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he primary reason that the US needs health care reform is
hat we pay more for health care than any other country in
he world; yet our health outcomes are below that of other
estern nations.1 Our health outcomes are suboptimal be-

ause millions of Americans have limited access to ongoing
rimary and preventive care because they can’t afford our
ealth insurance.

EDUCING ADMINISTRATIVE COSTS
e spend more than a third of our health care dollars on

verhead and administration: billing, advertising, profits,
nd bonuses for health care executives.2,3 Administrative
osts in countries such as Canada that have a single payer
non-profit national health insurance) are half as much as in
he US.2 If we had a single payer instead of hundreds of
nsurers with thousands of different plans, we would save
5% of our health care costs. Fifteen per cent of trillions
dds up!

A Price Waterhouse Coopers study reported that our
omplex, fragmented health care delivery system wastes
210 billion per year on unnecessary billing and adminis-
rative costs.4 The ultimate solution to our excessive health
are costs is national health insurance: Medicare for all5; but
hat won’t happen–at least not in the very near future. What
an we do to decrease health care costs now?

OCUS ON PREVENTIVE CARE
e need to change our focus from disease management to

revention and health promotion. To change our focus to
revention we need more primary care physicians, family
hysicians, and general internists. Multiple studies have
hown that generalists practice more cost-effective medi-
ine than specialists and that their patients have better health
utcomes.6-8

Due to poor planning, currently we have an overall
hortage of physicians in the US.9 The number of medical
tudents recently has increased, but we have an even greater
roblem. The number of US MD graduates choosing pri-
ary care careers keeps decreasing. In the 2009 National
esidency Match, only 7% of graduates chose family prac-

Funding: None.
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Authorship: Dr Dalen is the sole author of this manuscript and had full
tccess to the data.
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ice, and 19% chose internal medicine.10 Only a minority of
hose choosing internal medicine will become general in-
ernists; the majority will become subspecialists or hospi-
alists. Hauer et al reported that only 2% of US senior MD
edical students planned to have a career in general internal
edicine.11

One reason that medical students enter specialties is that
he average educational debt of the class of 2008 MD
raduates was $150,000.12 This influences many graduates
o enter specialties that pay, on average, twice as much as
rimary care so that they can pay off their educational
ebt.13

To influence more physicians to choose primary care we
eed to pay off their educational debt if they choose and
emain in primary care. In addition, they should receive an
nnual stipend for each Medicare patient for whom they
oordinate care and provide a medical home. These stipends
dded to their fee for service income should provide an
ncome comparable to the average specialist. This would be
n excellent investment for Medicare. If each primary care
hysician can avoid 1 unnecessary hospitalization or even 1
xpensive but unnecessary test for each patient, Medicare
ill come out far ahead!
To be effective in prevention, primary care physicians

ust have certain skills that our current medical school
urriculum does not provide adequately. We offer minimal
raining in nutrition, prescribed exercise, stress reduction
echniques, and other effective therapies for certain condi-
ions, for example, acupuncture for specific chronic pain
yndromes.

LIMINATE UNNECESSARY TESTS AND
ROCEDURES

n addition to training a new cadre of adult generalists with
xpertise in prevention, we must ensure that all physicians
specialists and generalists) practice cost-effective medi-
ine. At the present time, physicians vary tremendously in
heir use of expensive diagnostic tests and treatments. The
verage cost of treating a Medicare patient in some parts of
he country is twice as expensive as in other areas.14 The
ost expensive cities have more hospitalizations, and phy-

ician visits and their physicians order more expensive di-
gnostic tests and procedures. There is no evidence that
he more expensive treatment benefits patients.14 Much of

he excessive treatment and unnecessary testing occurs at
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he end of life. We must encourage all citizens to have living
ills to avoid unwanted procedures at the end of life.
Many unnecessary tests are performed to prevent mal-

ractice suits. Kessler and McClellan, in 1996, estimated the
nnual cost of defensive medicine to be as much as $50
illion per year.15 It must be much higher at present. We
eed malpractice reform including limits on awards for pain
nd suffering. Our current system of paying millions of
ollars to patients and their attorneys when malpractice is
ocumented does not prevent malpractice. We need to re-
uire retraining of physicians who are shown to practice
ubstandard medicine. We need to suspend or deny partic-
pation in Medicare for repeat offenders.

In addition, we need to increase research funding for
rojects that will help to determine which diagnostic tests
nd procedures actually benefit specific patients. This re-
earch will increase the number of evidence-based practice
uidelines. Medicare should not pay for procedures that do
ot benefit patients. This is not rationing–it is common
ense.

ONTROLLING THE COSTS OF PRESCRIPTION
RUGS
ur government must control the prices of prescription
rugs as is done in nearly every other nation. Drug compa-
ies can charge whatever they wish in the US. Citizens of
ther nations pay 20% to 40% less for prescription drugs
ompared with what Americans pay.16

Millions of Americans have chronic conditions that re-
uire life-long medications. If their insurance doesn’t pay
or them, or if they fall into Medicare‘s donut hole17 and
annot afford prescribed medicines, many patients stop tak-
ng their medications. The result is increased emergency
oom visits and hospitalizations and a further increase in our
ealth care costs.18

Some authorities have suggested that if we decrease the
rofits of drug companies they will stop developing new
rugs. Given that drug companies spend more than twice as
uch for marketing and advertising as they do for re-

earch19 this is a very unlikely outcome.
In summary, we must reduce the cost of health care in the

S. We can do this by developing a health care system that
mphasizes prevention rather than disease management. To
o this we must encourage more physicians to be adult
eneralists and we must provide them with new skills.20

urthermore, we must insure that all physicians have cost-
ffective practice patterns that avoid unnecessary tests and
rocedures and that all citizens adopt living wills. As a
ation, we need to have better control over the cost of

rescription drugs.
Finally, at some point in the future, we should adopt a
olicy of national health insurance, Medicare for all.

James E. Dalen, MD, MPH
University of Arizona College of Medicine

Tucson
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hysician faculty at most medical schools are expected to
stablish a “national reputation,” often in part through
cholarly contributions to national nonprofit professional
rganizations. Yet, those who generate most of their income
hrough clinical work and teaching (ie, clinician scholars,
linician educators) find it increasingly difficult to volunteer
heir time and effort to these organizations compared with
heir historical colleagues. Those receiving salaries, fixed or
ased on billings/collections or work relative value units,
ave increasingly limited discretionary time off-site, and
rotected time on-site, for such endeavors. Travel issues
connecting, delayed and canceled flights, fewer travel op-
ions) add further to the cost of committee and meeting
ork. Employer-provided travel funding is a fraction of its

ormer level, having totally disappeared at many institu-
ions, whereas support from healthcare-associated industry
as been banned or severely limited by some employers as
n apparent conflict of interest, leaving the physician schol-
rs to provide their own out-of-pocket travel support for
any such activities. Colleagues have less uncommitted

ime to provide coverage of clinical duties during off-site
eetings. Simultaneously, the physician contributor’s re-

ponsibilities per activity have mushroomed by the need to
ddress a host of regulatory and quality requirements (se-
uring copyright releases, adhering to standardized format-
ing, preparing educational goals and hand-outs, composing
ssessment questions, validating statistics, and reviewing
nd rewriting test questions).

The net result finds a few hours of inexpensive 1980s
ommitment has become many days of 2009 work and
onsiderable personal financial expense. Junior faculty, pay-
ng educational loans and supporting young children, are
articularly hesitant to make such commitments despite a
andate to establish national reputations.
Nonprofit professional organizations also suffer under

rowing financial pressures. Although some may provide

Funding: No funding from any source was used in the preparation of
his paper.

Conflict of Interest: As sole author, I attest I have no conflicts of
nterest, real or apparent, regarding this paper, its subject or content.
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ominal honoraria for such work, many are unable to even
ully reimburse travel and per diem expenses. The largely
ncompensated labor (writing, expert opinion and review,
resentations) provided to such organizations by physician
cholars frequently comprise the very products (continuing
edical education products, certification courses, examina-

ion) by which the organizations are financially sustained.
nformation checking, assuring freedom from commercial
ias, vetting of ideas and presentations done by individuals
nd committees, and a host of other necessary activities
ould be unsustainable if the work of physician volunteers
ere fully compensated at a competitive market rate. Con-

inued productivity of professional nonprofit organizations
s dependent on the continued contributions of outside phy-
ician scholars.

Through the present torrential academic and financial
limate change, the need for such scholarly products has
ever been greater. Medicine increasingly strives to define
nd measure competence, while keeping growing numbers
f health care providers updated on the explosive growth in
cientific/clinical knowledge and expanding regulatory and
tatutory requirements for health care delivery. It follows
hat those who live and work daily on the cutting edge of
heir professional fields will be sought to fulfill these needs
or expertise. But how can the cost—in time, effort, and
ollars—be made more affordable, so those willing and
apable can continue to contribute in this environment? As
s the case with most complex issues, responsibilities are
roadly borne and solutions will require cooperation from
ll stakeholders.

Professional organizations must take the lead. Full use
f web-based technologies (virtual meetings) can provide
uch of the interaction of face-to-face conferences without

he expense and time of interstate travel. Shorter, more
ocused physical meetings used only for those issues truly
equiring such interactions should be considered. Flexible
cheduling to include weekend meetings would reduce the
eed for physicians to cancel income-generating clinical
ctivities at home, while meetings held in geographically
entralized locations or at airport hotels and conference
acilities could reduce overall meeting time and associated

osts. Continuing education credit should be provided for
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articipation in these projects as an additional compensa-
ion. Administrative support for the work (eg, performing
iterature searches, obtaining copyright releases, formatting
oals and objectives, preparing slides and formatted graph-
cs) should be provided by the organization as a routine
usiness expense. Whenever possible, compensation should
e increased to fully cover travel expenses and some hon-
raria to defray the income sacrificed by the participating
aculty. Organizations also could consider forming a con-
ortium to maximize their bargaining position for low-cost
otels and travel.

Medical schools and teaching hospitals also need to
ontribute. Referring physicians, as much customers of ter-
iary academic medical centers as the patients they send,
ften consider it advantageous to refer their complex
atients to nationally recognized experts, conveying the
eputation of such experts to their patients. Indeed, na-
ional scholarly recognition is often used by health care
rganizations to advertise the quality of experts at their
ospitals and clinics. Academic institutions also can spe-
ifically identify these scholarly activities as meeting
ome promotion, tenure, or compensation criteria, plac-
ng them more on par with service toward other tradi-
ional academic missions, perhaps developing a schema
f “relative value” for national activities with teaching,
esearch, clinical care, and administration; such a change
ould increase the return-on-investment for the physi-

ians’ national work.
The consumers of these products—test takers seeking
ertification, practitioners wanting to learn the latest treat-
ents—need to acknowledge the value of the physician
cholar and the scholarly products they produce. Whenever
ossible, consumers should support those nonprofit organi-
ations which give them the best educational value for their
ollar, avoiding the lure of popular tourist sites and gourmet
eals that too often drive their selections.
Finally, the physician faculty themselves must be part of the

olution. Physicians typically enter the health care field out of
perceived responsibility to contribute more to society than

ossible through most other professions. Work with national
rganizations is a force multiplier, enlarging the impact of each
ffort to help more patients (through fellow providers) than
ossible through direct clinical care alone. In short, contribut-
ng to continuing medical education activities, board and other
ertification examinations, and committee and advocacy work
or nonprofit organizations is simply an important part of being
n academic physician.

Where to start? Perhaps beginning with small steps: by
onprofit professional organizations to reduce the cost to
aculty contributors on whom they depend; by medical
chool and hospital employers to make it a bit easier for
hose willing and so gifted to make the greater contribu-
ions; by the consumers to reward quality in the products
hey purchase; and by both established and younger phy-
ician scholars to make the extra sacrifice to do more.

Stephen A. Geraci, MD
Department of Internal Medicine

University of Mississippi School of Medicine

Jackson
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he machinery that makes The American Journal of Med-
cine (AJM) function is powered by many different individ-
als performing a variety of tasks. Without its long list of
mployees and volunteers, the Journal could not function. I
m writing this editorial to thank the individuals who have
ade AJM what it is today, and what it will become in the

uture. The order in which these expressions of appreciation
ppear in this essay should not be construed as any indica-
ion of the importance of the individual or the group named.
hey are all equally important in the success of the Journal.
o use a sports analogy, a baseball team needs a second
aseman just as much as it needs a center fielder.

The American Journal of Medicine has been extraordi-
arily fortunate to have outstanding administrative, publish-
ng, and computer personnel in Tucson, New York City,
hiladelphia, San Diego, Amsterdam, and Oxford, UK.
hese individuals function smoothly as a team and guaran-

ee our ability to produce a high quality issue each month.
e are sponsored by one of the premier professional soci-

ties in the United States, the Association of Professors of
edicine, whose members are the chiefs of medicine in

very medical school in the US and Canada.
Our associate editors, subspecialty editors, and editorial

oard are the intellectual backbone of the Journal. The
mportance of their advice, suggestions, and scholarly ef-
orts in producing and reviewing material on behalf of the
ournal cannot be overestimated. In a similar vein, com-
itted, conscientious reviewers are essential to the publica-

ion process. The AJM is fortunate in having a large cohort
f dedicated reviewers, some of whom we designate as elite
eviewers because they have performed 8 or more quality
eviews for us during the last few years. As a reward for
uch diligent and essential service, a number of these elite

Funding: None.
Conflict of Interest: None.
Authorship: The author is solely responsible for writing the
anuscript.

002-9343/$ -see front matter © 2010 Elsevier Inc. All rights reserved.
oi:10.1016/j.amjmed.2009.12.001
eviewers are invited each year to join the editorial board of
he AJM.

I am sometimes asked by residents, fellows, and junior
aculty, what benefit accrues to an individual from review-
ng manuscripts for the AJM. My answer is: there are a
umber of potential benefits associated with reviewing.
irst, the reviewer sharpens her/his critical sense during the
eview process. Secondly, the reviewer is kept abreast of the
atest scientific developments in the field even before they
ecome public knowledge. Thirdly, young faculty members
an list their reviewing activities on their curriculum vitae
s scholarly activity, and this may help with promotion and
enure decisions. For example, I was recently asked by one
f our elite reviewers to write a letter supporting his pro-
otion package from assistant to associate professor at a

restigious East Coast medical school. I was pleased to
rite this letter and the promotion was approved. We sub-

equently invited this individual to join our editorial board
s another sign of our appreciation for his dedicated efforts
n behalf of the AJM. Finally, when one reviews manu-
cripts for the AJM the reviewer joins the AJM family,
hich includes some of the very best minds in contempo-

ary clinical medicine. Knowing that one is a part of this
lite group of outstanding medical intellectuals is by itself
ighly rewarding.

So, as we enter the first months of 2010, let me express
y sincerest and deeply held gratitude to everyone who
akes the AJM possible. It is literally true that “we could

ot do this without your help.” I personally want to say
hank you to each and every individual who helps us make
he American Journal of Medicine a success. As always, feel

ree to comment on our blog at http://amjmed.blogspot.com.

Joseph S. Alpert, MD
University of Arizona College of Medicine

Tucson
Editor-in-Chief, The American Journal of Medicine
E-mail address: jalpert@email.arizona.edu
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ABSTRACT

hronic heart failure and atrial fibrillation are 2 major disorders that are closely linked. Their coexistence
s associated with adverse prognosis. Both share several common predisposing conditions, but their
nteraction involves complex ultrastructural, electrophysiologic, and neurohormonal processes that go
eyond mere sharing of mutual risk factors. Rate control approach remains the standard therapy for atrial
brillation in heart failure because current strategies at rhythm control have so far failed to positively

mpact mortality and morbidity. This is largely because of the shortcomings of current pharmacologic
nti-arrhythmic agents. Surgical and catheter-based therapies are promising, but long-term data are lacking.
he role of non-anti-arrhythmic therapeutic agents also is being explored. Further progress toward

mproved understanding the complex relationship between atrial fibrillation and heart failure should
mprove management strategies.
ublished by Elsevier Inc. • The American Journal of Medicine (2010) 123, 198-204

KEYWORDS: Arrhythmia; Atrial fibrillation; Cardiomyopathy; Heart failure
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hronic heart failure and atrial fibrillation are major cardio-
ascular disorders that are frequently associated with each
ther. They have common risk factors, and each compli-
ates the course of the other. Both are associated with
ignificant morbidity and mortality, creating a serious pub-
ic health burden. A closer understanding of the intricate
elationship between these 2 disorders would certainly im-
rove the approach to their management.

PIDEMIOLOGY
hronic heart failure afflicts 5.3 million adult Americans
ith an equal sex distribution. It is associated with over a
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illion hospitalizations and 3.4 million outpatient visits
nnually, with total costs estimated at $35 billion. The
ifetime risk of developing heart failure is 1 in 5 after age 40
ears,1 with an annual mortality of 20%.

Atrial fibrillation, the most common clinically significant
rrhythmia, has a prevalence of over 2.2 million in the
nited States. It accounts for nearly a half million hospi-

alizations yearly, at an estimated cost of $7312 per dis-
harge.2 The lifetime risk of developing atrial fibrillation is
in 4 after age 40 years,3 and based on Framingham data,

trial fibrillation accounts for 14% of early deaths within the
rst 4 months of its diagnosis in patients with heart failure.4

With a steady incidence of both atrial fibrillation and
hronic heart failure in the setting of an aging global pop-
lation where more and more people survive to an age
here these conditions occur with increased frequency, the
revalence of heart failure and atrial fibrillation will con-
inue to increase to epidemic proportions.

REDICTORS OF ATRIAL FIBRILLATION IN
HRONIC HEART FAILURE

n the Framingham Study, heart failure was the strongest

redictor for the development of atrial fibrillation, with a

mailto:pdeedwania@fresno.ucsf.edu
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199Deedwania and Lardizabal Atrial Fibrillation in Chronic Heart Failure
early 5-fold risk in men and 6-fold in women.5 The prev-
lence of atrial fibrillation in patients with preexisting heart
ailure is associated with increasing heart failure severity. In
hronic heart failure clinical trials, the prevalence of atrial
brillation was 4% in functional class I patients,6 10%-27% in

hose with functional class II-III,7-10

nd 50% in those with functional
lass IV.11

In a registry of heart failure pa-
ients in everyday clinical prac-
ice,12 the overall prevalence of
trial fibrillation was 21%. Preva-
ence of atrial fibrillation increased
ith age, up 29% in patients over
0 years compared with 15% in
hose younger than 70 years. Non-
schemic cardiomyopathy was asso-
iated with a 3-fold probability of
trial fibrillation compared with
schemic etiologies. Atrial fibrilla-
ion was more prevalent among
eart failure patients with preserved
ystolic function, where diastolic
ysfunction, hypertension, or valvu-
ar defects are presumed to be the
rimary etiologies of the heart
ailure.

ATHOPHYSIOLOGIC INTERACTION
hronic heart failure and atrial fibrillation are associ-
ted with common predisposing conditions such as hy-
ertension, diabetes, coronary artery disease, and valvu-
ar heart disease. Recent data reveal complex cellular,
xtracellular, neurohormonal, and electrophysiologic pro-
esses that allow significant interaction between these 2
onditions that go beyond the mere sharing of mutual risk
actors.

hronic Heart Failure Predisposes to Atrial
ibrillation
eart failure induces changes in the atrial structure and
hysiology that promote and maintain development of ar-
hythmias. Increased atrial volume and pressure in heart
ailure results in mechanical stretching of the atrium. In
nimal studies, this tissue stretch is associated with height-
ned atrial irritability and increased frequency of sustained
nd nonsustained atrial tachyarrhythmias by shortening the
trial refractory period, prolonging the atrial conduction
imes, and increasing inter-atrial conduction blocks.13,14 In-
reased intra-atrial pressure in heart failure can intensify the
ate and organization of wavelet foci that perpetuate atrial
brillation.15

Neurohormonal changes that accompany heart failure,
ncluding activation of the renin-angiotensin-aldosterone
ystem (RAAS), also contribute to the development and

CLINICAL SIGNIF

● Atrial fibrillation
ure frequently co
mon risk facto
pathophysiologic

● Pharmacologic ra
mains the stand
cause of the lim
anti-arrhythmic
control therapy.

● Nonpharmacolog
apy using invasi
modalities are s
treatment of atr
failure.
aintenance of atrial fibrillation. Patients with heart fail- t
re have a higher level of catecholamines, which is as-
ociated with rapid ventricular response. Increased an-
iotensin II expression in heart failure promotes atrial
nterstitial fibrosis and structural remodeling that create
reas of slowed conduction and heterogeneity in repolarization,

serving as substrates for atrial fi-
brillation generation.16 Activa-
tion of the sympathetic nervous
system causes abnormalities of
atrial action potentials and automa-
ticity that can trigger arrhythmias as
well.17

In the failing atrium, ion channel
remodeling and calcium dysregula-
tion at the cellular level have been
shown to enhance arrhythmogen-
esis. Heart failure causes profound
abnormalities in calcium handling
and regulatory proteins within the
atrial cardiomyocyte that promotes
triggered activity in atrial fibrilla-
tion.18 The atrial cellular electro-
physiological remodeling seen in
heart failure, responsible for ar-
rhythmogenic afterdepolarizations
and action potential alterations, is
distinct from that caused by atrial
tachycardia.19

trial Fibrillation Predisposes to Chronic
eart Failure
hronic or incessant atrial tachyarrhythmia is known to
roduce a reversible type of severe biventricular systolic
ysfunction, termed “tachycardia-induced cardiomyopa-
hy.”20 In animal models, the severity of heart failure
rogresses with increasing heart rates and duration of
achycardia.21 High heart rates and recurrent tachycardia,
s seen in atrial fibrillation, reduces myocardial compli-
nce and impedes ventricular filling, resulting in short-
ned filling times and rapidly progressive heart failure.
ltrastructural changes that occur in this setting include

ytoskeletal alterations (increased actins and tubulins),
isruption of matrix metalloproteinases (gelatinase, col-
agenase, and stromolysin), and depletion of high energy
tores. Abnormal calcium handling also occurs, along
ith reduction in myofibrillar calcium ATPase, sodium-
otassium ATPase, and cardiac glycoside binding activ-
ties. The remodeling process results in neurohormonal
erangements that include increased epinephrine and nor-
pinephrine levels. Rate or rhythm control results in
eversal of cardiac dysfunction, but recurrence of the
achyarrhythmia causes abrupt decline in left ventricular
unction and increases risk of sudden death.22 Even with
ormalization of ejection fraction, negative remodeling
nd ventricular dilatation may persist after treatment of
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Atrial systole can contribute up to 25% of the cardiac
utput, and even up to 50% in patients with preexisting
alvular disease or ventricular dysfunction.24,25 The onset
f atrial fibrillation produces adverse hemodynamic effects,
ncluding reductions in cardiac output, peak oxygen uptake,
nd exercise tolerance. Atrial fibrillation may reduce cardiac
utput by several mechanisms, including loss of the atrial
ontribution to left ventricular filling, valvular regurgitation,
nd increased ventricular rate, leading to inadequate left
entricular filling time. Left ventricle ejection fraction and
troke volume significantly improve immediately after car-
ioversion as a result of enhanced left ventricular diastolic
lling from increased cycle length and restoration of the
trial booster pump function.26-28 Irregular ventricular re-
ponse in itself has been shown to decrease cardiac output,
ncrease pulmonary capillary wedge pressure, and increase
ight atrial pressure, independent of heart rate.29

ROGNOSIS
ven with optimal medical therapy for heart failure, the
nset of atrial fibrillation is often accompanied by cardiac
ecompensation as well as functional class deterioration.
eak oxygen consumption and cardiac index markedly de-
rease, while the severity of valvular regurgitation and car-
iac chamber dimensions increase shortly after the onset of
trial fibrillation.30 Whether atrial fibrillation directly af-
ects prognosis or is merely a marker for heart failure
everity is still under debate.

In patients with asymptomatic and symptomatic heart fail-
re, the Studies of Left Ventricular Dysfunction (SOLVD) trial
howed that atrial fibrillation was independently and signifi-
antly associated with all-cause mortality, mostly from deaths
ue to progressive pump failure.31 The Candesartan in Heart
ailure-Assessment of Reduction in Mortality (CHARM) trial,
hich enrolled heart failure patients with either low or pre-

erved systolic function, showed that atrial fibrillation was
ssociated with increased risk of mortality and cardiovascular
orbidity regardless of ejection fraction.32

These studies, along with many others, have demon-
trated adverse outcomes associated with atrial fibrillation
n patients with heart failure. However, there are other trials
hat refute such prognostic effect. Analysis of data from the
asodilator-Heart Failure Trial (V-HeFT) concluded that in
atients with mild to moderate heart failure, atrial fibrilla-
ion did not increase cumulative mortality, sudden death,
ospitalization rate, or major cardiovascular morbidity.10

ata from the Prospective Randomized Study of Ibopamine
n Mortality and Efficacy (PRIME-II) also showed that
fter adjustment for other variables such as age, ejection
raction, New York Heart Association class, renal function,
nd blood pressure, the presence or the development of
trial fibrillation was no longer independently related to an
dverse outcome in patients with moderate to severe heart
ailure.33 Post hoc analysis of the Carvedilol Or Metoprolol
uropean Trial (COMET) showed that while the prognostic

alue of preexisting atrial fibrillation diminished after adjust-
ent for other variables in patients with heart failure, the onset
f new atrial fibrillation remained an independent predictor of
ubsequent all-cause mortality in patients with sinus rhythm at
aseline.34

HERAPEUTIC APPROACHES
eta-blockers are first-line agents common to the manage-
ent of both atrial fibrillation and heart failure. Bisoprolol,
etoprolol succinate, and carvedilol have been shown to

ave significant mortality benefit in heart failure35 and also
re effective for rate-control in atrial fibrillation as well.
nticoagulation is the cornerstone of therapy for stroke
rophylaxis in atrial fibrillation, and atrial fibrillation is the
rimary indication for anticoagulation in heart failure. In
ddition, patients with heart failure require warfarin therapy
n the presence of previous thromboembolic events, left
entricle thrombus, extensive ischemic regional wall mo-
ion abnormalities, and symptomatic heart failure with ejec-
ion fraction �35%. Digoxin is another agent common to
oth atrial fibrillation and heart failure therapies, although it
s not considered a first-line agent in either condition.36

igoxin is given to patients with systolic dysfunction (ejec-
ion fraction �40%) who are symptomatic despite treatment
ith angiotensin-converting enzyme (ACE) inhibitors and
eta-blockers. In patients with atrial fibrillation who are
nable to tolerate beta-blockers and other rate-modulating
gents, digoxin remains a viable option for rate control.

hythm versus Rate Control
he major clinical trials on atrial fibrillation therapy (Table)
ave shown that pharmacologic rhythm control is not supe-
ior to rate control in terms of morbidity and mortality.37-40

nder-represented in these trials, however, were patients
ith heart failure who are thought to benefit the most from

Table Comparison of Outcomes with Rate Control and Rhythm
Control Strategies in the Major Atrial Fibrillation Studies

Rate Control Rhythm Control P Value

FFIRM37

Death 25.9% 26.7% .08
Major adverse events 32.7% 32% NS

ACE38

Death 7% 6.8% NS
Major adverse events 17.2% 22.6% NS
OT CAFE39

Death 1% 2.9% NS
Major adverse events 8% 31% .05

TAF40

Death 8% 4% NS
Major adverse events 10% 9% NS

AFFIRM � Atrial Fibrillation Follow-up Investigation of Rhythm Man-
agement; NS � not significant; RACE � Rate-Control Efficacy in Perma-
nent Atrial Fibrillation study; HOT CAFE � Polish How to Treat Chronic
Atrial Fibrillation study; STAF � Strategies of Treatment of Atrial Fibril-

lation study.
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201Deedwania and Lardizabal Atrial Fibrillation in Chronic Heart Failure
he hemodynamic improvement associated with conversion
o sinus rhythm. Subgroup analysis of patients with heart
ailure in the Rate-Control Efficacy in Permanent Atrial
ibrillation (RACE) study pointed towards a favorable out-
ome if sinus rhythm was maintained after cardioversion
rom atrial fibrillation.41

In the Congestive Heart Failure: Survival Trial of Anti-
rrhythmic Therapy (CHF-STAT),7 the subgroup of heart
ailure patients with atrial fibrillation who converted to
inus rhythm with amiodarone treatment had significantly
ower mortality than those who remained in atrial fibrilla-
ion. The same result was seen in a substudy of the Danish
nvestigations of Arrhythmia and Mortality on Dofetilide
DIAMOND), where patients with atrial fibrillation and
eart failure who maintained sinus rhythm with dofetilide
reatment had improved survival.8 In a small prospective
tudy, the CAFE-II trial found that restoration of sinus
hythm with amiodarone was associated with significant
mprovement in cardiac function and quality of life com-
ared with rate control strategy.42

The landmark Atrial Fibrillation in Congestive Heart
ailure (AF-CHF) trial,43 however, showed no mortality
r morbidity benefit of rhythm control over rate control
Figure). This was a large multicenter prospective random-
zed trial that compared current strategies for rhythm control
or atrial fibrillation, specifically in patients with heart fail-
re. Like the previous trials in the general atrial fibrillation
opulation, the AF-CHF study found no clear evidence to
ecommend a routine rhythm control approach in patients
ith atrial fibrillation and heart failure. It further implied

hat the negative prognostic features associated with heart
ailure make atrial fibrillation more likely, but atrial fibril-
ation per se may not have an independent effect on out-
omes. The different result seen in the AF-CHF trial com-
ared with the previous studies might be explained by
mproved overall heart failure therapy in the AF-CHF trial,
ncluding a higher frequency of beta-blocker use (88%).

A notable observation in these studies is the suboptimal
fficacy of pharmacologic agents in maintaining sinus
hythm (conversion to sinus rhythm in only 66% in CAFE-
I, 51% in Congestive Heart Failure: Survival Trial of An-
iarrhythmic Therapy, and 44% in Danish Investigations of
rrhythmia and Mortality on Dofetilide, with 58% atrial
brillation recurrence in AF-CHF). The toxicity of anti-
rrhythmic drugs increases morbidity, and this may have
educed the overall benefit of rhythm control in the AF-CHF
tudy. Anti-arrhythmic drug therapy, especially Class I
gents like quinidine and disopyramide, increases the risk of
eath from cardiac and arrhythmic etiologies in the setting
f heart failure.44 Although safer agents for atrial fibrillation
ike amiodarone, dofetilide, and azimilide do not increase
ortality in patients with heart failure,45 they are still asso-

iated with increased morbidity, as reflected by higher hos-
italization rates due to anti-arrhythmic-related toxicity.43

The experimental agent dronedarone, a derivative of
miodarone with shorter half-life and devoid of iodine moi-

ty, showed great promise in significantly reducing toxicity F
f anti-arrhythmic therapy in atrial fibrillation. The Ameri-
an-Australian Trial With Dronedarone in Atrial Fibrillation
r Flutter Patients for the Maintenance of Sinus Rhythm
ADONIS), and the European Trial In Atrial Fibrillation or
lutter Patients Receiving Dronedarone for the Maintenance
f Sinus Rhythm (EURIDIS) confirmed dronedarone’s su-
erior safety profile in atrial fibrillation (albeit lower effi-
acy) compared with amiodarone.46 In patients with ad-
anced heart failure, however, the Antiarrhythmic Trial
ith Dronedarone in Moderate to Severe Congestive Heart

Figure Kaplan–Meier estimates of death from cardiovascu-
lar causes (upper graph) and probability of the composite
outcome of death from cardiovascular causes, stroke, or wors-
ening heart failure (lower graph) among 1376 patients with
atrial fibrillation and congestive heart failure who were fol-
lowed for a mean of 37 months in the Atrial Fibrillation in
Congestive Heart Failure trial.43 CI � confidence interval. Re-
printed with permission from: Roy D, Talajic M, Nattel S, et al.
Rhythm control versus rate control for atrial fibrillation and
heart failure. N Engl J Med. 2008;358:2667-2677.43
ailure Evaluating Morbidity Decrease (ANDROMEDA)
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ound that dronedarone was associated with deterioration of
linical status and increased mortality, prompting the early
ermination of the study.47 On the other hand, the
ATHENA) trial (a placebo-controlled, double-blind, paral-
el arm trial to assess the efficacy of dronedarone 400 mg
wice a day for the prevention of cardiovascular hospital-
zation or death from any cause in patients with atrial
brillation/atrial flutter) found that dronedarone therapy was
ssociated with reduction in cardiovascular events and mor-
ality in patients with atrial fibrillation, 21% of whom had
eart failure with functional class II or III symptoms. The
uthors speculated that dronedarone possibly increases car-
iovascular mortality among patients with advanced and
ecently decompensated heart failure, but reduces cardio-
ascular mortality in patients with less severe heart
ailure.48

The lack of benefit of rhythm control over rate control
trategies does not necessarily equate to lack of benefit of
estoration of atrial fibrillation to sinus rhythm in heart
ailure. With a disappointing track record of current drug-
ased rhythm control strategies, attention is now focusing
owards nonpharmacologic therapies in the management of
trial fibrillation in heart failure.

urgical Rhythm Control
he Cox maze surgical procedure involves placing multiple

ncisions within the left and right atrial myocardium, pri-
arily involving the structures around which reentry can

evelop to interrupt potential reentry pathways. The proce-
ure has an excellent long-term efficacy, with nearly 90%
ate of freedom from atrial fibrillation at 10 years and 94%
0-year survival. Major perioperative complications, how-
ver, occur in 13% of cases, with a 1.4% early operative
ortality rate.49 Although generally avoided in patients
ith heart failure, it has been shown to be safe and effective

n patients with heart failure, resulting in significant
mprovement in ejection fraction, functional class, and
ymptoms.50

atheter-based Ablation
s safer and less invasive alternatives to surgical ap-
roaches, catheter-based ablation techniques for rhythm
ontrol have been rapidly gaining popularity. Left atrial
atheter ablation, intended to isolate the pulmonary veins
here arrhythmogenic foci may originate, has been shown

o be safe and effective in patients with atrial fibrillation. In
prospective study of patients with resistant atrial fibrilla-

ion and coexisting systolic heart failure, electrical isolation
f the pulmonary veins by radiofrequency ablation resulted
n significant improvement in cardiac function, symptoms,
xercise capacity, and quality of life. Up to 78% of these
atients with heart failure and atrial fibrillation were in sinus
hythm at 1-year follow-up. Complications were infrequent
nd occurred in �1% of cases.51

In patients with atrial fibrillation and heart failure, the

rogression of atrial fibrillation in the pulmonary vein an- v
rum isolation vs atrioventrocular node ablation with bi-
entricular pacing for treatment of atrial fibrillation in
atients with congestive heart failure (PABA-CHF)52 trial
eported maintenance of sinus rhythm 6 months after catheter-
ased pulmonary vein isolation in 88% of patients receiving
ntiarrhythmic drugs and in 71% of patients not on any
ntiarrhythmic agent. No procedure-related deaths occurred,
lthough 10% of patients had major complications, like
ulmonary vein stenosis, pericardial effusion, and pulmo-
ary edema. Compared with atrioventricular node ablation
ith biventricular pacing (a form of nonpharmacologic rate

ontrol), rhythm control with pulmonary vein isolation was
ssociated with significantly improved exercise tolerance,
ardiac function, and quality of life. Whether or not ablation
echniques for atrial fibrillation will have a favorable impact
n mortality, or whether the morbidity benefits continue in
he long term for patients with heart failure is yet to be
etermined.

on-anti-arrhythmic Therapy
ven with improved surgical and catheter ablation tech-
iques, the substrates for atrial arrhythmogenesis in heart
ailure (eg, increased atrial load, dilatation, local conduction
isturbances, and fibrosis) may become irreversible, making
onpharmacologic strategies for rhythm control not much
ore effective than anti-arrhythmic agents in atrial fibrilla-

ion. Beyond just rhythm or rate control, treatment of atrial
brillation in heart failure also has started focusing on these
ubstrates as possible therapeutic targets.

Statins are implicated in lowering the rates of atrial
brillation independent of its cholesterol-lowering effect.
tatins potentially have anti-ischemic, antioxidant, anti-
rrhythmic, and anti-inflammatory properties that exert a
tabilizing effect on the cardiac membrane and prevent atrial
emodeling. Fish oils are thought to reduce arrhythmias
hrough the same anti-inflammatory and membrane-stabilizing
ffects.53 In patients with heart failure, the Gruppo Italiano per
o Studio della Sopravvivenza nell’Infarto miocardico - Heart
ailure (GISSI-HF)54 trial showed that fish oil is superior to
lacebo and statin in reducing mortality and hospitalization,
lthough specific data on atrial fibrillation is lacking.

Atrial extracellular matrix fibrosis, induced by altered
eurohormonal processes and RAAS activation in heart
ailure, is being increasingly recognized as an important
actor in arrhythmogenesis. In animal models, ACE inhib-
tors significantly reduced atrial fibrosis in atrial fibrillation
nd heart failure, an effect that was not demonstrated with
asodilators.16 Retrospective clinical studies on RAAS
lockade in heart failure showed significant reduction in
ncidence of atrial fibrillation and improved outcomes with
oth ACE inhibitor and angiotensin-receptor blocker treat-
ents, presumably by retarding atrial fibrosis through neu-

ohormonal modulation.55 True benefits also could be
econdary to improvement in hemodynamics and cardiac
erformance. Several studies have reported the efficacy of
CE inhibitors and angiotensin-receptor blockers in pre-

enting atrial fibrillation, and a meta-analysis of these trials
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203Deedwania and Lardizabal Atrial Fibrillation in Chronic Heart Failure
ound that the greatest reduction in atrial fibrillation was in
atients with heart failure.56 The Atrial Fibrillation Clopi-
ogrel Trial with Irbesartan for Prevention of Vascular
vents (ACTIVE-I) is currently evaluating in a large dou-
le-blind, placebo-controlled study the effect of the angio-
ensin-receptor blocker irbesartan on clinical outcomes in
atients with atrial fibrillation.57 Preliminary results show
hat irbesartan therapy reduced hospitalization from heart
ailure by 14% in patients with atrial fibrillation.58

Another deleterious neurohormonal response evoked in
trial fibrillation and heart failure is abnormal sympathetic
ctivation. Beta-blocker therapy effectively blunts such
aladaptive adrenergic response, and this mechanism is

hought to significantly contribute to its beneficial effects in
trial fibrillation and heart failure, in addition to rate control
nd prevention of arrhythmias.59 In patients with atrial fi-
rillation and heart failure, the use of beta-blockers was
ssociated with a 42% reduction in mortality.60

ONCLUSION
trial fibrillation and chronic heart failure frequently coex-

st because of common risk factors and closely linked patho-
hysiologic processes. Their association is correlated with
dverse prognosis. Rate-control strategy remains the stan-
ard of care because rhythm control therapy has yielded
ixed results in patients with atrial fibrillation and heart

ailure. This is primarily because of the limitations of cur-
ent anti-arrhythmic agents that are not that effective in
aintaining sinus rhythm and also are associated with sig-

ificant toxicities. Invasive and catheter-based treatment
odalities are promising, but their long-term efficacy and

ost-effectiveness are yet to be ascertained. Recent ad-
ances in understanding the complex relationship between
trial fibrillation and heart failure are paving the way to-
ards better therapeutic strategies, both pharmacologic and
onpharmacologic. Although a number of questions still
emain unanswered, it is hoped that a steady progress to-
ards this endeavor would ultimately provide the clinicians
ith the most appropriate therapeutic strategy.
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ABSTRACT

total of 153,245 patients are living with a solid organ transplant in the US. In addition, patients are
xperiencing high 5-year survival rates after transplantation. Thus, primary care physicians will be caring
or transplanted patients. The aim of this review is to update primary care physicians on chronic diseases,
creening for malignancy, immunizations, and contraception in the transplant patient. Several studies on
he treatment of hypertension and hyperlipidemia demonstrate that most agents used to treat the general
opulation also can be used to treat transplant recipients. Little information exists on the medical
anagement of diabetes in the transplant population, but experts in the area believe that the treatment of

iabetes should be similar. Transplant recipients are at increased risk for all malignancies. Aggressive
creening should be employed for all cancers with a proven screening benefit. Killed immunizations are
afe for the transplant population, but live virus vaccines should be avoided. Women of childbearing age
hould be counseled about the impact of immunosuppressants on the efficacy and side effects of
ontraception.
ublished by Elsevier Inc. • The American Journal of Medicine (2010) 123, 205-212
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he 2006 annual report of the Scientific Registry of Trans-
lant Recipients shows that by the end of 2004 there were
53,245 individuals living with a transplant in the US. In
005, 16,072 individuals received a kidney transplant and
000 received a liver transplant. Over 2000 individuals
eceived a heart and 1400 received a lung transplant in the
ame year. As of 2005, there were over 89,000 individuals
aiting for transplantation.1 The survival rate for transplant

ecipients is high. Unadjusted 5-year survival rates for liv-
ng donor renal and liver transplant recipients are 90% and
7%, respectively, while heart recipients’ 5-year survival is
4%.1 Because so many transplant recipients survive be-
ond the initial postoperative period, they are presenting to
rimary care offices in increasing numbers. Primary care
hysicians need to be prepared to evaluate and treat trans-
lant recipients.
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The primary care physician has the potential to play a
ajor role in the prevention of illness and death for the

ransplant population. Among transplant recipients who
ave survived for at least 3 years after transplant, the cause
f death is malignancy for 24% and complications of car-
iovascular disease for 21%.2 A large component of the
rimary care physician’s activities revolve around early
etection of malignancy and prevention of cardiovascular
isorders. Thus, primary care physicians need to be experts
n the special attributes of malignancy and vascular disease
n transplant patients.

The goal of this review is to assist the general internist or
amily physician to provide primary care for transplant
ecipients. Initially, the immunosuppressants commonly
sed in transplant medicine are reviewed. The care of hy-
ertension, hyperlipidemia, and diabetes is then discussed.
astly, screening for malignancies, contraception care, and
roper immunization practices are reviewed.

HE IMMUNOSUPPRESSANTS
rimary care physicians should have a working knowledge
f the common immunosuppressants employed for the solid
rgan transplant population. These medicines have the po-
ential for multiple side effects as well as interactions with

edicines commonly prescribed in a primary care practice.
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he immunosuppressants used in transplant medicine in-
lude corticosteroids, cyclosporine, tacrolimus (FK506),
irolimus, azathioprine, and mycophenolate mofetil. A thor-
ugh discussion of the impact of corticosteroids on primary
are practice is beyond the scope of this article and has been
ddressed previously.3-7 Cyclo-
porine and tacrolimus are the
ost common immunosuppres-

ants used in transplant medi-
ine.8-10 These calcineurin inhibi-
ors and sirolimus are metabolized
hrough the cytochrome P450 sys-
em, causing interactions with
any medications employed in

rimary care. Medications that are
etabolized through the same sys-

em (Tables 1, 2) can accelerate or
ecelerate the metabolism of these
mmunosuppressants, leading to
ither toxic or sub-therapeutic lev-
ls. Azathioprine and the newer
mmunosuppressant mycopheno-
ate mofetil are purine synthesis
nhibitors. They are not metabo-
ized through the cytochrome
450 system and do not have
s many problems with interac-
ions.11

YPERTENSION
he prevalence of hypertension is increased in transplant

ecipients compared, with the general population. Among
iver transplant recipients, the prevalence is 55%-85%. Re-
al recipients and heart recipients have a prevalence of up to
0% and 100%, respectively.12-14

The pathophysiology of hypertension in transplant recip-
ents is not fully understood, but is mediated through the use
f immunosuppressants. Calcineurin inhibitors are known
o increase the release of endothelin, leading to constriction
f the afferent renal arteriole and a decrease in the glomer-
lar filtration rate. This results in an expansion of the intra-

CLINICAL SIGNIF

● Primary care ph
term care for o
pients.

● Most antihyperte
ing therapies ca
plant recipient.

● Aggressive scre
ployed for all c
screening benefi

● Live virus vaccin
but killed vaccin

● Women of child-
counseled that im
fect contraceptio

Table 1 Medicines that Increase the Risk of Rejection in
Transplant Recipients on Calcineurin Inhibitors

Antiseizure medicines
Phenobarbitol
Phenytoin
Carbamezipine

Antimicrobials
Isoniazide
Nafcillin

Substances
Tobacco
Marijuana
a

ascular volume and an associated elevation in systemic
lood pressure.13

The National Kidney Foundation Kidney Disease Qual-
ty Outcomes Initiative and the American Society of Trans-
lantation have published guidelines for assessment and

management of hypertension in
patients who are transplant recip-
ients. The appropriate target for
blood pressure control in renal and
liver transplant recipients is �130/
�80 mm Hg.12,15

Several randomized controlled
studies address treatment of hy-
pertension in the transplant recip-
ient.14,16-25 The following classes
of antihypertensives have been
shown to be effective in this
population: calcium channel bloc-
kers, angiotensin-converting en-
zyme inhibitors, angiotensin re-
ceptor blockers, beta-blockers,
and diuretics. No single class of
drugs has been shown to be more
effective. Primary care physicians
should consider the following in
choosing an antihypertensive reg-
imen. First, one should consider
the transplant recipient’s comor-
bid conditions in choosing an an-

ihypertensive regimen. Angiotensin-converting enzyme in-
ibitors and angiotensin receptor blockers are preferred in
he presence of microalbuminuria or diabetes. Second, the
athophysiology of hypertension in transplant recipients
hould be considered. Theoretically, calcium channel block-
rs would be an appropriate agent for this group of patients
ecause of their ability to counteract afferent arteriolar va-
oconstriction. Diuretics would help to reduce volume ex-
ansion. Lastly, primary care physicians should consider
rugs that reduce the cost of immunosuppressants. When
alcium channel blockers such as diltiazem are used, cyclo-
porine, tacrolimus, and sirolimus levels increase, allowing
or less costly lower doses of the medications.

YPERLIPIDEMIA
yperlipidemia is a common problem among transplant
atients. Six to 12 months after liver transplantation, total
holesterol increases by 20%-43%, triglycerides increase by
8%-56%, and high-density lipoprotein is reduced by
0%.26-29 The prevalence of hyperlipidemia for renal
nd heart transplant recipients is 90%30-33 and 64%,
espectively.34

The pathophysiology of hyperlipidemia in transplant recip-
ents is multifactorial. Major factors include pretransplant lipid
evels, weight gain that commonly occurs after transplantation,
iabetes mellitus, and hypothyroidism. Immunosuppressants
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207Hasley and Arnold Primary Care of Transplant Patient
he development of hyperlipidemia. Corticosteroids increase
ppetite and increase secretion of very low-density lipoprotein
y the liver. Cyclosporine A inhibits bile acid hydroxylase,
ecreasing bile acid synthesis from cholesterol and increasing
irculating low-density lipoprotein levels.26-29

Treatment decisions in the transplant population are influ-
nced by the increased risk of metabolic syndrome caused by
mmunosuppressant medicines, and the increased risk of side
ffects and interactions with the calcineurin inhibitors. The
ational Kidney Foundation Kidney Disease Quality Out-

omes Initiative has published guidelines on targets for lipid
owering in the renal transplant population. In these guidelines,
ransplanted patients are included in the highest risk category.
he guidelines recommend that evaluation for dyslipidemia
hould occur at initial presentation and then annually thereaf-
er. Drug therapy is recommended for a low-density lipopro-
ein remaining over 100 mg/dL after 3 months of lifestyle
nterventions.35 In the absence of guidelines for heart and liver
ransplant recipients, primary care physicians should consider
lacing these patients in the high risk category, and following
he guidelines for renal transplant recipients.

Recommendations for lifestyle interventions for the renal
ransplant recipient do not differ from interventions for the
eneral population.35-38 Again, in the absence of guidelines
bout lifestyle interventions, primary care physicians should
dopt recommendations made for the renal transplant popula-
ion. Patients should be counseled to decrease portion sizes and
o exercise to control weight and diabetes. Transplant recipi-
nts also should avoid alcohol, tobacco, and high-dose oral
ontraceptives, as well as drugs that increase low-density
ipoproteins.

Initial drug therapy for transplant patients with an ele-
ated low-density lipoprotein should be a statin.35 The im-
act of hydroxyl-methylglutaryl (HMG) Coa reductase in-

Table 2 Medicines that Increase the Risk of Toxicity in
Transplant Recipients on Calcineurin Inhibitors

Antimicrobials
Fluconazole
Itraconazole
Ketoconazole
Erythromycin
Clarithromycin
Rifampin

Antihypertensives
Diltiazem
Verapamil
Nicardipine

Immunosuppressants
Tacrolimus
Cyclosporine
Methylprednisolone

Foods
Grapefruit
ibitors on cholesterol levels in solid organ transplant t
ecipients has been studied in numerous small studies of
hort duration.39-58 These studies demonstrate that the fol-
owing statins: lovastatin, pravastatin, simvastatin, cerivas-
atin, and atorvastatin, are tolerated well and that they are
ffective, even at low doses, in lowering cholesterol levels.
wo studies of heart transplant recipients have further dem-
nstrated a decreased mortality rate when statin medicine is
ompared with placebo.59,60 One study of renal transplant
ecipients demonstrated that fluvastatin is effective at reduc-
ng cardiac deaths and nonfatal myocardial infarctions, but
id not reduce the rates of interventional coronary proce-
ures or overall mortality.61

No long-term studies of other classes of lipid-lowering
herapies have been performed, however, small prospective
tudies have demonstrated modest effectiveness for gemfi-
rozil,48,57 nicotinic acid,56 and fish oil supplements.55 One
etrospective analysis of ezetimibe has demonstrated it to be
afe and effective in the renal transplant population.62 One
tudy comparing cholestyramine with gemfibrozil and sim-
astatin in heart recipients demonstrated that these agents
ad similar efficacy, however, most patients randomized to
holestyramine had dropped out by the end of the study due
o gastrointestinal side effects.48

Side effects of statins are similar for transplant recipients
ompared with the general population. Because cyclospor-
ne A causes elevated levels of almost all statins, the pri-
ary risk in patients taking this immunosuppressant is my-

pathy and rhabdomyolysis.63 Of the HMG CoA reductase
nhibitors, only fluvastatin has no reported cases of rhabdo-
yolysis. Doses up to 80 mg daily have been shown to be

afe. Fluvastatin has much less of an interaction with cy-
losporine A and is metabolized primarily through the cy-
ochrome P 2C9 system, which could account for this dif-
erence. Primary care physicians should start other statins at
ower doses to avoid muscular toxicity, and dose adjust-
ents should be performed while carefully monitoring for

ymptoms of muscle weakness or pain. Creatinine phos-
hokinase levels should be checked before and after initia-
ion or adjustment of statin therapy. Fibric acid derivatives
lso are associated with a greater risk of myositis and thus,
similar monitoring strategy should be employed. Bile acid
erivatives have been shown to interfere with the absorption
f immunosuppressant medicine. Thus, careful monitoring
f immunosuppressant levels should be performed for pa-
ients who are treated with these agents. Nicotinic acid has
n increased risk of hepatotoxicity in the transplant popu-
ation and is associated with an additional increased risk of
iabetes, gout, and gastrointestinal discomfort, as well as
ushing and itching. Thus, transplant patients on these
gents should undergo close monitoring of fasting glucoses
nd transaminase levels.63

IABETES
he prevalence of diabetes increases to 53% after liver
ransplantation, compared with the general population,64-66
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nd to 22%67 after renal and 30%68 after heart trans-
lantation.

In the postoperative period, factors that increase the risk
f diabetes include increased stress levels, the use of ste-
oids and calcineurin inhibitors, infection, and parenteral
utrition. Obesity that develops after transplantation causes
ncreased tissue resistance, also contributing to an increased
isk of developing diabetes.64

There are no published guidelines addressing how to
ranslate diabetes treatment to the transplant population.
he 2009 American Diabetes Association guidelines do not

nclude specific recommendations for this group of pa-
ients.69 For the general diabetic population, the American
iabetes Association recommends initial treatment with
etformin for obese patients. For diabetics of normal
eight, a sulfonylurea is recommended. Second-line ther-

py is insulin. The thiazolidenedione and incretin agents are
eserved for third-line therapy.69 There are no studies on the
se of these agents in the transplant population. However,
he metabolism of biguanides, sulfonylureas, and insulin
ould not be expected to affect levels of immunosuppres-

ants. Thus, in the absence of data, experts state that, “The
anagement of diabetes in transplant recipients is not sub-

tantially different from its management in non-transplant
atients.”65 This should include lifestyle modification such
s portion control, weight loss, avoidance of simple carbo-
ydrates, regular exercise, and avoidance of high doses of
teroids and calcineurin inhibitors. New research in this area
ddresses the downward adjustment of calcineurin inhibi-
ors to avoid diabetes while preventing rejection of the
ransplanted organ.70

ARLY DETECTION OF MALIGNANCY
creening for malignancy is a central activity of primary
are providers. Multiple organizations, including the United
tates Preventive Services Task Force, the Canadian Med-

cal Association, and the American Cancer Society, have
ublished guidelines on cancer screening for the general
opulation.71-73 These publications do not include guide-
ines for screening transplant populations.

Recent studies have addressed the increased risk of ma-
ignancy in the solid organ transplant population.74-89 The
ntire renal transplant population of Australia was com-
ared with patients who had chronic renal insufficiency both
efore and after dialysis.84 Almost all cancers had an in-
reased incidence after transplantation. The highest ratio of
bserved to expected cancer events were in cancers of the
ip, eye, penis, vulva, lymphoma, and Kaposi’s sarcoma.
olon, lung, breast, cervix, and ovarian cancers also were
isproportionately elevated after transplantation.

Because of the increased risk of malignancy in transplant
atients, it would be advisable to screen for malignancies
ith reliable screening strategies. In the absence of guide-

ines, primary care physicians should consider maintaining

n aggressive screening strategy for transplant recipients. r
Nonmelanoma skin cancer is one of the most common
ancers in solid organ transplant recipients, with squamous
ell cancer the most common sub-type.79,85-88 This cancer is
n aggressive disease in transplant recipients, with a high
isk of recurrence, metastasis, and death.85,86 The patho-
hysiology of squamous cell cancer is linked to high levels
f immunosuppression in this population.88,89 Primary care
hysicians should counsel transplant recipients to avoid
un exposure, and should perform annual complete skin
xaminations. Primary care physicians also should coun-
el their patients to apply daily sun block with an SPF of
0 or greater.90

MMUNIZATIONS
ransplant recipients are at increased risk of infectious
iseases in the immediate postoperative period91 and for as
ong as they are on immunosuppressants. There is little
nformation available on the safety and efficacy of immu-
izations in the transplant population. Although killed virus
accines are safe for transplant recipients, live virus vac-
ines are contraindicated. These include vaccines against
erpes zoster, measles, mumps, rubella, intra-nasal influ-
nza, oral polio, and the yellow fever vaccines. Transplant
ecipients should avoid prolonged contact with family mem-
ers who have been immunized with these vaccines for 2
eeks after receiving these immunizations. Killed virus
accines that are safe for transplant recipients include vac-
ines against influenza, Streptococcus pneumoniae, tetanus,
iphtheria, pertussis, and hepatitis A and B.

Although killed virus vaccines are safe for transplant
ecipients, the efficacy of these vaccinations is unclear.
atients receiving the trivalent influenza vaccine have been
hown to sero-convert up to 50%-95% of the time.92-94

epatitis A virus immunization is associated with sero-
onversion rates of 97% initially, that decrease precipi-
ously after 2 years.95,96 Recombinant Hepatitis B titers also
all 2 years after immunization,97 and Pneumovax immu-
oglobulin A and immunoglobulin M levels rapidly de-
rease 6 months after immunization.98,99

Because antibody titer response to immunization is re-
uced and of shorter duration, booster shots are under study
or the transplant population. Heart transplant recipients
ho have been immunized before transplantation have been

hown to have a better immunoglobulin G response to
neumococcal vaccination than those who receive their first
neumococcal vaccination after transplant.100 Similarly, a
ooster immunization strategy of liver transplant patients
ncreased the percentage with therapeutic titers against
nfluenza.94

Primary care physicians should ensure that patients pre-
aring for transplantation should receive all immunizations
efore surgery. Booster immunizations for the flu vaccine
hould be considered each year, and patients should be
ounseled to avoid family members who are ill or who have

eceived a live virus immunization.
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ONTRACEPTION
ertility is restored in the majority of women of childbear-

ng age after transplantation.101,102 Despite the return to
ertility, only 49% of women were counseled about contra-
eption, and 93% of pregnancies in one Brazilian renal
ransplant cohort were unplanned.103 Compared with the
eneral population of women in Iran, renal transplant recip-
ents were less likely to use oral contraceptive agents.104

ne small study of liver transplant recipients has demon-
trated the safety and efficacy of low-dose hormonal con-
raception. In this study of 15 women who were followed
or 12 months after liver transplantation, no cases of preg-
ancy or graft rejection occurred.105

Primary care physicians should apply similar contraindica-
ions for oral contraceptive agents to the transplant population
s are applied to the general population, including a history of
hromboembolism, smokers over the age of 35 years, and those
ith known cardiovascular disease. Transplant recipients who
ave hypertension or diabetes have a relative contraindication
or hormonal therapy. Low-dose oral contraceptives should be
onsidered for this group. Barrier methods such as the dia-
hragm are effective but have failure rates of 18%. The in-
reased risk of urinary tract infections associated with the

Table 3 Summary Recommendations for the Primary Care of So

Medications
1. Check for possible drug interactions of all new medications
2. Check immunosuppressant levels 48 to 72 hours after initia

Hypertension
1. Target blood pressure is �130/�80 mm Hg for renal and li

renal disease or other cardiac risk equivalents.
2. The choice of blood pressure agents should be influenced b

transplant recipients, and drug effects on immunosuppressa
Hyperlipidemia

1. The target LDL is �100 mg/dL for renal transplant recipien
2. In the absence of data, PCPs should consider treating othe
3. Statins should be used as first-line therapy.
4. Special attention should be paid to the increased risk of m

Diabetes
1. Recommendations of the American Diabetic Association sho

Malignancy
1. Transplant recipients should be considered at high risk for
2. PCPs should consider shorter screening intervals.
3. Annual dermatological examinations should screen for skin
4. Sunblock with an SPF of 60 or greater should be applied da
5. Patients with newly diagnosed malignancy should be consid

Immunizations
1. All patients preparing for transplantation should receive im

pneumoniae, hepatitis A and hepatitis B.
2. After transplantation, booster immunization should be prov

hepatitis A and B.
Contraception

1. Women of child-bearing age should be counseled about the
2. Low-dose oral contraceptive agents should be considered fo

not have contraindications for their use.
3. Women should be counseled about the decrease in contrace
LDL � low-density lipoprotein; PCP � primary care physician.
iaphragm may pose a greater risk for immunocompromised
omen.106 Intrauterine devices also might be associated with

n increased risk of infection, and the efficacy might be im-
aired due to the need for an intact immune system for full
ontraceptive function. Decreased efficacy of the intrauterine
evice has been reported in this population.107

ONCLUSION
rimary care physicians are called upon to care for an

ncreasing number of transplant recipients. The role of the
rimary care physician is critically important to the survival
f this population. Attention to meticulous chronic disease
anagement, careful screening and immunization practices

an serve to reduce morbidity and mortality. Immunosup-
ressants affect every aspect of this care. Physicians should
e aware of the impact that immunosuppressants have on
rimary care. A summary of the recommendations for pri-
ary care physicians is shown in Table 3. There is a tre-
endous need for increasing knowledge that will help pri-
ary care physicians to care for the transplant population.
uture studies are needed to address the safety and efficacy
f medical treatments for chronic diseases, as well as to

an Transplant Recipients

ibed.
f any new medication expected to affect levels.

nsplant recipients and for other transplant recipients with

orbid conditions, the pathophysiology of hypertension in
els.

plant recipients to a target LDL of �100 mg/dL.

y associated with statin use in the transplant population.

applied to the transplant population.

lignancies.

ancies.
sun-exposed skin surfaces.
or a reduction in immunosuppressants.

ations against tetanus, diphtheria, pertussis, Streptococcus

or influenza, tetanus, diphtheria, Streptococcus pneumoniae, and

for contraception after transplantation.
en who have diabetes, hypertension, or hyperlipidemia and do

efficacy of intrauterine devices after transplantation.
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ddress cancer screening, early detection strategies, contra-
eption, and immunization protocols for the transplant
opulation.
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ABSTRACT

iabetic retinopathy is a progressive disease that results from vascular injury due to chronic hyperglyce-
ia. It is the leading cause of blindness in working-age adults in the US and is usually asymptomatic until

ate stages. Treatment with laser photocoagulation is effective at preventing severe vision loss; thus,
iabetic patients should be referred for regular screening by an ophthalmologist. New inhibitors of vascular
ndothelial growth factor may provide targeted nonsurgical treatment to improve vision in diabetic
etinopathy.

2010 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2010) 123, 213-216

KEYWORDS: Antiangiogenic therapy; Diabetic retinopathy; Intravitreal injection; Laser photocoagulation; Macular
edema; Neovascularization; Retina; Vascular Endothelial Growth Factor; Vitrectomy
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wo patients presented with mildly blurred central vision
20/30) in their left eyes. Patient 1 (Figure 1) has had
iabetes and hypertension for 10 years. Patient 2 (Figure 2)
as had uncontrolled diabetes for 30 years. Figure 1 dem-
nstrates yellow exudates near the fovea with microaneu-
ysms and dot-blot hemorrhages. Figure 2 reveals large
eovascular fronds growing into the vitreous, capillary non-
erfusion in the temporal macula, and laser photocoagula-
ion scars superotemporally.

IAGNOSIS
atient 1 has clinically significant macular edema and
ild nonproliferative retinopathy. Focal macular laser

hotocoagulation is required to prevent further vision
oss. Patient 2 has high-risk proliferative diabetic reti-
opathy and a small tractional retinal detachment. She is
t high risk for severe vision loss and will require ag-
ressive intervention with panretinal photocoagulation
nd possible vitrectomy.

Funding: None.
Conflict of Interest: None.
Authorship: All authors participated in the preparation of the manu-

cript.
Requests for reprints should be addressed to Scott C.N. Oliver, MD,

epartment of Ophthalmology, Rocky Mountain Lions Eye Institute, Uni-
ersity of Colorado Denver, PO Box 6510, Mail Stop F731, Aurora, CO
0045.
a: scott.oliver@ucdenver.edu

ront matter © 2010 Elsevier Inc. All rights reserved.
ed.2009.09.020
Diabetes mellitus is estimated to affect 23.6 million
ndividuals in the US,1 and most patients with type I or
ype II diabetes have evidence of retinopathy after 20
ears.2,3 Diabetic retinopathy is the primary cause of
lindness in adults aged 20-74 years in the US, causing
n estimated 12,000 to 24,000 new cases of blindness
nnually.1

The major risk factors for diabetic retinopathy are hy-
erglycemia and increased duration of diabetes. Other risk
actors include hypertension, hyperlipidemia, pregnancy,
nd microalbuminuria.3,4 All of these risk factors contribute
o retinal metabolic changes and microvascular injury that
esult in diabetic retinopathy.

Nonproliferative diabetic retinopathy is an early stage in
isease progression. Loss of retinal capillary pericytes and
ndothelial cells has been demonstrated early in diabetes5

nd underlies the clinical signs of nonproliferative diabetic
etinopathy, which include intraretinal dot-blot hemor-
hages, microaneurysms, and venous beading. Microvascu-
ar injury with infarction of small areas of the nerve fiber
ayer leads to puffy white patches on the retina called
otton-wool spots (Table).

Proliferative diabetic retinopathy is a later and more
evere stage of the disease characterized by neovasculariza-
ion. Sustained retinal ischemia causes release of vascular
ndothelial growth factor and insulin-like growth factor,
hich induce growth of new vessels on the optic disk, iris,

etinal surface, and into the vitreous. The abnormal vessels

re fragile and may hemorrhage into the vitreous or form

mailto:scott.oliver@ucdenver.edu
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brous bands, causing tractional retinal detachment. Neo-
ascularization of the iris may occlude aqueous outflow,
esulting in neovascular glaucoma.

Clinically significant macular edema is the most com-
on cause of moderate vision loss (�20/40 vision) in all

ypes of diabetic retinopathy. As microvascular damage
eakens the blood-retinal barrier, plasma leaks from vessels

nto the retina; when this fluid is resorbed, lipid and lipopro-
ein elements are retained in the retina and are visible as
ellow exudates.

The majority of severe vision loss (�20/200 vision) in
iabetic retinopathy is the result of complications from pro-
iferative diabetic retinopathy—vitreous hemorrhage, retinal
etachment, and neovascular glaucoma. Most patients with
iabetic retinopathy are asymptomatic until very late stages
f the disease. Symptoms, when present, may include de-
reased visual acuity and contrast sensitivity, new onset
oaters, or dark curtain.

ANAGEMENT
urrent treatment strategies for diabetic retinopathy are

hought to be 90% effective in preventing severe vision
oss.6 Given the asymptomatic nature of diabetic retinopa-
hy until its latest stages and the effectiveness of early
ntervention,7 referral for regular screening by an ophthal-

ologist is essential. The American Academy of Ophthal-
ology recommends type I diabetics be examined 3-5 years

fter diagnosis and yearly thereafter; type II diabetics
hould be examined at the time of diagnosis and yearly
hereafter.6

Primary prevention of diabetic retinopathy involves
trict glycemic and blood pressure control. The Diabetes

Figure 1 Fundus photograph of the left eye of a patient with
nonproliferative diabetic retinopathy demonstrating microan-
eurysms, dot-blot intraretinal hemorrhages, and yellow exu-

dates. (Courtesy of Peter McKay, COMT).
ontrol and Complications Trial8 and the United King-
om Prospective Diabetes Study9 showed that intensive
lycemic control substantially reduces the incidence and
rogression of diabetic retinopathy in type I and II dia-
etes. Blood pressure control also significantly reduces
he incidence and progression of diabetic retinopathy,
lthough the specific antihypertensive agent utilized does
ot appear to be significant.10,11

Established secondary interventions for diabetic retinop-
thy include pan-retinal photocoagulation, focal laser pho-
ocoagulation, and surgical vitrectomy. Pan-retinal photo-
oagulation applies hundreds of laser burns to the peripheral
etina, reducing the amount of ischemic retina that drives
ngiogenesis. Pan-retinal photocoagulation has been the
ornerstone of treatment for severe retinopathy since the
iabetic Retinopathy Study, which showed that it reduces

he risk of severe vision loss by 50% in patients with severe
iabetic retinopathy.12

Focal laser photocoagulation is indicated for patients
ith clinically significant macular edema; it targets microa-
eurysms near the macula, reducing the plasma leakage
esponsible for intraretinal swelling. The Early Treatment
iabetic Retinopathy Study showed that focal laser photo-

oagulation reduces the risk of moderate vision loss by
0%-70% in patients with macular edema.7

Vitrectomy involves surgical removal of the vitreous,
lood, and fibrovascular retinal tissue. It is recommended
or severe proliferative diabetic retinopathy when it is un-
esponsive to pan-retinal photocoagulation, associated with
evere vitreous hemorrhage, or associated with traction on
he macula. The Diabetic Vitrectomy Study first demon-
trated the ability of early vitrectomy to preserve or restore
ision in patients with severe proliferative diabetic retinop-

Figure 2 Fundus photograph of the left eye of a patient with
proliferative diabetic retinopathy demonstrating large neovas-
cular fronds and old laser photocoagulation scars. (Courtesy of

Peter McKay, COMT).
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thy;13 since this study, many advances have been made in
itreoretinal surgery.

Vascular endothelial growth factor is produced by
ultiple retinal cell types in response to ischemia. It is a

otent promoter of vascular permeability and neovascu-
arization, making it the primary target for emerging
reatment for diabetic retinopathy. Intravitreal injection
f vascular endothelial growth factor into healthy primate
yes induces changes similar to proliferative diabetic
etinopathy.14 The concentration of vascular endothelial
rowth factor is increased by a factor of 20 in the vitreous
f patients with proliferative diabetic retinopathy, and
evels subsequently fall after pan-retinal photocoagu-
ation.15

Currently, 4 intravitreal inhibitors of vascular endo-
helial growth factor provide promising possibilities for
argeted nonsurgical treatment of diabetic retinopathy.
egaptanib (Macugen, OSI/Eyetech, Melville, NY) and
evacizumab (Avastin, Genentech, Inc., South San Fran-
isco, CA) have been demonstrated to reduce neovascu-
arization and improve diabetic macular edema, respec-
ively.16-18 Ranibizumab (Lucentis, Genentech, Inc.) and
EGF Trap-Eye (Regeneron Pharmaceuticals, Inc., Tar-

ytown, NY) are currently being evaluated for treatment
f macular edema.

All of the vascular endothelial growth factor antagonists
ppear to require repeated intravitreal injections to sustain
enefits, increasing the likelihood of local complications
ncluding uveitis, cataract, retinal detachment, and endoph-
halmitis. Theoretical concerns about occlusion of native
etinal vessels, hypertension, stroke, myocardial infarction,
nd thrombosis have not been demonstrated in large studies
f these agents.

The central role of vascular endothelial growth factor
n severe, vision-threatening diabetic retinopathy war-
ants further investigation to determine if inhibitors of
his protein will become part of routine care of diabetic
etinopathy.

Intravitreal triamcinolone acetonide also has received
ignificant attention for the treatment of diabetic macular
dema. While triamcinolone does reduce macular thickness

Table Funduscopic Findings in Diabetic Retinopathy

onproliferative Diabetic
etinopathy

Microaneurysms; venous beading;
intraretinal hemorrhages;
cotton-wool spots

roliferative diabetic
etinopathy

Abnormal new vessels of the
retina, optic disc, or iris;
vitreous hemorrhage

iabetic macular edema Retinal thickening; yellow
exudates
n the short term,19 its 3-year visual benefit was found to be
nferior to standard focal macular laser, with higher rates of
laucoma and cataract.20

ONCLUSION
s the leading cause of new-onset blindness in the working-

ge population in the US, diabetic retinopathy causes a
rofound burden of psychologic, functional, and economic
orbidity. Diabetic retinopathy progresses predictably from

he early nonproliferative stage to the later proliferative
tage. It is largely asymptomatic until its latest stages, em-
hasizing the importance of early referral by primary care
roviders for regular screening examinations. Application
f focal macular laser and panretinal photocoagulation at
ppropriate disease stages reduces the risk of further vision
oss. Ongoing research will determine the utility of inhibi-
ors of vascular endothelial growth factor as an additional
ool in the management of diabetic retinopathy.
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or decades, the American College of Cardiology (ACC)
nd the American Heart Association (AHA) have distilled
linical evidence into guidelines1 and, recently, guidelines
nto performance measures.2 Yet, there remains a significant
ap between the potential for high quality health care and
he quality of health care that is actually delivered to pa-
ients.3 Although some programs, such as the ACC’s Na-
ional Cardiovascular Data Registries4 and the AHA’s Get
ith the Guidelines,5 have demonstrated improvements in

he quality of inpatient care,6 the quality and opportunity for
mprovement in the outpatient setting are largely unknown.
he importance of quantifying and improving care in the
utpatient setting is becoming increasingly important, with
he recent emphasis on reporting of postdischarge mortality
nd readmission rates as a reflection of inpatient hospital
are. Thus, there is a compelling need to systematically
easure the quality of care, as quantified by established

erformance measures, in the outpatient setting.

HALLENGES IN DEVELOPING AN OUTPATIENT
EGISTRY
he development of an outpatient registry faces unique
hallenges. Data collection for inpatient registries is typi-
ally performed retrospectively, without time constraints
nd often days after patient discharge.

Funding: Bristol-Myers Squibb/Sanofi Pharmaceuticals and the Amer-
can College of Cardiology provide operational funding for the Improving
ontinuous Cardiac Care program.

Conflict of Interest: None of the authors have any financial conflicts
f interest.
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tE-mail address: pchan@cc-pc.com
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In contrast, an outpatient registry requires the repeated
cquisition of patient-level data—such as symptoms, vital
igns, and medications—that are likely to change over time.
he nature of these data mandate that they be captured
ontemporaneously to ensure accuracy and completeness of
ssessment during an outpatient clinical encounter. Finally,
utpatient practices are typically unwilling or unable to
evote significant time and personnel resources for addi-
ional data collection. Therefore, the development of a suc-
essful outpatient quality improvement registry would need
o address all these factors in its design and implementation.

HE IMPROVING CONTINUOUS CARDIAC CARE
ROGRAM (IC3)

n 2007, the American College of Cardiology cited as a priority
he development of an outpatient cardiac registry, thereby
aying the foundation for the Improving Continuous Cardiac
are (IC3) program (https://www.improvingcardiaccare.org).
ecognizing that the IC3 program would need to move
eyond traditional inpatient registries, the ACC, in collab-
ration with the Mid America Heart Institute in Kansas
ity, Missouri, designed the IC3 program to enable prac-

ices to both assess and improve their quality of care and to
hrive in a performance-based health care system.

Conceptually, the IC3 program collects 27 ACC/AHA Per-
ormance Measures in the outpatient setting. This is aligned
ith the philosophy that if a professional organization endorses
performance measure as essential for delivering high quality

are, it also should provide the mechanism to systematically
ollect and use that measure in routine clinical care. Thus, the
C3 program has been designed to collect, at the point of care,
variety of longitudinal patient data, including patients’ symp-

oms, vital signs, medications, and intercurrent hospitaliza-
ions. IC3 then converts submitted data into actionable reports
t the practitioner, practice, and national levels so that bench-
arking and opportunities for improvement can be identified.
he IC3 program also can use these data to report, on behalf of
he practice, to payers, including Medicare and its Physician

https://www.improvingcardiaccare.org
mailto:pchan@cc-pc.com
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uality Reporting Initiative program. Ultimately, IC3 will be-
ome a program that will support the sharing of best practices
n order to elevate performance across centers of care.

Understanding that there is heterogeneity in practice size,
atient volume, use of electronic medical records (EMRs),
nd incentives for participation, the IC3 program has devel-
ped multiple mechanisms for data collection that can be
eployed by a practice. These include: a paper form, an
nline data collection site, and collaboration with EMR
endors and system integrators to collect the data elements
eeded to participate in IC3. This range of data collection
odalities allows practices to participate in IC3 regardless

f whether they have internet or EMR access.

MPROVING CARE FOR OUTPATIENTS
here are several ways in which the IC3 program may

mprove outpatient care for cardiac patients. First, by cap-
uring the data components for each of the performance
easures, the IC3 program allows practices to measure their

dherence to all the performance measures for each chronic
ardiac condition. A list of the more than 25 performance
easures for coronary artery disease, heart failure, atrial
brillation, and hypertension is provided in the Table. Prac-

ices receive quarterly summaries of their adherence to each
erformance measure; as a result, gaps in the delivery of
vidence-based care can be identified and corrected.

Table American Heart Association and American College of Ca

oronary artery
isease

Use of beta-blocker therapy for patients with
Use of antiplatelet therapy
Use of ACE inhibitor or ARB therapy for patie
Annual assessment of activity level and symp
Annual assessment with lipid profile
Use of appropriate lipid-lowering therapy
Percentage of visits with a blood pressure ass
Annual screening for DM
Annual screening for cigarette smoking
Percentage of cigarette smokers who receive
Percentage of patients with an MI, CABG, PCI

eart failure Annual assessment of LV function
Percentage of newly diagnosed patients with
Use of beta-blocker therapy in patients with
Use of ACE inhibitor or ARB therapy in patien
Use of warfarin in patients with atrial fibrilla
Percentage of visits with a clinical examinati
Percentage of visits with a weight assessmen
Percentage of visits with a blood pressure ass
Annual patient education on disease manage
Percentage of visits with an assessment of ac
Percentage of visits with an assessment for s

trial fibrillation
nonvalvular only)

Annual assessment of stroke risk in patients
Warfarin use in patients with nonvalvular atri
Monthly assessment of INR levels in patients

ypertension Percentage of visits with a blood pressure ass
Percentage of visits with a documented plan

MI � myocardial infarction; ACE � angiotensin-converting enzyme; AR

CABG � coronary artery bypass graft surgery; PCI � percutaneous coronary inter
Second, practices can use their quarterly reports to compare
esults with other IC3 practices around the country. As a result,
ractices receive not only their absolute rates of adherence for
ach performance measure, but also their relative performance
o other practices (Figure). This information can catalyze ef-
orts to increase adherence to evidence-based medicine. Third,
ractices can evaluate their performance over time, tracking
hether internal quality improvement efforts increased adher-

nce for performance measures, particularly for those where
dherence had been suboptimal. Fourth, the IC3 program al-
ows practices to examine variations within their group and to
dentify individual clinicians with low adherence to evidence-
ased medicine. And fifth, for those practices entering data
hrough EMRs, mechanisms for decision support may be de-
eloped to prompt clinicians to apply evidence-based medicine
uring each clinical encounter. For those practices without an
MR, the IC3 data collection form itself can serve as a decision
id if used concurrently with the delivery of patient care.

UILDING THE ECONOMIC CASE FOR IC3

ecognizing that the burden of data entry for IC3 is not insig-
ificant, the ACC has worked to make the economic case for
ractices to participate in IC3. Many practices already devote
ubstantial resources to retrospectively collect data on pay-for-
erformance and Physician Quality Reporting Initiative partic-
pation at year’s end. Such retrospective data collection is of

y Performance Measures for Common Cardiac Conditions

I

h DM or LV dysfunction

nt

g cessation intervention
rdiac valve surgery referred for outpatient cardiac rehabilitation

laboratory evaluation
function

LV dysfunction

taining to volume status assessment

nt

level
s of volume overload
nvalvular atrial fibrillation
llation at high risk for stroke
rfarin
nt
ertension treatment if the blood pressure was elevated

giotensin receptor blocker; DM � diabetes mellitus; LV � left ventricular;
rdiolog

prior M

nts wit
toms

essme

smokin
, or ca

initial
LV dys
ts with

tion
on per
t
essme

ment
tivity
ymptom
with no
al fibri
on wa
essme
for hyp

B � an

vention; INR � international normalized ratio.
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inimal utility for quality improvement because the data are
lready outdated by the time they are collected, retrospective
rocesses do not provide actionable goals or comparisons with
ther practices, and they may be incomplete for certain per-
ormance measures.

Because the IC3 program collects data on adherence for
ach of the performance measures and Physician Quality
eporting Initiative items, the ACC, through the IC3 pro-
ram, can provide comprehensive reporting for pay-for-
erformance and Physician Quality Reporting Initiative on
ehalf of a given practice. Therefore, the burden of entering
ata prospectively in IC3 can be offset by the time and
esources traditionally required for retrospective data col-
ection, while also providing added value for the use of that
ata, beyond merely reporting to accrediting agencies. Of
ourse, this calculus also does not take into consideration
he potential quality improvement that can be achieved with
nternal and external benchmarking from IC3 participation,
hich also could provide financial rewards to practices. To

his end, the ACC is in discussion with payers who have
xpressed interest in learning more about the IC3 program.

ONCLUSION
hile significant gains have been made to quantify and im-

rove the quality of inpatient cardiac care, little is known about

Figure Mock draft of a practice’s quarterly report for s
Continuous Cardiac Care (IC3) program, practices will re
measure. Practices, in turn, case use these reports to identify a
their relative performance among practices throughout the U
(minimum, median, maximum, 25th and 75th rate) for each
he quality of care in the outpatient setting. This is particularly
oncerning, given high rates of mortality and readmission for
utpatients with myocardial infarction and heart failure. The
C3 program provides the infrastructure to follow the care of
utpatients with cardiac disease—an effort that has unique
hallenges distinct from inpatient registries. By identifying
aps in the use of evidence-based medicine, tracking perfor-
ance over time, and enabling contemporaneous decision sup-

ort for busy clinicians, the IC3 program has the potential to
ransform the quality of outpatient cardiac care.

eferences
. Antman EM, Gibbons RJ. Clinical practice guidelines and scientific

evidence. JAMA. 2009;302:143-144; author reply 145-147.
. Spertus JA, Eagle KA, Krumholz HM, et al. American College of

Cardiology and American Heart Association methodology for the se-
lection and creation of performance measures for quantifying the quality
of cardiovascular care. Circulation. 2005;111:1703-1712.

. Committee on Quality of Health Care in America, Institute of Medicine.
Crossing the Quality Chasm: A New Health System for the 21st Cen-
tury. Washington, DC: National Academy Press; 2001.

. National Cardiovascular Data Registry. Quality Improvement Quanti-
fied. Available at: http://www.ncdr.com/webncdr/common/. Accessed
August 12, 2009.

. American Heart Association. Get with the Guidelines. Available at: http://
www.americanheart.org/presenter.jhtml?identifier�1165. Accessed Au-
gust 12, 2009.

. Nallamothu BK, Krumholz HM, Peterson ED, et al. Door-to-balloon
times in hospitals within the get-with-the-guidelines registry after ini-
tiation of the door-to-balloon (D2B) Alliance. Am J Cardiol. 2009;103:

erformance measures. By participating in the Improving
quarterly reports on their adherence to each performance
f high and low performance. Additionally, they can compare
he quarterly reports will also report the range of adherence
ance measure and the practice’s rate along this spectrum.
elect p
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RESENTATION
ertain diseases are great mimickers in medicine, present-

ng with diverse clinical manifestations that masquerade as
ther entities. We present a case, which illustrates the im-
ortance of considering these diseases in the differential
iagnosis of patients who present with non-specific signs
nd symptoms.

A 74-year-old recent Ethiopian émigré presented to our
mergency department with a 7-day history of abdominal
ain that had worsened over the previous 24 hours. She also
omplained of nausea, vomiting, and diarrhea. Her family
dded that she had been coughing chronically and eating
oorly for several years. Notable physical exam findings
ncluded cachexia with abdominal tenderness and guarding.

computed tomography (CT) scan of the patient’s abdo-
en revealed pneumoperitoneum, a moderate amount of

scites, and diffuse small-bowel thickening (Figure 1). A
hest CT scan revealed a pneumonia involving the right
pper, middle, and lower lobes and a few prominent medi-
stinal nodes (Figure 2).

SSESSMENT
n emergent exploratory laparotomy revealed a moderate

mount of turbid ascites and a carcinomatosis-like studding
f the entire small bowel, large bowel, and mesentery. A
0-cm cecal mass with overlying necrotic omentum was
dentified as the cause of the bowel perforation. Two de-
osits also were seen on the surface of the right lobe of the
iver. The surgeon electively performed a right hemicolec-
omy with end Brooke ileostomy.

The patient recovered well postoperatively. Her cancer
ntigen 125 level was found to be elevated (783 U/mL), and
er carcinoembryonic antigen level was 3.4 ng/mL (refer-

Funding: None.
Conflict of Interest: None.
Authorship: All authors played a role in the writing and revision of

his manuscript and accept responsibility for its content.
Requests for reprints should be addressed to Tinsay Woreta, MD,

PH, Tower 110 Doctors Lounge, Johns Hopkins Hospital, 600 North
olfe Street, Baltimore, MD 21287.
aE-mail address: tworeta1@jhmi.edu

002-9343/$ -see front matter © 2010 Elsevier Inc. All rights reserved.
oi:10.1016/j.amjmed.2009.11.006
nce range: 0-3.0). Final pathology of multiple specimens
rom the bowel revealed florid, necrotizing, granulomatous
nflammation (Figure 3).

IAGNOSIS
uman immunodeficiency virus (HIV) and tuberculin skin

ests were negative, and an induced sputum sample was
egative for acid fast bacilli by fluorochrome staining. Anal-
sis of the peritoneal fluid revealed many polymorphonu-
lear lymphocytes but no organisms by Gram stain or cul-
ure. However, positive auramine-rhodamine stains for acid
ast bacilli on portions of the patient’s omentum and colon
ed to a diagnosis of gastrointestinal tuberculosis (TB).

Tuberculosis is a significant cause of morbidity and mor-
ality worldwide. The World Health Organization (WHO)
stimates that there were 9.2 million new cases and 1.7
illion deaths from TB in 2006.1 The largest burden of the

isease is in Africa and Asia.1 In addition to the lungs, TB
an involve the intestines, peritoneum, lymph nodes, and
olid organs, including the liver, spleen, kidney, and pan-
reas. Gastrointestinal TB is one of the most common forms
f extra-pulmonary TB.2

Gastrointestinal TB infection often occurs after reactiva-
ion of latent tuberculous foci established from hematoge-
ous spread from a primary lung focus. It also can occur
hrough hematogenous spread from active pulmonary or
iliary TB, ingestion of bacilli from sputum or infected
ilk products, lymphatic spread from infected lymph nodes,

r direct spread from adjacent organs, such as the Fallopian
ubes and adnexa.3 Within the gastrointestinal tract, the
leocecal area is the most common site of infection, as it is
ich in lymphoid tissue and is a site of relative stasis.3 Infection
esults in tubercle formation, caseous necrosis, mucosal ulcer-
tion, granuloma formation, fibrosis, and scarring.3

Because gastrointestinal TB might present with non-
pecific signs and symptoms that mimic other conditions,
uch as malignancy and inflammatory bowel disease, it
ften presents a diagnostic challenge.4,5 The most common
linical signs and symptoms reported in case series have
een ascites, abdominal pain, abdominal distention, fever,

norexia, weight loss, and weakness.4-11 Nausea, vomiting,

mailto:tworeta1@jhmi.edu
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nd diarrhea also are frequently reported.5,7 Because of the
nsidious nature of the disease, afflicted patients typically
ave symptoms for several weeks or months before presen-
ation.5-7,10 They might present with an acute abdomen from
cute intestinal obstruction or intestinal perforation.2,12

ommon laboratory findings are anemia, an elevated erythro-
yte sedimentation rate, and hypoalbuminemia.4,9-11 Many pa-
ients have elevated cancer antigen 125 levels, which in
omen may lead to a misdiagnosis of ovarian cancer.11

ndeed, Thakur et al.13 suggest that high serum cancer
ntigen 125 levels in the setting of an abdominopelvic mass
ith or without ascites should always raise a suspicion of

Figure 1 Abdominal CT scan revealing ascites and thick-
ened small bowel.
o
Figure 2 Chest CT scan showing a right-sided pneumonia.
B. TB skin tests are falsely negative in more than 70% of
atients.4,10,11 About 30% of patients have a history of prior
B or evidence of active TB at other sites.4,10

Abdominal ultrasound and CT scans can aid in the diag-
osis of gastrointestinal TB. These imaging techniques of-
en reveal ascites, peritoneal thickening or nodules, bowel
all thickening, omental and mesenteric thickening, and

ymphadenopathy.4,5,8,11 Definitive diagnosis is made from
istology and/or culture of specimens obtained via invasive
echniques such as endoscopy, colonoscopy, laparoscopy,
r laparotomy.7,9 Findings via laparoscopy or laparotomy
nclude ascites, diffuse involvement of the visceral and
arietal peritoneum, enlarged lymph nodes, omental thick-
ning, and small and large bowel lesions.4,7 Histology of
rozen sections typically reveals granulomatous inflammation
ith central caseous necrosis.4,5 Acid-fast bacilli smears are
ositive in 50-60% of specimens, and cultures (which allow
or drug susceptibility testing) are positive in 40-80% of
pecimens.4-6 Other possible diagnostic techniques include
olymerase chain reaction tests for M. tuberculosis in ascitic
uid obtained via paracentesis and testing of adenosine
eaminase activity in ascitic fluid.11

ANAGEMENT
ore than 80% of patients with gastrointestinal TB com-

letely recover after 9-12 months of standard antituberculous
herapy.4,7 The standard therapy consists of 2 months of “4-
rug” treatment (with rifampicin, isoniazid, pyrazinamide, and
thambutol) followed by continued rifampicin and isoniazid
reatment for the remaining duration of therapy.6

Our patient was empirically started on 4-drug therapy
ith rifampin, isoniazid, pyrazinamide, and ethambutol, as
ell as pyridoxine. She had very poor oral intake through-

Figure 3 Surgical pathology specimens of right colon and
distal ileum revealing florid, necrotizing, granulomatous
inflammation.
ut her hospitalization and required nasogastric tube place-
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ent for nutritional support. Her albumin was low at 1.2
/dL. She gradually improved clinically and was discharged
o a nursing home, where she continued to show improve-
ent. Upon discharge from the nursing home, she received

-drug therapy under direct supervision until her return to
thiopia about 1 month later, where she was to continue
nti-TB medications for a total of 6 months prior to con-
idering reversal of her ostomy.

This case illustrates that physicians must maintain a high
egree of suspicion for the diagnosis of gastrointestinal TB
n patients from endemic countries as well as in immuno-
ompromised patients. Given the varied clinical manifesta-
ions of the disease and the fact that it may mimic other
onditions, the diagnosis is often delayed or missed, leading
o increased morbidity and mortality from inappropriate
reatment.
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RESENTATION
ong-term drug therapy for hepatitis C virus (HCV) infec-

ion would prove to have persistent effects—both desirable
nd undesirable. A 29-year-old woman with chronic hepa-
itis C, genotype 4, was to embark on a treatment regimen of
ral ribavirin, 1000 mg, once daily and subcutaneous injec-
ions of pegylated interferon alfa-2b, 80 �g, once a week. At
er initial physical examination, she had a body mass index
f 26 (25-29 indicates overweight). Laboratory results
howed that her alanine transaminase level, at 88 IU/mL,
as well above the normal reference value (�31 IU/mL).
er albumin level and prothrombin time were within the
ormal range. She had no other relevant medical or family
istory.

In the first month, the patient reported anorexia, asthenia,
nd a weight loss of 8.8 lb (4 kg). Therapy continued, and
ust before the 48-week treatment period ended, she devel-
ped signs of bilateral lipoatrophy at the interferon injection
ite on her abdomen (Figures 1 and 2).

SSESSMENT
he loss of subcutaneous fat at the patient’s injection site was
xamined by specialists in the dermatology department. They
onfirmed a diagnosis of bilateral lipoatrophy. Six months after
nterferon treatment ended, a sustained antiviral response to
herapy was verified with a negative HCV-RNA test.

IAGNOSIS
ipoatrophy is usually secondary to an inflammatory pro-
ess. In this case, it was attributed to the patient’s 1-year
ourse of interferon alfa-2b. Sometimes, differentiation be-
ween the cutaneous manifestations of hepatitis C infection

Conflict of Interest: The authors have no conflict of interest.
Funding: We had no funding sources.
Authorship: All authors had access to the data and participated in the

reparation of the manuscript.
Requests for reprints should be addressed to Joana Nunes, MD, Hos-

ital Santa Maria, Avenida Professor Egas Moniz, 1649-035, Lisboa,
ortugal.
aE-mail address: joanamnunes@gmail.com

002-9343/$ -see front matter © 2010 Elsevier Inc. All rights reserved.
oi:10.1016/j.amjmed.2009.12.009
nd interferon therapy is not possible. A temporal relation-
hip between the beginning of therapy and the appearance
f the lesion is needed if the effect is to be ascribed to the
rug.

Hepatitis C infection is a common cause of morbidity
nd mortality, affecting 3% of the world’s population. In
ndustrialized countries, chronic hepatitis C causes 40% of
irrhosis cases and 60% of hepatocellular carcinoma cases.
t also is the leading indication for liver transplants, ac-
ounting for 30% of the surgeries. Currently, the standard
egimen for chronic hepatitis C infection is subcutaneous
egylated interferon and oral ribavirin, a combination in-
ended to produce a sustained antiviral response.1

Interferon therapy has been associated with a number of
utaneous complications. The most common dermatologic
ide effect, occurring in 15-20% of cases, is localized in-
ammatory skin lesions at the injection site. Progression to
lceration and necrosis, though infrequent, has been de-
cribed.2,3 The pathogenesis of progression is unknown, but
local immune-mediated inflammatory process might be

nvolved.
Alopecia is one of the most frequently occurring cutane-

us secondary reactions to interferon treatment, with a prev-

Figure 1 This is the way the patient’s abdomen looked at the
end of the 1-year treatment period.
lence of around 10%-20%. Although the condition is gen-

mailto:joanamnunes@gmail.com
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rally mild, a more severe type, alopecia universalis, has
een reported in a few patients. However, it was reversible
nce therapy was stopped.

Other complications of the skin and mucous membranes
nclude oral pigmentation, trichomegaly, nail pigmentation,
phthous ulcers, and urticaria. It has been shown that pa-
ients with previous dermatologic diseases, such as psoria-
is, seborrheic keratosis, or lichen planus, may suffer an
xacerbation.4 Overall, hospital admission is rarely required
or most cutaneous and mucous membrane reactions to
herapy.

Lipoatrophy secondary to subcutaneous injections has
een described in conjunction with several drugs, includ-
ng insulin, corticosteroids, vasopressin, antibiotics, hu-
an growth hormone, iron dextran, diphtheria-pertussis-

etanus vaccine, antihistamines, and glatiramer acetate, a
reatment for multiple sclerosis.5 Localized lipoatrophy also
as been reported during treatment with interferon beta-1a
nd interferon beta-1b in patients with multiple sclerosis.6

ntil now, however, lipoatrophy has not been reported in
atients with hepatitis C or in patients treated with inter-
eron alfa. Although different pathogenic mechanisms have
een proposed for each of these drugs, lipoatrophy most
robably is the shared late or residual stage of a previous
rug-induced localized panniculitis.

In some studies with glatiramer acetate, for example,
iopsy of the depressed areas showed “fibrosis of the dermis
nd subcutis with reduction in the size of the fat lobules and
inimal mononuclear infiltrates.”7 It is likely that the drug

Figure 2 Another view is seen here.
as a direct toxic effect on the adipocytes, inducing a local
nflammatory response that is followed by a hypersensitivity
eaction and residual lipoatrophy.

The mechanism whereby lipoatrophy lesions appear at
he site of pegylated interferon injections remains to be
larified. Hypothetical explanations include stimulation of
ocal adhesion molecules, proinflammatory chemokine ex-
ression, and a direct chemotactic effect on immune cells by
nterferon.8 Why this complication seems to occur more
requently among patients with multiple sclerosis than those
ith hepatitis C infection is unknown.
A further point to consider is the possible pathogenic role

f the polyethylene glycol molecule. Polyethylene glycol is
ften used as an additive in products such as topical drugs
nd cosmetics, and the literature refers to several cases of
nwanted cutaneous side effects caused by this additive;
articularly, contact dermatitis.9

ANAGEMENT
he patient’s disfigurement persisted for several months.
he was referred to a plastic surgeon for treatment that
ubsequently achieved good results. To our knowledge, this
s the first published case of lipoatrophy after subcutaneous
njection of pegylated interferon alfa in a patient with hep-
titis C infection.
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omputer Calls for Cardiology Consult STAT!
harles Broy, MD

th Infantry Division, 1-9 Cavalry, United States Army.
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RESENTATION
lthough the electronic readouts provided by electrocardio-
raphic systems often include an interpretation of the elec-
rocardiogram (ECG), the clinician must not rely on this
nterpretation alone. In the following case, the “assistance”
rovided by the computer’s interpretation of a routine ECG
roved quite misleading.

An apparently healthy soldier on active duty presented to
bare-bones medical clinic in Iraq to undergo a routine

hysical exam for Airborne school. He was 23 years old,
symptomatic, and recently had passed his physical fitness
est by running 2 miles in 14.5 min. He had an unremarkable
edical history with no syncope or recent upper respiratory

ymptoms, was not taking any prescription or over-the-
ounter medications or supplements, and had no known
edication allergies. He was a light smoker (5 pack-years),

ut denied any intake of alcohol or caffeine. He was 70
nches tall and weighed 147 lb (body mass index, 21). There
as no history of sudden death in his family.
The soldier had never had an ECG. When one was

erformed as part of the standard screening for his physical
xam, the medics performing the test had no reason to
xpect anything other than unremarkable results. They were
hus alarmed and confused when the system readout pro-
laimed “** ** ACUTE MI ** **”!

SSESSMENT
he soldier’s ECG showed ST wave elevation in leads II,

II, aVF, and V2–V6 (Figure 1), which the ECG system
nterpreted as evidence of an acute myocardial infarction.
lthough the system readout called for an immediate car-
iology consultation, the patient’s vital signs were com-

Funding: The author received no financial support in the preparation of
his document.
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nterest in any drug, device, or equipment mentioned in this article.

Authorship: The author had access to the data, prepared the manu-
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edar Springs Circle, Clarksville, TN 37042.
sE-mail address: broychar@yahoo.com

002-9343/$ -see front matter Published by Elsevier Inc.
oi:10.1016/j.amjmed.2009.11.007
letely normal, with a blood pressure of 115/72 mm Hg,
eart rate of 62 beats/min, respiratory rate of 15 breaths/
in, temperature of 98.2°C, and oxygen saturation on room

ir of 99%. A physical exam revealed no murmur, gallop,
ub, thrill, displaced point of maximal intensity, jugular
enous distension, lower extremity edema, crackles, or
ther abnormalities.

IAGNOSIS
lthough acute myocardial infarction can present with ele-
ated ST waves, the sudden occlusion of a cardiac artery
sually elevates ST waves only in the area of the blockage
nd rarely causes diffuse ST wave elevation such as that
een in the soldier’s ECG (Figure 1). His asymptomatic
resentation, normal physical exam, good functional status,
nd lack of atherosclerotic risk factors also suggested that
he machine’s diagnosis of acute myocardial infarction was
ncorrect.

Diffuse ST wave elevation is a typical sign of pericarditis
r early repolarization. Differentiating these conditions can
e difficult, but early repolarization is characterized by a
hortened ST segment, an elevated J point, and concave
T-wave elevation, usually in the mid-to-lateral precordial

eads.1 The soldier’s ECG demonstrated a shortened ST
egment and concave ST wave elevation, suggesting early
epolarization, and the absence of chest pain argued against
ericarditis. In a landmark article, Ginzton and Laks de-
cribed ECG changes that favor a diagnosis of early repo-
arization over that of pericarditis;2 these changes include a
ack of PR interval displacement and a T-wave amplitude 4
imes greater than the ST-wave elevation in leads I, II, V4,
5, and V6. The demonstrable lack of PR interval displace-
ent and the size of the T wave (4 times greater than the
T-wave elevation in leads in leads I, II, V5, and V6) in the
oldier’s ECG (Figure 1) confirmed the diagnosis of early
epolarization.

Closer examination of the ECG revealed an irregular
eart rate interpreted by the ECG system as “Sinus rhythm
ith AV dissociation and junctional rhythm with premature

upraventricular complexes.” The P waves were difficult to

ee in the ECG but were most obvious in leads aVR and V2.

mailto:broychar@yahoo.com
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trioventricular dissociation was ruled out because every
RS complex had a P wave and consistent PR interval. An

ctopic atrial rhythm seemed unlikely because the P waves
ere upright, and the heart rate was 60 beats/min. The
atient appeared to have respiratory sinus arrhythmia, a
ommon cause of irregular rhythm in young, healthy indi-
iduals. It arises when the vagal and sympathetic nervous
system] signals to the sinoatrial node change with respira-
ion. Quantification of this phenomenon is complex, with
hree separate possibilities for diagnosis.3

All the ECG intervals were within normal limits, but the
RS axis was indeterminate, with a value of �90° (a
ormal frontal plane axis is between –30° and �90°),4

eading to a machine interpretation of “Rightward axis,” a
ondition considered to be abnormal until proven otherwise.
ome possible causes for rightward axis include left ven-

ricular infarction, thin body habitus, and left posterior fas-
icular block (also called a posterior hemiblock) of the left
undle branch. The diagnostic criteria for left posterior
ascicular block include a frontal plane axis of �90–180°,
n rS complex in leads I and aVL, a qR complex in leads III

Figure 1 The asymptomatic patient’s ECG displayed diffus
nd aVF, and a QRS duration of less than 120 ms.4 n
Although the soldier’s ECG met all of the above criteria
or left posterior fascicular block, this diagnosis should be
ade only after other causes of right axis deviation are ruled

ut.5 Because almost all left posterior fascicular blocks
ave frontal plane axis values greater than 110°, and the
atient’s axis oscillated from 87° to 91°, thin body hab-
tus appeared to be the most likely reason for the occa-
ional indeterminate axis.

ANAGEMENT
espite the alarming messages from the ECG machine, the

oldier’s ECG actually suggested good health (although
ew evidence suggests that early repolarization might not be
benign normal variant as originally thought6). He was,

herefore, approved for Airborne school.
In performing routine physicals, general practitioners are

xpected to interpret ECGs. Although the ECG system-
alculated intervals and axis can be useful, relying on the
ystem’s interpretations alone can lead to unnecessary car-
iology consultation or even hospitalization. Knowledge of

ave elevation, irregularity, and indeterminate axis deviation.
ormal variants is thus vital for these providers.
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RESENTATION
iabetes mellitus can predispose patients to many addi-

ional health calamities. A 54-year-old Hispanic woman
ith a known history of diabetes presented to the emer-
ency department with a 1-day history of confusion, fever,
ausea, and vomiting. On arrival, she had a temperature of
01.1° F (38.4° C), blood pressure of 115/73 mm Hg, heart
ate of 125 beats/minute, respiratory rate of 20 breaths/
inute, and an oxygen saturation of 99% on room air. Her

hysical examination disclosed dry mucous membranes,
achycardia with regular rhythm, clear lungs, mild tender-
ess to palpation on the suprapubic area, and dry skin with
ecreased turgor. She was disoriented and unable to respond
ppropriately to questions.

SSESSMENT
he initial laboratory work identified an elevated white
lood cell count of 15.4 � 103 cells/mm3; 92% were neu-
rophils, and 30% of these were bands. A chemistry panel
howed a blood urea nitrogen concentration of 51 mg/dL, a
erum creatinine concentration of 2.5 mg/dL, and a blood
lucose level of 801 mg/dL. The patient’s urinalysis was
ignificant for many bacteria, 8 red blood cells per high-
ower field, 43 white blood cells per high-power field, and
glucose concentration of 1000 mg/dL. A plain abdominal

adiograph revealed an enlarged right kidney with an air
rescent along its peripheral margin (Figure 1). Retroperi-
oneal ultrasound confirmed the presence of air in the right
idney without evidence of obstruction. Abdominal com-
uted tomography (CT) without contrast showed an en-
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002-9343/$ -see front matter © 2010 Elsevier Inc. All rights reserved.
oi:10.1016/j.amjmed.2009.11.005
arged right kidney with intraparenchymal air. It was sur-
ounded by perinephric air that could be tracked up to the
drenal gland and down along the right lateroconal fascia
Figure 2).

IAGNOSIS
ased on the radiographic findings, the patient was diag-
osed with extensive, unilateral, Class 3A emphysematous
yelonephritis with acute nonoliguric renal impairment.
his acute necrotizing infection of the kidney and surround-

ng tissue may cause gas formation in areas such as the renal
arenchyma, collecting system, and perinephric tissue.1 Uri-
ary tract obstruction, most commonly due to urinary cal-
uli, is seen in as many as 25% of reported cases. Emphy-
ematous pyelonephritis is 5-6 times more common among
emales than males, but diabetes mellitus is apparently the
rimary predisposing factor, since a history of diabetes is
oted in 70-96% of patients.1,2

Usually, emphysematous pyelonephritis is caused by gas-
orming bacteria. The most commonly identified organism is
scherichia coli, followed by Klebsiella pneumonia.1-5 Cases
lso have been attributed to Proteus, Pseudomonas, Enter-
bacter, Clostridium, Aspergillus, Bacteroides, and Can-
ida species.2,4,6-8 While pathogenesis of emphysematous
yelonephritis remains poorly understood, glucose fermen-
ation is thought to play a major role in gas production.3,8

amples of gas taken from affected kidneys have yielded
ydrogen and carbon dioxide, which are known products of
lucose fermentation. Specifically, hydrogen gas is a prod-
ct of fermentation pathways unique to Enterobacteriaceae
rganisms and anaerobes.2,3 High glucose levels in tissue,
mpaired host response, urinary tract obstruction, and de-
reased perfusion have been postulated to influence the
xtent of gas production.2,7,8

Most patients with emphysematous pyelonephritis present
ith nonspecific signs and symptoms. Fever, nausea, vom-

ting, changes in mental status, flank, back and abdominal
ain, dyspnea, acute renal function impairment, and shock
re common.2,7,8 Presence of thrombocytopenia, altered
ental status, or acute renal failure on presentation are
ssociated with a poor prognosis.2

mailto:gusharma@utmb.edu
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Diagnosis of emphysematous pyelonephritis is estab-
ished radiographically.3,8 Although plain radiography and
ltrasound can be used, CT of the abdomen is the preferred
iagnostic tool. Abdominal CT defines both the extent and
ocation of the gas and characterizes any destruction of renal
arenchyma. In addition, the diagnostic sensitivity for CT is
00% in patients with emphysematous pyelonephritis, com-
ared to 69% and 65%, for plain radiography and ultra-
ound, respectively.4

ANAGEMENT
o standard therapy has been defined for emphysematous
yelonephritis. Most treatment regimens, selected on the

Figure 1 A radiograph of the abdomen showed an enlarged
right kidney with an air crescent along the peripheral kidney
outline.

Figure 2 Computed tomography of the abdomen indicated

extensive air within the right renal parenchyma (dark areas).
asis of radiologic findings and the patient’s underlying
ondition, consist of combinations of intravenous antibiot-
cs, percutaneous drainage, and total nephrectomy.2,3-9 Ta-
le 1 presents the radiologic classification of emphysema-
ous pyelonephritis used for management of our patient’s
ase. For patients with localized disease (class 1 and 2),
ercutaneous drainage with antibiotic treatment is recom-
ended initially. This treatment also is recommended for

atients with extensive disease (class 3 and 4) and � 2 poor
rognostic factors (ie, thrombocytopenia, acute renal im-
airment, altered mental status, or shock). Surgical nephrec-
omy is reserved for those with extensive emphysematous
yelonephritis; that is, cases with � 2 poor prognostic fac-
ors, widespread intraparenchymal destruction, or inade-
uate response to conservative management with antibiotics
nd percutaneous drainage.2

Overall mortality from emphysematous pyelonephritis
anges from 13-50%.5 Medical management alone is asso-
iated with a much higher mortality rate than is medical
anagement combined with additional percutaneous drain-

Figure 3 Evidence of necrosis can be seen at the inferior

Table 1 Classification of Emphysematous Pyelonephritis

lass Radiologic Findings on CT

Gas in the collecting system
Gas in the renal parenchyma without extension

to extrarenal space
A Extension of gas or abscess to perinephric space
B Extension of gas or abscess to pararenal space

Bilateral EPN or solitary kidney with EPN

CT � computed tomography; EPN � emphysematous pyelonephritis.
pole of the removed kidney.
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ge or surgical nephrectomy. Somani et al reported 13.5%
ortality in patients undergoing percutaneous drainage and
edical management compared with 50% in those receiving
edical management alone.4 Mortality in patients with

mergency nephrectomy was reported as 25%.
Our patient was initially treated with fluid resuscitation,

ntibiotic therapy, and glucose control. Blood and urine
ultures obtained on arrival subsequently revealed Kleb-
iella pneumoniae. Given the extent of intraparenchymal
estruction, consultants from both the urology and nephrol-
gy departments recommended nephrectomy. However, the
atient refused the procedure and was treated with antibi-
tics and percutaneous drainage.

A CT performed 2 weeks later showed persistent em-
hysematous pyelonephritis with multiple fluid collections
n the perinephric space. When the patient was informed of

Figure 4 A histologic examination of the diseased kidney

disclosed vascular sclerosis and tissue inflammation.
he failure to respond to conservative management, she
greed to undergo surgical nephrectomy. Necrosis at the
nferior pole was evident in the gross specimen of the
idney (Figure 3). Pathological findings included vascular
clerosis, glomerulosclerosis, and large areas of coagulation
ecrosis (Figure 4). The patient was discharged home in
table condition, and at 1-month follow-up, she was com-
letely asymptomatic with normal renal function.
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ABSTRACT

ACKGROUND: Hearing loss is a common sensory disorder, yet prospective data on potentially modifiable
isk factors are limited. Regularly used analgesics, the most commonly used drugs in the US, may be
totoxic and contribute to hearing loss.
ETHODS: We examined the independent association between self-reported professionally diagnosed
earing loss and regular use of aspirin, nonsteroidal anti-inflammatory drugs (NSAIDs), and acetamino-
hen in 26,917 men aged 40-74 years at baseline in 1986. Study participants completed detailed ques-
ionnaires at baseline and every 2 years thereafter. Incident cases of new-onset hearing loss were defined
s those diagnosed after 1986. Cox proportional hazards multivariate regression was used to adjust for
otential confounding factors.
ESULTS: During 369,079 person-years of follow-up, 3488 incident cases of hearing loss were reported.
egular use of each analgesic was independently associated with an increased risk of hearing loss.
ultivariate-adjusted hazard ratios of hearing loss in regular users (2� times/week) compared with men
ho used the specified analgesic �2 times/week were 1.12 (95% confidence interval [CI], 1.04-1.20) for

spirin, 1.21 (95% CI, 1.11-1.33) for NSAIDs, and 1.22 (95% CI, 1.07-1.39) for acetaminophen. For
SAIDs and acetaminophen, the risk increased with longer duration of regular use. The magnitude of the

ssociation was substantially higher in younger men. For men younger than age 50 years, the hazard ratio
or hearing loss was 1.33 for regular aspirin use, 1.61 for NSAIDs, and 1.99 for acetaminophen.
ONCLUSIONS: Regular use of aspirin, NSAIDs, or acetaminophen increases the risk of hearing loss in
en, and the impact is larger on younger individuals.
2010 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2010) 123, 231-237

KEYWORDS: Analgesics; Hearing loss; Prospective study
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earing loss is the most common sensory disorder in the US
nd afflicts over 36 million people.1 Data from the National
ealth and Nutrition Examination Survey (NHANES) dem-
nstrate that not only is hearing loss highly prevalent among
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ed.2009.08.006
he elderly, but approximately one third of those aged 40-49
ears already suffer from hearing loss.2 The 5-year inci-
ence of developing hearing loss in adults aged 48 years and
lder is 21%.3 Even mild hearing loss can compromise the
bility to understand speech in the presence of background
oise or multiple speakers, leading to social isolation, de-
ression, and poorer quality of life.4-7

Aspirin, acetaminophen, and ibuprofen are the 3 most
ommonly used drugs in the US.8 Although 17% of the total
opulation uses aspirin at least weekly, over 28% of men
ged 45 years and above are aspirin users. Similarly, acet-
minophen is used at least weekly by 23% of the population
nd ibuprofen is used by 17%.8 The ototoxic effects of high
oses (several grams per day) of salicylates, reversible hear-
ng loss and tinnitus, are well documented.9 In contrast,
ow-dose salicylate has been reported to protect against

minoglycoside10 and noise-11 induced hearing loss, possi-
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ly through an effect on the outer hair cell motor protein or
nhibition of cyclooxygenage.12 High doses of nonsteroidal
nti-inflammatory drugs (NSAIDs) have been shown to be
totoxic in animals and in human case reports,13 potentially
hrough a reduction in cochlear blood flow.9 Pre-exposure
o salicylates and NSAIDs might
otentiate noise-induced hearing
oss.14,15 Acetaminophen might
eplete glutathione,16 which has
een shown to protect the cochlea
rom noise-induced damage.17,18

he relation between acetamino-
hen and hearing loss has not been
tudied.

Given that analgesic use might
esult in pathophysiologic changes
n the cochlea and that regular use
f these analgesics is so common,
he relation of these medications
nd hearing loss might be an im-
ortant public health issue. There-
ore, we prospectively examined
he association between regular
nalgesic use and risk of hearing
oss in over 26,000 men.

ETHODS

articipants
he Health Professionals Follow-up Study originally en-

olled 51,529 male dentists, optometrists, osteopaths, phar-
acists, podiatrists, and veterinarians who were 40-75 years

f age at baseline in 1986. Study participants filled out
etailed questionnaires about diet, medical history, and
edication use. These questionnaires have been adminis-

ered every other year, and the 20-year follow-up exceeds
0%. The 2004 long-form questionnaire included a question
bout whether the participant had been professionally diag-
osed with hearing loss, and if so, the date of diagnosis. Of
he 31,496 men who returned the long-form questionnaire,
291 (26.3%) reported a diagnosis of hearing loss. Those who
eported hearing loss diagnosed before 1986 (n�2845) or
ancer other than nonmelanoma skin cancer (due to possible
xposure to ototoxic chemotherapeutic agents) were excluded
rom the analysis. Recent data from NHANES demonstrate
hat 43% of white men aged 60-69 years exhibit low- to
id-frequency hearing loss and 93% exhibit high-frequency

earing loss.2 Thus, because age is such a strong risk factor and
he prevalence of hearing loss is so high among the elderly, we
lso excluded men as they reached age 75 years during follow-
p. The number of men included in the analysis was 26,917.

scertainment of Analgesic Use
n the 1986 questionnaire and every 2 years thereafter, men
ere asked about regular use, defined as 2 or more times per
eek, of aspirin, NSAIDs, and acetaminophen. Our primary

CLINICAL SIGNIF

● Hearing loss is t
sory disorder in t
than age and no
risk of hearing lo

● Regular use of a
and nonsteroid
drugs, the most c
the US, might in
loss.

● The increased ris
ciated with regu
be greater amon
ularly those belo
nalyses examined regular analgesic use. If information on f
nalgesic intake was missing for a time period, person-time
or that participant was not included for that time period.
nalgesic use assessed in this manner has been shown to be

ssociated with a number of important outcomes in this
ohort, such as colorectal cancer19 and hypertension.20

Ascertainment of Outcome
The primary outcome, self-reported
professionally diagnosed hearing
loss, was determined based on the
response to a hearing loss question
on the 2004 long-form question-
naire. The question asked whether
the participant had ever had profes-
sionally diagnosed hearing loss and
the year of first diagnosis.

We defined incident cases as
hearing loss diagnosed after 1986.
Although standard pure-tone audi-
ometry is generally considered the
gold standard of hearing loss eval-
uation, due to the cost and logistic
limitations of audiometric screen-
ing, several survey instruments
have been developed to evaluate
large populations. Studies that
have compared the reliability of

elf-report to the gold standard of audiometry21-24 demon-
trate that self-reported hearing loss is a reasonably reliable
easure of hearing loss.21 For example, based on NHANES

ata using the definition of hearing loss to be a pure-tone
verage (at 500, 1000, 2000, and 4000 kHz) �25 dB in both
ars, the sensitivity was 65% and the specificity was 83% in
comparison of self-report to audiometry.2

scertainment of Covariates
e selected covariates that have been purported to be risk

actors for hearing loss. Covariates considered in the mul-
ivariate analysis included: age,2 race,2 body mass index
BMI),25 alcohol intake,26 folate intake,27 physical activ-
ty,28 smoking,26 hypertension, diabetes,29 cardiovascular
isease,30 elevated cholesterol,30 and use of furosemide.31

Age and race were obtained from biennial question-
aires. Height and weight were obtained from the baseline
uestionnaire, with self-reported weight updated every 2
ears. BMI was calculated as weight in kilograms divided
y the square of height in meters. Information on smoking
tatus and physical activity was updated every 2 years.
ntakes of alcohol and folate were calculated from semi-
uantitative food frequency questionnaires that were mailed
o participants every 4 years. Information on other covari-
tes was available from the biennial questionnaires, includ-
ng diagnoses of hypertension, diabetes mellitus, cardiovas-
ular disease, elevated cholesterol, and use of furosemide.

Questionnaire-derived information has been validated
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easured values or detailed diaries, with correlations of
.97 for weight,32 0.79 for physical activity,33 and 0.9 for
lcohol intake.34

tatistical Analysis
ll analyses were prospective, using information on anal-
esic use that was collected before the diagnosis of hearing
oss. For the primary analyses, the frequency of use of a
articular analgesic was categorized as regular users (2 or
ore times per week) or nonregular users (less than twice

er week). For each participant, person-time was allocated
ased on the response to the analgesic questions at the
eginning of each follow-up period. Participants were cen-
ored at the date of diagnosis of hearing loss or cancer, age
5 years, or the date of death, whichever came first. Age-
nd multivariable-adjusted hazard ratios (HRs) were calcu-
ated using Cox proportional hazards regression models.

ultivariable models were adjusted for potential confound-
rs listed above as well as simultaneously for use of the
ther analgesic types.

To examine whether the relation between regular anal-
esic use and hearing loss varied by age, we performed
nalyses stratified by age �50 years, 50-59 years, and 60
ears and older.

Secondary analyses examined the association between
uration of regular analgesic use and hearing loss. Duration
f regular aspirin use was categorized according to years of
egular use (0, 1-4, 5-8, �8). For NSAIDs and acetamino-
hen, duration of regular use was categorized similarly;
owever, the highest categories were collapsed into a cate-
ory of �4 years of regular use, as too few cases were in the

Table 1 Characteristics of Men According to Analgesic Use in

Aspirin Regular Use

Yes No
ariable n � 7217 n � 19,700

ge, years 52.5 50.6
ace, %

African American 0.5 0.9
Asian 0.7 1.8

ody mass index, kg/m2 25.5 25.3
lcohol, g/d 13 11
olate, �g/d 493 469
hysical activity, mets/wk 21 22
ypertension, % 21 16
iabetes, % 2 2
moking never, % 45 50
moking past, % 46 37
moking current, % 8 8
spirin use, % — —
SAID use, % 7.2 4.0
cetaminophen use, % 9.4 3.9

mets/wk � metabolic equivalent tasks per week; NSAID � nonsteroid
Regular use is defined as at least 2 times per week.

Values are means unless otherwise specified.
ategories of longer duration. We also examined whether
he relation between hearing loss and regular analgesic use
aried with concomitant regular use of more than one class
f analgesic. Analgesic use was categorized as regular use
f all 3 classes of analgesics, regular use of aspirin and
SAIDs only, NSAIDs and acetaminophen only, aspirin

nd acetaminophen only, aspirin only, NSAIDs only, acet-
minophen only, or no regular analgesic use.

For all HRs, we calculated 95% confidence intervals
CIs). All P values are 2-tailed. Statistical tests were per-
ormed using SAS statistical software, version 9 (SAS In-
titute Inc, Cary, NC).

ESULTS
haracteristics of participants at baseline according to an-
lgesic use are shown in Table 1. Although updated infor-
ation was used for the analysis, characteristics are pre-

ented from baseline to provide representative values.
egular aspirin and NSAID users were older and acetamin-
phen users were younger than nonregular users. Hyperten-
ion was more common among regular analgesic users. It
as common for an individual to use more than one type of

nalgesic regularly.
During 369,079 person-years of follow-up, 3488 cases of

earing loss were reported. Regular analgesic use was in-
ependently associated with an increased risk of hearing
oss for all 3 types of analgesics (Table 2). After adjusting
or age, race, profession, BMI, alcohol intake, folate intake,
hysical activity, smoking, hypertension, diabetes, and the
se of the other classes of analgesics, the multivariate HRs
f hearing loss in participants who were regular users com-

SAID Regular Use Acetaminophen Regular Use

es No Yes No
� 1311 n � 25,606 n � 1439 n � 25,478

52.0 51.1 49.6 51.2

0.7 0.8 0.5 0.8
0.7 1.6 1.0 1.6

26.0 25.3 25.4 25.3
12 11 11 11
84 476 497 475
23 22 18 22
21 17 20 17
2 2 1 2

40 49 43 49
52 39 39 47
8 8 9 8

39.6 26.2 47.3 25.7
— — 14.0 4.4
15.3 4.8 — —

inflammatory drug.
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ared with participants who used the specified analgesic less
han twice per week were 1.12 (95% CI, 1.04-1.20) for
spirin, 1.21 (95% CI, 1.11-1.33) for NSAIDs, and 1.22
95% CI, 1.07-1.39) for acetaminophen. When further ad-
usted for history of elevated cholesterol, cardiovascular
isease or use of furosemide, or after exclusion of individ-
als with rheumatoid arthritis or osteoarthritis, the results
ere materially unchanged.
For NSAIDs and acetaminophen, the risk of hearing loss

ncreased with longer duration of regular use (Table 3).
hose who used aspirin regularly for 1-4 years were 28%

95% CI, 17-40) more likely to develop hearing loss than
hose who did not use aspirin regularly; the risk did not
ncrease further with longer duration of use. Those who
sed NSAIDs regularly for 4 or more years were 33% (95%
I, 18-49) more likely to develop hearing loss than those
ho did not use NSAIDs regularly. The risk of 4 or more
ears of regular acetaminophen use also was 33% (95% CI,
4-56) higher.

Table 2 Age- and Multivariate-adjusted Hazard Ratios (95% CI

nalgesic Medication Cases Person-

spirin
�2 per week 1769 213,83
2� per week 1711 154,41

SAIDs
�2 per week 2852 320,46
2� per week 636 48,61

cetaminophen
�2 per week 3214 347,36
2� per week 274 21,71

NSAID � nonsteroidal anti-inflammatory drug.
*Adjusted for age, body mass index, alcohol, physical activity, folat

analgesics.

Table 3 Age and Multivariate Adjusted Hazard Ratios (95% CI

uration of Use (Years) Cases Person

spirin
0 1042 156,1
1-4 1122 108,1
5-8 687 56,4
�8 637 48,2

SAIDs
0 2409 284,7
1-4 721 59,7
�4 358 24,6

cetaminophen
0 2897 320,8
1-4 420 36,3
�4 171 11,8

NSAID � nonsteroidal anti-inflammatory drug.
*Adjusted for age, body mass index, alcohol, physical activity, folat
analgesics.
The association between hearing loss and regular use
f aspirin (P, interaction � .005), NSAIDs (P, interac-
ion � .10), and acetaminophen (P, interaction � .09) varied
y age (Table 4). For each class of analgesic, the magnitude
f the association tended to decrease with advancing age.
or aspirin, regular users aged �50 years and those aged
0-59 years were 33% more likely to have hearing loss than
ere nonregular users, but there was no association among
en aged 60 years and older. For NSAIDs, regular users

ged �50 years were 61% more likely, those aged 50-59
ears were 32% more likely, and those aged 60 years and
lder were 16% more likely to develop hearing loss than
onregular users of NSAIDs. For acetaminophen, regular
sers aged �50 years were 99% more likely, regular users
ged 50-59 years were 38% more likely, and those aged 60
ears and older were 16% more likely to have hearing loss
han nonregular users of acetaminophen.

The association between hearing loss and concomitant
se of more than one class of analgesic appeared to be

nalgesic Use and Incident Hearing Loss

Age-adjusted
Hazard Ratio

Multivariate
Hazard Ratio*

1.0 1.0
1.13 (1.06-1.21) 1.12 (1.04-1.20)

1.0 1.0
1.38 (1.27-1.50) 1.21 (1.11-1.33)

1.0 1.0
1.32 (1.17-1.50) 1.22 (1.07-1.39)

ing, hypertension, diabetes, profession, and race, as well as the other

earing Loss According to Duration of Analgesic Intake

Age-adjusted
Hazard Ratio

Multivariate
Hazard Ratio*

1.0 1.0
1.35 (1.24-1.46) 1.28 (1.17-1.40)
1.34 (1.22-1.48) 1.30 (1.17-1.44)
1.26 (1.14-1.40) 1.17 (1.04-1.31)

1.0 1.0
1.30 (1.20-1.42) 1.23 (1.12-1.34)
1.41 (1.26-1.57) 1.33 (1.18-1.49)

1.0 1.0
1.23 (1.11-1.36) 1.19 (1.07-1.32)
1.39 (1.19-1.62) 1.33 (1.14-1.56)

ing, hypertension, diabetes, profession, and race, as well as the other
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pproximately additive (Table 5). For the combined use of
analgesics, the risk was highest for use of NSAIDs and

cetaminophen (HR 1.58 [95% CI, 1.16-2.16]), as com-
ared with those who did not use any of the analgesics
egularly. This risk was similar to the impact of regular use
f all 3 analgesics (HR 1.60 [95% CI, 1.23-2.09]).

ISCUSSION
egular analgesic use was independently associated with an

ncreased risk of hearing loss. The increased risk of hearing
oss seen with regular analgesic use was greatest among
ounger men, particularly those below age 60 years. In men
ged 60 years and above, there was no relation observed
etween the risk of hearing loss and regular aspirin use, and
he relation between regular use of NSAIDs and acetamin-
phen was attenuated. The risk of hearing loss increased
ith longer duration of analgesic use for both NSAIDs and

cetaminophen.
The ototoxic effects of high-dose salicylates, reversible

earing loss and tinnitus, are well documented.9 In animal
odels, salicylate administration results in abnormal outer

air cell function and decreased cochlear blood flow.9

alicylates induce biochemical and electrophysiological
hanges that alter membrane conductance of outer hair
ells35 and vasoconstriction in auditory microvasculature,
ossibly mediated by antiprostaglandin activity.36

Table 4 Analgesic Use and the Age-adjusted and Multivariate*

nalgesic Age �50 Years

spirin
Age-adjusted 1.32 (1.02-1.69)
Multivariate 1.33 (1.03-1.72)

SAIDs
Age-adjusted 1.59 (1.14-2.23)
Multivariate 1.61 (1.15-2.26)

cetaminophen
Age-adjusted 1.91 (1.29-2.82)
Multivariate 1.99 (1.34-2.95)

NSAID � nonsteroidal anti-inflammatory drug.
*Adjusted for age, body mass index, alcohol, physical activity, folat

analgesics.

Table 5 Age- and Multivariate-adjusted Hazard Ratios (95% CI
Incident Hearing Loss

nalgesic Cases Perso

one 1378 182,3
ll 3 analgesics 60 38
SAIDs � acetaminophen 43 30
spirin � acetaminophen 97 77
spirin � NSAIDs 250 19,8

NSAID � nonsteroidal anti-inflammatory drug.
*Adjusted for age, body mass index, alcohol, physical activity, folate, s
use.
High doses of NSAIDs also have been reported to be
totoxic in animal studies and in human case reports.15

imilar to salicylates, NSAIDs inhibit cyclooxygenase and
ecrease prostaglandin activity, potentially reducing co-
hlear blood flow.9

Histopathologic studies of human temporal bones37 and
n animals show degeneration of strial microvasculature.38

hese studies suggest that vascular compromise, such as
hat which may result from salicylate or NSAID use, con-
ributes to strial degeneration. Degeneration of the stria
ascularis, a highly vascularized and metabolically active
egion of the cochlea, is a notable pathophysiologic change
haracteristic of age-related hearing loss39 that may reduce
he endolymphatic potential and the function of the cochlear
mplifier.

The relation between acetaminophen and hearing loss
as not been studied previously. Frequent use of acetamin-
phen has been associated with hypertension20,40,41 and
hronic renal dysfunction.42,43 Acetaminophen use in-
reases risk of renal function decline, potentially due to
epletion of glutathione.16 Acetaminophen also might de-
lete endogenous cochlear glutathione, which is present in
he cochlea in substantial amounts and protects the cochlea
rom noise-induced damage.17,18

The prevalence of hearing loss increases with age.44

fter age 60 years, hearing thresholds worsen on average by

d Ratios (95% CI) for Incident Hearing Loss Stratified by Age

Age 50-59 Years Age 60� Years

1.36 (1.20-1.54) 1.03 (0.94-1.12)
1.33 (1.17-1.50) 1.02 (0.93-1.11)

1.35 (1.15-1.58) 1.17 (1.04-1.31)
1.32 (1.13-1.55) 1.16 (1.03-1.30)

1.37 (1.09-1.73) 1.17 (0.99-1.37)
1.38 (1.09-1.74) 1.16 (0.99-1.37)

ing, hypertension, diabetes, profession, and race, as well as the other

oncomitant Regular Use of More Than 1 Type of Analgesic and

s
Age-adjusted
Hazard Ratio

Multivariate
Hazard Ratio*

1.0 1.0
1.75 (1.35-2.26) 1.60 (1.23-2.09)
1.72 (1.27-2.32) 1.58 (1.16-2.16)
1.44 (1.17-1.76) 1.40 (1.13-1.73)
1.37 (1.20-1.57) 1.25 (1.09-1.44)

, hypertension, diabetes, profession, race, and all categories of analgesic
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dB per year,45 and the rate of decline might be even
reater in men aged 48-59 years.46 The magnitude of the
elation between regular analgesic use and hearing loss was
reatest in men younger than age 60 years. Possibly, the
elative contribution of regular analgesic use to hearing loss
ay be greater in younger individuals before the cumulative

ffects of age and other factors have accrued. A similar
mpact of age on the relative contribution of diabetes to
earing loss was seen by Bainbridge et al.29

The risk of hearing loss increased with longer duration of
egular use of NSAIDs and acetaminophen, but not of as-
irin. However, years of use were counted from the 1986
aseline questionnaire when the mean age of participants
as 51 years. Thus, those who reported 11 or more years of

spirin use were older. As the relation between analgesic
se and hearing loss diminished with increasing age, this
ikely explains the lack of association between longer du-
ation of aspirin use and hearing loss.

The impact of regular use of multiple analgesics ap-
eared to be additive. This raises the possibility that the
ifferent classes of analgesics may impair auditory function
hrough different mechanisms.

Our study has limitations. Assessment of hearing loss
as based on self-report of professionally diagnosed hear-

ng loss, and individuals who did not report hearing loss
ere considered not to be hearing impaired. Although stan-
ard pure-tone audiometry is generally considered the gold
tandard of hearing loss evaluation, self-reported hearing
oss has been demonstrated to be a reliable assessment.

oreover, participants were specifically queried as to
hether they had been “professionally diagnosed” with
earing loss, a more objective measure than the frequently
sed single question, “Do you feel you have a hearing loss?”
evertheless, given the high prevalence of hearing loss in
en of this age group,2 there may have been misclassifica-

ion of outcome.
We also did not have information on lifetime noise

xposure or reasons for analgesic use. Noise is a common
ause of hearing loss, and its targets overlap with those that
ay be compromised by analgesics. Moreover, noise expo-

ure might increase the vulnerability to hearing loss related
o age47-49 or other causes.50 A study of patterns of medi-
ation use in the US found that 58% of older men reported
hat cardiovascular prophylaxis was the most common rea-
on for aspirin use. Other reasons for use of over-the-
ounter medications, of which acetaminophen, ibuprofen,
nd aspirin were the most common, included headache and
ain.8 We did not find any published reports relating com-
on headache with hearing loss. Although migraine head-

ches might be associated with temporary hearing loss,51

he prevalence of migraine headaches in men in the US is
ow (6%),52 thus unlikely to explain our findings. Autoim-

une diseases, such as rheumatoid arthritis, might cause
earing loss,53 but these conditions are extremely rare in
en and unlikely to have influenced our results. Hyperten-

ion might increase the risk of hearing loss due to changes

n the cochlear microvasculature,54 as might cardiovascular
isease, such as stroke, coronary heart disease, and inter-
ittent claudication;30 however, we adjusted for these in

ur analyses and our results were not materially changed.
The present study was carried out in a population of

redominantly white men, thus the results might not be
eneralizable to other racial groups. Although the partici-
ants in this cohort might not be representative of the adult
opulation in the US, follow-up rates are high and informa-
ion provided is reliable. The observed associations are
ikely to apply to other groups inasmuch as the underlying
iologic and pharmacologic mechanisms are likely to be
imilar. However, additional studies are needed to examine
hese associations in women, younger men, and other racial
roups.

Regular use of analgesics, specifically aspirin, NSAIDs,
nd acetaminophen, might increase the risk of adult hearing
oss, particularly in younger individuals. Given the high
revalence of regular analgesic use and health and social
mplications of hearing impairment, this represents an im-
ortant public health issue.
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ABSTRACT

ACKGROUND: Follow-up of abnormal outpatient laboratory test results is a major patient safety concern.
lectronic medical records can potentially address this concern through automated notification. We
xamined whether automated notifications of abnormal laboratory results (alerts) in an integrated electronic
edical record resulted in timely follow-up actions.
ETHODS: We studied 4 alerts: hemoglobin A1c �15%, positive hepatitis C antibody, prostate-specific

ntigen �15 ng/mL, and thyroid-stimulating hormone �15 mIU/L. An alert tracking system determined
hether the alert was acknowledged (ie, provider clicked on and opened the message) within 2 weeks of

ransmission; acknowledged alerts were considered read. Within 30 days of result transmission, record
eview and provider contact determined follow-up actions (eg, patient contact, treatment). Multivariable
ogistic regression models analyzed predictors for lack of timely follow-up.
ESULTS: Between May and December 2008, 78,158 tests (hemoglobin A1c, hepatitis C antibody,

hyroid-stimulating hormone, and prostate-specific antigen) were performed, of which 1163 (1.48%) were
ransmitted as alerts; 10.2% of these (119/1163) were unacknowledged. Timely follow-up was lacking in
9 (6.8%), and was statistically not different for acknowledged and unacknowledged alerts (6.4% vs
0.1%; P �.13). Of 1163 alerts, 202 (17.4%) arose from unnecessarily ordered (redundant) tests. Alerts
or a new versus known diagnosis were more likely to lack timely follow-up (odds ratio 7.35; 95%
onfidence interval, 4.16-12.97), whereas alerts related to redundant tests were less likely to lack timely
ollow-up (odds ratio 0.24; 95% confidence interval, 0.07-0.84).
ONCLUSIONS: Safety concerns related to timely patient follow-up remain despite automated notification
f non-life-threatening abnormal laboratory results in the outpatient setting.
ublished by Elsevier Inc. • The American Journal of Medicine (2010) 123, 238-244
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utpatient care is often busy and fragmented, and therefore,
ollow-up of abnormal laboratory test results is prone to er-
or.1-10 Moreover, many laboratory test results in the outpatient
etting may not be immediately life threatening and hence not
erbally reported to the ordering provider. Therefore, missed
aboratory results or delayed recog-
ition of results leads to a signifi-
ant potential for outpatient diag-
ostic errors, adverse events, and
iability claims.4,9,11-17

Most paper-based methods of
ommunication between laborato-
ies and ordering physicians are
specially vulnerable to failures.
utomated systems notifying pro-
iders about abnormal test results
n integrated electronic medical
ecord systems offer a potential
olution.18 These systems usua-
ly communicate through “alerts”
computerized notifications of ab-
ormal clinical information) trans-
itted directly to the provider’s

esktop, facilitating a rapid review
f patient information.15 The inte-
rated electronic medical record
sed at all Veterans Affairs facil-
ties (the Computerized Patient
ecord System [CPRS]) uses the
iew Alert system for automated
otification of abnormal laboratory test results.

Abnormal result follow-up, however, will occur only if
lectronic communication of test results (either through
lerts or direct access of test result) is reviewed and acted
pon by providers. In previous work, we found that abnor-
al diagnostic imaging alerts may not always be reviewed

y ordering practitioners, and practitioners who review
hem may not always act upon the transmitted results in a
imely manner.19 We thus hypothesized that a similar phe-
omenon would exist for abnormal laboratory results. In
his study we evaluated follow-up actions on abnormal
iagnostic laboratory tests transmitted as high-priority au-
omated notifications to ordering providers in an integrated
lectronic medical record. We also determined predictors of
ack of timely follow-up of these tests.

ETHODS
he study was conducted in a large multispecialty ambula-

ory clinic of the Michael E. DeBakey Veterans Affairs
edical Center and its 5 satellite clinics located in South-

ast Texas from May to December 2008. To reliably assess
ollow-up actions on outpatient laboratory test alerts, we
ocused only on abnormal tests that generated a “high-
riority” mandatory automated notification to a specified
rdering provider without a concomitant verbal notification.

CLINICAL SIGNIF

● Missed abnormal
significant reaso
nostic errors, adv
ity claims.

● In integrated e
cords, automat
tems that “alert
normal test res
solution.

● Almost 7% of not
30 days after tr
that safety conce
abnormal outpat
sults remain eve
alerted through
records.
ence we excluded abnormal tests that: m
would be potentially life threatening and hence meet our
institution’s criteria for verbal notification or would result
in immediate hospitalization at certain values (eg, high
potassium values) or
were not ordered through computerized provider order

entry and hence ordering pro-
vider was not consistently spec-
ified or

● did not generate mandatory
alerts, that is, the provider had
an option to turn off the notifi-
cation for a specified level of
abnormality.

Four tests met our inclusion crite-
ria: hemoglobin A1c (HbA1c) at a
level �15%, positive hepatitis C
antibody (HCV), prostate-specific
antigen (PSA) at a level �15 ng/
mL, and thyroid stimulating hor-
mone (TSH) at a level �15
mIU/L.

Data Collection
While some site-specific configu-
rations exist, many automated no-
tification processes in CPRS are
similar within the Veterans Af-
fairs system. All Veterans Affairs
health care providers receive im-

ortant clinical information in a “View Alert” window of
he electronic medical record screen, and life-threatening
ndings are communicated by telephone. As their only
inbox” for all types of CPRS notifications, providers are
ery dependent on the View Alert system. Providers see all
f their alerts when they first log on and again when they
witch among patient records. New alerts remain active in
he window for 2 weeks unless acknowledged, after which
hey disappear. Providers are expected to click on and open
he alert to review the report (considered acknowledged),
fter which the alert disappears from the window. The
rovider also might become aware of an abnormal labora-
ory result without clicking on the alert if they were review-
ng the medical record for other purposes, hence directly
ccessing the result. Primary care providers assign surrogate
overing providers to receive their alerts when they are out
f the office.

On a daily basis we queried an Alert Tracking File of the
lectronic medical record to identify outpatient laboratory
lerts transmitted 2 weeks earlier. We tracked acknowledge-
ent status of alerts and extracted additional information

uch as patient identifiers, names of providers to whom the
lert was sent, the date, and type of laboratory study. Within
week of data query, a reviewer blinded to acknowledge-
ent status evaluated the electronic medical record using a

tandardized pretested data collection instrument to deter-
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est or referral, prescribing or changing treatment, contact-
ng the patient, or patient refusal of additional work-up.
ased upon our pilot work, we unexpectedly found a fair
umber of abnormal tests that were clinically determined to
e unnecessary. For instance, we found some tests to be
edundant based on the frequency of being ordered, that is,
rdered too soon after a previous test or, in cases of hepatitis
, the enzyme-linked immunosorbent assay was repeated
nnecessarily despite a previous positive value. We used
bjective predefined explicit criteria to determine redun-
ancy of tests.20

In cases of no documented follow-up, a second study
nvestigator evaluated the medical record to confirm the
ndings and contacted the provider by telephone to obtain
ny additional evidence of undocumented follow-up or a
ecision to not pursue follow-up. If we could not contact
ny of the patient’s providers or if the provider offered
o additional information about follow-up, we considered
he alert to lack timely follow-up. This determination was
ade approximately 30 days after alert transmission. In

ertain cases, we determined that calling the provider would
e unnecessary or make no impact on outcome either be-
ause the alert offered no new information over what was
reviously documented, the patient was already receiving
ppropriate care for the condition, or the patient had died.
hese were considered as timely follow-up, however, cate-
orized as “no-impact.” Not all redundant tests were auto-
atically considered to be of no impact. For example, a

edundant positive HCV would still need follow-up if there
as none documented for either the new or the previously
ositive test. Hence, follow-up actions on a redundant test
id not make it any less redundant.

ata Analysis
n addition to descriptive data, we identified 2 groups of
lerts corresponding to the 2 outcome variables in our study:

Figure Study fl
lerts lacking electronic acknowledgment versus acknowl- h
dged alerts; alerts lacking timely follow-up versus those
eceiving timely follow-up. We compared the distribution
as proportions) of several independent variables within
ach group, including: ordering provider specialty (primary
are, medicine subspecialties, surgery), ordering provider
ype (physician, trainee, and allied health professionals),
edundant tests and alerts signifying a new versus known
iagnosis. To assess significance, chi-squared test was used
or categorical variables, and Fisher’s exact test was used
hen chi-squared assumptions were not met. Hierarchical
ultivariable logistic regression models accounting for

lustering of laboratory tests by providers were used to
dentify factors associated with the outcome variables, lack
f acknowledgment, and lack of timely follow-up. Covari-
tes with P values �.2 in univariate testing were tested as
redictor variables. For multivariable testing, we combined
pecialties from univariate analysis into 3 groups: primary
are, specialty care, and mental health care. The models
ere fit using maximum likelihood estimation, and odds

atios (OR) and 95% confidence intervals (CI) were calcu-
ated. We also described the frequencies and types of re-
undant test alerts.

ESULTS
etween May and December 2008, 27,092 HbA1c, 22,837
SA, 6271 HCV, and 21,958 TSH tests were performed. A

otal of 1163 (1.49%) results were electronically transmitted
s mandatory high-priority alerts (including 29 HbA1c
15%, 448 PSA �15 ng/mL, 433 positive HCV, and 253
SH �15 mIU/L.). Acknowledged alerts constituted 89.8%
f the total high-priority alerts (n � 1163). The Figure illus-
rates the outcomes of these 1163 alerts. No evidence of
ocumented follow-up action was found in 307 (26.4%) of
he alerts, however 213 (18.3% of 1163) cases were cate-
orized as no-impact alerts. In the remaining 94 cases, we
alled providers to determine if, for some reason, follow-up

rt and outcomes.
ad occurred but was not documented, or if they had addi-
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241Singh et al Automated Notification of Abnormal Labs
ional knowledge that would affect outcome, including pa-
ient or provider decision not to pursue follow-up. Of these,
9 alerts (6.8% of total) were determined to lack timely
ollow-up. Two-hundred two alerts (17.4% of 1163) were
onsidered redundant, of which 159 were considered redun-
ant based on repetition (recent or previous test).

cknowledgement
able 1 shows the distribution of the 4 laboratory tests
etween the acknowledged and unacknowledged groups.
e also show a comparison of several independent vari-

bles between the 2 groups using univariate testing. Order-
ng provider type and specialty were significantly different
cross the 2 groups. Trainees were less likely to acknowl-
dge alerts compared with attending/staff physicians and
llied health providers (physician assistants and nurse prac-
itioners), whereas specialty services (including mental
ealth) were less likely to acknowledge alerts compared
ith primary care providers (P � .0001 for both). In a
ested logistic regression model (data not shown in Table
), the following variables were significantly associated
ith lack of acknowledgment of the alert, compared with

Table 1 Comparison of Types of Abnormal Laboratory Test Res
Acknowledged and Unacknowledged Alerts

Una
n �

n

ypes of abnormal laboratory test results reported
HCV Ab (ELISA) 53
PSA 53
TSH 10
Hemoglobin A1C 3

ndependent variables
Ordering provider characteristics

ttending physician 69
llied health professionals 27
rainees (interns, residents, fellows) 18
ther 5

Ordering provider specialty
rimary care 43
pecialty surgery 5
edicine subspecialties 31
ther non-specified specialties 8
ental health 32

Diagnosis characteristics
lerts signified newly diagnosed condition 19
iagnosis already known 60

Considered redundant 0
No impact* 35
Test not ordered by the PCP 50

*No impact on outcome either because the diagnosis was not new, th
HCV Ab � hepatitis C virus antibody; ELISA � enzyme-linked immuno

mone; PCP � primary care provider.
ttending physicians: allied health care providers as order- n
ng providers (OR 4.32; 95% CI, 1.21-15.52) and trainees as
rdering providers (OR 8.39; 95% CI, 2.97-23.68).

imely Follow-up
able 2 shows the distribution of the 4 laboratory tests for

he timely follow-up versus lack of timely follow-up
roups. We show results of a univariate analysis comparing
he several independent variables among the 79 alerts de-
ermined to lack timely follow-up versus 1084 that received
imely follow-up. Statistically, there was no significant dif-
erence in rates of lack of timely follow-up between ac-
nowledged and unacknowledged laboratory alerts (6.4%
s. 10.1%; P � .13). There was no significant difference in
rovider type, but specialty differences were significant.
edundant tests were more likely to receive follow-up (P �

01). Alerts for conditions signifying new diagnoses were
ore likely to lack timely follow-up than alerts for pre-

xisting conditions (P � .0001).
In a nested logistic regression model, the following were

ignificantly associated with lack of timely follow-up (data
ot shown in Table 2): redundant tests (OR 0.24; 95% CI,
.074-0.84) with appropriately ordered tests as referent;
lerts for conditions newly diagnosed, that is, diagnosis was

roviders, Diagnosis Characteristics, and Test Characteristics for

ledged Acknowledged
n � 1044

P Value% n %

12.2% 380 87.8%
11.8% 395 88.2%
4.0% 243 96.0%

10.3% 26 89.7%

9.5% 656 90.5%
7.3% 345 92.7%

31.6% 39 68.4%
55.6% 4 44.4% �.0001

5.7% 706 94.3%
15.6% 27 84.4%
14.8% 178 85.2%
17.0% 39 83.0%
25.4% 94 74.6% �.0001

7.8% 226 92.2%
9.3% 583 90.7% .46
0.0% 36 100.0% .04

16.4% 178 83.6% �.001
11.4% 388 88.6% .3

nt was already receiving appropriate care for the condition, or had died.
assay; PSA � prostate-specific antigen; TSH � thyroid-stimulating hor-
ults, P

cknow
119

e patie
sorbent
ot made until the laboratory test was done (OR 7.35; 95%
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I, 4.16-12.97) with previously known diagnosis as refer-
nt; and mental health as a specialty (OR 2.82; 95% CI,
.06-7.54) with primary care as referent.

lerts Related to Redundant Tests
n Table 3 we list criteria to determine if an alert was related
o a redundant laboratory test, and their respective frequen-
ies (total n � 202). Because the Veterans Affairs’ elec-
ronic medical record has a reminder system that prompts
he ordering provider about recent orders of the same test,
e further evaluated the subcategory of 159 alerts deemed

edundant based on repetition. Overall, we found 28 cases
here the provider ordered the test too soon after the last
SA, TSH, or HbA1c; and in 131 cases, a second HCV
nzyme-linked immunosorbent assay test was ordered de-
pite the presence of a previous positive test. In our insti-
ution the reminder is set to prompt the ordering provider
bout repetition when the new test is being ordered within
0 days from last TSH or PSA order or within 90 days from
ast HCV or HbA1c order. However, in only 11 (7%) of

Table 2 Comparison of Types of Abnormal Laboratory Test Res
Alerts With and Without Timely Follow-up at 30 Days

Lac
Foll

n

ypes of abnormal laboratory tests reported
HCV Ab (ELISA) 57
PSA 4
TSH 16
Hemoglobin A1C 2

ndependent variables
Ordering provider characteristics

ttending physician 45
hysician assistants and nurse practitioners 28
rainees (interns, residents, fellows) 5
ther 1

Ordering provider specialty
rimary care 50
pecialty surgery 1
edicine subspecialties 5
ther non-specified specialties 4
ental health 19

Diagnosis characteristics
lerts signified newly diagnosed condition 57
iagnosis already known 21

Alert status
cknowledged 67
nacknowledged 12

Test not ordered by the PCP 34
Redundant test 4
Appropriate test 75

*All tests with no impact considered timely follow-up.
HCV Ab � hepatitis C virus antibody; ELISA � enzyme-linked immuno

mone; PCP � primary care provider.
hese 159 cases would the provider have received a com- a
uterized reminder prompting them of potential redundancy
ased on repetition.

ISCUSSION
e tested whether certain abnormal outpatient laboratory

ests were followed-up in a timely manner in a multi-
pecialty clinic that used an integrated electronic medical
ecord for automated notification. We found that 6.8% of
lerts lacked follow-up at 30 days, suggesting that fol-
ow-up of abnormal outpatient laboratory test results is not
ail-safe even when providers are alerted about abnormal
esults through the electronic medical record. Of concern
as the finding that there was lack of timely follow-up even
hen providers acknowledged notifications through the

lectronic medical record, which was comparable to when
hey did not acknowledge them. These findings are similar
o our previous findings of follow-up on abnormal imaging
lerts in the same electronic medical record, suggesting that
his phenomenon may exist for all alerts of abnormal diag-
ostic test results. Unexpectedly, we found that 17% of

roviders, Diagnosis Characteristics, and Test Characteristics for

mely
n � 79

Timely Follow-Up*
n � 1084

P Value% n %

13.2% 376 86.8%
0.9% 444 99.1%
6.3% 237 93.7%
6.9% 27 93.1%

6.2% 680 93.8%
7.5% 344 92.5%
8.8% 52 91.2%

11.1% 8 88.9% .67

6.7% 699 93.3%
3.1% 31 96.9%
2.4% 204 97.6%
8.8% 43 91.5%

15.1% 107 84.9% �.001

23.3% 188 76.7%
3.3% 622 96.7% �.0001

6.4% 977 93.6%
10.1% 107 89.9% .13
7.7% 404 92.2% .30
5.1% 198 18.3%

94.9% 886 81.7% �.01

assay; PSA � prostate-specific antigen; TSH � thyroid-stimulating hor-
ults, P

k of Ti
ow-Up

sorbent
bnormal test alerts were related to tests that we deemed
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edundant based on predetermined criteria. Alerts related to
hese tests were less likely to lack timely follow-up.

Our findings have several significant implications for
lectronic medical record use in the future. One, it cannot be
ssumed that automated notification of abnormal laboratory
est results within an electronic medical record and the
esultant acknowledgement will translate into timely actions
o address these alerts. Two, notifications of abnormal re-
undant tests appear to be a distracting influence on pro-
iders who are missing essential alerts for newly diagnosed
onditions. Three, high-reliability tracking systems to mon-
tor potential patient harm and outcomes are needed, which
lso should account for follow-up actions by providers.
urrently, the only way to track follow-up actions on ab-
ormal alerts is through medical record review, a time-
onsuming and expensive procedure. However, individual-
evel tracking of follow-up actions taken in response to
bnormal test result notifications could be designed within
he electronic medical record. Thus, when providers process
n alert, they could be provided order sets of appropriate
ollow-up actions in a separate “pop-up” window (such as
aving a nurse call the patient, setting up a return appoint-

Table 3 Criteria to Determine Alerts Related to Redundant
Laboratory Tests and Their Respective Frequencies (Total
n � 202)

n %

CV Ab (ELISA) (n � 131)*
Known HCV ELISA positive and ongoing
follow-up in hepatitis C clinic†

32 24.4%

Known HCV ELISA positive and confirmed
disease by either PCR�, viral load, or
treatment genotype†

104 79.4%

Known HCV ELISA positive (but no viral
load, PCR, or genotype)†

29 22.1%

SA (n � 60)*
Documentation of patient refusal for PSA
work-up already present before PSA test
was ordered

37 61.7%

Similar level of PSA that already had
appropriate action taken within previous
4 weeks†

21 35.0%

Patient not a candidate for screening
PSA testing

10 16.7%

SH (n � 9)
Test repeated within 4 weeks of last
adjustment†

9 100.0%

emoglobin A1C (n � 2)
Test repeated within 3 months of last
adjustment†

2 100.0%

*Percentages add up to more than 100 because more than one
criteria for redundancy may have been met in certain cases.

†Tests deemed redundant based on repetition.
HCV Ab � hepatitis C virus antibody; ELISA � enzyme-linked immu-

nosorbent assay; PCR � polymerase chain reaction; PSA � prostate-spe-
cific antigen; TSH � thyroid-stimulating hormone.
ent, ordering a consultation or follow-up test, or an option f
ndicating no further action is required, such as when a
atient is already in hospice care). These actions could be
racked through the electronic medical record and a report-
ng process could be created for clinic administrators to
eview and identify patients who may have truly “slipped
hrough the cracks” without performing extensive record
eviews. For instance, in cases of inaction on an abnormal
aboratory test result at 2 weeks, the ordering provider or
heir surrogates could be informed.

We previously determined rate of lack of timely fol-
ow-up for abnormal imaging alerts in the same system and
etting and found comparable results. Future work needs to
onfirm the extent to which these findings exist in other
lectronic medical record systems. Because there could be
any potential reasons why busy providers in the front lines

f health care delivery miss abnormal test results, a multi-
isciplinary approach is needed to address test result fol-
ow-up in future. For instance, an approach involving hu-
an computer interaction and informatics3,21 that accounts

or issues related to usability, organizational characteristics,
echnology, work-flow, and provider factors could be useful
o explain why providers are unable to follow-up results
espite reading them, and hence improve safety in this
rea.22,23

Computerized reminders have been shown to reduce
edundant tests in the inpatient setting.24 However, our
omputerized reminder system would have prompted the
rdering provider only 7% of the time. Notably, in 131
ases where a positive hepatitis C test previously existed in
he electronic medical record, the reminder logic was not set
o prompt providers that they were ordering a repeat, re-
undant test. Current computerized reminder systems could
e better designed to reduce test redundancy. For instance,
hese reminders are designed to prompt providers based
nly on the date of test order and not the date of the result
f the last test. If the system had been configured as giving
ff a prompt based on both these dates, all 28 providers who
nnecessarily ordered a PSA, Hba1c, or a TSH would have
eceived a prompt. Future work is essential to better docu-
ent whether the use of information technology can reduce

he enormous costs associated with redundant tests, espe-
ially in the outpatient setting.25,26

Our study had several limitations. Because of the study
opulation (eg, predominantly male veterans) and the
nique Veterans Affairs setting, our findings may not be
eneralizable outside Veterans Affairs. However, with in-
reasing emphasis on electronic medical records, the poten-
ial relevance of these findings is significant. We also lack
omparable data from nonelectronic medical record-based
ystems and cannot comment on the effectiveness of auto-
ated notification compared with these systems. Due to the

ack of similar tracking and documentation capabilities,
uch an evaluation study would be very difficult to carry
ut. Conversely, many factors, including a large sample
ize, multiple clinics, large number of providers (over 500
rom different specialties), rigorous methods to determine

ollow-up, explicit criteria for determination of redundant
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ests, various types of abnormal laboratory test result alerts,
nd an advanced integrated electronic medical record used
n Veterans Affairs facilities throughout the US, all add
everal unique strengths to our study.

In conclusion, current systems of mandatory automated
otification of abnormal laboratory test results do not guar-
ntee timely follow-up on the abnormality in the outpatient
etting. Additionally, provider acknowledgment of receipt
f the test result also does not automatically result in timely
ollow-up. Multidisciplinary interventions involving hu-
an-computer interaction3,21 and high-reliability tracking

ystems to monitor test result notification outcomes, such as
ollow-up actions by providers on these tests, are needed to
lleviate these safety concerns.
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ABSTRACT

ACKGROUND: There are conflicting opinions on whether postural tachycardia syndrome predisposes to
yncope. We investigated this relationship by comparing the frequency of syncope in postural tachycardia
yndrome and orthostatic hypotension.
ETHODS: We queried our autonomic laboratory database of 3700 patients. Orthostatic hypotension
nd postural tachycardia syndrome were defined in standard fashion, except that postural tachycardia
yndrome required the presence of orthostatic symptoms and a further increase in heart rate beyond
0 minutes. Syncope was defined as an abrupt decrease in blood pressure and often, heart rate,
equiring termination of the tilt study. Statistical analysis utilized Fisher’s exact test and Student’s t
est, as appropriate.
ESULTS: Of 810 patients referred for postural tachycardia syndrome, 185 met criteria while another 328
atients had orthostatic hypotension. Of the postural tachycardia syndrome patients, 38% had syncope on
ead-up tilt, compared with only 22% of those with orthostatic hypotension (P �.0001). In the postural
achycardia group, syncope on head-up tilt was associated with a clinical history of syncope in 90%,
hereas absence of syncope on head-up tilt was associated with a clinical history of syncope in 30%

P �.0001). In contrast, syncope on head-up tilt did not bear any relationship to clinical history of syncope
n the orthostatic hypotension group (41% vs 36%; P � .49).
ONCLUSION: Our results demonstrate that syncope (both tilt table and clinical) occurs far more commonly
n patients who have postural tachycardia syndrome than in patients with orthostatic hypotension. These
ndings suggest that one should be clinically aware of the high risk of syncope in patients with postural

achycardia syndrome, and the low-pressure baroreceptor system that is implicated in postural tachycardia
yndrome might confer more sensitivity to syncope than the high pressure system implicated in orthostatic
ypotension.

2010 Published by Elsevier Inc. • The American Journal of Medicine (2010) 123, 245-249

KEYWORDS: Dysautonomias; Orthostatic hypotension; Postural tachycardia syndrome; Syncope; Tilt table test
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ostural tachycardia syndrome is a disorder characterized
y orthostatic symptoms such as dizziness, lightheadedness,
alpitation, and blurred vision. In addition, postural tachy-
ardia syndrome is often accompanied by nonorthostatic
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ymptoms such as fatigue, nausea, vomiting, constipation,
iarrhea, and migraine headaches.1 Postural tachycardia
yndrome is defined as a �30 beats-per-minute increase in
eart rate in the first 10 minutes of upright tilt, accompanied
y orthostatic symptoms and sustained throughout the test
n the absence of orthostatic hypotension. Postural tachy-
ardia syndrome is diagnosed on the basis of clinical sus-
icion and usually confirmed by the tilt table test, which is
he gold standard.1

Reflex syncope is an orthostatic disorder characterized
y a brief loss of consciousness due to inadequate brain
erfusion. Symptoms accompanying reflex syncope are
ightheadedness, blurred vision, dizziness, weakness, sweat-

ng, and nausea,2 similar to symptoms experienced by pos-
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246 The American Journal of Medicine, Vol 123, No 3, March 2010
ural tachycardia syndrome patients. Typical findings on tilt
able test include a rapid decrease in blood pressure and,
ften, a decrease in heart rate resulting from inhibition of
he sympathetic or activation of the parasympathetic ner-
ous systems.3 The duration of the decrease in heart rate
nd blood pressure has not been
learly defined.

Expert opinion in the field dif-
ers. Some believe that postural
achycardia syndrome predisposes
o syncope, and others believe the
pposite. To evaluate this disagree-
ent, we examined the occurrence

f syncope in patients with postural
achycardia syndrome, compared
ith patients with orthostatic hypo-

ension with regards to frequency of
yncope on tilt table test.

ATERIALS AND METHODS

nclusion Criteria
retrospective, Institutional Re-

iew Board-approved review of
he Autonomic Laboratory data-
ase identified patients with
ostural tachycardia syndrome,
hose with orthostatic hypoten-
ion, and those with tilt-table-induced syncope in each
roup. All diagnoses were defined by the findings on a tilt
able test, in the appropriate clinical setting. All enrolled
ad undergone full autonomic testing.

Postural tachycardia syndrome was defined as an in-
rease in heart rate �30 beats per minute within the first
0 minutes of upright tilt, unaccompanied by any de-
rease in blood pressure. Because this criteria set is
ometimes viewed as excessively inclusive, we required
additional inclusion criteria: the heart rate had to con-

inue rising during the remainder of the tilt study, and
rthostatic symptoms had to be present during the tilt
tudy. Orthostatic hypotension was defined by a decrease
n systolic pressure of �20 mm Hg or a decrease in
iastolic blood pressure of �10 mm Hg within the first 3
inutes of upright tilt and sustained during the remainder

f the tilt study. Reflex syncope was defined as a sudden
ecrease in blood pressure and sometimes heart rate over
period of �3 minutes on upright tilt.
To assess the clinical relevance of the occurrence or

onoccurrence of tilt syncope, we also determined the pres-
nce or absence of a clinical history of syncope in each
roup through review of the chart, clinical questionnaire, or
eferral diagnosis.

utonomic Testing
utonomic testing included the tilt table test, the cardiac

CLINICAL SIGNIF

● Syncope occurs w
in patients with
syndrome than i
static hypotensio

● Tilt syncope mig
of clinical syncop
dia syndrome pa

● Lack of concord
history of synco
orthostatic hypo
ports the view t
toms in orthos
tients might ma
more difficult.
esponses to deep breathing and to the Valsalva maneuver, i
nd the Quantitative Sudomotor Axon Reflex Test. The tilt
able test consisted of 20 minutes of supine rest on a mo-
orized tilt table before an upright tilt to 70°. Continuous
lood pressure and heart rate were monitored noninvasively
n the supine position for 3 minutes, and upright for 10-40

minutes. The diastolic blood pres-
sure normally decreases �10 mm
Hg, and the systolic blood pres-
sure �20 mm Hg, and heart rate
should increase �30 beats per
minute.4

Deep breathing consists of 5
deep breaths per minute, with
the heart rate variation calculated
from the best 5 of 15 cycles.4 Re-
sults are reported as the average
difference between inspiration and
expiration of the 5 best breaths.
For the Valsalva maneuver, the
subject maintains a 40-mm Hg
pressure gradient with an open glot-
tis for 15 seconds, while heart rate
and blood pressure are continuously
monitored. The Valsalva ratio con-
sists of the fastest heart rate during
pressure exertion (termed phase II,
sympathetically mediated) divided
by the lowest heart rate after pres-

ure release (termed phase IV, parasympathetically mediated).
ormal values depend on age.5

Sudomotor axon reflex response to the iontophoresis
f acetylcholine (10% with a 2-mA current for 5 minutes,
ecording sweat output for 10 minutes) across the skin of
he feet, calves, hands, and upper arms, was measured by
tandard methods.6 Normal values vary by body site and
ex and were not considered abnormal unless abnormal
xon reflex response found in 2 sites were outside of the
ange of normal, defining the presence of an autonomic
europathy.

ata Analysis
isher’s exact test was used to determine the statistically
ignificant difference between the presence of tilt syn-
ope in postural tachycardia syndrome patients compared
ith that in orthostatic hypotension, and to determine

he difference between other categorical values. Demo-
raphic differences (age) between groups, as well as the
ifference in tilt table duration before syncope between
he 2 groups, was determined with an unpaired Student’s
test.

tiology of Orthostatic Hypotension
atients with orthostatic hypotension were classified ac-
ording to probable neuraxis localization of the underly-

CE
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tural tachycardia
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a useful predictor
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247Ojha et al Syncope in Orthostatic Disorders
eripheral, such as diabetes; and indeterminate). The
lassification was based on a combination of the results
f axon reflex testing and the patient’s known underlying
iagnosis, if there was one. Patients with 2 or more
issing axon reflex responses were classified as periph-

ral, while patients with normal axon reflex responses
ere classified as central, and those with one abnormal

esponse were classified as indeterminate. When patients
ere referred with a known diagnosis (about 1/3 of pa-

ients), if the known diagnosis was inconsistent with the
utonomic testing diagnosis (a rare occurrence), these
atients also were classified as indeterminate.

Table Demographics and Autonomic Nervous System Testing R

All Patients Tilt Synco

POTS n � 185 OH n � 328 POTS n �

ge (years) 26 � 13 67 � 17 25 � 13

emales (%) 153 (83%) 151 (46%) 58 (83%)

verage supine SBP
mm Hg)

114 � 14 147 � 26 108 � 11

verage supine DBP
mm Hg)

65 � 9 78 � 12 62 � 7

verage supine HR
beats per minute)

76 � 13 75 � 15 72 � 12

verage HR during HUT
beats per minute)

119 � 15 91 � 19 115 � 15

eak HR during HUT
beats per minute)

134 � 16 99 � 21 132 � 16

owest HR during HUT
beats per minute)

67 � 15 69 � 15 61 � 16

bnormal VR, n (%) 17 (9%) 184 (56%) 9 (13%)

bnormal HRDB, n (%) 28 (15%) 177 (54%) 9 (13%)

bnormal QSART, n (%) 65 (35%) 249 (76%) 24 (34%)

POTS � postural tachycardia syndrome; OH � orthostatic hypotensio
rate; HUT � head-up tilt; VR � Valsalva ratio; HRDB � heart rate deep
All values are expressed as percentages or reported with mean and SDs.
ESULTS

emographic Characteristics
f 3792 patients in our database, 810 patients were referred

or postural tachycardia syndrome, of which 185 met the
ore stringent criteria for postural tachycardia syndrome set

orth in the Methods section. A separate group of 328
ubjects had orthostatic hypotension. Demographic charac-
eristics and autonomic nervous system results comparing
he 2 groups are described in the Table. Of the 328 ortho-
tatic hypotension patients, etiology was classified as pe-
ipheral nervous system in 192 (59%), central in 84 (26%),

Comparing the 2 Groups

No Tilt Syncope

Statistical Analysisn � 71 POTS n � 115 OH n � 257

8 � 15 26 � 13 67 � 17 POTS (all) vs OH (all),
P �.001

(40%) 95 (83%) 123 (48%) POTS (all) vs OH (all),
P �.001

2 � 28 117 � 14 149 � 25 POTS(all) vs OH(all),
P �.001

POTS: tilt syncope vs no
tilt syncope,
P �.001

OH: tilt syncope vs no
tilt syncope, P �.05

7 � 12 67 � 9 78 � 12 POTS (all) vs OH (all),
P �.001

POTS tilt syncope vs no
tilt syncope,
P �.001

2 � 15 79 � 13 75 � 15 POTS tilt syncope vs no
tilt syncope,
P �.01

0 � 16 121 � 14 91 � 19 POTS (all) vs OH (all),
P �.001

POTS tilt syncope vs no
tilt syncope,
P �.05

8 � 15 136 � 15 103 � 59 POTS (all) vs OH (all),
P �.001

6 � 15 71 � 13 70 � 15 POTS tilt syncope vs no
tilt syncope,
P �.001

OH tilt syncope vs no
tilt syncope, P �.05

(52%) 7 (6%) 146 (57%) POTS (all) vs OH (all),
P �.001

(49%) 17 (15%) 144 (56%) POTS (all) vs OH (all),
P �.001

(81%) 40 (35%) 190 (74%) POTS (all) vs. OH (all),
P �.001

� systolic blood pressure; DBP � diastolic blood pressure; HR � heart
ing ratio; QSART � Quantitative Sudomotor Axon Reflex Test.
esults
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nd indeterminate in 52 (15%). Age (66 � 15 years central
s 65 � 17 years peripheral) and sex were similar across
hese groups (P � .6 and P � .9, respectively), as was the
ate of syncope (19% peripheral vs 25% central, P � .26).
here was no difference in syncope between patients with
entral orthostatic hypotension (21/84) compared with
atients with peripheral orthostatic hypotension (36/192,
� .26).
As shown in the Table, the occurrence of postural tachy-

ardia syndrome in our laboratory database was found to be
.78 times higher in women than in men, while the average
ge of the group was 26 � 13 years. There were no signif-
cant differences in sex or age associated with syncope on
ilt (P � .96 and .61, respectively). The sex ratio was ap-
roximately even in the orthostatic hypotension group, with
n average age of 67 � 17 years, but again, neither sex nor
ge were different in the subgroup with syncope (P �

.22 and .65, respectively). However, as expected, age
P �.0001) and sex (P �.0001) differed between the pos-
ural tachycardia syndrome group and the orthostatic hypo-
ension group.

omparison of Syncope Frequency
he occurrence of syncope in the setting of postural tachy-
ardia syndrome (70/185 patients, 38%) was higher than in
he setting of orthostatic hypotension (71/328 patients, 22%,
� .0001). The difference in syncopal frequency between

ostural tachycardia syndrome and orthostatic hypotension
ould not be attributed to a difference in tilt table duration
ecause the average duration of tilt table before syncope
as significantly longer in patients with postural tachycar-
ia syndrome (19 � 8 minutes) than in patients with ortho-
tatic hypotension (14 � 8 minutes) (P �.0004).

To determine whether the occurrence of syncope during
he tilt table test bears clinical relevance to syncope as a
omplaint, we also assessed the clinical history of syncope
n each group. In the postural tachycardia syndrome group
ith syncope, 90% had a history of syncope, contrasted
ith only 30% in the group that did not faint (P �.0001). In

ontrast, whether a patient with orthostatic hypotension
ainted or did not faint on the tilt table did not bear any
elationship to the clinical history of syncope (41% vs 36%;
� .49).

ISCUSSION
ur study demonstrates that syncope occurs more often
uring the tilt table test in patients with postural tachycardia
yndrome (38%) compared with patients with orthostatic
ypotension (22%). Although we did not include healthy
ubjects, 2 previous studies indicate that the rate of syncope
n postural tachycardia syndrome probably also exceeds that
f healthy subjects, which ranges between 7% and 17%.7,8

p until this point, whether postural tachycardia syndrome
redisposed to syncope was unknown. In fact, expert opin-
on on this subject diverged sharply, and one can construct
theoretical basis for either position. In favor of an asso- p
iation, one could imagine that a process affecting central
enous distribution would predispose to syncope through a
ow pressure baroreceptor mechanism due to central hypo-
olemia.9 On the other hand, chronic exposure to low blood
ow could improve cerebral autoregulation10 and modulate

he autoregulatory cerebral pressure response curve to in-
rease a postural tachycardia syndrome patient’s resistance
o fainting. Thus, determining the relationship between pos-
ural tachycardia syndrome and tilt-induced syncope has
mportant pathophysiologic implications. The higher prev-
lence of tilt-induced syncope among patients with postural
achycardia syndrome compared with healthy controls sug-
ests that central hypovolemia plays an important role in
ostural tachycardia syndrome and that changes in cerebral
utoregulation are inadequate to fully compensate.

Perhaps more surprising but equally important in its
hysiologic meaning is the higher prevalence of tilt-induced
yncope in postural tachycardia syndrome compared with
rthostatic hypotension. This finding is unlikely to reflect an
rtifact due to tilt duration. Because orthostatic hypotension
atients who fainted did so earlier in their tilt study, one
ould have expected to see higher frequency of fainting in
rthostatic hypotension if the difference between orthostatic
ypotension and postural tachycardia syndrome simply re-
ected tilt duration. Second, patients with postural tachy-
ardia syndrome tended to be younger and more often
emale than those with orthostatic hypotension. Because
yncope is far more prevalent in the younger and female
opulation,3 the age disparity between the orthostatic hypo-
ension and postural tachycardia syndrome groups could, in
art, explain our findings. However, a more mechanistic
xplanation may play an important role in this observation.
rthostatic hypotension and postural tachycardia syndrome
iffer in their physiology in major ways. Postural tachycar-
ia syndrome is thought to involve central hypovolemia, an
bnormality centered on the low pressure venous system.11

n contrast, the fundamental defect in orthostatic hypoten-
ion is located in the arteriolar constriction bed on the high
ressure side.12 Thus, the higher prevalence of syncope in
ostural tachycardia syndrome may suggest that these 2
isorders share a common pathophysiology, and that abnor-
alities on the low pressure venous side are more likely to

rigger syncope than abnormalities on the high pressure
ide, such as inadequate arteriolar constriction. One may
ypothesize that the low pressure baroreceptor system
resent in the right atrium plays a more important patho-
enic role than the high pressure carotid and aortic arch
aroreceptors. This is in keeping with the findings of Hain-
worth,9 who described low body negative pressure, a pro-
edure that primarily impacts available central volume, as a
ethod to induce syncope in all subjects.
The absence of any significant difference in rate of syn-

ope between patients classified as having a peripheral
ause of orthostatic hypotension compared with those clas-
ified as having a central cause, suggests that the capacity of
erebral autoregulation to compensate for a decrease in

ressure is not superior in patients with a peripheral cause of
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249Ojha et al Syncope in Orthostatic Disorders
rthostatic hypotension. This is not surprising, as cerebral
utoregulation has previously been shown to be preserved in
ome central autonomic disorders.13

We also found concordance between the tilt syncope and
linical history of syncope in the postural tachycardia syn-
rome group (90%). However, the same concordance was
ot seen for the orthostatic hypotension group (40.8%).
ven though this finding is retrospective, it is potentially
ignificant as it might indicate that tilt syncope is a useful
redictor of syncope in postural tachycardia syndrome pa-
ients but not in orthostatic hypotension. A recent study has
ound that a large proportion of orthostatic hypotension
atients may be asymptomatic or present with symptoms
typical of orthostatic hypotension on tilt table testing.14

he findings from this article indicate that syncope in or-
hostatic hypotension is more difficult to manage because of
he absence of symptoms in many patients. Hence, it is
ossible that clinical history might not be a reliable predic-
or of the diagnosis of orthostatic hypotension. The lack of
orrelation between tilt-table-induced syncope and the his-
orical complaint of syncope in patients with orthostatic
ypotension further supports this view.

There are some limitations to this study. First, its retro-
pective nature could have produced some bias in the se-
ection of patients for study. However, the very objective
ature of the data collected (the presence or absence of an
bserved faint on a tilt table study) mitigates against a
election bias, because all patients who fainted were in-
luded in the study. Second, we did not have access to a set
f our own healthy controls and used literature-based values
or comparison. Although this is not ideal, it will certainly
rovide an estimate of fainting on a tilt table in the normal
opulation, particularly because the values from different
tudies stay within a specific range.

We conclude that syncope occurs with a higher fre-
uency in patients with postural tachycardia syndrome than
n patients with orthostatic hypotension or in normal sub-

ects. These findings suggest that one should exercise
linical caution when managing patients with postural
achycardia syndrome due to the high risk of syncope;
ypovolemia imputes a higher risk of syncope than does
ypotension; and postural tachycardia syndrome and re-
ex syncope might share a common pathophysiology.
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ABSTRACT

ACKGROUND: Antiplatelet therapy is the principal component of the antithrombotic regimen after
cute myocardial infarction. It remains unclear whether additional chronic oral anticoagulation (OAC)
mproves outcomes. We set out to evaluate the risk and benefit of long-term OAC after myocardial
nfarction.
ETHODS: We pooled 10 randomized clinical trials comparing warfarin-containing regimens (OAC) with
r without aspirin with non-OAC regimens with or without aspirin (No OAC) for patients with recent
nfarction. The primary endpoint was all-cause mortality. Other endpoints included recurrent infarction,
troke, and major bleeding. We calculated the odds ratio (OR) (fixed effect, OR �1 indicates benefit for
AC) for death and other ischemic and hemorrhagic complications at the longest interval of follow-up

vailable.
ESULTS: Among 24,542 patients, 14,062 were assigned to OAC and 10,480 to no OAC. The patients were
ollowed for 3-63 months, for 89,562 patient-years. Death occurred in 2424 patients (9.9%), 1279 OAC
atients, and 1145 in the no OAC group, OR 0.97 (95% confidence interval [CI], 0.88-1.05), P � .43.
imilarly, there was no effect on recurrent infarction. Stroke occurred in 578 patients (2.4%), 271 in the
AC group and 307 in the no OAC group, OR 0.75 (95% CI, 0.63-0.89), P � .001. There was substantially
ore major bleeding (OR 1.83 [95% CI, 1.50-2.23], P �.001) in the OAC group. Separate analyses,

erformed for patients (n � 11,920) randomized to aspirin versus aspirin and OAC yielded very similar
esults.
ONCLUSION: As compared with placebo or aspirin, OAC with or without aspirin does not reduce
ortality or reinfarction, reduces stroke, but is associated with significantly more major bleeding.
2010 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2010) 123, 250-258

KEYWORDS: Anticoagulation; Bleeding; Death; Long-term effect; Myocardial infarction
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oronary artery disease remains the most common cause of
eath among adults in the United States. Anti-platelet ther-
py is the principal component of the antithrombotic regi-
en after acute myocardial infarction.1
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There have been numerous studies over the last 4
ecades attempting to address the utility of long-term
ral anticoagulation (OAC) after myocardial infarction.
arly studies suggested benefit in younger men only,
hile later ones found all patients to survive longer or to
ave lower rates of recurrent ischemic events, but not
eath.2,3 In the last 20 years, several randomized con-
rolled trials have been conducted to clarify the role of
ong-term OAC after myocardial infarction, with varying
esults.4-15 They utilized different intensities of antico-
gulation, starting at varying intervals from index event,
nd in a wide array of patients with respect to concom-
tant aspirin or reperfusion therapy.

As uncertainty about the benefit of OAC persists, we

erformed a meta-analysis of randomized clinical trials

mailto:sjb9005@nyp.org
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omparing OAC-based regimens (without or without aspi-
in) versus no OAC after myocardial infarction (with or
ithout) ST-elevation, to determine whether there was any

mprovement in survival or other cardiovascular events in
hose taking OAC. We refined the analysis to evaluate the
ffect of OAC or placebo in addi-
ion to aspirin, which is the stan-
ard of care for patients with pre-
ious infarction.

ETHODS
e performed a comprehensive

earch of OVID SR and PubMed
ithout any language restrictions.
he keywords used included war-

arin, myocardial infarction, and
andomized controlled trials, in
ccordance with the Meta-analysis
f Observational Studies in Epi-
emiology guidelines.16 We re-
rieved 66 citations, which were
eviewed at the title/abstract level.
he inclusion criteria were: use of
hronic OAC with warfarin post
nfarction, randomized controlled trial, at least 30-day
ollow-up, and death listed as outcome. The exclusion cri-
eria were: retrospective study or registry and use of
AC for conditions other than myocardial infarction

Figure 1). Fourteen studies were analyzed in detail. The
tudy by Cohen at al7 was excluded because it did not
rovide details about the 2 randomized arms and listed only
he results comparing non-Q-wave infarction versus unsta-
le angina. The study by Huynh et al11 was excluded be-
ause it studied a selected group of patients with unstable

CLINICAL SIGNIF

● Oral anticoagula
death or reinfarct
myocardial infarc
of patients and in

● Oral anticoagula
dence of stroke b
of aspirin therap
mechanisms of c
tection from isch

● Oral anticoagula
of nonfatal majo
Figure 1 Study inclusion and exclusion p
ngina or non-ST-segment elevation myocardial infarction,
ith prior coronary bypass surgery, and who were poor

andidates for a revascularization procedure. The third ex-
luded study was a subgroup analysis of the original Cou-
adin Aspirin Reinfarction Study (CARS).17 The Organi-

zation to Assess Strategies for
Ischemic Syndromes5 study re-
ported use of aspirin in 85%-87%
of patients, however, the study did
not report the results separately
for those receiving aspirin or not.
This study was excluded because
it did not report specifically num-
ber of deaths, but rather the com-
bination of death, infarction, or
stroke.

The primary endpoint for each
trial (except 1 trial that used all-
cause mortality as endpoint8) was a
composite of ischemic events, in-
cluding death, infarction, stroke, or
recurrent ischemia in various com-
binations. While our focus was on
all-cause mortality, we examined
individually each ischemic event

death, infarction, or stroke) because of the possibility of het-
rogeneity in response among the components of the com-
osite endpoint. We also analyzed separately major bleed-
ng and minor bleeding, according to the definition in each
rial. Statistical analysis was performed using the weighted
xed and random effects methods for meta-analysis. After
onfirming that there were no substantial differences be-
ween the 2 methods, we reported only the pooled fixed-
ffect results. Heterogeneity was assessed using a standard

CE

does not reduce
survivors of acute

cross a wide range
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and cerebral pro-
events.

ncreases the rate
minor bleeding.
ICAN

tion
ion in
tion a
tensi

tion
y �3
y, sug
ardiac
emic

tion i
rocess. OAC � oral anticoagulation.
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hi-squared test (inverse variance method). For each event,
he pooled result was presented as odds ratio (OR) with 95%
onfidence intervals. OR �1 signifies benefit for OAC-
ased therapy. The analyses were performed first for all
atients and then only for patients randomized to aspirin
ersus aspirin and OAC. Statistical significance was set at
�.05, and all analyses were performed using STATA SE

er. 9.0 (StataCorp LP, College Station, Tex).

ESULTS
en studies of long-term OAC versus no OAC, with or
ithout aspirin, were included for final analysis. Table 1
ighlights the studies identified: 1 study compared OAC
ersus placebo, without aspirin in either arm. There were
studies of patients on OAC and aspirin versus aspirin

lone. Four studies had 3 arms that compared OAC alone
ersus aspirin alone versus OAC with aspirin. For the
atter group, the groups were condensed into OAC-based
egimens or no OAC regimens. The baseline character-
stics of patients from all the studies are listed in Table 2.
he number of patients enrolled in the studies ranged

rom 93 to 8803. Among the 24,542 patients, 14,062 were
ssigned to OAC and 10,480 to no OAC. The patients
ere followed for 3-63 months, with 89,562 patient-years
f observation. The ejection fraction was listed in only
ne study.9 Reperfusion therapy was administered to
009 patients (25%).

Table 3 lists the outcomes of patients. Death occurred in
424 patients (9.9%), OR 0.97 (95% confidence interval
CI] 0.88-1.05), P � .43 (Pheterogeneity � .14) (Figure 2). All

Table 1 Studies Included in the Meta-analysis

tudy Design and First Author/
tudy Name and Reference Year n

AC vs. placebo
WARIS13 1990 1214

AC (� aspirin) vs. aspirin
AFTER12 1996 1036
CHAMP8 2002 5059
APRICOT 26 2002 274
LoWASA9 2004 3300
Zibaeenezhad et al15 2004 140

AC vs. aspirin vs. OAC � aspirin
ATACS7 1990 93
CARS4 1997 8803
ASPECT 214 2002 993
Hurlen et al10 2002 3630

OAC � oral anticoagulation; WARIS � Warfarin Aspirin Re-infarction
Study; AFTER � Aspirin/Anticoagulants Following Thrombolysis with Emi-
nase in Recurrent infarction study; CHAMP � Combination Hemo-
therapy and Mortality Prevention study; APRICOT � Antithrombotics in
the Prevention of Reocclusion In Coronary Thrombolysis; LoWASA � Effect
of fixed low-dose warfarin added to aspirin in the long term after acute
myocardial infarction study; CARS � Coumadin Aspirin Reinfarction Study;
ATACS � Antithrombotic Therapy in Acute Coronary Syndromes Study;
m
ASPECT � Aspirin and Coumadin after Acute Coronary Syndromes study.
xcept one study reported myocardial infarction as an end-
oint. A total of 2430 new infarctions occurred (9.9%), OR
.94 (95% CI, 0.87-1.03), P � .18 (Pheterogeneity � .001).
troke, reported in 7 of the 11 studies, occurred in a total of
78 patients (2.5%, Figure 3), OR 0.75 (95% CI, 0.63-0.89),
� .001 (Pheterogeneity � .001). In one study with angio-

raphic follow-up, in which patients were treated with fi-
rinolytic therapy for their index infarction and had a patent
rtery at enrollment, OAC therapy added to aspirin signif-
cantly lowered rates of reocclusion and recurrent ischemic
vents.6 International normalized ratio (INR) target varied
rom 1.5 to 4.5, depending on the adjunctive antiplatelet
herapy. The actual INR was �2 in 2 studies using low-dose
arfarin.4,9 Most studies reported both major (all 10) and
inor (8 studies) bleeding. The definition of major bleeding

aried among the different studies. A total of 482 major
leeding events occurred (2.0%, Figure 4), OR 1.83 (95%
I, 1.50-2.23), P �.001 (Pheterogeneity � .14). Minor bleed-

ng was reported in 1025 patients (4.2%), OR 3.46 (95% CI,
.95-4.05), P �.001 (Pheterogeneity � .001). Odds ratios for
schemic events and major bleeding complications are sum-
arized in Table 4. Because it is important to assess the

ffect of OAC on the background of obligatory aspirin
ackground recommended in patients with previous infarc-
ion, we also analyzed the subset of patients (n � 11,920)
andomized to aspirin versus aspirin and OAC. OAC did not
ffect mortality or reinfarction, reduced stroke by 30%
without evidence for heterogeneity), and markedly in-
reased the odds of major bleeding (Table 5). There was no
vidence for publication bias for the entire population
P � .72) or the aspirin background cohort (P � .73) by
unnel plot analysis (Egger’s test).

ISCUSSION
he principal finding of our meta-analysis is that among
early 25,000 patients with recent acute myocardial infarc-
ion followed for nearly 90,000 patient-years, OAC does not
educe the risk of all-cause death (the focus of this analysis)
r reinfarction. There was a substantial reduction in the
ncidence of stroke (30%). OAC doubled the risk of major
leeding. There was substantial heterogeneity among the
tudies for some endpoints (infarction and stroke), but not
or the principal efficacy and safety endpoints (all-cause
ortality and major bleeding). Unlike in previous meta-

nalyses, we chose to examine the strategy of OAC-based
ersus no OAC treatments, rather than to separate the indi-
idual arms of the studies when 3 regimens were compared.
hese results indicate that for every 100 patients treated
ith warfarin after a myocardial infarction, 1 major bleed-

ng (number needed to harm � 100) and 4 minor bleeding
number needed to harm � 25) are caused, while 1 stroke
as prevented (number needed to treat � 100). An analysis
eared towards a more homogenous population receiving
ackground aspirin therapy confirmed the directionality and

agnitude of these findings.
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Epidemiological data support the association between
levated concentrations of factor VII and the risk of a
rimary vascular thrombotic event or recurrence after one
ad occurred. A potential benefit might be obtained by low-
ring factor VII concentrations. Some had suggested therapy
ith a low fixed-dose warfarin, which in pilot studies lowered

actor VII levels, and decreased the risk of bleeding compli-
ations compared with full anticoagulation. The Warfarin As-
irin Re-infarction Study (WARIS)13 specifically addressed
his question and found that OAC improved mortality in the
etting of acute myocardial infarction compared with placebo,
n the absence of aspirin therapy. However, when OAC was
ompared with no OAC, on aspirin background therapy, the
argest trial to date, CARS,4 did not find any difference in

ortality among 8803 patients randomized to OAC alone,
spirin alone, or combination of the 2. The INR achieved in

Table 2 Selected Baseline Characteristics

tudy/Year
Male
(%)

Age
(Years)

DM
(%)

HTN
(%)

Previ
Infar

ARIS 199013

No OAC 77 61.6 8 35 25
OAC 79 61.4 6 32 28

TACS 19907

No OAC 56 62 34 53 75
OAC 62 61-63 38 48 85

FTER 199612

No OAC 77 60.3
OAC 76 60.3

ARS 19974

No OAC 76 18. 18.2
OAC 85 19 18.8

SPECT-2 200214

No OAC 79 12 22 38
OAC 75 8 24 36

urlen et al 200210

No OAC 74 60.7 9 12
OAC 78 59.9 8 13

HAMP 20018

No OAC 98 64 27 53 35
OAC 98 64 27 55 37

PRICOT-2 20026

No OAC 81 58 6 31 12
OAC 82 57 6 23 11

oWASA 20049

No OAC 75 66 13 33 58
OAC 72 66 13 35 59

ibaeenezhad et al 200415

No OAC 63 58.9
OAC 68 63

OAC � oral anticoagulation; DM � diabetes mellitus; HTN � arter
CABG � coronary artery bypass grafting; BB � beta-blockers; WARIS � W
Coronary Syndromes Study; AFTER � Aspirin/Anticoagulants Following Th
Reinfarction Study; ASPECT � Aspirin and Coumadin after Acute Coronary
study; APRICOT � Antithrombotics in the Prevention of Reocclusion In Cor
in the long term after acute myocardial infarction study.
ARS was 1.2-1.5. Our meta-analysis confirms these results in m
much larger cohort of patients, with a more heterogeneous
evel of anticoagulation.

It is well recognized that platelets play an important role in
ascular thrombosis at the ruptured coronary atherosclerotic
laque, leading to acute ischemic episodes.18 Antiplatelet strat-
gies have contributed substantially to improve the outcome of
atients with acute coronary syndromes.1 However, some stud-
es reinforced the doubt about the putative benefit of adding
AC to aspirin for some groups of patients. The current Amer-

can College of Cardiology/American Heart Association
uidelines for ST-elevation myocardial infarction recommend
arfarin alone (INR 2.5 to 3.5) or warfarin with aspirin (75 to
62 mg) (INR 2.0 to 3.0) as Class IIa indication for secondary
revention.19 Similar recommendations were promoted by the
merican College of Chest Physicians.20 They distinguish
etween the majority of patients with recent infarction who can

gina/
%)

Time from
Infarction

Lytics
(%)

PTCA
(%)

CABG
(%) BB (%)

Statins
(%)

4.6 48
4.4 48

22 16 25
21 34 25

�24 h 100
�24 h 100

3-21 days
3-21 days

11 days 7 4 79 30
10-11 days 5 4 71 32

54 19 18
54 19 16

�28 days 30
�28 days 31

48 h 36
48 h 44

�42 days 2 4 84 17
2 4 86 17

5-7 days
5-7 days

ertension; PTCA � percutaneous coronary transluminal angioplasty;
Aspirin Re-infarction Study; ATACS � Antithrombotic Therapy in Acute
sis with Eminase in Recurrent infarction study; CARS � Coumadin Aspirin
es study; CHAMP � Combination Hemotherapy and Mortality Prevention

hrombolysis; LoWASA � Effect of fixed low-dose warfarin added to aspirin
ous An
ction (

ial hyp
arfarin
romboly
Syndrom
onary T
onitor INR and for whom warfarin is weakly indicated (Class
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Ib) and those at high risk (large anterior myocardial infarction,
hrombus in left ventricle) for whom warfarin is recommended
or at least 3 months at moderate intensity and in addition to
spirin (Class IIA).

Rothberg et al performed a meta-analysis of studies com-
aring warfarin plus aspirin versus aspirin alone after myo-
ardial infarction or acute coronary syndromes.3 They eval-
ated 10 trials (5938 patients), reported until 2004, and
emonstrated no benefit in mortality for OAC and aspirin
ersus aspirin alone, but there was significant reduction in
einfarction, revascularization, and stroke. The incidence of
ajor bleeding was significantly higher in the OAC group

1.5% per year), as found in our updated meta-analysis.
here was a 2.5-fold (95% CI, 1.7-3.7, P �.01) higher rate
f major bleeding and 2.6-fold (95% CI, 2.0-3.3, P �.01)

Table 3 Summary of Ischemic and Hemorrhagic Events

tudy n Death

ARIS13

No OAC 607 20.3%
OAC 607 15.5%

TACS7

ASA 32 0.0%
OAC � ASA 61 1.6%

FTER12

ASA 519 8.9%
OAC 517 8.1%

ARS4

ASA 3393 3.0%
OAC � ASA 5410 3.3%

SPECT 214

ASA 336 4.5%
OAC � ASA 657 1.8%

urlen et al10

ASA 1206 7.6%
OAC � ASA 2424 7.9%

HAMP8

ASA 2537 17.3%
OAC � ASA 2522 17.6%

PRICOT 26

ASA 139 0.0%
OAC � ASA 135 0.7%

oWASA9

ASA 1641 19.7%
OAC � ASA 1659 18.7%

ibaeenezhad et al15

ASA 70 8.6%
OAC � ASA 70 2.9%

otal
No OAC 10,480 10.9%
OAC 14,062 9.1%

WARIS � Warfarin Aspirin Re-infarction Study; OAC � oral anticoagu
ASA � aspirin; AFTER � Aspirin/Anticoagulants Following Thrombolysis w
Study; ASPECT � Aspirin and Coumadin after Acute Coronary Syndrome
APRICOT � Antithrombotics in the Prevention of Reocclusion In Coronary T
long term after acute myocardial infarction study.
igher rate of minor bleeding. Nevertheless, the authors did q
ecommend warfarin in patients at low or intermediate risk
or bleeding, stating that the benefits may outweigh the risk
f bleeding because of a significant reduction in reinfarction
from 4.1% per year to 2.2%, P �.01) and in thrombotic stroke
from 0.84% per year to 0.34%, P �.01). Three of the largest
rials completed since, CARS (8803 patients),4 Combination
emotherapy and Mortality Prevention study (CHAMP, 5059
atients),8 and Effect of fixed low-dose warfarin added to
spirin in the long term after acute myocardial infarction study
LoWASA, 3,300 patients),9 are included in our analysis.
hese studies quadrupled the number of patients analyzed and

einforced the lack of benefit in mortality and excess of
leeding associated with OAC added to aspirin background
herapy. The reduction in stroke remained highly statisti-
ally significant and clinically relevant. In these trials, one

rction Stroke
Major
Bleeding

Minor
Bleeding

% 7.2% 0.0% 4.1%
% 3.3% 1.3% 7.2%

% 0.0% 0.0% 3.1%
% 0.0% 0.0% 1.6%

% 0.0% 1.0% 0.0%
% 0.0% 2.5% 0.0%

% 0.6% 1.7% 0.0%
% 1.1% 2.2% 0.0%

% 1.5% 0.9% 4.8%
% 0.2% 1.5% 11.6%

% 2.7% 0.7% 3.2%
% 1.4% 2.5% 9.7%

% 3.5% 2.0% 3.0%
% 3.1% 3.4% 13.8%

% 0.0% 1.4% 1.4%
% 0.0% 1.5% 3.7%

% 7.1% 1.0% 2.6%
% 4.7% 2.2% 5.8%

% 0.0% 2.9% 2.9%
% 0.0% 7.1% 18.6%

% 2.9% 1.4% 2.0%
% 1.9% 2.4% 5.8%

ATACS � Antithrombotic Therapy in Acute Coronary Syndromes Study;
nase in Recurrent infarction study; CARS � Coumadin Aspirin Reinfarction
; CHAMP � Combination Hemotherapy and Mortality Prevention study;
lysis; LoWASA � Effect of fixed low-dose warfarin added to aspirin in the
Infa

20.4
13.5

3.1
4.9

3.3
5.0

6.8
7.2

4.2
3.5

9.7
6.6

13.1
13.3

7.9
2.2

16.3
17.1

8.6
5.7

10.7
9.3

lation;
ith Emi
s study
hrombo
uarter to one third of patients had anterior infarction, and
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Figure 2 Forester plot of effect of long-term oral anticoagulation on mortality
(point estimate proportional to number of events, odds ratio �1 indicates benefit for
oral anticoagulation). OAC � oral anticoagulation; ATACS � Antithrombotic
Therapy in Acute Coronary Syndromes Study; WARIS � Warfarin Aspirin Re-
infarction Study; AFTER � Aspirin/Anticoagulants Following Thrombolysis with
Eminase in Recurrent infarction study; CARS � Coumadin Aspirin Reinfarction
Study; ASPECT � Aspirin and Coumadin after Acute Coronary Syndromes study;
CHAMP � Combination Hemotherapy and Mortality Prevention study;
APRICOT � Antithrombotics in the Prevention of Reocclusion In Coronary
Thrombolysis; LoWASA � Effect of fixed low-dose warfarin added to aspirin

in the long term after acute myocardial infarction study.
Figure 3 Forester plot of effect of long-term oral anticoagulation on nonfatal stroke
(point estimate proportional to number of events, odds ratio �1 indicates benefit for oral
anticoagulation). OAC � oral anticoagulation; WARIS � Warfarin Aspirin Re-infarction
Study; CARS � Coumadin Aspirin Reinfarction Study; ASPECT � Aspirin and Coumadin
after Acute Coronary Syndromes study; CHAMP � Combination Hemotherapy and Mor-
tality Prevention study; LoWASA � Effect of fixed low-dose warfarin added to aspirin in

the long term after acute myocardial infarction study.
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n 2 of them (CHAMP and LoWASA), prespecified analy-
es showed no evidence of benefit in patients with anterior
nfarction. As new studies accumulate, it appears that the
enefit of OAC for cardiac protection is less and less evi-
ent, reflecting the pathophysiology of acute coronary syn-
romes and concomitant therapies offered to patients in
ore recent trials. The rupture of a stable plaque results in

latelet activation and aggregation, which decreases blood
ow, and possibly results in myocardial infarction. Thus,

here appears to be a limited role for warfarin-like com-
ounds, as they would not prevent the initiation of the
hrombotic cascade related to the disruption of the athero-
clerotic plaque. Furthermore, more modern postinfarction

Figure 4 Forester plot of effect of lon
bleeding (point estimate proportional to nu
with oral anticoagulation). OAC � oral an
infarction Study; ATACS � Antithromboti
CARS � Coumadin Aspirin Reinfarction
Acute Coronary Syndromes study; CHAM
Prevention study; APRICOT � Antithrom
onary Thrombolysis; LoWASA � Effect o
long term after acute myocardial infarctio

Table 4 Pooled (Fixed) Effect of OAC for Ischemic and
Hemorrhagic Events (OR �1 Indicates Benefit for OAC)

vent OR CI P Value P (Heterogeneity)

eath 0.97 0.88-1.05 .43 .14
nfarction 0.94 0.87-1.03 .18 .001
troke 0.75 0.63-0.89 .001 .001
ajor bleeding 1.83 1.50-2.23 �.001 .14

OAC � oral anticoagulation; OR � odds ratio; CI � confidence

interval.
herapy, including statins and angiotensin-converting en-
yme inhibitors, used infrequently in older trials, may de-
rease the potential for additional ischemic events.21-24 Not
east important is the advantage of more frequent reperfu-
ion with pharmacological or mechanical means that de-
reases the likelihood of death and severe heart failure after
nfarction.25 In 2006, Andreotti et al performed an updated
eta-analysis of aspirin plus warfarin versus aspirin alone

n patients recovering from acute coronary syndromes.26

heir analysis focused on the combination of major adverse
vents (MAE), rather than death alone in our study, and

oral anticoagulation on nonfatal major
of events, odds ratio �1 indicates excess
ulation; WARIS � Warfarin Aspirin Re-
apy in Acute Coronary Syndromes Study;
ASPECT � Aspirin and Coumadin after
ombination Hemotherapy and Mortality

in the Prevention of Reocclusion In Cor-
low-dose warfarin added to aspirin in the
.

Table 5 Pooled (Fixed) Effect of OAC for Ischemic and
Hemorrhagic Events (OR �1 Indicates Benefit for OAC) in
11,920 Patients Randomized to Aspirin Alone or Aspirin
and OAC

vent OR CI P Value P (Heterogeneity)

eath 0.98 0.89-1.09 .74 .50
nfarction 0.93 0.83-1.04 .20 .007
troke 0.71 0.58-0.87 .001 .19
ajor bleeding 2.03 1.56-2.64 �.001 .65

OAC � oral anticoagulation; OR � odds ratio; CI � confidence
g-term
mber
ticoag

c Ther
Study;

P � C
botics
f fixed
interval.
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xcluded studies in which aspirin was not given. They
oncluded that, among 25,307 patients randomized, warfa-
in added to aspirin did not reduce the incidence of MAE
fixed OR 0.96, P � .30 with considerable heterogeneity).

hen only studies with INR 2-3 were included, the OR was
.73, P �.001 and without heterogeneity. The authors con-
luded that addition of intermediate-intensity warfarin to
spirin is indicated to prevent MAE in patients willing “to
ace the logistic hurdles” and accept the inherent bleeding
isk associated with chronic OAC. Nevertheless, when mor-
ality alone is analyzed, as is the primary focus of our
nalysis, there was no benefit for the combination therapy
ver aspirin alone, even in studies targeting INR of 2-3
2.8% vs 2.9%).

imitations
hile our data are derived from a large cohort of patients,
e did not have access to patient-specific data and could not

dentify subsets of patients in whom OAC may be benefi-
ial. Specifically, we could not find evidence that subsets of
atients, such as those with large anterior infarctions and
hose in whom thrombus was present in the left ventricle
enefited from the addition of OAC. We could not reliably
etect an interaction between intensity of anticoagulation
nd prevention of ischemic events, particularly death, and
ould not find a therapeutic window for which anticoagu-
ation prevents ischemic events without affecting safety.
urthermore, because randomized clinical trials frequently
epresent a relatively healthier population than those treated
n daily practice, it is possible that our findings underesti-
ate the benefit of chronic OAC in patients with multiple

o-morbidities.

ONCLUSION
otwithstanding these limitations, we concluded that

hronic OAC with warfarin does not reduce mortality or
einfarction after myocardial infarction, regardless of
oncomitant aspirin administration. There was a signifi-
antly higher rate of bleeding in patients receiving OAC,
alanced by a significant protective effect for stroke. Ded-
cated clinical trials may be able to identify selected subsets
f patients who could still benefit from OAC in the current
ra. These results do not exclude the possibility that care-
ully monitored INR at a moderate intensity may prevent the
ombination of ischemic events analyzed separately in this
tudy. We see a need, based on our findings, for revisiting
he American College of Cardiology/American Heart Asso-
iation guidelines for postinfarction care with respect to
AC.
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ABSTRACT

ACKGROUND: We reported earlier that there was no decline of acute myocardial infarction hospitalization
rom 1988 to 1997. We now extend these observations to document trends in acute myocardial infarction
ospitalization rates and in-hospital case-fatality rates for 27 years from 1979 to 2005.
ETHODS: We determined hospitalization rates for acute myocardial infarction by age and gender using
ata from the National Hospital Discharge Survey and US civilian population from 1979 to 2005,
ggregated by 3-year groupings. We also assessed comorbid, complications, cardiac procedure use, and
n-hospital case-fatality rates.
ESULTS: Age-adjusted hospitalization rate for acute myocardial infarction identified by primary International
lassification of Diseases code was 215 per 100,000 people in 1979-1981 and increased to 342 in 1985-1987.
hereafter, the rate stabilized for the next decade and then declined slowly after 1996 to 242 in 2003-2005.
rends were similar for men and women, although rates for men were almost twice that of women. Hospital-

zation rates increased substantially with age and were the highest among those aged 85 years or more. Although
edian hospital stay decreased from 12 to 4 days, intensity of hospital care increased, including use of coronary

ngioplasty, coronary bypass, and thrombolytics therapy. During the period, reported comorbidity from diabetes
nd hypertension increased. Acute myocardial infarction complicated by heart failure increased, and cardiogenic
hock decreased. Altogether, the in-hospital case-fatality rate declined.
ONCLUSION: During the past quarter century, hospitalization for acute myocardial infarction increased
ntil the mid-1990s, but has declined since then. At the same time, in-hospital case-fatality rates declined
teadily. This decline has been associated with more aggressive therapeutic intervention.
ublished by Elsevier Inc. • The American Journal of Medicine (2010) 123, 259-266

KEYWORDS: Acute myocardial infarction; Hospitalization; In-hospital case-fatality
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ge-adjusted mortality rates from coronary heart disease and
cute myocardial infarction have declined steadily in the
nited States since the 1960s.1-4 Many factors might have

ontributed to this decline in mortality, including control of
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isk factors for coronary heart disease and declining incidence
nd severity of disease.5 In addition, more intensive medical
are likely has contributed to this decline.6 These factors might
ave influenced the incidence of acute myocardial infarction
nd the survival of those with the disease. We previously re-
orted there was no decline in hospitalization for acute myocardial
nfarction from 1988 to 1997 in the United States.7 We now
xtend our observations to document trends in acute myocardial
nfarction hospitalization rates for 27 years, from 1979 to 2005.

ATERIALS AND METHODS

ata Sources
he National Hospital Discharge Survey (NHDS) 1979-

005 was conducted by the National Center for Health

mailto:jfang@cdc.gov
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tatistics, Centers for Disease Control and Prevention. The
HDS collected annual data from a sample of inpatient

ecords acquired from a national sample of hospitals. Gen-
ral hospitals or children’s general hospitals, and hospitals
ith an average length of stay of fewer than 30 days for all
atients were included in the sur-
ey. Federal, military, and Depart-
ent of Veterans Affairs hospitals
ere excluded, as were hospital
nits of institutions and hospitals
ith fewer than 6 beds staffed for
atient use.

Before 1988, the NHDS sam-
le was based on a 2-stage design.
he survey was redesigned in
988.8 The new method of sample
esign used a modified 3-stage de-
ign. Although there are a number
f differences between the origi-
al and new designs that have
een documented, the changes do
ot affect the ability to conduct
rend analysis.8

We selected the discharge re-
ords of patients aged 25 years or
ore within sampled hospitals using systematic random

ampling. Because discharges were sampled, an individ-
al patient might appear more than once if he/she had
ore than 1 hospitalization. We collected information

rom the hospital records related to patient characteris-
ics, including date of birth, gender, expected primary
ources of payment, discharge status (including in-hos-
ital death), up to 7 discharge diagnoses, and number of
ays hospitalized. We did not analyze data for racial or
thnic groups because some hospitals did not collect
nformation on race.9

Patients were defined as having an acute myocardial
nfarction with the primary (first listed) diagnostic code of
nternational Classification of Diseases, Ninth Revision,
linical Modification (Table 1). Cardiovascular comorbid-

ty was defined by the second to seventh listed diagnostic
odes of the International Classification of Diseases, Ninth
evision, Clinical Modification. These included hyperten-

ion and diabetes. Complications from acute myocardial
nfarction also were identified from the second to seventh
isted codes, including heart failure and cardiogenic shock.
ardiac procedures performed during hospitalization were
efined with International Classification of Diseases, Ninth
evision, Clinical Modification procedure code, including
ardiac catheterization, coronary artery bypass graft sur-
ery, and percutaneous transluminal coronary angioplasty.
hrombolytic therapy also was identified by procedure code

Table 1).

tatistical Analysis
o better reflect overall US hospitalizations, we estimated

CLINICAL SIGNIF

● From 1979 to 20
rate for acute m
the United Stat
since 1996.

● The use of card
ment for patient
infarction has ex

● Length of hospit

● In-hospital case-fa

● Disparities exist
age and gender.
he number of hospitalizations and frequencies of charac-
eristics of patients in the NHDS by taking into account the
ampling weight. We calculated hospitalization rates by
very 3 aggregated years from 1979 to 2005 (1979-1981,
982-1984, . . . 2003-2005), using the estimated number of
ospitalizations as the numerator and the US civilian pop-

ulation as the denominator. We
calculated age-standardized hos-
pitalization rates (per 100,000)
using the 2000 US Standard Pop-
ulation. We also estimated the
percentage of comorbid condit-
ions, complications, use of revas-
cularization procedures, and in-
hospital case-fatality rates. We
assessed age-specific rates and
trends of these characteristics.
We estimated relative percentage
changes from 1979-1981 to 2003-
2005 by the changes over the 2
periods divided by the first period.

RESULTS
The total number of hospitaliza-
tions with the first-listed diagnosis
of acute myocardial infarction was

pproximately 432,000 in 1979 and 681,000 in 2005, a 58%
ncrease. Hospitalization rates were 194 and 231 per
00,000 population for 1979 and 2003, respectively. The
ean (� standard deviation) age of patients was 67 � 14

ears (60% were aged � 65 years), and 60% were men.
mong acute myocardial infarction hospitalizations,
omen were older than men (71 � 13 years vs 64 � 13
ears).

CE

e hospitalization
dial infarction in
as declined only

eperfusion treat-
acute myocardial

ed.

y has shortened.

rate has declined.

ese estimates by

Table 1 International Classification of Diseases, Ninth
Revision, Clinical Modification for Diseases and Procedures

escription ICD-9-CM

isease codes
Acute myocardial

infarction
410.0-410.9

Hypertension 401.0-405.9
Diabetes 250.0-250.9
Heart failure 428.0-428.9
Cardiogenic shock 785.51

rocedure codes
Cardiac catheterization 37.21-37.23, 88.50-88.58, 89.64
Coronary artery bypass

graft surgery
36.10-36.19

Percutaneous
transluminal
coronary
angioplasty

36.01, 36.02, 36.05, 36.06

Thrombolytic therapy 99.10, 99.20

ICD-9-CM � International Classification of Diseases, Ninth Revision,
ICAN

05, th
yocar
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tality
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Clinical Modification.
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ge-adjusted Rates of Hospitalization for
cute Myocardial Infarction
uring the 27-year period, the age-adjusted hospitalization

ate for acute myocardial infarction was 215 per 100,000
eople in 1979-1981 and increased to 342 in 1985-1987.
hereafter, the rate stabilized for the next decade before
eclining after 1996 to reach 242 in 2003-2005. Although
he trends were similar for men and women, men had rates
lmost twice those of women (Figure 1).

Acute myocardial infarction hospitalization rates in-
reased with age and were the highest among those aged 85
ears or more (Figure 2). Of note is the continuously in-
reasing hospitalization rate until 2002 among those aged
5 years or more, even though the rates declined after the
eriod from 1994 to 1996 for all other age groups.

Figure 1 Trends of age-adjusted a
cardial infarction, for total and by ge

Figure 2 Acute myocardial infarc

1979-2005.
haracteristics of Patients with Acute
yocardial Infarction

atient characteristics were compared between the first pe-
iod (1979-1981) and the last period (2003-2005). Over the
ears, age at acute myocardial infarction hospitalization,
ercentages of women, comorbidity of hypertension and
iabetes, heart failure complication, and percentage dis-
harged to short- or long-term care facilities increased (Ta-
le 2). On the other hand, the percentage of patients with
rivate insurance, cardiogenic shock complications, and in-
ospital case-fatality decreased, as did the median length of
ospital stay.

The median hospital stay decreased by 67% over the
eriod, from 12 days in 1979-1981 to 4 days in 2003-2005
Table 2). Women and men had the same overall median

hospitalization rates for acute myo-
HDS, 1979-2005.

ospitalization rates by age, NHDS,
nnual
tion h
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ength of stay (6 days). Median length of stay increased with
ge: 4 days for patients aged less than 45 years, 5 days for
atients aged 55 to 64 years, and 6 days for patients aged 65
ears or more.

ardiac Procedures Performed and
hrombolytic Therapy
uring this period, cardiac catheterization use among pa-

ients hospitalized with acute myocardial infarction in-
reased from 4.6% in 1979-1981 to 46.7% in 2003-2005.
oronary artery bypass graft surgery use increased from
.5% in 1979-1981 to a peak of 10.7% in 1994-1996 and
ecreased to 8.3% in 2003-2005. On the other hand, percu-
aneous transluminal coronary angioplasty was performed
n 2.9% of cases in 1985-1987 and increased to 30% by
003-2005. The frequency of thrombolytic therapy was first

Table 2 Selected Characteristics of Hospitalizations for Acute
2003-2005: National Hospital Discharge Survey, 1979-2005

haracteristics 1979-1981

o. of hospitalizations 1,325,363
ge (mean � SD) 64.1 � 12.4
ge group, y (%)

25-44 5.7
45-64 40.3
65-74 29.7
75-84 19.1
�85 5.1

omen (%) 37.2
ource of payment (%)

Self-pay 0.7
Medicare/Medicaid 60.1
Private, including HMO 39.2
Others 0

edian hospital days 12
omorbidity (%)

Hypertension 14.1
Diabetes 14.7

omplications (%)
Heart failure 13.0
Cardiogenic shock 3.8

ntervention (%)
Cardiac catheterization 4.6
CABG 0.5
PTCA 0
Thrombolytic drugs 0

ischarge status (%)
Home 69.2
Other short-term facilities 5.2
Long-term facilitiesa 1.5
Against medical advice 0.8
Death 17.8
Unknown 5.6

HMO � health maintenance organization or other managed care plan;
coronary angioplasty; SD � standard deviation.

aLong-term care facility includes nursing home, skilled nursing facilit
ecorded in 1997-1999 at 2.1%, increased to 8.7% in 2000- w
002, and then decreased slightly to 8.3% in 2003-2005.
hroughout this period, a higher percentage of men received

hese procedures and treatment than did women (Figure 3).
n addition, patients aged 25 to 64 years were more likely to
eceive procedures and treatment than were older patients,
nd those aged 85 years or more were least likely to receive
hese interventions (Figure 4).

n-hospital Case-fatality Rate of Acute
yocardial Infarction
he average in-hospital case-fatality rate during the entire
eriod was 12.1%, which increased with age: 5.4% for those
ged 25 to 64 years, 14.5% for those aged 65 to 84 years,
nd 22.9% for those aged 85 years or more. Women had a
igher in-hospital case-fatality rate than men (14.9% vs
0.2%). For all age groups, the in-hospital case-fatality rate

dial Infarction as First-listed Diagnosis for 1979-1981 and

2003-2005 Relative Percent Change (%)

2,178,023 64.3
69.3 � 14.5 8.1

5.8 1.8
30.8 �23.6
22.3 �24.9
25.3 32.5
16.2 217.6
41.9 12.6

3.8 442.9
67.0 11.3
26.2 �33.2
3.0 2900.0
4 �66.7

46.8 233.8
23.4 58.5

33.4 154.2
1.9 �50.0

46.7 915
8.2 1560.0

30.0 –
8.3 –

56.5 �18.2
16.4 215.4
11.1 640.0
0.8 0
8.0 �55.1
7.1 26.8

coronary artery bypass graft surgery; PTCA � percutaneous transluminal

nded care facility, intermediate care facility, or custodial care facility.
Myocar

CABG �
as slightly higher among women than men except among
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hose aged 85 years or more (Figure 5). The in-hospital
ase-fatality rate declined in both men and women for all
ge groups. Age-adjusted, in-hospital case-fatality rate de-
reased from 24.2% to 9.4% between the periods 1979-1981
nd 2003-2005.

ISCUSSION
rom 1979 to 2005, acute myocardial infarction hospital-

zation rates increased from 194 to 231. These rates in-
reased at first, then leveled off, and finally declined slowly.
uring this time, there were increases in use of cardiac

atheterization, percutaneous transluminal coronary angio-
lasty, coronary artery bypass graft surgery, and thrombo-
ytic drugs. Length of stay decreased substantially during
his time, as did in-hospital case-fatality rates. In addition,
isparities were noted by age and gender for hospitalization
ates, use of procedures, and in-hospital case-fatality rates.

ncidence of Acute Myocardial Infarction
lthough national surveillance to monitor trends in the

ncidence of acute myocardial infarction is lacking, popu-
ation-based studies in different geographic settings have
xamined the incidence of acute myocardial infarction.
hese studies include the Worcester Heart Attack Study,10

ramingham Heart Study,11 Minnesota Heart Survey,6 Cor-
us Christi Heart Project,12 Rochester Epidemiology
roject,13 and Charleston Heart Study.14 Despite the vary-

ng time periods involved in each of these studies, and
iffering clinical and sociodemographic characteristics of
he study samples, all of these studies have observed de-
lines in the incidence of acute myocardial infarction. Al-
hough an earlier report from the Worcester Heart Attack
tudy showed increases in the age-adjusted incidence rates
f initial acute myocardial infarction in greater Worcester

Figure 3 Use of cardiac procedur
hospitalized for acute myocardial i
M � men; W � women; PTCA � pe
plasty; CABG � coronary artery bypa
esidents hospitalized between 1975 and 1981, more recent H
ata from this study showed declines in these incidence
ates through the mid15 and late 1980s.16

actors Contributing to the Observed Trends
f Acute Myocardial Infarction
ospitalization
he changes in acute myocardial infarction hospitalization
bserved can be attributed to multiple factors, including
hange in incidence rates and reduction in risk of death
efore hospitalization, changing diagnostic criteria, hospital
reatment, and data-collection methods. There is evidence
hat risk of death before hospitalization declined during the
990s.17,18 The diagnostic criteria for acute myocardial in-
arction early in the study period differed from those pre-
ented later in the study.19 The introduction of the measure-
ent of troponin levels in the early 1990s might have

esulted in the admission of patients with less severe acute
yocardial infarction who would previously have been di-

gnosed with unstable angina.11,20,21 As a result, such pa-
ients might have had better survival than those with more
evere infarctions, as diagnosed using older criteria.

Cardiogenic shock rates were 3.8% and 1.9% in 1979-
981 and 2003-2005, respectively, lower than 6.6% re-
orted by the Worcester Heart Attack Study.22 This could
e due to the data record. Our report identified acute myo-
ardial infarction with the primary International Classifica-
ion of Diseases, Ninth Revision, Clinical Modification
ode, and cardiogenic shock was defined by the second to
eventh codes of the International Classification of Dis-
ases. Because cardiogenic shock is a life-threatening con-
ition, it could be coded as primary diagnosis at discharge
ith NHDS. Therefore, it would not be included, because

ll cases reported in this article had primary diagnosis of
cute myocardial infarction. In addition, the Worcester

thrombolytic drugs among patients
on by gender, NHDS, 1979-2005.
eous transluminal coronary angio-
ft.
es and
nfarcti
rcutan
eart Attack Study included only acute myocardial infarc-
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ion during the index hospitalization, and NHDS included
oth index hospitalization and readmission.

Furthermore, evidence-based data revealed that with the
ntroduction of coronary artery bypass graft surgery, percu-
aneous transluminal coronary angioplasty, and thrombo-
ytic therapy during the past 3 decades, acute myocardial
nfarction hospital survival improved and length of stay
hortened.23,24 Finally, because NHDS data do not distin-
uish between the first and subsequent events, the incidence
f first acute myocardial infarction could have declined
ecause of improved preventive care, whereas more patients
urvived a first event and experienced a second or even third

Figure 4 Use of cardiac procedures and
for acute myocardial infarction by age, NH
vent with hospitalizations. i
n-hospital Case-fatality Rates of Acute
yocardial Infarction Hospitalization
he decline in in-hospital case-fatality rates observed is
onsistent with the overall decline in age-adjusted mortality
rom coronary heart disease in the Framingham Heart Study
nd other regional studies.1,3,6,11,25,26 This decline can be
xplained by both the declining incidence of myocardial
nfarction in the population and the improved survival of
atients with myocardial infarction.6 Recent reports from
he Worcester Heart Attack Study showed that among pa-
ients hospitalized with acute myocardial infarction, the

bolytic drugs among patients hospitalized
979-2005.
throm
ncidence of cardiogenic shock,22 complete heart block,27
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nd ventricular fibrillation,28 the major complications of
cute myocardial infarction associated with fatality, all de-
lined throughout the 30-year study period from 1975 to
005. The reduction of these complications of acute myo-
ardial infarction contributed to the decline of in-hospital
ase-fatality. Moreover, the Olmsted County Study exam-
ned indicators of myocardial infarction severity, including
illip class, electrocardiogram descriptors, and peak creat-

ne kinase values, among patients with acute myocardial
nfarction and found a decline in the severity of myocardial
nfarction from 1983 to 1994,29 which contributed to the
ecline of in-hospital case-fatality rate.

Because longer-term mortality data after hospital dis-
harge are not readily available, it is possible that the ob-
erved decline in in-hospital case-fatality rates merely re-
ected the shift in mortality from in-hospital to out-of-
ospital as the result of substantially reducing the length of
tay from 12 to 4 days. However, this was not likely because

recent report based on the Minnesota Heart Survey
howed that the progressive and substantial decrease in
ospital length of stay after acute myocardial infarction in
he past 2 decades was not associated with increased mor-
ality after discharge. These decreases in length of stay were
ssociated with increasing use of effective therapies.30

oreover, most deaths in-hospital among patients with
cute myocardial infarction occurred within the first several
ays.31

Ford et al32 recently estimated that approximately half of
he decline in the US death rate for coronary heart disease
rom 1980 to 2000 was due to reductions in major risk
actors, and that approximately half was due to evidence-
ased medical therapies. On the basis of a summary of
tudies published from 1975 to 1995, Heidenreich and
cClellan33 concluded that the primary reason for the de-

rease in early mortality from myocardial infarction seemed

Figure 5 In-hospital case-fatality
myocardial infarction, by age and ge
o be the increased use of effective treatments, including
spirin, beta-blockers, angiotensin-converting enzyme in-
ibitors, and coronary reperfusion.

trengths and Limitations
ur study, which is based on National Hospital Discharge
ata, eliminates bias due to variations in acute care by
ospital and region, and is more representative of the total
S experience than previous local and regional studies. The

trengths of this database include its large size, representa-
ive quality, and standardized methodology. However, ma-
or limitations of this administrative database include the
nability to validate diagnoses or procedure use, assess ra-
ial or state variations, determine 30-day and postdischarge
ortality, or distinguish first from subsequent hospitaliza-

ions, because our report is the number of hospital dis-
harges rather than patients. In addition, the administrative
atabase provides minimal clinical detail, including dura-
ion of delay in seeking medical care after the onset of acute
oronary symptoms and use of medications other than
hrombolytic drugs. However, these limitations should not
ffect the trend estimates of this study.

ONCLUSIONS
uring the past quarter century, although coronary heart
isease mortality has decreased, hospitalization for acute
yocardial infarction has only begun to decline more re-

ently. At the same time, there has been a trend toward more
ntensive acute care and vastly expanded use of invasive
rocedures associated with both shorter length of stay and
ecreasing in-hospital case-fatality rates.
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ABSTRACT

BJECTIVE: Hypercholesterolemia is an early risk factor for Alzheimer’s disease. Low-density lipoprotein
LDL) receptors might be involved in this disorder. Our objective was to determine the risk of mild
ognitive impairment in a population of patients with heterozygous familial hypercholesterolemia, a
ondition involving LDL receptor dysfunction and lifelong hypercholesterolemia.
ETHODS: By using a cohort study design, patients with familial hypercholesterolemia (N � 47) meeting

nclusion criteria and comparison patients without familial hypercholesterolemia (N � 70) were consecu-
ively selected from academic specialty and primary care clinics, respectively. All patients were older than
0 years. Those with disorders that could affect cognition, including history of stroke or transient ischemic
ttacks, were excluded from both groups. Thirteen standardized neuropsychologic tests were performed in
ll subjects. Mutational analysis was performed in patients with familial hypercholesterolemia, and brain
maging was obtained in those with familial hypercholesterolemia and mild cognitive impairment.
ESULTS: Patients with familial hypercholesterolemia showed a high incidence of mild cognitive impair-
ent compared with those without familial hypercholesterolemia (21.3% vs 2.9%; P � .00). This diagnosis
as unrelated to structural pathology or white matter disease. There were significant differences, inde-
endent of apolipoprotein E4 or E2 status, between those with familial hypercholesterolemia and those
ith no familial hypercholesterolemia in several cognitive measures, all in the direction of worse
erformance for those with familial hypercholesterolemia.
ONCLUSION: Because prior studies have shown that older patients with sporadic hypercholesterolemia do not
how a higher incidence of mild cognitive impairment, the findings presented suggest that early exposure to
levated cholesterol or LDL receptor dysfunction may be risk factors for mild cognitive impairment.

2010 Published by Elsevier Inc. • The American Journal of Medicine (2010) 123, 267-274
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lzheimer’s disease is a progressive neurodegenerative dis-
rder characterized by global deterioration of cognition and
ehavior.1 Development of dementia in Alzheimer’s disease
s usually preceded by a prodromal stage of abnormal cog-
itive performance known as mild cognitive impairment.2 A
ajor neuropathologic feature of Alzheimer’s disease is the

ncrease in insoluble amyloid fibrils composed of 40-42
mino acid peptides known as the amyloid beta protein.3,4

Recent studies suggest a connection between cholesterol
etabolism and the pathogenesis of Alzheimer’s disease.5-9

e reported that hypercholesterolemia accelerates amyloid

eta protein production in the brain of transgenic mice7,8 and
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ssociates with higher levels of amyloid beta protein amyloid
n the human brain.10 On the basis of apparently controversial
pidemiologic studies,11 some investigators have argued that
his relationship might be spurious. However, the discrepancies
ight be more apparent than real for the following reasons. Most

ositive studies have typically mea-
ured serum cholesterol levels early in
ife and then correlated these levels
rospectively to development of de-
entia later in life.10-16 In contrast,
ost negative reports have exam-

ned cohorts of older patients and
or short follow-up periods, and
oncluded that there was no associ-
tion between cognitive decline and
igher cholesterolemia.11,16 Taken
ogether, the studies suggest that hy-
ercholesterolemia is only an early
not a late) risk factor for Alzhei-
er’s disease. In addition, the neg-

tive studies inadvertently missed
radual declines in cholesterolemia
hat precede by years the develop-
ent of dementia in most affected

atients;15 this phenomenon could
bscure abnormalities that might
ave occurred earlier in life. Last,
ubjects with the highest levels of
holesterolemia generally die of cardiovascular events at
ounger ages and are lost from the samples of elderly
ubjects (ie, comparative studies of patients with Alzhei-
er’s disease vs controls), introducing a bias known as

urvivor effect.17 The hypothesis that hypercholesterolemia
epresents an early risk factor for Alzheimer’s disease was
ecently tested and substantiated by us in a neuropathologic
tudy.10 Hypercholesterolemia was strongly correlated with
he presence of brain amyloid but only in subjects aged 40
o 55 years (P � .00). The differences in cholesterolemia
etween amyloid-bearing and amyloid-free brains disap-
eared as the subjects’ age increased beyond 55 years. With
he foregoing mechanisms in mind, one also can explain
ost studies negating a role for statins in Alzheimer’s

isease prevention because they have been conducted in
amples of patients older than 65 years, failing to consider
he mentioned age-related dynamics in the populations’
isk.18-26

The aim of the current study was to determine whether
atients who have familial hypercholesterolemia exhibit
ognitive abnormalities. Patients with familial hypercholes-
erolemia offer a unique window into the role of cholesterol
etabolism in cognition because the afflicted patients are

xposed to hypercholesterolemia from early in life and also
arry a dysfunction of low-density lipoprotein (LDL) recep-
ors. Members of the LDL receptor family, including LDL
eceptors themselves, have been implicated in synaptic
unction and Alzheimer’s disease pathogenesis.18 There are

CLINICAL SIGNIF

● A high incidence
pairment is obs
familial hypercho

● Early exposure t
or dysfunction o
might be risk fac
impairment.

● Symptoms of m
tients with fam
emia might repr
cognitive impai

● Impaired cognitio
matter disease an
poprotein E4 or E
o studies examining cognition in this population, indepen- 5
ently of cerebrovascular disease, because statins have only
een widely available since the early 1990s.

Familial hypercholesterolemia is characterized by hyper-
holesterolemia since birth and is caused by inherited ge-
etic abnormalities that directly or indirectly affect the func-

tion of the LDL receptors.19 The
resulting condition carries a high
risk of early-onset coronary heart
disease and decreased survival if
untreated.19

METHODS

Diagnosis of Familial
Hypercholesterolemia
We used the Dutch Lipid Clinic
Network criteria.20 Briefly, these
criteria are based on LDL-choles-
terol levels above the age- and
gender-specific 95th percentiles of
a reference population, vertical
transmission of hypercholesterol-
emia, early-onset coronary heart
disease in the index case or first-
degree relatives, and presence of
tendon xanthomas.21 Each of
these variables was scored, and an
overall score was constructed to

ndicate the diagnostic probability of familial hypercholes-
erolemia (possible 3-5, probable 6-7, and certain �8). Only
ndividuals with a score of � 8 were included in the familial
ypercholesterolemia group.

Patients with clinical familial hypercholesterolemia were
hen recruited into the Spanish Familial Hypercholesterol-
mia Register22 and subjected to DNA testing for identifi-
ation of LDL receptor mutations and the apolipoprotein B
3500G mutation following standard protocols. Briefly,
enomic DNA was screened by a microarray system (Li-
ochip, Progenika Biopharma, Derio, Spain).23,24 DNA
amples from those patients in whom no mutation was iden-
ified by the microarray method were further sequenced after
olymerase chain reaction amplification of the promoter re-
ion, the translated exon sequences, and the exon-intron
oundaries of the LDL receptors gene. Large rearrangements
ere analyzed using a method based on quantitative fluores-

ent multiplex polymerase chain reaction. Nucleotide posi-
ions were numbered as suggested by Yamamoto and col-
eagues.23 By these methods (microarray and sequencing),
DL receptor gene mutations were identified in 24 patients
�50% of patients), a proportion that is in agreement with
ther studies.29,31-33

ubjects and Design
etween August 2005 and May 2007, 47 patients with a
iagnosis of familial hypercholesterolemia, aged more than

CE

ild cognitive im-
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.
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ttacks were recruited from 2 Lipid Clinics (University of
arcelona and the Spanish Familial Hypercholesterolemia
oundation, Madrid, Spain). Patients without familial hy-
ercholesterolemia were recruited from the Internal Medi-
ine Service of the University of Barcelona. None of the
atients were referred to any of these clinics for cognitive
roblems. The patients with familial hypercholesterolemia
ere self-referred or referred for neurologically unrelated

onditions for lipid management or to establish primary
are. Patients with clinical evidence of psychiatric or neu-
ologic disorders (including history of stroke or transient
schemic attack), any metabolic disease that could affect
ognitive performance, illiteracy, history of excessive alco-
ol use (consumption � 50 g/d), or drug abuse were ex-
luded from the study. In addition, patients with history of
ypertension, diabetes, or prior coronary artery bypass graft
urgery also were excluded from both the familial hyper-
holesterolemia and the no-familial hypercholesterolemia
roups because these conditions might adversely affect cog-
itive performance and potentially bias the results. Com-
rehensive medical histories and neurologic examinations
ere obtained from all participating subjects, including vi-

ual capacity, history of alcohol consumption, and admin-
stration of the Hamilton Depression Rating Scale.24 All
ubjects were outpatients. Comparison subjects without fa-
ilial hypercholesterolemia underwent a similar screening

rocess as detailed above; however, the criteria for inclusion
f control subjects also was conditioned on the absence of
ypercholesterolemia (LDL cholesterol level � 160 mg/dL).
he latter was necessary to avoid inadvertent inclusion of
atients with familial hypercholesterolemia into the com-
arison group because not all mutations associated with
amilial hypercholesterolemia are known and the genetic
creen detects only approximately 50% of the mutations.
ll study participants underwent detailed neuropsychologic

tudies and laboratory investigations. Brain magnetic reso-
ance imaging (MRI) was performed in all patients meeting
riteria for mild cognitive impairment in the familial hyper-
holesterolemia group; 2 patients with mild cognitive im-
airment in the no-familial hypercholesterolemia group re-
used the MRI study. All subjects provided informed
onsent to a protocol approved by the institutional review
oards at each location.

linical and Laboratory Determinations
ll subjects’ medical records were thoroughly reviewed,

nd each patient was clinically assessed for family history
f early coronary heart disease (�55 years for men and �60
ears for women), medication use, demographic character-
stics, standard cardiovascular risk factors, and presence of
endon xanthomas.21 Serum glucose, cholesterol, and trig-
ycerides were measured by standard automated enzymatic
rocedures. LDL-cholesterol was estimated with the Friede-
ald equation.25 Baseline lipid profiles were obtained from
atients who had not received hypolipemic therapy for at
east 4 weeks before drawing fasting glucose samples. Apo-

ipoprotein E genotyping was performed by the polymerase i
hain reaction followed by restriction digestion with 5 U of
ha I. Digested products were separated by electrophoresis

s described.26

europsychologic Evaluation
he neuropsychologic examination was conducted by 2
xperienced neuropsychologists blinded to the patients’ di-
gnosis. We selected 13 well-established neuropsychologic
nstruments for screening of all cognitive domains.27 The
ests selected included the Mini-Mental State Examination,
uschke Memory Impairment Screen, semantic verbal cat-
gory fluency for animals, Benton temporal orientation,
lock drawing test (copy and command forms), Rey Audi-
ory Verbal Learning test, Verbal Paired Associates, Boston
aming Test, digit span (forward and backward), Digit
ymbol Substitution Test, Trail Making Test (Parts A and
), and Stroop test. Other measures incorporated in the
ssessment were the Global Dementia Scale and Hamilton
epression Rating Scale.

efinitions of Cognitive Abnormalities and
ild Cognitive Impairment
he diagnosis of mild cognitive impairment was made using

he criteria outlined by Petersen et al,2 recently endorsed by
S28 and European expert groups.29 Briefly, amnestic mild

ognitive impairment was defined as having a positive his-
ory of memory complaints and abnormal memory function
n at least 2 neuropsychologic instruments tapping on the
emory domain and normal performance on instruments

apping mainly on domains other than memory. However,
atients with abnormal memory performance on 2 instru-
ents plus only isolated deficits in a single instrument

apping on another domain also were classified as having
mnestic mild cognitive impairment. Patients with mild
ognitive impairment also were required to have intact ac-
ivities of daily living and not to be demented. For the
esults to be considered abnormal, the scores were required
o be less than 1.5 standard deviations of the controls.
atients were classified as affected with the multiple-do-
ain form of mild cognitive impairment if they exhibited
emory complaints and abnormal memory on neuropsy-

hologic testing as defined above plus abnormal scores
�1.5 standard deviations of the controls) in at least 2
dditional instruments tapping on cognitive domains other
han memory. Patients with deficits in other cognitive do-
ains as identified by poor performance on 2 instruments

tapping primarily in such domains) were considered for the
iagnosis of non-amnestic mild cognitive impairment (ie,
ysexecutive syndrome) (2), but these subtypes were not
ncountered in our cohorts.

maging Studies
rain MRI was carried out in patients with mild cognitive

mpairment. The scans were performed by using a 1.5 Tesla
igma apparatus (General Electric, Fairfield, Conn), accord-
ng to a pre-established protocol that included coronal T1,
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xial T1, fast spin echo, diffusion-T2, and Flair and coronal
ast spin gradient. All scans were read by an experienced
euroradiologist.

ata Analysis
emographics, clinical features, apolipoprotein E status,

nd neuropsychologic test scores were compared between
amilial hypercholesterolemia and control (no-familial hy-
ercholesterolemia) groups using independent sample t tests
or continuous variables and chi-square tests for categoric
alues. All tests were 2-sided using P less than .05 as the
hreshold for statistical significance. Of primary interest was
he difference between familial hypercholesterolemia and
o-familial hypercholesterolemia groups in the proportion
f patients with mild cognitive impairment. Power calcula-
ions for the chi-square test (2-sided, alpha � 0.05, 45 pa-
ients with familial hypercholesterolemia, 70 patients with
o familial hypercholesterolemia) yielded 80% power to
etect a difference in mild cognitive impairment proportions
f 3% in the no-familial hypercholesterolemia group (low-
st reported proportion) and 20% in the familial hypercho-
esterolemia group.

In addition to direct familial hypercholesterolemia versus
o-familial hypercholesterolemia group comparisons, fac-
ors associated with cognitive test scores were explored
sing separate stepwise multiple linear regression models
or the Mini-Mental State Examination, Verbal Paired As-
ociates, Rey Auditory Verbal Learning, and Trail Making
est. The dependent variable in each model was the test
core, with the following independent variables allowed to
nter: familial hypercholesterolemia group, age per 10
ears, gender, education per 5 years, family history of pre-
ature coronary heart disease, ever tobacco use, body mass

Table 1 Participant Characteristics

Men (No., %)
Age, y (mean, SD)
Education, y (mean, SD)
Family history of premature CHD (No., %)
Ever smoked (No., %)
Body mass index, kg/m2 (mean, SD)
Baseline glucose (mean, SD)
Mild cognitive impairment (No., %)
Baseline lipid profile, mg/dL
Total cholesterol (mean, SD)
LDL cholesterol (mean, SD)
HDL cholesterol (mean, SD)
Triglycerides, (mean, SD)
Apolipoprotein E status (FH n � 46, Comp n � 63
�4 carrier (No., %)
�2 carrier (No., %)

CHD � coronary heart disease; FH � familial hyper
lipoprotein; HDL � high-density lipoprotein.
Demographic and clinical characteristics of the study subj
ndex, total cholesterol, and presence of apolipoprotein E4
nd E2 alleles. SPSS software version 12.0 (SPSS Inc,
hicago, Ill) was used for all analyses.

ESULTS

articipant Characteristics
articipant characteristics are presented in Table 1.

ognitive Function
one of the patients with familial hypercholesterolemia and
ild cognitive impairment had a history of coronary events.
atients in the familial hypercholesterolemia group were
ignificantly more likely than those in the no-familial hy-
ercholesterolemia group to have developed mild cognitive
mpairment (relative risk 7.45; 95% confidence interval,
.71-32.47). Ten subjects (21.3%) from the familial hyper-
holesterolemia group met criteria for mild cognitive im-
airment and exhibited neuropsychologic findings support-
ng this diagnosis. Of these patients, 7 were classified as
aving amnestic mild cognitive impairment and 3 were
lassified as having the multiple-domain form. On the other
and, only 2 subjects (2.9%) from the no-familial hyper-
holesterolemia group met the criteria for mild cognitive
mpairment (1 patient had the amnestic type, and 1 patient
ad the multiple-domain form).

There were significant differences between the familial
ypercholesterolemia and the no-familial hypercholesterol-
mia groups in a number of individual cognitive measures, all
n the direction of worse cognitive performance for those with
amilial hypercholesterolemia, as summarized in Table 2.

Factors associated with cognitive functioning were ex-
lored using stepwise linear regression separately for each

FH N � 47 No FH N � 70 P Value

21 (44.7) 32 (45.7) 1.00
60.1 (6.7) 61.0 (7.0) .49
10.1 (5.2) 9.7 (5.2) .65

15 (31.9) 7 (10.0) .00
14 (29.8) 35 (50.0) .04

26.5 (3.5) 25.6 (3.2) .15
91.5 (8.7) 91.5 (10.3) 1.00

10 (21.3) 2 (2.9) .00

386.3 (65.7) 214.8 (23.3) .00
300.4 (66.9) 136.1 (17.8) .00
60.7 (12.8) 61.7 (13.1) .70

128.2 (40.3) 84.5 (29.2) .00

9 (19.6) 11 (17.5) .81
0 (0.0) 9 (14.3) .01

erolemia; SD � standard deviation; LDL � low-density
)

cholest
ects.



t
o
s
V
b
w
T
a
o
n
R
l
o
a
r

i
t

I
B
f
m
h
N
s
p
s
i
w
p
s

D
I
h
p
e
f
h
P
d
u
c
A
h
n
n
m
s
I
h
T
c
n
l
l
e
t
(
R
i
a
d
fi
v
i
r
c

d

N

M
B
t
M
V
C

B
R

D

V

T

S
S
G
H
S

271Zambón et al Cognitive Impairment in Hypercholesterolemia
est (Table 3). Membership in the familial hypercholester-
lemia group was independently associated with worse
cores on the Mini-Mental State Examination (P � .01),
erbal Paired Associates (P � .00), and Rey Auditory Ver-
al Learning Interference (P � .049) tests. Cholesterol level
as independently associated only with worse scores in the
rail Making Test Part B (P � .01). As expected, younger
ge and higher education years were independent predictors
f better scores in several neuropsychologic measures. Fi-
ally, women scored significantly better than men in the
ey Auditory Verbal Learning Total (P � .049) and De-

ayed Recall (P � .01) tests. In the familial hypercholester-
lemia group, the presence of memory complaints was
ssociated with significantly decreased performance on neu-

Table 2 Neuropsychologic Test Results

europsychologic Tests FH No FH P Value

MSEa 28.6 (1.6) 29.2 (1.1) .027
enton Temporal Orientation
est

0.38 (2.0) 0.02 (0.1) .230

emory impairment screen 6.8 (1.6) 7.1 (1.0) .351
erbal category fluency 19.5 (4.8) 18.9 (4.4) .548
lock drawing test

Order 9.3 (1.3) 9.9 (0.4) .005
Copy 9.9 (0.4) 10.0 (0.2) .102

oston Naming Test 50.1 (6.2) 50.9 (6.7) .528
AVL test

A1 4.9 (1.5) 4.8 (1.5) .784
A2 7.2 (1.7) 7.3 (1.5) .949
A3 8.4 (2.1) 9.1 (1.5) .048
A4 9.4 (2.2) 10.2 (2.1) .075
A5 10.0 (2.3) 11.2 (2.0) .014
Total 39.9 (8.4) 42.7 (7.1) .085
Interference 7.6 (2.9) 8.8 (2.2) .021
Delayed recall 7.3 (2.9) 8.3 (2.4) .076

igit span
Forward 5.6 (0.8) 5.8 (0.9) .268
Backward 3.9 (1.0) 4.2 (1.0) .271

PA
Easy 16.3 (2.1) 17.6 (0.9) �.001
Difficult 6.7 (2.9) 8.9 (2.2) �.001
Total 15.8 (3.5) 18.5 (2.7) �.001

MT
Part A 50.9 (21.9) 49.2 (24.1) .720
Part B 99.1 (39.7) 84.5 (28.4) .053

ymbol Digit Modality 49.6 (19.5) 52.8 (20.6) .456
troop test (Interference) �2.1 (8.8) 0.1 (7.3) .218
lobal Deterioration Scale 2.13 (0.4) 1.98 (0.1) .033
amilton Depression Rating
cale

2.2 (2.6) 2.8 (3.1) .329

FH � Familial hypercholesterolemia; MMSE � Mini-Mental State Ex-
amination; RAVL � Rey Auditory Verbal Learning; TMT � Trail Making
Test; VPA � Verbal Paired Associates.

Neuropsychologic assessment: standardized tests scores for FH and
No-FH groups. Data are expressed as mean and SD.

aCorrected for age and education.
opsychologic testing (Table 4). However, whether this clin- a
cal subjective marker of such lower performance will ex-
end to larger samples is unknown.

maging Studies
rain MRI studies were obtained from 10 patients with

amilial hypercholesterolemia and mild cognitive impair-
ent and in neither of the 2 subjects with no familial

ypercholesterolemia with mild cognitive impairment.
one of the scans showed significant vascular lesions. A

mall lacunar pontine infarction was present in 2 of the
atients with familial hypercholesterolemia; 1 patient had a
mall T2 hyperintense area in the subcortical parieto-occip-
tal white matter. No areas of leukoaraiosis, T2 hyperintense
hite matter lesions (except for few minute T2 hyperintense
eriventricular white matter lesions in 2 patients), or other
ignificant structural abnormalities were identified.

ISCUSSION
n this study, we found an association between familial
ypercholesterolemia and mild cognitive impairment. The
roportion of patients with familial hypercholesterolemia
xhibiting abnormal cognitive function and meeting criteria
or mild cognitive impairment (21.3%) was significantly
igher than that observed in the control group (2.9%;
� .00) and far exceeded the age-specific prevalence pre-

icted from either epidemiologic studies in the general pop-
lation or the prevalence observed in follow-up of large
ohorts with milder sporadic hypercholesterolemia.2,30-32

ll 10 patients from the mild cognitive impairment group
ad history of memory complaints, and all of them had
europsychologic profiles meeting the criteria for mild cog-
itive impairment. Therefore, the clinical presence of a
emory complaint seemed to be (at least in this small

ample) an important marker for mild cognitive impairment.
n the non-familial hypercholesterolemia control group,
owever, there were 4 patients with memory complaints.
he diagnosis of mild cognitive impairment, however,
ould be confirmed in only 2 of these 4 patients in the
on-familial hypercholesterolemia group by neuropsycho-
ogic examination. When comparing the familial hypercho-
esterolemia group with the non-familial hypercholesterol-
mia group, score differences were more conspicuous with
he Mini-Mental State Examination (P � .03), clock test
order: P � .01), Verbal Paired Associates (P � .00), and
ey Auditory Verbal Learning (A3: P � .048; A5: P � .01;

nterference: P � .02). The Trail Making Test Part B was
lmost significant at P � .053. There also were significant
ifferences in the Global Deterioration Scale (P � .03). Our
ndings cannot be explained solely by large vessel cerebro-
ascular disease because this possibility was excluded clin-
cally and by imaging. We were surprised, however, by the
elative lack of white matter disease in patients with mild
ognitive impairment.

The term “mild cognitive impairment” is generally used to
efine a transitional stage between normal cognitive function

nd dementia.2,39-41 Estimates of its progression rate to Alz-
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eimer’s disease range from 10% to 15% per year compared
ith 1% to 2% for cognitively intact subjects.2 There are
isagreements on which tests are most accurate for the diag-
osis of mild cognitive impairment; however, instruments that

Table 3 Independent Determinants of Cogn
Regression Analysisa

Cognitive Tests
Independent
Variables

Regr
Coef

MMSEb Constant 29
FH group �0

VPA Constant 16
Education per 5 y 0
FH group �2

RAVL
Total (A1-A5) Constant 35

Education per 5 y 2
Gender (female) 2

Interference Constant 8
FH Group �0

Delayed recall Constant 12
Age per 10 y �0
Gender (female) 1

TMT Part B Constant 31
Age per 10 y 12
Education per 5 y �16
Cholesterol 0

MMSE � Mini Mental State Examination; RAVL �
terolemia; VPA � Verbal Paired Associates; TMT � T

aVariables allowed to enter the model were FH
family history of premature CHD, tobacco use, body
alleles.

bScore already adjusted for age and education

Table 4 Group Statistics within the Fami
Impairment versus No Mild Cognitive Impai

MCI

MMSEa Normal
MCI

VPA basal scores Normal
MCI

AVLT basal scores Normal
MCI

Interference AVLT scores Normal
MCI

AVLT delayed (at 20 min) Normal
MCI

TMT B Normal
MCI

FH � familial hypercholesterolemia; MCI � m
MMSE � Mini Mental State Examination; VPA � Ve
Test; TMT B � Trail Making Test Part B.
Intra-group comparison of neuropsychologic perf
ment and without mild cognitive impairment
independent samples t test for equality of means

a
Corrected for age and education.
ssess learning and retention of information seem to be best as
redictors for progression to Alzheimer’s disease.33

We became interested in familial hypercholesterolemia
ecause this condition may offer a unique window into the

est Scores by Stepwise Multiple Linear

B
Standardized
Coefficient Beta

R2 for
Model

Coefficient
P Value

— 0.072 —
�0.269 — .005
— 0.408 —

0.221 — .016
�0.355 — �.001

— 0.304 —
0.280 — .004
0.192 — .049

— 0.037 —
�0.192 .049
— 0.093 —
�0.237 — .018

0.273 — .006
— 0.399 —

0.240 — .006
�0.471 — �.001

0.206 .013

ditory Verbal Learning; FH � familial hypercholes-
king Test.
age per 10 years, gender, education per 5 years,

ndex, total cholesterol, and presence of �4 and �2

ercholesterolemia Group: Mild Cognitive

Mean SD P

28.95 1.433 .004
27.40 1.430
16.8919 2.81152 .000
11.7500 2.86017
42.24 7.661 .000
31.10 3.635
8.38 2.649 .000
4.80 1.687
8.03 2.619 .000
4.60 2.011

93.34 39.501 .068
119.20 34.941

gnitive impairment; SD � standard deviation;
ired Associates; AVLT � Auditory Verbal Learning

e between patients with mild cognitive impair-
the FH group analyzed by a 2-sided, 2-group
itive T

ession
ficient

.383

.731

.700

.709

.339

.288

.128

.979

.600

.991

.611

.942

.436

.433

.274

.541

.072

Rey Au
rail Ma
group,
mass i
lial Hyp
rment

N

37
10
37
10
37
10
37
10
37
10
35
10
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rbal Pa
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ole of cholesterol metabolism in cognition. Two aspects of
amilial hypercholesterolemia may be of particular rele-
ance to Alzheimer’s disease. The first is that patients who
ave this disorder are exposed to higher cholesterol levels
rom early in life. This is important because as mentioned,
ypercholesterolemia may be an early risk factor for Alz-
eimer’s disease.10,15 The second feature is the involvement
f LDL receptors in familial hypercholesterolemia. LDL
eceptors have been implicated in synaptic maintenance and
lzheimer’s disease pathogenesis. Members of the LDL

eceptors family are involved in amyloid beta clearance18,34

nd synaptic plasticity from the brain, as supported by a
rowing body of literature.18 One study showed that when
n Alzheimer’s disease mouse model of amyloidosis was
rossed into an LDL receptor-deficient background, the
ice not only developed exacerbated age-dependent cere-

ral beta-amyloidosis but also developed more severe be-
avioral abnormalities than observed in mice with LDL
eceptor-intact Alzheimer’s disease.34

On the basis of the results of the current study, we
ropose the hypotheses that either early exposure to choles-
erol or dysfunction of LDL receptors contributes to cogni-
ive dysfunction in patients with familial hypercholesterol-
mia and that it is possible that similar mechanisms may be
nvolved in mild cognitive impairment not associated with
amilial hypercholesterolemia. These hypotheses also might
xplain the apparently divergent results between our data
nd those from longitudinal studies of patients aged more
han 65 years in whom (sporadic) hypercholesterolemia was
ot associated with increased risk of developing incident
ild cognitive impairment. Presumably, these patients were

either exposed to high cholesterol levels early in life nor
ffected by LDL receptor mutations.

As in other populations with familial hypercholesterol-
mia who have been studied, only 50% of our patients had
etectable LDL receptor mutations. Although this rate was
igher among patients with familial hypercholesterolemia
ith mild cognitive impairment, it would be premature to
ake conclusions on this finding because of the small sam-

le size. The possibility still stands, however, that in asso-
iation with or independently of the lipid abnormalities,
ysfunctions of LDL receptors or other unknown defects
ausing the familial hypercholesterolemia phenotype are
inked to cognitive decline as patients grow older. The
ample size in our study also was insufficient to dissect the
ffect of cholesterol from the effect of the LDL receptor
utations or their subtypes. Likewise, additional effects of

ipoprotein E isoforms could not be fully assessed, although
tepwise linear regression analysis suggested that the apo-
ipoprotein E2 or E4 status did not affect cognitive perfor-
ance (Table 3).

ONCLUSIONS
ognitive impairment in familial hypercholesterolemia was
nrecognized before this report probably because statins

ecame widely available only in the early 1990s. Before that
ime, many patients with familial hypercholesterolemia
ould die of cardiovascular disease early before cognitive

mpairment could become manifest. Studies of larger sam-
les of patients with familial hypercholesterolemia will al-
ow further insights into the mechanisms and rates of con-
ersion to dementia in this disorder.

CKNOWLEDGMENTS
e thank the participants in this study.

eferences
1. Masters CL, Beyreuther K. Alzheimer’s centennial legacy: prospects

for rational therapeutic intervention targeting the Abeta amyloid path-
way. Brain. 2006;129:2823-2839.

2. Petersen RC, Smith GE, Waring SC, et al. Mild cognitive impairment:
clinical characterization and outcome. Arch Neurol. 1999;56:303-308.

3. Glenner GG, Wong CW. Alzheimer’s disease: initial report of the
purification and characterization of a novel cerebrovascular amyloid
protein. Biochem Biophys Res Commun. 1984;120:885-890.

4. Gandy S. The role of cerebral amyloid beta accumulation in common
forms of Alzheimer disease. J Clin Invest. 2005;115:1121-1129.

5. Pappolla MA, Smith MA, Bryant-Thomas T, et al. Cholesterol, oxi-
dative stress, and Alzheimer’s disease: expanding the horizons of
pathogenesis. Free Radic Biol Med. 2002;33:173-181.

6. Refolo LM, Malester B, LaFrancois J, et al. Hypercholesterolemia
accelerates the Alzheimer’s amyloid pathology in a transgenic mouse
model. Neurobiol Dis. 2000;7:321-331.

7. Refolo LM, Pappolla MA, LaFrancois J, et al. A cholesterol-lowering
drug reduces beta-amyloid pathology in a transgenic mouse model of
Alzheimer’s disease. Neurobiol Dis. 2001;8:890-899.

8. Simons M, Keller P, De Strooper B, et al. Cholesterol depletion
inhibits the generation of beta-amyloid in hippocampal neurons. Proc
Natl Acad Sci U S A. 1998;95:6460-6464.

9. Sparks DL, Martin TA, Gross DR, Hunsaker JC 3rd. Link between
heart disease, cholesterol, and Alzheimer’s disease: a review. Microsc
Res Tech. 2000;50:287-290.

0. Pappolla MA, Bryant-Thomas TK, Herbert D, et al. Mild hypercho-
lesterolemia is an early risk factor for the development of Alzheimer
amyloid pathology. Neurology. 2003;61:199-205.

1. Kivipelto M, Solomon A. Cholesterol as a risk factor for Alzheimer’s
disease—epidemiological evidence. Acta Neurol Scand Suppl. 2006;
185:50-57.

2. Kalmijn S, Foley D, White L, et al. Metabolic cardiovascular syn-
drome and risk of dementia in Japanese-American elderly men. The
Honolulu-Asia aging study. Arterioscler Thromb Vasc Biol. 2000;20:
2255-2260.

3. Notkola IL, Sulkava R, Pekkanen J, et al. Serum total cholesterol,
apolipoprotein E epsilon 4 allele, and Alzheimer’s disease. Neuroepi-
demiology. 1998;17:14-20.

4. Whitmer RA, Sidney S, Selby J, et al. Midlife cardiovascular risk
factors and risk of dementia in late life. Neurology. 2005;64:277-281.

5. Kivipelto M, Helkala EL, Laakso MP, et al. Apolipoprotein E epsilon4
allele, elevated midlife total cholesterol level, and high midlife systolic
blood pressure are independent risk factors for late-life Alzheimer
disease. Ann Intern Med. 2002;137:149-155.

6. Arvanitakis Z, Schneider JA, Wilson RS, et al. Statins, incident Alz-
heimer disease, change in cognitive function, and neuropathology.
Neurology. 2008;70(19 Pt 2):1795-1802. Epub 2008 Jan 16.

7. Newschaffer CJ, Bush TL, Hale WE. Aging and total cholesterol
levels: cohort, period, and survivorship effects. Am J Epidemiol. 1992;
136:23-34.

8. Zlokovic BV, Yamada S, Holtzman D, et al. Clearance of amyloid
beta-peptide from brain: transport or metabolism? Nat Med. 2000;6:

718.



1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

274 The American Journal of Medicine, Vol 123, No 3, March 2010
9. Civeira F. Guidelines for the diagnosis and management of het-
erozygous familial hypercholesterolemia. Atherosclerosis. 2004;
173:55-68.

0. Damgaard D, Larsen ML, Nissen PH, et al. The relationship of mo-
lecular genetic to clinical diagnosis of familial hypercholesterolemia in
a Danish population. Atherosclerosis. 2005;180:155-160.

1. Junyent M, Gilabert R, Zambon D, et al. The use of Achilles tendon
sonography to distinguish familial hypercholesterolemia from other
genetic dyslipidemias. Arterioscler Thromb Vasc Biol. 2005;25:2203-
2208.

2. Pocovi M, Civeira F, Alonso R, Mata P. Familial hypercholesterolemia
in Spain: case-finding program, clinical and genetic aspects. Semin
Vasc Med. 2004;4:67-74.

3. Yamamoto T, Davis CG, Brown MS, et al. The human LDL receptor:
a cysteine-rich protein with multiple Alu sequences in its mRNA. Cell.
1984;39:27-38.

4. Hamilton M. Development of a rating scale for primary depressive
illness. Br J Soc Clin Psychol. 1967;6:278-296.

5. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concen-
tration of low-density lipoprotein cholesterol in plasma, without use of
the preparative ultracentrifuge. Clin Chem. 1972;18:499-502.

6. Wenham PR, Price WH, Blandell G. Apolipoprotein E genotyping by

one-stage PCR. Lancet. 1991;337:1158-1159.
7. Otfried Spreen ES. A Compendium of Neuropsychological Tests: Ad-
ministration, Norms, and Commentary. New York: Oxford University
Press; 1998.

8. Gauthier S, Reisberg B, Zaudig M, et al. Mild cognitive impairment.
Lancet. 2006;367:1262-1270.

9. Portet F, Ousset PJ, Visser PJ, et al. Mild cognitive impairment (MCI)
in medical practice: a critical review of the concept and new diagnostic
procedure. Report of the MCI Working Group of the European Con-
sortium on Alzheimer’s Disease. J Neurol Neurosurg Psychiatry.
2006;77:714-718.

0. Canevari L, Clark JB. Alzheimer’s disease and cholesterol: the fat
connection. Neurochem Res. 2007;32:739-750.

1. Solomon A, Kareholt I, Ngandu T, et al. Serum cholesterol changes
after midlife and late-life cognition: twenty-one-year follow-up study.
Neurology. 2007;68:751-756.

2. Stewart R, White LR, Xue QL, Launer LJ. Twenty-six-year change in
total cholesterol levels and incident dementia: the Honolulu-Asia Ag-
ing Study. Arch Neurol. 2007;64:103-107.

3. Elias MF, Beiser A, Wolf PA, et al. The preclinical phase of Alzheimer
disease: a 22-year prospective study of the Framingham Cohort. Arch
Neurol. 2000;57:808-813.

4. Cao D, Fukuchi K, Wan H, et al. Lack of LDL receptor aggravates
learning deficits and amyloid deposits in Alzheimer transgenic mice.

Neurobiol Aging. 2006;27:1632-1643.



C

A
I
B
R
U

I
t
c
b
a
t

g

a

w

A
o
W

0
d

LINICAL RESEARCH STUDY
doption of Once-monthly Oral Bisphosphonates and the
mpact on Adherence
ecky A. Briesacher, PhD, Susan E. Andrade, ScD, Leslie R. Harrold, MD, MPH, Hassan Fouayzi, MS,
obert A. Yood, MD

niversity of Massachusetts Medical School, Meyers Primary Care Institute, and Fallon Clinic, Worcester, Mass.

B
i
M
d
r
W
t
R
n
(
m
P
g
p
s
C
t
d
c
©

E-mail address

002-9343/$ -see f
oi:10.1016/j.amjm
ABSTRACT

ACKGROUND: The extent of the adoption of once-monthly bisphosphonates into general clinical practice
s not known, nor is it known if the novel formulation improves adherence.
ETHODS: We analyzed administrative claims 2003-2006 from a large employer-based health insurance
atabase for incident use of oral bisphosphonates and stratified users by daily, weekly, and monthly dosing
egimen. We measured adherence as the medication possession ratio (MPR) during the first year of therapy.

e compared patient characteristics by dosing regimen and evaluated how the dosing regimen influenced
he MPR.
ESULTS: We identified 61,125 incident users of bisphosphonates (n � 1034 daily, n � 56,925 weekly,
� 3166 monthly). Monthly bisphosphonate users were, on average, slightly older than the other groups

mean age 66 years for monthly users vs 65 years for weekly users or 66 years for daily users, P �.05) and
ore often lived in the North Central or South United States (76% vs 72% weekly users or 69% daily users,
�.05). There were no detectable differences among the dosing groups in the history of serious

astrointestinal risk, comorbidity burden, or prior osteoporotic fractures. During the first year of bisphos-
honate therapy, 49% of monthly users had MPR � 80% compared with 49% of weekly users (not
ignificant) or 23% of daily users (P �.0001).
ONCLUSION: We found little evidence of preferential prescribing of monthly bisphosphonates to certain
ypes of patients. Furthermore, we found no evidence of improved bisphosphonate adherence with monthly
osing relative to weekly dosing, although adherence with either weekly or monthly dosing was signifi-
antly better than with daily dosing.

2010 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2010) 123, 275-280
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n April 2005, the Food and Drug Administration approved
he first once-monthly oral tablet for the treatment of a
hronic disease. The once-monthly ibandronate sodium is a
isphosphonate, a class of drugs that inhibit bone resorption
nd are commonly prescribed for the treatment and preven-
ion of osteoporosis in postmenopausal women.1,2 The ef-
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Reprint requests should be addressed to Becky A. Briesacher, PhD,
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orcester, MA 01605.
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ront matter © 2010 Elsevier Inc. All rights reserved.
ed.2009.05.017
cacy and safety of once-monthly bisphosphonates were
emonstrated in a 1-year, double-blind study of postmeno-
ausal women with osteoporosis whose treatment with 150
g once-monthly ibandronate (n � 327) was shown to be

oninferior to 2.5 mg daily ibandronate (n � 318) in in-
reasing the bone mineral density in the lumbar spine.3,4

Previous to the monthly formulation, oral bisphospho-
ates were available in daily and weekly formulations, al-
hough the weekly formulation has dominated the market
ince its introduction in 2000. For instance, in a 2002-2003
bservational cohort study, 84% of 211,319 patients were
aking once-weekly bisphosphonates.5 Once-weekly oral
isphosphonates have been associated with higher adher-
nce over the once-daily formulations, although overall
dherence has remained suboptimal in that drug class.5-7
etween 52% and 87% of patients starting daily or weekly

mailto:Becky.Briesacher@umassmed.edu
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ral bisphosphonates discontinue the therapy within 1 year
r do not fill enough prescriptions to cover 80% of a year of
herapy.5,8

The extent of the adoption of once-monthly bisphospho-
ates into general clinical practice is not known, nor is
t known if the novel formulation
mproves adherence. Research
nds consistently that reducing

he dosing demands of medica-
ions increases medication adher-
nce, although this relationship
as not been tested with once-
onthly formulations.9 In addi-

ion, recent surveys report con-
icting results on patient pref-
rences for the once-monthly for-
ulation over the weekly, which

lso might influence adher-
nce.10,11 Furthermore, it is un-
lear whether prescribers channel
he once-monthly bisphospho-
ates to certain kinds of patients,
uch as those with gastrointestinal
isorders. The adoption patterns of
hese medications and the impact of

once-monthly dosing schedule on adherence is especially
mportant because once-monthly bisphosphonate costs approx-
mately 40% to 60% more than the generic forms of the
aily and weekly oral bisphosphonates, which have been
vailable since early 2008. The objectives of this study
ere to assess whether once-monthly bisphosphonates

re preferentially channeled to certain patients and
hether the monthly dosing schedule is associated with

mprovements in adherence.

ATERIALS AND METHODS

tudy Population and Data Sources
his study used the 2001-2006 MarketScan Commercial
laims and Encounters and Medicare Supplemental Data-
ases (Medstat: Ann Arbor, MI). This database contains
ore than 500 million claim records per year from individ-

als with private health care insurance. Scientific studies
ased on this data source have been reported in more than
5 peer-reviewed articles.12 The data come from approxi-
ately 45 large employers who self-insure their employees

nd dependents. The MarketScan database offers advan-
ages over raw administrative claims because data files
ndergo validity and editing procedures to ensure high-
uality and consistency in fields across years.13 The data are
valuated against population norms, previous year summa-
ies, and validated data subsets. Outliers are flagged and
eviewed for coding or processing errors. Encounter data are
udited at the health plan level, and plans submitting in-
omplete data are excluded. Diagnostic and procedural
odes are compared against validity algorithms and set to

CLINICAL SIGNIF

● Low adherence oc
formulations of
weekly, and mon

● Merely reducing
oral bisphosphon
adherence, altho
ence is associate

● Clinicians need t
tance of adheren
tient on bisphos
of the dosing fo
issing values if inconsistent. The encounter files contain t
ge, sex, geographic residence, and eligibility informa-
ion. The prescription claims include the national drug
odes, date of purchase, quantity, days’ supply, and ex-
enditure information. The medical claims contain pay-
ent information, diagnoses, procedure codes, and type

of provider. For this analysis, we
pooled annual files to create a
dataset of approximately 15 mil-
lion people.

The study sample included in-
dividuals who were aged 50 years
or older, had an osteoporosis diag-
nosis (International Classification
of Diseases, Ninth Revision, Clin-
ical Modification 733.xx), an inci-
dent dispensing of an oral bisphos-
phonate (ibandronate, alendronate,
or risedronate), and least 2 years of
observation. Incident use was de-
fined as no bisphosphonate therapy
for at least 12 months before initi-
ating therapy. Individuals were ex-
cluded if they had Paget’s disease
(731.0) (n � 242), received trans-
plantations (n � 321), or received

n oral solution of bisphosphonates (n � 1210). The insti-
utional review board of the University of Massachusetts

edical School approved this research.

easures
he main study variable was dosing schedule. We calcu-

ated the dosing schedule as the day’s supply divided by the
etric quantity for each dispensing of the study drugs.
reliminary analyses showed evidence of prescribing out-
ide of dosing guidelines, which made assignment by only
ablet strength unreliable. We identified the modal value for
ach unique generic study drug dispensed to each individ-
al, manually checked outliers for error (�0.5% of pa-
ients), and assigned individuals into mutually exclusive
osing schedules based on set thresholds. For instance, if an
ndividual’s modal dosing schedule of alendronate dis-
ensed during the year fell within the range of 1/2 to 2
ablets daily, then that individual was assigned to a daily
osing schedule. Individuals receiving more than 1 assign-
ent were categorized by the earliest assignment (eg,

witching from weekly to monthly dosing), and all subse-
uent bisphosphonate use was summed into 1 medication
ossession ratio (MPR) value.

The dependent variable was adherence measured as
PR. We estimated the MPR as the sum of the day’s supply

f study medication dispensed during the year divided by
he number of days in the year. Overlaps in the dispensing
ays of different generic drug therapies were eliminated,
nder the assumption that leftover supplies from earlier
efills were discarded to begin the newer medication (eg, a
hange in therapy). The value of the day’s supply was
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bservation. Covariates included age; sex; geographic resi-
ence; health plan type; any pre-period bone mineral den-
ity testing; serious gastrointestinal risk;14 osteoporotic
ractures of the hip, wrist, or humerus; acute care hospital-
zations; and a comorbidity risk score from the Diagnostic
ost Group Hierarchical Condition Category classification

ystem (DxCG, Boston, MA).15,16 The Diagnostic Cost
roup Hierarchical Condition Category risk adjuster creates
single score for each person on the basis of the presence

f 189 medical conditions in the diagnosis fields of claims
ecords. Each person was assigned an index date based on
he first dispensing of the incident study medication. Data
rom the year before the index date were used to construct
re-period measures of the covariates, most notably the
omorbidity risk score.

Figure 1 Adoption of once-monthly bisphosphonates by
new users. The percentage of new users on daily, weekly, and
monthly bisphosphonates 1 year before and 1 year after the
approval of once-monthly bisphosphonates.

Table 1 Characteristics of Patients in Yea
Dosing Schedule

Characteristics
No. of Patients

Age, mean (SD)
Female sex (%)
Comorbidity risk score, mean (SD)
Selected diagnoses and medical care history

Any bone mineral density testing, (%)
Any serious GI risk, (%)
Any osteoporotic fracture, (%)
Any hospitalization (%)

Geographic residence (%)
North East
North Central
South
West

Type of health plan (%)
Comprehensive
Health maintenance organization
Point-of-service
Preferred provider organization

SD � standard deviation; GI � gastrointestina
a
P �.05 relative to monthly users.
tatistical Analysis
ivariate statistics were used to calculate 95% confidence

ntervals (CIs), unadjusted t tests of means, and chi-square
ests of frequency distributions. Stratified analyses by dos-
ng frequency were conducted with all covariates.

ESULTS
e identified 61,125 unique individuals who initiated an

ral bisphosphonate for osteoporosis (n � 1034 daily,
� 56,925 weekly, n � 3166 monthly). Approximately 4%

witched dosing schedules, of which more than 93% were
rom weekly to monthly dosing (data not shown). Figure 1
hows that in the year before the approval of once-monthly
isphosphonate, 98% of the study population was started on
weekly formulation. However, after 1 year on the market,

he once-monthly bisphosphonate was the drug of choice for
0% of new users.

Table 1 shows relatively modest differences in the charac-
eristics of the 3 groups, except for type of health insurance.
elative to the weekly or daily users, patients receiving
nce-monthly bisphosphonates were, on average, slightly
lder (66 vs 65 or 65 years, P �.05), and more often female
93% vs 90% and 90%, P �.05). In the year before initiating
herapy, once-monthly users were more likely to have had
one mineral testing (72.7% vs 65.3%, P �.001) and less
ikely to have been hospitalized than daily users (13.3% vs
4.4%, P �.02), but slightly less likely to have bone mineral
esting (72.7% vs 74.9%, P �.006) than weekly users. Pa-
ients receiving once-monthly bisphosphonates more often
ived in the North Central and South regions of the United

re Initiating Bisphosphonate Therapy by

nthly Weekly Daily
3166 N � 56,925 N � 1034

0 (10.1) 65.4 (10.2)a 65.7 (10.4)a

1 90.1a 90.1a

4 (.63) .743 (.66) .754 (.65)

7 74.9a 65.3a

7 3.2 2.5
3 3.7 3.8
3 14.4 16.3a

7 9.5a 4.5a

9 37.8a 35.2a

6 34.2a 34.1a

5 18.5a 26.0a

9 44.6a 36.2a

1 0.0 12.5a

8 46.3a 7.8a

6 7.8a 43.6a
r Befo

Mo
n �

66.
93.
.75

72.
3.
3.

13.

8.
38.
37.
14.

49.
0.

42.
6.
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tates (76.5% vs 72.0% or 69.3%, P�.0001) than those re-
eiving weekly or daily formulations. Last, nearly all users of
onthly bisphosphonates belonged to comprehensive or point-

f-service health plans (85.5% vs 81.4% or 44.0%, P�.001)
ompared with weekly users or daily users.

Figure 2 shows the adherence levels of newly started oral
isphosphonate users by dosing frequency. Approximately,
9% of once-monthly bisphosphonate users achieved an
PR of 80% or greater compared with 49% of once-weekly

sers (not significant) or 23% of daily users (P�.002). Mov-
ng the MPR threshold to 60% or greater showed adherence
as highest for weekly users (63%) compared with monthly
sers (60%, P �.002) or daily users (31%, P�.0001).

Figure 3A and B show the mean MPR adherence levels
rom the stratified analyses. In general, the adherence of
onthly users varied little by the subgroups, and the MPRs

f monthly users were nearly identical to those of weekly
sers although markedly different from those of daily users.
or instance, among monthly users, men had an average
PR of 69.8% (95% CI, 65.4-74.2) compared with an aver-

ge MPR of 68.6% (CI, 67.7-69.5) for weekly users, and
1.0% (CI, 34.1-48.0) for daily users. Average adherence of
onthly users exhibited a slight decline in adherence after age

0 years (63.2% MPR, 95% CI, 59.7-66.8) relative to those
ged 50 to 59 years (66.3% MPR, 95% CI, 64.3-68.3), a
imilar pattern to that of weekly users. Monthly users in
ealth maintenance organizations (61.2% MPR, 95% CI,
6.8-65.6) or preferred provider organizations (61.8%
PR, 95% CI, 59.8-63.9) also had slightly lower MPRs

han those in comprehensive plans (68.5% MPR, 95% CI,
6.9-70.1).

Testing for bone mineral density before initiating therapy
as associated with a modest adherence improvement

mong monthly users (67.2% MPR, 95% CI, 65.9-68.6 vs
1.2% MPR, 95% CI, 58.9 vs 63.5) and weekly users but
ot by daily users. No adherence improvement was found in
onthly users with increased risk of serious gastrointestinal

isorders, a prior fracture, or previous hospitalization. Last,
dherence decreased slightly among monthly users with
igher comorbidity burden (67.5% MPR for low burden,

Figure 2 Overall year 1 adherence of bisphosphonate ini-
tiators by dosing frequency. The frequency distribution of
the MPR for new users of daily, weekly, and monthly
c
bisphosphonates.
5% CI, 65.2-69.8 vs 62.5% MPR for high burden, 95% CI,
9.7 vs 65.2). Again, this relationship also occurred with
eekly users but not with daily users.

ISCUSSION
n this large study of older adults with osteoporosis and
ewly initiated on bisphosphonates, we found once-monthly
osing conferred no additional benefit in adherence compared
ith once-weekly dosing, although adherence with either
eekly or monthly dosing was significantly better than with
aily dosing. During the first year of therapy, 49% of monthly
sers had an MPR � 80% compared with 49% weekly users
not significant) or 23% daily users (P�.0001). Furthermore,
e found modest evidence of preferential prescribing of
onthly bisphosphonates to certain types of patients. There
ere no detectable differences among the dosing groups in the
istory of serious gastrointestinal disorders, comorbidity bur-
en, or prior osteoporotic fractures. Despite the unclear advan-
ages of the novel formulation, the once-monthly bisphospho-
ates were prescribed to 10% of all newly initiated patients on
his class of drugs within the first year of availability.

Prior research on adherence with once-monthly bisphos-
honates is not entirely consistent with these findings. Coo-
er et al17 found higher rates of persistence with the once-
onthly users compared with once-weekly users in an

pen-label study of 1103 postmenopausal women in the
nited Kingdom (56.6% vs 36.6%, P �.0001). However,

he simultaneous intervention of a patient support program
or only the once-monthly users makes the independent
nfluence of dosing on adherence impossible to evaluate. In
ontrast, 2 studies using only pharmacy dispensing records
ound no difference in the adherence or persistence of newly
nitiated weekly versus monthly bisphosphonate users after
he first refill.10,18 Although, in the one case the study lasted
nly 6 months, covered the period of initial market avail-
bility, and used nonconcurrent cohorts. Furthermore, in
oth prior studies, adherence may have been underestimated
ecause of limited data capture on prescriptions filled out-
ide the study pharmacy network.10

Research also is mixed on patient preference for a once-
onthly bisphosphonate and how much this preference in-
uences adherence. Two studies have reported conflicting
ndings on patient preference, but both asked women who
ad experience in taking only the weekly or monthly
ormulations but not both.10,19 A third study used a cross-
ver design of 298 women who initiated either weekly or
onthly bisphosphonates for 3 months and then switched

o the alternative treatment. That study found the major-
ty (71% vs 29%, P �.0001) preferred the monthly
isphosphonate; however, no findings were reported on
dherence.11

IMITATIONS
ur study has several important limitations. First, we cannot

ssess the reasons for discontinued therapy, so some of our

lassification of noncompliance may have been in accor-
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Figure 3 A, B. Stratified year 1 adherence of bisphosphonate initiators
by dosing frequency and key baseline characteristics. The mean MPR for
new users of daily, weekly, and monthly bisphosphonates stratified by
gender, sex, health plan, geographic residence, bone mineral density
testing, gastrointestinal disorder risk, hospitalization, and comorbidity
risk. D�daily dosing users; W�weekly dosing users; M�monthly

dosing users; BMD�bone mineral density; GI�gastrointestinal.
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ance with the advice of physicians. We also did not eval-
ate the use of estrogen therapy, etidronate, or nasal calci-
onin, so patients who switched to these therapies would
ave been considered noncompliant. Second, we do not
now whether patients actually took the medication, only
hat they acquired the medication. Third, we did not eval-
ate the effects of noncompliance on treatment outcomes,
lthough the relationships between adherence and bone
ineral density, as well as fracture risk, has been demon-

trated in other studies.20,21 Also, there may have been
nmeasured confounders. For instance, we found few dif-
erences in the characteristics of patients by dosing formu-
ation, but there may have been unmeasured differences, such
s previous experiences with adverse drug events. Physicians
ay preferentially prescribe the monthly bisphosphonates to

ndividuals believed to be at increased risk for nonadher-
nce. Fourth, the patterns of monthly use come from the first
ear of market availability, and these patterns may change
ver time. Last, the generalizability of our study is limited
o insured patients who face fewer cost barriers to medica-
ions available in only branded versions.

Despite these limitations, this study offers one of the first
ssessments of the adoption of once-monthly bisphospho-
ates into general clinical practice. The similarity in patient
haracteristics between early adopters of the monthly for-
ulations and the users of the established weekly formula-

ion was notable; we found few differences and even those
bserved (eg, slightly older age for monthly users) were
tatistically significant because of the large sample size but
ot clinically meaningful. Instead, regional practice patterns
nd types of health plans seemed to be the stronger predic-
ors of receipt of the monthly formulation, particularly in
omparison with patients receiving daily bisphosphonates.
lso, our dataset as drawn from comprehensive health in-

urance records provides a more complete assessment of
rescription use than can be made using only the dispensing
ecords of one pharmacy network.

ONCLUSIONS
he low adherence observed among all dosing groups sug-
ests that merely reducing the dosing frequency of oral
isphosphonates is not enough to improve adherence. In-
tead, multimodal interventions may be needed, especially
ith a technology innovation in dosing schedule that may

equire a paradigm shift in adherence management. In the
ne study reporting an adherence advantage with monthly
isphosphonates, patients received a phone call reminder
rom a trained nurse a few days before the next dose was
ue.17 However, even with this support, the proportion of
atients persisting with the once-monthly bisphosphonate
as still only 57% after 6 months of therapy.17 From

esearch conducted on the older bisphosphonates, we
now that compliance improves with regular bone min-
ral density testing and patient–physician discussions
bout how the results relate to the progression of osteo-

orosis.22 All patients initiated on bisphosphonates, re-
ardless of dosing schedule, require reinforcement in the
mportance of adherence.
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ABSTRACT

ostprandial hypotension is both common in geriatric patients and an important but under-recognized
ause of syncope. Other populations at risk include those with Parkinson disease and autonomic failure.
he mechanism is not clearly understood, but appears to be secondary to a blunted sympathetic response

o a meal. This review discusses the epidemiology, risk factors, and pathophysiology of postprandial
ypotension in the elderly, as well as diagnosis and treatment strategies. Diagnosis can be made based on
mbulatory blood pressure monitoring and patient symptoms. Lifestyle modifications such as increased water
ntake before eating or substituting 6 smaller meals daily for 3 larger meals may be effective treatment options.
owever, data from randomized, controlled trials are limited. Increased awareness of this disease may lead to

mproved quality of life, decreased falls and injuries, and the avoidance of unnecessary testing.
2010 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2010) 123, 281.e1-281.e6

KEYWORDS: Geriatric; Postprandial hypotension
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ostprandial hypotension is a common but under-recog-
ized condition among older adults. It was first described in
977 in a patient with severe Parkinson disease,1 but a later
rospective trial showed that postprandial hypotension is
ommon among institutionalized geriatric patients.2 Subse-
uent studies have shown that the prevalence in institution-
lized elders is approximately 25%-38%, although one
tudy conducted in a Dutch hospital reported a prevalence
s high as 67%.3-6

PIDEMIOLOGY
lassically, postprandial hypotension has been defined as a
ecrease in systolic blood pressure of �20 mm Hg or a
ecrease below 90 mm Hg from a pressure of �100 mm Hg
ithin 2 hours after a meal.7 This precipitous decrease in
lood pressure is associated with a number of hypotensive
henomena, including syncope,8 falls,4,5 and even coronary
vents and stroke.9 One study found that 23% of hospital-
zed elderly patients with either syncope or falls experi-
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tate Medical Center, 759 Chestnut Street – S2570, Springfield, MA 01199.
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ront matter © 2010 Elsevier Inc. All rights reserved.
ed.2009.06.026
nced postprandial hypotension.4 A prospective study of
atients with essential hypertension demonstrated that large
ecreases in postprandial blood pressure correlated with
agnetic resonance imaging findings indicative of cerebro-

ascular damage; 83% of elderly hospitalized patients with
ostprandial decreases in blood pressure of 10 mm Hg or
ore had evidence of lacunae on magnetic resonance im-

ging, as compared with 44% of patients without such
ecreases.10 There also have been case reports of transient
schemic attacks occurring in patients with significant post-
randial hypotension.11,12 Coronary events and overall mor-
ality also are associated with postprandial hypotension.9,13

n a study of 179 low-level-care residents in a long-term
ealth care facility, patients with postprandial hypotension
ad a mortality rate of 145 per 1000 person-years, compared
ith 98.5 per 1000 for unaffected individuals.13

Risk factors for postprandial hypotension include certain
edications, type and time of meal, premeal blood pressure,

nd specific comorbid conditions (Table 1). Polypharmacy
ppears to be a risk factor for postprandial hypotension, as
he degree of postprandial hypotension is positively corre-
ated with the number of cardiovascular and psychotropic
edications taken.3,4 Diuretics, in particular, are likely to

ause postprandial hypotension.3,14 One clinical trial did not
nd that the chronic use of cardiovascular medications in-
uced more postprandial hypotension; however, the study

as relatively small.15

mailto:gina.luciano@bhs.org
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Composition, temperature, and timing of the meal are all
mportant. Carbohydrate-rich meals predispose patients to
ore immediate decreases in blood pressure compared with
eals containing mostly protein or fat,16 and cause greater

ecreases in blood pressure and symptoms when compared
ith meals of lower carbohydrate

ontent.17 Carbohydrate-rich meals
lso cause more postprandial hy-
otension than meals comprised
ostly of fat, possibly secondary

o increased amounts of insulin
nd its corresponding vasodepres-
or effect.18 Warm meals (50°C)
ppear to cause a greater decrease in
ostprandial blood pressure than
eals served cold (5°C).19 Post-

randial hypotension can occur af-
er any meal, but breakfast and
unch appear to be associated with
he most pronounced decrease in
lood pressure, resulting in more
evere symptoms.4,20 It is not
lear why these meals are associ-
ted with the greatest degree of postprandial hypotension,
ut it is not likely due to meal composition or drugs. One
linical trial examined postprandial hypotension at different
imes of the day in patients not taking their usual medica-
ion. The same test meal was used for breakfast, lunch, and
inner, but breakfast and lunch elicited the most pro-
ounced blood pressure decrease, possibly secondary to
aroreflex dysfunction associated with increased premeal
ystolic blood pressure.20 Higher early morning blood pres-
ure is associated with larger decreases in postprandial
lood pressure, but these changes have not been correlated
ith symptoms.4,21,22 Orthostatic hypotension, at one time

hought to be a risk factor for postprandial hypotension,
ppears instead to be additive rather than synergistic with
ostprandial hypotension.23,24

Postprandial blood pressure decreases occur even in the
ealthy elderly. In a study of 21 community-dwelling el-
erly adults, the mean postprandial decrease in systolic

CLINICAL SIGNIF
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cause of falls, sy
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bulatory blood p
symptoms.

● Treatment option
fications and pha

Table 1 Risk Factors for Postprandial Hypotension

edications Polypharmacy (�3 medications)
Diuretics

eals Carbohydrate-rich meals
Breakfast
Hot meals

omorbid conditions Diabetes mellitus
Autonomic dysfunction
Parkinson disease
Hypertension
End-stage renal disease on hemodialysis
Fragile X mutation
p

lood pressure was 11 mm Hg, and 2 patients (�5%) had a
ecrease in systolic blood pressure of 20 mm Hg or more.25

he degree of meal-related blood pressure decrease is pos-
tively correlated with age,21 and the institutionalized
lderly are at greater risk than the community-dwelling

elderly. Postprandial hypotension
is common among patients with
diabetes mellitus26,27 and in pa-
tients with essential hyperten-
sion.14 Patients with Parkinson
disease are at particular risk,28

with older patients and those
with more severe disease experi-
encing the greatest decreases in
blood pressure.29 Anti-Parkinson
medications such as levodopa/
benserazide, however, do not appear
to worsen postprandial hypoten-
sion.29 Patients with end-stage re-
nal disease undergoing hemodial-
ysis also are at increased risk for
postprandial hypotension.30,31 In
addition, there are case reports of

ostprandial hypotension occurring in patients with Fragile X
utation and Shy-Drager syndrome.32,33

ATHOPHYSIOLOGY
here are numerous theories as to why postprandial hypo-

ension occurs in older adults, but the mechanism has yet to
e fully delineated. It was previously thought that abnormal
planchnic pooling played a role, but studies in patients with
utonomic failure and in the elderly do not support this.34,35

nstead, postprandial hypotension appears to result from
nadequate compensation for the normal physiologic postmeal
ecrease in blood pressure rather than to an exaggerated
mount of splanchnic pooling. Healthy geriatric patients with
table blood pressures also experience splanchnic pooling after
meal, but are able to maintain systemic blood pressure by

ncreasing peripheral vascular resistance, heart rate, and car-
iac output.36,37

A blunted sympathetic response to hypotension appears
o be responsible for the compensatory failure that underlies
ostprandial hypotension. A microneurographic study of
uscle sympathetic activity demonstrated that compared
ith younger subjects, elders respond to an oral glucose

oad with a smaller increase in sympathetic activity.38

tretch receptors in the stomach also might modulate sym-
athetic activity, as gastric distention normally has a pressor
ffect; in the elderly, this “gastrovascular reflex” is blunted.
his hypothesis is supported by the observation that there is
o difference in muscle sympathetic nerve activity between
he healthy elderly and young patients in response to an
ntraduodenal glucose load.39 Heart rate spectral analysis
tudies also corroborate that elderly patients with postpran-
ial hypotension do not have as great an increase in sym-
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ithout postprandial hypotension.37,40 An additional heart
ate spectral analysis trial determined that a 200% increase
n sympathetic nervous activity would be necessary to pre-
ent postprandial hypotension in elderly patients.41 Simi-
arly, although patients with postprandial hypotension do
ncrease sympathetic hormone levels after a meal, the in-
rease is significantly less than that seen in normal sub-
ects.8,37,42 Elderly patients also might compensate poorly
or postprandial decreases in blood pressure and fail to
ppropriately increase heart rate.2,8

Besides a lack of appropriate sympathetic response, there
re likely other mechanisms responsible for postprandial
ypotension. Intraduodenal glucose appears to cause a
reater decrease in postmeal blood pressure in the elderly
han in younger patients, but does not correspond with a
ifference in muscle sympathetic nerve activity or the mag-
itude of heart rate response.39 This suggests that gut vaso-
ctive hormones also might play a role.

It is not clear why postprandial hypotension is so com-
on and profound in Parkinson disease. One proposed
echanism is impaired dopamine secretion; however, 2

mall clinical trials that measured mealtime blood pressure
hifts and dopamine levels offer conflicting results. One
ound that decreased systolic blood pressure correlated with
ower urinary dopamine excretion, but a second, measuring
lasma dopamine, found no clear relationship.43,44

IAGNOSIS
ostprandial hypotension should be suspected in any elderly
atient presenting with syncope or falls. In this setting,
linicians should inquire about hypotensive symptoms fol-
owing meals, especially in patients with Parkinson disease,
iabetes mellitus, or end-stage renal disease. Symptomatic
atients should undergo ambulatory blood pressure moni-
oring with careful documentation of each meal, and close
nalysis of breakfast and lunch hemodynamics, because
ostprandial hypotension is most prevalent after the first 2
eals of the day.4,20 Ambulatory blood pressure monitoring

hould be timed to at least include the meal that the patient
onsiders most symptomatic, but 24-hour monitoring may
e needed in order to determine the severity and frequency
f postprandial hypotension. The maximum decrease in

Table 2 Treatment Options for Postprandial Hypotension

onpharmacologic
odifications

Pharmacotherapy

Drug

rink water before meals Caffeine
ecrease carbohydrate intake Alpha-glucosidase inhibitors
at frequent, smaller meals Acarbose
ssume a recumbent or sitting
osition after a meal

Voglibose

Guar gum
Octreotide
lood pressure typically occurs within the first 35 minutes to
hour after a meal;2,3,45 however, monitoring of blood

ressure and symptoms should continue for 2 hours after a
eal, as the nadir in blood pressure can occur up to 2 hours

ostprandially.46 Because blood pressure responses to a
eal are similar after an equally timed meal on different

ays, it is, in fact, possible to make the diagnosis of post-
randial hypotension after only one abnormal test.15,22 In
ontrast, a negative test cannot rule out the diagnosis,22 and
urther blood pressure monitoring may be needed. Cur-
ently, postprandial hypotension is defined analogously to
rthostatic hypotension as a decrease in blood pressure of
20 mm Hg;7 however, there have not been sufficient trials

o correlate blood pressure decreases with symptoms.
herefore, diagnosis should be individualized. At a mini-
um, the patient should have symptoms accompanied by

ome blood pressure decrease to suggest the diagnosis.

REATMENT
here is no definitive treatment for postprandial hypoten-
ion, but both nonpharmacologic modifications and medi-
ations can be beneficial (Table 2). Clinical trials of both
ypes of postprandial hypotension treatments are mostly
imited to patients with autonomic failure and the asymp-
omatic healthy elderly. While it is unclear whether the
onclusions drawn from these studies can be applied to
eriatric patients with symptomatic postprandial hypoten-
ion, many of the nonpharmacologic therapies are relatively
enign and therefore worth trying. Larger randomized trials
f pharmacological treatment of postprandial hypotension
n older adults are needed to better determine risks and
enefits.

onpharmacologic Modifications
rinking water before a meal has been shown to attenuate

he decrease in blood pressure in patients with autonomic
ailure and in elderly patients, and offers a simple and
elatively risk-free intervention. Drinking 350-480 mL
12-16 ounces) can attenuate the decrease in blood pressure
y as much as 20 mm Hg in patients with autonomic
ailure.47,48 In healthy older adults, postprandial blood pres-
ure declines are less severe when glucose is given in a

Dose Common Side Effects

60-200 mgs Restlessness, palpitations, insomnia
Diarrhea, flatulence

100 mg
200 �g

4 gm Diarrhea, flatulence, abdominal pain
50 �g Arrhythmia, abdominal and injection site pain
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arger volume (600 mL vs 200 mL).49 Similar volumes of
ater will prevent a 14 mm Hg decrease in blood pressure
recipitated by an intraduodenal glucose infusion in healthy
lders.50

Advising patients to decrease their carbohydrate con-
umption or to eat smaller, more frequent meals also can
ttenuate postmeal hypotension and related symptoms.17,51

utonomic failure patients who were assigned to eat 6 small
eals rather than 3 large meals of equal caloric content had

ess postprandial hypotension and fewer symptoms.51

Patients suffering from postprandial hypotension are of-
en advised to lie in a recumbent position. Despite this, one
linical trial found that when patients walk 20 minutes after
meal, the pressor effect of exercise completely compen-

ates for the expected postmeal decrease in blood pres-
ure.52 This protective effect on blood pressure lasts only
hile the patient is walking, and blood pressure again de-

reases once the patient stops ambulating.52 Patients should
herefore maintain a sitting or recumbent position after a
eal, unless they are walking, in which case they should

nce again resume a recumbent position immediately upon
topping. Individual patients should remain recumbent for
he period during which symptoms usually occur and
hrough the nadir in ambulatory blood pressure recorded.

Medications or therapies that can cause hypovolemia
hould be avoided. Diuretics, particularly furosemide, have
een shown to exacerbate postprandial hypotension,14,53,54

nd meals may worsen blood pressure decreases during
emodialysis.30

harmacotherapy
affeine, acarbose, guar, and octreotide are the most com-
on medications used for postprandial hypotension, but

fficacy studies offer conflicting results, and side effects
imit their use. Many pharmacologic trials have included
nly autonomic failure patients or the asymptomatic healthy
lderly; both efficacy and side effects for symptomatic el-
ers are unknown.

affeine. Caffeine, an adenosine receptor antagonist, may
meliorate postmeal blood pressure decreases when coffee
r tea is given before a meal.55-58 However, it is unclear
ow caffeine exerts its effects on blood pressure, and data
bout its impact on postprandial hypotension are inconsis-
ent. One study of patients over 50 years of age without
ostprandial hypotension showed that a dose of 60 mg of
affeine in coffee or tea 5 times daily attenuated the de-
rease in postmeal blood pressure by about 4 mm Hg in
ome groups of patients but not others.56 Interestingly, caf-
eine does not seem to affect baseline systolic blood pres-
ure in elders.56 A randomized, controlled cross-over trial of

healthy elderly subjects with postmeal blood pressure
ecreases of approximately 14 mm Hg showed that 200 mg
f caffeine (approximately 2 cups) completely prevented the
ecrease in postmeal blood pressure.58 Unfortunately, 2
tudies that included elderly patients with postprandial hy-

otension were conflicting. First, a study of 20 frail elderly v
atients, 4 of whom had postprandial hypotension, showed
hat a dose as small as 100 mg of caffeine prevented seated
ostmeal blood pressure decreases and associated symp-
oms.57 In contrast, a randomized placebo-controlled trial of

elderly patients with symptomatic postprandial hypoten-
ion failed to show any attenuation of postprandial hypo-
ension with 250 mg of caffeine.59 Until more definitive
vidence is available, caffeine may be worth trying for
ymptomatic patients, titrating from 60 to 200 mg before
eals.

lpha-glucosidase Inhibitors. Alpha-glucosidase inhibi-
ors such as acarbose or voglibose have been shown to
iminish the decrease in postprandial blood pressure. These
edications are typically used in the treatment of type 2

iabetes mellitus and act by inhibiting carbohydrate diges-
ion at the level of the brush border in the small intestine.
heir effects on postprandial hypotension might reflect al-

erations in circulating vasodilators and in the amounts of
ut peptides secreted.60-62 In a double-blind, cross-over
tudy of 8 healthy elderly patients, 100 mg of acarbose
meliorated a 6 mm Hg decrease in systolic blood pressure
ollowing a sucrose drink.62 In another analysis, voglibose
t a dose of 200 �g attenuated the decrease in postmeal
lood pressure by 20 mm Hg.61 Although these drugs ap-
ear promising, their use is limited by gastrointestinal side
ffects; 31% of patients experience diarrhea and most de-
elop flatulence.

uar. Guar gum is derived from the guar bean and acts as
bulking agent. It has been used for weight reduction and

o promote regularity. It may prevent postprandial hypoten-
ion by slowing glucose absorption. In healthy elders, a
ose of 4 grams attenuated a decrease of 10 mm Hg in
ystolic blood pressure following a 50 gram glucose load.63

nfortunately, guar gum also causes diarrhea, flatulence,
nd abdominal pain.

ctreotide. Octreotide, a somatostatin analog used in the
reatment of acromegaly, carcinoid tumors, and diarrhea,
as been shown to alleviate symptomatic blood pressure
ecreases in elderly patients, hypertensives, and in those
ith autonomic failure,64-67 perhaps by increasing splanch-
ic and peripheral vascular resistance.65 A single premeal
0-�g subcutaneous injection completely prevented a 15
m Hg postmeal decrease in systolic blood pressure in

ypertensive elderly patients.64 Octreotide also has been
hown to have a pressor effect on elderly patients with
utonomic failure.65 While promising, octreotide’s use is
indered by its high cost, QT prolongation, and abdominal
nd injection site pain.

notropes/Pressors. While pressor medications can be used
or orthostatic hypotension, their use in elderly patients with
ostprandial hypotension has not been studied. Agents such
s midodrine, denopamine, and vasopressin have been in-

estigated in patients with multiple system atrophy. In a
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tudy of 8 patients, the combination of denopamine (a �1
gonist) and midodrine (4 mg) attenuated an approximate 25
m Hg decrease in postprandial hypotension.68 Another study

f 5 patients with multiple system atrophy showed that an
nfusion of vasopressin of 0.3 U/minute before a 75-gram
lucose load prevented postprandial hypotension.69 More stud-
es are needed before these agents can be recommended in the
reatment of older patients with postprandial hypotension.

ONCLUSION
ostprandial hypotension is common in older adults, espe-
ially the institutionalized elderly, and is associated with
ignificant morbidity and mortality. Falls, syncope, strokes,
ransient ischemic attacks, angina, and myocardial infarc-
ions can result, and postprandial hypotension is an inde-
endent predictor of mortality. Prompt diagnosis and treat-
ent with lifestyle adjustments such as drinking water

efore meals, avoiding diuretics, and eating smaller, more
requent meals might prevent recurrent syncope, further
schemic insults, unnecessary testing, and anxiety. Future
esearch is required to fully elucidate the mechanism of
ostprandial hypotension in the elderly and to identify ef-
ective therapies with tolerable side effects.
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ABSTRACT

ACKGROUND: Exercise bolsters the immune system and can prevent various infections in certain
opulations. However, limited data exist regarding the role of physical activity and the risk of community-
cquired pneumonia.
ETHODS: During a 12-year period, we prospectively examined the association between physical activity

nd the risk of community-acquired pneumonia among 83,165 women in the Nurses’ Health Study II who
ere between the ages of 27 and 44 years in 1991. We excluded women who had pneumonia before 1991

nd those with a history of cancer, cardiovascular disease, or asthma. Biennial self-administered mailed
uestionnaires were used to determine activity level. Cases of pneumonia required a diagnosis by a
hysician and confirmation with a chest radiograph.
ESULTS: We identified 1265 new cases of community-acquired pneumonia during 965,168 person-years
f follow up. After adjusting for age, women in the highest quintile of physical activity were less likely
o develop pneumonia than women in the lowest quintile (relative risk [RR] � 0.72; 95% confidence
nterval [CI], 0.60-0.86; P for trend � .001). However, the association was attenuated and only marginally
ignificant after further adjusting for body mass index, smoking, and alcohol use (RR � 0.84; 95% CI,
.70-1.01; P for trend � .06). Women in the highest quintile of walking were less likely to develop
neumonia compared with women who walked the least (multivariate adjusted RR � 0.82; 95% CI,
.69-0.98); however, the trend across quintiles was not significant (P for trend � .25).
ONCLUSION: Higher physical activity does not substantially reduce pneumonia risk in well-nourished
omen.

2010 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2010) 123, 281.e7-281.e11
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neumonia and influenza combined rank as the seventh lead-
ng cause of death in the United States, accounting for more
han 65,000 deaths annually.1 In addition, pneumonia is a
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ignificant cause of outpatient visits and hospitalizations, par-
icularly among individuals aged 65 years or older.2,3 Despite
dvances in pharmacologic therapy for individuals with com-
unity-acquired pneumonia, hospitalization rates have in-

reased over the past 15 years, and mortality rates have been
ncreasing.1,2

Physical inactivity along with poor diet account for more
han 15% of all deaths in the United States, and the rapid
ncrease in the prevalence of overweight suggests that this
gure is likely to increase over the next few years.1 Exercise
an bolster many components of the immune system, in-
luding antibody titers, T-cell function, and macrophage
esponse, all of which are integral to lung defenses in
roviding protection against pneumonia.4

Despite evidence that exercise improves immune func-
ion, few studies have investigated the role of physical

ctivity in the development of infection in general, and

mailto:mark.neuman@childrens.harvard.edu
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neumonia specifically. A cohort study conducted in 3 geo-
raphically distinct communities found an increased risk of
neumonia mortality among individuals with limitations in
ctivities of daily living and cognitive impairment in both
en and women.5 Inability to walk a half mile, climb stairs,

r perform heavy housework was
ssociated with increased risk of
neumonia mortality for women
ut not for men.5 Physical activity
as inversely associated with
neumonia risk in a large prospec-
ive cohort of women; however,
his risk was attenuated after fur-
her adjusting for body mass in-
ex.6 The study had only 300
ases of pneumonia, and individ-
als were followed for only 4
ears.

There are limited data regard-
ng the role of physical activity and the risk of community-
cquired pneumonia. We extend and expand on prior stud-
es by prospectively investigating the role of physical
ctivity in the development of community-acquired pneu-
onia among a large cohort of well-nourished US women.

ATERIALS AND METHODS

tudy Population
he Nurses’ Health Study II began in 1989 when 116,671
S female registered nurses aged 25 to 42 years returned a
ailed questionnaire. Details of the study design and data

ollection used in the Nurses’ Health Study II have been
ublished.7 At the time of enrollment, participants provided
detailed medical history of diagnosed diseases, medica-

ions, and information on lifestyle factors, including smok-
ng, physical activity, and alcohol use. Information on di-
tary and supplemental vitamin intake was first ascertained
n 1991and updated every 4 years using a semiquantitative
ood frequency questionnaire. Women were excluded from
he analysis if they had incomplete questionnaires (12,360),
ad pneumonia before the baseline in 1991 (14,156), died
efore 1991 (37), or had a history of conditions known to
ffect pneumonia risk (6953), including cancer, cardiovas-
ular disease (myocardial infarction, stroke, or arterial sur-
ery), or asthma diagnosed before or during the study
eriod.

dentification of Cases of Pneumonia
e considered a case to be self-reported, physician-diag-

osed pneumonia confirmed by chest radiography and in-
luded only the first documented event of community-ac-
uired pneumonia occurring between June 1, 1991, and
ay 31, 2003. Women who reported pneumonia were sent
supplementary questionnaire asking whether the pneumo-
ia diagnosis had been confirmed by x-ray. To examine the
alidity of self-reported pneumonia during the first 2 years

CLINICAL SIGNIF

● Higher overall ph
substantially red
well-nourished w

● Women who walk
to develop pneum
walk the least.
f follow-up, a study physician blinded to exposure status a
xamined the medical records of 76 women who had re-
orted pneumonia. A radiology report of a pulmonary in-
ltrate confirmed the presence of pneumonia in 82% of the
ases.6 After the first 2 years of follow-up, medical records
ere obtained from all women who reported physician-

diagnosed pneumonia that was
confirmed with a chest radiograph.
We reviewed medical records from
a sample of 99 confirmed cases and
found only one that was potentially
hospital-acquired. Therefore, we con-
sidered all the cases to have commu-
nity-acquired pneumonia.

Ascertainment of Physical
Activity
Women were first asked about
physical activity in 1989, and in-

ormation was updated every 2 years. Women indicated the
verage time spent per week at various types of physical
ctivity, such as walking, jogging, bicycling, and swim-
ing, and time spent performing leisure activity, such as
atching TV, driving, and sitting at home. We calculated a
etabolic equivalents per hour score for recreational or

eisure-time physical activity. One metabolic equivalent, the
nergy expended by sitting quietly, is equivalent to 3.5 mL
f oxygen uptake per kilogram of body weight per minute,
r to 1 kcal/kg of body weight per hour. For example,
unning (12 metabolic equivalents) requires 12 times the
nergy as sitting quietly. The metabolic equivalents per
our score was calculated for each participant by multiply-
ng the reported average time spent at each activity per week
y the typical energy expenditure requirements for the ac-
ivity, expressed in metabolic equivalents per hour.6,8 The
alidity of self-reported physical activity in this cohort has
een described in detail.9 Recall of physical activity within
he previous year performed well when compared with
revious week activity recalls (r � 0.79) in this cohort.9,10

ssessment of Other Covariates
ovariates considered in the multivariate model included
ge, body mass index, cigarette smoking, and alcohol in-
ake. Body mas index was calculated as weight in kilograms
ivided by height in meters squared using the reported
eight of the women at the start of the study and updated
eight. Participants reported on the biennial questionnaire

f they currently smoked and the number of cigarettes per
ay. Alcohol intake was assessed by the food frequency
uestionnaire.

ata Analysis
erson-time of follow-up was calculated as the time be-

ween the return of the 1991 questionnaire until the first
eport of community-acquired pneumonia, death, or the end
f the study period (May 31, 2003). We first examined
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l activity does not
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ctivity and the risk of pneumonia. Cox proportional
azards multivariate models with updating of exposure
ariables were used to estimate multivariate relative risks
RR). The multivariate models adjusted for age, body mass
ndex (�21, 21-22.9, 23-24.9, 25-29.9, 30� kg/m2), alcohol
ntake (0, 0.1-5, 5-9.9, 10-14.9, 15-29.9, 30� g/d), and
igarette smoking (never, past, current smoker of 1-14 cig-
rettes per day, 15-24 cigarettes per day, or 25� cigarettes
er day). The adjusted relative risk of pneumonia was cal-
ulated per quintile of physical activity, with the referent
roup being the lowest quintile.

In additional analyses, we assessed the association be-
ween walking and pneumonia risk. We also assessed the
elation between physical activity and pneumonia risk, strat-
fying by age (�40 and �40 years).

We also assessed the relation between vigorous physical
ctivity (running, jogging, biking, swimming, tennis, rac-
uetball, squash, calisthenics, heavy outdoor work, and
eight training) and pneumonia risk. Vigorous physical

ctivity was categorized into 5 groups, including a category
f none, followed by quartiles.11 Last, we assessed the
elation between running and jogging (none, �1 hour per
eek, 1.0-1.9 hours per week, �2.0 hours per week) and
neumonia risk.12

We used the Mantel extension test to calculate tests for
rends across quintiles of intake using the respective median

Table 1 Baseline Characteristics of Women According to Quint

haracteristica

Quintile of Physical Acti

1 2

edian MET-h/wk 1.9 6.
ange of MET-h/wk 0.2-3.8 3.9
alking MET-h/wk (median) 0.6 2.
ge (y) 37.0 36.
ody mass index (kg/m2) 25.8 25.
lcohol intake (g/d) 2.6 2.
urrent smoker (%) 13.9 12.

MET � metabolic equivalent.
aAll values (except age) were standardized to the age distribution of
bThe MET-hours represent the average amount of time per week spent

defined as the energy expended in sitting quietly, which is equivalent to

Table 2 Relative Risk of Community-Acquired Pneumonia by Q

Quintile of Physical Activity (MET-h

1 2

o. of cases 294 276
erson-y 186,701 188,367
ge-adjusted RR (95% CI) 1.00 Referent 0.94 (0.80-1.11)
ultivariate RRa (95% CI) 1.00 Referent 0.97 (0.84-1.17)

CI � confidence interval; MET � metabolic equivalent; RR � relative r
a
Adjusted for age, body mass index, smoking, and alcohol use.
alues.13 SAS statistical software (version 9.1; SAS Insti-
ute; Cary, NC) was used for all analyses. Two-sided P
alues less than .05 were considered significant. This study
as approved by the Human Subjects Committee of the
arvard School of Public Health.

ESULTS
uring 12 years of follow up (965,168 person-years), there
ere 1265 new cases of nonfatal community-acquired pneu-
onia. At baseline in 1991, women who were more active
ere leaner, were less likely to be current smokers, and

onsumed slightly more alcohol than women who were less
ctive (Table 1).

After adjusting for age, women in the highest quintile of
hysical activity were 28% less likely to develop pneumo-
ia than women in the lowest quintile (Table 2). This asso-
iation was attenuated but remained significant after adjust-
ng for body mass index (RR � 0.83; 95% confidence
nterval [CI], 0.69-1.00; P for trend � .049); however, the
ssociation was no longer significant after further adjusting
or smoking and alcohol use (RR � 0.84; 95% CI, 0.70-
.01; P for trend � .06).

Women in the highest quintile of metabolic equivalents
er hour from walking were 18% less likely to develop
ommunity-acquired pneumonia compared with women

Physical Activity

ET-h/wk)b

3 4 5

12.5 22.7 47.9
9.1-16.9 17.0-31.8 31.9-591
3.8 5.0 10.0

36.0 36.0 35.0
24.4 24.0 23.3
3.0 3.4 3.8

11.2 10.2 11.1

hort. Values for age, body mass index, and alcohol intake are means.
of 8 activities multiplied by the MET value of each activity. One MET is

en uptake of 3.5 mL/kg of body weight per minute for an average adult.

of Physical Activity

P Value
for Trend4 5

37 239 219
16 195,765 197,719
(0.65-0.92) 0.79 (0.66-0.94) 0.72 (0.60-0.86) �.001
(0.71-1.00) 0.89 (0.75-1.06) 0.84 (0.70-1.01) .06
ile of

vity (M

3
-9.0
7
0
0
8
9

the co
in each
uintile

/wk)

3

2
196,6
0.77
0.85

isk.
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ho walked the least; however, the trend across quintiles
as not significant (P for trend � .25) (Table 3).
Among women aged less than 40 years, we observed an

nverse relation between physical activity and pneumonia
isk. After adjusting for age, women in the highest quintile
f physical activity had a 32% lower risk of developing
neumonia (RR � 0.68; 95% CI, 0.52-0.90; P for
rend � .004). This association was attenuated after multi-
ariate adjustment (RR � 0.78; 95% CI, 0.59-1.03; P for
rend � .06). Among women aged more than 40 years, we
gain observed an inverse relation between physical activity
nd pneumonia risk (age-adjusted RR � 0.74; 95% CI, 0.59-
.93; P for trend � .02), which was no longer significant
fter adjusting for body mass index (RR � 0.88; 95% CI,
.70-1.11; P for trend � .34).

Women in the upper quartile of vigorous physical activ-
ty did not have a significantly lower risk of pneumonia than
omen who reported no vigorous physical activity (ad-

usted RR � 0.86; 95% CI, 0.71-1.04; P for trend � .09).
ast, women who reported running or jogging more than 2.0
ours per week had a lower risk of pneumonia than women
ho spent no time running or jogging (adjusted RR � 0.46;
5% CI, 0.29-0.72; P for trend � .006). However, only 20
ases of pneumonia were reported in this group of women.

ISCUSSION
e found that physical activity was not consistently asso-

iated with community-acquired pneumonia in well-nour-
shed, young, and middle-aged adult US women. Women
ho exercised more frequently, as well as those who walked
ore, were less likely to develop pneumonia; however,

hese results were not significant after adjusting for body
ass index, smoking, and alcohol use. We observed that
omen who walked the most had an 18% lower risk of
neumonia compared with women who walked the least.

Prior studies have shown that immune function improves
ith exercise14-16 and that exercise may slow an age-related
ecline in immune function.4 An improvement in natural
iller cell activity was observed in older women who par-
icipated in chronic resistance training compared with con-
rols.17 Natural killer cell activity declines with age; how-
ver, this decline might be attenuated in individuals who

Table 3 Relative Risk of Community-Acquired Pneumonia by Q

Quintile of Physical Activity S

1 2

edian walking MET-h/wk (range) 0.1 (0-0.6) 2.0 (0.7-2.5
o. of cases 281 274
erson-y 190,540 183,491
ge-adjusted RR (95% CI) 1.00 Referent 1.00 (0.85-1.
ultivariate RRb (95% CI) 1.00 Referent 1.00 (0.85-1.

CI � confidence interval; MET � metabolic equivalent; RR � relative r
bAdjusted for age, body mass index, smoking, and alcohol use.
xercise on a regular basis.18 Physical fitness improves the g
mmune response to antigens in vivo. Another study dem-
nstrated that adults who regularly performed aerobic ex-
rcise had greater amounts of anti-influenza immunoglobu-
in-G and immunoglobulin-M 2 weeks post-immunization
hen compared with less-active individuals.4,19

A population-based study in China found pneumonia and
nfluenza combined to be the fourth leading cause of mor-
ality, accounting for 3.7% of all deaths in women.20 In the
ame cohort, physical inactivity was associated with an
ncreased risk of mortality (RR � 1.20, 95% CI, 1.16-1.24)
ith a population attributable risk of death of 6.8%. An

arly prospective study among longshoremen in San Fran-
isco found that lower physical activity was associated with
n increase in all-cause mortality (RR � 1.46) and an in-
reased, but nonsignificant, risk of death due to pneumonia
pecifically (RR � 3.86).21 In a study of male smokers 50 to
9 years of age, compared with those with light leisure
hysical activity, moderate and heavy activity were not
ssociated with pneumonia risk.22 This study examined the
rst occurrence of hospital-treated pneumonia during a
-year follow-up period as part of the Alpha-Tocopherol,
eta-Carotene Cancer Prevention Study.

Another prospective study investigating the relation be-
ween lifestyle factors and pneumonia risk found that phys-
cal activity was associated with a decreased risk of com-
unity-acquired pneumonia among women (RR comparing

xtreme quintiles � 0.66, 95% CI, 0.46-0.95) but not in men
RR comparing extreme quintiles � 0.96, 95% CI, 0.67-
.38).6 Physical activity was calculated for each participant
y multiplying the reported average time spent for recre-
tional or leisure-time physical activity per week by the
ypical energy expenditure requirements for the activity.
his study included 300 cases of pneumonia in the Nurses’
ealth Study II during 4 years of follow-up.6 In the current

tudy, we extended the follow-up and included approxi-
ately 1000 more cases, and the results were attenuated.
We observed that women who reported running or jog-

ing more than 2 hours per week had a significantly lower
isk of pneumonia compared with women who spent no
ime running or jogging. Although these results are inter-
sting, there were only 20 cases of pneumonia in this active

of Walking

alking (MET-h/wk)
P Value
for Trend4 5

3.0 (2.7-3.8) 5.6 (4.0-7.5) 11.2 (10.0-56.2)
268 191 251

07,053 154,079 228,005
.86 (0.73-1.02) 0.85 (0.71-1.02) 0.75 (0.63-0.89) .04
.90 (0.76-1.07) 0.90 (0.75-1.09) 0.82 (0.69-0.98) .25
uintile

pent W

3

)

2
18) 0
18) 0

isk.
roup of women.
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TUDY LIMITATIONS
imitations of the study should be noted. Physical activity
as self-reported but has been demonstrated to be valid, and

he information was collected prospectively. Misclassifica-
ion of the diagnosis of community-acquired pneumonia is
ertainly possible; however, we included only participants
ith physician-diagnosed and radiographically confirmed
neumonia. We were unable to distinguish between bacte-
ial and viral pneumonia, but even in the best of circum-
tances the microbiological cause of pneumonia is difficult
o establish.23-25 Also, because some of the nurses were
orking in a hospital setting, it is possible that more than
% of the cases may have been “hospital-acquired pneumo-
ia.” We could not account for the impact of influenza or
neumococcal immunization, because we did not collect
hat information for a majority of the study period. Last, our
esults may not be generalizable to older women or men.

ONCLUSIONS
hysical activity does not substantially alter community-
cquired pneumonia risk in healthy young and middle-aged
omen.
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ABSTRACT

ACKGROUND: Acute respiratory distress syndrome resulting from novel influenza A virus (H1N1)
nfection remains uncommon.
ETHODS: We describe the clinical profiles of adult patients with acute respiratory distress syndrome due

o microbiologically confirmed H1N1 admitted to a medical intensive care unit in San Francisco, California
ver a 2-month period.
ESULTS: Between June 1 and July 31, 2009, 7 patients (age range: 25-66 years; 4 patients under the age
f 40 years; 6 male; 1 pregnant) were diagnosed with H1N1, with 5 of 6 (83%) having initial false-negative
apid testing. All developed respiratory failure complicated by acute respiratory distress syndrome, with 4
dditionally developing multiorgan dysfunction. All were managed with a lung protective ventilator
trategy (average number of days on the ventilator: 16), and 4 patients also required additional rescue
herapies for refractory hypoxemia, including very high positive end-expiratory pressure, inhaled epopro-
tenol, recruitment maneuvers, and prone positioning. Despite these measures, 3 patients (43%) ultimately
ied.
ONCLUSIONS: Clinicians should be vigilant for the potential of H1N1 infection to progress to severe acute
espiratory distress syndrome in a variety of patient demographics, including younger patients without
aseline cardiopulmonary disease. A high degree of suspicion is critical, especially with the relative
nsensitivity of rapid testing, and should prompt empiric antiviral therapy.

2010 Elsevier Inc. All rights reserved. • The American Journal of Medicine (2010) 123, 282-285

KEYWORDS: Acute respiratory distress syndrome; ARDS; H1N1 influenza
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he pandemic novel influenza A virus (H1N1) was first
ocumented in April 2009 and has since been associated
ith significant morbidity and mortality. Early investiga-

ions described an epidemiology and clinical course sim-
lar to previous influenza trends,1 including an initial
kew toward younger and sicker patients,2 but the full
xtent of its impact is not yet known.
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There have been few published studies of severe pulmo-
ary disease, particularly acute respiratory distress syn-
rome, in adults, although more data are emerging.3-10

This report describes the clinical profiles of adult patients
ith documented H1N1 and consequent development of

cute respiratory distress syndrome who were admitted to
ur medical Intensive Care Unit (ICU) over a 2-month
eriod.

ETHODS
an Francisco General Hospital is a 300-bed county hospital
ith 14 medical intensive care beds, affiliated with the
niversity of California, San Francisco. Through chart re-
iew, adult patients aged 18 years or older admitted to the
edical ICU with the diagnosis of acute respiratory distress
yndrome from June 1 through July 30, 2009. Polymerase
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283Lai et al H1N1-Associated Acute Respiratory Distress Syndrome
hain reaction (PCR)-confirmed H1N1 were included in this
eries. Acute respiratory distress syndrome11 and multior-
an dysfunction syndrome12 were defined as per standard
ccepted definitions. This study was approved by the Insti-
utional Review Board at the University of California, San
rancisco.

ESULTS
etween June 1 and July 30,
009, 66 inpatients were tested
or influenza; 8 were positive for
nfluenza A, and 1 was posi-
ive for influenza B. Of these, 7
dult patients with PCR-con-
rmed H1N1 infection developed
cute respiratory distress syn-
rome (Table). The age range was
5-66 years, with 4 patients un-
er the age of 40 years. Six were
ale, and the 1 female patient
as pregnant. Most presented
ith fever, cough, dyspnea, or
emoptysis. The number of days
rom symptom onset to hospital-
zation ranged from 1-10. Five of

patients (83%) initially evaluated with rapid antigen testing
or influenza on nasal wash samples tested negative. Three
43%) were bacteremic on presentation with Staphylococcus or
treptococcus.

All 7 patients required intubation and mechanical venti-
ation and were managed with a conventional low volume,
ow pressure lung protective ventilation strategy,13 with an
verage of 16 days on the ventilator. Four of 7 patients
57%) rapidly developed severe hypoxemia refractory to the
onventional approach and were managed with rescue ther-
pies. These included the administration of very high levels
f positive end-expiratory pressure, recruitment maneuvers,
nhaled epoprostenol, or prone positioning. One of these
atients, without underlying lung disease, developed
arked pneumomediastinum and diffuse subcutaneous em-

hysema (Figure 1) that resolved with tube thoracostomy
rainage.

Four patients were evaluated for pulmonary embolism, 1
ith echocardiographic findings highly suggestive of pul-
onary embolism, resulting in empiric lysis, and 1 con-
rmed by computed tomography angiogram. Four required
asopressors for septic shock and also developed multior-
an dysfunction. All had been immediately treated upon
dmission to the medical ICU with oseltamivir at standard
oses for at least a 5-day course.

Three of the 4 patients (ages 38, 52, and 66 years)
anaged with rescue therapies ultimately died. One of these
as the pregnant woman, and her 32-week-old fetus ulti-
ately survived. The other 2 were patients with chronic
edical conditions. The 1 survivor was an obese 25-year-

CLINICAL SIGNIF

● The sensitivity of
influenza remain
degree of suspici
prompt empiric a

● H1N1 can rapidl
spiratory distres
in younger patie
comorbidities.

● Severe acute re
drome can compl
ries a high mortal
be promptly iden
ld man who spent 24 days on the mechanical ventilator. t
utopsy of 1 patient revealed histopathology characteristic
f the fibroproliferative, later phase of acute respiratory
istress syndrome (Figure 2).

Of the other 3 patients not requiring additional rescue
herapies, 1 was discharged home in good condition; 1 was

transferred to another medical fa-
cility for further management; and
1 was transferred to the Neurology
service with a poor neurologic
prognosis.

Detailed profiles of 3 of our pa-
tients are provided in the Appendix
(available online), highlighting the
severity of H1N1 infection in the
young and healthy, pregnant,
and those with underlying co-
morbidities.

DISCUSSION
Over a 2-month period, our medical
ICU managed 7 patients with severe
H1N1 infection complicated by
acute respiratory distress syndrome,
with 3 deaths. These cases are no-
table for their relatively young age

nd lack of significant underlying co-morbidities, as has been
eported in prior reports.3,6-9

The majority of our patients had initial falsely negative
apid antigen tests, highlighting the limitations of this tech-
ique. At our institution, the rapid test has a sensitivity of
1%-80% and a specificity of 93%-100%,14 which are com-
arable with reported test characteristics from other institu-
ions.15 Thus, a high index of clinical suspicion remains para-
ount, and the use of PCR testing may assist in confirming the

iagnosis but should not delay empiric treatment.
In 4 of the 7 patients, the rapid development of severe

ypoxemia refractory to a conventional lung-protective ven-
ilation strategy led to the implementation of rescue thera-
ies. Of these 4, 3 died. One of the deaths was a pregnant
oman, supporting prior data that pregnant individuals rep-

esent a population that is more vulnerable to severe H1N1-
ssociated complications than the general population.8,16

he severity of hypoxemia may reflect a novel virologic
ffect,17 as well as a possible lack of pre-existing immunity
n this patient population. Clinicians should be prepared to
anage severe hypoxemia that may be refractory to a con-

entional lung-protective ventilation strategy with the use of
escue therapies.

The expected high rate of incident infection for this
nfluenza season, and its potentially critical morbidity,
ay portend a significant resource burden on health care

nstitutions.10 Clinicians should be vigilant for the poten-
ial severity of H1N1-associated complications in all af-
ected patients admitted to the hospital setting, imple-
ent prompt isolation, and administer immediate antiviral

CE

antigen testing for
ptimal, so a high

critical and should
l therapy.

gress to acute re-
drome, including
nd those without

ory distress syn-
management, car-
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Table Selected Clinical Characteristics of Patients with H1N1-associated Acute Respiratory Distress Syndrome

Patient
Age
(Years) Sex Comorbid Conditions Symptoms

BMI
(kg/m2)

Rapid Influenza
Antigen Test

Blood Cultures
on Admission

MODS and
Vasopressor
Use Rescue Therapies

Days
of MV

Days
in ICU Outcome

1 66 M ESRD, CHF, DM, HTN Fever, chills, dyspnea,
cough, hemoptysis,
orthopnea, myalgias

21.9 Negative Negative Yes NMBA day 9; prone
day 9;
epoprostenol
day 9

15 16 Death

2 59 M HIV (CD4 � 673), DM,
HTN , epilepsy,
dementia,
polyneuropathy

Confusion, dyspnea,
diarrhea

27.9 Initially negative,
then repeat
positive

MSSA Yes None 28 30 Discharged with
poor neurologic
prognosis

3 25 M Smoker, obesity,
remote
methamphetamine

Fever, chills, dyspnea,
cough

37.1 Negative Negative No NMBA day 1; RM
day 1; PEEP �20
day 1; prone
day 8

24 30 Improved,
discharged

4 39 4 32 weeks pregnant,
smoker

Fever, dyspnea,
cough, hemoptysis,
myalgias

41.7 Negative Negative Yes NMBA day 2;
epoprostenol day
2; prone day 3;
PEEP �20 day 3;
RM day 4

19 19 Death, fetus
survived

5 62 M COPD, chronic pleural
effusion, HCV, PSA,
bipolar

Dyspnea, hemoptysis 23.9 Not done S. pneumoniae No None 7 9 Improved,
transferred

6 35 M Smoker, LVH/HTN
diagnosed on
admission

Fever, chills, dyspnea,
hemoptysis,
diarrhea

30.0 Negative Negative No None 10 12 Improved,
discharged

7 52 M DM, HTN Fever, dyspnea, cough 23.6 Positive MRSA Yes NMBA day 2; prone
day 2; PEEP �20
day 2;
epoprostenol
day 2

6 6 Death

BMI � body mass index; CHF � congestive heart failure; COPD � chronic obstructive pulmonary disease; DM � diabetes mellitus; ESRD � end-stage renal disease; HCV � hepatitis C virus; HIV � human
immunodeficiency virus; HTN � hypertension; ICU � intensive care unit; LVH � left ventricular hypertrophy; MODS � multi-organ dysfunction syndrome; MRSA � methicillin-resistant Staphylococcus aureus;
MSSA � methicillin-sensitive Staphylococcus aureus; MV � mechanical ventilation; NMBA � neuromuscular blocking agent; PEEP � positive end-expiratory pressure; PSA � polysubstance abuse;
RM � recruitment maneuver.
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Figure 1 Chest radiograph of a mechanically
ventilated patient with H1N1-associated acute
respiratory distress syndrome complicated by
pneumomediastinum.

Figure 2 Histopathology of H1N1-associated acute respira-

tory distress syndrome (4� magnification).
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PPENDIX

linical Profiles
elow we describe 3 of the 7 unique cases of novel influ-
nza A virus (H1N1) admitted to our medical intensive care
nit (ICU), highlighting the severe presentation of H1N1
nd acute respiratory distress syndrome in patients who
ere: young, pregnant, and with multiple co-morbidities.

ase 1: A 25-year-old Obese Male Smoker
ho Survived
25-year-old Filipino man with a history of smoking,

ethamphetamine use, obesity, sleep apnea, and treated
atent tuberculosis infection was admitted with a 3-day
istory of fevers, chills, dry cough, dyspnea, and weakness.

On admission, he was febrile to 40°C, tachycardic to 120
eats per minute and had an initial room air oxygen satu-
ation of 75%, which improved with 4 L of oxygen therapy
y nasal cannula. Examination was remarkable for tachy-
nea with accessory muscle use, poor air movement, and
cattered wheezes. Rapid antigen test for influenza was
egative. Initial chest radiograph revealed a left lower lobe
neumonia and a pleural effusion. In the Emergency De-
artment he received vancomycin, ceftriaxone, and doxy-
ycline, and was admitted to the stepdown unit.

Within 24 hours, he quickly developed severe hypox-
mia, and a trial of noninvasive ventilation was attempted
ut failed. He was transferred to the medical ICU for inva-
ive mechanical ventilation and was diagnosed with acute
espiratory distress syndrome. He then developed shock and
as treated with aggressive intravenous fluid resuscitation

12 L) and vasopressors. His antimicrobial coverage was
xpanded to include oseltamivir.

Within hours, his hypoxemia became refractory to 100%
iO2, and a positive end-expiratory pressure of 18 cm H2O,
o he was paralyzed to reduce ventilator dysynchrony and
nderwent a recruitment maneuver. The recruitment maneu-
er consisted of the delivery of sustained continuous posi-
ive airway pressure of 35 cm H2O for 40 seconds and the
ubsequent delivery of very high positive end-expiratory
ressure set at 24 cm H2O. After 8 days, prone positioning
as initiated due to refractory hypoxemia. The patient was

reated with a fluid conservative management approach
fter the resolution of his shock. The H1N1 diagnosis was
onfirmed by polymerase chain reaction. He was extu-
ated after 24 days of mechanical ventilation and was 1
f 2 patients to be discharged home at his baseline health
tatus.

ase 2: A 39-year-old Pregnant Woman with
resumed Pulmonary Embolus

39-year-old Caucasian G4P1 woman with a history of
olysubstance abuse presented at 32 weeks’ gestation to
bstetrics triage with a 3-day history of fevers, dyspnea,
roductive cough with hemoptysis, nausea, vomiting, and

yalgias. She had an initial oxygen saturation of 74% on p
oom air, respiratory rate of 40 breaths per minute, and a
aO2 of 50 mm Hg while receiving 10 L of oxygen therapy
ia a nonrebreathing mask. She was immediately intubated,
iagnosed with acute respiratory distress syndrome, and
nderwent an emergent caesarean section in the medical
CU. She was empirically treated with vancomycin, ceftri-
xone, azithromycin, and oseltamivir. Immediately after the
elivery, she developed severe hypoxemia, refractory to
00% FiO2, and high levels of positive end-expiratory pres-
ure, which prompted paralysis. Shock was treated with
ggressive fluid resuscitation (14 L) and vasopressors. Ini-
ial rapid antigen testing for influenza was negative.

Over the following days, her hypoxia worsened, and she
as treated with inhaled epoprostenol (day #2), prone po-

itioning (day #3), and a recruitment maneuver (day #4).
his recruitment maneuver consisted of a brief period of
entilation in a pressure-controlled mode with the inspira-
ory plateau pressure set at 55 cm H2O and positive end-
xpiratory pressure of 36 cm H2O. She also was treated with
acked red blood cell transfusions, stress dose steroids, and
fluid conservative management strategy after shock was

esolved.
On hospital day #13, she developed a new fever and

orsened hypoxia. On examination, new diastolic and sys-
olic murmurs and gallop were noted. Duplex Doppler ul-
rasonography of her lower extremities revealed a deep vein
hrombosis in the right common femoral vein, and transtho-
acic echocardiogram demonstrated new right ventricular
nlargement, tricuspid regurgitation, and pulmonary hyper-
ension. Because she was too tenuous to transport to the
omputed tomography scanner to confirm pulmonary em-
olus, empiric thrombolytic therapy was initiated. Subse-
uently, she developed acute renal failure due to acute
ubular necrosis and was treated with a continuous infusion
f bumetanide. Continuous renal replacement therapy was
ot possible because of her inability to lie supine to obtain
ascular access. On hospital day #19, she suffered an asys-
olic cardiac arrest. Cardiopulmonary resuscitation was not
erformed given her do-not-resuscitate status. The H1N1
iagnosis was confirmed by polymerase chain reaction. No-
ably, her 32-weeks infant survived.

ase 3: A 66-year-old Salvadoran Man with
ultiple Comorbidities
66-year-old Salvadoran man with a history of end-stage

enal disease, congestive heart failure, hypertension, diabe-
es mellitus, and remote tobacco and alcohol use presented
ith a 1-day history of left-sided pleuritic chest pain and
yspnea. He also reported a 1-month history of a productive
ough and 1 week of fevers, chills, night sweats, worsening
ough, and hemoptysis. Initial temperature was 38.5°C,
lood pressure was 219/108 mm Hg, and room air oxygen
aturation was 92%. Examination was significant for left
asilar crackles and an elevated jugular venous pressure.
aboratory values were significant for a B-type natriuretic

eptide �5000 pg/nL and a creatinine of 4.9 mg/dL. Chest
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adiograph revealed mild pulmonary edema and bilateral
ower lobe opacifications. Rapid viral antigen testing was
egative. The patient was diagnosed with community-ac-
uired pneumonia and acute heart failure. He was treated
ith ceftriaxone, doxycycline, diuretic therapy, and subse-
uent hemodialysis for worsening renal failure.

By hospital day #5, he continued to spike high fevers and
eveloped worsened hypoxemia, thrombocytopenia, and sep-
is. The patient was transferred to the medical ICU and treated
ith high-flow oxygen therapy (40 L, 100% FiO2). Antibiotics
ere broadened to vancomycin, meropenem, fluconazole, and
seltamavir. The patient was intubated on ICU day #6 to
ndergo bronchoscopy and was subsequently diagnosed with
cute respiratory distress syndrome and treated with a lung-
rotective ventilation strategy. The culture of the bronchoal-
eolar lavage fluid grew H1N1 after 1 week.

On day #4 of mechanical ventilation (hospital day #8), he

eveloped dysynchrony with the ventilator and acute wors- s
ning of his hypoxia. Chest radiograph revealed pneumo-
ediastinum, extensive subcutaneous emphysema, and a

mall pneumothorax, which was treated with tube thoracos-
omy drainage. On day #9 of mechanical ventilation, his
ypoxemia became refractory to 100% FiO2 and moderate
evels of positive end-expiratory pressure, so he was para-
yzed and treated with inhaled epoprostenol, with temporary
aO2 improvement. However, by day #15 of mechanical
entilation, the patient required the prone position for re-
ractory hypoxemia. Subsequently, he developed atrial fi-
rillation requiring amiodarone and then pulseless ventric-
lar tachycardia treated successfully with defibrillation.
ecause continuous renal replacement therapy could not be
arried out in the prone position due to malfunction of the
entral venous catheter, the patient was made supine. On
ay #16 of mechanical ventilation (hospital day #20), the
atient developed shock refractory to high dose vasopres-

ors and died.
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he impact of resident duty hours on clinical and
ducational outcomes continues to concern profes-
ional and government oversight groups. Duty hours
egulations have both stimulated and responded to a
rowing literature; but even after considerable study,
he relationships remain uncertain among sleep, fa-
igue, effective education, hospital working condi-
ions, hand-offs, patient safety, and resident burn-
ut. To be persuasive, reports investigating these
elationships must accurately and completely mea-
ure the independent variable: resident duty hours.
he almost universal practice of deriving duty hours

rom retrospectively completed time-cards, whether
ctual or computerized, has been criticized as poten-
ially biased and poorly reproducible.

Regulation of resident duty hours began as a legis-
ative initiative in New York 25 years ago.1 This local
ssue appeared nationally in 2002 when the Occupa-
ional Safety and Health Administration, under petition by
concerned groups, first considered limiting hours for the

ake of both resident and patient safety.2-4 Anticipating
ederal regulation, the Accreditation Council for Graduate

edical Education, a professional certification body, is-
ued requirements the following year and subse-
uently to all training programs, regardless of spe-
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oE-mail address: daniel.shine@nyumc.org

002-9343/$ -see front matter © 2010 The Association of Professors of Me
oi:10.1016/j.amjmed.2009.10.009
ialty.5-8 Most recently, the Institute of Medicine, an
nfluential watchdog organization, has recommended
hat resident hours be further reduced to approach re-
uirements in Europe. The European Working Time
irective requires that medical training be limited to 48
ours per week with 11 hours of rest in each 24-hour
eriod.7,8

Lack of sleep impairs vigilance and task-oriented
erformance.9-11 Less clear is the effect of fatigue on
ognitive and team-based activities, such as rounding.
ther workplace variables may bear as much on im-
airment and fatigue as do hours of sleep.12,13

At least a dozen investigators have systematically ex-
mined changes in patient outcomes before and after Ac-
reditation Council for Graduate Medical Education duty
ours regulation implementation.14-18 Review of 7 such
tudies in 2004 found insufficient data to demonstrate
ffectiveness.14 Since then, one large study in pediatric
atients detected significantly less resident “burn-out,” but
ound no effect of the new regulations on hours of sleep or
otal hours of work. The authors reported a small increase
n medication errors after the new hours.15 On the other
and, 3 recent studies demonstrated medical (but not sur-
ical) mortality improvement among Medicare beneficia-
ies and in teaching hospitals (but not in non-teaching
ospitals) comparing the years before and after reduction
f resident hours.16-18

Such disparity among studies examining the out-
omes of regulation suggests that the extent (and per-
aps therefore the effect) of decreasing resident hours
ay be local and variable. Only a credible method for
easuring hours will confirm or refute this suggestion
r provide a direct link between hours and outcomes.

dicine. All rights reserved.
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everal authors have suspected, and one has measured,
ubstantial unreliability of time-card data.19

ATERIALS AND METHODS
e aimed to validate self-report of

uty hours (and of their distribution
ithin the week) during a busy ro-

ation in the medical intensive care
nit using a more objective method:
urveillance of all resident interac-
ions with the electronic medical
ecord.

The Internal Medicine Residency
raining Program at New York Uni-
ersity Langone Medical Center ro-
ates 164 residents through thirteen
8-day blocks per year at the Uni-
ersity Hospital and two affiliated
nstitutions. Typically, 2 blocks are
pent in the medical intensive care
nit. During 5 successive blocks be-
ween December 2008 and March
009 (as previously for several
ears), we distributed index cards to
ll residents every 2 weeks during
eriatrics, general medicine, inten-
ive care, cardiology, hematology/
ncology, and intensive care rotations at the University
ospital. In accordance with previous practice, resi-
ents were asked to be both truthful and precise in
ecalling the numbers of hours worked each day during
he previous 2 weeks. Cards were distributed and col-
ected on the same day.

Residents were unaware that data also were col-
ected from the electronic medical record system (Sun-
ise Clinical Manager, Eclypsis Corporation, Atlanta,
a), capturing the times of all their interactions with

he system. Interactions included entering orders, view-
ng results, writing notes, and opening notes to read
hem. We hypothesized that the data-rich and quickly
hanging clinical environment in our medical intensive
are unit demanded frequent interaction with the elec-
ronic medical record; we proposed that residents could
ot therefore be engaged in patient care in this milieu
ithout regular recourse to the computer.
Residents were considered working if no 6-hour

eriod passed without their contacting the institution’s
lectronic medical record. We recorded a resident as
aving left work at the time of last computer interaction
efore a 6-hour hiatus. An Excel (Microsoft Corp, Red-
ond, WA) spreadsheet with preprogrammed calcu-

ated columns permitted rapid determination of the be-
inning and end of resident work days by the noted
riteria. In addition, the spreadsheet automatically
ummed the number of violations specific to each of the

PERSPECTIVE

● Regulatory o
schedules ha
to monitor r
time is usua
using reside
computerized

● This study
hours using
time-cards to
ident interac
electronic m

● EMR surveil
similar to tim
and timeline
hour-related rules set by the Residency Review Com- R
ittee in Internal Medicine following Accreditation
ouncil for Graduate Medical Education standards.20

The spreadsheet, written by one of our nontechnical
uthors (D.S.), required approximately 6 hours to con-
truct and test, as well as 15 minutes to apply to each

monthly data set. The
downloaded electronic
medical record data were
pasted into the spreadsheet
and required 10 minutes
for our technical author
(B.W.) to enter resident
names and run each
monthly data set.

At the end of the
4-month study period, we
compared total resident
hours and occurrence of
violations between elec-
tronic medical record sur-
veillance and resident self-
report. Fractional hours on
time-cards were rounded
to whole numbers. Viola-
tions were expressed as a
fraction in which the nu-
merator was the measured
number of violations and

he denominator was the number of opportunities for
iolation, based on the number of days for which each
esident submitted time-cards. Table 1 defines the 4
iolation types and the method for applying those def-
nitions to time-cards and to surveillance downloads
rom the electronic medical record.

For residents submitting time-cards, we calculated
otential violations and reported data only for those
ays on which the cards were submitted. We tested the
ignificance of differences in occurrence of individual
iolation types between the 2 methods using the Fisher
xact test (for � 6 occurrences) and otherwise chi-
quare testing with continuity correction. For residents
ot submitting any cards, we calculated potential vio-
ations and reported hours data for days that were
cheduled and on which electronic medical record re-
ected any interaction. No data were reported for days

eft undocumented by residents submitting incomplete
ime-cards.

Thirty-six residents rotated through the medical in-
ensive care unit during the 4 study months, accounting
or 744 scheduled resident days. Twenty-eight residents
eturned time-cards, accounting for 462 days and rang-
ng from 11% to 100% of scheduled days. Eighteen
esponding residents reported all their scheduled days,
nd 4 residents reported less than one half of their
cheduled days. Eight residents did not respond at all.

WPOINTS

ght of resident work
ged training programs
t hours closely. Work
asured by self-report

ime-cards, actual or

res measurement of
r, resident-completed
mated reports of res-
with the institution’s

l record (EMR).

yielded information
rds with greater ease
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s obli
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nt t
.

compa
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auto

tions
edica

lance
e-ca
elying only on electronic medical record data, we



Table 1 Explanation and Details of Hours Violations

Brief
Regulation
Name

Summary of
Regulation

How Regulation Was Applied to
EMR

How Regulation Was
Applied to Time-Cards

Violations among Residents Submitting Cards (n � 28) Violations Among Residents Not Submitting Cards (n � 8)

a
Potential
Violations

b
Observed Violations
by Time-Card (%)

c
Observed
Violations
by EMR (% of
Potential)

b/a vs c/a
P Value by Chi-square
with Continuity
Correction (Fisher
Exact Test*)

d
Potential
Violations
on Dates with
Computer Contact

e
Observed
Violations by
EMR (% of
Potential)

e/d vs c/a
P Value by Chi-square
with Continuity
Correction (Fisher
Exact Test*)

80-h Residents must not
spend � 80 h
per week in a
training site.
Weekly hours
may be averaged
over the
individual
rotation.

Starting with the first scheduled
day in MICU on which there
was computer activity,
working periods were
continuously summed until
exactly 1 week later, when
the process began again. Any
week with summed working
periods � 80 h was
considered in violation.

Hours were tallied for each
week, starting with days
1 and 8 on the card.
Any week � 80 h was
considered in violation.

71 5 (7%) 1 (1.4%) P � .21* 14 0 (0%) P � .4*

27-h Residents must not
spend � 24 h on
call. A 3-h
period is
allowed for
signout of
patients.

Any continuous period � 27
hours was considered in
violation.

Any continuous
period � 27 h was
considered in violation.

154 9 (5.8%) 9 (5.8%) P � 1.0 32 2 (6.3%) P � .6*

24-h Residents must
have 24 h away
from all training
sites in each
week.

Any week (as defined for 80-h
violations above) in which
there was not a single � 24-
h period with no computer
activity was considered in
violation.

Any week (days 1-7 or 8-
14) on the time-card in
which there was not a
stated or easily
calculable 24-h period
off was considered in
violation.

71 0 (0%) 2 (2.8%) P � .5* 14 0 (0%) P � .7*

10-h Residents must
have 10 h away
from all training
sites after each
shift.

Time of first EMR interaction
after a 6-h hiatus is
considered a violation if it is
� 10 h from the time of the
last interaction.

Time intervals � 10 h
between reported end
of a shift and reported
start of another is
considered a violation.

462 1 (0.2%) 3 (0.6%) P � .4* 97 10 (3.1%) P � .06*

EMR � electronic medical record; MICU � medical intensive care unit.
Definitions of hours regulations, electronic medical record, and time-card criteria for violation used in the study, and distribution of violations and percentage occurrence using electronic medical record

surveillance and time-card review.
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289Shine et al Measuring Resident Hours
ested for significance differences in occurrence of each
iolation type between those residents who did and did
ot hand in any cards.

ESULTS
esponding residents reported a total 4383 hours; the
lectronic medical record surveillance report returned
062 for these same days, a 7.3% discrepancy. Consid-
ring only scheduled days for which time-cards had
een submitted, there were 71 opportunities to violate
he 80-hour work week rule and the same number of
pportunities to violate the standard of 1 day off
eekly. There were 154 opportunities to violate the
7-hour rule and 462 opportunities to violate the re-
uirement for 10 hours off between shifts (Table 1).
he 758 possible total violations (1.9% of which actu-
lly occurred according to time-cards) yielded 80%
ower to detect a significant (P � .05) difference from
he time-cards method it frequency of violation by
lectronic surveillance was less than 0.5% or more than
.5%.

On review of time-cards, there were five 80-hour
iolations (7%), nine 27-hour violations (5.8%), no
4-hour violations (0%), and one 10-hour violation
0.2%). There were therefore a total of 15 time-card
iolations (1.9%). By electronic medical record surveil-
ance there was one 80-hour violation (1.4%), nine
7-hour violations (5.8%), two 24-hour violations
2.8%), and three 10-hour violations (0.6%). Total vi-
lations by electronic medical record were 15 (1.9%).
ccurrence of individual violations did not differ sig-
ificantly between methods.

Among the 8 residents who did not return time-
ards, there were no 80-hour violations (0%), two 27-
our violations (6.3%), no 24-hour violations (0%), and
hree 10-hour violations (3.1%). Total violations were
herefore 5 (5.2%). There was no significant difference
n occurrence of any violation type between residents
ho did and did not return any cards, although occur-

ence of 10-hour violations was 3% among individuals
ho did not return cards and 0.6% among residents
ho did return cards (P � .06).
Electronic medical record surveillance and time-

ard completion were approximately equivalent meth-
ds for measuring resident duty hours and occurrence
f hours violations. Average total hours were 7.3%
igher by time-cards, and total violations were identi-
al. Electronic medical record surveillance had the ad-
antages of ready availability and more complete data.
he 8 noncompliant residents cannot be assumed to

esemble the compliant 28 residents. It is easy to imag-
ne, for example, that compliance in returning cards
ight have been lower in residents with more frequent

ours violations. In fact, we found a trend toward more

0-hour violations among noncompliant residents. d
A 7.3% disparity was not unexpected. The Accred-
tation Council for Graduate Medical Education regu-
ations require not only that residents go off duty
t the correct time but also that they physically leave
he training site. We reasoned that a resident using
he computer is always at work (high positive predic-
ive value), but that a resident not using the computer
ay be still in the hospital (lower negative predictive

alue). The electronic medical record surveillance
ethod is thus likely only to underestimate duty hours.
etected violations by electronic medical record pro-
ide strong evidence that a problem exists; apparent
ompliance measured by electronic surveillance, on the
ther hand, cannot entirely verify compliance.

IMITATIONS
imitations of this study include its performance at a
ingle institution with an advanced electronic medical
ecord and among only those residents who were as-
igned to the medical intensive care unit of the Univer-
ity Hospital. It is likely that residents rotating in areas
here the patients are less ill will interact less fre-
uently with the electronic medical record; underesti-
ates of hours might therefore be greater than in a
edical intensive care unit. The extent of additional

nderestimation will determine how much less useful
his method is on a ward rotation than it seemed to be
n an intensive care setting.

Electronic medical record surveillance is easily
mployed in hospitals with developed systems. This
ethod is inexpensive, provides information about

esidents who do not return cards, produces real-time
esults, and requires little special expertise. How-
ver, it is but one of several possible solutions to the
lleged uncertainties of time-cards. Electronic mon-
toring of transmitter-fitted resident badges might
ield times of coming and going, and the addition of
lobal positioning technology might even monitor
ocation within the hospital. Expense may be a lim-
ting factor. Malfunction and failure to wear the
adge recreates the time-cards problem of interpret-
ng missing data. Signing in and out is a far cheaper
lternative, but subject to noncompliance.

ONCLUSIONS
ur finding that residents—compared with an indepen-
ent and objective data source—accurately recorded
heir own hours and violations must be confirmed in
ther institutions and especially in less intensive clini-
al settings. This study suggests a possible alternative
o time-cards but also provides validation for their use
nd therefore supports a method frequently used in
ublished studies to measure the impact of resident

uty hours on patient and resident outcomes.
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olymyalgia Rheumatica with Bilateral
ubclavian Artery Stenosis

o the Editor:

The overlap between polymyalgia rheumatica and giant
ell arteritis has prompted physicians’ attention since the early
970s.1,2 Polymyalgia rheumatica occurs in approximately
0% of patients with giant cell arteritis, and approximately
5% of patients with polymyalgia rheumatica develop giant
ell arteritis.3 Some experts consider polymyalgia rheu-
atica and giant cell arteritis to be different manifestations

f the same pathologic process.4 Although the association of
cclusive vascular disease is well known in giant cell ar-
eritis, it is not considered to be a typical manifestation of
olymyalgia rheumatica.

A 66-year-old woman presented to our rheumatology
ractice in May 2007 with proximal muscle pain and
tiffness of 1 year’s duration. The patient also reported
cute onset of tingling with bluish discoloration in the
ailbeds and fingertips of her left hand, exacerbated with
verhead activity. She denied any headaches, vision
hanges, scalp tenderness, or jaw claudication. Physical
xamination revealed warm hands and good capillary
efill in all digits despite a diminished right radial artery
ulse and nonpalpable left radial artery pulse. She had
ood pulsation without tenderness over the temporal ar-
eries. Laboratory test results showed a normal complete
lood count, elevated erythrocyte sedimentation rate of
7 mm/H, C-reactive protein of 32.4, negative rheuma-
oid factor and antinuclear antibody, and normal creatine
hosphokinase.

Polymyalgia rheumatica was diagnosed, and the pa-
ient was started on prednisone 10 mg twice per day for

week, followed by 10 mg daily. There was significant
mprovement in her proximal arthralgias and myalgias,
ut left arm claudication persisted. Doppler ultrasound of

Funding: None.
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nterest regarding the content of the article.
Authorship: All authors meet the criteria for authorship, including

cceptance of responsibility for the scientific content of the article. All
uthors had access to the data and a role in writing the article.

Requests for reprints should be addressed to Daniela Ghetie, MD,
epartment of Internal Medicine, Danbury Hospital, 24 Hospital Ave,
anbury, CT 06810.
pE-mail address: dani_ghetie@yahoo.com

002-9343/$ -see front matter Published by Elsevier Inc.
he upper extremities revealed bilateral moderate (50%-
4%) stenosis of the subclavian, axillary, and brachial
rteries. Magnetic resonance angiography of the aortic
rch with gadolinium disclosed bilateral severe subcla-
ian artery stenosis, distal to the origin of the vertebral
rteries, with the axillary and brachial arteries not well
emonstrated because of the severe proximal stenosis of
he subclavian arteries (Figure).

Although the patient had no cranial symptoms, giant cell
rteritis was suspected to be the cause of occlusive vascu-
opathy. Treatment with prednisone 60 mg daily showed
ramatic improvement in left arm symptoms. In August
007, the patient underwent angiography followed by an-
ioplasty and stenting of the left subclavian artery. Postop-
ratively, the patient was administered aspirin because of
lopidogrel bisulfate (Plavix; Bristol-Myers Squibb, New
ork, NY) and aspirin with extended-release dipyridamole

Aggrenox; Boehringer-Ingelheim, Ingelheim, Germany)
ntolerance. The upper-extremity arterial Duplex ultrasound
evealed a patent left subclavian stent. The patient was
oing well, maintained with an average dose of 5 mg of

Figure Bilateral severe subclavian artery stenoses. These are
approximately 2.5 cm beyond the origin of the subclavian
artery from the brachiocephalic artery on the right and 4.5 cm
from the origin of the subclavian artery of the aortic arch on the
left.
rednisone per day. In February 2008, she presented with
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eturn of left arm claudication, discoloration, and absent left
adial artery pulse. Noninvasive vascular testing demon-
trated severe narrowing of the subclavian artery distal to
he left subclavian stent. We concluded that the patient had
asculitis, most likely secondary to giant cell arteritis, evi-
enced by recurrent occlusive disease in the upper extrem-
ties. The decision was made to control the disease with
teroid treatment and no further surgical interventions un-
ess absolutely necessary.

This case underlines the fact that physicians should be
igilant when assessing patients with polymyalgia rheu-
atica. Polymyalgia rheumatica and giant cell arteritis

hare pathogenic principles and are not mutually exclu-
ive but overlapping.2 The challenge is to recognize atyp-
cal cases presenting with occlusive vasculopathy but
acking cranial symptoms suggestive of giant cell arteri-
is. Patients with occlusive arterial disease caused by
iant cell arteritis typically respond well to a high dose of
teroids. Surgery should be restricted to cases with severe
ersistent ischemia after the inflammatory syndrome has

eceded.5
Daniela Ghetie, MDa
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romide Toxicity from Consumption of Dead
ea Salt

o the Editor:

Bromide salt is an effective antiepileptic and sedative in
mall doses and was once a common ingredient of many
edicines and patent tonics such as Dr. Miles’ Nervine and
romo-Seltzer.1 Unfortunately, the long 10-12 day half-life
f bromide results in an intolerably narrow therapeutic win-
ow. Bromide toxicity or “bromism” accounted for over 2%
f admissions to psychiatric hospitals before the removal of
romide salts from most US medications in 1975.1 With the
dvent of Internet commerce, patients now have greater
ccess to relatively unregulated medications and products.2

e report a case of bromide toxicity after the consumption
f Dead Sea salt obtained over the Internet.

A 57-year-old man with Asperger syndrome presented
omplaining of diffuse pain and generalized malaise. Mentally,
e was impaired, with disjointed thoughts, labile mood, and
isorganized, slurred speech. He denied taking any over-the-
ounter or herbal medications, and his history was otherwise
ninformative. A screening basic metabolic panel returned
ith a chloride level of “�175 mEq/L” (normal 95-110),
ielding an anion gap of �55 mEq/L. To rule out laboratory
rror, a repeat basic metabolic panel was performed and con-
rmed the initial value. Such marked hyperchloremia
rompted a measurement of the patient’s serum bromide,
hich was found to be 2540 mg/L (32 mEq/L).
Upon further questioning, the patient reported consum-

ng 3-4 tablespoons of Dead Sea salt daily for several
onths. He stated that he purchased the Dead Sea salt due

o websites’ claims of its holistic, calming effects and health
enefits. The Dead Sea has the highest bromide concentra-
ion of any large body of water in the world, with a bromide
oncentration of approximately 5 g/L.3 Bromide intoxica-
ion is reported at serum levels as low as 400 mg/L (5
Eq/L), with 1500 mg/L (19 mEq/L) considered toxic.1

Funding: There are no funding sources to disclose.
Conflict of Interest: The authors have no conflicts of interest to

isclose. Ethics Committee approval was not required.
Authorship: Dr Brent R. Taylor and Dr Romina Sosa researched and

rote the article and are the medical student and resident who took care of
he patient. Dr William J. Stone advised Dr Taylor and Dr Sosa during the
riting of this manuscript and was the attending on the case.

Requests for reprints should be addressed to William J. Stone, MD,
epartment of Internal Medicine, Vanderbilt University, 1310 24th Ave. S,
111A, Nashville TN 37212-2637.
E-mail address: william.stone@va.gov

002-9343/$ -see front matter © 2010 Elsevier Inc. All rights reserved.
ur patient’s bromide level was impressive by these
riteria.

The most common manifestations of bromism are psy-
hiatric and dermatologic. Patients present with weakness,
lurred speech, emotional instability, agitation, hallucina-
ions, seizures, and coma.4 Bromoderma occurs in approx-
mately 35% of cases and is characterized by acneiform
ruptions or, less commonly, granulomatous plaques, ul-
ers, or bullae, usually on the face and trunk.4

The finding of hyperchloremia was instrumental in es-
ablishing the diagnosis. On many laboratory assays, bro-
ide causes a false hyperchloremia sufficient to yield a

egative anion gap. Assays register an additional 3-4 mEq
f Cl� per mEq of Br� due to the greater affinity of bromide
or the silver or mercury species used in measuring chloride
evels.1,4 Other etiologies of a negative anion gap include
yperlipidemia and, rarely, iodide intoxication or parapro-
einemia in multiple myeloma.1,5 Bromism should be con-

Figure Electrolyte concentrations over time. Patient’s ad-
mission electrolytes on day 1 were: Na� 144, K� 3.6, Cl� 175,
HCO3

� 25, Ca2� 8.3 (reported in mEq/L). The patient was
seen several months earlier in outpatient appointment and as
reflected in day �195, had normal chloride levels. Saline
diuresis was initiated on day 2. Bromide and chloride levels
over the next 5 days show a decrease in both values over time.
Normal range of chloride and sodium levels are denoted by
dashed blue (95-110 mEq) and red (135-145 mEq) lines, re-
spectively. Toxic bromide levels are denoted by dashed black

line (5 mEq).

mailto:william.stone@va.gov
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idered whenever new-onset psychiatric symptoms accom-
any an elevated chloride level, especially in the setting of
negative anion gap.1 A case of bromism can be missed if
yperchloremia is dismissed as laboratory error.

Awareness of this diagnosis is important because the
ymptoms of bromism are usually completely reversible
ith cessation of bromide ingestion. Bromide is renally

xcreted, and its 10-12 day half-life can be shortened to �1
ay with saline loading and diuresis.4 Dialysis should be
onsidered in patients with severe symptoms or renal im-
airment.4 Our patient was successfully treated with saline
nd furosemide over 5 days and discharged with improved
ental status and the recommendation to avoid consuming
ead Sea salt. (Figure).

Brent R. Taylor, MD
Department of Internal Medicine

Medical University of South Carolina

Charleston, SC
Romina Sosa, MD
William J. Stone, MD

Department of Internal Medicine
Vanderbilt University

Nashville, Tenn

doi:10.1016/j.amjmed.2009.08.020
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mergence of Fluoroquinolone Resistance in
utpatient Urinary Escherichia Coli Isolates

o the Editor:

Johnson et al1 recently reported in a large area a rapid
nd impressive increase in fluoroquinolone resistance in
scherichia coli urine isolates after switching from tri-
ethoprim-sulfamethoxazole to levofloxacin for the initial

herapy of urinary tract infection (UTI).
Curiously, they recommend treating all complicated

TIs either with fluoroquinolone (levofloxacin or cipro-
oxacin) or with third-generation cephalosporin (ceftriax-
ne) or aminoglycoside (gentamicin or tobramycin) in case
f risk of fluoroquinolone resistance. Complicated UTIs are
ery diverse, from easy-to-treat infections (eg, cystitis in
iabetic patients) to life-threatening conditions (eg, severe
epsis). We consider it inappropriate to mix all these diseases
n the same recommendation. Even complicated cystitis is a
enign infection, for which current French guidelines2 recom-
end the use of fluoroquinolones, cephalosporins, and amino-

lycosides; the drugs of choice for pyelonephritis, prostatitis,
nd urosepsis.

To recommend a parenteral treatment (ceftriaxone, gen-
amicin, or tobramycin) for nonserious complicated UTIs
ppears unjustified, because such route of administration is
ainful and expensive. In addition, aminoglycosides require
renal function evaluation, which here seems unrealistic.
As well, the use of fluoroquinolone or cephalosporin is

cologically incorrect. Besides the increase of fluoroquino-
one resistance community-acquired extended-spectrum beta-
actamase-producing E. coli have emerged worldwide dur-
ng the past 5 years.3

The only way to disrupt the “vicious circle” of multidrug
esistance is to limit the use of antibiotics. The French
uidelines now recommend delaying antibiotics for compli-
ated cystitis (excepted for rare situations) until the results
f an antibiogram in order to prescribe the narrowest-spec-

Funding: No funding source.
Conflict of Interest: No conflict of interest for the 2 authors.
Authorship: François Caron designed the manuscript. Manuel Etienne
iscussed the manuscript and made substantial improvements.

002-9343/$ -see front matter © 2010 Elsevier Inc. All rights reserved.
rum drug.2 When an empirical treatment is required, nitro-
urantoin is a first choice.2 Johnson et al1 recommend avoid-
ng it because of the broad spectrum of uropathogens
ausing complicated cystitis. Nitrofurantoin is approved for
he treatment of UTI due to susceptible strains of E. coli,
nterococci, Staphylococcus aureus, and certain susceptible
trains of Klebsiella and Enterobacter species.4 Such spe-
ies are common among inpatients and outpatients,5 and
ultidrug-resistant E. coli strains remain susceptible to

itrofurantoin.6

Thus, we would recommend considering initial absten-
ion or nitrofurantoin instead of fluoroquinolone, third-gen-
ration cephalosporin, or aminoglycoside for the manage-
ent of nonserious complicated UTIs.

François Caron, MD, PhD
Manuel Etienne, MD

Department of Infectious Diseases and
Groupe de Recherche sur les Antimicrobiens et les

Microorganismes
Institute for Biomedical Research

Rouen University Hospital
Rouen, France

doi:10.1016/j.amjmed.2009.08.024
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rogram Director Satisfaction Revisited: An
lternate View

o the Editor:

Your February 2009 issue included a landmark contri-
ution from Hinchey and colleagues1 regarding the second
dministration of the internal medicine program director
atisfaction survey. It is important to recognize that among
he variables measured, the program director salary, balance
f time on service, and number of support staff were im-
ortant factors in the satisfaction of the cohort. I must
onfess that I too scanned Table 3 to view the spectrum of
alary responses—that is only human nature. But I realized
hat maybe we missed the point here and that an alternate
erspective needed to be shared.

As residency program directors, we are rewarded by
ore than the length of our residency review committee

ycle, our own individual faculty rank, the number of asso-
iate program directors who help us meet administrative
uties, or the proportion of time we have to perform our
ducational roles; our satisfaction is much more complex,
uch more rich, and much less ephemeral.
Rather, program director satisfaction is measured in

vents, such as

watching a resident become a master clinician;

Funding: None.
Conflict of Interest: None.
Authorship: Dr Kane is the sole author of this manuscript and had full
ccess to the data.

002-9343/$ -see front matter © 2010 Published by Elsevier Inc.
receiving a note from an appreciative patient describing
the resident’s role in his/her recovery from a life-threat-
ening illness;
learning that a resident has had his/her first manuscript
accepted for publication;
hearing that a resident will become a new mother or
father;
learning about a resident’s first job;
receiving good news in the fellowship match;
witnessing high-quality care; and
allowing a resident to learn from a mistake.

The value of the article by Hinchey et al1 is that the data
llow us to identify key constructs of the program director
osition that will allow program directors to remain com-
ortable in their positions. This is critical to developing and
ustaining these important educational leaders. The struc-
ure of the program, including support staff and associates,
s indeed an important factor to allow a program director to
ucceed and find satisfaction. However, the true satisfaction
or the program director lies in the residents’ successes.

Gregory C. Kane, MD
Department of Medicine

Jefferson Medical College
Philadelphia, Penn

doi:10.1016/j.amjmed.2009.07.032

eference
. Hinchey K, MacDonald F, Beasley B. Sources of satisfaction for Res-
idency Program Directors. Am J Med. 2009;122:196-201.



L

T

c
l
p
g
a
c
(
a
r
m
f
h
d
a
p
f
o
b
t
P
S
i
p

p

r
o

0

ETTER

d
v
t
t
r
f
t
n
b
p
t

R
1

he Reply:

Kane thoughtfully and correctly recognizes factors that
ontribute to program director satisfaction. The important
andmark events in the lives and training of the young
hysicians in our programs triggered happy memories and
eneral assent from all of us. In fact, the data we presented
re concordant with Kane’s statements. To understand the
omponents of the Program Director Satisfaction Survey
PD-Sat) instrument, the reader is referred to Table 2 of our
rticle,1 where it is clear that the facets of “work with
esidents” and “work with colleagues” make up the near
ajority of total satisfaction compared with the other 5

acets combined. Furthermore, the essence of what Kane
as identified, “work with residents,” was the only facet to
emonstrate statistical stability in both the 1996 and 2005
dministrations of the instrument, indicating that this is a
articularly enduring component of program director satis-
action. Kane focused on the associations in Tables 3 and 4
f our article, which were found by assessing the link
etween scores on the PD-Sat instrument and the variables
hat were otherwise measured in the 2005 Association of
rogram Directors in Internal Medicine Program Director’s
urvey. We note in the results that the regression model

dentifying the 4 potentially modifiable, statistically inde-
endent, and significant factors associated with program

Funding: None.
Conflict of Interest: All authors affirm that they have no real or

otential conflicts of interest with respect to this letter.
Authorship: We certify that we have all participated sufficiently in the

esponse to the letter to the editor. We have all reviewed the final version

f the submitted manuscript and approved it for publication.

002-9343/$ -see front matter © 2010 Elsevier Inc. All rights reserved.
irector satisfaction accounted for only 14% of the total
ariance in PD-Sat scores. Clearly, there are other variables
hat account for program director satisfaction, and it is likely
hat many of them relate to the primary facet of “work with
esidents,” as Kane has suggested. We look forward to
urther studies of program director satisfaction that may test
his and other hypotheses to further delineate the compo-
ents of program director satisfaction so that we may all
etter mentor the next generation of program directors to
rovide the stability in leadership our residents deserve for
he growth of their careers.

Kevin T. Hinchey, MD
Department of Medicine
Baystate Medical Center

Springfield, Mass

Furman S. McDonald, MD
Department of Medicine

Mayo Clinic
Rochester, Minn

Brent W. Beasley, MD
Department of Medicine

University of Missouri-Kansas City
St. Luke’s Hospital

Kansas City, Mo

doi:10.1016/j.amjmed.2009.11.008
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nfluence of Hispanic Ethnicity and Diabetic
nd-stage Renal Disease

o The Editor:

I read with interest the large national Veterans Admin-
stration cohort study by Choi et al1 on the white/black
acial differences in risk of end-stage renal disease and
eath. In the results section, it is noted that 325,568 or
3.9% of patients with nonwhite/black or unknown race
ere excluded. This study of patients receiving care in the
eterans Health Administration is then based on analysis of
,015,891 (84.5%) patients (1,704,101 white and 311,790
lack patients), and it would be important to find out if they
ave data analysis of the Veterans Administration groups
tudied according to ethnicity (Hispanic, non-Hispanic, or
nknown).

On page 673, the highlighted clinical significance of this
tudy notes: “Public health efforts to reduce racial dispari-
ies may benefit from screening and prevention efforts fo-
used on chronic kidney disease in blacks.”1 However, it
hould be noted that other minorities, including Hispanics
nd Native Americans, have high prevalence of end-stage
enal disease, which is gradually being recognized and also
hould be a focus of public health effort and additional

Funding: NIH Center of El Paso.
Conflict of Interest: None.

Authorship: The author had access to data and wrote the manuscript.

002-9343/$ -see front matter © 2010 Published by Elsevier Inc.
tudies. In fact, in 2003, we reported previous 1998 data on
9,336 patients in 80 counties in Texas, wherein it is noted
hat for diabetic nephropathy end-stage renal disease in
exas, Hispanics showed the highest prevalence, followed
y blacks and then by non-Hispanic non-blacks.2 The latest
S Renal Data System Annual Data Report, which can be

ccessed on the Internet,3 shows, in Figure 2.15, the prev-
lent rate of end-stage renal disease in 2006. Please note that
or Hispanic patients, the figure-reported rate was 2326 per
illion population, which is 1.5 times greater than the rate

f 1576 per million seen in the non-Hispanic population!
ispanics are becoming the new minority and deserve pub-

ic health efforts similar or equal to blacks.

Patricio A. Pazmiño, PhD, MD
Nephrology, Internal Medicine & Hypertension Center

El Paso, Tex

doi:10.1016/j.amjmed.2009.08.025

eferences
. Choi AI, Rodriguez RA, Bacchetti P, Bertenthal D, Hernanderz GT,

O’Hare AM. White/black racial differences in risk of end-stage renal
disease and death. Am J Med. 2009;122:672-678.

. Pazmiño PA, Pazmiño AK. Diabetic renal failure in Texas: influence of
ethnicity and household income. Tex Med. 2003;99:57-65.

. US Renal Data System. USRDS 2008 Annual Data Report: Atlas of
Chronic Kidney Disease and End-Stage Renal Disease in the United
States. Bethesda, MD: National Institutes of Health; 2008. Available at:

http://www.usrds.org/adr.htm.
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he Reply:

We thank Pazmiño for his interest in our article1 and for
is important comments on the burden of kidney disease
mong Hispanics in this country. In our study, we focused
n the disparities in risk of mortality and end-stage renal
isease between white and black patients. Non-black race/
thnic minorities represent approximately 6% of the patients
eceiving care in the Veterans Health Administration, there-
ore, we were underpowered to examine end-stage renal
isease and mortality in these groups.2 However, we are in
omplete agreement with Pazmiño that disparities in kidney
isease are not limited to blacks and that public health
fforts to reduce the burden of kidney disease will need to

Funding: This study was supported by a fellowship grant from the
ational Kidney Foundation, grants from the National Institutes of Health

K23DK080645-01A1, K23AG028980-03), W.K. Kellogg Scholars in
ealth Disparities Program, and the Paso del Norte Health Foundation’s
enter for Border Health Research. These funding sources had no involve-
ent in the design or execution of this study.

Conflict of Interest: GTH has received research support from the
atholic Healthcare West, Genentech, Biogen, Novartis, Roche, and the
ational Institute of Diabetes and Digestive and Kidney Diseases; he has

eceived honoraria from the National Institute of Environmental Health
ciences and Novartis. AMO receives royalties from UpToDate and re-
earch funding from the Centers for Disease Control. These funding
ources played no role in the research presented here. The other authors
eclare no potential financial conflicts of interest.

Authorship: AIC and AMO had access to the data; all authors had a

ole in writing the manuscript.

002-9343/$ -see front matter Published by Elsevier Inc.
ccount for Hispanics—who are a rapidly increasing seg-
ent of the population—along with other underrepresented

roups. We plan further study of kidney disease in these
ace/ethnic minority groups in the future.

Andy I. Choi, MD, MAS
Department of Medicine

San Francisco VA Medical Center
University of California, San Francisco

German T. Hernandez, MD
Department of Medicine

Paul L. Foster School of Medicine
Texas Tech University Health Sciences Center at El Paso

Rudolph A. Rodriguez, MD
Ann M. O’Hare, MD MA

Department of Medicine
VA Puget Sound Healthcare System

University of Washington
Seattle

doi:10.1016/j.amjmed.2009.11.002
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octuria: An Uncommon Presentation of
ower-Limb Lymphedema

o the Editor:

We report a case of nocturia as an uncommon presenta-
ion of lower-limb lymphedema in a 56-year-old man. To
ur knowledge, this is the first case reported in the literature.

ASE REPORT
56-year-old man was admitted to the Department of

nternal Medicine, University of Genova, on May 2008 for
rogressively worsening edema of the lower limbs. He had
history of nocturia (6-7 voids per night) since February

007. Laboratory examination showed normal serum creat-
nine (0.7 mg/dL), urea nitrogen (13 mg/dL), and glucose
68 mg/dL). Urinalysis revealed normal urine pH (5.5),
pecific gravity (1.020), and osmolarity (750 mOsm/kg),
nd absence of proteinuria. Microalbuminuria, serum total
rotein, and albumin levels were in the normal range (20
g/24 h, 7.2 g/dL, and 4.2 g/dL, respectively). Serum levels

f protein C, protein S, and antithrombin III were in the
ormal range. Methylenetetrahydrofolate reductase C677T
ene mutation, factor V Leiden, and prothrombin G20210A
ene mutations were absent. Thoracic and abdominal com-
uted tomography scans excluded thoracic duct obstruction
nd thrombosis of the superior and inferior venae cavae and
he renal and iliac veins, and showed normal kidneys with-
ut perfusion defects. Lower-limb venous Doppler ultra-
onography excluded venous insufficiency and thrombosis.
chocardiography showed only septal myocardial hypertro-
hy. Lower-limb 99mTc lymphoscintigraphy suggested di-
ated superficial lymphatic collectors and deep lymphatic
runks, delayed and asymmetric visualization of regional

Funding: None.
Conflict of Interest: The authors state that they have no conflict of

nterest regarding the content of the article.
Authorship: All authors meet the criteria for authorship, including

cceptance of responsibility for the scientific content of the article. All
uthors had access to the data and a role in writing the article.

Requests for reprints should be addressed to Giuseppe Murdaca, MD,
hD, Department of Internal Medicine, Viale Benedetto XV, n. 6, 16132
enova, Italy.
bE-mail address: Giuseppe.Murdaca@unige.it

002-9343/$ -see front matter © 2010 Elsevier Inc. All rights reserved.
ymph nodes, and the presence of “dermal back-flow.” Clin-
cal and imaging data were suggestive for the diagnosis of
ower-limb lymphedema. Treatment with low-dose aspirin
100 mg/d), low-molecular-weight heparin (4.000 IU/d),
nd chlortalidone (25 mg/d) was started. Edematous en-
argement was treated with massage and a compression
tocking. This approach was helpful and allowed the com-
lete remission of nocturia and lymphedema within 10 days.
he use of an elastic stocking transmitted high-grade com-
ression (60 mm Hg) and prevented fluid accumulation. At
resent, the patient feels good, always uses an elastic stock-
ng, and is receiving treatment with low-dose aspirin (100
g/d).

ISCUSSION
octuria, defined as “waking at night to void,” is now being

xamined as a clinical entity in its own right, as opposed to
eing viewed as a symptom of another condition.1,2 Noctu-
ia can be associated with the administration of drugs (ie,
iuretics, �-blockers, xanthines), diabetes mellitus, diabetes
nsipidus, congestive heart failure, low blood albumin, ve-
ous stasis, high salt intake, renal insufficiency, and sleep
pnea syndrome.3,4 Our patient developed nocturia as the
rst manifestation of an idiopathic form of lymphedema
aused by lymphatic vessel insufficiency. A broad spectrum
f inherited and acquired diseases are characterized by an
mpaired ability of the lymphatic vasculature to collect and
ransport fluid.5 Primary lymphedema comprises a hetero-
eneous group of recessive and dominant transmitted dis-
rders.5 Secondary lymphedema is favored by surgical and
adiotherapeutic interventions for cancer,6 pregnancy, con-
act dermatitis, and rheumatoid arthritis.5Although the di-
gnosis of lymphedema relies on physical examination
edema, peau d’orange, cutaneous fibrosis, and positive
Stemmer sign”), 99mTc lymphoscintigraphy plays a key
ole in confirming the suspicion. Our patient responded to
reatment with lymphatic-specific massage, exercise, ap-
lied compression, and diuretics, in agreement with current
iterature.5 To our present knowledge, this is the first re-
orted case of nocturia as the first presentation of lower-
imb lymphedema.

ONCLUSIONS
he present case suggests that nocturia may be the first
ymptom of lower-limb lymphedema and that lymphatic-
pecific massage, compression stocking, and diuretics might

e an adequate therapeutic approach.

mailto:Giuseppe.Murdaca@unige.it
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roded Pacemaker in an Elderly Patient

o the Editor:

An 84-year-old man with severe ischemic cardiomyop-
thy and history of congestive heart failure was transferred
o our hospital for biventricular implantable cardioverter
efibrillator pocket erosion. He had originally undergone
ual-chamber pacemaker implantation for intermittent com-
lete atrioventricular block in 2000. He then developed
orsening heart failure symptoms in the setting of declining

eft ventricular (LV) systolic function, and the device was
pgraded to a biventricular system in 2006. There was
nitial improvement that disappeared due to LV lead dislodge-
ent. Attempted LV lead revision in July 2007 was not suc-

essful. Two weeks later he underwent epicardial LV lead
lacement via mini-thoracotomy. Postoperatively he had on-
oing discomfort at the wound, and in December 2007 he
eveloped worsening redness and discomfort over the device.

Unfortunately, he did not seek medical attention until he
oticed the pacemaker was eroding through his skin (Fig-
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Figure 1 Left lateral view of the site upon presentation. Photo
n
taken prior to extraction and debridement of the eroded pacemaker.
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res 1, 2). On presentation he was afebrile without other
omplaints.

Wound and blood cultures did not grow an organism,
ut intravenous vancomycin was initiated at the outside
ospital for presumed infection. The patient was trans-
erred to our hospital on his 12th day of antibiotics. He
nderwent successful total system extraction. Exposure
f the pocket revealed purulent drainage beneath the
evice. The leads were entirely removed using laser lead
xtraction sheathes.

The pocket was debrided down to normal tissue, and the
ound was packed and left open. By holding beta-blockers,

emporary pacing was avoided. Wound healing progressed
icely, and a wound vacuum was placed. After 7 days of
ontinued antibiotics and negative cultures, a new biven-
ricular implantable cardioverter defibrillator was implanted
uccessfully on the right side. The patient was discharged
ome the next day with home intravenous infusion of anti-
iotics for 3 more weeks. The wound vacuum was removed
fter 3 weeks.

Risk factors for implanted cardiac device infection in-
lude multiple device revisions, early re-interventions, tem-
orary pacing wires at time of implantation, and lack of
ntibiotic prophylaxis at the time of the procedure. Removal
f the device, along with all leads and infected tissue, is
ecessary for clearance of the infection. Separating the
xplant procedure from the reimplant procedure is ideal, and
hen the patient is pacemaker dependent, pacing becomes

Figure 2 Anterior view of the eroded device.
ecessary. Redness and swelling over the device site inar-
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uably indicates infection and frequently leads to erosion if
ot managed appropriately. Erosion of the device can result
n loss of pacing or ineffective defibrillation.
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elief of Chronic Neuropathic Pain through
ndothelin Antagonism

o the Editor:

The endothelin system and the potent vasoconstrictor
ndothelin-1 are fundamentally involved in the develop-
ent and progression of pulmonary arterial hypertension.
he effects of endothelin-1 are predominantly mediated

hrough actions at 2 receptors, endothelin-A and endo-
helin-B. Nonselective endothelin receptor antagonism
nd selective endothelin-A antagonism have both proved
o be successful treatment strategies for pulmonary arte-
ial hypertension.1,2

In addition to actions as a vasoconstrictor, endothelin has
ffects on cell proliferation, fibrosis, and inflammation. En-
othelin-1 also is secreted from cancer cells and may be
nvolved in tumor progression, while animal models have
emonstrated a potential role for endothelin-1 in cancer and
europathic pain.3

We recently treated a 47-year-old man with the selective
ndothelin-A antagonist, sitaxsentan, for pulmonary arterial
ypertension. He had been referred with a history of grad-
ally increasing dyspnea. Past medical history was notable
or ventricular septal defect closure in childhood and sciat-
ca of 2 years’ duration. His sciatica had been managed with
number of medications, including paracetamol, nonsteroi-
al anti-inflammatory agents, and narcotic analgesia, all
ith limited success. Physical examination revealed a loud,
alpable pulmonary second heart sound and evidence of
ricuspid regurgitation on auscultation. A diagnosis of pul-
onary arterial hypertension was confirmed at right heart

atheterization. He was given sitaxsentan 100 mg daily,
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ith improvements in dyspnea and exercise tolerance re-
orted at review 4 weeks later. He also volunteered that he
ad experienced a substantial improvement in his sciatica,
llowing discontinuation of analgesia. On questioning, pain
cores were reduced from 8/10 to 2/10. Unfortunately, 4
onths later, despite improvement in his pulmonary arte-

ial, his sitaxsentan was discontinued due to hepatic dys-
unction. He reported a prompt return of his sciatica fol-
owing cessation of endothelin-A antagonist therapy.

Endothelin-1 has been shown to induce pain and hyper-
lgesia in experimental pain models. Although stimulation
f either endothelin-A or endothelin-B has effects on sen-
ation, the predominant effect seems to be mediated via
ndothelin-A. Endothelin-A receptor antagonists have had
eported benefits on pain perception in metastatic prostate
ancer, but we believe this to be the first description of
linical benefit of endothelin antagonism in chronic neuro-
athic pain.4 The improvement in our patient’s sciatica,
hile entirely unexpected, is consistent with an emerging
nderstanding of the role of endothelin in pain. We believe
urther mechanistic and clinical studies examining the role
f endothelin and endothelin-A antagonism in pain syn-
romes are now required. The endothelin axis might ulti-
ately prove a useful therapeutic target in the treatment of

hronic pain syndromes.
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ransient Collateral Circulation during
oronary Vasospasm

o the Editor:

A 62-year-old man who was a heavy smoker presented to
he hospital with chest pain that occurred while he was sleep-
ng. Coronary angiography was performed, which showed col-
ateral vessels from the left anterior descending artery to the
ight coronary artery but no significant organic stenosis in the
eft coronary artery. Right coronary angiography was immedi-
tely performed, showing severe stenosis of the proximal right
oronary artery (Figure 1), although no electrocardiographic
hanges were observed. Vasospasm of the right coronary ar-
ery was treated immediately by intracoronary administration
f isosorbide dinitrate. A left coronary angiography performed
mmediately after the isosorbide dinitrate administration
howed disappearance of the collateral vessels from the left
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Figure 1 Initial left coronary angiogra
collateral vessels from the left anterior
(arrows). Right coronary angiogram (rig

stenosis of the proximal right coronary artery (a

002-9343/$ -see front matter © 2010 Elsevier Inc. All rights reserved.
nterior descending artery to the right coronary artery seen in
he earlier test (Figure 2).

ISCUSSION
transient appearance of the collateral vessels was ob-

erved, which could serve to salvage otherwise jeopardized
schemic areas during coronary vasospasm. In this patient
ith coronary spastic angina, coronary vasospasm of a ma-

or coronary artery might have been associated with tran-
ient collateral augmentation supplied by the nonspastic
rtery during the anginal period.

The development of coronary collateral vessels has been
escribed in a patient with coronary spastic angina associ-
ted with ST-segment depression. The collateral vessels dis-
ppeared after the vasospasm was relieved by intracoronary
dministration of isosorbide dinitrate, suggesting that the col-
ateral vessels were formed during coronary vasospasm and
ocalized to the perfused ischemic area, preventing transmural
yocardial ischemia.1-3 These findings indicate that ST-seg-
ent depression during coronary vasospasm could be attrib-

ted to subendocardial ischemia caused by incomplete oc-
lusion of a large coronary artery and transient reduction or
ugmentation of collateral blood flow.4

It has been speculated that recruitable collateral vessels
an remain patent long after spontaneous attacks of angina
ave resolved and become visible in the event of a pressure
ifference between 2 small coronary arteries. This suggests

t: left anterior oblique view) shows the
ding artery to the right coronary artery
ft anterior oblique view) shows severe
m (lef
descen
ht: le
rrow).
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hat collateral blood supply may occur transiently through
reexisting vessels to perfuse the ischemic area during cor-
nary vasospasm and that such collateral flow might play a
ole in preventing transmural myocardial ischemia, reduc-
ng the severity of ischemia.5

In this case, the collateral vessels from the left anterior
escending artery to the myocardial region perfused by
he right coronary artery are speculated to have been
ormed gradually, by repeated myocardial ischemia
aused by coronary vasospasm, even in the absence of
evere organic stenosis of the right coronary artery. Such
situation is likely to exist in many patients with rest

ngina associated with ST-segment depression, in which
oronary vasospasm has been implicated. The possible
easons why no ischemic ST changes were seen on the
lectrocardiogram in this case are as follows: the right
oronary artery ischemia was released immediately, and
he ischemic period was too short for the electrocardio-
raphic changes to appear; the amount of blood supplied
y the collateral vessels was sufficient, and significant
yocardial ischemia potentially induced by right coro-

ary vasospasm might have failed to occur.

Shigemasa Tani, MDa,b

Figure 2 The vasospasm of the right co
isosorbide dinitrate to the right coronary
(arrow). The collateral vessels to the right
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