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described by several other medical researchers working at the end of the 19th 
century.

Both Alzheimer and Bielschowsky had spent a great deal of time dealing with 
patients with the dementia-like condition associated with tertiary syphilis; they 
had dissected the brains of many patients who had died of this disease and of 
epilepsy—the condition that more than any other would lead to an acceptance 
of localization theory.20 Alzheimer had also studied anatomical changes in the 
brains of older demented patients where syphilis was not implicated. He and 
his colleagues were already convinced that lesions visible to the naked eye in the 
autopsied brains of demented patients, even without the aid of a microscope, 
were important signifiers of mental illness; what they saw when looking down 
the microscope at preparations of brain tissue only confirmed their beliefs.

Alzheimer gave a report at a meeting of the South West German Alienists 
on November 4, 1906, about the case of Auguste D. He informed his audience 

Figure 1.1. 
Alois Alzheimer, 1911. Neuritic plaque, in Javier DeFelipe,  

Cajal’s Butterflies of the Soul: Science and Art (2010). Reproduced with  
the permission of Oxford University Press p.278
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Another epidemiological project, one in which the population was carefully 
delineated, assessed the neuropathological status at death of 456 individuals 
who had agreed to donate their brains for research and had previously been 
tested clinically for AD. This study showed, as expected, that the neuropatho-
logical features assumed to be diagnostic of Alzheimer disease and demen-
tia, including plaques, tangles, and cell loss (figure 1.2), are more evident in 
older than in younger subjects. However, although the correlation between 
postmortem neuropathology and clinically diagnosed AD and dementia was 
strong in the group aged 60 to 75, this finding was shown to be less and less 
strong with increasing age. The researchers concluded that a considerable 
overlap exists in the so-called neuropathological features present at postmor-
tem of individuals aged 75 and older who were clinically diagnosed with de-
mentia while alive, and those without dementia.76

It was argued that additional factors other than the simple presence of 
Alzheimer neuropathology must determine the clinical expression of demen-
tia, especially in those aged 75 years and older. The researchers insist, “[T]he 
pathological basis of dementia should be considered as an interaction among 
pathological changes, compensatory mechanisms, and underlying synaptic 
dysfunction” and, “cognitive dysfunction in later life is a life-span issue and is 
affected by genetic, developmental, and lifestyle factors, accumulated neural 

Alzheimer cells

Alzheimer's tissue has many fewer 
nerve cells and synapses than a 
healthy brain.

Plaques, abnormal clusters of 
protein fragments, build up 
between nerve cells.

Dead and dying nerve cells 
contain tangles, which are made 
up of twisted strands of another 
protein.

Scientists are not absolutely sure 
what causes cell death and tissue 
loss in the Alzheimer's brain, but 
plaques and tangles are prime 
suspects.

healthy cells

Figure 1.2. 
Under the microscope: Plaques and tangles. Reproduced with the permission 

of the Alzheimer’s Association, from Inside the Brain: An Interactive Tour, 
Alzheimer’s Association, http://www.alz.org/alzheimers_disease_4719.asp.  

This tour is available in 14 different languages.
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that a threshold has been crossed into pathology. However, he insisted, given 
that plaques and tangles are not limited to AD alone, they simply cannot be re-
garded as the defining features of AD. Smith was in no doubt that the neuropa-
thology he observed routinely at autopsies is evidence of age-related disease, 
but, he emphasized, as do other neuroscientists, that the number of neurons 
present and signs of cell shrinkage (figure 2.1) are of more significance than 
are the mere presence of plaques and tangles. His estimation as an experi-
enced neuropathologist was that “educated people” can lose up to 50% of their 
brain tissue and continue to function reasonably adequately. Almost as an af-
terthought, Smith added, “[I]n older people a ‘normal’ brain looks very like an 
AD brain at autopsy,” and in common with perhaps the majority of researchers 
today, Smith noted that “mixed dementias” are most frequently found at au-
topsies of older individuals.

Rudolph Tanzi, a neurogeneticist, holds an endowed chair at Harvard and 
is director of the Genetics and Aging Unit associated with the Massachusetts 
General Hospital. Tanzi is billed on the Internet as a “rock star of science,” and 
is one of the best known and most outspoken Alzheimer specialists of the day. 
His position on the role of amyloid is not unlike that of Mark Smith, and when 
I met him in early 2010 in his research unit he had this to say:

[T]o this day, plaques don’t confirm dementia. What is replicated over 
and over again is that if you grind up part of the brain at autopsy and 
measure the amyloid-β load—that always correlates with dementia. 

In the Alzheimer's brain:

The cortex shrivels up, damaging 
areas involved in thinking, 
planning and remembering.

Shrinkage is especially severe in 
the hippocampus, an area of the 
cortex that plays a key role in the 
formation of new memories.

Ventricles (�uid-�lled spaces 
within the brain) grow larger.

advanced
alzheimer’s

healthy
brain 

Figure 2.1. 
Cell loss in a brain diagnosed with Alzheimer’s disease. Reproduced with the 
permission of the Alzheimer’s Association, from Inside the Brain: An Inter-

active Tour, Alzheimer’s Association, http://www.alz.org/alzheimers 
_disease_4719.asp. This tour is available in 14 different languages.
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Figure 3.1. 
Montréal Cognitive Assessment instrument. Reproduced with the  

permission of Ziad Nasreddine MD.
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part of the McGill University Health Center.33 Howard Chertkow, who founded 
this clinic, did so, he says, because it had become clear to him that many people 
attending the hospital neurology department did not have dementia, but nei-
ther was their cognitive condition normal in his estimation. From the outset, 
the clinic was set up as a research unit designed to assess semantic memory 
loss, and patients with this condition were diagnosed as having “age-associated 
memory decline.” But once the term “mild cognitive impairment” became 
widely recognized, this label was adopted. At the time, Chertkow’s colleagues in 
neurology were very eager to have him take on these time-consuming patients.

Everyone whom we interviewed in the clinic had been diagnosed with 
MCI. The sample consisted of 15 women and 16 men; their mean age was ap-
proaching 78, with the youngest being 64 and the oldest 89. Interviews were 
conducted in either English or French, depending on the preferred language 
of the interviewee.34 Potential patients cannot make an appointment to be 
seen at the clinic without a referral from their general or family practitioner, or 
a physician of another specialty. A nurse carries out the first assessment over 
the phone, at which time she talks to the potential patient’s closest relative or 
partner, someone who, preferably, is living in the same household. This phone 
call can last for 30 minutes or more.

2003 - AH, 72 years old, MCI 2006 - AH, 75 years old, mild AD

Figure 3.2. 
Draw-a-Clock test, administered at the Memory Clinic, Jewish General 
Hospital, McGill University Health Center, Montréal. This illustration 

shows two clocks drawn by the same patient three years apart. Each time he 
was asked to “draw a clock, put on all the numbers, and make the time read 
ten past eleven.” On the left is the clock drawn after being diagnosed with 

MCI, and on the right is the clock drawn three years later, when this patient 
was clinically diagnosed with mild dementia due to Alzheimer disease. Illus-

tration reproduced with the permission of Howard Chertkow MD.
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ideas may well arise, leading to new methods, and finally to a new theory—this 
would then constitute a paradigm change.13 As Ian Hacking notes, for Thomas 
Kuhn, novelty is the hallmark of science, “without revolution, science would 
degenerate.”14 Kuhn was, of course, initially a physicist, and he had physics in 
mind when he wrote The Structure of Scientific Revolutions. We will return to this 
discussion in the concluding chapter with reference to the complexities of the 
biology of Alzheimer disease, in which the law-like characteristics of physics 
are nowhere apparent.

Striving for Radical Change

Following the introduction, the first of the three companion pieces in the re-
port titled “The Diagnosis of Dementia Due to Alzheimer Disease” outlines di-
agnostic criteria that are flexible enough to be used by both general health care 
practitioners and specialized investigators. It is argued that several features of 
the original NINCDS-ADRDA criteria that have been in extensive use over the 
past 27 years should be modified. In contrast to the European recommendations 
noted in chapter 3, the categories of “possible” and “probable” AD are retained 
in order to distinguish such patients from individuals with other kinds of de-
mentia. The article concludes that a diagnosis of AD dementia should be made 
by means of clinical assessment; in everyday clinical practice, such a diagnosis is 
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Figure 4.1. 
The continuum of Alzheimer disease (AD). Model of the clinical 

trajectory of AD. The stage of preclinical AD precedes mild cognitive 
impairment. Note that this diagram represents a hypothetical model for 

the pathological-clinical continuum of AD but does not imply that all 
individuals with biomarker evidence of AD-pathophysiological process 
will progress to the clinical phases of the illness. Reprinted from Alzhei-
mer’s & Dementia: 7, no. 3, Sperling et al., “Toward defining the preclini-
cal stages of Alzheimer’s disease: Recommendations from the National 
Institute on Aging-Alzheimer’s Association workgroups on diagnostic 
guidelines for Alzheimer’s disease”, 280-292, © 2011, The Alzheimer’s 

Association, with permission from Elsevier.
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PET imaging (figure 4.2) to ascertain a more complete picture of what is tak-
ing place over time in the brains of individuals and/or in small population 
samples (by definition limited in size due to cost). Clifford Jack and colleagues 
at the Mayo Clinic argue that for the purposes of research trials both types of 
imaging are indispensible. PIB detection of amyloid is needed if removal of 
amyloid is the target of the trials. MRI detection of neurodegeneration is key 
if one is trying to track the relationship of neurodegenerative pathology to 
clinical manifestations of the disease.38 One other application of PIB imaging, 
perhaps the most widely used at present, is to refine the AD diagnosis and rule 
out false positives—many researchers have told me that to date this is the only 
valid use for this technology in the clinic.

Ratio Volume (arya)

1.5 2.52

PIB  +ve

Figure 4.2. 
A neuroimage composed of multiple reconstructed images of one 

patient’s MRI (magnetic resonance imaging) scan together with a PIB 
PET (positron emission tomography with Pittsburgh B compound) scan. 
The MRI images have been reconstructed with multiple surface render-
ings and appear as though gray. The PIB PET results are overlaid on the 

surface, with amyloid-rich areas appearing as whitish coloration. The PIB 
is distributed in regions of the brain typically known as the “association 
cortex,” and primary sensory and motor areas are not affected. Repro-

duced with the permission of Howard Chertkow MD.
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Figure 7.1. 
Lifetime risk curves that are part of the education and counseling 
protocol used in the REVEAL study. Copies of these curves were 

given to women with APOE genotypes ε3/ε4 and ε4/ε4. Each curve 
appears in juxtaposition to a curve based on estimates of risk of AD 
in the general population and to a second curve based on estimates 

of increased lifetime risk in families where first-degree relatives have 
been diagnosed with AD. Roberts JS, Cupples LA, Relkin N, et al. Ge-
netic Risk Assessment for Adult Children of People with Alzheimer’s 
Disease: The Risk Evaluation and Education for Alzheimer’s Disease 

(REVEAL) Study. J Geriatr Psychiatry Neurol 2005;18:250. © 2005 
SAGE publications. Reprinted by permission of SAGE publications.
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