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BACKGROUND Although the pathologic findings in 
Alzheimer's disease are well documented, definitive diagnostic 
criteria are lacking. 

OBJECTIVE To review the histopathologic findings in 
Alzheimer's disease. 

SUMMARY In Alzheimer's disease, the brain may be normal in 
size or atrophic. There is selective neuronal loss associated with 
neurofibrillary tangles and senile plaques with amyloid deposits. 
Amyloid protein may also be deposited within arterioles. There 
may be granulovacuolar degeneration and Hirano bodies in the 
hippocampus. Two diagnostic schemes have been proposed based 
on the presence of senile plaques, but neither is entirely satisfac-
tory. 

CONCLUSIONS The pathologic diagnosis is usually made in 
conjunction with the clinical history. Probably, neither definitive 
diagnostic criteria nor effective treatment for Alzheimer's disease 
will be possible until we understand more about its etiology. Clini-
cians should attempt to rule out other, potentially curable causes 
of dementia in elderly patients such as trauma, depression, meta-
bolic abnormalities, infection, vascular disease, and other central 
nervous system diseases. 
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ALZHEIMER'S DISEASE is 
a progressive degenera-
tive disorder of the 
central nervous system 

characterized by cognitive dys-
function, including disturbances 
of memory, judgment, and emo-
tion. The disease usually culmi-
nates in an end-stage, severely de-
bilitated state between 4 and 12 
years after onset. It is the single 
most common cause of adult-onset 
dementia. Recent studies indicate 
that the lifetime incidence of 
Alzheimer's disease is roughly 
25%.' Reported incidence rates 
have varied because most 
epidemiologic studies are based on 
a clinical diagnosis. Reported age-
related prevalence rates vary and 
have ranged as high as 11.2%, al-
though the actual prevalence is 
probably 2% to 6%.2-4 The cost of 
caring for afflicted patients ex-
ceeds $80 billion per year, and no 
effective treatment currently ex-
ists.5 With the current trend of in-
creasing life expectancy, the num-
ber of cases of Alzheimer's disease 
will probably increase over the 
next few decades. 

In 1984, McKhann and cowork-
ers, as part of the Department of 
Health and Human Services Task 
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FIGURE 1. Computed tomographic plane section of brain 
showing prominent cortical atrophy with narrowing of gyri, 
widening of sulci, and ventricular dilatation. 

Force on Alzheimer's disease, published clinical cri-
teria for diagnosing Alzheimer's disease.6 Although a 
presumptive diagnosis can be made on c l in ica l 
grounds, an unequivocal diagnosis requires patho-
logical confirmation. Much of what we currently 
know about the disease comes from findings on 
autopsy, since there are no completely satisfactory 
animal models.7,8 In 1907, Alois Alzheimer9 took the 
first step in defining the disorder that would later 
bear his name by detailing the presence of senile 
plaques and neurofibrillary tangles in a woman with 
a 4-year history of progressive dementia. 

PATHOLOGIC APPEARANCE 

O n gross examinat ion, the brain in Alzheimer's 
disease may be normal or atrophic, weighing less 
than 1000 g (normal brains weigh 1200 to 1450 g).10 

Atrophy, when present, has a fronto-temporal pre-
disposition and is usually symmetrical; however, 
parieto-occipital atrophy may predominate in some 
cases.10,11 Cort ical atrophy is manifested by narrow-
ing of the gyri, widening of the sulci, and ventricular 
dilatation secondary to a loss of adjacent paren-
chyma (Figure 1 ). In addition, morphometric studies 
suggest an e lement of cerebral hemispheric collapse 
or contract ion that occurs along with atrophy, since 
the degree of ventricular dilatation is more than 
would be expected from tissue loss alone.10,12 T h e 
amount of atrophy may correspond to the his-
t o p a t h o l o g i c severity, ie, the number of senile 
plaques and neurofibrillary tangles.12 

FIGURE 2. Neurofibrillary tangle composed of intracyto-
plasmic filaments within a pyramidal neuron (Bodian, 
x200). 

TABLE 1 
HISTOPATHOLOGIC FINDINGS 
IN ALZHEIMER'S DISEASE 

Selective neuronal loss 
Neurofibrillary tangles 
Senile (neuritic) plaques 

Classic 
Primitive 
Burnt-out (compact) 

Granulovacuolar degeneration 
Hirano bodies 
Amyloid angiopathy 

SELECTIVE NEURONAL LOSS 

T h e histopathologic findings of Alzheimer's dis-
ease are summarized in Table 1. Neuronal loss, corre-
sponding to atrophy in the frontal and temporal 
cortex, has been demonstrated in several studies.15-15 

From these studies, it appears that neuronal loss 
correlates with the severity of plaque and tangle 
formation. Little if any glial proliferation accompa-
nies the neuronal loss. Interestingly, except in the 
anteromedial temporal lobe, neocortical neuronal 
loss is limited to patients younger than 80 years. 

Consistent neuronal loss in Alzheimer's disease is 
o b s e r v e d in t h e h i p p o c a m p u s , amygdala , and 
subiculum. Various studies have attempted to meas-
ure the amount of neuronal loss; Herzog and Kem-
per found amygdaloid volume was reduced by 2 5 % 
and amygdaloid neuronal density was reduced by up 
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F I G U R E 3 . Several classic or typical senile plaques (left). Neuritic processes are highlighted with the silver stain (Bodian stain, 
x 2 0 0 ) . At right, classic senile plaque stained with Congo red demonstrating green birefringence on polarization characteristic of 
amyloid deposition (Congo red, x 2 0 0 ) . 

to 50%, making the amygdala one of the most se-
verely affected structures.16 

It is well known that neurochemical abnormali-
ties in Alzheimer's disease involve the cholinergic 
system.17,18 Severe neuronal loss has been described 
in the nucleus basalis of Meynert (a cholinergic nu-
cleus)19,20 and the locus ceruleus (a noradrenergic 
nucleus).21,22 Loss of neurons in these two locations is, 
in part, secondary to changes elsewhere in the brain. 
Loss of neurons in the serotoninergic nucleus raphe-
dorsalis and the nucleus centralis superior is more 
variable and more prominent in younger patients.23 

NEUROFIBRILLARY TANGLES 

Neurofibrillary tangles are nonmembrane-bound 
masses of abnormal filaments that occupy a variable 
portion of the cytoplasm in medium-sized and large 
pyramidal cells of the hippocampus, cortical layers 
III and V, basal forebrain nuclei, and certain brain 
stem nuclei.24,25 Neurofibrillary tangles are best seen 
using silver (Bielschowsky, Bodian), Congo red, or 
thioflavine S stains (Figure 2) . Neuronal loss in 
some locations appears to be associated with the 
formation of neurofibrillary tangles. Electron-micro-
scopic examination of the neurofibrillary tangles 
shows them to be composed of bundles of filaments 
twisted about each other in pairs.26,2' Each filament 
is approximately 10 nm wide and twists around the 
adjacent filament, crossing over at 80-nm inter-
vals. 2s Each has a substructure comprising four pro-
tofilaments of 3 to 5 nm. Neurofibrillary tangles also 
contain variable numbers of straight filaments with 

diameters ranging from 10 to 20 nm.29 

Recent work has uncovered abnormalities in the 
proteins associated with these filaments. T h e micro-
tubule-associated tau protein promotes tubule stabil-
ity and assembly and may play a role in maintaining 
neuronal polarity.30 Abnormal phosphorylation of 
tau proteins to form protein A 6 8 has been found in 
the neurofibrillary tangles of Alzheimer's disease.31 

Abnormalities in the tau protein may destabilize the 
microtubules and alter axonal function. 

Aluminum has been reported to accumulate in 
neurons affected by neurofibrillary tangles and 
plaques in Alzheimer's disease.10,32 Likewise, alumi-
num has been demonstrated in the neurons of pa-
tients with other neurodegenerative disorders such 
as amyotrophic lateral sclerosis and Parkinson-de-
mentia complex.10,33 In addition, animal studies 
have demonstrated that aluminum salts can produce 
neurofibrillary alterations. Exactly what role, if any, 
aluminum plays in Alzheimer's disease is unknown; 
it may represent a secondary phenomenon rather 
than a primary factor. 

SENILE (NEURITIC) PLAQUES 

Senile (neuritic) plaques are spherical structures 
measuring 5 to 200 |im in diameter.10,28 They were 
first described in 1892 by Blocq and Marinesco; the 
term "senile plaque" was applied by Simchowicz in 
191 1.10,28,34 Senile plaques often lie near or contain a 
capillary as part of their structure. Plaques are com-
posed of a heterogeneous mixture of degenerating 
neuronal processes (neurites), extracellular amyloid 
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F I G U R E 4 . Small arteriole with amyloid angiopathy charac-
terized by green birefringence on polarization (Congo red, 
x 4 0 0 ) . 

protein, microglia, and astrocytes (Figure 3).2 8 

Three types of plaques have been described, dif-
fering in their morphology and relative proportion 
of components . " First are classic or typical plaques, 
which have a central compact amyloid core sur-
rounded by a zone of swollen neurites and amyloid 
fibrils. W h e n stained with silver, a dark central core 
is seen surrounded by an irregular clear halo and a 
ring of filamentous or granular structures. Astrocyte 
processes and occasional microglial cells are present 
at the periphery. S e c o n d are primitive plaques, 
which are composed of scattered clusters or fibrils of 
amyloid intermixed with swollen neurites. Micro-
scopically, primitive plaques appear as small (up to 
5-|im) areas of granularity in the neuropil. Third are 
burnt-out or compact plaques consisting of stellate 
amyloid deposits with few or no neurites. 

Much has been written about the amyloid depos-
its seen within the plaque cores. Amyloid protein 
consists of collections of 6- to 10-nm fibrils that can 
be visualized with a variety of stains including Congo 
red, periodic acid-Schiff, thioflavine S , and crystal 
violet. T h e birefringence of amyloid deposits is re-
lated to a beta-pleated sheet arrangement of its 
subunits.36 Purification of amyloid from senile plaque 
cores yields a 4-2-kd subunit referred to as "beta-amy-
loid" or " A 4 protein," which is derived from larger 
precursor proteins (amyloid precursor protein [APP]) 
encoded by a gene on chromosome 21.5,37"42 

T h e metabolism of A P P is complex and not com-
pletely understood.35 T h e best understood pathway 
involves cleavage of A P P by alpha-secretase, which 
does not generally result in beta-amyloid formation. 

Another pathway (endosomal-lysosomal) involves 
cleavage near the N - t e r m i n a l of beta-amyloid, 
yielding C-terminal derivatives that are potentially 
amyloidogenic. Presumably, mutations in the A P P 
gene affect phenotype by increasing the rate of beta-
amyloid deposition. Research is continuing in this 
area in an attempt to fully understand the role of 
amyloid in Alzheimer's disease. 

Linkage of the amyloid abnormality in Alzhei-
mer's disease with a chromosomal locus has helped 
to explain the increased beta-amyloid deposits in 
patients who have increased numbers of certain loci 
on chromosome 21 (ie, trisomy 21 or Down's syn-
drome). Individuals older than 40 years with Down's 
syndrome frequently develop pathologic changes 
very similar to those seen in Alzheimer's disease.43,44 

In addition, several large families with multiple 
members afflicted with Alzheimer's disease have 
been described that demonstrate an autosomal 
dominant pattern of inheritance.4 5 T h e only appar-
ent differences between these patients and "spo-
radic" cases is the younger age of presentation. Gene 
mapping studies have localized the defect to chro-
mosome 21 ( 2 1 q l l . 2 - 2 1 q 2 2 . 3 region).45 This has 
prompted some to suggest that Alzheimer's disease 
may be related to an incompletely penetrant gene 
on chromosome 21,45 

T h e presence of amyloid plaques in mice infected 
with scrapie (a slow viral infection of sheep) raises 
the question of whether Alzheimer's disease may be 
related to or caused by an infectious agent.46 Re-
peated failure in transmitting the disease provides 
strong evidence against an infectious cause.10 

AMYLOID ANGIOPATHY 

Some degree of amyloid deposition within cere-
bral vessels, particularly arterioles and small arteries 
within the cortex or lcptomeninges, is present in 
most cases of Alzheimer's disease (Figure 4).28'47 T h e 
same beta-amyloid found in senile plaques has also 
been discovered to be the main component in amy-
loid angiopathy, thus suggesting that the two proc-
esses are pathogenetically related.28,42,48 Masters and 
coworkers49 have suggested that the amyloid found 
both in plaques and within vessels is of neuronal 
origin, with plaque-related amyloid deposition oc-
curring earlier and vessel-associated deposition oc-
curring later. A n alternate hypothesis suggests that a 
common precursor for amyloid may be blood-de-
rived, possibly related to disruptions in the blood-
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brain barrier.4' Histologically, an amorphous, acellu-
lar thickening of the vessel wall can be seen.10 

Not all patients with amyloid angiopathy suffer 
from Alzheimer's disease. In fact, only about 4 0 % of 
these patients have associated dementia. '0 A group of 
patients clearly develops amyloid angiopathy in the 
setting of hypertension and is predisposed to intra-
cerebral hemorrhage.10,51"53 These cerebral hemor-
rhages are often multiple and large with a predilec-
tion for the frontal and temporal lobes, a distribution 
that differs from the typical basal ganglial hemor-
rhages related to hypertension.50,5'"56 Interestingly, 
pat ients with Alzheimer's disease and amyloid 
angiopathy do not have as high a rate of massive 
intracerebral hemorrhages as one might expect . 
Whether amyloid angiopathy in the two situations 
shares a similar pathogenesis is a matter of debate. 

GRANULOVACUOLAR DEGENERATION 

Granulovacuolar degeneration in the hippocam-
pus of a demented patient was first described by 
Simchowicz in 1911.54 T h e process is confined pri-
marily to the large pyramidal neurons of the hippo-
campus. Microscopically, the lesion appears as sim-
ple or multiple vacuoles measuring 3 to 5 |im in 
diameter that contain a central granule measuring 
0.5 |lm in diameter (Figure 5).10,28 T h e y may coexist 
in the same neuron with neurofibrillary tangles. Ul-
trastructurally, they appear as cytoplasmic mem-
brane-bound inclusions with an electron-dense 
granular core . " T h e rarity of these vacuoles outside 
the hippocampus suggests they may not play a major 
role in the pathogenesis of Alzheimer's disease. T h e 
granules have been shown to have tubulin-like reac-
tivity on immunohistochemical s t a i n i n g . I n addi-
tion, the granules also stain with monoclonal anti-
bodies to the tau protein and to ubiquitin, a protein 
related to the nonlysosomal breakdown of certain 
proteins.59,60 T h e s e findings suggest that granu-
lovacuolar degeneration may represent a degenera-
tive autophagocytic process involving normal or ab-
normal cytoskeleton proteins.10 

HIRANO BODIES 

Hirano bodies are rodlike or oval eosinophilic 
structures located within neuronal cell processes or 
adjacent to the nucleus in pyramidal cells of the 
hippocampus.10,28 T h e inclusions measure 10 to 30 
|am in length and 8 |Im in width. They were first 

t 

F I G U R E 5 . Granulovacuolar degeneration in hippocampal 
neurons seen as multiple clear vacuoles containing a central 
granule (hematoxylin-eosin, x 2 0 0 ) . 

described by Hirano and coworkers in 1966 in pa-
tients with the Parkinson-dementia complex of 
Guam.6 1 Not until 11 years later was their presence 
in patients with Alzheimer's disease recognized.62 

Their ultrastructure consists of parallel arrange-
ments of filaments 60 to 100 nm long, which alter-
nate with a latticelike configuration.65,64 Immuno-
histochemical studies have demonstrated reactivity 
with a c t i n and a c t i n - a s s o c i a t e d proteins (tro-
pomyosin, alpha-actinin, and vinculin).65,66 Addi-
tionally, reactivity with antibodies to the tau pro-
te in has been reported.67 E x a c t l y what Hirano 
bodies represent is uncertain; however, given their 
immunoreactivity, they may represent abnormal mi-
crofilament configurations. 

PATHOLOGIC DIAGNOSIS OF ALZHEIMER'S DISEASE 

Although the pathologic findings in Alzheimer's 
disease have been well documented, the debate over 
h i s topathologic diagnost ic cr i ter ia cont inues . 6 8 

Findings from a 1984 consensus workshop including 
minimal microscopic criteria for diagnosing Alzhe-
imer's disease were published by Khachaturian." In 
this scheme, the diagnosis depends on an age-re-
lated minimum number of senile plaques per micro-
scopic field of neocortex encompassing 1 mm2 at a 
suggested microscopic magnification of 200 X . " 

There are several problems with this approach, 
including the arbitrary quantitative criteria selected, 
failure to account for variation in staining tech-
niques among laboratories, differences in interpreta-
tion among pathologists, and the impracticality of 
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TABLE 2 
A CLINICOPATHOLOGIC DIFFERENTIAL 
DIAGNOSIS FOR ALZHEIMER'S DISEASE 

Pick's disease 
Cerebral vascular diseases 

Multi'infarct dementia 
Binswanger's disease 
Congophilic angiopathy 

Subcortical degeneration 
Parkinson's disease 
Huntington's disease 
Progressive supranuclear palsy 
Multisystem atrophy 

Infections or inflammatory diseases 
Syphilis 
Slow virus diseases (Creutzfeldt-Jakob Disease) 
Encephalitis 
Human immunodeficiency virus infection 
Multiple sclerosis 
Progressive multifocal leukoencephalopathy 

Toxic or metabolic diseases 
Tumors (primary or secondary) 
Hydrocephalus 
Injury or trauma 

counting plaques in a 1 mm2 area at 200 X magnifica-
tion. Studies have shown substantial variation in 
counts of senile plaques and neurofibrillary tangles 
among different laboratories.69 Particular problems 
arise when trying to apply criteria in atypical cases. 
For example, what diagnosis should be rendered if 
the pathologic findings are typical for Alzheimer's 
disease but if no clinical history is available or if the 
patient has demonstrated no evidence of dementia?70 

Additional problems are encountered when the 
clinical presentation is atypical or overlaps with 
other neurodegenerative disorders. All of the his-
topathologic findings in Alzheimer's disease have 
been reported to occur in "normal" aging brains as 
well as in a host of pathologic entities, many of 
which can also cause dementia (Table 2).10 Of recent 
note is the recognition of Alzheimer-like changes in 
a subset of patients with Parkinson's disease.71 What 
exactly constitutes "normal" in an aging brain, par-
ticularly in the absence of clinical evidence of de-
mentia, is still a matter of debate. Generally, the 
pathologic findings associated with Alzheimer's dis-
ease are more frequent and numerous in patients 
with Alzheimer's disease than in normal age-
matched controls.10 However, there are clearly re-
ports of "normal" patients who have plaque counts 

that constitute Alzheimer's disease by Khacha-
turian's criteria. 

Semiquantitative approaches to diagnosing 
Alzheimer's disease have also been attempted. One 
such approach, developed by the Consortium to Es-
tablish a Registry for Alzheimer's Disease, involved 
an age-related plaque score based on a semiquantita-
tive assessment of plaque frequency correlated with 
the patient's age.72 Using the age-related plaque 
score and clinical history, one can generate a level of 
certainty in diagnosing Alzheimer's disease. How-
ever, there are shortcomings to this approach: it 
does not address issues of staining standardization 
and variations in interobserver interpretation. One 
may also argue against using senile plaques as the 
sole histopathologic criteria for diagnosing Alzhe-
imer's disease. 

Despite the shortcomings of semiquantitative ap-
proaches to diagnosing Alzheimer's disease, they are 
still useful in corroborating the diagnosis in difficult 
cases. Fortunately, the diagnosis in a majority of 
cases of Alzheimer's disease encountered at autopsy 
is straightforward, if clinical findings, history, and 
pathologic findings are considered. It is important to 
assess the clinical history to rule out other poten-
tially treatable causes of dementia such as trauma, 
depression, metabolic abnormalities, infection, vas-
cular disease, and other central nervous system dis-
eases. Careful gross examination of the brain, paying 
particular attention to the presence of atrophy and 
its distribution and to evidence of multiple infarcts, 
may be helpful in excluding Pick's disease (marked 
frontal or temporal atrophy) and multi-infarct de-
mentia. Microscopic examination of "high-yield" 
areas of the brain including the hippocampus, infe-
rior parietal lobule, middle frontal gyrus, and nu-
cleus basalis of Meynert is more likely to demon-
strate the pathologic features of Alzheimer's disease. 
Careful microscopic examination must be done, 
specifically looking for histologic features that sug-
gest other causes of dementia, eg, spongiform 
change of Creutzfeldt-Jakob disease, inflammation, 
demyelination, or tumors. 

SUMMARY 

Although much is known about the his-
topathologic findings of Alzheimer's disease, defini-
tive criteria for its diagnosis are still lacking. Recent 
advances, particularly in the molecular biologic as-
pects of the disease, have suggested possible patho-
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genetic mechanisms. Only with an understanding of 
the etiology can an early and accurate diagnosis of 
Alzheimer's disease be made and potentially effec-
tive treatment modalities be developed. 
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