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In carrying out its distinctive service, the Pontifical Academy of
Sciences always relies on the data coming from science and the
Magisterium of the Church. In particular, concerning the present
study group [on The Signs of Death], Christian Revelation also in-
vites the man of our times, who in many ways seeks the real pro-
found meaning of his existence, to face the theme of death casting
his eye beyond human reality in its purest form and opening his
mind to the mystery of God. Indeed, it is in the light of God that
the human creature better understands himself and his final des-
tiny, the value and meaning of his life, a precious and irreplaceable
gift of the almighty Creator.

Benedict XVI, Letter dated 8 September 2006 to his venerated
Brother H.E. Msgr. Marcelo Sánchez Sorondo, Chancellor of the
Pontifical Academy of Sciences, concerning the working group
on The Signs of Death, 11-12 September 2006.
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Introduction

The Pontifical Academy of Sciences, whose purpose is to promote the
progress of the sciences for the common good of the human person, in its
Study Week of 31 May – 1 June 2010 at its headquarters in the Vatican,
would like to focus on the wellbeing of the vascular system, taking into
account the revolutionary contributions of the last century in relation to
the human heart and brain.

Vascular Disease accounts for 15 million deaths per year worldwide. This
represents 30% of all causes of mortality. Most vascular deaths are secondary
to brain and heart infarctions. Stroke (cerebrovascular disease) ranks as 1st,
2nd and 3rd cause of death depending on the country or world region. Public
recognition of cerebrovascular disease lags significantly behind identification
of coronary artery disease. 

Risk factors for Vascular Disease: known and treatable…
Genetic predisposition, hypertension, diabetes, cholesterol, smoking, lack

of exercise and obesity are the main risk factors that predispose to the oc-
currence and progression of atherosclerosis. 

Increased blood pressure causes heart, brain and kidney disease and
accounts for 13% of all deaths worldwide. Hypertension is easily identified
and treatable, yet only 2 out of 3 patients are diagnosed and up to 80% of
those diagnosed are treated but do not reach target blood pressure goals.
Hypertension accounts for 54% of stroke and 47% of coronary heart
disease deaths. With 1 billion people affected, the prevalence of hypertension
is increasing worldwide. Against deeply rooted medical traditions, recent
data has shown that patients older than 80 years also benefit significantly
from strict blood pressure management. 

Actively screening and treating hypertension, cholesterol and diabetes are
justified since more than 50% of vascular deaths are due to few risk factors.
Moreover, different studies have shown that coronary heart disease and stroke
share the same risk factors. Importantly, the most important vascular risk
factor is a previously suffered vascular event. This emphasizes the importance
of stringent medical treatment of conventional and other vascular risk factors
once a cardiac, cerebral or other vascular event has occurred. Data from the
Framingham study has shown that, counter intuitively, most vascular events
occur in people with a moderate load of vascular risk factors. 
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How is Vascular Disease distributed throughout the world?
In low income countries, Vascular Disease accounts for 80% of all deaths

(11 million per year). In these regions, cardiovascular disease occurs 1 to 2
decades earlier compared to developed countries. Sadly, because of a high
case fatality rate, prevalence of cardiac and cerebrovascular disease in
developing areas is lower compared to the developed world.

Epidemiological studies from developing regions are scarce and often of
limited reliability. Good epidemiology studies are costly, complex and de-
manding and resources in developing countries are limited. The details on
the distribution and characteristics of Vascular Disease in the developing
world are needed to identify the areas in greater need to distribute resources
accordingly. Surveillance data helps countries to develop, implement and
monitor prevention programs. 

If Governments do not include health policy changes in their agendas, in
the next five years non communicable Vascular Diseases will overcome
infectious diseases (TB, HIV and malaria) as the number one cause of death
in countries such as India and China. In the latter, there are about 300 million
smokers, 160 million hypertensive people and 20% obese children between 7
and 17 years of age, something unknown to this region in the past. 

Cognitive decline: a major health burden caused by Vascular Disease
Dementia poses a large burden of disease worldwide. Cerebral vascular

injury causes cognitive impairment and dementia with a frequency similar
to degenerative dementia. For a given load of neuropathology findings of
Alzheimer’s disease, the presence of cerebrovascular disease correlates with
earlier clinical manifestations. Some authors have speculated and provided
data to support that hypertension results in decreased cerebral blood flow
in brain structures commonly affected by Alzheimer’s disease predisposing
a vulnerable state for the development of degenerative dementia. Increased
blood pressure and cholesterol in the 4th and 5th decades of life correlate
with dementia onset in the 7th decade. 

There is a major ‘implementation’ problem by which the known measures
and medications to prevent vascular disease are largely under-used

Prevention is the first step in the cure for Vascular Disease. Yet, there is a
major gap between knowledge and the implementation of measures for
primary as well as secondary Vascular Disease prevention. Effective treatments
for the acute and chronic phases of coronary and cerebrovascular disease
are largely underused. The scientific community and Governments through
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their Ministries of Health are responsible for the effective implementation
of policies that achieve lower smoking rates, increased physical activity,
healthy eating habits, and high detection rates for hypertension, diabetes,
abnormal lipids and other vascular risk factors. Stroke Units, proven
effective by scientific evidence, should be available in most clinics/hospitals
with Coronary Units.

There is no doubt that significantly more interest is devoted to acute
and invasive techniques compared to prevention. And it is paradoxical that
patients have artificial heart valves inserted with endovascular techniques
and cerebral clots removed with cork-screw like devices, among other
novel techniques, but various studies have shown that patients are frequently
discharged from hospitals following a vascular event without the adequate
dose of anti-thrombotic, anti-hypertensive or cholesterol-lowering
medications. However, a measure as simple as counseling during hospitalization
has been proven to increase adherence to treatment after discharge from
the hospital. The general public and physicians need to be educated on the
importance of vascular disease prevention. This teaching takes time but it is
most effective when it starts as early as childhood. Healthy young adults
must understand that a vast majority have vascular risk factors that justify
treatment in the asymptomatic stage. 

The challenge: effective prevention of Vascular Disease
The knowledge on Vascular Disease that has accumulated over the last

decade is greater than that gained in the entire previous century.
Commitment with Vascular Disease prevention has resulted in a 70% death
reduction in the USA, Canada, Australia and the UK. Primary prevention
provides an invaluable opportunity for early intervention. Unfortunately,
data shows that the people at highest risk have the lowest knowledge
about Vascular Disease. In one study following an education campaign in
the year 2000, respondents could only name one warning sign of stroke. In
one survey in India, close to 50% of respondents did not know that the
brain is the affected organ in stroke. In countries from Africa and Latin
America, up to 50% of patients go to alternate medical healers before con-
sulting in a hospital. As an example, only 50% of people diagnosed with
atrial fibrillation receive anticoagulants and just 1% of patients are treated
among those who are candidates to receive thrombolytic therapy in the
first few hours after occlusion of a cerebral vessel.

The pharmaceutical industry is a major player in the Vascular Disease
battle. Many subsets of the world’s population could benefit from a ‘polypill’
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simultaneously targeting various vascular risk factors. Among the important
achievements to be expected in this sector is the production of affordable
medications through the conduction of affordable trials. Large amounts of
money are invested by the pharmaceutical industry and biotechnology
companies in research and development of new therapeutic molecules. The
scientific community should increase the interaction with the industry and
influence the research lines likely to have a novel and higher therapeutic
yield. 

Conclusions
If the Vascular Disease burden could be reduced 2% per year, 36 million

untimely deaths could be avoided by the year 2015. The World Health Or-
ganization has provided data showing that 80% of cardiac events and strokes
could be reduced with diet, physical activity and smoking cessation. There is
also data proving that 80% of stroke risk would be reduced with adherence
to practice guidelines. A wealth of studies has proven the effectiveness of
cardiac and stroke units. Yet, with the exception of a few developed countries
heading in this direction, results in most world regions drift far from these
projections. 

In summary, preventive measures that should begin during childhood
are needed to educate individuals on how to avoid the most common risks
of Vascular Disease. In addition to the former, disease specific information
should be provided to the population as a whole. Behavioral changes at the
community level could be expected following effective education and in-
formation programs. Active Government participation and commitment
with the appropriate health policies are a sine-qua-non to achieve these
goals. The Health System, Unions, and other health players should
understand the social and financial benefits of Vascular Disease screening
and prevention programs.

Vascular Disease is the field of interest for Cardiologists, Vascular Neu-
rologists, Diabetes, Lipid, Genetics and Nutrition experts, Epidemiologists,
Vascular Surgeons, and Endovascular specialists. They all have an increasingly
larger number of specialty meetings and seldom participate in strongly in-
tegrated conferences. Pulling the rope in the same direction will surely
increase the yield in the battle against Vascular Disease. A closer cooperation
among the different vascular specialties should be encouraged and the in-
tegrated meeting of most vascular disciplines at the Pontifical Academy of
Sciences is a significant contribution to this endeavor. 
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The moral imperative of our meeting is to make people and private and
public institutions, at the national and international level, aware, as was done
in the case of alcoholism, drug addiction and smoking, that most risk factors
are either under treated or simply not treated, and convince them to adopt
adequate precautions in order to avoid premature death or survival with
physical and/or mental impairments.

Marcelo Sánchez Sorondo, Conrado J. Estol
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MONDAY, 31 MAY 2010

8:30 Introduction and Welcome

World Health Organization: Epidemiology
9:00 Epidemiology, Global Public Health; The Need for Equitable Action to Address

Cardiovascular Diseases
Shanthi Mendis

Diabetes and Obesity
9:45 The Importance of Diet, Obesity and Type II Diabetes for Vascular Disease

Arne Astrup

Hypertension
10:30 Hypertension: Why is it Poorly Detected and Poorly Treated?

Conrado Estol

11:15 Coffee break

Lipids
11:45 Lipids: HDL, LDL, Role in Primary Prevention, the Message from Trials?

Terje R. Pedersen

Research Nih
12:30 Vascular Disease: Ongoing National Institute of Health Research & Resources

Walter Koroshetz

13:15 Lunch at the Casina Pio IV

Heart Disease
15:00 Acute Myocardial Infarction: A Century of Progress

Eugene Braunwald

15:45 Genetic and Environmental Factors for Ischaemic Heart Disease
Attilio Maseri

16:30 Coffee break

Programme
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17:00 The Heart and the Brain: AF, CHF, PFO, the Aorta
Pierre Amarenco

17:45 Surgical Options in Myocardial Insufficiency
Felix Unger

18:30 Cardiovascular Disease: From Treatment to Promoting Health; A Challenge for
the Next Decade
Valentin Fuster

19:15 General Discussion

20:15 Dinner at the Casina Pio IV

 TUESDAY, 1 JUNE 2010

Cerebrovascular Disease
8:00 Guided tour of the Vatican Museums, including the Sistine Chapel

9:00 Acute Stroke Treatment: A Window of Opportunity
Werner Hacke

9:45 Frustrations in Cerebrovascular Disease
Allan Ropper

10:30 Antiplatelet Agents, Anticoagulants: New Medical Strategies
Geoffrey Donnan

11:15 Coffee break

11:45 Vascular Cognitive Impairment: An Overview
John O’Brien

12:30 Lessons from the Past for the Near Future
Louis R. Caplan

13:15 Lunch at the Casina Pio IV

14:15 Round Tables

• Top 5 priorities for the next 5 years

• Focus on:
Education/Cultural
Health Politics
Medical Goals: Polypill
Low Income/High Income Countries
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PROGRAMME

18:00 Departure from the Casina Pio IV by bus to attend the concert at Prince
Boncompagni’s residence at Villa Aurora

19:00 Private concert of baroque music offered to the participants by Prince
Boncompagni at his residence

22:00 Bus leaves Prince Boncompagni’s residence to take participants back to
their hotels

WEDNESDAY, 2 JUNE 2010

9:30 General Audience with the Holy Father. Open to all Participants.



19

List of Participants

Atherosclerosis: The 21st Century Epidemic

Prof. Pierre Amarenco
Professor of Neurology at Xavier Bichat 
Medical School and Denis Diderot
University Paris (France)

Prof. Arne V. Astrup
Director
Department of Human Nutrition
University of Copenhagen
(Denmark)

Prof. Eugene Braunwald, MD
Distinguished Hersey Professor of
Medicine
Harvard Medical School
Chairman, TIMI Study Group
Brigham and Women’s Hospital 
Boston, MA (USA)

H.S.H. Prince Nicolò
Boncompagni-Ludovisi
Chemical Engineer
Property Developer
(Italy)

Prof. Nicola Cabibbo
President
The Pontifical Academy of Sciences
(Vatican City)

Dr. Louis R. Caplan, MD
Division of Cerebrovascular Disease
Beth Israel Deaconess Medical Center
Boston, MA (USA)

Prof. Geoffrey Donnan
Department of Neurology
University of Melbourne
(Australia)

Dr. Conrado J. Estol, MD, PhD, FAAN
Director 
Neurological Center for Treatment
and Research
Buenos Aires (Argentina)

Prof. Valentín Fuster, MD, PhD 
Director
Mount Sinai Heart
Mount Sinai Medical Center
New York, NY (USA)

Prof. Werner Hacke, MD, PhD
Chairman
Department of Neurology
University of Heidelberg
(Germany)
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SURGICAL OPTIONS IN MYOCARDIAL INSUFFICIENCY 

decade many patients with cardiomyopathy caused by viral infections re-
covered, so that the device could be removed. 

The total artificial heart with its first European clinical use in Salzburg
1986 is not the choice anymore. The driving systems are still too complicated.
There are 3 areas of hazards: the valves, the biomaterial and the driving system.
The first clinical cases of total artificial heart showed the feasibility but it is
not desirable as an alternative to transplantation. An alternative could be Left
Ventricular Assist Devices. There are some long-term experiences over five
years now available. The limitation is still the driving system. 

The transplantation introduced by Barnard in 1967 is a standard proce-
dure in replacing a failing heart. The limits are still rejection and donor
availability. These limits are not seen in artificial ventricles. 

Conclusion
Overall modern cardiac surgery is an important tool for fighting my-

ocardial insufficiency in the whole context of interventional cardiology.
With an aging population the indications for assisted circulation are in-
creasing. These small devices will be available to unload a failing heart. 

The incidence of cardiac operations is constant with 1,000 operations
per million/population in developed countries. In an aging population,
even with all the multimorbidities, thanks to the improved techniques that
give optimal results most patients can return to their normal lives.
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Cardiovascular Disease: From
Treatment to Promoting Health; 
A Challenge for the Next Decade

Jason C. Kovacic and Valentín Fuster1

Cardiovascular disease (CVD) is the most prevalent cause of mortality
across the globe [1-2]. Of every 10 deaths worldwide, 6 are due to non-
communicable conditions; 3 to communicable, reproductive or nutritional
conditions; and 1 to injuries. Of the noncommunicable conditions CVD is
by far the most prevalent cause of death, accounting for at least 30-40% of
mortality attributable to noncommunicable conditions [2]. Importantly,
CVD can manifest in many ways, including as coronary artery disease
(CAD) and myocardial infarction, stoke, renal failure, aortic aneurysm and
degenerative brain disease (DBD). This massive burden of disease consumes
a significant share of the world’s fiscal and health care resources, and has a
major, adverse influence on the physical and mental wellbeing of patients
and their families. 

Added to this, in many nations the looming ‘aging epidemic’ will soon
compound this problem. Framed by the aging ‘baby-boomer’ cohort, the
number of persons at risk for CAD and CVD is predicted to increase dra-
matically in the coming decade [1], which will place significant additional
demands on health care resources. Meeting the challenges of the ‘aging epi-
demic’ is something that will assume increasing importance in the coming
decade. Moreover, as can already be seen from this complex matrix of fac-
tors, attempts at reducing the morbidity and mortality attributable to CVD
will require a multi-pronged approach spanning biology, treatment modal-
ities, societal attitudes and health care resource utilization [3]. 

Primary cardiovascular disease prevention
Primary prevention must be the core of our efforts to promote cardiovas-

cular health. Lifestyle modification is central to primary prevention, and one

1 From The Zena and Michael A. Wiener Cardiovascular Institute and Marie-Josée
and Henry R. Kravis Cardiovascular Health Center, Mount Sinai School of Medicine,
New York, NY (both authors); and Centro Nacional de Investigaciones Cardiovasculares
(CNIC), Madrid, Spain (V.F.).
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of the most powerful ways of illustrating the need for lifestyle change is by
defining to a patient their risk for CVD-related morbidity and mortality. Cur-
rent guidelines place great emphasis on CVD risk evaluation, recommending
that global risk scores incorporating multiple traditional cardiovascular risk
factors should be calculated for risk assessment in all asymptomatic adults
without a clinical history of CAD/CVD [4]. While there are several risk as-
sessment algorithms, perhaps the best known is the Framingham Risk Score,
with simple online tools available to calculate 10-year risk of CAD-related
adverse events. Physicians and patients should be encouraged to make use of
these resources, and to take action to mitigate high-risk aspects of their CVD
risk profile or to initiate therapy as appropriate [3]. 

Contemporary treatment of coronary artery disease
For those already afflicted with CAD, a treatment strategy based on med-

ical management, rather than invasive revascularization, may be an increas-
ingly viable option. A major turning point was the recent COURAGE trial
(Clinical Outcomes Utilizing Revascularization and Aggressive Drug Eval-
uation). COURAGE compared a strategy of percutaneous coronary inter-
vention (PCI) plus optimal medical therapy (OMT) versus OMT alone in
stable patients, showing no difference in the rate of the primary endpoint
(death or myocardial infarction) during a follow-up period of 4.6 years [5].
Supported by other studies such as BARI-2D in diabetic patients [6], the
advent of COURAGE has seen increasing scrutiny with respect to the ap-
propriateness of performing PCI and other revascularization procedures. In
effect, COURAGE has opened the door for the use of OMT as a primary
treatment for CAD, particularly in select low-risk patients. We foresee that
with the increasing movement toward cost-effective, evidence-based med-
ical practice, the next decade will see a rise in the use of OMT as a primary
strategy for the treatment of patients with CAD and CVD. Furthermore,
even in patients undergoing invasive revascularization, the use of OMT will
be increasingly emphasized as a critical aspect of routine post-procedural
care that reduces the likelihood of further cardiovascular events [7].
COURAGE also suggests that for the majority of patients who are unable
to readily access or afford invasive revascularization, medical therapy is an
appropriate long-term treatment option.

At the same time as COURAGE was being conducted, physicians were
becoming more aware of the fact that for patients suffering from complex
multivessel CAD, any consideration of a potential revascularization strategy
must be made with very close attention to coronary anatomical and phys-
iological factors. Regarding CAD anatomy, several studies have shown the
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value of the SYNTAX risk score for triaging patients to either PCI or coro-
nary artery bypass graft (CABG) surgery [8-10]. The SYNTAX score as-
sesses coronary anatomy complexity from the perspective of potential PCI
or CABG surgery, and has been shown to relate to improved outcomes
when patients with especially complex disease (SYNTAX score ≥ 33) un-
dergo CABG surgery rather than PCI [8]. In addition, if the anatomy is not
overly complex (SYNTAX score < 33) and the patient is an appropriate
PCI candidate, then the physiological assessment of lesions proposed for
PCI by fractional flow reserve (FFR) is now advocated. FFR is a technique
used in the catheterization laboratory to measure pressure differences across
a coronary stenosis, and determine if a lesion is likely to be functionally
significant and associated with myocardial ischemia. This drive towards
FFR-based physiological lesion assessment is as a result of the FAME study,
which showed that measuring FFR in patients with complex multivessel
CAD who are undergoing PCI reduces death, nonfatal myocardial infarc-
tion and repeat revascularization at 1 year [11]. 

While these studies remain important new guides in how to best manage
complex CAD patients, lingering questions remain. One of these continues
to be the role of PCI versus CABG surgery in diabetic patients. The ongo-
ing FREEDOM trial is poised to answer this question (FREEDOM, Future
REvascularization Evaluation in patients with Diabetes mellitus: Optimal
management of Multivessel disease) [12]. The study population comprises
2,400 patients with diabetes mellitus and multivessel CAD amenable to ei-
ther PCI or CABG surgery, with indication for revascularization based upon
chest pain symptoms or other evidence of myocardial ischemia. This study
is expected to report initial findings in the near future. 

A final group of patients that we know very little about is those with
asymptomatic CAD/CVD who are at risk for near-term events. Aggressive
primary prevention in these patients is vital to avoiding morbidity and mor-
tality and a window of opportunity exists for averting CAD/CVD events
if these at risk patients can be identified. However, most cardiovascular
events occur in persons who would be classified as low or intermediate risk
by a risk factor-based approach. Thus, although attention to risk factors is
of critical importance, it has been estimated that >75% of all coronary
events may occur in persons classified at low or intermediate risk [13]. In
an attempt to discover novel and efficacious approaches to identify and treat
these at risk persons, the High Risk Plaque (HRP) Bioimage study was re-
cently initiated [13]. A total of 7,687 patients without evidence of
atherothrombotic disease but presumed to be at risk for near-term CVD
events were enrolled. The majority then underwent comprehensive baseline
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assessment, including determination of CVD risk factors, quantification of
coronary artery calcification and assessment of numerous other measures
of CVD burden. Participants with one or more abnormal screening test
then underwent additional multi-modality imaging and other testing to
further evaluate their vascular disease burden. The trial is now in an active
follow-up phase and will provide a wealth of information about these at
risk individuals. The results of the HRP Bioimage study will provide novel
directions in the drive to promoting cardiovascular health in the next
decade and epitomizes the goal of maximizing primary prevention efforts
to avert CAD/CVD. Most importantly, this study will facilitate the aggres-
sive treatment of at risk patients to avert CVD events.

Optimal medical therapy for CAD and medication adherence
Regardless of whether a patient is to be managed by PCI, CABG surgery

or OMT alone, risk factor modification in terms of comprehensive medical
therapy (aspirin, lipid lowering therapy, anti-hypertensive medication) and
lifestyle modification (healthy diet, regular exercise, weight loss, smoking
cessation) is the cornerstone of secondary prevention. Indeed, even in the
very elderly (nonagenarians and centenarians) with unstable CAD, adher-
ence to guideline-recommended therapies is associated with decreased mor-
tality [14]. However, what has emerged from studies such as COURAGE
[5] and BARI-2D [6], is that only approximately 50% of patients are achiev-
ing treatment goals for blood pressure, cholesterol and glycemic control.
Medication non-adherence is thought to be a large part of this problem,
and across all health-care categories non-adherence is believed to account
for $290 billion dollars of annual health care expenditure in the USA [15].
Multiple socio-economic factors play into the equation of why patients
stop taking their medications and a major initiative to combat this problem
is the increasing drive towards the polypill. The idea of combining numer-
ous medications into a single tablet that targets risk factors associated with
CVD was first proposed almost a decade ago [16]. Most cardiovascular
polypill formulations address several CVD risk factors at once (hyperten-
sion, lipid levels, platelet adhesiveness). Not only does this increase patient
convenience, but by combining several compounds in a single tablet, out-
of-pocket costs to patients and insurers are reduced. Estimates suggest that
the across-the-board use of the polypill by US adults aged ≥ 55 years may
prevent 3.2 million CAD events and 1.7 million strokes over 10 years, while
among those with a history of CVD, the potential to prevent 0.9 million
CAD events and 0.5 million strokes is projected [17]. With this huge po-
tential to benefit such a large number of persons, several randomized clinical
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trials have now been initiated to study the potential effects of polypills on
CVD risk factors and clinical outcomes [17]. 

Cardiovascular disease, degenerative brain disease and reverse cho-
lesterol transport

Promoting cardiovascular health in the coming years will see redoubled
efforts to improve our understanding of the biologic nature of HRP and
CAD/CVD. While significant strides have recently been made in this di-
rection, particularly major advances in our understanding of the interactions
of cellular senescence, inflammation, aging and CVD have served to un-
derscore the systemic nature of the atherothrombotic disease process [1,18].
As an example and as we have recently reviewed elsewhere [1,3,18], not
only is atherosclerosis and HRP responsible for strokes, but it is now clearly
implicated in Alzheimer’s and other degenerative brain diseases (DBDs);
conditions previously thought to be solely due to degenerative neurologic
processes [18-19]. This ‘HRP-DBD axis’ of disease highlights the systemic
inflammatory nature of atherosclerosis, and emphasizes the fact that the
local opening of an isolated coronary artery obstruction does not treat the
entire patient. Again, the burden of this disease is enormous. Alzheimer’s
disease is the most common form of dementia, accounting for 50 to 56%
of cases [20]. More than 35 million people worldwide – 5.5 million in the
United States – suffer from this condition. The principal risk factor for
Alzheimer’s disease is age. However, vascular disease affecting the brain is
thought to affect 60-90% of patients with Alzheimer’s disease, and con-
tributes to a worsened clinical outlook [20]. As the aging of the population
increases, the prevalence will approach 13.2 to 16.0 million cases in the
USA by mid-century. Our current understanding of the mechanisms
whereby HRP and CVD contribute to DBD is rudimentary, but aging, hy-
pertension, the deposition of certain proteins and inflammation likely act
in concert with vascular mechanisms to induce neuronal and brain dys-
function. It is at this intersection point that the interactions between ath-
erosclerosis, aging and DBD can be readily appreciated, and the pathways
forward from risk to health are most sharply brought into focus (Figure 1). 

Of all the potential pathways whereby CVD and atherosclerosis may
give rise to DBD, increased inflammation is likely to be a critical mecha-
nism. An exciting mode of decreasing vascular inflammation is to reduce
the amount of cholesterol in atherosclerotic plaques. This concept of ‘reverse
cholesterol transport’ – the removal of cholesterol from plaque – is evolving
rapidly. The prototypical family of drugs which promote reverse cholesterol
transport is the cholesteryl ester transfer protein (CETP) inhibitors. CETP
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is a protein which facilitates the shuttling of different cholesterol-related
particles in the body, in particular the reverse transport of cholesterol from
the tissues back to the liver. Recently, treatment with anacetrapib, a CETP
inhibitor, was found to lower low-density lipoprotein (LDL) (‘bad’) cho-
lesterol and dramatically raise HDL (‘good’) cholesterol by 138%, with an
acceptable side-effect and adverse event rate [21]. Our group will soon em-
bark on the study of another CETP inhibitor, dalcetrapib, with the specific
aim of investigating its effect on reducing the size of atherosclerotic vascular
lesions. 

Promoting global cardiovascular health
With the rapid ‘Westernization’ of many low- and middle-income coun-

tries (LMICs), rates of smoking, obesity, physical inactivity and other adverse
factors associated with CVD are rising dramatically in these regions. A ver-
itable explosion of global CVD appears certain if high-level action is not
taken [3]. The Institute of Medicine (IOM; the health arm of the US Na-
tional Academy of Sciences) has undertaken an extensive review of the
problems faced in LMICs and has produced a report titled Promoting Car-
diovascular Health in the Developing World: A Critical Challenge to Achieve Global
Health [22-23]. The document lays out a strategic path forwards for how

Figure 1. Overview of the interactions between atherosclerosis, aging, CVD and DBD, and the pro-
posed therapeutic transitions from CVD risk to global cardiovascular health.
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we might form broad partnerships and strategic alliances which allow a
multipronged attack on CVD in LMICs. A summary of these recommen-
dations is provided in Figure 2, and provides a comprehensive framework
for addressing the global threat of CVD.

Equally as important, in May 2010 a resolution was passed by the United
Nations to move forward with a high-level meeting on noncommunicable
diseases. This meeting, scheduled for September 2011, is a clear signal that
CVD is now seen as a critical factor in worldwide health. Areas where in-
roads can most readily be made have already been identified: raising public
awareness; avoidance of risk-taking behavior (e.g. smoking, physical inac-
tivity); and improved access to effective and affordable CVD medicines by
generic availability, removal of legal restrictions, enhanced bulk procurement
and the elimination of mark-up and tariffs [24]. The development of a
polypill may play a major role in expediting a number of these objectives. 

Now that the global problem of CVD has been defined and an initial
path forward laid out, the greatest challenge ahead will be translate these
plans into actions. Moving from IOM recommendations and United Na-
tions meetings to global cardiovascular health will require an iterative ap-
proach grounded in science, health and education (Figure 1).

Figure 2. Recommendations for improving global cardiovascular health from the IOM document
Promoting Cardiovascular Health in the Developing World: A Critical Challenge to Achieve Global
Health [22-23].
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Conclusions
We are facing an epidemic of CVD. However, there are many potential

advances and strategies that might be implemented to address this problem.
At all levels, from the scientific laboratory, subsistence-level LMICs and to
the highest international political platforms, maintaining a comprehensive
and energized (but yet achievable) outlook toward this problem will be
paramount. Maximizing the use of current knowledge, infrastructure and
resources while minimizing factors such as political gain and corporate
agendas will be key. Motivating ourselves, our families and our societies to
take the required steps towards cardiovascular health is something we must
all strive towards.
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Acute Stroke Treatment: 
A Window of Opportunity1

Werner Hacke

Introduction
Stroke is a medical and occasionally also a surgical emergency. Stroke rates

are on the rise all over the world and stroke has become the number one
cause of mortality in several parts of the world including China, Russia and
India. We may expect a doubling of strokes in the next 3 decades with the
increase of life expectancy.

The success of care of the acute stroke victim begins with the recogni-
tion both by the public and the health professionals [Wang, 2001] that stroke
is an emergency, like acute myocardial infarction or trauma. Care of the
acute stroke victim as an emergency depends on a four-step chain: 

1. Rapid recognition and reaction to stroke warning signs, 
2. Immediate EMS contact and priority EMS dispatch, 
3. Priority transport with notification of the receiving hospital, 
4. Immediate emergency room triage, clinical, laboratory and imaging eval-

uation, accurate diagnosis, therapeutic decision and administration of ap-
propriate treatments at the receiving hospital.

Referral
Applying the ‘time is brain’ concept means that medical attention and treat-

ment of stroke should be considered as an emergency. Thus, avoiding time de-
lays should be the major aim in the prehospital phase of acute stroke care. This
has far-reaching implications for recognition of signs and symptoms of stroke
by the patient himself or his relatives or bystanders, the means of first medical
contact, and transportation to hospital. In several studies, delays have been iden-
tified at three different levels of acute stroke management [Kwan, 2004]:

1. Delays at the population level attributed to a failure to recognise the
symptoms of stroke and contact emergency services. 

1 This manuscript is based on the ESO-Guidelines for ischemic stroke management.
Guidelines for management of ischaemic stroke and transient ischaemic attack 2008 -
Hacke W for The European Stroke Organisation (ESO) Executive Committee and the
ESO Writing Committee. Cerebrovascular Diseases 25, 5:457-507.
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2. Delays at the level of the emergency services and emergency physicians
due to failure to prioritise stroke transport. 

3. Delays at the hospital level due to delays in neuroimaging and inefficient
in-hospital acute stroke care.

A large amount of time is lost outside the hospital [Evenson, 2001]; for
stroke patients of a Portuguese university hospital this accounted for 82%
of time [Ferro, 1994]. Studies that identify demographic, social, cultural, be-
havioural and clinical factors associated with longer prehospital time may
provide targets for educational campaigns [Moser, 2006; Gil Nunez, 2004] 

To improve the accuracy of stroke identification and speed up transfer
to the hospital education should also be directed to paramedics and ED
staff [Kwan, 2004]. Education of paramedics increased stroke knowledge,
clinical and communication skills [Gordon, 2005 #336] and decreased pre-
hospital delay [Behrens, 2002 #298].

Recommendations
– Immediate emergency medical system (EMS) contact and priority EMS dispatch

are recommended (Class II, Level B).
– Priority transport with advance notification of the receiving hospital (outside and

inside hospital) is recommended (Class III, Level B).
– Suspected stroke victims should be transported without delay to the nearest medical

centre with a stroke unit that can provide ultra-early treatment (Class III, Level B).
– Dispatchers and ambulance personnel should be trained to recognise stroke using

simple instruments such as the Face Arm Speech Test (Class IV, Level GCP).
– Immediate emergency room triage, clinical, laboratory and imaging evaluation,

accurate diagnosis, therapeutic decision and administration of appropriate treat-
ments at the receiving hospital is recommended (Class III, Level B).

– In remote or rural areas helicopter transfer should be considered to improve access
to treatment (Class III, Level C).

– In remote or rural areas telemedicine should be considered to improve access to
treatment (Class II, Level B).

In-hospital treatment
In-hospital delay may account for 16% of total time lost from stroke

onset to CT [Ferro, 1994]: Reasons for in-hospital delays are a lack of iden-
tifying stroke as emergency, inefficient in-hospital transport, delayed medical
assessment, delay in imaging or an uncertainty in administering rt-PA
[Kwan, 2004; Evenson, 2001; Gil Nunez, 2004]. Stroke care pathways have
the potential to organize care more effectively, although a recent meta-
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analysis identified insufficient good quality evidence and so could not sup-
port their routine implementation. Pathways may reduce in-hospital delays
in door to medical department time, door to imaging time [Suzuki, 2004;
Mehdiratta, 2006], door to needle time [Mehdiratta, 2006] and, in case of
endovascular treatment, in door to arteriography time. 

Stroke patients should be medically assessed as a priority. While only a
minority present in an immediately life-threatening condition, many have
significant physiological abnormalities or comorbidities. Symptoms and
signs which may predict later complications such a space-occupying infarc-
tion or bleeding, recurrent stroke, and medical conditions such as hyper-
tensive crisis, co-existing myocardial infarction, aspiration pneumonia,
cardiac and renal failure must be recognised early. Stroke severity should be
assessed by a targeted neurological examination using the National Institutes
of Health Stroke Scale by trained staff [Lyden, 1994].

Table 1. Emergency diagnostic tests in acute stroke patients.

In all Patients

1 Brain Imaging: CT or MR

2 ECG

3 Laboratory Tests
Complete blood count and platelet count, prothrombin time or INR, PTT
Serum electrolytes, blood glucose
CRP or sedimentation rate
Hepatic and renal chemical analysis

When Indicated

4 Extracranial and transcranial Duplex/Doppler ultrasound

5 MRA or CTA

6 Diffusion and perfusion MR or Perfusion CT

7 Echocardiography (transthoracic and/or transoesophageal)

8 Chest X-ray

9 Pulse oxymetry & Arterial blood gas analysis

10 Lumbar puncture

11 EEG
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Stroke units
A stroke unit consists of a discrete area of a hospital ward that exclusively

or nearly exclusively takes care of stroke patients [Stroke Unit Trialists’ Col-
laboration, 2007] and is staffed by a specialist multidisciplinary team. The
core disciplines of the team are medical, nursing, physiotherapy, occupational
therapy, speech and language therapy and social work [Langhorne, 2002].
The multidisciplinary team should have a specialist interest in stroke man-
agement and work in a coordinated way through regular meetings to plan
patient care. Programmes of regular staff education and training should be
provided [Langhorne, 2002]. 

All stroke patients require specialist multidisciplinary care delivered in a
stroke unit. Selected acute patients will require additional higher technology
interventions, in particular thrombolysis and neurointensivist care. Health
services need to establish the infrastructure to deliver these interventions
to all patients who require them. This has been the subject of recent con-
sensus documents [Alberts, 2005; Leys, 2007] which have defined the com-
ponent parts of primary and comprehensive stroke centers.

Primary stroke centers (PSC) are defined as centers with necessary staffing,
infrastructure, expertise and programs to prove appropriate diagnosis and
treatment for most stroke patients. At the same time, some patients with
rare disorders, complex stroke and multi-organ diseases may need more spe-
cialized care and resources that are not available in PSC. 

Comprehensive stroke centers (CSC) are defined as centers with not only
necessary staffing, infrastructure, expertise and programs to provide appro-
priate diagnosis and treatment for most stroke patients, but also with high
technology medical and surgical care (new diagnostic and rehabilitation
methods, specialized tests, automatic monitoring significant number of
physiological parameters, interventional radiology, vascular surgery, neuro-
surgery).

General stroke treatment
The term ‘general treatment’ refers to treatment strategies aimed at sta-

bilising the critically ill patient in order to control systemic problems that
may impair stroke recovery. There is a consensus that the management of
such problems is a central part of stroke treatment [The European Stroke
Initiative Executive Committee and the EUSI Writing Committee, 2003;
Leys, 2007] and includes respiratory and cardiac care, fluid and metabolic
management, blood pressure control, the prevention and treatment of
seizures, deep vein thrombosis, pulmonary embolism, dysphagia, aspiration
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pneumonia, other infections, pressure ulceration and occasionally man-
agement of elevated intracranial pressure. However many aspects of general
stroke treatment have not been adequately assessed in randomised clinical
trials.

Recommendations
– Intermittent monitoring of neurological status, pulse, blood pressure, temperature

and oxygen saturation is recommended for 72 hours in patients with significant
persisting neurological deficits (Class IV, level GCP).

– Continuous monitoring is recommended in medically unstable patients with
known cardiac disease or arrhythmia, unstable blood pressure, sepsis, cardiopul-
monary disease such as heart failure, cardiac arrhythmias (current or previous his-
tory), depressed conscious level or severe stroke and reduced oxygen saturation
(Class IV, Level GCP). 

– Oxygen should be administered if the oxygen saturation falls below 95% (Class
IV, level GCP).

– Regular monitoring of fluid balance and electrolytes is recommended in patients
with severe stroke or swallowing problems (Class IV, Level GCP).

– Normal saline (0.9%) is recommended for fluid replacement during the first 24
hours after stroke (Class IV, Level GCP).

– Routine blood pressure lowering is not recommended following acute stroke (Class
IV, Level GCP).

– Cautious blood pressure lowering is recommended with extremely high values
(>220/120mm Hg) on repeated measurements (Class IV, Level GCP).

– Blood pressure lowering may be required with severe cardiac failure, aortic dissec-
tion, hypertensive encephalopathy (Class IV, Level GCP). 

– Abrupt blood pressure lowering should be avoided (Class II, Level C).
– Low blood pressures secondary to hypovolemia or associated with neurological de-

terioration in acute stroke should be treated with volume expanders (Class IV
Level GCP).

– Monitoring serum glucose levels is recommended (Class IV, Level GCP)
– Treatment of serum glucose levels above 10 mmol/l with insulin titration is rec-

ommended (Class IV, Level GCP). 
– Pyrexia (temperature >37.5°C) should promote a search for concurrent infection

(Class IV, Level GCP).
– Treatment of pyrexia (temperature >37.5°C) with paracetamol and fanning is

recommended (Class III, Level C). 
– Antibiotic prophylaxis is not recommended in immunocompetent patients (Class

II, Level B).
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Diagnostics 
Acute stroke is an emergency and stroke victims should have a clear pri-

ority for brain imaging compared to other patients, because time limits are
so crucial. Rapid, focussed neurological assessment assists considerably in de-
termining which imaging technique is likely to be most helpful and to tailor
the individual imaging examination. In patients with stroke, diagnostic brain
imaging must be performed immediately on arrival at a hospital so that treat-
ment can be started immediately. Investigation of TIA is equally urgent, be-
cause up to 10% of these patients will suffer stroke within the next 48 hours.
Immediate access to imaging on arrival at hospital is facilitated by pre-hospital
notification and good communication with the imaging facility: stroke serv-
ices including the ambulances should work closely together with the imaging
department to plan best use of resources. Imaging tests should take into ac-
count the patient’s condition, for example a substantial proportion (up to
45%) of patients with severe stroke may not tolerate MR examination because
of their medical condition and contraindications [Schramm, 2004; Barber,
2005; Hand, 2005]. 

Imaging of the brain and supplying vessels is crucial in the assessment
of patients with stroke and transient ischaemic attacks (TIA). Brain imaging
distinguishes ischaemic stroke from intracranial haemorrhages and stroke
mimics, identifies the type and often also the cause of stroke, may help to
differentiate irreversibly damaged tissue from areas that may recover thus
guiding emergency and subsequent treatment, and may help to predict out-
come. Vascular imaging may identify the site and cause of arterial obstruc-
tion, and identifies patients at high risk of stroke recurrence for specific
preventions. 

Plain CT is widely available, reliably identifies most stroke mimics, and
distinguishes acute ischaemic from haemorrhagic stroke within the first five
to seven days [Wardlaw, 2003; Kidwell, 2004]. Immediate CT scanning is
the most cost-effective strategy for imaging acute hospital-admitted stroke
patients [Wardlaw, 2004]. CT is not sensitive for old haemorrhage. Overall,
CT is less sensitive, but as specific, for early ischaemic changes as MRI. Two
thirds of patients with moderate to severe stroke have visible ischaemic
changes within the first few hours of stroke [von Kummer, 2001; Barber,
2000; Wardlaw, 2005; Chalela, 2007], no more than 50% of patients with
minor stroke have a visible relevant ischaemic lesion on CT, especially
within the first few hours of stroke. Training in identification of early is-
chaemic changes on CT [Wardlaw, 2005; von Kummer, 1998], and the use
of scoring systems [Barber, 2000] improves detection of early ischaemic
changes. Some centres prefer to use MRI as first line routine investigation
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for acute stroke. It has the advantage that it can identify early ischaemic
changes with diffusion weighted sequences (DWI) with higher sensitivity
than CT. The higher sensitivity of MRI is particularly useful in diagnosis
of posterior circulation stroke and lacunar or small cortical infarctions. It
can also detect small and old haemorrhages with T2* (gradient echo) se-
quences [Dimigen, 2004]. However, DWI can be negative in patients with
definite stroke [Ay, 2002]. 

The degree of restricted water diffusion in the DWI lesion can be quan-
tified by measuring the apparent diffusion coefficient (ADC). Restricted
diffusion on DWI is not 100% specific for ischaemic brain damage because
hyperintensities may be seen in other conditions, e.g. in epileptic fits, in
MS, encephalitis, hypoglycaemia. DWI high signal can be seen in the pres-
ence of T2-high signal lesions as ‘shine through’. In such cases, examination
of ADC maps will show that diffusion is not restricted. 

Carotid ultrasound can visualise well the carotid bifurcation and proxi-
mal internal carotid artery (ICA) stenosis and can determine the degree of
stenosis and plaque characteristics. MRA and CTA can also visualise carotid
stenosis well. Systematic reviews and individual patient data meta-analysis
indicate that contrast enhanced MRA (CE-MRA) is the most sensitive and
specific of the non-invasive imaging modalities for carotid artery stenosis,
closely followed by Doppler ultrasound, and then CTA and lastly non-con-
trast MRA [Wardlaw, 2006]. Transcranial Doppler (TCD) ultrasound allows
flow velocity recordings from intracranial vessels and detection of stenosis.
A disadvantage is that up to 20% of acute stroke patients do not have an
adequate acoustic window particularly in elderly individuals and certain
ethnic groups, such as black individuals [Postert, 1997]. The problem can
be considerably reduced by using ultrasound contrast agents [Droste, 1999;
Droste, 2000]. The combination of ultrasound imaging techniques and
MRA reveals excellent results equal to DSA [Niederkoorn, 2003]. 

All acute stroke and TIA patients should have a 12 channel-ECG. Car-
diac monitoring should be conducted routinely after an acute cerebro-vas-
cular event to screen for serious cardiac arrhythmias. For stroke and TIA
patients seen after the acute phase, 24 hour Holter ECG monitoring should
be performed when arrhythmias are suspected and no other causes of stroke
are found. 

There is controversy about the indications for, and type of, echocardio-
graphy in stroke and TIA patients. TTE is sufficient for patients with ven-
tricular pathology. TEE is superior to TTE in evaluation of the aortic arch,
left atrium, and atrial septum. CT and MRI show promise in cardiac eval-
uation.
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Recommendations
1. In patients with suspected TIA or stroke, urgent cranial CT (Class I) or alterna-

tively MRI (Class II) is recommended (Level A).
2. If MRI is used, the inclusion of DWI and a T2*-weighted gradient echo se-

quences are recommended (Class II, Level A).
3. In patients with suspected TIA or stroke, urgent vascular imaging (ultrasound,

CTA, or MRA) is recommended (Class I, Level A).
4. Patients with TIA, minor stroke, or early spontaneous recovery immediate diag-

nostic work-up including imaging is recommended (Class I, Level A).
5. Perfusion imaging with CT or MRI or the mismatch concept is currently a re-

search tool and cannot be recommended for routine treatment decisions. 
6. In patients with acute stroke and TIA, early evaluation of physiological parame-

ters, routine blood tests, and ECG is recommended (Class I, Level A).
7. Continuous ECG recording is recommended for ischaemic stroke and TIA pa-

tients. (Class I, Level A).
8. Echocardiography is recommended in selected patients (Class III, Level B).

Specific stroke treatment 
Thrombolytic therapy with recombinant tissue plasminogen activator

(tPA; 0.9 mg/kg body weight, max. 90 mg) given within 3 h after stroke
onset to patients with acute ischemic stroke significantly improves outcome
[The National Institute of Neurological Disorders and Stroke rt-PA Stroke
Study Group, 1995], with an NNT of 7 patients to achieve a favorable clin-
ical outcome after 3 months. ECASS and ECASS II tested a 6-hour time
window and did not show statistically significant superiority of tPA for the
primary endpoints [Hacke, 1998; Hacke, 1995]. A pooled analysis of indi-
vidual data of the tPA trials showed that even within a three-hour time
window the sooner the treatment is initiated the better the outcome (0-90
min: OR 2.11, 95% CI 1.33-3.55; 90-180 min: OR 1.69, 95% CI 1.09-
2.62) [Hacke, 2004]. This analysis suggested a benefit up to 4.5 hours. 

Finally, in 2008 the ECASS-3 study has provided new data on systemic
thrombolysis with rtPA in a time window of 3 to 4.5 hours after stroke onset
(27). This multicenter, randomized, placebo controlled, prospective study en-
rolled over 800 patients to either systemic treatment with rtPA or placebo
within 3 to 4.5 hours after stroke symptom onset. Persons older than 80 years,
those with a baseline NIHSS score >25, those taking oral anticoagulants, and
those who had the combination of a previous stroke and diabetes mellitus
were excluded from participation. Symptomatic intracranial hemorrhage, as
defined by the criteria used in the NINDS study, was diagnosed in 7.9% of
subjects treated with rtPA and 3.5% when given placebo (OR 2.38, 95% CI
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1.25 to 4.52, P<0.006). However, this increased incidence of hemorrhage is
consistent with other clinical rtPA-trials (3, 6, 8, 28-29). The frequency of the
primary efficacy outcome in ECASS-3 (defined as mRS score of 0 to 1 at
90 days after treatment) was significantly greater with rtPA (52.4%) than with
placebo (45.2%; OR 1.34, 95% CI 1.02 to 1.76; risk ratio 1.16, 95% CI 1.01
to 1.34; P<0.04). The number needed to treat to achieve the primary efficacy
outcome was 14. Mortality in the two ECASS-3 treatment groups did not
differ significantly, although it was nominally higher among the subjects
treated with placebo [Hacke et al., 2008].

Thrombolytic therapy appears to be safe and effective across various
types of hospitals, if the diagnosis is established by a physician with stroke
expertise, and a CT of the brain is assessed by a physician with expertise in
reading this imaging study [Hill, 2005][Bateman, 2006][Wahlgren, 2007].
Risks and benefits of tPA should be discussed whenever possible with the
patient and family before treatment is initiated. 

Blood pressure must be below 185/110 mmHg before, and for the first
24 hours after thrombolysis. High blood pressure management according
to the NINDS trial is required [The National Institute of Neurological
Disorders and Stroke rt-PA Stroke Study Group, 1995]. Protocol violations
are associated with higher mortality rates [Katzan, 2003][Graham, 2003]. 

The European license for rtPA is restricted to patients between 18 years
and 80 years of age. An increasing number of stroke patients are older than
80 years, mainly due to demographic development.

Three-month mortality was higher in patients aged >80 years compared
to patients <80 years. Favorable outcome (mRS ≤1) and intracranial hemor-
rhage (asymptomatic, symptomatic, or fatal) were similarly frequent in both
groups. Stroke severity, time to thrombolysis, glucose level, and history of coro-
nary heart disease independently predicted outcome, whereas age did not (48).

The overall rate of hemorrhagic complications after rtPA treatment for
ischemic stroke in octogenarians was 6.9%, compared to 5.3% in younger
patients (p = 0.61). Baseline imaging method (CT or MRI) had no signif-
icant influence on ICH, mortality or on favourable outcome on the mRS
after 3 months (52).

Intraarterial and combined (IV+IA) thrombolysis
Intra-arterial thrombolytic therapy of proximal MCA occlusion using

pro-urokinase in a 6-hour time window was significantly associated with
better outcome in a RCT (PROACT II) [Furlan, 1999]. Pro-urokinase is
not available and the use of intra-arterial tPA or any other thrombolytic
agent is not substantiated by RCTs but by some observational data
[Nedeltchev, 2006]. 
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Intra-arterial treatment of acute basilar occlusion with urokinase or tPA,
although available for more than 20 years with encouraging results from
observational studies [Brandt, 1996][Hacke, 1988], has not been tested in a
RCT. In acute basilar occlusion one trial included 16 patients but was un-
derpowered. A systematic review including 420 patients with BA occlusion
compared intravenous to intra-arterial thrombolysis and found no signifi-
cant difference between the two treatment options (43).

A prospective registry (Basilar Artery International Cooperation Study,
BASICS) investigated 592 patients with acute BA occlusion for differences
regarding antithrombotic therapy, intravenous or intra-arterial thrombolysis.
However, most patients received intra-arterial thrombolysis. No statistically
significant superiority for intra-arterial over intravenous thrombolysis was
found. Therefore, unequivocal superiority of intra-arterial over intravenous
thrombolysis is not shown.

The so-called ‘bridging concept’ is currently preferred in most centers
in case of proven vessel occlusion. Therefore rtPA is given with 60% of the
full recommended dosage as first-line treatment and – in case of non-re-
sponders – either local application of rtPA at the thrombus site, use of me-
chanical recanalization devices, mechanical clot disruption, or a combination
of the aforementioned techniques is performed. Standard-treatment of pa-
tients with BA occlusion in non-specialized centers or where neuroradio-
logical intervention is not available, should be intravenous application of
rtPA, since there are no trials to support the superiority of intra-arterial
thrombolysis in patients with BA occlusion.

Intra-arterial recanalization devices
In the Mechanical Embolus Removal in Cerebral Embolism (MERCI)

trial, vessels were opened with a device that removed the thrombus from
an intracranial artery. Recanalization was achieved in 46% (69/151) of pa-
tients on intention to treat analysis, and in 48% (68/141) of patients in
whom the device was deployed within 8 hours of the onset of stroke symp-
toms [Smith, 2005 #501]. No RCTs with outcome data are available for
any recanalization devices.

A randomized trial of standard intravenous tPA as compared with a com-
bined intravenous and intra-arterial approach has started after encouraging
phase II results (IMS3) [IMS investigators, 2007]. 

Anti-platelet therapy
The results of 2 very large randomized, non-blinded intervention studies

indicate that aspirin started within 48 h after stroke (International Stroke
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Trial, Chinese Acute Stroke Trial) is safe and effective [International-Stroke-
Trial-Collaborative-Group, 1997; CAST-Collaborative-Group, 1997]. In ab-
solute terms, 13 more patients were alive and independent at the end of
follow-up for every 1000 patients treated. Furthermore, treatment increased
the odds of making a complete recovery from stroke (OR = 1.06; 95% CI
1.01 to 1.11). In absolute terms, 10 more patients made a complete recovery
for every 1000 patients treated. Antiplatelet therapy was associated with a
small but definite excess of 2 symptomatic intracranial haemorrhages for
every 1000 patients treated, but this was more than offset by a reduction of
7 recurrent ischemic strokes and about one pulmonary embolus for every
1000 patients treated.

Brain oedema
Space-occupying brain oedema is a main cause of early deterioration

and death in patients with large supratentorial infarcts. Life-threatening
brain oedema usually develops between the 2nd and 5th day after stroke
onset, but up to a third of patients can have neurological deterioration al-
ready within 24 hours after symptom onset [Hacke Qureshi, 2003]. 

Medical therapy in patients with large space-occupying infarctions and
brain oedema is based mostly on observational data. Basic management in-
cludes head positioning at an elevation of up to 30°, avoidance of noxious
stimuli, pain relief, appropriate oxygenation and normalizing body temper-
ature. If ICP monitoring is available, cerebral perfusion pressure should be
kept above 70 mmHg [Unterberg, 1997]. Osmotherapy with glycerol 10%
usually given intravenously (4 x 250 ml of 10% glycerol over 30-60 min)
or intravenous mannitol 25-50 g every 3-6h is the first medical treatment
to be used if clinical or radiological signs of space-occupying oedema occur
[Righetti, 2002][Bereczki, 2001]. Hypertonic saline solutions given intra-
venously are probably similarly effective [Schwarz, 2002]. Hypotonic and
glucose-containing solutions should be avoided as replacement fluids. Dex-
amethasone and corticosteroids are not useful for brain oedema treatment
after stroke [Qizilbash, 2002 #143]. Thiopental given as a bolus can quickly
and significantly reduce ICP, and be used to treat acute crises. Barbiturate
treatment requires ICP and EEG monitoring and careful monitoring of
haemodynamic parameters, as a significant blood pressure drop may occur. 

Decompressive surgery
Malignant MCA infarction: The pooled analysis of 93 patients included

in 3 European RCTs (DECIMAL, DESTINY, HAMLET) showed that
more patients in the decompressive-surgery group than in the control group
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had a mRS ≤4 (75% vs. 24 %; NNT 2), a mRS ≤3 (43% vs. 21%, NNT 4),
and survived (78% vs. 29%; NNT 2) after one year [Vahedi, 2007]. There
was no increase in the proportion of patients who survived surgery in a
vegetative stage (mRS 5). Inclusion criteria for this combined analysis were
age 18-60 years, NIHSSS >15, decrease in level of consciousness to a score
of 1 or greater on item 1a of the NIHSS, infarct signs on CT of 50% or
more of the MCA territory or >145 cm3 on dw-MRI, and inclusion <45
hours after onset (surgery <48 hours). Follow-up of survival and functional
status beyond 1 year is currently ongoing in the DECIMAL and DESTINY. 

Cerebellar Infarction: Ventriculostomy and decompressive surgery are
considered treatments of choice of space-occupying cerebellar infarctions,
although RCTs are lacking. Like in space-occupying supratentorial infarc-
tion, the operation should be performed before signs of herniation are pres-
ent. The prognosis among survivors can be very good, even in comatose
patients prior to operation. 

Recommendations
– Intravenous tPA (0.9 mg/kg BW, maximum 90 mg), with 10% of the dose

given as a bolus followed by an infusion lasting 60 min, is recommended within
3h of onset of ischemic stroke (Class I, level A).

– Intravenous tPA may be of benefit also for acute ischemic stroke beyond 3 h after
onset (Class I, level B) but is not recommended in clinical routine. The use of mul-
timodal imaging criteria may be useful for patient selection (Class III, level C).

– Blood pressure higher than 185/110 mmHg must be lowered before thrombolysis
(Class IV, level GCP).

– Intravenous tPA may be used in patients with seizures at stroke onset, if the
neurological deficit is related to acute cerebral ischemia (Class IV, level GCP).

– Intravenous tPA may also be administered in selected patients over 80 years of
age (Class III, level C) although this is outside the current European label.

– Intra-arterial treatment of acute MCA occlusion in a 6-hour time window is an
option (Class II, level B).

– Intra-arterial thrombolysis is recommended for acute basilar occlusion in selected
patients (Class III, level B). Intravenous thrombolysis for basilar occlusion is an
acceptable alternative even after 3 h (Class III, level B). 

– ASA (160-325 mg loading dose) should be given within 48 h after ischemic
stroke (Class I, level A). 

– If thrombolytic therapy is planned or given ASA or other antithrombotic therapy
should not be initiated within 24 h (Class IV Level GCP).

– The use of other antiplatelet agents, single or combined, is not recommended in
the setting of acute ischemic stroke (Class III, Level C). 
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– The administration of GP IIb-IIIa inhibitors therapy is not recommended (Class
I, level A).

– Early administration of UFH, low molecular weight heparin or heparinoids is not
recommended for the treatment of patients with ischemic stroke (Class I, level A).

– Currently, there is no recommendation to treat ischemic stroke patients with neu-
roprotective substances (Class I, level A).

Summary
The outcome of patients who suffered an ischemic stroke has massively

improved over the last decades. Mortality rates are down and the number
of patients who will fully recover has increased. Still there are unfortunate
cases who survive in a very poor state, bur their number also decreases. This
all is due to Stroke Unit Care, rapid referral to expert centers, thrombolysis,
expert general therapy, multidisciplinary teams and critical care facilities.

This is the good news. On the other side, the incidence rates of stroke
are expected to explode over the next few decades. With all the great ad-
vances in acute stroke care and the management networks that are evolving,
the number one priority must be education and prevention.

For the extensive list of references please refer to the free access down-
load of the article on the ESO-website (eso-stroke.org).
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Frustrations 
in Cerebrovascular Disease

Allan H. Ropper

As we have made progress in the treatment of atherosclerotic stroke and
related brain diseases, the problem of cerebral hemorrhage has remained
largely unaddressed. There has been a modest reduction in the incidence of
cerebral hemorrhage in many populations, mainly as a result of the treatment
of chronic hypertension. However, most of the treatments and methods of
control of risk factors for ischemic cerebrovascular and coronary disease may
themselves be the cause of cerebral hemorrhage. The main risk factor for
hemorrhage, increasing age, will become a larger issue in the future.

The term cerebral hemorrhage is roughly equated with ‘hemorrhagic
stroke’. It accounts for approximately 20% of all strokes among individuals
of European origin, but closer to 45% of all strokes in those of Asian eth-
nicity. As a rule, the severity of hemorrhagic stroke is more severe than for
ischemic stroke and a residual disability is correspondingly greater. The cur-
rent conceptualization of the nature of cerebral hemorrhages comes from
investigations by French neurologists early in the last century and elaborated
by C.M. Fisher, published in 1971 in the American Journal of Pathology. Fisher
found bulbous outpoutchings in the small penetrating lenticulostriate ves-
sels. These ‘Charcot Bouchard aneurysms’ are situated in the same small
blood vessels that are subject to the effects of chronic hypertension and hy-
perlipidemia. In the latter circumstances, the pathology occludes a vessel
and causes a lacunar stroke.

While cerebral hemorrhage shares many risk factors with ischemic
stroke, several appear to have an influence in the opposite direction. For
example, greatly reduced LDL concentrations in the blood have been asso-
ciated with an increased risk of cerebral hemorrhage in several studies of
the widespread use of statins. It is also apparent that the increasing use of
anticoagulants and t-PA for ischemic stroke have contributed to a resur-
gence in the incidence of cerebral hemorrhage.

With regard to the risk of cerebral hemorrhage with statins, the recent
SPARCL trial (High Dose Atorvastatin After Stroke or Transient Ischemic
Attack, NEJM 2006) is representative of many others. Several similar pri-
mary and secondary analyses of the effects of cholesterol-lowering drugs
on cerebral hemorrhage have generally shown odds ratios of increased risk

12_ROPPER((OK)) 132-134.QXD_Layout 1  23/09/11  13:02  Pagina 132



133Atherosclerosis: The 21st Century Epidemic

FRUSTRATIONS IN CEREBROVASCULAR DISEASE

for cerebral hemorrhage between two and four but with confidence inter-
vals that barely cross one. Nonetheless, even if the risk is small, if a substantial
population is exposed to drugs and severe reduction of LDL, preventative
treatment for atherosclerosis may contribute to and to a increased incidence
of cerebral hemorrhage.

The risk of cerebral hemorrhage has long been known to increase with
the incidence hypertension but there are major covariates including smok-
ing, low LDL, alcohol intake, and BMI. There has indeed been a reduction
in the standardized mortality ratio from cerebral hemorrhage over the past
several years in numerous populations, but there has been an even more
impressive shift in the underlying causes of hemorrhage. Moreover, the re-
duction in hemorrhage rate that can be attributed to treatment of hyper-
tension has varied widely between ethnic populations. 

The Oxfordshire series by Lovelock et al. in Lancet Neurology 2007 has
the advantage of studying a stable population over two well-defined epochs
(Figure 1, see p. 198). In the appended figure, ‘OCSP’ refers to the popula-
tion from 1981 to 1986 and OVASC refers to it from 2002 to 2006. It is
evident that the incidence of cerebral hemorrhage has not changed appre-
ciably between these two time periods.

Figure 2 (see p. 199) taken from the same study, shows that the causes of
hemorrhage have changed during the last decade, with an increasing num-
ber due to anticoagulation.

Another instructive study in this regard is by van Asch colleagues in
Lancet Neurology 2010 (Figure 3, see p. 200). The persistently high rate of
hemorrhage in Asian populations is evident and scrutiny discloses that the
incidence per 100,000 person-years stratified by race is as follows: white –
24.2, black – 22.9, Hispanic – 19.6, and Asian – 51.8. Increasing age con-
tinues to be the main risk factor for cerebral hemorrhage. From this same
study, using ages 45 to 54 as a reference, the proportional incidences are 1.8
for the decade 55 to 64 years old, increasing to 9.6 for those over age 85.

The implication is that these types of strokes will be more frequent in
the future in both developing and developed countries.

Several interesting recent findings in the genetics of stroke may shed
light on the origin or propensity to have cerebral hemorrhage. First, the
genome wide association study (GWAS) of stroke by Ikram and colleagues
in NEJM 2009 suggests that polymorphisms on chromosome 12 confer a
30% increased risk of stroke in both black and white people. This is the first
of several attempts to look at stroke and its risks from a new perspective. It
would be hoped that for spontaneous cerebral hemorrhage in particular,
which is a somewhat more homogeneous group than ischemic stroke, this
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would offer special insights. Furthermore, the findings by Gould et al. in
NEJM 2008 that link COL4A1 mutations to both small vessel disease and
spontaneous hemorrhage are very provocative.

I suggest for your consideration that cerebral hemorrhage has been rel-
atively neglected in comparison to ischemic stroke although it is more dis-
abling and has a higher short-term mortality. There has been little if any
successful prevention aside from the global treatment of hypertension and
increasing caution with the use of anticoagulants. The aging population will
result in an increase in the incidence of cerebral hemorrhage, almost cer-
tainly contributed to by amyloid angiography in the aged. 

As we make progress in treating and preventing atherosclerosis, we
should be aware of the overall management morbidity that may contribute
to increased cerebral hemorrhage rates. The recent conceptions of an-
tithrombin and anti-factor Xa drugs should contribute to a future reduction
in cerebral hemorrhage.
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Antiplatelet Agents, Anticoagulants: 
New Medical Strategies

Geoffrey A. Donnan

The pathogenesis of stroke
Stroke is a heterogeneous condition in which 85% is caused by arterial

acute occlusion or ischaemic stroke and 15% blood vessel rupture or cere-
bral haemorrhage. Of those with ischaemic stroke, further heterogeneity is
evident with cerebral ischaemia caused by artery-to-artery emboli, in situ
small vessel disease or cardiac emboli. The underlying pathogenesis can usu-
ally be determined after considering the clinical phenotype and the results
of this series of predominantly image-based investigations. This may result
in a classification such as TOAST, whereby about 30% of ischaemic stroke
is usually caused by artery-to-artery embolism, 20% by cardiac embolism
and about 15% plus more artery disease. Regardless of the underlying cause
of vessel occlusion, a common final pathway involves other platelet aggre-
gation and/or stimulation of the coagulation cascade. Hence, preventative
strategies are usually focused on these two basic mechanisms.

Secondary stroke prevention
There have been remarkable advances made in secondary stroke pre-

vention beginning with the landmark Canadian co-operatives study in 1978
[1]. Then followed evidence that carotid endarterectomy was beneficial in
1991, anticoagulation in 1993, clopidogrel in 1996, blood pressure lowering
in 2001, aspirin plus dipyridamole in 2006 and cholesterol lowering in the
same year. For prevention of cardiac embolism strategies have involved an-
ticoagulation, the use of anti-platelet agents or others such as anti-arrhyth-
mics, antihypertensives or statins. We will discuss mainly anticoagulants
which may be broadly divided into vitamin K antagonists such as Warfarin,
the more recently developed Tecarfarin or the more novel anticoagulants.
The latter include direct thrombin inhibitors such as xymelagatran, dabi-
gatran or AZD 0387 or factor X inhibitors. The latter include Apixaban,
betrixaban, Edoxaban, Idraparinux, Rivaroxaban and YM 150.

Stroke of arterial origin: as mentioned earlier, the final common pathway
in artery-to-artery embolism or small vessel disease is most likely platelet
aggregation. This commences with vessel wall injury followed by platelet
deposition, platelet activation and recruitment, the development of a throm-
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botic plug which in its own right then generates further platelet activation
and recruitment. This process may be interrupted by blocking a number of
pathways of platelet activation and aggregation which are well described.
These include ADP, thrombin, thromboxane A2, von Willebrand factor re-
ceptors or the final common pathway GP IIb/IIIa receptor. There have
been numerous trials and of the secondary stroke prevention involving
many of these agents. They may be categorised loosely to those involving
aspirin versus controls, Trifusal or clopidogrel versus aspirin, clopidogrel
versus aspirin, clopidogrel plus aspirin versus clopidogrel, clopidogrel plus
aspirin versus aspirin or dipyridamole plus aspirin versus clopidogrel. By
indirect comparison, the relative risk reduction versus placebo may reach
as high as almost 30%. However, a sobering head-to-head comparison of
aspirin plus dipyridamole versus clopidogrel (PRoFESS), which showed no
real difference between the two, would suggest that the real relative risk re-
duction for both approaches is only about 20% (see Hanky and Eikelboom,
Lancet Neurology 2010 for review). Other approaches include the throm-
boxane A2 inhibitor Terutroban (ceased 2010), aspirin plus clopidogrel in
acute vascular events (POINT, FASTER), stronger ADP and antagonists
(Prasugrel), reversible ADP antagonists (Ticagrelor), Factor Xa inhibition
(Rivaroxaban, Apixaban), phosphodiesterase inhibition (Cilostazol) or
thrombin receptor antagonists such as SCH 530348. In spite of the significant
advances that have occurred with antiplatelet and anticoagulant therapy and
this category of vascular disease over the last 20 years, the main problems are
the sense that a ceiling effect may have been reached with the relative risk
reduction of around 20 to 30% of vascular outcomes and the difficulty in
balancing any further anticoagulant benefit against the risk of bleeding.

Stroke of cardiac origin
The most common cause of stroke in this category is the presence of atrial

fibrillation. This rhythm disturbance sets up a change in flow dynamics with
stasis seen in the atrial appendage particularly. This allows the generation of
local clot and subsequent embolism to the periphery and brain. Atrial fibril-
lation is the most common rhythm disturbance and it is estimated that one
in four individuals aged 40 years will develop this condition [2]. The preva-
lence of atrial fibrillation is likely to double within about 30 years [3]. Overall,
stroke is increased by approximately 5 fold for those in Atrial fibrillation and
this risk is similar for those in either paroxysmal or permanent fibrillation.
Stroke due to atrial fibrillation has a 30-day mortality of around 25% and a
12-month mortality of about 50% [4]. There may be up to 3 million people
who develop stroke due to atrial fibrillation worldwide each year.
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The standard therapy for patients in Atrial fibrillation to prevent em-
bolism has been the use of vitamin K antagonists such as warfarin. These
are associated with significant disadvantages, including an unpredictable
therapeutic response, a narrow therapeutic range, the need for routine INR
monitoring, slow onset and offset of action, the need for frequent dose ad-
justments, a number of food interactions, numerous drug interactions and
the presence in some patients of warfarin resistance. This has meant that the
introduction of a more user-friendly therapeutic intervention for patients
with atrial fibrillation would be met with some enthusiasm.

There have been a number of trials of vitamin K antagonists in stroke
prevention (AFASAK, BAATAF, CAFA, SPAF, SPINAF), the aggregate of
which has produced a relative risk reduction against embolism outcomes
of around 70%. In spite of the undoubted biological efficacy of these agents,
the difficulties of their usage outlined earlier has limited their uptake in a
community setting. A number of community-based studies have placed the
lack of uptake in the 30 to 50% range. This again emphasises the need for
alternative interventions of at least similar efficacy but greater ease of use.

The Factor Xa and thrombin inhibitors appear as they may achieve this
goal. These include particularly the Factor Xa inhibitors Rivaroxaban,
Apixaban, Idraparinux and the thrombin inhibitor dabigatran [5]. The latter
has been the first to show clinical efficacy in the RELY trial published re-
cently [6]. In this study warfarin was compared to dabigatran 110 mg or
150 mg twice daily in patients with atrial fibrillation plus one or more risk
factors. The risk factors included a previous vascular event, left ventricular
ejection fraction of less than 40%, aged 75 years or more or age of 65 years
or more with diabetes, coronary artery disease or hypertension. With a fol-
low-up of a mean of two years and primary endpoints of stroke or systemic
embolism, dabigatran 110 mg was not inferior to warfarin while 150 mg
was superior. The relative risk reduction of dabigatran 150 mg compared
to warfarin was 34%. Somewhat surprisingly, life-threatening breed bleed-
ing was significantly lower in both doses of dabigatran and Warfarin.
Haemorrhagic stroke was also significantly lower with dabigatran at 0.12%
for 110 mg, 0.10% for 150 mg but 0.38% for warfarin. This was signifi-
cantly different at the .001 level.

The pharmacokinetic properties of the thrombin and Factor Xa in-
hibitors have differences in that the bioavailability of dabigatran is only
about 6% while those of the Factor 1Xa inhibitors is 50 to 80%. Conversely,
renal clearance is about 80% for dabigatran but only 35 to 65% for the Fac-
tor Xa inhibitors. Renal clearance issues may limit the use of dabigatran in
patients with renal impairment.
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There are a number of ongoing trials using novel anticoagulants such as
ROCKET AF (Rivaroxaban), ARISTOTLE (Apixaban), AVERROES
(Apixaban) and ENGAGE-AF (Edoxaban) in which these agents are being
used to prevent embolism in patients, usually against the warfarin as the
gold standard. The completion of these studies over the next few years
should provide additional data about the use of novel anticoagulants in this
clinical setting. Several issues which have been raised, which may also be
answered with the entry of many of these compounds into standard clinical
practice, include the maintenance of similar compliance rates to warfarin
and the identification of asymptomatic patients with AF in the general com-
munity. With increased ease of use, presumably a greater number of patients
will be able to be treated and with fewer side effects than is currently ex-
perienced with warfarin.

Summary
There are two main therapeutic approaches using anticoagulants in the

secondary prevention of stroke. The first of these is the use of antiplatelet
agents which are more appropriate for patients in whom artery-to-artery
embolism is the most likely causal mechanism. Aspirin plus dipyridamole
or clopidogrel are superior to aspirin alone. New combinations remained
to be tested although a ceiling effect for antiplatelet agents at about 20 to
30% relative risk reduction probably exists. The novel anticoagulants such
as thrombin and Factor Xa inhibitors are probably superior to warfarin in
the prevention of stroke and systemic embolism due to atrial fibrillation.
There may be a need to identify asymptomatic people with atrial fibrillation
in the community as a public health initiative.
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Vascular Cognitive Impairment: 
An Overview

John T. O’Brien

Dementia is a huge and growing global problem, with up to 25 million
cases worldwide and a new case developing every seven seconds (Ferri et
al., 2005). Numbers are set to double in the next 25 years and double again
in the next 25, thus showing an exponential rise. Costs to health and social
care are enormous, with a recent UK Alzheimer’s Research Trust report
estimating that annual costs of dementia care were five times as high as peo-
ple with other common diseases such as stroke, heart disease or cancer
(ART, 2010). Dementia is age-related, with both prevalence and incidence
rising with age. Around 5% of the over 65s are affected, rising to 20% of
the over 80s and up to 50% of the very old old – in their 90s. 

Dementia refers to a global cognitive decline which can have a number
of causes. Once several other pathologies or potentially reversible causes
(such as space occupying lesions, vitamin deficiencies, or psychiatric disor-
ders) are excluded, the most common causes in late life are Alzheimer’s dis-
ease, responsible for around 60% of cases, vascular dementia, responsible for
15-20% of cases, and dementia with Lewy bodies, responsible for around
15% of cases. Other causes include late onset frontotemporal dementia, de-
mentia due to Huntington’s disease, and a range of other less common de-
generative, metabolic and infective causes. The importance of vascular
factors is recognised by the presence of significant vascular pathology in a
third of dementia cases acquired from community registers (MRC CFAS,
2001). Rates of vascular dementia rise with age, as for Alzheimer’s disease,
doubling approximately every 5.3 years as opposed to every 4.5 years for
dementia (Jorm et al., 1987). Dementia affects around 15-20% of people
three months after stroke, and a further 20-25% develop delayed dementia
after stroke, which may be vascular, but increasingly a degenerative com-
ponent to such delayed dementia after stroke is recognised (Pendlebury and
Rothwell, 2009).

Historical background to the concept of vascular dementia 
Alzheimer described the first case of ‘pre-senile dementia’ in 1906

(Alzheimer, 1907) and throughout most of the 20th century Alzheimer’s dis-
ease, as it became known, was thought to only occur in early (under age 65)
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life. Later onset or ‘senile’ dementia was thought to be due to cerebral arte-
riosclerosis. Seminal studies undertaken in Newcastle upon Tyne, UK, in the
1960s, examined patients during life and correlated findings with neu-
ropathology at autopsy (Blessed et al., 1969). These studies inclusively showed
that Alzheimer’s disease, rather than cerebral arteriosclerosis, was the main
determinant of dementia in later life. Vascular dementia was therefore thought
to occur when there were multiple infarcts in the brain and Hachinski (1974)
coined the term ‘multi infarct dementia’. Subsequent classification systems
such as the ICD and DSM were based on this. Subsequently it became clear
that though multi infarct dementia was an important type of dementia, vas-
cular dementia was a more heterogeneous concept and, for example, subcor-
tical ischaemic vascular dementia was as common, if not more common, than
multi infarct dementia (O’Brien et al., 2003). 

Problems with definition and overlap between pathological causes of
dementia

The field of dementia has always struggled with difficulties over termi-
nology and definitions. One of these relates to the term dementia, particularly
in relation to non-Alzheimer dementias. This is because most definitions of
dementia include memory impairment as a central and prominent compo-
nent. This is appropriate when the cause is Alzheimer’s disease, because 90%
of people with Alzheimer’s disease have significant memory impairment as
an early and predominant feature. However, in non-Alzheimer dementia such
as vascular dementia, frontotemporal dementia or dementia with Lewy bod-
ies, memory impairment is variable and may not occur until relatively late in
the disease process. This can sometimes lead to some circularity in definition,
in that a subject can be quite significantly cognitively impaired in a number
of domains, but be classified as ‘not demented’ because memory may still be
largely intact. To recognise the heterogeneity of cognitive features associated
with vascular disease, as well as the problems inherent in the ‘memory’ dom-
inant definition of dementia, a broader term ofVascular Cognitive Impairment
has recently been proposed. 

The concept of Vascular Cognitive Impairment also recognises the fact
that there is no strict cut-off between cognitive impairment and dementia,
more a graduation and also that vascular factors are important in dementias
apart from vascular dementia. For example, an important interaction be-
tween vascular pathology and Alzheimer’s disease has been shown (Snow-
don et al., 1997). People with Alzheimer’s disease who have additional
vascular pathology exhibit a greater cognitive impairment during life than
those with a similar degree of Alzheimer change but without vascular
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pathology. This important interaction between vascular and Alzheimer’s dis-
ease, already recognised as very common by the MRC CFAS study
(MRC/CFAS, 2001), was further developed in the 1990s, when it was
recognised that several vascular risk factors were also risk factors for
Alzheimer’s disease. These included hypertension, smoking, possession of
the ApoE protein E4 allele, ischaemic heart disease, hypercholesterolemia,
raised homocysteine, diabetes, obesity and atrial fibrillation (O’Brien et al.,
2003). Imaging evidence of subcortical vascular change in the form of white
matter lesions was also demonstrated to be more common in people with
degenerative dementia than similarly aged controls (Barber et al., 1999).
More recently, additional genetic factors for late onset Alzheimer’s disease
have been described beyond possession of the ApoE4 protein allele (see
www.alzforum.org for updated list of genetic risk factors) including pos-
session of the angiotensin-converting enzyme gene and factors along the
inflammatory and vascular pathways (see Table 1). It is, therefore, increasingly
recognised that vascular factors play an important role in primary degener-
ative dementias such as Alzheimer’s disease and their modification may
therefore be of relevance for slowing or preventing non vascular types of
dementia as well as vascular causes.

Table 1. www.alzforum.org, 2010. 

Genetic Factors in AD

• Early onset AD

– APP

– PS1

– PS2

• Late onset AD

– ApoE4 (Cholesterol transport) 3.68

– ACE (angiotensin/blood pressure) 0.83 

– ILIbeta (inflammation) 1.18

– TFAM (mitochondrial transcription factor) 0.82

– CLU (clusterin, A� processing) 0.86

– PICALM (vesicle protein trafficking) 0.86

– TNK1 (kinase signalling) 0.86
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Post stroke cognitive impairment 
In hospital-based studies rates of dementia three months after stroke ap-

proach 30% of which around 10% is pre-stroke dementia (Pendlebury and
Rothwell, 2009). Post stroke cognitive impairment and dementia is an im-
portant clinical syndrome which slows recovery, increases length of stay, in-
creases the risk of subsequent institutionalisations and increases the risk of
recurrent stroke as well as increasing mortality. The rates of dementia after
stroke continue to rise in a relatively linear fashion (Pendlebury and Roth-
well, 2009), illustrating that stroke, or risk factors associated with it, continue
to place the brain at increased risk of vulnerability to dementia in the longer
term. Risk factors for post stroke dementia include vascular risk factors, the
presence of atrophy and white matter lesions on imaging as well as features
of stroke itself, such as large lesion size, bilaterality. Correlates of dementia
after stroke remain to be fully determined, but it seems likely that both vas-
cular and, especially in older people, Alzheimer-type changes both play a
role, especially in delayed dementia after stroke (Firbank et al., 2007a).

Imaging findings of white matter lesions have been consistently associated
with the presence of executive and attentional disturbances, including after
stroke (Burton et al., 2004). Lesions are also more common in those with de-
mentia than cognitively intact controls but the prognostic significance of le-
sions in those without symptoms has been unclear. However, recent findings
from a large European study, the Leukoaraoisis and Disability (LADIS) study,
which followed 639 subjects with mild, moderate or severe white matter le-
sions over three years, found that in this non disabled population, increasing
burden of white matter lesions (especially those with the more severe con-
fluent lesions) significantly increased the risk of progression to disability or
death, with rates of transition to disability or death 30% per year in those with
severe lesions compared to 15% of those with moderate, only 11% in those
with mild lesions (Inzitari et al., 2009). Although it is not yet clear how such
white matter lesions should be treated, their adverse prognostic significance
has now been established, opening a way for preventative studies.

Treatment of vascular cognitive impairment 
Unfortunately, only a relatively limited amount of research has been done

in this area. Studies of aspirin in terms of cognitive benefit are inconclusive.
An early study (Meyer et al., 1989) allocated 70 people with multi infarct de-
mentia either to aspirin or no treatment. Subjects were followed annually for
three years and those treated with aspirin showed higher cognitive perform-
ances compared to those receiving no treatment. However, this study has been
criticised because of the small sample size, the high dropout rate, the lack of
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placebo and the lack of true randomisation. Other controlled studies in vas-
cular dementia have not been undertaken, but aspirin studies of large com-
munity cohorts or those with Alzheimer’s disease have consistently failed to
demonstrate any clear benefit in terms of cognition of aspirin treatment over
placebo. Other putative treatments for vascular dementia including hydergine,
propentofylline, nimodipine, pentoxifylline, nicergoline, posatirelin, have
largely been negative. Some benefits of nimodipine in subcortical vascular
dementia have been described (Pantoni et al., 2005), but effects are modest
and primary outcomes are not clearly positive, meaning that it is unlikely ni-
modipine produces clinically significant benefits. Studies of memantine show
a small cognitive benefit but no change in global or functional outcomes (Or-
gogozo et al., 2002; Wilcock et al., 2002).

Demonstration of a cholinergic deficit in Alzheimer’s disease and dementia
with Lewy bodies has led to the development of a generation of compounds
to boost cholinergic function, the cholinesterase inhibitors (Perry et al., 1978).
Licensed treatments in most countries include donepezil, rivastigmine and
galantamine, and all produce a modest benefit in people with Alzheimer’s
disease (O’Brien, 2006). Several studies indicated that a cholinergic deficit
may also exist in vascular dementia, though this has recently been questioned
(Perry et al., 2005). Early trials of cholinesterase inhibitors in vascular dementia
produced mixed benefits, with some suggestions of an improvement (Erkin-
juntti et al., 2001). However, several large studies of galantamine, donepezil
and rivastigmine have been largely negative. These studies have produced a
small cognitive benefit but generally no significant change in terms of global
outcome scales, activities of daily living or behavioural features (see Table 2).
A study of donepezil in 168 subjects with a rare but relatively pure genetic
form of vascular dementia (cerebral autosomal dominant arteriopathy with
subcortical ischemic leucoencephalopathy or CADASIL) showed no signifi-
cant benefit of donepezil treatment on primary outcome, though there were
some benefits on secondary endpoints consistent with the fact there may be
cholinergic deficits in CADASIL (Dichgans et al., 2008). However, overall
meta analyses of cholinesterase therapies for vascular dementia have concluded
that, whilst they have produced small benefits in cognition, these are of un-
certain clinical significance and the data are insufficient to support widespread
use of the drugs (Kavirajan and Schneider, 2007). However, those with mixed
Alzheimer and vascular pathology do appear to benefit (Erkinjuntti et al.,
2001) and this is consistent with the findings of Perry et al. (2005) from au-
topsy studies who report that cholinergic deficit is as great in those with
mixed Alzheimer/vascular pathology as in Alzheimer’s disease, but cholinergic
function is intact in those with more pure vascular dementia. 
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Prevention of vascular dementia 
Clearly this would be the goal of management, either modifying risk

factors or using pharmacotherapy. One recent study reported a risk index for
developing dementia (Barnes et al., 2009), which is reproduced in Table 3.As
can be seen, several of the risk factors including body mass index, MR find-
ings of white matter disease, carotid artery thickening, history of bypass sur-
gery, slow physical performance and lack of alcohol consumption are all
potentially vascular risk factors. However, translating such relatively consis-
tent findings from epidemiological studies that vascular risk factors are im-
portant risk factors for dementia into preventative studies has not been
straightforward. Two well-conducted studies of modification of cholesterol,
the PROSPER and the heart protection study (Shepherd et al., 2002; Rea
et al., 2005) describe including between 6,000 and 20,000 people with fol-
low-up for five to six years showed no benefits in terms of cognition or
prevention of dementia between those allocated to statin therapy and those
allocated to placebo. Since the emergence of hypertension as an important
risk factor for Alzheimer’s disease, there has been great interest in whether
treating hypertension will prevent dementia. Findings from the SYST-EUR
study showed that nitrendapine treatment significantly reduced the number

Table 2.

RCTs of CHEI in Vascular Dementia

Cognition Global ADL Behaviour

Galantamine (Gal-INT-06) (n=121)
Erkinjuntti et al., 2001

No (p=0.06) No No No

Galantamine (Gal-INT-26) (n=788)
Auchus et al., 2007

Yes No No No

Donepezil (307) (n=603)
Black et al., 2003

Yes No Yes n/a

Donepezil (308) (n=616)
Wilkinson et al., 2003

Yes Yes No n/a

Donepezil (319) (n=974)
(press release 16.3.06)

Yes No No n/a

Rivastigmine (VantageE) (n=710)
Ballard et al., 2008

Yes (p=0.028) No No No
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of cases of dementia compared with placebo, with this effect persisting over
the four-year follow-up period (Forette et al., 1998; 2002). Interestingly, and
consistent with the finding that hypertension is a risk factor for Alzheimer’s
disease, the main reduction was in cases of Alzheimer-type dementia. Several
other studies have suggested that there is a signal from such therapy, the
most recent being the HYVET study (Peters et al., 2008) which examined
those over 80 randomising them to indapamide or placebo. There was a
non-significant trend for a reduction in dementia cases, but as with many
studies of vascular risk the study was halted early because the primary end-
point in terms of reduction in cardiovascular events was found. Overall,
meta analyses either just show, or fail to show, a benefit of anti hypertensive
treatment and firm conclusions about protective effect of anti hypertensive
therapy in cognition cannot yet be made. Of interest, in a sub study of the
study on cognition and prognosis in the elderly (SCOPE) which used the
angiotensin to inhibit candesartan or placebo and a more detailed neu-
ropsychological battery and repeat neuroimaging assessment, found evi-
dence that a reduction in blood pressure with candesartan treatment was
associated with a slowed rate of cognitive decline and a slowing of progres-

Late-Life Dementia Risk Index 

(Risk 4% to 56% over 6 years)

• Older age (1–2 points)

• Poor cognitive test performance (2–4 points)

• Body mass index 18.5 kg/m2 (2 points)

• 1 Apolipoprotein E e4 allele (1 point)

• Cerebral MRI findings of white-matter disease (1 point) or
ventricular enlargement (1 point)

• Internal carotid artery thickening on ultrasound (1 point)

• History of bypass surgery (1 point)

• Slow physical performance (1 point)

• Lack of alcohol consumption (1 point)

Table 3. CV Health Cognition Study, Barnes et al., 2009. 
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sion of white matter change, with a trend to slowed rate of overall brain at-
rophy (Firbank et al., 2007b). Such studies combined with the known dele-
terious consequences prognostically of having a significant burden of white
matter change (Inzitari et al., 2009) would lend support to further large-
scale studies investigating a variety of strategies which may potentially re-
duce or delay progression of white matter changes. This particular strategy
in Alzheimer’s disease may also be effective, given that vascular risk factors
are common in people with Alzheimer’s disease and that vascular pathology
is a disparate additive to Alzheimer pathology in the expression of cognitive
decline. A naturalistic study of 301 subjects with Alzheimer’s disease (De-
schaintre et al., 2009) found that only 7% of those with Alzheimer’s disease
had no vascular risk factors. However, vascular risk factors were fully treated
in 32%, partially treated in 43% and not treated at all in 26%. Although a
naturalistic study, follow up over two and a half years show that those with
treated vascular risk factors had significantly slower rate of cognitive decline
compared to those without. However, support that treatment of vascular
risk factors would slow cognitive decline in Alzheimer’s disease was not
provided by a randomised controlled trial by Richard et al. (2009) in which
130 subjects with Alzheimer’s disease, with evidence of cerebrovascular dis-
ease on brain imaging, were randomised to vascular care (aspirin, folate,
statin, pyridoxine and blood pressure lowering if BP>140/80) or usual care.
At two-year follow-up there was no significant difference in rates of cog-
nitive or functional progression to those allocated to vascular intervention
group and placebo. However, although cholesterol was significantly lower
in the intervention group compared to placebo, there was no significant
difference in blood pressure between the groups (interestingly which
dropped to a similar extent 15/5 mm of mercury) in both groups. There-
fore, it is not clear whether the vascular package was ineffective as it failed
to achieve a difference in blood pressure between groups. Further studies
on the effect of intensive blood pressure lowering in preventing future cog-
nitive decline are required.

Conclusions 
Dementia is a huge and growing public health problem, with vascular de-

mentia the second commonest cause of dementia and cognitive impairment.
However, in addition, vascular factors are also important in Alzheimer’s dis-
ease, there is still much to learn about the interaction between vascular and
degenerative disease. Unfortunately, therapeutic strategies to date have been
disappointing and neither the drugs used to treat Alzheimer’s disease nor
modification of vascular risk factors are clearly effective in preventing future
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cognitive decline and dementia. There is a clear need for further mechanistic
and therapeutic studies in the area, including preventative studies which
should be undertaken in those with early disease, in those with particular vas-
cular subgroups (for example those with post stroke dementia or subcortical
ischaemic vascular dementia) and in those with white matter lesions. Because
of the close interaction between vascular and Alzheimer pathology and the
importance of vascular factors in Alzheimer’s disease, successful strategies de-
veloped for the treatment or prevention of vascular dementia may also be
useful for treating or preventing Alzheimer’s disease.
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Lessons from the Past for the Near Future
Louis R. Caplan

To know where we are and where we are headed in the future, we need
to know where we have been in the past. My task is to critically review
experience in order to suggest ways to move forward.

I. Diagnosis of acute brain ischemia and intravenous (IV) thrombolytic
treatment

A. Clarification of the pathophysiology of acute brain ischemia and modern
diagnosis

Myocardial and brain ischemia are dynamic processes that evolve during
time. Early studies of the pathology of patients dying of myocardial infarc-
tion found a relatively low rate of occlusive coronary thrombi. These studies
were performed 12 hours or more after symptom onset. Later studies per-
formed within 4 hours of onset showed that the cause of myocardial in-
farction in the great majority of patients was acute thrombosis of a coronary
artery [1].

Similarly, angiographic and necropsy studies of patients with acute brain
ischemia during the last half of the twentieth century showed that most
acute brain infarcts were caused by emboli that arose from the heart, aorta,
and from atherosclerotic occlusive lesions in the carotid and vertebral ar-
teries in the neck. The process was dynamic and emboli often blocked an
intracranial artery and then became dislodged and moved distally. Small
emboli were often cleared. Angiography within the first 8 hours after the
onset of focal brain ischemia showed a high frequency of embolic occlusion
of large intracranial arteries [2,3]. If successive films were taken during an-
giography emboli often could be shown to move distally [4,5]. 

Miller Fisher and Raymond Adams extensively studied their necropsy
material and defined the pathophysiology and dynamic nature of brain em-
bolism [6,7]. Sudden blockage of a brain-supplying artery caused ischemia
to neurons and also resulted in ischemic damage to the small blood vessels
within the area of ischemia. When the obstructing embolus moved distally,
as it often did, the previously ischemic region was reperfused with blood.
The damaged capillaries and arterioles within that region were no longer
competent and blood leaked into the surrounding infarcted tissue. 
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Other studies during the same time described the distribution of athero-
sclerosis and thrombosis within brain-supplying arteries. In white men, the
predominant atherosclerotic disease was at or near the origins of the internal
carotid and vertebral arteries in the neck [8,9]. Thrombi that developed within
the internal carotid arteries (ICAs) often propagated cranially, and emboli
broke off from the top of the clot. Intracranial atherosclerosis was more com-
mon in women, African-Americans, and individuals of Asian origin [11,12].
Degenerative changes termed lipohyalinosis often developed in penetrating
artery branches of the main intracranial arteries. Occlusive changes in these
vessels led to small deep lacunar infarcts [13,14].

During the last decades of the twentieth century there was a dramatic im-
provement in technology capable of imaging the brain and the blood vessels
that supplied the brain. MRI proved superior to CT scan in showing acute
infarcts and hemorrhages. Diffusion-weighted images (DWI) showed brain
infarcts soon after ischemia onset. CT angiography (CTA) and MR angiog-
raphy (MRA) could accompany brain imaging with CT and MRI and
quickly and relatively accurately showed occlusive arterial and venous lesions.
CT and MR perfusion (Perfusion-weighted Images PWI) studies performed
concurrently with brain and arterial imaging showed regions of brain tissue
that were deprived of their normal blood supply. Duplex ultrasound non-in-
vasively showed occlusive lesions in the neck and transcranial Doppler ultra-
sound could show and monitor disease in the large intracranial arteries. By
the turn of the century clinicians could safely and quickly determine during
life the nature and location of occlusive lesions, the extent of brain infarction,
and regions of brain that were underperfused but not yet infarcted. 

B. Experience with IV thrombolytic treatment 
In early thrombolytic studies during the 1980s, acute stroke patients were

screened clinically and by CT, and then angiography was performed. If an
intracranial arterial occlusion was shown, thrombolytic drugs were given.
Follow-up angiography was performed after treatment to assess recanaliza-
tion. These studies were observational only since controls were not used
and patients were not randomized but successive patients meeting protocol
requirements were treated [15-18]. Recanalization heavily correlated with
outcome. Thrombolytic agents act only by lysing clots. If arteries are not
opened the drugs do not facilitate recovery. Knowing the recanalization
rate of agents given IV and IA in patients with various occlusive arterial
lesions is extremely helpful in choosing appropriate therapy.

In some clinical studies, the vascular lesions were defined by angiography
and thrombolytic drugs were given IV [15-18]. Among 370 patients treated
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with IV rt-PA, within 6 to 8 hours, one third of the arteries treated showed
significant recanalization compared to only 5% of 58 control arteries. MCA
branch occlusions recanalized best followed by occlusions of the superior
and inferior divisions of the MCA. Mainstem MCA occlusions recanalized
less often than branch and division MCA lesions. ICA occlusions rarely re-
canalized and there were no recanalizations when both the ICA and MCA
were occluded. Embolic occlusions recanalized more often than in-situ
thrombosis of atherostenotic arteries. Recanalization was better when there
was angiographic evidence of good collateral circulation before adminis-
tration of rt-PA.

These observational studies were followed by randomized trials. None
of the IV randomized trials required or reported vascular testing before
treatment and all used clinical findings and CT as entry requirements. The
first reported large multicenter randomized trial of IV thrombolysis was the
European Cooperative Acute Stroke Study (ECASS) which included 620
patients with acute hemispheral strokes among 75 hospitals in 14 European
countries [19,20]. 313 patients were randomized to receive rt-PA and 307
to placebo. Treatment was given within 6 hours of the onset of symptoms
of brain ischemia. Patients who had major early infarct signs (diffuse hemi-
spheral swelling, parenchymal hypodensity, effacement of cerebral sulci in
> 1/3 of the MCA territory) and hemorrhage on initial CT scans, which
were read at local sites, were excluded. An independent blinded CT scan
reading panel later retrospectively reviewed the CT scans and determined
protocol violations of the CT scan entry criteria. Many patients had pro-
tocol deviations, mostly because local centers failed to recognize CT ab-
normalities that should have excluded patients. The study was considered
negative. More patients treated with rt-PA had good outcomes but more
patients did poorly and more patients died [19,20].

The next study was the National Institute of Neurological Diseases and
Stroke (NINDS) study [21]. Compared to ECASS l, the NINDS used lower
rt-PA dose and had earlier treatment (302 patients were treated within 90
minutes and 322 between 90 and 180 minutes) Ischemia on entry CT scans
did not exclude patients. Patients treated with IV rt-PA were at least 30%
more likely to have minor or no disability at 3 months. Symptomatic in-
tracerebral hemorrhages were more common in rt-PA treated patients
(6.4% vs 0.6%) and patients who had more severe neurological deficits at
entry and patients 75 years or older had more hemorrhages. The mortality
at 3 months was 17% in the rt-PA group vs 21% in the placebo group [22].
There was no important difference in outcome in stroke subtype groups
but quick entry and absence of vascular and cardiac imaging made the clin-
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ical diagnosis of stroke mechanism tentative at best. A committee that re-
viewed the NINDS results reported that the stroke mechanism subtype re-
sults were not valid [22].

In the ECASS ll trial, investigators treated 800 patients from Europe,
Australia, and New Zealand with rt-PA or placebo within 6 hours of stroke
onset [23]. They used the rt-PA dose used in the NINDS trial. Patients with
major infarcts on CT scan were excluded but vascular imaging was not per-
formed before treatment. Guidelines for control of hypertension were more
explicit than in ECASS l or the NINDS trial. In ECASS ll, 36.6% of
placebo-treated patients had favorable outcomes – a better result than
thrombolysed patients in the ECASS l and NINDS trials. Among the rt-
PA-treated group, 40.3% had favorable outcomes – not statistically signifi-
cantly different from the placebo-treated group. Treatment results and
hemorrhage frequencies were similar in the 0-3 hour and 3-6 hour treat-
ment groups. In the interval between the 2 ECASS trials, stroke centers had
developed widely in Europe and were manned by experienced stroke neu-
rologists, internists, and nurses. The results in the placebo and thrombolysis
groups reflect better medical care delivered in dedicated stroke centers. Later
a third European study, ECASS lll, using a similar protocol to ECASS ll,
showed that IV rt-PA was more effective than placebo when patients were
treated in the 3-4.5 hour window [24].

Concurrent with ECASS lll, investigators began to use modern MRI and
CT protocols along with clinical data to attempt to better select patients likely
to benefit from thrombolysis and those at most risk of hemorrhage and other
complications. Trials (EPITHET [25]DIAS [26], and DEFUSE [27]) and ex-
tensive experience [29] established the feasibility of using modern brain and
vascular imaging to optimally choose patients for thrombolysis. 

The Desmoteplase in Acute Ischemic Stroke (DIAS) Trial was a placebo-
controlled double-blind randomized dose finding Phase ll trial of
Desmoteplase [27], a plasminogen activator fibrinolytic enzyme with high
fibrin selectivity and a long-terminal half-life derived from vampire bat
saliva. Fibrin-selectivity is important since the agent tends to bind at the
site of the thrombus and not cause systemic fibrinogenolysis. In DIAS, pa-
tients were selected for fibrinolysis if they had a diffusion/perfusion mis-
match on MRI and were treated within a 3-9 hour window. The patients
treated with desmoteplase had a higher rate of reperfusion and better clinical
outcomes than placebo-treated controls [26]. 

The Diffusion and Perfusion Imaging Evaluation For Understanding
Stroke Evolution (DEFUSE) Trial studied whether MRI criteria helped de-
termine responders to IV tPA in patients treated 3 to 6 hours after stroke
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symptom onset [27]. A perfusion/diffusion mismatch was found in 54% of
patients with interpretable PWI scans and in this group early reperfusion
was associated with a favorable response in 56% of patients compared to only
19% of patients with no mismatch. Those patients who had large DWI le-
sions fared worse with a very low rate of good clinical response and a high
rate of hemorrhage when reperfusion occurred [27].MRA showed that 65%
of patients had a symptomatic arterial occlusion before treatment. Complete
early recanalization occurred in 27% and partial recanalization in 16% as de-
termined by follow-up MRA. Patients with early recanalization had a 74%
reduction in PWI volume compared with 16% with no recanalization [27].

DIAS and DEFUSE showed that MRI and MRA could be used effec-
tively to select patients for thrombolysis even within the 3-9 hour window.
Modern CT profiles that included CTA and perfusion CT should also be
able to select patients with arterial occlusions with no or small infarcts and
larger perfusion defects that would be amenable to thrombolysis irrespective
of time.

C. Action responses and guidelines
Release of the results of the NINDS trial stimulated a movement in the

USA to quickly (much too quickly in my opinion) introduce IV thrombolysis
widely into the community. During the summer of 1996, about one-half year
after publication of the NINDS trial, despite the failure of the ECASS l trial,
the United States FDA approved the use of rt-PA to treat stroke patients
within the first 3 hours. A meeting was called by NINDS shortly after FDA
approval to urge immediate institution of IV thrombolysis into every hospital
in the USA. The American Heart Association [29] and American Academy
of Neurology [30] published treatment guidelines that followed exactly the
inclusion and exclusions and the treatment protocols of the NINDS trial. A
CT scan done before thrombolysis should not show major infarction, mass
effect, edema, or hemorrhage. The guidelines did not require or suggest MRI
or vascular tests before treatment. Guidelines updated in 2007 concerning
early management of adults with ischemic stroke did not substantially alter
the original guidelines concerning IV rt-PA administration [31].

Canadian and European authorities approved the use of rt-PA much later
than the USA. The European Medicines Evaluation Agency (EMEA) condi-
tionally approved alteplase (rt-PA) in September 2002 to treat ischemic stroke
by experienced clinicians within 3 hours of symptom onset. A condition man-
dated by the European Union regulatory authorities for definitive approval of
thrombolytic therapy was that treatment safety would be monitored during a
three year period by entering all treated patients in a web register, the SITS
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Monitoring Study – SITS-MOST Registry. In this registry, during a 4-year
period, data from 6483 patients from 285 centers in 14 countries were entered
[32]. At 24 h, 1.7% of patients had symptomatic intracerebral hemorrhages
compared with 8.6% in the previously reported pooled randomised controlled
trials. The mortality rate at 3 months in SITS-MOST was 11.3% compared
with 17.3% in the pooled randomised controlled trials. The investigators con-
cluded that intravenous rt-PA use was safe and effective in routine clinical
practice when given within 3 h of stroke onset. 

D. Critique and moving forward
If an unbiased committee wrote a report card on the status of IV throm-

bolysis to date, they would find much good and much to be desired. Finally
there was a drug that all agreed was an effective stroke treatment. Before
rt-PA therapeutic nihilism prevailed. Approval of rt-PA was a wake-up call.
Stroke can and should be treated. Stroke patients must be taken quickly to
medical centers, and doctors and hospitals must become prepared and able
to treat them. Doctors and the media, politicians, and authorities called the
attention of the public and of doctors to stroke. 

Unfortunately, doctors and medical centers have been slow to heed the
call. Only about 1-2% of acute stroke patients are now treated with throm-
bolytics. About 4-5% of patients who arrive at medical centers in the USA
and are eligible for thrombolysis under present guidelines actually receive
it. Many hospitals, doctors, ambulance services, and emergency room units
are still inadequately prepared to treat acute stroke patients. Some physicians,
especially emergency room doctors, remain unconvinced about thrombol-
ysis and are unwilling to give thrombolytic drugs for stroke patients. The
guidelines for treatment are hopelessly outdated and do not consider ad-
vances made since the randomized NINDS and ECASS Trials. There are
not enough doctors sufficiently trained and experienced to handle acute
stroke patients. There is still much that is not known about thrombolyis
(and is not likely to be learned unless the present guidelines are updated). 

When the ECASS and NINDS studies were planned, available technology
was limited. Since then there has been a dramatic upgrade in MRI, CT, and
ultrasound technology that can safely and quickly yield information about
the presence, location, and amount of infarcted brain and arterial and venous
occlusions. Thrombolysis can be effective if given within 3 hours following
present guidelines, but the present guidelines are not optimal. Patients now
excluded such as those who awaken with neurological symptoms, those who
have minor deficits or have improved substantially, and those treatable only
after 4.5 hours could respond to treatment. Are there also patients now treated
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under the guidelines who should not be treated because of little likelihood
of success and high risk of hemorrhage or edema? 

Knowledge gained from modern brain and vascular imaging can select
for treatment some patients now included and excluded under present
guidelines. The knowledge used to best choose treatment is listed in Table
1. The present guidelines: use firm time windows, do not suggest or even
mention vascular imaging, exclude patients who awaken with deficits, have
mild or improving signs, or have seizures.

Patients who awaken with neurological symptoms often have brain and
vascular imaging that show treatable vascular occlusion patterns and no or
small infarcts and are excellent candidates for thrombolysis [33]. Many pa-
tients who enter with slight deficits or improving signs later develop severe
strokes. Improving or slight deficits are one of the most common reasons for
present exclusion from thrombolysis. A substantial number of patients who
later deteriorate have occlusive vascular lesions that are amenable to throm-
bolytic treatment [34]. Some patients already have large infarcts and little re-
coverable brain when brain imaging is performed within 3 hours. These
patients can be harmed by thrombolysis. Seizures at or near onset do occur
in some acute ischemic stroke patients, especially those with embolic strokes
[36].Other reperfusion strategies including initial IA treatment, bridging IV
then IA thrombolysis if arteries are not opened, mechanical thrombus re-
moval, primary stenting of occluded arteries are now being used clinically
in many advanced stroke centers. Knowing whether there is an arterial oc-
clusion and its location and the extent of infarction already present might
lead clinicians to choose no thrombolysis, IV treatment, or to consider IA
treatment, or combined IV then IA treatment. 

The site of arterial occlusion strongly affects the likelihood of reperfusion
after IV and IA thrombolysis. The more one knows about the patient, the
more logically the clinician can choose acute and more chronic treatment.
The present guidelines desperately need revision to account for information

Table 1. Data needed to logically choose treatment for patients with acute brain ischemia.

1. The nature, location and severity of the causative vascular-cardiac-hema-
tological conditions

2. The mechanism of ischemia – hypoperfusion or embolism

3. The cellular and serological components of the blood

4. The state of the brain – normal, “stunned”, or infarcted.
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gained since the NINDS trial was published. The guidelines should build in
flexibility according to the technology available and the experience and train-
ing of the treating physicians and the desires of the patient.

II. Carotid artery surgery vs angioplasty/stenting

A. Background
Randomized trials clearly showed that carotid endarterectomy was more

effective than best available medical therapy used at that time in patients
with neurologically symptomatic, severe (70% luminal narrowing) carotid
artery stenosis [36-38]. Endarterectomy removed the obstructing lesion dra-
matically augmenting flow and also removed the source of intra-arterial
emboli. Endarterectomy was also shown to be somewhat effective in se-
lected patients with luminal stenosis in the 50-69% range [39-40]. 

Until recently, endarterectomy was the most common method of un-
blocking an artery by direct surgery. Capillaries, small arterioles, and neurons
were often damaged during ischemia. When flooded with blood under high
pressure, these abnormal vessels might bleed. The carotid sinus was also dam-
aged during endarterectomy, leading to failure of the carotid sinus reflex
and accelerated hypertension in the hours and days after carotid endarterec-
tomy. Elevated blood pressure and flooding of damaged vessels was a rec-
ognized cause of brain edema and ICH after carotid endarterectomy. 

The successful use of angioplasty and stenting to treat coronary artery
stenosis led to application of stenting for carotid artery and other neck and
intracranial arterial stenosis [41,42]. Between 1996-1999, 11 carotid stent se-
ries published results in 1,311 patients [42]. The overall reported rate of tech-
nical success was >95%; procedure-related mortality rates (including cardiac
deaths) were 0.6%-4.5%; major stroke rates were 0%-4.5%; minor stroke rates
were 0%-6.5% ; and the 6-month restenosis rate was <5% [42]. Some series
that included very high-risk cohorts reported less favorable results. 

Clinicians and surgeons asked how carotid endarterectomy and stenting
compared. There now have been 5 major trials: Carotid and Vertebral Trans-
luminal Angioplasty Study (CAVATAS) [43], SAPPHIRE [44], SPACE
[45], EVA-3S [46], and CREST [47].These trials all had different inclusions
and exclusions, different rules for including surgeons and interventionalist,
and different use of various protection devices. In the CREST trial stenting
was followed by more strokes but endarterectomy was followed by more
myocardial infarctions. Younger patients seemed to do better after stenting
while older individuals fared better after surgery [47].

During the time that the various surgery and stenting trials were performed,
medical therapy improved dramatically especially with the more widespread
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use of statins, newer antithrombotic agents, and more available agents for the
control of blood pressure and abnormal glucose metabolism. Spence published
data derived from aggressive medical therapy of patients with carotid artery dis-
ease and posited that now medical therapy might be equal or better than either
surgery or stenting in controlling carotid artery disease [48,49].

B. Critique and moving forward
It is rather naïve to posit that one treatment is best for all patients and

all situations. One treatment – endarterectomy – may be better in some
circumstances and stenting be preferred in others. Table 2 tabulates the fac-
tors used to choose one treatment or another. None of the trials considered
the nature of the vascular lesions, yet studies show that some lesions might
pose more risk for stenting and others for surgery [50].
1. We need further studies of treatment of carotid artery and vertebral ar-

tery occlusive disease in the neck
2. Studies should include an arm of optimal modern medical treatment

(high dose statins, ACE-inhibitors or ARBs, antiplatelets, and life-style
modifications, in addition to surgery and angioplasty/stenting)

3. Studies should include more detailed analysis of the vascular lesions using
advanced technology

4. Studies should include analysis of the risk/benefits of distal and other
protection devices and strategies.

1. Nature of lesions
Level of carotid bifurcation
Length of lesion especially extent rostrally
Severity of the stenosis
Distal severe tandem stenosis
Smoothness vs irregularity; ulceration 

2. Age, sex, and comorbidities
3. Coronary artery disease
4. The benefits vs risks of using needed double antiplatelet use during and

after treatment
5. Hypertension and diabetes if poorly controlled
6. The experience and record of the surgeon
7. The experience and record of the interventionalist
8. The benefit vs risk of angioplasty and/or employing protection devices

during stenting
9. The patient’s and family’s preferences.

Table 2. Factors used to choose treatment for patients with carotid artery disease

15_CAPLAN((OK)) 151-168.QXD_Layout 1  23/09/11  13:03  Pagina 159



160 Atherosclerosis: The 21st Century Epidemic

LOUIS R. CAPLAN

III. Increasing the brain’s tolerance and resistance to ischemia
(“Neuroprotection”)

A. Background
Theoretically, there might be substances or strategies that make the brain

relatively resistant, at least for some time, to the deleterious effect of lack of
oxygen and energy delivery, that is keeping brain cells alive despite poor
perfusion. Trials of putative neuroprotectants, when used alone without ad-
junctive measures to enhance reperfusion, have all resulted in failure. Agents
that were effective in experimental animal models of acute ischemia had
no or little benefit in humans with brain ischemia. Many failures are likely
due to suboptimal trial design and testing [17].

Armchair ideas and theories abound and far outweigh the data, but this
field of investigation still may prove fruitful in the future. Trials in human
stroke patients have not always been well designed to show an effect of the
various therapies. They have customarily been given to all patients with
acute stroke, and in most studies full brain and vascular imaging have not
been mandated at entry or follow-up. 

Among all patients with acute brain ischemia:
1) Many would have already developed large infarcts. These could be

identified by DWI MRI scans or full CT protocols. Dead brain can-
not respond to neuroprotection.

2) In many patients the blood vessels supplying the ischemic brain are
occluded. The neuroprotective agents might not reach the ischemic
neurons because the entry main road is blocked. Administering the
agents to patients who have open arteries or are undergoing throm-
bolysis or other reperfusion techniques would be most effective.

3) White matter infarcts especially lacunes might not respond to neu-
roprotective agents that are cytoprotective since the white matter
consists of tracts and not neurons.

B. Moving forward
If a neuroprotective agent proves effective among patients investigated

thoroughly using modern neuroimaging who have small or no brain in-
farcts, open arteries (or are undergoing reperfusion), and non-lacunar mech-
anisms, and the agent is safe, it will become widely used. Because cerebral
cortex is mostly the aim of protection, cognitive and behavioral testing is
needed to show a benefit. The presently pursued strategy of treating all acute
stroke patients provides a very difficult barrier for any neuroprotective agent
to hurdle. Small studies of fully evaluated patients, after thorough animal
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and pharmacokinetic data, might identify suitable neuroprotective agents
for larger trials of well evaluated patients.

IV. Randomized therapeutic trials of secondary prevention of stroke and
guidelines

The term “evidence-based” has become a sacrosanct icon almost like
motherhood. Who could possibly argue against basing medical treatment
decisions upon evidence. It is difficult to think of a polite term for decisions
based on no evidence. The only evidence now given credence in deter-
mining the evidence-base is that garnered from randomized controlled trials
(RCTs) especially those that are double blinded. Lectures and reports on
treatment are now customarily ended by the authors calling for a new RCT
or demanding that future treatment of the condition be evidence-based. 

The emphasis on RCTs as a basis for all treatment has been overstated
especially in relation to Neurology [51-53]: 1) many, if not most, treatment
conundrums, are not suitable for RCTs; 2) RCTs have significant limita-
tions that reduce their applicability to individual patient therapeutic deci-
sions, 3) the quality of the evidence and the context of how the evidence
was acquired and the situation in which it will be applied are given insuf-
ficient attention, and 4) the evidence does not consider the personal- the
complexities of the individuality of each patient.

Marriage of the therapeutic and computer eras has led to the proposition
that all treatment should be based on data from therapeutic trials. This is
also the managed care era. Some managers warmly embrace evidence-based
treatment. Realizing that little that doctors now do is based firmly on trial
results, managed care organizations and insurance companies save money if
they only pay for scientifically proven treatments. An alarming scenario has
evolved. One or more RCTs are performed that show positive results. The
treatment is then assigned an “evidence-based” label and organizations
promulgate guide-lines based on the results of the RCTs. Managed care
organizations and lawyers embrace these guidelines and physicians who de-
viate from the guidelines in treating individual patients (whether or not the
context of the RCTs is relevant to that patient) become potentially culpa-
ble. Treatments that are not “evidence-based” are not approved by payers.
Medico-legal suits are sometimes pursued against physicians who have not
followed “evidence-based” guidelines.

Randomized therapeutic trials placed in clinical perspective
Trials have important limitations. Trials require enormous resources. To

provide statistically valid results, randomized trials must contain large num-

15_CAPLAN((OK)) 151-168.QXD_Layout 1  23/09/11  13:03  Pagina 161



162 Atherosclerosis: The 21st Century Epidemic

LOUIS R. CAPLAN

bers of patients with enough end points for analysis. Sufficient end points
must be reached in a short period of time. The condition studied must either
be acute and cause adverse end points or rapid improvement within a short
time. Chronic conditions must be severe enough to cause clear end points
within 1-5 years of follow up. Many medical and neurological conditions
are unsuitable for trials. Patients who are too ill, too old, too young, female
and “of childbearing age”, incapable of giving informed consent, too com-
plex, or too full of coexisting illnesses are excluded from trials.

The major limitation of trials is the numbers vs specificity issue. To in-
clude large numbers of patients, the condition studied must be common
and multiple physicians at multiple centers must be recruited. One center
would have too few patients or would take an unacceptably long time to
accrue the number of patients needed. Uncommon conditions cannot be
studied in RCTs because doctors are unable to acquire enough patients for
statistically valid analysis. To achieve numbers, a “lumping” strategy must
predominate over “splitting”. The more a study lumps diverse subgroups,
the more general are the results and the less they are applicable to specific
patients. General answers are useful to introduce subjects, however, for prac-
ticing physicians, treatment must be very specific. To be useful, trial results
must help physicians treat complex individual patients in given situations.
In the free world, no physician is likely to be faced with treating thousands
of individuals with the same treatment irrespective of their individual char-
acteristics but that is the situation in trials. RCTs mandate that numbers of
patients with a general condition will be given treatment X and the results
will be compared with patients given a placebo or treatment Y. The results
will be useful to the treating physician only if the general data is applicable
to the specific problem.

Brain ischemia and drugs that alter platelet functions
RCTs have shown definite but relatively small benefit for aspirin, aspirin

combined with dipyridamole, ticlopidine, cilostazole and clopidogrel in pa-
tients lumped together as having TIAs or minor strokes [17]. The patient
mix studied and treated with antiplatelet aggregants or placebo was not
representative of patients in the community. Classification of the nature and
severity of the causative vascular and cardiac lesions was not required for
entry in any of these trials. Many trials antedated recent advances in modern
vascular imaging. Patients with lesions thought favorable for carotid surgery
were often operated on and were ineligible for the trials. Patients with “sur-
gical” lesions deemed unfit for surgery – and patients unfit for angiography
were included in medical treatment groups. Some patients with detected
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cardiac sources of emboli were not entered. No systematic evaluation for
carotid artery or cardiac disease was mandated in any of the studies. Sub-
group analysis was only by sex and tempo of ischemia (TIA or minor
stroke). The tempo of ischemia does not predict the nature, severity, or locale
of causative vascular lesions. Since cardiac studies were not required, the
groups also must have included patients with cardiac-origin brain em-
bolism. The studies did not analyze the effect of race on treatment. A meta-
analysis of randomized control trials of antiplatelet agents in the secondary
prevention of stroke found “for aspirin compared with placebo a nonsignif-
icant reduction in stroke of 15% ... a trend in reduction of stroke for any
regimen containing aspirin”. …“It is still conceivable that aspirin alone may
decrease the incidence of stroke by as much as 40%, but a sample of >13,000
patients would be needed to confirm the benefit observed in our analysis”
[54]. Guidelines use the results of these trials to recommend the use of an-
tiplatelet aggregants for patients with TIAs and minor strokes. However, the
results of these studies are difficult for physicians to apply to individual
stroke patients with identified stroke mechanisms e.g stenosis of the MCA
or cardiogenic embolism. The result is that the trial data, despite enormous
expense, is not very useful for physicians treating patients with the condi-
tions studied in the trials. Are platelet antiaggregants useful in patients with
microangiopathies (lipohyalinosis and atheromatous branch disease)? Are
antiplatelet aggregants more useful than anticoagulants or other drugs in
patients with slight or moderate stenosis of the carotid and/or vertebral ar-
teries in the neck or for intracranial artery stenosis? 

Critique and moving forward
Future trials of antiplatelet aggregants should contain sufficient subgroup

data related to the presence and severity of vascular lesions and various
stroke mechanisms to be meaningful to practicing physicians. Guidelines
for antithrombotic use need to build in flexibility and context. Medical
treatment decisions are often difficult. It takes time to get to know patients
and their particular conditions, comorbidities, social-psychological-eco-
nomic backgrounds, and desires. Table 3 lists the key factors in choosing
treatment for an individual patient. Each patient is unique. Comorbidities
clearly effective decision-making. So does the social-economic-psycholog-
ical background of the patient. The opinions, concerns, and desires of
spouses, family, children, and other members of the patients’ milieu also
often need to be factored into decisions. Some patients are risk-takers while
others are very conservative and risk-adversive. Some patients relish statistics
and choose therapies logically. Others eschew “science” and smoke, eat too
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much, drink too much, take harmful drugs, exercise too little, and rely on
herbs, vitamins and alternative medicines. 

RCTs that answer clinically relevant questions are clearly needed. We
also need more careful observations from experienced clinicians and more
observational studies. More patients with complex illnesses need manage-
ment by specialists as well as primary care physicians. RCTs and evidence-
based medicine do not hold as much promise for the future as their
advocates posit. We need to convince young physicians and medical students
to go back to the bedside and to learn as much as possible about their pa-
tients and about the fundamental anatomy, pathology, and pathophysiology
of the patients’ diseases. Decisions take time, patience, experience, and re-
peated patient encounters. But these key ingredients are not valued highly
in our money-driven managed care dominated environment.

Table 3. Factors important in choosing treatment for individual patients.

1. Understanding what is wrong with the patient in as much detail as possible

2. Understanding the patient’s risks for disease and for complications of po-
tential treatments

3. Understanding the patient – their background, genetics, stresses, socio-eco-
nomic milieu, psychology, responsibilities, goals etc. 

4. Understanding the benefits and risks of potential therapeutic strategies to
treat the patient’s conditions (often multiple) and to prevent conditions

that they are at risk for developing

5. Communicating with the patient and often family members and friends, 
listening and conveying information, and teaching.

6. The patient and their families’ preferences.
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Arterial disease affects most of the world’s population causing Heart and
Brain infarctions. Cardiac and Cerebrovascular Diseases are the leading
causes of death worldwide. Prevention of arterial disease is possible yet
largely unaccomplished. Paradoxically, the last decade has witnessed major
scientific advances in the prevention and treatment of Vascular Disease. These
positive achievements, however, have mostly increased the gap between
knowledge and expected results. Effective implementation is most impor-
tant to reach objectives.

Science is succeeding in the battle of research against Vascular Disease
but losing the field of successful patient treatment as reflected by an increas-
ing death toll. In current times, most things change rapidly and in science
specially so. Often, even before there is time to test a new hypothesis, drug
or device, a more recent one has to be evaluated instead. 

Knowledge sharing is the key to scientific progress in any given field. Vas-
cular Disease is unique in that specialists from different medical areas partic-
ipate in the treatment of the same patient. However, the knowledge from
these different vascular experts is not fully integrated since they work in dif-
ferent hospital departments, do research in different laboratories and attend
different scientific meetings. 

One first step to effectively potentiate the discoveries that will benefit
arterial disease is to integrate the efforts from physicians and other experts
that specialize in epidemiology, genetics, cardiology, diabetes, vascular neu-
rology, lipids, cognitive impairment and related specialties. 

In turn, the aforementioned scientists should present their work in easily
understood terms to Governments and other non-medical agencies that
have a leading role in the distribution of new resources and knowledge. 

At the Vatican Meeting “Atherosclerosis: The 21st Century Epidemic” we
contributed by stimulating an inter-specialty collaboration with world opin-
ion leaders. 
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The following is a Statement based on two days of meetings. After each par-
ticipant had presented salient issues in their vascular fields, open discussions lead
to this statement. We created a short document with a concise and attainable
message that identifies the key success factors that must be urgently addressed. 

I. Atherosclerosis
1. Atherosclerosis (Vascular Disease) is a rising epidemic with severe health

and economic consequences for all world regions, affecting men and
women in developed and developing countries. Vascular Disease is
the leading cause of death worldwide resulting in 17 million deaths
per year. 

2. Atherosclerosis begins early in life, and is a chronically progressive dis-
order that is initiated and progressively advanced by specific lifestyle
conditions and genetic factors. 

3. Atherosclerosis is a systemic disorder responsible for acute conditions
such as MI (heart), stroke (brain) as well as chronic conditions such
as cognitive decline and dementia, heart failure, renal failure, periph-
eral vascular disease. 

4. Atherosclerotic disease worsens exponentially with increasing age and the
burden of atherosclerotic disease is expected to double by 2030 as
the population ages. 

5. The incidence of premature atherosclerotic disease is rising in some parts
of the world and threatens to do so globally with the growing epi-
demic of obesity/diabetes.

6. New knowledge from epidemiology, therapeutic trials and technolog-
ical advances, support the recognition, diagnosis and a new basis for
action to fight this atherosclerosis epidemic. 

II. Prevention
1. Prevention is the major hope for controlling atherosclerotic Vascular

Disease. However, many public campaigns and medical publications
focus on acute treatment missing the most effective target: prevention.
Prevention provides the opportunity to generate a much clearer, ef-
fective and large-scale audience message. Resources are limited and
thus must be allocated where there are greater chances for success.
Prevention offers this unique opportunity.

2. Risk factor assessment and modification should begin early in life
(childhood). 

3. Most risk factors that lead to atherosclerosis can be modified by
lifestyle changes as opposed to drug or device treatment. 
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4. Behavioral risk factors include: smoking, unhealthy diet and physical
inactivity. Unhealthy diet encompasses excessive salt intake, excessive
alcohol intake, excessive carbohydrate intake and trans-fat consump-
tion. Obesity is a result of unhealthy diet and physical inactivity
among other factors. 

5. Most important risk factors include: hypertension, cholesterol, dia-
betes and the metabolic syndrome.

6. With the exception of age, gender and family Vascular Disease history,
all risk factors are modifiable through behavioral and/or pharmaco-
logic strategies. 

7. Primary prevention can reduce the burden of illness through a culture
of healthy lifestyle: reducing the prevalence of obesity, smoking, high
salt diet, reducing trans-fat intake, replacing some saturated with
polyunsaturated fats and avoiding a sedentary lifestyle. Solidarity in
primary prevention efforts will benefit both the individual and the
society as a whole. Such measures are extremely cost effective.

8. Primary and Secondary Prevention is achieved with control of the
medical risk factors: hypertension, high cholesterol, and insulin re-
sistance. Effective treatment reduces the first clinical manifestations
of atherosclerosis and subsequent events in those who have already
suffered a consequence of atherosclerosis (stroke, MI).

9. Hypertension accounts for approximately 50% of Vascular Disease mor-
tality and thus is the most important modifiable risk factor yet it is largely
ignored or undertreated by physicians and patients. White coat hyper-
tension is not a benign entity and should thus be treated as hypertension. 

10. In order to achieve the behavioral changes that will reduce athero-
sclerotic disease, policies and environment must be conducive to (pro-
mote) healthy choices. The role of Governments in these areas is
crucial. The best approach should be based on a strong intersectorial
Government-Health collaboration.

11. Aggregate risk factor reduction can decrease cardiovascular events by
as much as 70%. Adequate Secondary prevention measures can reduce
vascular event recurrence by 75%.

III. Treatment
1. Acute and chronic treatment strategies for acute coronary events and

stroke are proven to reduce disability/death but access to care is often
lacking. 

2. Effective strategies and medications are generally underutilized even
when available and not limited by cost. 
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3. Interventions to consider: the polypill approach for primary and sec-
ondary prevention is a cost-effective, evidence-based approach to pre-
vention. Percutaneous interventions with stenting and surgeries
(by-pass and endarterectomy) are effective measures for certain sce-
narios of coronary and cerebral artery stenosis and occlusions. Recent
data shows that pharmacological treatment is an acceptable alternative
to invasive revascularization in certain patients with coronary and
carotid artery disease. 

4. The most cost-effective management of Vascular Disease is one of an
integrated atherosclerosis treatment based on a Total Vascular Risk ap-
proach. Individuals should be stratified according to their Vascular Risk
of developing a vascular event depending on their risk factor profile
and objective measurement of arterial atherosclerosis (and not managed
solely on the basis of individual vascular risk factor treatment). 

IV. Education
1. There is a major shortage of “vascular neurologists” in both high-

and low-income countries. There should be a change in focus in the
education of all physicians to more strongly emphasize evidence-
based primary prevention of Vascular Disease.

2. Education focused on school children, especially targeted to create
sustainable healthy behavior and sustainable control of risk factors.
Both in Elementary and High School levels subjects covering Health
Promotion and Disease Prevention should be part of the mandatory
curriculum or could even replace subjects such as anatomy, biology
or similar.

3. Telemedicine has been proven effective in selected world regions.
This experience should be extrapolated and proven as a reliable al-
ternative for treatment of Vascular Disease patients in most world areas
without direct access to physicians with expertise in Vascular Disease. 

4. There is significant asymmetry between the medical and general pop-
ulation knowledge in the different vascular fields. Knowledge in
stroke lags significantly behind that about coronary heart disease. This
limitation in knowledge worsens the fact that stroke incidence has
increased 100% in low- and middle-income countries over the last
40 years. This and other gaps should be reduced via effective medical
and population education. 

5. Engage the media to promote education on Vascular Disease knowl-
edge for a healthy lifestyle, Vascular Disease Prevention, and the need
for rapid access to treatment. 
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6. Produce easily accessible (through multiple medical journals and inter-
net) and understandable guidelines for management of Vascular Disease.
Present guidelines are redundant, complex and not geographically, eco-
nomically and culturally sensitive. If not understandable and applicable
by physicians worldwide, they are not serving their natural purpose. 

V. Research
1. Studies are essential to understand the pathobiology of the disease

(atherogenesis, related thrombosis, lipid biology, vascular inflammation),
and for the development of more potent anti-atherogenic medications. 

2. Implementation (Translational Type 2) research is necessary to under-
stand how to achieve most effective health/clinical outcomes in the
wide variety of populations, to optimize the treatment of individual
patients (personalized medicine). Monitoring and evaluation of cardio-
vascular health programs is essential to improve health outcomes.

3. Further research is necessary to discover the yet unknown risk factors
that contribute to atherosclerosis and the occurrence of vascular
events in persons with atherosclerosis. In the same line, knowledge is
lacking to explain the occurrence of events in people without vas-
cular risk factors and the absence of events in elderly people with
multiple risk factors (i.e. outliers). 

4. Greater coordination between the industry and academia would lead
to a larger spectrum of the research needed for knowledge progression. 

5. Many different and complex mechanisms are involved in the genesis of
arterial disease: oxidative stress, cellular apoptosis, ion channels, cell mi-
gration, and inflammation are all pieces with a role in the vascular dam-
aging process. An isolated approach to research by the different vascular
specialties delays discoveries. Basic science researchers, epidemiologists,
genetic experts, lipid and glucose specialists, cardiologists and vascular
neurologists should work closely together and ensure that information
exchange is sufficient to advance their mutual learning process. 

VI. Health care policies
1. Policy development is essential as well as multidisciplinary and multi

sector research.
2. Special efforts should be devoted to low- and middle-income coun-

tries where 85% of vascular events occur. 
3. Developed, high-income regions should coordinate efforts to promote

effective action in developing, low-income countries. This could be
achieved politically at Government level, through financial support with
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research grants and identifying scientists and physicians that could func-
tion as representatives and valid translators of each country’s necessities. 

4. Develop an overarching Policy Framework with key components;
Protection/Promotion/Prevention, Health care, Monitoring of risk
factors and determinants which provides a life course approach to
cardiovascular health.

5. Advocate to place Cardiovascular/Non-communicable diseases in the
development agenda and give due recognition to health in all public
policies. A coordinated call to action should engage governments,
church, food distributors, media, education, non-governmental or-
ganizations, and health professionals.

6. Invest adequately on prevention focusing lobbies on tobacco control
policies, reduction of salt, and high content carbohydrate and trans-
fat in processed foods, replacing some saturated fats with polyunsat-
urated ones, providing opportunities for healthy choices and
empowering people, particularly children.

7. Medical societies related to Vascular Disease should join forces and man-
date that Governments worldwide include Vascular Disease Prevention
as a priority in their agendas. Public Health campaigns should include
validated Vascular Disease Prevention information. Public Hospitals
should have Multispecialty Vascular Prevention Clinics and Stroke Units
organized following particular geographic needs and possibilities. 

8. Provide fair financing for health care moving towards universal cov-
erage and address equity gaps so that services are based on need rather
than ability to pay. Strengthen primary care for early diagnosis and
reorient health systems.

9. There is a unique opportunity for the Church, through its schools,
ministry, and care of the sick to make a major contribution in fighting
the epidemic of atherosclerosis in high- and low-income countries. 

Conclusions
The present generation of physicians has the duty and responsibility to

make Vascular Disease Prevention the number one priority in the World’s
health agenda. Scientists with the active collaboration of Governments,
NGOs, the Church and other religious orders should ensure that Vascular
Disease Prevention translates from wishful thinking to reality. The next gen-
eration should see this endeavor accomplished and focus efforts on genetics,
biotechnology, nanorobotics and other novel approaches for the treatment
of selected patients in whom prevention is not effective. 
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Figure 2. Data from: The TIMI Study Group. (1985) The Thrombolysis in Myocardial Infarction (TIMI) trial.
Phase I findings. N Engl J Med 312:932-6. 
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Figure 3. TIMI Phase I: Life table cumulative mortality rates by perfusion status at 90 minutes. From:
Dalen, J.E., Gore, J.M., Braunwald, E., et al. (1988) Six and twelve-month follow-up of the Phase I Throm-
bolysis in Myocardial Infarction (TIMI) Trial. Am J Cardiol 62:179-85.
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Figure 4. Cumulative vascular mortality in days 0-35. Patients allocated (i) active streptokinase only,
(ii) active aspirin only, (iii) both active treatments, and (iv) neither. From: ISIS-2 (Second International
Study of Infarct Survival) Collaborative Group. (1988) Randomised trial of intravenous streptokinase,
oral aspirin, both, or neither among 17,187 cases of suspected acute myocardial infarction: ISIS-2.
Lancet 2:349-60. 
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Figure 5. Cumulative mortality from all causes in the SAVE trial. From: Pfeffer MA, Braunwald E, Moye
LA, et al. (1992) 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
327:669-77.
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Figure 6. Death, non-fatal myocardial infarction or urgent revascularization, comparing ENOX (enoxa-
parin) and UFH (unfractionated heparin). ITT = intention to treat. From: Antman, E.M., Morrow, D.A.,
McCabe, C.H., et al. (2006) Enoxaparin versus unfractionated heparin with fibrinolysis for ST-elevation
myocardial infarction. N Engl J Med 354:1477-88. 
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Figure 7. LD = loading dose. MD = daily maintenance dose. From: Sabatine, M.S., Cannon, C.P., Gibson,
C.M. et al. (2006) Addition of clopidogrel to aspirin and fibrinolytic therapy for myocardial infarction
with ST-segment elevation. N Engl J Med 352:1179-89. 
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Figure 8. From: Montalescot, G., Wiviott, S.D., Braunwald, E., et al. (2009) Prasugrel compared with
clopidogrel in patients undergoing percutaneous coronary intervention for ST-elevation myocardial in-
farction (TRITON-TIMI 38): double-blind, randomized controlled trial. Lancet 373:723-31.
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Figure 9. Comparison of the two approaches to reperfusion in ST-elevation myocardial infarction
(STEMI). The advantages and disadvantages of each approach are outlined at the bottom. PCI=percu-
taneous coronary intervention. From: Antman, E.M. (2008) ST-elevation myocardial infarction, in Libby,
P. et al. (eds): Braunwald’s Heart Disease, 8th ed. Philadelphia: Elsevier. pp 1233-1299.
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Figure 10. Kaplan-Meier curves for the primary endpoint at 30 days. The primary end point was the com-
posite of death, reinfarction, worsening heart failure, or cardiogenic shock within 30 days. (see text)
PCI denotes percutaneous coronary intervention. CHF = congestive heart failure. From: Cantor, W.J.,
Fitchett, D., Borgundvaag, B., et al. (2009) Routine Early Angioplasty after Fibrinolysis for Acute My-
ocardial Infarction. N Eng J Med 360:2705-18.
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Figure 11. Algorithm for implantation of an implantable cardioverter defibrillator. (ICD) in ST-elevation
myocardial infarction (STEMI) patients without ventricular fibrillation (VF) or sustained ventricular tachy-
cardia (VT) more than 48 hours after STEMI. The appropriate management path is based on measure-
ment of left ventricular ejection fraction (LVEF). EF measurements obtained 3 days or less after STEMI
should be repeated before proceeding with the algorithm. Patients with EF less than 30 to 40 percent
at least 40 days post-STEMI are referred for insertion of an ICD if they are in New York Heart Association
(NYHA) Classes II or III. Patients with a more depressed LVEF less than 30 to 35 percent are referred for
ICD implantation even if they are NYHA Class I. Patients with preserved left ventricular function (LVEF
>40 percent) do not receive an ICD post-STEMI. From: Antman, E.M. (2008) ST-elevation myocardial in-
farction, in Libby, P. et al. (eds): Braunwald’s Heart Disease, 8th ed. Philadelphia: Elsevier, pp 1233-
1299. Modified from: Zipes, D.P. et al. (2006) ACC/AHA/ESC 2006 guidelines for the management of
patients with ventricular arrhythmias and the prevention of sudden death. Circulation 114:e385-484.



193Atherosclerosis: the 21st Century Epidemic

TABLES • BRAUNWALD

Figure 12. Ejection Fraction over the course of time after bone marrow cell (BMC) therapy in patients
with AMI in comparison with the control group. Ejection fraction (EF) improves significantly in the BMC
group. The initial beneficial effect of BMC therapy, as evidenced by a significant improvement of EF
after 3 months, was longstanding after 60 months. In contrast, the EF decreases in the control group.
AMI = acute myocardial infarction. From: Yousef, M., Schannwell, C.M., Köstering, M., et al. (2009) The
BALANCE Study: clinical benefit and long-term outcome after intracoronary autologous bone marrow
cell transplantation in patients with acute myocardial infarction. J Am Coll Cardiol 53:2262-9.
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Figure 13. Virus-mediated gene transfer. The figure depicts the three major virus vectors used for cardiac
gene therapy. Once the vector has gained access to the cardiac interstitium, the vectors attach to cell
surface receptors or integrins, enter the cell by vesicular transport, traverse the cytoplasm, and enter
the nucleus. Adeno-associated virus (AAV) and lentivirus provide persistent transgene expression, as
the transgene becomes integrated into the host chromosome. Adenovirus provides extrachromosomal
expression. From: Hammond, H.K., Tang, T. (2009) Gene therapy for myocardial infarction–associated
congestive heart failure: how far have we got? Dialogues CV Medicine 14:29-36. Modified from: Perkel,
J.M., Slayden, C., Swift, A. Viral mediated Gene Delivery, Poster. www.sciencemag.org/products/
posters/GeneDeliveryPoster.PDF Washington DC, American Association for the Advancement of Science. 
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Figure 14. Genetic risk prediction of first myocardial infarction. O.R. = odds ratio; SNP = single nucleotide
polymorphism. From: Kathiresan, S., Voight, B.F., Purcell, S., et al. (2009) Genome-wide association of
early-onset myocardial infarction with single nucleotide polymorphisms and copy number variants. Na-
ture Genetics. 41:334-41.
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Figure 1. The diagram illustrates a preventive intervention that reduced the rate of MACE by 50% in pa-
tients with an average risk of 30%. This is remarkable, yet 15% of the treated patients had events de-
spite treatment, and the remaining 70% had no events with no treatment. Socio-economic, clinical,
and psychological factors demand a shift of research from the white area to the hashed areas.
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Figure 2. Percentage of the intimal surface of the major coronary arteries covered by raised fibrous
plaque in patients dying of IHD and in controls. Data from the Oslo study, one of the centers involved
in the International Atherosclerosis Project; the results from the other centers were similar. The per-
centage of the intimal surface of the coronary arteries covered by raised fibrous plaques in patients
dying of IHD (A) was, on average, higher than that found individuals dying of noncardiac causes (B),
but there is considerable overlap between the two groups (mean values are indicated by open circles
connected by dashed lines). Many patients in the IHD group had less than one-third of the intimal sur-
face of the coronary artery covered by plaque; conversely, many individuals in the control group had
more than two-thirds of the intimal surface covered by plaque. Some individuals have no plaques, even
in old age, indicating that the process is not an inevitable consequence of aging (modified from ref. 5).
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Figure 1. Incidence of intracerebral haemorrhage per 1000 per year in OXVASC and OCSP standardised
to the 2001 population of England and Wales. Reprinted with permission from Lovelock C.E., Molyneux
A.J., Rothweil P.M., et al. Change in incidence and aetiology of intracerebral haemorrhage in Oxfordshire,
UK, between 1981 and 2006: a population-based study. Lancet Neurology 2007;6:487-93.
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Figure 2. Proportions of hypertensive and non-hypertensive deep and lobar intracerebral haemorrhages
in OCSP and OXVASC. Reprinted with permission from Lovelock C.E., Molyneux A.J., Rothweil P.M., et
al. Change in incidence and aetiology of intracerebral haemorrhage in Oxfordshire, UK, between 1981
and 2006: a population-based study. Lancet Neurology 2007;6:487-93.
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Figure 3. Intracerebral haemorrhage incidence rations in ethnic groups. White ethnic origin was taken
as reference because it was the ethnic group with the largest number of patients with intracerebral
haemorrahage. Circles are means and bars are 95% CI. Reprinted with permission from van Asch C.J.J.,
Luitse M.J.A., Rinkel G.J.E., et al. Incidence, case fatality, and functional outcome of intracerebral haem-
orrhage over time, according to age, sex, and ethnic origin: a systematic review and meta-analysis.
Lancet Neurology 2010;9:167-76.


