac-
teristics shown in Table 1. Five of the 22 patients
who did not undergo follow-up angiography in the
paclitaxel-stent group died during the nine-month
follow-up period, as did 4 of the 23 such patients in
the sirolimus-stent group. No other adverse events
were observed among these patients, and none re-
quired rehospitalization during follow-up.

The median duration of angiographic follow-
up was 196 days (10th and 90th percentiles, 92 and
230) in the paclitaxel-stent group and 196 days
(10th and 90th percentiles, 91 and 238) in the siroli-
mus-stent group (P=0.94). Table 3 shows the re-
sults of the quantitative analysis of follow-up an-
giograms. The mean difference in in-segment late
luminal loss between the paclitaxel-stent group and
the sirolimus-stent group was 0.24 mm (95 percent
confidence interval, 0.09 to 0.39), a result failing to
show the noninferiority of the paclitaxel stent and
instead demonstrating the statistical superiority of
the sirolimus stent (P=0.002) (Fig. 1). This differ-
ence remained significant after adjustment for the
baseline characteristics of the patients (P=0.001)
(Table 3). Figure 2 shows the cumulative rates of
in-segment stenosis at follow-up angiography.

Among patients who were receiving insulin, in-
segment late luminal loss averaged 0.72+0.66 mm
in the paclitaxel-stent group and 0.41+0.42 mm in
the sirolimus-stent group (P=0.02). Among pa-
tients who were not receiving insulin, in-segment
late luminal loss averaged 0.65+0.60 mm in the pac-
litaxel-stent group and 0.44+0.46 mm in the siroli-
mus-stent group (P=0.03).

In-segment restenosis was found on follow-up
angiography in 17 of 103 patients in the paclitax-
el-stent group, as compared with 7 of 102 patients
in the sirolimus-stent group (16.5 percent vs. 6.9
percent; relative risk, 2.40; 95 percent confidence
interval, 1.04 to 5.55; P=0.03). With respect to the
pattern of restenosis on follow-up angiography, all
seven of the patients in the sirolimus-stent group
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presented with pattern L. In the paclitaxel-stent
group, 13 patients presented with pattern I, 1 pa-
tient with pattern II, 1 patient with pattern III, and
2 patients with pattern IV.

CLINICAL OUTCOMES

All patients completed the nine-month follow-up.
Six patients (4.8 percent) in the paclitaxel-stent
group and four patients (3.2 percent) in the siroli-
mus-stent group died during this period (P=0.52).
Myocardial infarction occurred in three patients
(2.4 percent) in the paclitaxel-stent group and five
patients (4.0 percent) in the sirolimus-stent group
(P=0.72). Target-lesion revascularization was per-
formed in 15 patients in the paclitaxel-stent group,
as compared with 8 patients in the sirolimus-stent
group (12.0 percent vs. 6.4 percent; relative risk,
1.89; 95 percent confidence interval, 0.82 to 4.27;
P=0.13). Among the patients who underwent tar-
get-lesion revascularization, the mean extent of in-
segment stenosis at follow-up angiography was
65.0+17.0 percent.

DISCUSSION

In this randomized trial, we compared the efficacy
of the sirolimus-eluting stent and the paclitaxel-
eluting stent in the prevention of restenosis in pa-
tients with diabetes mellitus and coronary artery
disease. The paclitaxel stent was associated with a
higher rate of in-segment late luminal loss as well
as an increased risk of angiographic restenosis.
Our study was not sufficiently powered to assess
the incidence of clinical restenosis, and we found
no significant differences in the rates of clinical
end points between the two groups. Nonetheless,
our results imply that the sirolimus stent may be
preferable to the paclitaxel stent in patients with di-
abetes who require coronary revascularization.

We chose late luminal loss at follow-up angi-
ography as the primary end point of our trial be-
cause it reflects the degree of neointimal prolifera-
tion,2¢ which is the chief cause of restenosis after
stentimplantation.2” Late loss is the most sensitive
measure of the antiproliferative effectiveness of
drug-eluting stents,28:29 although in-stent late loss
may be a more reliable predictor of restenosis than
in-segment late loss.29 In a recent trial, a 70 percent
reduction in the rate of in-segment late luminal
loss with the sirolimus-eluting stent was associat-
ed with a 75 percent reduction in the rate of target-
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lesion revascularization as compared with the rates
with the control bare-metal stent.22 However, it
should be stressed that late luminal loss consti-
tutes only a surrogate for clinical end points. The
limitations of surrogate end points have been well
described.39:31 Our results should be interpreted in
this context.

Our calculation of sample size was based on a
margin of noninferiority of 0.16 mm for in-seg-
ment late luminal loss. This value was selected af-
ter an analysis of a series of diabetic patients treat-
ed with sirolimus stents at our own institutions. It
is also a reasonable margin of difference on the
basis of findings in other studies. In the SIRIUS
trial, an absolute reduction of 0.57 mm in in-seg-
ment late luminal loss was achieved with the use
of the sirolimus-eluting stent as compared with
the bare-metal stent.12 Our margin of difference
of 0.16 mm represents the preservation of 72 per-
cent of the effect demonstrated by the sirolimus-

Table 2. Procedural Characteristics.*
Group
Characteristic (N=125)
Maximal balloon pressure — atm 14.3£2.6
Ratio of balloon to vessel 1.15+0.10
Length of stented segment — mm 22.1+9.3
No. of stents 1.13+0.36
>1 Stent implanted — no. (%) 15 (12.0)
Minimal luminal diameter after procedure
—mm

In segment 2.65+0.52

In stent 2.67+0.52

Proximal margin 2.70+0.54

Distal margin 2.66+0.51
Stenosis after procedure — % of luminal

diameter::

In segment 9.2+7.2

In stent 8.4+7.7

Proximal margin 7.5+7.2

Distal margin 8.9+7.0
Abciximab therapy — no. (%) 24 (19.2)

Paclitaxel-Stent Sirolimus-Stent

Group
(N=125)

13.742.67

1.15:0.10
23.8+10.2
1.15+0.38
18 (14.4)

2.59+0.45
2.62+0.46
2.64+0.48
2.60+0.46

7.9+6.3
7.0+6.4
6.4+6.2
7.8+6.5
25 (20.0)

* Plus—minus values are means +SD.
7 P=0.08 for the comparison with the paclitaxel-stent group.

i The extent of stenosis was defined as the difference between the reference di-
ameter and the minimal luminal diameter, divided by the reference diameter

and multiplied by 100.
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Table 3. Results of Quantitative Angiographic Analysis at Follow-up.*
Paclitaxel-Stent Group Sirolimus-Stent Group Adjusted
Characteristic (N=103) (N=102) P Value P Valuef
Late luminal loss — mm
In segment 0.67+0.62 0.43+0.45 0.002 0.001
In stent 0.46+0.64 0.19+0.44 <0.001 <0.001
Proximal margin 0.26+0.70 0.06+0.57 0.03
Distal margin 0.49+0.58 0.28+0.46 0.006
Net luminal gain — mm
In segment 0.90+0.75 1.12+0.64 0.03 0.003
In stent 1.12+0.77 1.38+0.66 0.01 <0.001
Proximal margin 1.32+0.78 1.50+0.74 0.08
Distal margin 1.09+0.69 1.27+0.61 0.05
Minimal luminal diameter — mm
In segment 2.03+0.78 2.15+0.59 0.23 0.11
In stent 2.25+0.80 2.41+0.62 0.12 0.05
Proximal margin 2.43+0.84 2.53+0.71 0.46
Distal margin 2.21+0.75 2.29+0.60 0.43
Stenosis — % of luminal diameters:
In segment 31.73+20.87 25.74+15.61 0.02 0.02
In stent 24.22+21.53 16.59+17.22 0.006 0.004
Proximal margin 17.18+23.45 12.63£19.61 0.13
Distal margin 25.09+20.09 20.74+14.84 0.08
Angiographic restenosis — no. (%)§
In segment 17 (16.5) 7 (6.9) 0.03 0.02
In stent 14 (13.6) 5 (4.9) 0.03 0.02
Proximal margin 1(1.0) 1(1.0) 1.0
Distal margin 2 (1.9) 1(1.0) 0.99

* Plus—minus values are means +SD. Late luminal loss was defined as the difference between the minimal luminal diam-
eter at the end of the procedure and the minimal luminal diameter at follow-up. Net luminal gain was defined as the dif-
ference between the minimal luminal diameter at follow-up and the minimal luminal diameter before the procedure.

7 P values were obtained after adjustment for the baseline characteristics shown in Table 1.

1 The extent of stenosis was defined as the difference between the reference diameter and the minimal luminal diameter,

divided by the reference diameter and multiplied by 100.

§ If angiographic restenosis was detected concomitantly in the in-stent area and any of the margins, it was counted only as

restenosis in the in-stent area.

eluting stent in that trial. A new treatment is con-
sidered noninferior to a standard treatment when
itretains 50 to 80 percent of the superiority that the
standard treatment has shown over placebo.32
Another issue that requires comment is our ob-
servation that the extent of in-segment late luminal
loss exceeded the extent of in-stent late luminal loss.
This finding differs from the results of most other
stenting trials, although a similar result was report-

ed among patients receiving a sirolimus stent in
the SIRIUS trial.12:16 The phenomenon of greater
in-segment late loss may be a consequence of two
factors. First, after the procedure, the in-stent min-
imal luminal diameter (2.65 mm) was nearly iden-
tical to the in-segment minimal luminal diameter
(2.62 mm) — a result that is somewhat unexpect-
ed, especially in diabetic patients with diffuse coro-
nary disease. Second, patients with diabetes have a
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distinctive, swiftly progressive form of atheroscle-
rosis, which increases the reactivity of the vascular
wall to the injury produced by the procedure at the
stent margins as well as the rate of natural progres-
sion of disease outside the stent, an effect presum-
ably mitigated within the stent by the antiprolifera-
tive properties of sirolimus and paclitaxel.

The incidence ratio of target-lesion revascular-
ization to angiographic restenosis in our study was
78.6 percent. In previous randomized trials com-
paring drug-eluting stents with bare-metal stents,
this ratio ranged from 38 and 46 percent!2:13 to 85
percent33 among patients assigned to receive the
drug-eluting stent. It is difficult to be certain of the
reason for the higher ratio in our study than in sev-
eral previous trials. The rate of late loss in our trial
was also higher than thatin other, similar trials, pos-
sibly because we limited our study population to
patients with diabetes. The higher rate may reflect
not only an increased incidence but also increased
severity of angiographically evident restenosis, in-
creasing the likelihood of the need for reinterven-
tion. In addition, diabetes mellitus is often perceived
as a disease that attenuates anginal symptoms even
in the presence of clinically significant coronary
artery stenosis. This perception may have induced
the clinicians to overestimate symptoms and low-
er their threshold for reintervention in some pa-
tients with angiographically evident restenosis in
the present trial.

Although the exact mechanism underlying our
findings remains unclear, pharmacologic differenc-
es between the two drugs, differences in the dose re-
sponse of patients with diabetes, or differences in
the properties of the two drug-delivery stents (such
as release kinetics and polymeric coating) may ac-
count for the results. A study of another high-risk
subgroup of patients (those with in-stent resteno-
sis) also found sirolimus stents to reduce the risk
of target-vessel revascularization more effectively
than did paclitaxel stents.34 These findings, how-
ever, cannot be extrapolated to a patient population
with a more favorable risk profile. This issue has
recently been investigated in other trials, and pre-
liminary results have been presented.35

In conclusion, we did not establish the nonin-
feriority of paclitaxel-eluting stents to sirolimus-
eluting stents in patients with diabetes and coronary
artery disease. Instead, we found that the use of the
sirolimus-eluting stent in this setting was associat-
ed with a decrease in the extent of late luminal loss,
suggesting a reduced risk of restenosis.
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Figure 1. Cumulative Rates of In-Segment Late Luminal Loss at Follow-up
Angiography.

Late luminal loss was defined as the difference between the minimal luminal
diameter at the end of the procedure and the minimal luminal diameter at fol-
low-up.

100+

€

g

o0 80

7]

v

£

Y

5% o

S .»

¥

g8 40

w n

Q

2

2

[x]

S 20

£

=]

O

O T T T T T 1
-20 0 20 40 60 80 100

Diameter Stenosis (%)

Figure 2. Cumulative Rates of In-Segment Stenosis at Follow-up
Angiography.

The extent of stenosis was defined as the difference between the reference
diameter and the minimal luminal diameter, divided by the reference diame-
ter and multiplied by 100.
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DRUG-ELUTING STENTS IN PATIENTS WITH DIABETES

APPENDIX

The following centers and investigators participated in the ISAR-DIABETES Study: Steering Committee: A. Schomig (chair), A. Kastrati
(principal investigator); Event-Adjudication Committee: J. Dirschinger, H. Schiihlen, J. Pache; Data-Coordinating Center: J. Mehilli, H.
Bollwein, C. Markwardt; Angiographic Core Laboratory: A. Dibra, S. Piniek, S. Meier; Clinical Follow-up Center: H. Holle, K. Hosl, F. Rod-
rigues, C. Peterler; Participating Centers and Investigators: Deutsches Herzzentrum, Munich — J. Pache, C. Schmitt, N. von Beckerath, R. Wessely;
Klinikum rechts der Isar, Munich — J. Dirschinger, H. Schiihlen, M. Seyfarth, M. Karch.
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Sex and Racial Difterences in the Management of
Acute Myocardial Infarction, 1994 through 2002
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Paul D. Frederick, M.P.H., M.B.A., Jerome L. Abramson, Ph.D.,
Hal V. Barron, M.D., Ajay Manhapra, M.D., Susmita Mallik, M.D.,
and Harlan M. Krumholz, M.D., for the National Registry
of Myocardial Infarction Investigators

ABSTRACT

BACKGROUND

Although increased attention has been paid to sex and racial differences in the manage-
ment of myocardial infarction, it is unknown whether these differences have narrowed
over time.

METHODS

With the use of data from the National Registry of Myocardial Infarction, we examined
sex and racial differences in the treatment of patients who were deemed to be “ideal can-
didates” for particular treatments and in deaths among 598,911 patients hospitalized
with myocardial infarction between 1994 and 2002.

RESULTS

In the unadjusted analysis, sex and racial differences were observed for rates of reper-
fusion therapy (for white men, white women, black men, and black women: 86.5, 83.3,
80.4, and 77.8 percent, respectively; P<0.001), use of aspirin (84.4, 78.7, 83.7, and
78.4 percent, respectively; P<0.001), use of beta-blockers (66.6, 62.9, 67.8, and 64.5
percent; P<0.001), and coronary angiography (69.1, 55.9, 64.0, and 55.0 percent;
P<0.001). After multivariable adjustment, racial and sex differences persisted for rates
of reperfusion therapy (risk ratio for white women, black men, and black women: 0.97,
0.91, and 0.89, respectively, as compared with white men) and coronary angiography
(relative risk, 0.91, 0.82, and 0.76) but were attenuated for the use of aspirin (risk ratio,
0.97, 0.98, and 0.94) and beta-blockers (risk ratio, 0.98, 1.00, and 0.96); all risks were
unchanged over time. Adjusted in-hospital mortality was similar among white women
(risk ratio, 1.05; 95 percent confidence interval, 1.03 to 1.07) and black men (risk ratio,
0.95; 95 percent confidence interval, 0.89 to 1.00), as compared with white men, but
was higher among black women (risk ratio, 1.11; 95 percent confidence interval, 1.06
to 1.16) and was unchanged over time.

CONCLUSIONS
Rates of reperfusion therapy, coronary angiography, and in-hospital death after myo-
cardial infarction, but not the use of aspirin and beta-blockers, vary according to race
and sex, with no evidence that the differences have narrowed in recent years.
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N RECENT YEARS, ATTENTION HAS BEEN
focused on variations in the treatment of coro-
nary heart disease thatare related to the sex and
race of the patient. Landmark studies in the late
1980s and early 1990s reported differences in treat-
ment according to sex and race.1* In the past de-
cade, other investigations have described a generally
consistent pattern of less intensive treatment of
acute myocardial infarction in women, as compared
with men,>11 and in blacks, as compared with
whites, 891217 gcross a variety of settings. Efforts
to remedy racial and sex differences in health care
use have received prominent attention, including a
recent Institute of Medicine report!8 and the Public
Health Service’s Healthy People 2010 initiative.1®
Although sex and racial differences in the treat-
ment of coronary heart disease have been docu-
mented for more than a decade, little is known
about whether these differences have persisted in
more recent years. We assessed temporal trends in
sex and racial differences in the use of guideline-
based management for patients hospitalized with
acute myocardial infarction.

METHODS

PATIENTS

Since July 1, 1990, hospitals participating in the
National Registry of Myocardial Infarction (NRMI)
have enrolled consecutive patients with myocar-
dial infarction, as previously described.2® Because
NRMI-1 (July 1990 through May 1994) collected
little information on patients’ characteristics, we
restricted our analysis to the 1,724,984 patients
from 1917 hospitals who were enrolled in NRMI-2
(June 1994 through March 1998), NRMI-3 (April
1998 through June 2000), and NRMI-4 (July 2000
through May 2002). We excluded 12,132 patients
with erroneous discharge dates and 381,018 pa-
tients who were transferred from another acute care
hospital because their early treatments were not
documented. We also excluded 131,474 patients
who survived less than 24 hours because of insuffi-
cient time to begin treatments; 40,881 patients of
unknown age, sex, race, or survival status; 60,689
patients whose race was not recorded as white or
black; and 55,316 patients with missing data for
model covariables. We restricted our analysis to 658
hospitals (out of 1917 hospitals) participating in
NRMI for the full study period, resulting in a final
sample of 598,911 patients. NRMI data collection

has previously been validated by comparison with
the Cooperative Cardiovascular Project.2! This pro-
tocol was deemed exempt from review by the insti-
tutional review board at Emory University.

TREATMENT OF MYOCARDIAL INFARCTION

Patients were evaluated for the use of treatments
recommended by the American College of Cardi-
ology—American Heart Association (ACC-AHA)
guidelines for the treatment of myocardial infarc-
tion since 1990.22-24 These included acute reperfu-
sion therapy for patients with ST-segment elevation
within 24 hours of admission, the administration
of aspirin and beta-blockers within 24 hours of ad-
mission, and coronary angiography during hospi-
talization. As secondary treatment end points, we
examined the frequency of coronary-artery bypass
graft (CABG) surgery and percutaneous translumi-
nal coronary angioplasty (PTCA) (except for primary
PTCA, which was included in our definition of re-
perfusion therapy) during hospitalization.

To exclude racial or sex variations in treatment
that may reflect differences in the proportion of pa-
tients for whom treatment is considered appropri-
ate, we identified subgroups of patients who were
ideally suited for each management strategy — in
other words, patients with the strongest indica-
tions for treatment (ACC—-AHA class I) and without
major contraindications, according to guidelines
published in 1990,22 1996,23 and 1999.24 When
variations were present in the three sets of guide-
lines, the 1996 guidelines were followed, since they
are similar to the 1999 guidelines and were pub-
lished closest to the beginning of our observation
period.

To avoid bias in regard to the availability of ser-
vices, rates of coronary angiography were calculated
among patients admitted to facilities with full ca-
pability of performing invasive cardiovascular pro-
cedures. Rates of use of CABG and PTCA were cal-
culated among patients admitted to these facilities
who were “ideal candidates” for coronary angiog-
raphy and who underwent angiography. Because
information was lacking on angiographic findings,
we were not able to define further patient eligibility
for revascularization. The only contraindication to
the use of aspirin in the initial management of
myocardial infarction is true allergy to salicylates,
which is uncommon and was not recorded in NRML
Therefore, no ideal-candidate subgroup was creat-
ed for aspirin.
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IN-HOSPITAL MORTALITY

We examined trends in hospital mortality accord-
ing to sex and race. This analysis was restricted to
patients who were not transferred to another acute
care hospital, since the survival status of transferred
patients in the second hospital was unknown.

STATISTICAL ANALYSIS

We categorized patients into four groups according
to race and sex: white men, white women, black
men, and black women. Sex and racial differences
in demographic and clinical factors and in the char-
acteristics of hospitals were assessed over the full
study period and stratified according to year of treat-
ment (with a year defined as the period from June
through May). We calculated crude rates of treat-
ment and in-hospital mortality for the selected sub-
groups of ideal-candidate patients in the four
groups.

We used logistic-regression models to derive
the likelihood of treatment and death for the four
groups.25 We tested whether differences in the use
of treatments according to sex and race changed
over time by including a three-way interaction term
reflecting the sex and race of patients and the year.
Three consecutive models were constructed for
each end point. Model 1 included sex, race, year,
and all two-way and three-way interaction terms
among sex, race, and year; model 2 expanded the
data in model 1 to include other demographic and
clinical factors; and model 3 expanded the data in
model 2 to include characteristics of the hospitals.
To assess whether the clustering of patients within
hospitals affected our results, analyses were repeat-
ed with the use of generalized-estimating-equation
models. The results were similar and are not report-
ed. All analyses were performed using SAS software
(version 8.2).

RESULTS

CHARACTERISTICS OF PATIENTS AND HOSPITALS

The mean age of patients did not change substan-
tially over time, but the prevalence of most coro-
nary risk factors increased in all subgroups (Table
1), whereas there was a decline in the proportion of
patients with ST-segment elevation or Q waves on
initial electrocardiography. The four subgroups
showed similar time trends in most factors, as
shown by the nonsignificant interaction among sex,
race, and year. In all years combined, there were

substantial differences in many factors according
to sex and race. For example, women in both racial
groups were older than men, whereas blacks in both
sex groups were younger than whites. As compared
with white men, fewer female and black patients
had ST-segment elevation or Q waves on initial elec-
trocardiography, but women and blacks had more
risk factors, a higher Killip class, and a longer delay
to reach the hospital. As compared with whites,
black patients tended to be hospitalized more often
in facilities that were used for teaching, were affili-
ated with medical schools, were located in urban
areas, and had equipment for performing cardio-
vascular procedures.

IDEAL CANDIDATES FOR TREATMENTS

AND PROCEDURES

The proportion of patients qualifying as ideal can-
didates for reperfusion and the administration of
beta-blockers was 50 percent or less and declined
over time in all groups. At each time point, women
and blacks were less likely than white men to be ide-
al candidates (Fig. 1). Approximately 10 percent
of patients were classified as ideal candidates for
coronary angiography. This percentage was simi-
lar in all sex and racial groups and fairly constant
over time.

TREATMENTS AND PROCEDURES

AMONG IDEAL CANDIDATES

In the unadjusted analysis, treatment rates differed
according to sex and race, with rates highest in
white men and lowest in black women (Table 2).
Differences were larger for rates of reperfusion ther-
apy and coronary angiography, particularly for black
women, but smaller for the use of aspirin and beta-
blockers. The use of aspirin and beta-blockers in-
creased over time, whereas rates of reperfusion
therapy remained stable and those of coronary an-
giography decreased slightly, with similar time
trends in the four demographic groups. As a result,
there was no significant variation over time in treat-
ment differences according to sex or race.

Results that were adjusted for the characteris-
tics of patients and hospitals were similar (Table 3).
Because models 2 and 3 provided almost identical
results, only the results of model 3 (adjusted for
both patient and hospital characteristics) are pre-
sented. The interaction among the factors of sex,
race, and year, as well as all other pairwise interac-
tions, were not significant, indicating that racial and
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Figure 1. Proportions of Patients Considered Ideally Suited for Treatments
and Procedures after Acute Myocardial Infarction, According to Sex and Race
by Study Year.

A year was defined in this study as the period from June through May.

sex differences in treatment did not change over
time. In absolute terms, black women remained the
group with the lowest rate of use of interventions.
As compared with white men, the adjusted risk ra-
tio for the use of reperfusion therapy in all years
combined was 0.97 for white women, 0.91 for black
men, and 0.89 for black women (P<0.001 for all
comparisons). For coronary angiography, corre-
sponding estimates were 0.91, 0.82, and 0.76
(P<0.001 for all comparisons). Adjusted differenc-
es for the use of aspirin and beta-blockers were
small. For the use of aspirin, the risk ratio during
the entire period was 0.97 for white women, 0.98
for black men, and 0.94 for black women, as com-
pared with white men (P<0.001 for all compari-
sons). For the use of beta-blockers, corresponding
figures were 0.98 (P<0.001), 1.00 (P=0.55), and
0.96 (P<0.001). Preferences of patients with respect
to reperfusion therapy were recorded starting in
1998. These data show few refusals for reperfusion
therapy (less than 0.5 percent) in each sex-and-race
subgroup.

Analysis of secondary treatment end points in-
dicated lower rates of use of CABG as compared
with white men, with an adjusted risk ratio of treat-
ment for white women, black men, and black wom-
en of 0.73, 0.74, and 0.63, respectively (P<0.001
for all comparisons). Adjusted differences in rates
of PTCA according to sex and race were small, ex-
cept for black women (risk ratio, 0.89; 95 percent
confidence interval, 0.83 to 0.95); white women had
slightly higher rates of PTCA than did white men
(risk ratio, 1.06; 95 percent confidence interval,
1.04 to 1.08). Data on the use of stents were avail-
able starting in 1998. There was a steady increase
in stent use over time, from 73.1 percent in 1998 to
87.3 percent in 2000 through 2002. Similar propor-
tions of patients undergoing PTCA received stents
regardless of sex or race, with similar time trends.
Racial and sex differences in the use of CABG and
PTCA did not change over the study period.

MORTALITY

Overall, 21.7 percent of patients were transferred
to other hospitals and excluded from assessment
of in-hospital mortality. The proportion of patients
who were transferred varied among groups accord-
ing to race and sex: 23.2 percent for white men,
18.0 percent for white women, 18.3 percent for
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black men, and 14.4 percent for black women
(P<0.001). Among patients who remained in the
same hospital, overall unadjusted mortality was
10.2 percent, ranging from 7.3 percent among black
men to 12.3 percent among white women (Table 2).
After adjustment for differences in age and other
characteristics of patients and hospitals, the death
rate in hospitals was similar among black men (risk
ratio as compared with white men, 0.95; 95 percent
confidence interval, 0.89 to 1.00) and white wom-
en (risk ratio, 1.05; 95 percent confidence interval,
1.03 to0 1.07), but higher among black women (risk
ratio, 1.11; 95 percent confidence interval, 1.06 to
1.16). Racial and sex differences did not change
over time.

DISCUSSION

There were notable differences and similarities in
the treatment and outcome of myocardial infarc-
tion according to race and sex from 1994 through
2002. As compared with white men, fewer black
men and black women received reperfusion thera-
py and coronary angiography, whereas black wom-
en had the highest adjusted mortality rate among
all sex and racial groups. In contrast, differences in
treatment and mortality between white women and
white men were generally small, as were differenc-
es between any of the four racial and sex groups in
the use of aspirin and beta-blockers. Racial and sex
differences were essentially unchanged between
1994 and 2002.

Management differences were greater when pa-
tients were compared according to race within each
sex (black men vs. white men and black women vs.
white women) than when they were compared ac-
cording to sex within each race (black men vs. black
women or white men vs. white women), suggest-
ing that disparities according to race may be more
important than disparities according to sex. Black
women had the highest risk of not receiving reper-
fusion therapy and coronary angiography. Several
previous studies also documented less aggressive
management of coronary disease in both wom-
en5-11 and blacks.8:9:12:14.15 The few studies that
examined subgroups classified according to both
sex and race also found the lowest rates among
black women.13,26,27

Treatment differences according to sex and race
persisted without much variation between 1994 and
2002. Although several studies investigated time
trends in management of acute myocardial infarc-

Table 3. Unadjusted and Adjusted Risk Ratios for Treatments, Procedures, and Outcomes among Hospitalized Patients Classified According to Sex, Race, and Study Year. *
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tion,28-30 none examined such trends with respect
to patients’ sex or race. Studies of patients who were
referred for cardiovascular evaluation31:32 found lit-
tle difference in managementaccording to sex, with
little variation over time. One study that was based
on administrative Medicare databases found small-
er differences between blacks and whites in the use
of coronary angiography and revascularization pro-
cedures in 1997 than in 1986.33 Since results were
adjusted only for sex and age, variations over time
may reflect variations in the characteristics of pa-
tients or in their diagnoses, rather than in patterns
of use in health care.

Despite considerable debate, reasons for these
differences are largely unknown. Potential explana-
tions are sex and racial differences in eligibility
for treatment, clinical contraindications, and con-
founding by other clinical factors.3*+ We mostly
excluded these possibilities by focusing on ideal
candidates and by adjusting for characteristics of
patients and hospitals, although some misclassifi-
cation is possible. It seems unlikely that misclassi-
fication affected our conclusions, because such
errors should not have occurred differentially ac-
cording to sex, race, or study year.

The preferences of patients regarding therapy
may play some role in the treatment differences
that were observed. Data on patients’ preferences
in NRMI were limited to reperfusion therapy in the
latest years; therefore, we could not account for the
preferences of patients in our analysis. However,
available data indicated very low rates of refusal
(less than 0.5 percent) in all sex and racial sub-
groups. Incomplete information regarding the time
of the onset of symptoms could also contribute to
differences in reperfusion therapy. These data were
more often missing for white women, black men,
and black women than they were for white men. To
minimize potential bias, only patients with com-
plete information regarding this factor were con-
sidered ideal candidates for reperfusion.

Probably, persistent differences in treatments
and procedures according to sex and race reflect
some unmeasured characteristic of patients or a
health care factor that has not changed over time.
There may be differences according to sex and race
in the early presentation of myocardial infarction
that lead to a delayed diagnosis in black women,
white women, and black men. This may affect early
treatment in these groups, particularly the use of
reperfusion. Similarly, unmeasured health care fac-

tors may lead to inequalities in the delivery of care
among demographic groups. A recent study found
that black patients tend to be treated by primary
care physicians with lower qualifications and to have
less access to subspecialist care, diagnostic imag-
ing, and nonemergency hospital admissions.35 Al-
though these results cannot be extrapolated to acute
inpatient care, provider-level differences according
to race may exist during an admission for myocar-
dial infarction — for example, the likelihood or
timing of referral to a specialist. Hospital-specific
effects may also account for a large portion of racial
and ethnic disparities in the time to reperfusion
therapy,3°¢ suggesting important unmeasured hos-
pital-level factors — perhaps poorer-quality centers
treating a disproportionate number of minority-
group patients. This, however, is not consistent with
our observation of larger treatment disparities, in
comparison with white men, for black women than
for black men, two groups who presumably have
similar rates of use of hospitals that serve members
of racial minorities.

The lack of narrowing in some differences in
treatment according to sex and race in recent years
is a cause for concern. Differences in treatment
paralleled to some extent differences in mortality
in our study, since black women were also the
group with the highest adjusted in-hospital mor-
tality rate. A full understanding of the reasons un-
derlying such differences requires further study.

Although clinical guidelines for the treatment
of acute myocardial infarction changed somewhat
during the study period, that change should not af-
fect our results, since we focused on patients who,
at each time point, were ideal candidates for each
intervention and since the definition was the same
for each sex and racial subgroup. We lacked infor-
mation on whether a history of asthma, chronic
obstructive pulmonary disease, dementia, or con-
duction disorders may have limited the use of beta-
blockers or whether a history of hypersensitivity to
salicylates or active ulcer disease may have discour-
aged the use of aspirin. There is no reason to expect
that these contraindications differed according to
sex or race over time. We also lacked data on socio-
economic factors, such as education and employ-
mentstatus, and were unable to separate the role of
sex or race from these factors. Information regard-
ing the time of the onset of symptoms was not avail-
able for all patients. The quantity of these missing
data increased over time in all sex and racial sub-
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groups with similar trends, making it unlikely that
missing values introduced bias. Finally, we did not
have access to angiographic data, so we cannot ex-
clude the possibility that observed differences in
rates of revascularization after coronary angiogra-
phy reflected overuse of procedures in white men,
rather than underuse in other groups of patients.
For this reason, rates of revascularization proce-
dures were considered secondary end points.
Differences in some treatments and procedures,
particularly reperfusion therapy and coronary an-
giography, according to sex and race persist after

myocardial infarction, with no substantial changes
from 1994 to 2002. Black women, the group with
the lowest rate of use of interventions, have higher
mortality rates than do other groups. Although the
reasons for these differences are unknown, their
persistence emphasizes the need for a continued
search for explanations so that inequities in clini-
cal care may be eliminated.
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SPECIAL ARTICLE

Racial Trends in the Use of Major Procedures
among the Elderly

Ashish K. Jha, M.D., M.P.H., Elliott S. Fisher, M.D., M.P.H., Zhonghe Li, M.A.,
E. John Oray, Ph.D., and Arnold M. Epstein, M.D., M.A.

ABSTRACT

BACKGROUND

Differences in the use of major procedures according to patients’ race are well known.
Whether national and local initiatives to reduce these differences have been successful
is unknown.

METHODS

We examined data for men and women enrolled in Medicare from 1992 through 2001
on annual age-standardized rates of receipt of nine surgical procedures previously
shown to have disparities in the rates at which they were performed in black patients
and in white patients. We also examined data according to hospital-referral region for
three of the nine procedures: coronary-artery bypass grafting (CABG), carotid endarter-
ectomy, and total hip replacement.

RESULTS

Nationally, in 1992, the rates of receipt for all the procedures examined were higher
among white patients than among black patients. The difference between the rates
among whites and blacks increased significantly between 1992 and 2001 for five of the
nine procedures, remained unchanged for three procedures, and narrowed significantly
for one procedure. We examined rates of CABG, carotid endarterectomy, and total hip
replacement in 158 hospital-referral regions (79 hospital-referral regions for black men
and white men and 79 for black women and white women) with an adequate number of
persons for each procedure. We found that in the early 1990s, whites had higher rates
for these procedures than blacks in every hospital-referral region. By 2001, the differ-
ence between whites and blacks (both men and women) in the rates of these proce-
dures narrowed significantly in 22 hospital-referral regions, widened significantly in
42, and were not significantly changed in the remaining hospital-referral regions. At
the end of the study period, we found no hospital-referral region in which the differ-
ence in rates between whites and blacks was eliminated for men or women with regard
to any of these three procedures.

CONCLUSIONS
For the decade of the 1990s, we found no evidence, either nationally or locally, that ef-
forts to eliminate racial disparities in the use of high-cost surgical procedures were suc-
cessful.
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LACK AMERICANS HAVE A MUCH LOWER
life expectancy and worse health outcomes
than white Americans. Large differences in
health outcomes between races have raised obvious
questions about differences in health care that
might contribute to these patterns. Numerous stud-
ies have documented racial disparities in the use of
major, high-cost surgical procedures that are not
explained by differences in patients’ clinical char-
acteristics.:2 The racial differences in the use of
surgical procedures occur for a broad range of clin-
ical indications and are largely independent of the
level of physician discretion involved in a proce-
dure.3 Although overuse of these procedures in
white patients may explain some of the disparity,
studies suggest that black patients undergo fewer
clinically important, evidence-based procedures
than white patients.*-7
Studies showing racial disparities in care have
received wide attention in the media since the early
1990s, prompting the federal government to devel-
op several initiatives to address this problem. In
1993, the National Institutes of Health started re-
quiring that minority patients be adequately repre-
sented in clinical studies, and funds were allocated
specifically to improve the health of members of
minority groups. In 1996, the Department of Health
and Human Services renewed its efforts within the
Office of Minority Health to eliminate racial and
ethnic disparities in health care with added fund-
ing and new initiatives to collaborate with local
agencies to improve care for members of minority
groups who have diabetes or cardiovascular dis-
ease.8 At least 34 states have established offices of
minority health, whose purpose, at least in part, is
to reduce disparities in care.® Recently, the Insti-
tute of Medicine called for the health care system to
take on the challenge of eliminating racial dispar-
ities.10
Despite clinical evidence collected over many
years showing important racial disparities and high-
profile initiatives to reduce them,8 we do not know
whether the inequities between blacks and whites
in the rates of procedures have begun to narrow, and
we are not aware of any prior studies that focused
on changes in the use of procedures since 1997.11
In this study, we examined how racial differences in
the receipt of nine major surgical procedures among
Medicare beneficiaries have changed over the past
decade. Analysis of trends in the use of these proce-
dures over time provides evidence of whether initi-

atives to reduce disparities have begun to work. Giv-
en substantial regional variation in the patterns of
disparities,12 we also studied local regions, where
initiatives might be most effective, in order to detect
whether in those regions racial disparities might
have been reduced or increased.

METHODS

PATIENTS AND PROCEDURES

We used all data for Medicare beneficiaries enrolled

in fee-for-service programs from 1992 through 2001

to calculate the rates of performance of nine proce-

dures. We chose these particular procedures be-

cause they are common, relatively expensive, and as-

sociated with significant rates of disease and death

and because previous studies have found racial dif-

ferences in their rates of use.1:3:12-14 The rates of
the procedures we evaluated (categorized accord-

ing to the coding of the International Classification of
Diseases, Ninth Revision [ICD-9]) were the following:

abdominal aortic aneurysm repair (ICD-9 codes

38.44 and 39.25 restricted to the diagnoses 0f441.3

to 441.9); back surgery (03.0x, 03.1x, 03.2x, 03.32,

03.39, 03.4, 03.5%, 03.6, 03.93, 03.94, 03.96, 80.5

t0 80.59, and 81.0 to 81.09); coronary-artery bypass

grafting (CABG) (36.10 to 36.19); percutaneous

transluminal coronary angioplasty (36.01, 36.02,

and 36.05); cardiac valve replacement (35.20 to

35.24); carotid endarterectomy (38.12); total hip

replacement (81.51, 81.59 excluding diagnosis of
820 to 821.39, and 996.0 to 996.99); total knee re-

placement (81.41 and 81.54); and appendectomy
(diagnosis-related groups 164 to 167).

We used the denominator file of all Medicare
beneficiaries to identify resident persons 65 years
of age or older who were enrolled in Medicare be-
tween 1992 and the end of 2001. Any person who
was not listed in the denominator file as being en-
rolled on June 30 of a given year (either because of
enrollment in a health maintenance organization or
enrollment late in the year) was excluded from the
numerator (number of procedures) and denomina-
tor (total number of persons eligible for the proce-
dure) for that year. We focused our analysis on
comparisons between black persons enrolled and
nonblack persons enrolled. However, as others have
done,15 we refer to the nonblack population as
white, even though approximately 5.5 percent of
such subjects in 2001 were members of other races
or ethnic groups.
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VARIABLES
Race (black or white) according to data collected
for Medicare enrollment, age (in categories of 65 to
69 years, 70 to 74 years, 75 to 79 years, 80 to 84
years, and 85 to 99 years), sex, and ZIP Code were
determined with the use of the denominator files.
ZIP Code was linked with data from the 2000 Cen-
sus to obtain the median income of people living
within a ZIP Code. The outcome was whether a per-
son enrolled in Medicare had a procedure or did not
have the procedure. The primary outcome, the dif-
ference between whites and blacks (or the white-
minus-black gap) according to sex, was the differ-
ence in the age-adjusted rate of the procedure
between whites and blacks enrolled in a given year.
We defined health care markets as hospital ser-
vice areas and further aggregated these areas into
306 hospital-referral regions, as previously de-
scribed for the Dartmouth Atlas of Health Care
project.1¢ Hospital service areas are defined on the
basis of patterns of travel to receive hospital care
among those enrolled in Medicare, and hospital-
referral regions are defined on the basis of travel
for tertiary care among those enrolled in Medicare.
We restricted regional analyses to hospital-referral
regions in which the expected number of proce-
dures among both black patients and white patients
was at least 25.12

ANALYSIS
We examined the Medicare enrollee census for each
year from 1992 through 2001 and calculated the an-

nual age-adjusted rates for each procedure accord-
ing to race and sex separately. Rates were calculated
by dividing the number of procedures (numerator)
by the total number of patients eligible for the pro-
cedure (denominator) within each category (age,
race, and sex) aggregated nationally. We used indi-
rect standardization to create national age-adjusted
rates for each group according to race and sex for
each year.1”

Our primary aim was to determine whether the
gaps in rates between blacks and whites increased
or decreased over time for each procedure. We built
linear regression models for men and women sep-
arately in which we used age-adjusted differences
between whites and blacks in the rates of proce-
dures as the outcome and year (the continuous var-
iable) as the main predictor. We also plotted the
rates over time for three procedures (CABG, total
hip replacement, and carotid endarterectomy) to
understand better the evolution of patterns of care.
We chose these three procedures because they are
common and represent both cardiovascular and or-
thopedic conditions.

We also sought to determine whether there were
changes in the gaps between whites and blacks in
the rates of procedures over time within local re-
gions. We limited the analyses to CABG, total hip
replacement, and carotid endarterectomy in hospi-
tal-referral regions in which the expected number
was atleast 25 procedures for each group according
to race and sex. We began by pooling data from 1992
through 1994 to achieve an adequate sample size

Table 1. Characteristics of the Study Population of Fee-for-Service Patients Enrolled in Medicare, According to Year.*

Characteristic (N=29,247,133)
Age
65-69 yr 30 29
70-79 yr 46 46
=80 yr 24 25
Female sex 60 60
Black race 7 7
Region
West 26 25
Midwest 23 24
South 26 26
Northeast 25 25

1992 1995 1998 2001
(N=29,248,026)

(N=27,041,785) (N=27,656,346)

percent

27 27
47 46
26 28
60 60

7 7
25 26
25 24
27 28
23 23

* Percentages may not total 100 because of rounding.
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and adequate stability of the rates of procedures for
each group within each hospital-referral region.
The rates of procedures among blacks and whites
were then indirectly standardized according to age,
and these standardized rates were compared with
the use of a log transformation and the usual for-
mula for the standard error.1® We report both the
number of hospital-referral regions in which the
procedure rate among whites exceeded thatamong
blacks and the number of hospital-referral regions
for which the difference in rate is significant at the
level of P<0.05.

Other outcomes included whether the difference
in the rate of procedures between whites and blacks
changed over time in each hospital-referral region.
We performed a linear regression analysis for each
hospital-referral region with the yearly difference
between whites and blacks in the standardized rates
of procedures as the dependentvariable and the year

(from 1992 to 2001) as the independent predictor.
We report the number of hospital-referral regions
in which the gaps between whites and blacks in the
use of a procedure widened over time and the num-
ber in which the gaps narrowed over time as well as
the number in which these changes were statisti-
cally significant at the level of P<0.05.

Finally, we pooled data from the last three years
of the study (1999 through 2001) to determine the
number of hospital-referral regions in which the
gaps still favor white patients and in how many re-
gions these gaps remain statistically significant. To
illustrate the changes in rates over time (on the ba-
sis of the data for 1992 through 1994 and those for
1999 through 2001) and for comparisons between
white patients and black patients, we plotted the
rates for 1992 through 1994 against those for 1999
through 2001 for each hospital-referral region and
race according to sex and procedure.

Table 2. Rates and Changes in Rates of Procedures among Men and Women Enrolled in Medicare, 1992 and 2001.*
Change in Gap
Procedure 1992 2001 per Yearj
Whites  Blacks  Difference Whites  Blacks  Difference
Men
Repair of abdominal 2.10 0.57 1.53 1.59 0.51 1.08 -0.453%
aortic aneurysm
Angioplasty 21.34 11.86 9.48 28.19 19.67 8.52 -0.96
Back surgery 3.05 1.59 1.46 4.70 2.51 2.19 0.73
CABG 9.01 2.72 6.29 9.80 4.11 5.69 -0.60
Carotid endarterectomy 3.13 0.82 2.31 4.42 1.44 2.98 0.67
Total hip replacement 1.96 0.86 1.10 2.60 1.08 1.52 0.425;
Knee replacement 3.47 1.19 2.28 5.05 1.85 3.20 0.92%
Valve replacement 1.43 0.48 0.95 191 0.73 1.18 0.235
Appendectomy 0.46 0.32 0.14 0.55 0.31 0.24 0.10%
Women
Repair of abdominal 0.39 0.23 0.16 0.37 0.25 0.12 -0.04
aortic aneurysm
Angioplasty 11.68 10.07 1.61 16.83 17.35 -0.52 -2.13%
Back surgery 2.62 1.48 1.14 433 2.37 1.96 0.821
CABG 3.14 1.80 1.34 3.70 2.82 0.88 -0.46
Carotid endarterectomy 1.59 0.64 0.95 2.42 1.15 1.27 0.32
Total hip replacement 2.36 1.24 112 3.33 1.86 1.47 0.35%
Total knee replacement 4.32 3.47 0.85 6.61 5.10 151 0.66%
Valve replacement 0.89 0.39 0.50 1.17 0.64 0.53 0.03:

* CABG denotes coronary-artery bypass grafting.

" The gap was calculated as the procedure rate among whites minus that among blacks; a minus sign signifies a narrowing

of the difference between whites and blacks in the rates of a procedure.
i P for trend <0.05 in the multivariable linear regression models.
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RESULTS

There were approximately 29 million enrollees in
our denominator files for each year from 1992
through 2001. During the 1990s, the percentage of
those enrolled in Medicare in the oldest age groups
(80 to 99 years of age) rose from 24 to 28 percent,

whereas the percentage in the youngest age group
declined (Table 1). The percentages of enrollees who
were female or white remained relatively constant.

NATIONAL RATES OF PROCEDURES
National rates of the use of the procedures among
Medicare enrollees increased during the study pe-
riod from 1992 through 2001 for eight of the nine
procedures studied (i.e., all except repair of an ab-
dominal aortic aneurysm), and the increases were
generally present for each group according to sex
and race (Table 2). Among men, the rates for all nine
procedures were higher among whites than among
blacks in 1992. The difference in rates between
whites and blacks (the rate for whites minus the
rate for blacks) widened significantly for five pro-
cedures, narrowed significantly for one procedure,
and did not change significantly for three proce-
dures (Table 2). For example, the gap in the rate of
repair of an abdominal aortic aneurysm narrowed
significantly (gap among men, 1.53 procedures per
1000 enrollees vs. 1.08 procedures in 1992 vs.
2001; change, —0.45 procedure per 1000 enrollees;
P=0.03). The findings among women were similar.

When we examined the rates for CABG, total hip
replacement, and carotid endarterectomy in greater
detail (Fig. 1), we found that the patterns of use
over time varied according to procedure. There were
steady increases in the rates of total hip replacement
among white women, white men, and black wom-
en, but those among black men remained relatively
stable (Fig. 1A). In contrast, there was a sharp rise in
rates of carotid endarterectomy from 1993 through
1995 for all groups, although the increase was much
more pronounced among whites than among blacks
(Fig. 1B). These changes followed the publication
of the results of two clinical trials that expanded the
indications for carotid endarterectomy.19:2° The
rates for CABG remained relatively stable from 1992
through 2001, with small increases early in this pe-
riod for all groups and small decreases late in the
period (Fig. 1C).
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PROCEDURES WITHIN HOSPITAL-REFERRAL
REGIONS

When we examined hospital-referral regions that
had an adequate number of persons for the analysis
of the frequency of CABG, total hip replacement,
and carotid endarterectomy, we noted several find-
ings (Table 3). First, whites underwent a greater
number of these three procedures than blacks in
every hospital-referral region from 1992 through
1994. For example, among men, in all 20 hospital-
referral regions that had an adequate sample size,
whites had more total hip replacements than blacks,
although the racial difference was statistically sig-
nificant in only 17 of these hospital-referral regions
(Table 3). Next, we found that during the study pe-
riod, the gap between whites and blacks for total
hip replacement widened in 17 of these 20 hospital-
referral regions (in 5, the changes were statistically
significant) and narrowed in 3 (none were statisti-
cally significant) (Table 3). The majority of the hos-
pital-referral regions also showed a widening gap
between whites and blacks for carotid endarterec-
tomy, although for CABG, a majority of the hospi-
tal-referral regions showed a narrowing of the gap.
Finally, from 1999 through 2001, more of each of
the three procedures were performed among white

Table 3. Increase, Decrease, or Elimination of Racial Difference in the Largest
Hospital-Referral Regions.*

Procedure

Men

Women

Gap between Whites and Blacks in HRRs7
Gap >0, Gap Gap Gap >0,
1992-1994 Widened Narrowed 1999-2001
no. of HRRs (no. with significant result) -
Total hip replacement 20 (17) 17 (5) 3(0) 20 (18)
Carotid endarterectomy 19 (19) 15 (8) 4 (0) 19 (19)
CABG (40 HRRs) 40 (40) 17 (8) 23 (7) 40 (40)
Total hip replacement 20 (18) 17 (13) 3(1) 20 (19)

Carotid endarterectomy 19 (19) 14 (6) 5(2) 19 (19)

CABG (40 HRRs) 40 (39) 9(2) 31(12) 40 (39)

* HRRs denotes hospital-referral regions, and CABG coronary-artery bypass

grafting.

T The gap was calculated as the procedure rate among whites minus that

among blacks.

1 P<0.05 was considered to indicate a statistically significant result.

men than among black men in every hospital-refer-
ral region, and most of the differences in the rates of
use were statistically significant. In our analyses of
hospital-referral regions according to procedures
performed among black women and white wom-
en, the trends in racial differences in rates of use of
these procedures were qualitatively similar.

We also examined the stability of the rates at the
start of the study (between 1992 and 1994) and at
the end of the study (between 1999 and 2001). Hos-
pital-referral regions that had high rates of proce-
dures among white patients also had relatively high
rates among black patients (Spearman correlations
ranging from 0.20 to 0.60 according to sex and pro-
cedure in the early period, and from 0.50 to 0.86 in
the later period). Similarly, the rates at the start of
the study period closely predicted the rates at the end
of the study period (Fig. 2); this was true among
both whites and blacks. Whereas the rates of the use
of the procedures were higher among whites than
among blacks in each hospital-referral region,
blacks in a few regions had higher rates than did
whites in other regions, a phenomenon that was
true for both periods examined (Fig. 2). The vari-
ation in the rates of procedures among hospital-
referral regions was also substantial for each race.

DISCUSSION

We examined trends in the rates of use of nine ma-
jor procedures among black persons and white per-
sons enrolled in Medicare between 1992 and 2001
and found that racial differences in these rates did
not narrow meaningfully during this decade. The

Figure 2 (facing page). Comparisons of the Rates of Three
Major Surgical Procedures Performed in Two Periods
(1992 through 1994 and 1999 through 2001) among
Black Men and White Men and among Black Women and
White Women per 1000 Persons Enrolled in Medicare.

Panel A shows the rates in selected hospital-referral re-
gions of carotid endarterectomy among black men (red
squares) and white men (dark blue diamonds), and Panel
B shows the rates of this procedure among black women
(blue squares) and white women (yellow diamonds). Pan-
el C shows the rates in selected hospital-referral regions
of CABG among black men and white men, and Panel D
shows the rates of this procedure among black women
and white women. Panel E shows the rates in selected
hospital-referral regions of total hip replacement surgery
among black men and white men, and Panel F shows the
rates for this procedure among black women and white
women.
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A Carotid Endarterectomy among White Men and Black Men
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rates of the procedures performed were greater
among whites than among blacks for every proce-
dure examined. Racial differences in these rates wid-
ened for five procedures, narrowed for one, and re-
mained statistically unchanged for three. We found
no local regions in which racial differences in care
were eliminated altogether by 2001.

More than 600 studies have documented racial
and ethnic differences in health care dating back at
least to the 1980s.1 These studies suggested that ra-
cial and ethnic differences reflect, in part, underuse
by black patients, who fail to receive these proce-
dures when their use is clinically appropriate. In re-
sponse to this evidence, numerous national and lo-
cal initiatives have been developed to reduce racial
differences in health care. Our findings show that,
despite these efforts, differences between white
Medicare enrollees and black Medicare enrollees in
the rates of major procedures did not change mean-
ingfully in the 1990s. Moreover, we did not find a
single hospital-referral region (in the 158 sex-spe-
cific and procedure-specific analyses performed)
in which the difference in rates (the white-minus-
black gap) of the use of CABG, total hip replace-
ment, or carotid endarterectomy was eliminated.

Previous studies>13:21-25 have suggested that ra-
cial gaps in the use of the procedures we evaluated
are unlikely to represent only differences in disease
incidence or in patients’ preferences. Numerous
studies have shown that differences in rates of car-
diovascular procedures represent a mix of overuse
among whites and underuse among blacks.>:13,21-23
Likewise, racial differences in rates of total knee re-
placement and total hip replacement are unlikely
to be due to differences in disease incidence, given
that the incidence of osteoarthritis among blacks is
similar to if not greater than that among whites.24:25

Appendectomy is traditionally considered a
procedure that involves little physician discretion,
although two prior studies have found results con-
sistent with ours.3,26 Whether the incidence of ap-
pendicitis differs between whites and blacks is un-
known. Blacks are more likely than whites to have a
ruptured appendix at the time of appendectomy,2”
indicating either delayed presentation or a greater
reluctance among surgeons to perform the proce-
dure. Whites are more likely than blacks to have
false negative appendectomies, 28 indicating either
differences in clinical presentation or a lower
threshold to perform surgery. The combination of
these findings suggests that there are likely clini-

cally important racial differences in the care of pa-
tients with appendicitis.

Although procedure rates among blacks in-
creased for all procedures in the 1990s, this increase
did not reduce the racial gaps, because rates among
white patients increased even faster than those
among black patients for all procedures except re-
pair of an abdominal aortic aneurysm. For example,
the rates of carotid endarterectomy substantially in-
creased in 1995, soon after the publication of major
trials showing benefits of this procedure in patients
with carotid-artery stenosis.19:2° However, most of
this increase in rates of carotid endarterectomy oc-
curred among the white population, perhaps be-
cause white patients were more aggressive in seek-
ing surgical remedies after the data were released
or, alternatively, because the doctors who cared for
white patients were early adopters of a more aggres-
sive surgical approach. Surgical repair of an abdom-
inal aortic aneurysm was the one procedure in which
the gap between whites and blacks for the use of a
procedure decreased. The narrowing of this gap oc-
curred in the late 1990s and was associated with the
disproportionate receipt among whites of proce-
dures involving new endovascular techniques in-
stead of the traditional surgery for repair of an ab-
dominal aortic aneurysm.29

Our study has important limitations. First, we
could not differentiate between overuse among
white patients, underuse among black patients, or
some combination of the two. We can only show
that whites and blacks continue to receive very dif-
ferent care. Further, it is possible that the clinical
indications or patients’ preferences for the proce-
dures examined have changed in ways that explain
the persistence of gaps between their use in white
patients and black patients. However, there are no
data on how clinical indications or patients’ prefer-
ences have changed over time. Finally, because we
could examine individually only those hospital-
referral regions with an adequate number of per-
sons that would allow for statistically precise esti-
mates of rates of procedures, changes in gaps in
their use between blacks and whites in other regions
are possible.

In conclusion, we studied racial differences in the
receipt of nine major surgical procedures among
persons enrolled in Medicare and found that there
have been no meaningful, consistent reductions in
the gaps in care between black enrollees and white
enrollees. Although substantial local and national
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attention has been paid to the issue of racial dispar-
ities, we found no evidence that the disparities in the
rates of use of the procedures examined have been
reduced. Numerous other studies have shown that
the gaps in care represent, in part, both underuse

among black persons and overuse among white
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SPECIAL ARTICLE

Trends in the Quality of Care and Racial
Disparities in Medicare Managed Care

Amal N. Trivedi, M.D., M.P.H., Alan M. Zaslavsky, Ph.D.,
Eric C. Schneider, M.D., M.Sc., and John Z. Ayanian, M.D., M.P.P.

ABSTRACT

BACKGROUND

Since 1997, all managed-care plans administered by Medicare have reported on qual-
ity-of-care measures from the Health Plan Employer Data and Information Set (HEDIS).
Studies of early data found that blacks received care that was of lower quality than that
received by whites. In this study, we assessed changes over time in the overall quality
of care and in the magnitude of racial disparities in nine measures of clinical perfor-
mance.

METHODS

In order to compare the quality of care for elderly white and black beneficiaries en-
rolled in Medicare managed-care plans who were eligible for at least one of nine
HEDIS measures, we analyzed 1.8 million individual-level observations from 183 health
plans from 1997 to 2003. For each measure, we assessed whether the magnitude of the
racial disparity had changed over time with the use of multivariable models that adjust-
ed for the age, sex, health plan, Medicaid eligibility, and socioeconomic position of
beneficiaries on the basis of their area of residence.

RESULTS

During the seven-year study period, clinical performance improved on all measures for
both white enrollees and black enrollees (P<0.001). The gap between white beneficia-
ries and black beneficiaries narrowed for seven HEDIS measures (P<0.01). However,
racial disparities did not decrease for glucose control among patients with diabetes
(increasing from 4 percent to 7 percent, P<0.001) or for cholesterol control among
patients with cardiovascular disorders (increasing from 14 percent to 17 percent;
change not significant, P=0.72).

CONCLUSIONS
The measured quality of care for elderly Medicare beneficiaries in managed-care plans
improved substantially from 1997 to 2003. Racial disparities declined for most, but not
all, HEDIS measures we studied. Future research should examine factors that contrib-
uted to the narrowing of racial disparities on some measures and focus on interven-
tions to eliminate persistent disparities in the quality of care.
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QUALITY AND RACIAL DISPARITY IN MEDICARE MANAGED CARE

ESPITE DECADES OF IMPRESSIVE SCI-

entific and clinical innovations, substan-

tial deficiencies persist in the quality of
health care in the United States,1-3 and troubling
disparities exist in the quality of care for racial and
ethnic minorities.*8 Efforts to improve the quality
of health care and attempts to reduce disparities in
treatment may be connected, because variations in
appropriate care that are not caused by clinical fac-
tors or by the informed preferences of patients are,
by definition, indicators of suboptimal care.®

Recently, signs of an improved quality of care
have been evident both within and outside man-
aged-care settings.10-12 These improvements may
be related to efforts to measure and report clinical
performance. However, little is known about wheth-
er general improvements in the quality of care are
also accompanied by reductions in racial and eth-
nic disparities. Quality-improvement efforts may
reduce such disparities, but they also may have no
effect or even increase disparities.

A recent study of patients with end-stage renal
disease suggested that broadly targeted interven-
tions to improve the quality of care were associat-
ed with reduced racial disparities in hemodialysis
dosing.13 However, an analysis of the adminis-
tration of influenza vaccine to Medicare benefi-
ciaries showed that higher rates of vaccination in
managed-care plans, as compared with the rates in
fee-for-service plans, were not associated with re-
duced disparities on the basis of race.”

Within the Medicare program, managed-care
plans provide an opportune setting to examine the
relation between improvements in the quality of
health care and changes in racial disparities. Health
plans are particularly well positioned to improve
care, because they finance and monitor the provi-
sion of health services to enrollees.1214 Since 1997,
all health plans participating in Medicare have
been required to submit publicly reported perfor-
mance measures from the Health Plan Employer
Data and Information Set (HEDIS) developed by the
National Committee for Quality Assurance (NCQA).
In previous studies of HEDIS measures, black en-
rollees were less likely to receive beta-blockers af-
ter myocardial infarction, eye examinations after
receiving a diagnosis of diabetes, follow-up care
after hospitalization for mental illness, and influ-
enzavaccinations.®3

In this study, we report on trends in the quality
of care provided to enrollees in Medicare managed-
care plans from 1997 to 2003 and assess whether

racial disparities in quality changed during this
period. Evaluation of HEDIS performance trends
by race can provide important information about
whether broad improvements are associated with
narrowed or widened racial disparities in the qual-
ity of medical care.15

METHODS

STUDY POPULATION

We obtained HEDIS data for Medicare managed-
care plans from the Centers for Medicare and Med-
icaid Services (CMS) covering seven reporting years
(1998 to 2004) with information regarding clini-
cal care thatwas delivered from 1997 to 2003. These
data contained 2,691,482 observations for enroll-
ees who were eligible for at least one of the nine
HEDIS indicators described in Table 1. Each obser-
vation included the patient’s health identification
code and health plan, as well as variables indicat-
ing eligibility for and adherence to each HEDIS
measure.

NCQA developed detailed specifications for
measures that define criteria for inclusion in the
sample and the method for the calculation of ad-
herence to each HEDIS quality indicator. To ensure
that health plans prepared data in accordance with
NCQA specifications and that the data would be
valid for use in health plan comparisons, the CMS
conducted two audits of HEDIS reporting by Medi-
care managed-care plans during 1998. The audits
included a review of data systems, interviews with
health plan personnel, and a centralized review of
medical records. In the initial phase of these audits,
90.3 to 96.6 percent of health plans that reported
data were fully compliant with the technical speci-
fications of the three HEDIS measures of effective-
ness of care. After completion of the audit, all plan-
reported rates were within 1 percentage point of
audit-derived rates.16

Using the health identification code, we matched
each enrollee with HEDIS data on at least one mea-
sure with the file of Medicare enrollees for the cor-
responding year to obtain demographic informa-
tion on the race, age, sex, and ZIP Code of residence
of beneficiaries and to ascertain whether they also
had Medicaid coverage. We achieved a match rate
of 96 percent, or 2,573,166 observations. We exclud-
ed 229,938 observations for enrollees who were un-
der the age of 65 years, 201,323 observations for
enrollees who were of a race or ethnic background
other than black or white, and 44,150 observations
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Table 1. Description of HEDIS Measures of Quality of Care.*

Measure

Mammogram

Diabetes care

Eye examination

Testing of glycosylated hemoglobin level
Control of glycosylated hemoglobin level
Testing of LDL cholesterol level

Control of LDL cholesterol level

Beta-blocker use

Testing of LDL cholesterol level

Control of LDL cholesterol level

Breast-cancer screening

Cardiovascular care

ous transluminal coronary angioplasty

Description Years
Mammography within the past two years for women 65-69 yr 1997-2003
Retinal examination by an eye care professional within the past year 1999-2003
1999-2003
1999-20027
1999-2003
1999-2003
Receipt of a prescription for a beta-blocker within seven days after discharge ~ 1997-20027
from hospital for treatment of acute myocardial infarction
Testing of LDL cholesterol after discharge from hospital for treatment of 1998-2003
acute myocardial infarction, coronary-artery bypass graft, or percutane-
Level of LDL below 130 mg/d| after discharge from hospital for treatment 1999-200271
of acute myocardial infarction, coronary-artery bypass graft, or percuta-

neous transluminal coronary angioplasty

Testing of glycosylated hemoglobin within past year
Levels of glycosylated hemoglobin below 9.5%
Testing for LDL cholesterol within past year

Level of LDL cholesterol below 130 mg/dl

s

* LDL denotes low-density lipoprotein.
r Data for 2003 were excluded because NCQA changed its specifications for measurement, which prevented a comparison with rates in previ-

ous years. For the measure of glycosylated hemoglobin levels, the adherence threshold was lowered to less than 9.0 percent in 2003. For the
beta-blocker measure, the exclusion criteria of congestive heart failure, left ventricular dysfunction, and diabetes were removed and chronic

obstructive pulmonary disease was added for the denominator population. For the measure of LDL cholesterol after myocardial infarction or
a coronary procedure, the adherence threshold was lowered to a level of less than 100 mg per deciliter.

reported by NCQA for this year.

1 Data from 1998 were excluded for the initial year, since health plans reported incomplete data. Information for this measure was not publicly
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for enrollees who died during the year of measure-
ment (with some overlap of enrollees in these three
exclusion categories). This process yielded a total
study sample of 2,122,809 observations, of which
9.2 percent were for black enrollees. To reduce the
likelihood that trends in performance and dispar-
ities might be a result of the entrance and exit of
health plans from Medicare, our primary analysis
excluded 319,358 observations from health plans
with less than five years of continuous participation
in Medicare managed care. (In a secondary analy-
sis, we did not exclude health plans with less than
five years of participation and instead included ob-
servations for eligible patients from all health plans
that participated in Medicare managed care for at
least one year during the study period. Results were
similar and are not shown.)

The primary study sample included 1,803,451
observations (9.4 percent for black enrollees) from
183 health plans for the nine HEDIS indicators. The
sample size of observations over the entire study pe-
riod ranged from 79,133 for the beta-blocker mea-
sure to 1,035,946 for the breast-cancer-screening
measure.

N ENGL J MED 353;7 WWW.NEJM.ORG

STUDY VARIABLES

Our dependent variables were the receipt of each
HEDIS indicator (Table 1) by eligible enrollees.
Our chief independent variable was black or white
race, and these designations are highly accurate
in Medicare enrollment data.1? Covariates included
age, sex, enrollment in Medicaid, the percentage
of persons 65 years of age or older within the en-
rollee’s ZIP Code with an income of less than the
federal poverty level, the percentage of persons 65
years of age or older in the enrollee’s ZIP Code who
had attended college, and urban residence. Data
on poverty, educational level, and urban residence
within a particular ZIP Code were obtained from
the 2000 U.S. Census.

STATISTICAL ANALYSIS
We assessed demographic and socioeconomic char-
acteristics of the population that was eligible for
each HEDIS measure. For white enrollees and black
enrollees in each year, we calculated the perfor-
mance for each HEDIS measure as the percentage
of eligible enrollees who were reported to have
achieved the performance measure.
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Table 2. Demographic Characteristics of the Study Population as Measured by HEDIS, by Year.*

Measure (Initial Year—Final Year)

Breast-cancer screening (1997-2003)
Sample size

Mean age —yr

Medicaid recipient — %
Below poverty level — %
Some college or above — %
Urban residence — %
Diabetes care (1999-2003)
Sample size

Mean age —yr

Female sex — %

Medicaid recipient — %
Below poverty level — %
Some college or above — %
Urban residence — %

Beta-blocker prescribed after myocardial infarction
(1997-2003)

Sample size

Mean age — yr

Female sex — %

Medicaid recipient — %
Below poverty level — %
Some college or above — %
Urban residence — %

Cholesterol management after myocardial infarction
or coronary procedure (1999-2002)

Sample size

Mean age —yr

Female sex — %

Medicaid recipient — %
Below poverty level — %
Some college or above — %

Urban residence — %

Whites Blacks
Initial Year  Final Year Initial Year  Final Year
no. of patients
92,894 148,577 6,775 11,494
67 67t 67 67t
41 9 107
3 8+ 16 14+
39 367 29 307
91 84+ 97 971
77,154 61,998 12,663 8,647
69 707 69 697
48 48 59 59
4 67 12 13
8+ 16 144
36 367 28 30t
87 877 95 97%
8,864 8,686 510 686
74 757 73 747
42 457 51 50
3 5% 12 15
8 87 17 17+
36 347 27 267
89 887 98 977
18,326 20,029 1,048 1,414
70 707 70 707
34 34 49 50
3 54 13 167
8 87 16 167
36 35t 27 277
88 877 97 97%

* Classification regarding patients’ socioeconomic level, educational attainment, and residence in an urban area was per-
formed on the basis of ZIP-Code data from the 2000 U.S. Census.
T The number is significantly different from that in the initial year (P<0.05).

To determine adjusted rate differences between
white enrollees and black enrollees, we fitted sepa-
rate linear models predicting receipt of each HEDIS
measure to each year’s data. To assess trends, we
fitted models to combined data from the first and
last usable year for each measure. We assessed the
overall trend in the quality of care by testing the sig-

nificance of the year effect in the model without a
race-by-year interaction. To assess changes in racial
disparity on the risk-difference scale, we tested the
significance of a race-by-year interaction term.

In order to determine the adjusted effect of vari-
ables regarding demographic characteristics, health
plan, and socioeconomic factors on racial dispari-
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ties in the quality of care, we fitted three versions of
each of these linear regression models. Adjusted
rates and differences then corresponded to those
predicted at the mean values of the adjuster varia-
bles. The first model adjusted for age and sex. The
second model added to the first model variables for
rural residence and health plan (defined as a Medi-
care managed-care contract). Because each contract
is typically limited to a specific state (except for a
few health plans that serve contiguous areas in ad-
jacent states) and the addition of variables by state
did not significantly alter regression results after
controlling for health plan, we did not include fur-
ther geographic controls. The third model added
to the second model variables for Medicaid eligi-
bility and ZIP-Code-level variables for income and
education. All analyses were performed using SAS
statistical software (version 9.1) and are reported
with two-tailed P values. Our study protocol was ap-
proved by the Human Studies Committee of Har-
vard Medical School and the CMS Privacy Board.

RESULTS

The demographic and socioeconomic characteris-
tics of the enrollees who were eligible for each of

the four categories of HEDIS measures during the
initial and final years of measurement are shown in
Table 2. As compared with the proportion of white
enrollees, a higher proportion of black enrollees
was female, eligible for Medicaid, and living in ur-
ban areas that had higher rates of poverty and low-
er rates of educational attainment. Black enrollees
made up a higher proportion of the sample for dia-
betes-related measures — a finding that probably
reflects the higher prevalence of this disease among
blacks. The demographic characteristics of white
enrollees and black enrollees were very stable dur-
ing the seven-year study period, except for an in-
crease in the percentage of Medicaid recipients and
a decrease in the percentage of white women in ur-
ban areas who were eligible for the breast-cancer-
screening measure.

The quality of care improved during the study
period on all measures for both blacks and whites
(P<0.001 for all time trends) (Table 3). For black
enrollees, the absolute improvement ranged from
6 percent (for the completion of mammography) to
43 percent (for a level of low-density lipoprotein
[LDL] cholesterol <130 mg per deciliter for patients
with diabetes). For white enrollees, the absolute
improvement ranged from 3 percent (for comple-

Table 3. Adherence to HEDIS Measures by Race and Year.*
Change
Measure (Initial Year—Final Year) Initial Rates Final Rates in Disparity
White Black Disparity White Black Disparity
percent
Breast-cancer screening
Mammogram (1997-2003) 74 69 5 77 75 2 =37
Diabetes care
Eye examination (1999-2003) 64 55 9 72 70 2 =71
Testing of glycosylated hemoglobin level 75 71 4 90 88 2 -2
(1999-2003)
Control of glycosylated hemoglobin level 71 67 4 82 75 7 +33%
(1999-2002)
Testing of LDL cholesterol level (1999-2003) 70 61 9 94 92 2 -7%
Control of LDL cholesterol level (1999-2003) 36 23 13 73 66 7 -6%
Cardiovascular care
Beta-blocker prescribed (1997-2002) 76 64 12 94 93 1 -113%
Testing of LDL cholesterol level (1998-2003) 58 40 18 84 75 9 -9
Control of LDL cholesterol level (1999-2002) 47 33 14 68 51 17 +3

* LDL denotes low-density lipoprotein.
1 P=0.002.
1 P<0.001.
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tion of mammography) to 37 percent (for LDL cho-
lesterol <130 mg per deciliter for enrollees with di-
abetes).

The disparity between blacks and whites nar-
rowed significantly for seven of the nine measures
in the study (P<0.01). However, for control of levels
of glycosylated hemoglobin, the disparity between
blacks and whites increased from 4 percent to 7 per-
cent (P<0.001). For the measure of the percentage
of enrollees who achieved an LDL cholesterol level
of less than 130 mg per deciliter after a myocardial
infarction or a coronary procedure, racial dispari-
ties were statistically unchanged (P=0.72).

Table 4 summarizes the results of the multi-
variable models. Adjustment of the HEDIS perfor-
mance rates for age and sex (model 1) had little
effect on estimated disparities. Additional adjust-
ment for the enrollee’s health plan and rural resi-
dence (model 2) reduced the disparities between

blacks and whites in the initial and final year for six
of the nine HEDIS measures and rendered the race-
by-year interaction for control of glycosylated he-
moglobin levels no longer statistically significant.
Additional adjustment for the socioeconomic indi-
cators of Medicaid coverage and residence in high-
poverty and low-education areas (model 3) further
reduced the magnitude of disparities between
blacks and whites in both the initial and the final
year. In all models, however, the decrease between
the initial and the final year in the magnitude of dis-
parities remained statistically significant for seven
of the nine HEDIS measures we studied (P<0.01
for all race-by-year interaction terms).

Figure 1 illustrates two patterns of time trends
in the quality of care for blacks and whites who were
enrolled in Medicare managed care. For the testing
of LDL cholesterol among enrollees with diabetes
(Fig. 1A), improvements for white enrollees and

Table 4. Racial Differences in HEDIS Performance Adjusted for Demographic, Socioeconomic, and Health-Plan Effects.*
Measure Racial Disparity
Model 1 Model 2 Model 3
Initial Final Changein Initial Final Changein Initial Final Changein
Year Year Disparity Year Year Disparity Year Year Disparity
percent

Breast-cancer screening

Mammogram+ 55 15 -4.0% 28 -0.7 -3.5% -0.2 -2.6 -2.4%
Diabetes care

Eye examination 9.0 22 -6.8% 1.8 -03 -2.1% 47 -14 -6.1%

Testing of glycosylated hemoglobin level 4.8 2.2 -2.63% 3.7 13 241 22 08 -l4x

Control of glycosylated hemoglobin level 3.6 6.5 2.95% 47 5.2 0.5 3.8 43 0.5

Testing of LDL cholesterol level 88 27 -6.1% 9.0 24 -6.61 70 18 -5.2%

Control of LDL cholesterol level 123 66  -5.7% 84 73 -lli 72 66 -0.6%
Recent myocardial infarction

Beta-blocker prescribed 11.8 04 -11.4% 50 -04 541 41 -16 -5.7%
Recent myocardial infarction or coronary

procedure
Testing of LDL cholesterol level 179 92  -87% 127 72  -5.5% 113 6.0 -5.3%
Control of LDL cholesterol level 13.2 163 3.1 10.6 12.2 1.6 73 88 15

* Racial difference is defined as the rate for white patients minus the rate for black patients. Model 1 is adjusted for age
and sex; model 2 is adjusted for all characteristics in model 1, plus the type of health plan and residence in a rural area;
model 3 is adjusted for all characteristics in model 2, plus the level of income and education and eligibility for Medicaid.

LDL denotes low-density lipoprotein.

T Models predicting receipt of mammography did not include terms regarding age and sex, since the eligible population

was restricted to women between 65 and 69 years of age.

1 P<0.01 for race-by-year interaction term in models predicting adherence to HEDIS measures.
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Figure 1. Trends in Receipt of Two HEDIS Measures for Enrollees in Medicare
Managed-Care Plans, by Race.
Panel A shows large overall improvements in the quality of care by year and
a significant narrowing of the disparity between blacks and whites in testing
for levels of low-density lipoprotein (LDL) cholesterol among patients with di-
abetes (P<0.001). Panel B also shows large overall improvements in the quality
of care by year but no narrowing of the disparity between races in the control
of LDL cholesterol below a level of 130 mg per deciliter after myocardial infarc-
tion (MI) or a coronary revascularization procedure (P=0.72).
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black enrollees were accompanied by a reduction
in the racial disparity between these two groups
from 1999 to 2003. In contrast, for the control in
levels of LDL cholesterol below 130 mg per decili-
ter after a myocardial infarction or a coronary pro-
cedure (Fig. 1B), clinical performance improved
substantially for both white enrollees and black en-
rollees but with no reduction in the disparity be-
tween blacks and whites from 1999 to 2002.

N ENGL J MED 353;7 WWW.NEJM.ORG

DISCUSSION

In this time-trend analysis of nine clinical perfor-
mance measures for enrollees in Medicare man-
aged-care plans from 1997 to 2003, quality of care
improved on all nine measures and was accompa-
nied by a significant reduction in the disparities be-
tween blacks and whites on seven of the measures.
Both trends were substantial and were not explained
by changes in the sociodemographic characteris-
tics of enrollees or in the health plans that partici-
pated in the Medicare managed-care program dur-
ing the study years. In contrast, racial disparities
did not decrease over time for two HEDIS measures
assessing clinical outcomes for diabetes and heart
disease.

An adjustment for rural residence and health
plan narrowed the observed magnitude of racial
disparities for most HEDIS measures —a finding
suggesting that part of the racial disparity was re-
lated to the disproportionate enrollment of black
beneficiaries in health plans or in regions with low-
er performance on these measures. Even the adjust-
ed models, however, showed decreased racial dis-
parities over time.

In spite of observed improvements, performance
as measured by HEDIS indicators approached or
exceeded 90 percent on only three measures (test-
ing of glycosylated hemoglobin and LDL cholester-
ol for patients with diabetes and the frequency of
prescribing beta-blockers for patients with cardio-
vascular disorders). On the other six measures, per-
formance was less than 82 percent for both white
enrollees and black enrollees. For these important
clinical services, gaps between actual and optimal
care remained substantial.2

Although racial disparities decreased to 2 percent
or less for five of the six process measures, dispar-
ities remained at 7 percent or greater for the three
measures assessing clinical outcomes (control of
LDL cholesterol for enrollees with either diabetes
or heart disease and control of glycosylated hemo-
globin) in the most recent study years. Although we
controlled for socioeconomic variables, the finan-
cial burden of the use of lipid-lowering and glucose-
lowering medications may have contributed to the
greater disparity we observed on these outcome
measures, which often require sustained therapy in
addition to intermittent testing.18:19

Our findings are consistent with the proposi-
tion thatimprovements in the quality of care are as-
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sociated with reductions in racial disparities.® By
increasing the consistency of the delivery of care,
interventions such as the use of reminder systems,
disease management programs, and feedback to
health care providers may decrease variation on the
basis of nonclinical factors such as race.20-24 A
greater awareness among beneficiaries or their
health care providers about appropriate services for
breast-cancer screening, diabetes control, and car-
diovascular care could also explain our results.

We believe that the observed declines in racial
disparities were unlikely to have resulted from spe-
cific health plan programs tailored to improve care
for black enrollees. The representatives of nearly
half of the health plans who responded to a recent
survey did not collect data regarding race and eth-
nic background of enrollees.25 In addition, efforts
by health plans to develop programs to eliminate
disparities in the quality of care on the basis of ra-
cial and ethnic factors are relatively recent.2° Since
late 2003, the CMS has provided data regarding en-
rollees’ race and ethnic background to participat-
ing health plans and has required that they conduct
at least one project to reduce disparities.2” Howev-
er, the reduction in disparities we observed largely
preceded these efforts.

The strengths of this study were the inclusion of
a large, nationally representative sample of enroll-
ees and the use of quality measures that have been
audited and publicly reported by health plans for
several years. Since all health plans participating in
Medicare were required to report data regarding
the quality of care, we avoided the selection bias as-
sociated with voluntary reporting programs.28 We
were able to adjust for health plan effects and sev-
eral measures of socioeconomic position that may
have confounded or mediated the relationship be-
tween race and the quality of care. By limiting our
primary analysis to plans with five or more consec-
utive years of participation in Medicare, we ad-
dressed the possibility that changes in the quality
of care or reductions in disparities might be an ar-
tifact of health plans’ selectively entering or exiting
the Medicare program.

Our study had several limitations. It was not de-
signed to address the factors that may have caused
the observed results or to determine whether simi-
lar trends would have been observed for aspects of
the quality of care beyond those assessed by the
public reporting of HEDIS measures. Furthermore,
patients in Medicare fee-for-service and non-Medi-

care settings were not included in the HEDIS data
set. Previous studies have shown similar racial dis-
parities in fee-for-service and managed-care set-
tings,”-29 but whether our finding of decreasing ra-
cial disparities over time extends beyond Medicare
managed care remains an open question.

Because enrollment data for Medicare did not
reliably identify enrollees who were Hispanic, Asian,
or Native American during our study years,7 we
chose not to analyze trends among these ethnic
and racial groups. Such studies are clearly need-
ed. The data also lacked detailed clinical informa-
tion to provide risk-adjusted outcome measures. Al-
though unmeasured clinical factors might partially
explain cross-sectional differences in outcome mea-
sures by race, such factors would be less likely to
explain changes in racial disparities over time.

Several studies have suggested that racial dif-
ferences in the quality and outcomes of care may
be related to differences in the site of care between
white and minority patients.30:31 Although we were
able to analyze the contribution of health plans to
racial variation in the quality of care, the current
HEDIS reporting protocol does not collect infor-
mation on providers and practices within plans. In
addition, the attitudes of patients about health in
general or about their ability to modify their diet or
physical activity32:33 may contribute to racial dispar-
ities in clinical outcomes, but these variables were
not available in our analysis.

Our findings have two important policy impli-
cations. For policymakers, health plan leaders, pur-
chasers, and providers who are concerned with
improving the quality of care and with reducing
disparities, appropriate data are essential to gauge
progress on each of these objectives. Measures of
quality should be stratified by race, ethnic back-
ground, and socioeconomic position — an ap-
proach that is now rarely possible with publicly
reported data on the quality of care.9-34:35 Second,
although racial disparities decreased on some mea-
sures of quality, interventions that are focused on
black enrollees or their health care providers may
still be necessary to eliminate the disparities that
remain.

In summary, improvements in the quality of care
among enrollees in Medicare managed-care plans
since 1997 have been accompanied by reduced ra-
cial disparities in most, but notall, measures of clin-
ical performance we studied. Effective collaborative
efforts by policymakers, health-plan administrators,
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clinicians, and patients may be needed to eliminate Women’s Hospital, and by a grant (P01-HS10803) from the Agency
for Healthcare Research and Quality.
We are indebted to Robert E. Wolf and Matthew Cioffi for statisti-

these disparities entirely.
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MEDICAL PROGRESS
Soft-Tissue Sarcomas in Adults

Matthew A. Clark, F.RA.C.S., Cyril Fisher, F.R.C.Path., lan Judson, F.R.C.P.,
and J. Meirion Thomas, F.R.C.S.

OFT-TISSUE SARCOMAS ARE UNCOMMON TUMORS THAT HAVE TRADITION-

ally been managed by wide excisional surgery and radiotherapy; the use of che-

motherapy has been reserved for advanced disease. Advances in multidisciplinary
care have improved the evaluation and care of patients with this disease. Limb-conserv-
ing surgical paradigms, superior radiotherapy delivery, and novel adjuvant agents for
specific tumors are now available. This overview is intended as a review of current under-
standing and treatment of soft-tissue sarcoma, with an emphasis on recent advances.

Although soft-tissue sarcomas can arise anywhere in the body (Table 1), the major-
ity occur in the limb or limb girdle or within the abdomen (retroperitoneal or visceral
and intraperitoneal). Benign soft-tissue tumors, especially lipomas, are 100 times as
common. Soft tissue in this context is defined as nonepithelial extraskeletal tissue, in-
cluding muscle, fat, and fibrous supporting structures, arising mainly from embryonic
mesoderm, with some neuroectodermal contribution.

Accurate pretreatment evaluation is critical for treating soft-tissue sarcomas. Sur-
gery for localized disease is often curative, alone or in combination with radiotherapy
and chemotherapy in selected patients. Function-preserving limb conservation is the
goal of treatment for soft-tissue sarcomas of the limbs. Intraabdominal tumors pose
treatment challenges because of the proximity of adjacent vital organs. Half of patients
with soft-tissue sarcomas will die from this disease, a statistic that has changed little in
recent decades.”

Soft-tissue sarcomas are best treated in multidisciplinary centers that specialize in
treating this disease,?® have experience with functional limb preservation, and have low
rates of local recurrence and good rates of overall survival.3 The management of this tu-
mor at other types of centers may lead to inappropriate tests,? positive margins after
surgical resection, and a reduced likelihood of radiotherapy.® Patients with soft-tissue
sarcomas are reportedly willing to travel greater distances in order to receive care in a
specialty center.* Specialists who preserve the function of a given site can work cooper-
atively with oncologists to enhance the likelihood of a good outcome.

DEMOGRAPHIC AND ETIOLOGIC CHARACTERISTICS

Soft-tissue sarcomas account for only about 1 percent of all cancers.” Approximately
8700 new cases of soft-tissue sarcoma are diagnosed each year in the United States” and
about 1500 in the United Kingdom. The relative frequency and response of each sub-
type vary according to age. For example, soft-tissue sarcomas in children, particularly
rhabdomyosarcomas, more often respond to chemotherapy than do those in adults.?
The overall incidence of soft-tissue sarcoma has been increasing,” perhaps as a result
of the increase in Kaposi’s sarcoma, which is often associated with the acquired im-
munodeficiency syndrome (AIDS),%° as well as improved recognition and diagnosis.

Most soft-tissue sarcomas are sporadic; few have an identifiable cause. There is an
association between certain viral infections (notably Epstein—Barr virus in those with
AIDS) and leiomyosarcoma.** Sarcoma may develop 3 to 15 years after therapeutic ir-
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Table 1. Distribution of Soft-Tissue Sarcoma.*
Site Incidence
%
Lower limb and girdle 40
Upper limb and girdle 20
Retroperitoneal and intraperitoneal sites 20
Trunk 10
Head and neck 10

* Percentages are approximate.
T These sites include gastrointestinal stromal tumors.

radiation for lymphoma, cervical cancer, testicular
tumor, or breast cancer. However, the benefits of ra-
diotherapy in such circumstances outweigh the min-
imally increased™? risk of sarcoma. Chronic lymph-
edema-associated angiosarcoma (Stewart-Treves
syndrome) usually occurs as a rare complication of
treatment for breast cancer. Some genetic disor-
ders are associated with soft-tissue sarcomas. For
example, neurofibromatosis type 1 carries a 10 per-
cent lifetime risk of malignant tumors of the pe-
ripheral-nerve sheath. Children with hereditary ret-
inoblastoma (owing to a germ-line mutation in the
RB1 tumor-suppressor gene) face an exceptionally
high risk of osteosarcoma and soft-tissue sarcoma,
which is further increased by the receipt of radio-
therapy.® Sarcoma has also been reported in pa-
tients with the Li-Fraumeni syndrome, which is
caused by a germ-line mutation in the p53 tumor-
suppressor gene.*

CLINICAL FEATURES,
ROLE OF IMAGING, AND DIAGNOSIS

The clinical symptoms accompanying the diagno-
sis of soft-tissue sarcoma are nonspecific. The most
common finding at presentation is a painless, grad-
ually enlarging mass. The size of the tumor at diag-
nosis varies according to the site; tumors of the
distal limbs and head or neck are usually smaller
because they are likely to be noticed earlier, where-
as tumors of the thigh and retroperitoneum may be-
come huge before they are detected. Soft-tissue sar-
comas expand in a spherical fashion but infiltrate
the tumor pseudocapsule and, occasionally, adja-
cent structures. Accordingly, patients with these tu-
mors may present with site-dependent symptoms
of increased pressure, such as paresthesia, distal
edema, or bladder symptoms.

The growth rate of soft-tissue sarcomas varies
with the aggressiveness of the tumor. Low-grade tu-
mors may evolve over a long period and may be mis-
taken for benign tumors, especially lipomas. Such
a mistake may delay referral to a specialist center.*
Indeed, the identification of soft-tissue sarcoma re-
lies on clinical examination, imaging, and histolog-
ic analysis. Examination and imaging can be used
to define the tumor’s relationship to surrounding
structures.

Plain radiographs may be used to rule out bone
neoplasms and detect calcifications characteristic
of soft-tissue osteosarcoma or synovial sarcoma.
A chestradiograph is essential, though preoperative
computed tomography (CT) of the thorax is prefer-
able for detecting metastases. CT and magnetic res-
onance imaging (MRI) are used to image the pri-
mary tumor; neither offers an overall advantage.*®
CT is usually performed to identify intraabdominal
tumors, such as liposarcoma, the most common
retroperitoneal tumor. The multiplanar images and
better anatomical definition possible with the use
of MRI are its key advantages; this approach is pre-
ferred for the diagnosis of soft-tissue sarcoma of
the limbs. Advances in these two approaches now
permit faster acquisition of images and better spa-
tial resolution.” Dynamic gadolinium-enhanced
MRI can be used to identify early enhancement of
viable tumor tissue as compared with surrounding
reactive tissues. Additional imaging approaches of-
fer future promise. A recent meta-analysis of the re-
sults of positron-emission tomography (PET) with
fludeoxyglucose F 18 concluded that routine use is
currently unjustified.*® Combining functional in-
formation obtained from PET with anatomical de-
tail from CT*® or MRI?° may increase the usefulness
of these techniques. Magnetic resonance spectros-
copy may be useful in some circumstances, such
as when one is assessing a patient’s response to
chemotherapy when resection has not been per-
formed.**

With few exceptions, histologic examination of
a tumor specimen is required before treatment is
initiated. Percutaneous core needle biopsy is safe
and effective®®?3 and can be performed with the use
oflocal anesthesia on an outpatient basis for palpa-
ble tumors of the arms and legs. The biopsy site
should be chosen so that it will lie within the area
of a possible subsequent en bloc resection of the tu-
mor. The subtype and grade of the tumor can be de-
termined in 80 percent of core needle biopsies,***3
and pathologists experienced in examining soft-tis-

N ENGL J MED 353;7 WWW.NEJM.ORG AUGUST 18, 2005

Downloaded from www.nejm.org at CANADIAN JRNL PUB HLTH on April 7, 2006 .
Copyright © 2005 Massachusetts Medical Society. All rights reserved.



MEDICAL PROGRESS

sue sarcomas have a diagnostic accuracy of 95 to 99
percent. So-called small round-cell tumors (embry-
onal rhabdomyosarcoma, Ewing’s sarcomas, and
lymphoma) can be identified by needle biopsies,
permitting nonsurgical induction therapy (Fig. 1).
Currently, incisional biopsy is less common than
needle biopsy at many centers. In the hands of a
nonexpert, incisional biopsies have a higher rate of
complications than core needle biopsies? and thus
should be performed only in exceptional circum-
stances, ideally by the surgeon planning the defin-
itive resection. Cytologic analysis of fine-needle
aspirates alone can be used to diagnose recurrent
tumor?* or nodal metastases. Regardless of how
biopsy material is obtained, the specimen is best
evaluated by a pathologist specializing in soft-tis-
sue diseases.>?>

Ifimaging suggests that a retroperitoneal tumor
is most likely a resectable soft-tissue sarcoma (Fig.
2), biopsy should not be performed, given the po-
tential for transperitoneal spread and track implan-
tation.?® Exceptions include suspected lympho-
ma or germ-cell tumors, which usually appear as
paracaval or paraaortic masses on CT, and masses
tentatively identified as sarcomas for which preop-
erative chemotherapy or radiotherapy is contem-
plated. A biopsy should be considered if a gastro-
intestinal stromal tumor is suspected on radiologic
grounds,?” if metastatic disease is suspected, or if
the tumor is unresectable.

PATHOLOGICAL FEATURES

The World Health Organization?® has defined ap-
proximately 50 tumor subtypes relevant to soft-tis-
sue sarcomas; these are named largely according to
the tissue they most closely resemble. A three-step
grading system devised by the French Federation of
Cancer Centers Sarcoma Group?® is widely used
and takes into account the degree of differentiation,
the mitotic count, and the extent of necrosis. Four-
step grading systems are also in use.3° It is difficult
to grade tumors previously treated with radiothera-
py or chemotherapy and recurrent tumors.
Determining the stage of a tumor allows physi-
cians to estimate the prognosis. The staging system
devised by the American Joint Committee on Can-
cer (AJCC) and the International Union against Can-
cer (UICC) (Fig. 3)3° combines the most important
determinants of survival in localized soft-tissue sar-
comas of the limbs: the grade, depth, and size of the
tumor. Large series confirm that grade and size are

Figure 1. Photomicrograph of Ewing’s Sarcoma, a Type
of Small Round-Cell Tumor (Hematoxylin and Eosin).

Small round-cell tumors can be diagnosed with the use
of core needle biopsy, making possible the initiation of
appropriate therapy.

of similar prognostic importance.3"32 Five-year sur-
vival rates for stages I, II, III, and IV are approxi-
mately 90, 70, 50, and 10 to 20 percent, respectively,
and are further modified by the type and site of the
tumor and other factors.3 Prognostic algorithms
derived from large databases can be used to provide
longer-term survival estimates.3*

The use of conventional staging systems for ret-
roperitoneal tumors is less accurate prognostically,
but a method based on grade, the completeness of
resection, and the presence or absence of metasta-
ses can be used to identify groups with different out-
comes.> Other risk factors are relevant to certain
tumors; for example, tumor size and mitotic count
are used to assess risk in cases of localized gastro-
intestinal stromal tumors.3>

The classification and characterization of soft-
tissue sarcomas have evolved as the information
supplied by histologic analysis has been supple-
mented with that provided by immunohistochemi-
cal analysis and with an improved understanding of
the underlying genetic changes. Identification tech-
niques are increasingly applicable to formalin-fixed,
paraffin-embedded material. Genetic aberrations
have been described in many soft-tissue tumors
and help identify tumors that were previously diffi-
cult to classify, especially pleomorphic soft-tissue
sarcomas.3¢ Aberrations can be hereditary or ac-
quired.**37739 Consistent, specific translocations
resulting in new fusion genes characterize some
sarcomas (Table 2). Genetic information can facil-
itate the diagnosis (especially in the case of small
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Figure 2. CT Scans of Large Retroperitoneal Masses
Suggestive of Soft-Tissue Sarcoma.

Panel A shows a liposarcoma with characteristic fea-
tures. The tumor has caused the right kidney to rotate
and overlie the left kidney. Panel B shows a huge mass of
borderline resectability. Percutaneous core needle biop-
sy confirmed the diagnosis of gastrointestinal stromal
tumor, and imatinib therapy was initiated. Panel C
shows an unresectable mass in psoas muscle; the aorta
is displaced. Core needle biopsy revealed a malignant
germ-cell tumor treatable with chemotherapy. Levels of
tumor markers were elevated, and ultrasonography
showed that the left testis was abnormal.

round-cell tumors), confirm relationships between
morphologic subtypes, and predict the behavior of
specific sarcomas beyond that provided by the gen-
eral features of grade, size, and depth.*® One emerg-
ing application is mutational analysis of gastroin-
testinal stromal tumors, in which mutations in the
KIT gene appear to have a major effect on treatment
response and survival.** Emerging gene-array and
proteomic techniques are being applied to identify
potential treatment targets, which may help to in-
dividualize therapy.*>*3

TREATMENT

Surgery — supplemented when necessary by adju-
vant radiotherapy — is often curative for localized
soft-tissue sarcomas. As already discussed, treat-
ment is best planned in a multidisciplinary setting,
which facilitates consideration of the need for pre-
operative induction treatment, discussion of recon-
structive strategies, and planning for rehabilitation.
This assessment should include histologic review
by an expert on soft-tissue sarcoma to verify or alter
the classification or grade of the tumor®*; a change
in the grade or class may necessitate a change in
the treatment plan.

Although local treatment of primary soft-tissue
sarcoma of the limbs influences the likelihood of
local recurrence, limb salvage, and functional out-
come, the metastatic potential is mainly determined
by the grade and size of the primary tumor. There is
little evidence that local recurrence increases the
likelihood of metastatic spread, although debate on
this point continues.3*** Except for rhabdomyosar-
comas and Ewing’s sarcomas, the use of adjuvant
chemotherapy generally does little to influence the
natural history of the disease.

SURGERY
Surgical resection involving wide margins, with or
without radiotherapy, offers the best chance of cure
in the absence of metastatic disease. The operation
should be planned by an experienced surgical team
after careful study of the scans. Because soft-tissue
sarcoma can occur at any site, every operation will
be different, though common surgical oncologic
principles prevail.

Because soft-tissue sarcomas expand spherical-
ly and along tissue planes, their centrifugal growth
creates a false capsule, or pseudocapsule, of com-
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Grade
and TNM Description Tla T1b T2a T2b
Gl Well differentiated Stage
G2 Moderately differentiated Gl or G2 1A
G3 Poorly differentiated G3 or G4 “ 1c 1
G4 Undifferentiated N1
Tl Tumor <5 cm in largest dimension M1
Tla Superficial to deep fascia
Tlb Deep to deep fascia (includes
retroperitoneal, intrathoracic,
and most head and neck tumors)
T2 Tumor >5 cm in largest dimension 5-Yr Survival
T2a Superficial to deep fascia Stage %
T2b Deep to deep fascia (includes | 36
retroperitoneal, intrathoracic,
and most head and neck tumors) Il 72
N1 Regional nodal metastasis 1 52
M1 Distant metastasis \% 10-20
Figure 3. Descriptions of Stages, Grades, and the Tumor-Node—Metastasis (TNM) System of the American Joint
Committee on Cancer for Soft-Tissue Sarcoma and the International Union against Cancer.
Data have been modified from Greene et al.?°

pressed surrounding tissue. Malignant cells pene-
trate this pseudocapsule.*® Simple removal of visi-
ble tumor in this plane leaves microscopic disease
in situ, and 90 percent of tumors recur unless there
is further treatment. Over 30 percent will recur even
after further excision of the tumor bed,*® and the
subsequent use of radiotherapy does not compen-
sate for the presence of unplanned positive histo-
logic margins.*” (In contrast, leaving a carefully
considered positive margin adjacent to a critical
structure to facilitate limb preservation results in
rates of local recurrence of only approximately 4 per-
cent when planned irradiation is carried out.*®)
Thus, the goal of surgery is to resect the tumor with
wide (2 to 3 cm) margins when possible, removing
at least one uninvolved tissue plane circumferen-
tially.

Approximately one third of patients with a low-
or intermediate-grade tumor and wide resection
margins will not require further treatment (includ-
ing radiotherapy). It is rarely necessary to recon-
struct major vessels or to resect major nerves un-
less they are encased by tumor. However, resection
of some major nerves generally results in surpris-
ingly little disability; therefore, resection should be
considered if amputation is the alternative.*® If it is
safe from an oncologic perspective, preserving one
innervated muscle in any compartment results in

better function than a more radical approach.*® Al-
though tumors are usually smaller in the distal
limbs than in the proximal limbs, it is more difficult
to preserve function in the distal limbs, especially
the forearms and hands. Preoperative induction
treatment may reduce the size of tumors of distal
limbs and facilitate better functional results.

Amputation is ultimately required in 5 to 10 per-
cent of patients with sarcoma of the limbs, usually
after previous limb-salvage operations.>° In such
cases, major amputations (forequarter, hindquarter,
or through-hip amputation) are often necessary, be-
cause recurrences are generally proximal. Such pro-
cedures are tolerated remarkably well and provide
excellent local control.>*

The skin is rarely involved in soft-tissue sarcoma
and can usually be preserved. Skin and soft-tissue
reconstruction is required in 10 to 20 percent of
patients and can reduce complications or avert
amputation, especially in the case of recurrences
in previously irradiated locations. Transposed myo-
cutaneous or fasciocutaneous flaps are commonly
used, but it is sometimes necessary to transfer free
tissue. In selected cases, early involvement of sur-
geons with expertise in reconstructive surgery op-
timizes functional and cosmetic results®? while
preserving reconstruction options. Site- and organ-
specific lesions are often managed with the help
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Table 2. Chromosomal Translocations in Soft-Tissue Sarcomas.*
Type of Tumor Translocation Genes Involved
Synovial sarcoma t(X;18)(p11.2;q11.2)  SSX1 or SSX2,
SYT
Myxoid or round-cell liposarcoma t(12;16) (q13;p1l) CHOP, TLS
t(12;22)(q13;q11-q12) CHOP, EWS
Ewing’s sarcoma or peripheral primi-  t(11:22)(q24;q12) FLI1, EWS
tive neuroectodermal tumor
t(21:22)(q22;,912)  ERG, EWS
t(7:22) (p22;q12) ETVI, EWS
£(2;22) (933;q12) FEV, EWS
t(17;22)(q12;q12)  EIAF, EWS
Desmoplastic small round-cell tumor  t(11;22) (p13;q12) WT1, EWS
Alveolar rhabdomyosarcoma t(2:13)(g35;q14) PAX3, FKHR
t(1;13) (p36;q14) PAX7, FKHR
Extraskeletal myxoid chondrosarcoma t(9;22)(q21-31;q12.2) CHN, EWS
£(9;17) (q22:q11) CHN, RBP56
Clear-cell sarcoma t(12;22)(q13;q12) ATF1, EWS
Alveolar soft-part sarcoma t(X;17) (p11;q25) TFE3, ASPL
Dermatofibrosarcoma or giant-cell ~ t(17;22)(q22;q13) COL1A1,
fibroblastoma PDGFB1
Infantile fibrosarcoma t(12;15) (p13;925) ETVG6, NTRK3
Low-grade fibromyxoid sarcoma t(7;16) (q34;p11) FUS, BBF2H7

* The translocations should be read, for example, as follows: t(X;18) (p11.2;q11.2)
is a translocation between chromosomes X and 18 involving the short arm at
region 11.2 and the long arm at region 11.2.
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of other specialists, including head-and-neck sur-
geons, gynecologists, and urologists.

Surgery is the mainstay of treatment for soft-tis-
sue sarcomas of the retroperitoneum (15 percent
of soft-tissue sarcomas). En bloc resection of adja-
centviscera is frequently required, but complete tu-
mor resection (with negative histologic margins) is
difficult, owing to the proximity of vital structures.>>
Retroperitoneal sarcoma remains an insidious dis-
ease, with a generally inexorable course. Most of
these tumors will recur, eventually causing death,
underscoring the need for better control.>*>°

RADIOTHERAPY

The cytotoxic effects®>” and therapeutic role®® of ra-
diotherapy in treating soft-tissue sarcomas are well
described. Radiotherapy should be considered for
high-grade tumors of the limbs (unless margins are
very wide) and for intermediate-grade tumors of the
limbs with close or positive histologic margins.**
Radiotherapy has little role in primary low-grade
soft-tissue sarcoma, although it should be consid-
ered for a recurrence.

N ENGL J MED 353;7 WWW.NEJM.ORG

Radiotherapy is delivered as either external-beam
therapy or brachytherapy. The latter involves the in-
sertion of radioactive “seeds” or wires (usually irid-
ium-192) into surgically placed catheters traversing
the tumor bed. Brachytherapy has theoretical ad-
vantages postoperatively, given the hypoxic nature
of the wound and the radiobiologic characteristics
of the inverse-square law (local doses are high, but
the dose decreases proportionally with increasing
distance from the tumor). These advantages are
even more important in patients who have already
undergone external-beam radiotherapy.>® No ran-
domized clinical trial has compared these types of
delivery. Not all sites are suitable for brachytherapy,
and many units prefer to perform external-beam
therapy with its use of standardized fields. Occa-
sionally, both methods are combined — for exam-
ple, when a large external-beam field is used with a
brachytherapy boost to a specific area.

Radiotherapy alone is considered when sur-
gery is inappropriate or declined by the patient; it
achieves rates of local control of 30 to 60 percent.®°
More commonly, operative treatment is coupled
with adjuvant radiotherapy on the basis of evidence
demonstrating similar survival rates after limb-con-
serving surgery with radiotherapy and after ampu-
tation.*+°! Optimal timing remains unclear. A low-
er total dose of radiotherapy (50 Gy) is required
when it is delivered preoperatively. Postoperatively,
a total of 60 to 66 Gy is usually delivered to maxi-
mize Kkilling of hypoxic tumor cells. One trial of
external-beam therapy in patients with soft-tissue
sarcoma of the limbs demonstrated similar effec-
tiveness whether therapy was administered preop-
eratively or postoperatively. Functional outcome in
the group treated preoperatively was slightly better
butwas associated with a doubling in the incidence
of wound-healing problems.®* Counterintuitively,
delaying postoperative radiotherapy does not sig-
nificantly worsen the rate of late control of local
disease.®3

Because patients with retroperitoneal soft-tis-
sue sarcoma generally die from a local recurrence,
improved local control could have a great effect.
Postoperative radiotherapy presents particular chal-
lenges at this site; large areas generally require irra-
diation, and the occurrence of side effects in many
organs limits the doses. The preoperative®* or in-
traoperative®*>° use of radiotherapy theoretically
overcomes these problems, butimprovements have
been minimal in practice. Enhanced targeting and
delivery of radiotherapy with the use of intensity-
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