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Nitric oxide and vascular disease
JAMES K. LIAO, M D

A T e a ching Hospital of

H A RVARD MEDICA L S C H O O L
Nitric oxide (NO),or a closely related molecule derived from NO,is now known to be the endogenous vasodilator initially described as endothelium-derived relaxing factor (EDRF).1,2 The bioactivity
of this endothelial cell-derived vasodilator is often used as a marker of normal endothelial function and
plays an important physiologic role in the regulation of blood pressure and flow.3 Endothelial dysfunction due to the lack of EDRF (ie, NO) is often associated with cardiovascular diseases such as hypertension, atherosclerosis, and congestive heart failure.
NO mediates vasodilation via activation of soluble guanylyl cyclase in vascular smooth m uscles,
where the subsequent generation of cyclic GMP (cGMP) results in smooth muscle relaxation; indeed,
this is the mechanism by which NO donors such as nitroglycerin induce vasodilation within the vasculature. However, there is growing evidence that NO exerts effects on the cardiovascular system that are
independent of cGMP. Thus the functional roles of NO in the cardiovascular system surpass those of
an exogenous form of the drug such as nitroglycerin.
NO is synthesized in many cell types from the conversion of the amino acid L-arginine to Lcitrulline (figure 1). 4 At least 3 distinct NO synthases (NOSs) have been identified and are found to
produce various amounts of NO under different conditions (table 1).5–7 For example, both the neuronal
(nNOS or NOS1) and endothelial (eNOS or NOS3) isoforms are usually e xpressed stably or “constitutively” – with little change in NOS protein levels over time – in those tissues where they are
expressed. These isoforms are activated by a rise in intracellular calcium. In contrast, sustained high
levels of NO can be produced in endothelial and smooth muscle cells by the inflammatory cytokineinducible form of NO synthase termed “inducible” NOS (iNOS or NOS2). However, confusing the
issue is the fact that both the neuronal and endothelial NOSs are present in many different cell types
(eNOS is present in cardiac muscle cells, for example), while the inducible NOS is expressed constitutively among certain cell types (respiratory and gut epithelial cells, for example) commonly in
contact with potential pathogens.
NO and hypertension
Clinical studies have established elevated blood pressure as an independent risk factor for cardiovascular disease. Hypertension leads to cerebrovascular injury, atherosclerosis, and renal failure.
Although previous studies have focused on sodium retention and excess production of endogenous
vasoconstrictors such as angiotensin II and endothelin as causes of elevated blood pressure in this
disease syndrome, there is growing evidence that some forms of hypertension result from a reduced
amount of endothelium-derived NO (ie, a decrease in eNOS expression or activity).
eNOS in endothelial cells can be activated by several mechanisms, including parasympathetic
(muscarinic cholinergic) nerve release of acetylcholine, that result in local vasodilation. Individuals with
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Table 1: Nitric oxide synthases
Isoforms

Cell types

Basal NO levels

Stimulated NO levels
Transient, low

Type 1 (nNOS)

Neurons, skeletal muscle, ? smooth muscle

Low

Type 2 (iNOS)

Macrophages, myocytes, smooth muscle, hepatocytes

None

Sustained, high

Type 3 (eNOS)

Endothelial cells, platelets

Low

Transient, high

Adapted from Liao JK and Libby P. Nitric oxide and gene transcription.In:Rubanyi GM, ed.Pathophysiology and Clinical Applications of Nitric Oxide. Chur, Switzerland:Harwood Academic Publishing. In press.

clinical hypertension demonstrate impaired endotheliumdependent relaxation of their forearm vessels in response to
pharmacologically administered acetylcholine.8
Mutant mice lacking a functional eNOS gene (ie, eNOS
“knockout” mice) are hypertensive in both the systemic and
pulmonary circulations.9,10 Blocking eNOS activity with chemicals—such as the nonmetabolized arginine analogue NG-nitroL-arginine methylester (L-NAME)—that mimic the enzyme’s
natural substrate, L-arginine, also increases systemic blood
pressure.11 Feeding L-arginine, the precursor of NO, to hypertensive rats increases eNOS activity and lowers systemic blood
pressure.12 Moreover, in vivo gene transfer of eNOS (ie, the
transfer of genetic information encoding the eNOS protein into
blood vessels) effectively decreases the systemic blood pressure of spontaneously hypertensive rats.13 The evidence indi cates that, at least in animal models,a decline in eNOS-derived
NO results in systemic hypertension.
In addition to a decline in eNOS activity, the inactivation
of NO once generated by eNOS has also been implicated in
the development of hypertension. For example, recent studies
suggest that angiotensin II not only causes vasoconstriction but
also increases production of superoxide anion, a highly reactive form of oxygen, from vascular wall cells.14 Superoxide
anion rapidly reacts with NO and, therefore, might indirectly
cause high blood pressure by scavenging and inactivating
Figure 1: Endothelial nitric oxide synthase (eNOS) can be activated
in endothelial cells to produce nitric oxide (NO) by specific chemical ag o n i s t s , s u ch as acetylcholine (Ach) or
bradykinin (BK), or by increased laminar blood flow.
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locally generated NO within blood vessels. Conversely, antioxidants such as vitamin C might possibly enhance endotheliumderived NO activity by neutralizing oxidants such as superoxide anion in individuals with hypercholesterolemia.
NO and ischemic strokes
Ischemic stroke is a leading cause of death in the United
States and is frequently associated with long-term disability,
especially in the elderly and in patients undergoing cardiovascular surgery.16 Currently, few therapeutic options are available for preventing or treating ischemic stroke; prophylactic
treatment strategies are limited mainly to agents that block
platelet aggregation or the coagulation cascade.17 Although
clinical trials have demonstrated the effectiveness of antiplatelet agents in reducing the incidence of ischemic stroke,
these agents, however, do not address the issue of reducing
cerebral infarct size.
The HMG-CoA reductase inhibitors (“statins”) are
inhibitors of cholesterol biosynthesis. 18,19 These drugs are
widely used to treat hypercholesterolemic individuals.20–24
Recent large clinical trials have demonstrated that statins
decrease serum cholesterol levels and reduce the incidence of
both myocardial and cerebral infarctions.20–22,25 By lowering
serum cholesterol levels, statins may cause the regression or
stabilization of atherosclerotic plaques.26
However, recent clinical and experimental studies have
challenged this single explanation for these ag e n t s ’e ffectiveness and suggest that their beneficial effects might extend
beyond cholesterol reduction.19,27 For example, treatment with
statins has been shown to improve endothelial function before
any significant reduction in serum cholesterol levels has
occurred,28–30 and restoration of endothelium-dependent vasorelaxation is one of the earliest recognizable benefits after
statin treatment.29 Indeed, we have recently shown that statins
can directly upregulate nitric oxide synthase (eNOS) expression by endothelial cells in cell culture under conditions such
that the cholesterol concentration is kept constant or
“clamped” (figure 2).31
Endothelium-derived NO is an important regulator of
vascular tone and blood flow in the brain as in other organs
and tissues. In mice, increased production of NO achieved
by infusing L-arginine, which is the substrate for NO
synthesis, decreases cerebral ischemia and limits cerebral
infarct size. 32 Furthermore, after middle cerebral artery
(MCA) occlusion, eNOS-deficient (eNOS-/-) mice develop
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Figure 2: Upregulation of eNOS protein expression by increasing
concentrations of the HMG-CoA reductase inhibitor simvastatin (Sim) in micromoles/liter (µmol/L). The comparable se rum level of patients taking simvastatin (2040 mg/day) is approximately 0.5-1.0 µmol/L.

Figure 3: Simvastatin suppresses cerebral infarct size in an experimental model of stroke. Cerebral infarct volume (mm3) is
shown for control (vehicle [V]) and simvastatin-treated
mice fo l l owing m iddle cerebral art e r y occl u s i o n .
Increasing concentrations of simvastatin resulted in further reductions in infarct size. Note that these animals did
not have elevated serum cholesterol levels.
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larger strokes than do similarly treated wild-type (ie,
eNOS+/+) mice.33 Recent studies from our laboratory found
that treatment with HMG-CoA reductase inhibitors upregulated eNOS mRNA expression and enzyme activity even in
normocholesterolemic mice. This upregulation of eNOS by
statins was independent of serum cholesterol levels and
caused both increased cerebral blood flow and smaller cerebral infarcts f ollowing experimental middle cerebral ar tery
occlusion (figure 3).
It is important that the statins had no effect on cere bral
blood flow and infarct size in eNOS knockout mice, which
indicates that most if not all of the neuroprotective, infarctlimiting effects of these drugs are mediated by eNOS (figure
4). Although the neuroprotective effects of the HMG-CoA
reductase inhibitors might be due to factors in addition to an
increase in cerebral blood flow—such as inhibition of
platelet aggregation or leukocyte adhesion—the above
results noted from experiments in eNOS-deficient mice
(eNOS-/-) imply that all of these other factors must occur
downstream from endothelium-derived NO; in other words,
these protective effects of the statins are all mediated by
eNOS activation.
Most ischemic strokes occur in individuals with average
cholesterol levels who might not otherwise be taking statin
therapy. The upregulation of eNOS by HMG-CoA reductase
inhibitors may be an effective strategyfor limiting the sev erity
of ischemic strokes in normocholesterolemic high-risk individuals, such as patients with history of stroke or transient
ischemic attacks. The statins might also prove to be useful
prophylactic therapy for patients undergoing elective cardiovascular procedures that have a high perioperative risk for
cerebral ischemia (eg, coronary artery bypass graft surgery or
carotid endarterectomy). By upregulating eNOS activity in the
systemic v asculature, HMG-CoA reductase inhibitors might
also have beneficial effects in other cardiovascular conditions
where endothelial dysfunction can cause or worsen pathological processes such as atherosclerosis, pulmonary h ypertension, and congestive heart failure.
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Adapted from Endres M, et al.Stroke protection by HMG-CoA reductase inhibitors
mediated by endothelial nitric oxide synthase . Proc Natl Acad Sci USA . In press.

NO and atherosclerosis
One of the earliest events in the pathogenesis of
atheromas is the activation of endothelial cells.34,35 The activated endothelium expresses cell-surface adhesion molecules
that facilitate the attachment of circulating leukocytes to the
endothelial surf ace. These include cell-surface proteins such
as vascular cell adhesion molecule (VCAM)-1, intercellular
adhesion molecule (ICAM)-1, and endothelial-leukocyte
adhesion molecule (ELAM or E-selectin). Adhesion of leukocytes to the vessel wall and their subsequent differentiation
into macrophages is crucial for the development of macrophage-derived foam cells characteristic of atherosclerotic
plaques.36 In addition to inflammatory cytokines, which play
an important role in the immune response to infection,
Figure 4: The putative effect of simvastatin i n an ex p e r i m e n t a l
stroke model is not present in mice lacking a functional
eNOS gene (eNOS-/-). The data show no protective effect
of simvastatin (20 mg/kg) on either cerebral blood flow or
subsequent infarct volume.
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Figure 5: Potential mechanisms by which NO derived from eNOS
activity in endothelial cells,or following iNOS induction in
coronary vessels in cardiac allografts, might suppress
the pathogenesis of atherosclerosis and arteriosclerosis,
respectively.
Nitric oxide inhibits:
• Vasoconstriction

• Vascular SMC proliferation

• Platelet aggregation

• Monocyte adhesion

• Vascular SMC chemotaxis

• LDL oxidation

Adapted from Liao JK.Endothelium and acute coronary syndromes. Clin Chem 1998.In press.

oxidized low density lipoproteins (ox-LDL) also have been
shown to activate endothelial cells.37 Indeed, once activated by
ox-LDL, the endothelial cells themselves can generate
cytokines that further activate the cells. Thus, the focal accumulation of oxidized lipids, together with their ability to stimulate factors that facilitate the recruitment of monocytes, are
early and essential events leading to the development of atherosclerotic lesions.
The precise mechanisms by which NO attenuates the
atherogenic process, however, are still unclear. There is
growing evidence that endothelial dysfunction, which is often
defined as the decreased release and/or activity of endothelial
cell-derived NO, is an important factor contributing to atherosclerosis. This realization, in part, is due to the fact that lack
of NO generation in atherosclerotic vessels contributes to
impaired vascular relaxation,38 enhanced platelet aggregation,39 increased vascular smooth muscle pr oliferation,40 and
leukocyte adhesion to the endothelium (figure 5). 41 Indeed,
vasoconstriction, platelet activation, and thrombosis are
frequent characteristics of atherosclerotic vessels involved in
acute coronary syndromes.34
Recent in vivo studies demonstrate that enriching the diets
of cholesterol-fed rabbits with the eNOS substrate L-arginine
improves endothelium-dependent (ie, NO-mediated) relaxation, reduces leukocyte attachment to the endothelial cell
surface, and limits the severity of atherosclerotic lesions.41,42
Conversely, inhibition of eNOS activity by the NOS inhibitor
L-NAME promotes vasoconstriction and leukocyte adhesion
to the endothelium.43 Indeed, eNOS knockout (eNOS-/-) mice
exhibit exaggerated intimal smooth muscle proliferative and
inflammatory vascular response to experimentally induced
vascular injury. 9 Increasing the production of NO in normal
animals by in vivo gene transfer of eNOS (by wrapping
genetic material encoding the eNOS protein into a vector tha t
facilitates in survival and entry into specific vascular cells)
into balloon-injured rat carotid arteries, or administration of a
NO-generating drug, both decrease intimal smooth muscle
cell proliferation.44,45 All of these studies support the notion
that diminished vascular eNOS activity and NO generation
(ie, endothelial dysfunction) is not only an early marker of
atherosclerosis, but also plays an important role in tonically
suppressing the atherosclerotic process (figure 6).

4

Figure 6: Relationship of endothelial dysfunction and endothelial
cell activa t i o n : Endothelial dysfunction is defined as
decreases in endothelial nitric oxide activity whereas
endothelial cell activation is defined as the expression of
cellular adhesion molecules.
Lipoproteins

Cytokines

Endothelial dysfunction

Endothelial activation

↓ Nitric oxide activity

↑ Adhesion molecules

Adapted from Liao JK and Libby P.Nitric oxide and gene transcription.
In:Rubanyi GM, ed. Pathophysiology and Clinical Applications of Nitric Oxide.
Chur, Switzerland:Harwood Academic Publishing.In press.

We and others have recently shown that NO can inhibit the
expression of these cellular adhesion molecules on the endothelial cell surface and thereby prevent leukocyte attachment to the
vessel wall (figure 7).46,47 NO inhibits cytokine-induced endothelial adhesion molecule expression by inhibiting the activation of a multi-functional family of proteins within endothelial
cells (and many other cell types as well) that is essential for
turning on genes that encode cell adhesion molecules. These
NO-regulated proteins, known as a family of “transcription
factors” inside cells that turns on the genes encoding many
proinflammatory peptides, is commonly termed nuclear-factorkappa B (NF-κB).46,48 Since many cytokines, growth factors,
and adhesion molecules produced by endothelial cells depend
upon activation of NF-κB for their synthesis,49 the regulation of
NF-κB activity by NO would be an ideal mechanism to depress
the expression of these pro-inflammatory mediators during
atherogenesis (tables 2 and 3). The mechanisms by which NO
inhibits NF-κB activation are complex, but appear to be due in
part to an increase in the synthesis and activity of a naturally
occurring intracellular inhibitor of NF-κB termed IκBα.48,50 The
regulation of NF-κB and IκBα activity in endothelial (and
other) cells is a major target for drug development strategies.
LDL, peptides, and especially ox-LDL, are known to be
important inhibitors of endothelial NO production. 51 As noted
above, endothelial dysfunction (ie, loss of eNOS activity) is
characteristic of hypercholesterolemia and improves with

Figure 7: Inhibition of monocyte adhesion to the endothelial cell
surfaces in vitro by NO:the activation of endothelial cells
and the resulting increase in endothelial cell-monocyte
adhesion after stimulation with the inflammatory cytokine
interleukin-1α (IL-1α).Addition of a drug that releases NO
(S-nitrosoglutathione) markedly suppresses leukocyte
adhesion in this experimental model.

CONTROL
2±1

IL-1α
427±62

IL-1α+NO
165±47

Adapted from De Caterina R, et al. Nitric oxide decreases cytokine-induced endothelial activation.
J Clin Invest 1995;96:60-68.

CARDIO
CardiologyRounds

Table 2: Genes requiring NF-κB for transactivation
Cellular adhesion molecules

Immunologic mediators

• Intercellular adhesion molecule-1 (ICAM-1)
• Vascular cell adhesion molecule-1 (VCAM-1)
• Endothelial leukocyte adhesion molecule-1 (ELAM-1 or
E-selectin)

•
•
•
•
•
•

Inflammatory cytokines
•
•
•
•
•
•
•
•

Interleukin (IL) -2, -6, and -8
Tumor necrosis factor (TNF)-α and -ß
Macrophage-colony stimulating factor (M-CSF or CSF-1)
Granulocyte colony stimulating factor (G-CSF)
Granulocyte/macrophage-colony stimulating factor (GM-CSF)
Interferon-ß
Tissue factor
Macrophage chemotactic protein-1 (MCP-1)

Immunoglobulin (IgG) κ light chain
T-cell receptor α and ß chain
Major histocompatibility complex (MHC) class-I
Major histocompatibility complex (MHC) class-II invariant-chain (Ii)
ß2-microglobulin
Type-II inducible nitric oxide synthase (iNOS)

Viral enhancers
•
•
•
•

Human immunodeficiency virus-1 (HIV-1)
Cytomegalovirus (CMV)
Adenovirus
Simian virus 40 (SV40)

Transcription factors
•
•
•
•
•

IκB-α
c-Rel
NF-kB p105
c-myc
Interferon regulatory factor-1 (IRF-1)

Adapted from Liao JK and Libby P. Nitric oxide and gene transcription.In:Rubanyi GM, ed. Pathophysiology and Clinical Applications of Nitric Oxide. Chur, Switzerland:Harwood Academic Publishing. In press.

cholesterol r eduction.52 Since enrichment of diets with high
cholesterol also leads to endothelial cell activation,53 elevated
ox-LDL might not only initiate the atherosclerotic lesion b ut
also permit the atherosclerotic process to proceed unchecked
by inhibiting endothelial NO production. This lack of NO
production thus would contribute to persistent activation of
NF-κB, which in turn would initiate inflammatory cascades
that ultimately result in unstable plaques, plaque rupture,
thrombosis, and infarction of downstream tissue.
NO and arteriosclerosis in cardiac allografts
Cardiac m uscle cells and vascular endothelial cells can
express two different isoforms of NOS. In addition to the
isoform found in endothelial cells (eNOS), they can also
express iNOS, which is an important effector protein of innate
immunity, a primitive but essential form of the immune
response that has been highly conserved throughout evolution.54 Indeed, iNOS can be expressed by most cell types,
including macrophages, vascular smooth muscle, and
endothelial cells, following exposure to inflammatory cyto-

kines and/or to endotoxin. 55 Recent studies indicate that some
inflammatory cytokines such as tumor necrosis factor (TNF)
are elevated during sepsis and heart failure.56 The production
of large amounts of NO in cardiac myocytes by iNOS might
contribute to the cardiac depressant effects of cytokines and
endotoxin in patients with systemic sepsis.
A more obvious link between myocardial iNOS expression and the immune system is the induction of iNOS expression in recipients of cardiac allografts. iNOS expression in the
myocardium may contribute to perioperative mortality in a
subset of transplant recipients. A number of groups have
published evidence from experimental animal models of
cardiac allograft r ejection, confirming the induction of iNOS
in inflammatory cells, in the microvasculature (including
endothelium and vascular smooth muscle), and in cardiac
myocytes.57–59 Mary Russell and her colleag u e s ,f rom our institution, demonstrated that iNOS mRNA levels in muscle specimens from cardiac allografts peaked and then declined in the
initial two weeks after transplantation. However, at the longer
time points (ie, 2–4 months) at which concentric ar terioscle-

Table 3: Factors that activate NF-κB
Inflammatory mediators
•
•
•
•

Viral mediators

Tumor necrosis factor-α
Interleukin-1 and -2
Lymphotoxin
Leukotriene B4

• Viral infection (HIV, EBV, CMV, etc.)
• Double-stranded RNA
• Epstein-Barr nuclear antigen-2
Bacterial mediators

Growth factors
• Platelet-derived growth factor (PDGF)
• Transforming growth factor-ß1 (TGF-ß1)

• Lipopolysaccharide (LPS)
• Muramyl proteins
• Exotoxin B
Oxidants

Drugs
•
•
•
•
•

Phorbolesters
Okadaic acid
Cycloheximide
Anisomycin
Pervanadate

Physical stress
• Laminar shear stress
• Stretch
• Cyclic strain

• Hydrogen peroxide
• Ultraviolet light

Adapted from Liao JK and Libby P. Nitric oxide and gene transcription.In:Rubanyi GM, ed.Pathophysiology and Clinical Applications of Nitric Oxide. Chur, Switzerland:Harwood Academic Publishing. In press.
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rosis of the coronary arterial vasculature had become manifest
(ie, graft arteriosclerosis, a major contributor to long-term
morbidity in patients with cardiac transplants), iNOS stained
by immunohistochemistry became visible in smooth muscle
cells in the media and, to a lesser extent, in the neointimal
layers of the transplanted hearts.60
It is noteworthy that there is recent evidence for a dual
role of increased iNOS expression in allograft rejection. In a
preliminary report presented at the National Meeting of the
American Heart Association in November 1997, Russell and
her colleagues noted that increased iNOS expression early
after transplantation, predominantly in graft-infiltrating inflammatory cells, promoted acute parenchymal rejection,
whereas increased iNOS expression much later in the vasculature a ppeared to protect against graft failure due to arteriosclerosis in chronic rejection models. In their study, genetically engineered mice with cardiac allografts that lack a
functional iNOS gene (ie, an iNOS “knockout” [iNOS-/-])
exhibited less hemodynamic instability and mortality immediately following allograft placement, but they later exhibited
a graft arteriosclerosis m uch more robust than that of wildtype controls.61
In support of this observation, Lowenstein and his
colleagues have documented iNOS expression within the
neointima of humans with allograft arteriosclerosis.62 Thus, in
long-term allograft models, iNOS expression in the allograft
coronary vasculature may suppress graft arteriosclerosis.
Indeed, Shears et al63 reported that adenoviral-mediated
transfer of the iNOS gene into rat aortic allografts significantly suppressed the development of graft arteriosclerosis,
while administration of a drug that inhibited iNOS activity
accelerated intimal thickening in the graft.
Thus, there is growing experimental evidence that NO
production by iNOS, while potentially detrimental early after
transplantation, can suppress the development of graft arteriosclerosis. Although the cellular mechanisms have not been
as thoroughly examined to date as those described above for
eNOS in the pathogenesis of atherosclerosis, it is likely that
the mechanisms are similar to those for NO generated by
eNOS activity in endothelial cells.
Summary
NO,whether generated by eNOS in endothelial cells—the
most common source of NO in the vasculature—or by iNOS
under certain pathophysiologic conditions, plays an important
role in the regulation of blood pressure and regional flow,
platelet aggregation, and endothelial-cell activation and, therefore, in the pathophysiology of atherosclerosis. The observation that HMG-CoA reductase inhibitors enhance eNOS
expression in endothelial cells by a mechanism that appears to
be independent of their ability to lower serum cholesterol
levels, and that this increase in eNOS activity in the vasculature is beneficial in experimental models of stroke, points to a

6

central role for NO in ameliorating ischemic syndromes in
humans. For these reasons, the regulation of vascular eNOS
activity, as well as the development of novel agents that
deliver NO to the vasculature, will be important targets for
future research and drug discovery.
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The Valiant (Valsartan in Acute Infarction) Study
The Brigham and Wo m e n ’s Hospital and Duke Unive rs i t y
are in the advanced planning phase for a large intern at i o n a l
t rial. This study will determine whether the use of an
angiotensin r eceptor blocker would be as effective as the use
of an ACE inhibitor in patients with a myocardial infarction
with either symptoms of failure or a depressed ejection fraction. The trial will also evaluate whether the combination of
these two inhibitors of the renin-angiotensin-system would

Magnesium in Coronaries
(MAGIC) Study
The National Heart, Lung and Blood Institute (NHLBI) is
sponsoring a new multi-center clinical trial that will investigate the effectiveness of an intravenous magnesium
infusion in reducing 30-day mortality in patients with
acute myocardial infarction. The Magnesium in Coronaries
(MAGIC) study is a double-blind, placebo controlled trial
that will randomize 10,400 acute myocardial infarc t i o n
patients at high risk of mortality to either a magnesium or
placebo infusion started within 6 hours of symptom onset
and administered over 24 hours. The study will have a
90% power to detect a 20% difference in 30-day mortality
and will start in the last quarter of 1998. To have your institution included in the MAGIC trial, please contact:
Susan Hagner
New England Research Institutes
9 Galen Street
Watertown, MA 02472
Telephone: (617) 923-7747, ext. 201
Fax: (617) 926-8246

lead to a survival benefit compared to ACE inhibitor alone.
We seek the colla b o ration of e x p e rienced coro n a ry care
p hysicians with a commitment to inve s t i gat ive studies. If
you are interested in receiving further information about this
s t u dy, please contact Dr. Marc Pfe ffer a t : B righam and
Wo m e n ’s Hospital, C a rd i ovascular Div i s i o n , 75 Fr a n c i s
Street, Boston, MA 02115; fax number: (617) 732-5291; or
via e-mail: mapfeffer@bics.bwh.harvard.edu

Intensive Review
of Internal Medicine
August 9-16, 1998
to be held at the
Cambridge Center Marriott,
Kendall Square, Cambridge, Massachusetts
Sponsored by

Harvard Medical School and
Brigham and Women’s Hospital
65 Category 1 AMA credits offered.
Tuition: $995.
For information contact:
Donna Currier, (617) 732-6670
or fax (617) 732-6588

Brigham and Women’s Hospital, Cardiovascular Division website:
www.heartdoc.org
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