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A Tale of Coronary Artery Disease
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The remarkable facts, that the paroxysm, or indeed the disease itself, is
excited more especially upon walking up hill, and after a meal; that thus
excited, it is accompanied with a sensation, which threatens instant death
if the motion is persisted in; and, that on stopping, the distress immediately abates, or altogether subsides; have . . . formed a constituent part
of the character of Angina Pectoris.1
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“R

emarks on Angina Pectoris” by John Warren, M.D., appeared in
1812 as the first article in the first issue of The New England Journal of Medicine and Surgery.1 Warren’s description of angina pectoris (derived from
the Latin angina, “infection of the throat”; from the Greek ά´γχο$νη, “strangling”;
and from the Latin pectus, “chest”) is equally apt for physicians and medical students today. At the time, the pathogenesis was unknown, and treatment consisted
of bloodletting, a tincture of opium, bed rest, or a combination thereof. In 1799,
Caleb H. Parry speculated that Syncope Anginosa was related to coronary-artery
ossification (i.e., calcification), occurring predominantly in men at about 50 years
of age and rarely in women or children.2
Medical knowledge in the 18th and 19th centuries was grounded in clinical
observation and anatomical dissection. Cardiovascular science emerged in the
physiological era of the late 19th and early 20th centuries, first in Europe and subsequently in North America. To celebrate the 200th anniversary of the New England
Journal of Medicine, our essay focuses on the themes of coronary artery disease and
myocardial infarction to highlight the interplay between science and medicine,
emphasizing how the remarkable advances in our understanding of the pathogenesis of heart disease have produced life-saving and life-extending therapies.

The Emergence of C orona r y A r ter y Dise a se
After Heberden’s clinical description of angina3 in 1772, it took almost a century
for pathologists to focus their attention on the coronary arteries and describe
thrombotic occlusions in addition to “ossification.” However, for decades thereafter,
these observations were not related to the symptoms of myocardial ischemia, which
had become well known to physicians. Near the end of the 19th century, cardiovascular physiologists noted that occlusion of a coronary artery in the dog caused
“quivering” of the ventricles and was rapidly fatal.4,5 These three great branches
of medical knowledge — clinical medicine, pathology, and physiology — advanced
in separate yet parallel universes. In 1879, the pathologist Ludvig Hektoen concluded
that myocardial infarction is caused by coronary thrombosis “secondary to sclerotic changes in the coronaries.”6 In 1910, two Russian clinicians who were trained
in pathology described five patients with the clinical picture of acute myocardial
infarction, which was confirmed at postmortem examination.7 Two years later,
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Figure 1. Decline in Deaths from Cardiovascular Disease in Relation to Scientific Advances.
The timeline shows the steady decline in cardiovascular deaths over the late 20th and early 21st centuries, along
with major advances in cardiovascular science and medicine. ALLHAT denotes Antihypertensive and Lipid-Lowering
Treatment to Prevent Heart Attack Trial, CASS Coronary Artery Surgery Study, GISSI Italian Group for the Study of
Streptokinase in Myocardial Infarction, HMG-CoA 1-hydroxy-3-methylglutaryl coenzyme A, ISIS-2 Second International Study of Infarct Survival, MI myocardial infarction, NCEP National Cholesterol Education Program, NHBPEP
National High Blood Pressure Education Program, PCI percutaneous coronary intervention, SAVE Survival and
Ventricular Enlargement, and TIMI 1 Thrombolysis in Myocardial Infarction 1.

James B. Herrick emphasized total bed rest as
the treatment for this condition8 and by 1919 had
used electrocardiography to diagnose it.9 These
approaches were the standard of care for patients
with myocardial infarction until the mid-20th
century.

C orona r y R isk Fac t or s
Two seminal developments in the 1960s radically
changed our understanding and management of
acute myocardial infarction, which struck down
and killed or greatly impaired apparently healthy
men in their 40s or 50s, during their most productive years. One of the first acts of the National Heart Institute, later renamed the National
Heart, Lung, and Blood Institute (NHLBI), was to
establish the Framingham Heart Study in 1948,
which involved the close collaboration of professionals from three disciplines: clinical cardiology, biostatistics, and epidemiology. Their goal
was to understand how heart disease developed
by studying the lifestyles of the residents of
Framingham, Massachusetts. The first descripn engl j med 366;1

tion of their findings, “Factors of Risk in the Development of Coronary Heart Disease,”10 indicated that elevations in blood pressure and
cholesterol levels were associated with an increased incidence of ischemic heart disease and
acute myocardial infarction. The study also
showed a high frequency of myocardial infarction among women, which often occurred later
in life than it did in men. The identification of
elevated blood pressure and cholesterol levels as
risk factors and the institution by the NHLBI of
national programs to educate clinicians and the
public about the importance of controlling these
risk factors have contributed to dramatic improvements in age-adjusted cardiac death rates
(Fig. 1).11 (See the timeline in the Supplementary
Appendix, available with the full text of this article at NEJM.org.) With the identification of
these coronary risk factors and others that followed, the veil that masked the underlying mechanisms in angina and myocardial infarction was
lifted, and the concept that coronary heart disease and its complications could be prevented was
introduced. Increasingly large multicenter clini-
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cal trials subsequently showed that both primary
and secondary prevention was possible when
steps were taken to lower blood pressure and serum total cholesterol. Fortunately, drugs to reduce these risk factors safely became available as
a result of a series of productive collaborations
between industry and academic medicine.

C orona r y C a r e Uni t s
Until 1961, patients with acute myocardial infarction — if fortunate enough to survive until
they reached a hospital — were placed in beds
located throughout the hospital and far enough
away from nurses’ stations that their rest would
not be disturbed. Patients were commonly found
dead in their beds, presumably from a fatal
tachyarrhythmia. Indeed, the risk of death occurring in the hospital was approximately 30%. The
development of the coronary care unit,12 which
provided continuous monitoring of the electrocardiogram, closed-chest cardiac resuscitation,
and external defibrillation, reduced in-hospital
mortality by half among patients admitted with
acute myocardial infarction.

Ph ysiol o gy, C a r di ac
C athe ter i z at ion, A ngiopl a s t y,
a nd surger y
The publication of De Motu Cordis in 1628, William
Harvey’s seminal description of the circulation
and the function of the heart,13 set the stage for
the physiological era several centuries later. The
19th-century French physiologist Claude Bernard
catheterized animals and measured the pressures in the great vessels and cardiac chambers.14
This experiment led to the first human cardiac
catheterization, performed by Werner Forssman
— on himself — in 1929,15 which in turn led to
the exploration of cardiac hemodynamics by André Frédéric Cournand and Dickinson W. Richards.16 All three of these investigators were
awarded the Nobel Prize in Physiology or Medicine in 1956.
Cardiac catheterization paved the way for the
development of coronary arteriography in 1958.17
When combined with left ventriculography, the
use of this imaging technique allowed clinicians
to elucidate the natural history of coronary artery disease. Coronary arteriography and left ventriculography became the standard diagnostic
56
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tool for defining pump function and vessel anatomy and provided the foundation for surgical
treatment by means of coronary revascularization.
The development and refinement of the technique
of open-heart surgery required close collaborations among surgeons, engineers, cardiologists,
anesthesiologists, and hematologists.18 The field
of invasive cardiology soon emerged, built on
the pioneering work of Dotter and Judkins, although Andreas Grüntzig is considered the father of percutaneous interventional cardiology
(Fig. 2).19 The initial technique of balloon angioplasty was followed by the insertion of baremetal stents, and today, drug-eluting stents are
used to prevent coronary restenosis.20 Once again,
cross-disciplinary collaborations, this time among
engineers, cardiologists, radiologists, and pathologists, forged remarkable advances in terms
of improved vascular devices and techniques.
Obstructions in the heart and circulation can
now be successfully opened, and abnormal
openings successfully closed, in the catheterization laboratory.

Moder n Ther a py
By the 1970s, in-hospital mortality from acute
myocardial infarction was approximately 15%,
and in the first year after hospital discharge,
roughly 10% of patients died from left ventricular failure associated with large infarctions.
Studies in laboratory animals suggested that infarct size could be reduced by rectifying the imbalance between myocardial oxygen supply and
demand.21 In 1976, cardiologists were able to open
acutely occluded coronary arteries by intracoronary infusion of the fibrinolytic agent streptokinase.22 The Italian Group for the Study of Streptokinase in Myocardial Infarction (Gruppo Italiano
per lo Studio della Streptochinasi nell’Infarto
Miocardico) (GISSI) trial, one of the first cardiac
“mega-trials” (involving more than 10,000 patients),
showed that intravenous streptokinase reduced
early mortality in patients with acute myocardial
infarction.23 The Second International Study of
Infarct Survival (ISIS-2) showed that the addition
of aspirin (an antiplatelet drug) led to further reductions in mortality.24 Coronary angioplasty and
stenting,25 together with newer, more potent platelet inhibitors (e.g., P2Y12 and glycoprotein IIb/IIIa
platelet–receptor blockers), further reduced inhospital mortality to about 7%. The efficacy of
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these treatments, including ventricular defibrillation, depends on a short interval between the
onset of symptoms and the patient’s arrival at the
hospital. Considerable progress has been achieved
since the 1970s through massive public and professional education programs led by partnerships
among the NHLBI, the American Heart Association, and the American College of Cardiology. It
was also in this era that randomized, controlled
clinical trials became the paradigm for the advancement of clinical cardiovascular therapeutics.
Based on studies in animals showing the
benefits of angiotensin-converting–enzyme inhibitors in experimentally induced myocardial
infarction, the Survival and Ventricular Enlargement (SAVE) trial showed that long-term administration of these inhibitors reduced mortality
among patients with left ventricular dysfunction
after infarction.26 The use of beta-adrenergic
blockers and aldosterone blockers in these patients further reduced mortality. Despite these
notable advances, however, life-threatening heart
failure still occurs late in patients with extensive
ventricular scarring as a consequence of large infarcts. Implantable defibrillators,27 cardiac resynchronization therapy with pacemakers,28 and
left ventricular assist devices29 have improved
the prognosis for such patients. Cardiomyocytes
from patients with severe heart failure have been
found to be deficient in sarcoplasmic reticulum
Ca2+ ATPase (SERCA2a). In a pilot study, an adenoassociated virus has been used to deliver the
gene for SERCA2a by intracoronary infusion, with
seemingly beneficial results.30

Uns ta bl e A ngina a nd
Non– S T-Segmen t El e vat ion
M yo c a r di a l Infa rc t ion
In the late 1930s, alert clinicians called attention
to what we now refer to as unstable angina and
non–ST-segment elevation acute coronary syndrome. Patients with this disorder have severe
anginal pain, usually at rest, often with biochemical evidence of some myonecrosis and severe,
multivessel, obstructive coronary artery disease.
These patients now outnumber those with STsegment elevation myocardial infarction by about
3 to 1 and account for about 1 million hospital
admissions yearly in the United States. Patients
with non–ST-segment elevation acute coronary
syndrome have improvement with prompt coron engl j med 366;1

A

B

Figure 2. Percutaneous Coronary Angiography and Intervention in the
Treatment of Arterial Stenosis.
Panel A shows the technique of percutaneous transluminal coronary angioplasty, as pioneered by Andreas Grüntzig in 1979, and the catheter used in
the procedure. To treat stenosis of the coronary artery (top image), the
catheter is introduced over a guidewire, passed across the lesion (middle
image), and then inflated, dilating the artery (bottom image). Panel B shows
severe stenosis of a left anterior descending artery as revealed on coronary
angiography (arrow in upper left image). After angioplasty was performed
(upper right and lower left images), repeat coronary angiography 4 weeks later
showed improved patency of the artery (arrow in lower right image). (Reprinted
from Grüntzig et al.19)

nary revascularization and require inhibition of
the two clotting-system pathways with aspirin
and a platelet P2Y12-receptor antagonist (e.g.,
clopidogrel), together with an anticoagulant
(low-molecular-weight heparin). Their course after hospital discharge is improved by an intensive
reduction in low-density lipoprotein (LDL) cholesterol levels31 and administration of an anticoagulant.32 The latter advance is reported in this
issue of the New England Journal of Medicine,32 high-
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lighting that after 200 years, the clinical problems of coronary artery disease and myocardial
infarction are still being actively investigated and
reported in the Journal.

C orona r y Atheroscl erosis
The ability to access vascular and cardiac tissue
rapidly led to the development of animal models
of vascular disease, as well as clinical studies in
humans. Two lines of investigation in the 1970s
and 1980s forged the field of vascular biology:
the observations that thrombotic occlusion of a
ruptured or eroded atherosclerotic plaque led to
acute myocardial infarction33 and that nitric oxide was a physiological dilator of blood vessels, a
discovery for which Furchgott, Ignarro, and Murad received the 1998 Nobel Prize in Physiology
or Medicine (Fig. 3A).34,36-38 This pioneering work
transformed our understanding of the cellular
interactions in both normal and diseased blood
vessels and influenced the direction of subsequent research. Investigators shifted their attention from animal preparations of intact vessels to
molecular and cellular regulation and, ultimately, to the genes that encode the growth factors,
enzymes, other proteins, and RNAs responsible
for the development of normal or diseased vessels.
On the basis of these and other studies, we
now understand that atherosclerosis is a chronic
inflammation of arteries, which develops over
decades in response to the biologic effects of
risk factors (Fig. 3B).34,39,40 Atherogenesis begins
as a qualitative change to intact endothelial
cells; when subjected to oxidative, hemodynamic, or biochemical stimuli (from smoking, hypertension, or dyslipidemia) and inflammatory factors, they change their permeability to promote
the entry and retention of blood-borne monocytes and cholesterol-containing LDL particles.
Inflammation and biochemical modifications
ensue, causing endothelial and smooth-muscle
cells to proliferate, produce extracellular matrix
molecules, and form a fibrous cap over the developing atheromatous plaque. Plaques lead to
clinical symptoms by producing flow-limiting
stenoses (causing stable angina) or by provoking
thrombi that interrupt blood flow on either a
temporary basis (causing unstable angina) or a
permanent one (causing myocardial infarction).
Physical disruption (rupture) of the plaque ex-
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Figure 3 (facing page). Discoveries in Vascular Biology
Pertaining to Atherosclerosis.
In Panel A, endothelium-derived nitric oxide was found
to relax arterial smooth muscle. A rabbit aortic strip was
suspended in a muscle chamber, attached to a strain
gauge, and exposed to increasing molar concentrations
of acetylcholine (A Ch). This led to release of nitric oxide
by endothelial cells that acted on smooth-muscle cells
to cause vasodilation (left). The strip was then denuded
of endothelial cells by mechanical rubbing, and A Ch
was applied in equivalent molar doses. In the absence
of endothelial cells, nitric oxide was not released, leading to vasoconstriction by smooth-muscle cells (right).
(Adapted from Furchgott and Zawadzki.34) Panels B
through D show the stages in the development of atherosclerosis. The initial steps include adhesion of blood
leukocytes to a monolayer of activated endothelial cells,
migration of bound leukocytes into the intima, and maturation of monocytes into macrophages and their uptake
of lipid, yielding foam cells (Panel B). Lesions progress
as smooth-muscle cells migrate from the media to the
intima, the resident intimal and media-derived cells proliferate, and extracellular matrix macromolecules are
synthesized. Lipid, cholesterol crystals, and microvessels
accumulate in the central region of the plaque, forming a
necrotic core (Panel C). Thrombosis complicates physical disruption of the atherosclerotic plaque. Fracture of
the cap exposes blood coagulant components to tissue
factors in the plaque, triggering occlusive thrombus formation that limits blood flow (Panel D). NA denotes noradrenaline. (Adapted from Libby et al.35)

poses procoagulant material within the core of
the plaque to coagulation proteins and platelets,
triggering thrombosis.41
Evidence of the causative role of LDL cholesterol in atherosclerosis is threefold: first, genetic
mutations that impair receptor-mediated removal
of LDL cholesterol from plasma cause fulminant
atherosclerosis; second, animals with low LDLcholesterol levels have no atherosclerosis, whereas increasing these levels experimentally leads to
disease; and third, human populations with low
LDL-cholesterol levels have minimal atherosclerosis, and the process increases in proportion
to the level of LDL cholesterol in the blood.42,43
A remarkable victory for patients with coronary
artery disease came when the LDL-cholesterol
pathway was delineated43,44 (Fig. 4A) and the
use of 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitors (statins), discovered by Akira Endo,46 was developed to
lower LDL-cholesterol levels. Brown and Goldstein’s discovery of the LDL-receptor pathway,44
for which they were awarded the 1985 Nobel
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Figure 4. The LDL-Receptor Pathway and Treatment with LDL Cholesterol–Lowering Drugs, which Improves Cardiovascular Outcomes.
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Prize in Physiology or Medicine, provided a genetic cause for myocardial infarction in persons
with familial hypercholesterolemia and introduced three general concepts to cell biology:
receptor-mediated endocytosis, receptor recycling,
and feedback regulation of receptors. This last
concept is the mechanism by which statins selectively lower LDL-cholesterol levels in plasma,
reducing the risk of myocardial infarction and
prolonging life, as shown in multiple, definitive
clinical trials (Fig. 4B).45,47
However, statin therapy does not eliminate
cardiovascular risk.48,49 Levels of high-density
lipoprotein (HDL) cholesterol correlate inversely
with cardiovascular risk, but despite considerable
improvements in our understanding of HDL
cholesterol and its metabolism, none of the pharmacologic agents that raise HDL cholesterol that
have been tested so far have had a significant
effect on cardiovascular morbidity and mortality.
Ongoing clinical trials of agents that raise HDLcholesterol levels and that have other antiinflammatory and antiatherosclerotic effects are currently under way.50

Genomic s, Cel l -B a sed Ther a pie s,
a nd Mol ecul a r Ta rge t ing —
The Ne x t Fron t ier s
Several active areas of investigation hold promise
for future advances in cardiovascular science and
medicine, including genetics and genomics, molecular targeting, pharmacogenomics, and stemcell biology and regenerative medicine.
Genetic investigations have led to discoveries
of the heritable components of cardiovascular
risk factors and coronary artery disease, including studies of families with inherited genetic
mutations51 and genomewide association studies across populations.52 Multiple chromosomal
loci associated with coronary artery disease harbor protein-coding genes known to be important in variations in lipid levels. In addition, associations of single-nucleotide polymorphisms
with chemokines suggest that an inflammation
pathway may regulate the process of coronary
atherosclerosis.52 To date, the major contribution of these genomewide association studies
has been new insights into biologic pathways
that were often unsuspected and that underlie
the development of cardiovascular disease. These

n engl j med 366;1

insights have in turn led to hypothesis-driven
research in which molecular, genetic, biochemical, and cellular techniques are used to investigate pathways. Knowledge of molecular pathways is essential to the development of
therapeutics, defined conceptually as “molecular
targeting.”
Pharmacogenomics applies our understanding of genetic variability in patients’ responsiveness to a drug in order to inform clinical
decisions about dosing and selection. The anticoagulant warfarin is a case in point. Genetic
variation in CYP2C9 and VKORC1, the two genes
that encode the liver proteins required for warfarin metabolism, explains up to 40% of the differences observed among patients in their responses to the same dose of warfarin. The Food
and Drug Administration has used this information to revise warfarin labeling in order to allow for genotype-specific dose ranges.53 In patients with gene variants in the cytochrome P-450
enzyme, CYP2C19, the antiplatelet drug clopidogrel is less efficacious and the risk of coronary
artery disease is increased.54 Deep sequencing
of the genes related to drug absorption, distribution, metabolism, and excretion may identify
specific variants that contribute to the heterogeneity of patients’ responsiveness to cardiovascular drugs.
Cell-based therapies ranging from autologous
noncardiac cells (e.g., bone marrow, skeletal
muscle, fat, and endothelial progenitors) to allogeneic mesenchymal cells and putative resident cardiac progenitors have been studied in
preclinical animal models and in early trials in
humans, with mixed, yet promising, results.55-57
A subset of progenitors is mobilized in vivo by
paracrine signals in cases of cardiac injury, suggesting that the delivery of such signals to the
heart or vasculature may stimulate regenerative
tissue.58

Gl ob a l C a r diova scul a r Dise a se
Cardiovascular disease, including heart disease
and stroke, is the leading cause of death worldwide, including low-income and middle-income
countries.59 Several factors account for the increasing burden of cardiovascular diseases, including a longer average life span, tobacco use,
decreased physical activity, and increased con-
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sumption of unhealthful foods.60 New collaborations are under way to address cardiovascular
and other noncommunicable diseases by building capacity in health care delivery, research, and
training and developing low-cost interventions.61,62

molecular basis of coronary artery disease, the
pathways of discovery, innovation, and therapeutic advancement in cardiovascular science and
medicine over the past two centuries have been
truly remarkable. We are now poised to take advantage of scientific opportunities, fueled by the
results of rich epidemiologic studies of populations and large, randomized clinical trials evaluC onclusions
ating science-based therapeutics, and thus furFrom John Warren’s description of angina pecto- ther refine the cardiovascular care of patients
ris in 1812 as a strangling of the chest vaguely around the globe.
related to ossification of the coronary arteries to
Disclosure forms provided by the authors are available with
our current understanding of the genetic and the full text of this article at NEJM.org.
References
1. Warren J. Remarks on angina pecto-

ris. N Engl J Med Surg 1812;1:1-11.
2. Parry CH. An inquiry into the symptoms and causes of the syncope anginosa,
commonly called angina pectoris. Bath,
United Kingdom: Cruttwell, 1799.
3. Heberden W. Some account of a disorder of the breast. Medical Transactions
1772;2:59-67.
4. McWilliam JA. Cardiac failure and
sudden death. BMJ 1889;1:6-8.
5. Porter WT. On the results of ligation
of the coronary arteries. J Physiol 1893;15:
121.
6. Hektoen L. Embolism of the left coronary artery; sudden death. Med Newsl
(Lond) 1892;61:210.
7. Obrastzov WP, Straschesko ND. Zur
Kenntnis der Thrombose der Koronararterien des Herzens. Z Klin Med 1910;71:
116-32.
8. Herrick JB. Certain clinical features
of sudden obstruction of the coronary arteries. JAMA 1912;59:2015-20.
9. Idem. Thrombosis of the coronary arteries. JAMA 1919;72:387-90.
10. Kannel WB, Dawber TR, Kagan A,
Revotskie N, Stokes J III. Factors of risk in
the development of coronary heart disease — six-year follow-up experience: the
Framingham Study. Ann Intern Med 1961;
55:33-50.
11. NHLBI fact book, fiscal year 2010.
Bethesda, MD: National Heart, Lung, and
Blood Institute, February 2010 (http://
www.nhlbi.nih.gov/about/factpdf.htm).
12. Julian DG. Treatment of cardiac arrest
in acute myocardial ischaemia and infarction. Lancet 1961;2:840-4.
13. The Works of William Harvey, M.D.
(an anatomical disquisition on the motion of the heart and blood in animals),
London, 1628. Willis R, trans. London:
New Sydenham Society, 1847.
14. Mueller RL, Sanborn TA. The history
of interventional cardiology: cardiac catheterization, angioplasty, and related interventions. Am Heart J 1995;129:146-72.
15. Forssman W. Catheterization of the

62

right heart. Klin Wochenschr 1929;8:
2085-7.
16. Cournand AF, Ranges HS. Catheterization of the right auricle in man. Proc
Soc Exp Biol Med 1941;46:462-6.
17. Sones FM Jr, Shirey EK. Cine coronary
arteriography. Mod Concepts Cardiovasc
Dis 1962;31:735.
18. Gibbon JH Jr. Application of a mechanical heart and lung apparatus to cardiac surgery. Minn Med 1954;37:171-5.
19. Grüntzig AR, Senning A, Siegenthaler
WE. Nonoperative dilation of coronaryartery stenosis: percutaneous transluminal coronary angioplasty. N Engl J Med
1979;301:61-8.
20. Serruys P, Degertekin M, Tanabe K, et al.
Intravascular ultrasound findings in the
multicenter, randomized, double blind
RAVEL (RAndomized study with the sirolimus-eluting VElocity balloon-expandable
stent in the treatment of patients with de
novo native coronary artery Lesions) trial.
Circulation 2002;106:798-803.
21. Maroko PR, Kjekshus JK, Sobel BE, et
al. Factors influencing infarct size following experimental coronary artery occlusion. Circulation 1971;43:67-82.
22. Chazov EI, Mateeva LS, Mazaev AV,
Sargin KE, Sadovskaia GV, Ruda MI. Intracoronary administration of fibrinolysin in
acute myocardial infarct. Ter Arkh 1976;
48:8-19. (In Russian.)
23. Gruppo Italiano per lo Studio della
Streptochinasi nell’Infarto Miocardico
(GISSI). Effectiveness of intravenous
thrombolytic treatment in acute myocardial infarction. Lancet 1986;1:397-402.
24. ISIS-2 Collaborative Group. Randomised trial of intravenous streptokinase,
oral aspirin, both, or neither among
17,187 cases of suspected acute myocardial infarction: ISIS-2. Lancet 1988;2:34960.
25. Grines CL, Browne KF, Marco J, et al.
A comparison of immediate angioplasty
with thrombolytic therapy for acute myocardial infarction. N Engl J Med 1993;328:
673-9.

n engl j med 366;1

nejm.org

26. Pfeffer MA, Braunwald E, Moyé LA

et al. Effect of captopril on mortality and
morbidity in patients with left ventricular
dysfunction after myocardial infarction:
results of the Survival and Ventricular Enlargement trial. N Engl J Med 1992;327:
669-77.
27. Moss AJ, Zareba W, Hall WJ, et al.
Prophylactic implantation of a defibrillator in patients with myocardial infarction
and reduced ejection fraction. N Engl J
Med 2002;346:877-83.
28. Burkhardt JD, Wilkoff BL. Interventional electrophysiology and cardiac resynchronization therapy: delivering electrical therapies for heart failure. Circulation
2007;115:2208-20.
29. Slaughter MS, Rogers JG, Milano CA,
et al. Advanced heart failure treated with
continuous flow left ventricular assist device. N Engl J Med 2009;361:2241-51.
30. Jessup M, Greenberg H, Mancini D,
et al. Calcium Upregulation by Percutaneous Administration of Gene Therapy in
Cardiac Disease (CUPID): a phase 2 trial
of intracoronary gene therapy of sarcoplasmic reticulum Ca2+-ATPase in patients
with advanced heart failure. Circulation
2011;124:304-13.
31. Cannon CP, Braunwald E, McCabe
CH, et al. Intensive versus moderate lipid
lowering with statins after acute coronary
syndromes. N Engl J Med 2004;350:1495504. [Erratum, N Engl J Med 2006;354:778.]
32. Mega JL, Braunwald E, Wiviott SD, et al.
Rivaroxaban in patients with a recent
acute coronary syndrome. N Engl J Med
2012;366:9-19.
33. Davies MJ, Woolf N, Robertson WB.
Pathology of acute myocardial infarction
with particular reference to occlusive
coronary thrombi. Br Heart J 1976;38:65964.
34. Furchgott RF, Zawadzki JV. The obligatory role of endothelial cells in the relaxation of arterial smooth muscle by acetylcholine. Nature 1980;288:373-6.
35. Libby P, Ridker PM, Hansson GK.
Progress and challenges in translating the

january 5, 2012

The New England Journal of Medicine
Downloaded from nejm.org by JOHN VOGEL on January 5, 2012. For personal use only. No other uses without permission.
Copyright © 2012 Massachusetts Medical Society. All rights reserved.

200 th anniversary article
biology of atherosclerosis. Nature 2011;
473:317-25.
36. Ignarro LJ, Buga GM, Wood KS, et al.
Endothelium-derived relaxing factor produced and released from artery and vein is
nitric oxide. Proc Natl Acad Sci U S A 1987;
84:9265-9.
37. Rapoport RM, Draznin MB, Murad F.
Endothelium-dependent relaxation in rat
aorta may be mediated through cyclic
GMP-dependent protein phosphorylation.
Nature 1983;306:174-6.
38. Ludmer PL, Selwyn AP, Shook TL, et al.
Paradoxical vasoconstriction induced by
acetylcholine in atherosclerotic coronary
arteries. N Engl J Med 1986;315:1046-51.
39. Ross R. The pathogenesis of atherosclerosis — an update. N Engl J Med
1986;314:488-500.
40. Idem. The pathogenesis of atherosclerosis: a perspective for the 1990s. Nature
1993;362:801-9.
41. Borissoff JI, Spronk HMH, ten Cate H.
The hemostatic system as a modulator of
atherosclerosis. N Engl J Med 2011;364:
1746-60.
42. Brown MS, Hobbs HH, Goldstein JL.
Familial hypercholesterolemia. In: Valle
D, Beaudet AL, Vogelstein B, Kinzler KW,
Antonarakis SA, Ballabio A, eds. The online metabolic and molecular bases of
inherited disease. Chapter 120 (http://
www.ommbid.com/OMMBID/a/c.html/
lipids/familial_hypercholesterolemia).
43. Goldstein JL, Brown MS. History of
discovery: the LDL receptor. Arterioscler
Thromb Vasc Biol 2009;29:431-8.
44. Brown MS, Goldstein JL. A receptormediated pathway for cholesterol homeostasis. Science 1986;232:34-47.

45. Sacks FM, Pfeffer MA, Moyé LA, et al.

The effect of pravastatin on coronary events
after myocardial infarction in patients with
average cholesterol levels: results of the
Cholesterol and Recurrent Events (CARE)
trial. N Engl J Med 1996;335:1001-9.
46. Endo A. The discovery and development of HMG-CoA inhibitors. J Lipid Res
1992;33:1569-82.
47. Scandinavian Simvastatin Survival
Study Group. Randomised trial of cholesterol lowering in 4444 patients with coronary heart disease: the Scandinavian Simvastatin Survival Study (4S). Lancet 1994;
344:1383-9.
48. Ridker PM, Cannon CP, Morrow D,
et al. C-reactive protein levels and outcomes after statin therapy. N Engl J Med
2005;352:20-8.
49. Ridker PM, Danielson E, Fonseca FA,
et al. Reduction in C-reactive protein and
LDL cholesterol and cardiovascular event
rates after initiation of rosuvastatin: a prospective study of the JUPITER trial. Lancet
2009;373:1175-82.
50. Cannon CP, Shah S, Dansky HM, et al.
Safety of anacetrapib in patients with or
at high risk for coronary heart disease.
N Engl J Med 2010;363:2406-15.
51. Nabel EG. Cardiovascular disease.
N Engl J Med 2003;349:60-72. [Erratum,
N Engl J Med 2003;349:620.]
52. O’Donnell CJ, Nabel EG. Genomics of
cardiovascular disease. N Engl J Med 2011;
365:2098-109.
53. Wang L, McLeod HL, Weinshilboum
RM. Genomics and drug response. N Engl
J Med 2011;364:1144-53.
54. Mega JL, Close SL, Wiviott SD, et al.
Cytochrome P-450 polymorphisms and

response to clopidogrel. N Engl J Med
2009;360:354-62.
55. Musunuru K, Domian IJ, Chien KR.
Stem cell models of cardiac development
and disease. Annu Rev Cell Dev Biol 2010;
26:667-87.
56. Potente M, Gerhardt H, Carmeliet P.
Basic and therapeutic aspects of angiogenesis. Cell 2011;146:873-87.
57. Williams AR, Hare JM. Mesenchymal
stem cells: biology, pathophysiology,
translational findings, and therapeutic
implications for cardiac disease. Circ Res
2011;109:923-40.
58. Hansson EM, Lindsay ME, Chien KR.
Regeneration next: toward heart stem cell
therapeutics. Cell Stem Cell 2009;5:36477.
59. The maladies of affluence. The Economist. August 11, 2007.
60. Promoting cardiovascular health in
the developing world: a critical challenge
to achieve global health. Washington,
DC: The Institute of Medicine of the National Academies, March 22, 2010 (http://
www.iom.edu/Reports/2010/PromotingCardiovascular-Health-in-the-DevelopingWorld-A-Critical-Challenge-to-AchieveGlobal-Health.aspx).
61. Daar AS, Singer PA, Persad DL, et al.
Grand challenges in chronic non-communicable diseases. Nature 2007;450:4946.
62. Daar AS, Nabel EG, Pramming SK, et
al. The global alliance for chronic diseases. Science 2009;324:1642.
Copyright © 2012 Massachusetts Medical Society.

MY NEJM IN THE JOURNAL ONLINE

Individual subscribers can store articles and searches using a feature
on the Journal’s Web site (NEJM.org) called “My NEJM.”
Each article and search result links to this feature. Users can create
personal folders and move articles into them for convenient retrieval later.

n engl j med 366;1

nejm.org

january 5, 2012

The New England Journal of Medicine
Downloaded from nejm.org by JOHN VOGEL on January 5, 2012. For personal use only. No other uses without permission.
Copyright © 2012 Massachusetts Medical Society. All rights reserved.

63

