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Editarial on Consensus Recommendations for the Postmorterm Diagnosis of Alzheimer
Disease from the National Institute on Aging and the Reagan Institute Working Group on
Diagnostic Criteria for the Neuropathological Assessment of Alzheimer Disease

BrapLey T. HymaN, MD, PHD, anD JoHN Q. TrOIANOWSKI, MD, PHD

This editorial summarizes recommendations of a panel
of neuropathologists who sought to develop improved
postmortem diagnostic criteria for Alzheimer disease fol-
lowing a workshop sponsored by the National Institute
on Aging (NIA) and the Ronald and Nancy Reagan In-
stitute of the Alzheimer’s Association to reassess the orig-
inal NIA criteria for the postmortemn diagnosis of Alz-
heimer disease published in 1985 (1). The consensus
recommendations for improving the neuropathological
criteria for the postmortem diagnosis of Alzheimer dis-
ease, along with a series of commentaries, will be pub-
lished shortly (2). To make these criteria known to the
readership of this journal, the essential findings of the
panel follow here.

The current Khachaturian criteria for Alzheimer dis-
ease diagnosis rely on numerical cutoffs of senile plaques
counts (1). The specific nnmber of senile plaques per field
required for the diagnosis of Alzheimer disease changes
with age. The rationale for updating the Khachaturian
criteria is that subsequent studies suggested that they fell
short of the goal of distinguishing controls from cases of
Alzheimer disease. For example, numerous studies dem-
onstrated individuals who met Khachaturian criteria in
terms of senile plaque number, but had no history of clin-
ical symptoms of dementia, Secondly, the idea of chang-
ing diagnostic criteria based on the patient’s age has not
been supported. Thirdly, the absence of assessment of
neurofibrillary tangles in the current criteria stands in
contrast to numerous studies that show that tangle num-
ber and distribution more closely parallel dementia than
plaque number or distribution. Finally, there was a move
away from seiting absolute numerical criteria given both
technical issues of how to stain and how to count, and
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the inherent uncertainties of correlating specific brain le-
sions with degree of clinical impairment in individual
patients, especially where the impairment may be in the
early stages.

Another issue addressed was the biological signifi-
cance of subclinical numbers of neurofibrillary tangles or
senile plaques. The consensus group felt that any neu-
rofibrillary tangles or senile plaques, even if almost cer-
tainly clinically irrelevant and asymptomatic, should be
viewed as abnormal brain lesions and recorded as inci-
dental findings. This process is distinguished from the
idea inherent in the Khachaturian recommendations that
some senile plaques are a normal concomitant of aging.

The new recommendations are intended to address
these issues, and to take into account the last 12 years of
clinical-pathological correlation studies performed both
in the United States and Europe. Moreover, the new rec-
ommendations take advantage of insight into the biology
and progression of disease afforded by the observations
of hierarchical vulnerahility of different brain areas (5),
as embedded for example by the Braak and Braak staging
scheme (6). In peneral, the methodological systems de-
veloped by CERAD including the use of standardized
brain areas to examine and semiquantitative analysis of
neuritic pathology were endorsed. The goal of the work-
ing group was to formulate probabilistic statements, rath-
er than a dichotomous yes/no, about the contribution of
Alzheimer disease pathology to cognitive decline. It is
anticipated that fulure meetings of the Working Group as
well as studies conducted by interested investigators will
reassess these recommendations and the implementation
of postmortem diagnostic criteria for Alzheimer disease.
An abbreviated version of the recommendations follows.

Guiding Principles for the Posimortem Diagnosis of
Alzheimer disease

l. Alzheimer disease is a heterogeneous clinicopatholog-
ical entity. Thus, only probabilistic statements about
the presence or absence of dementia can be made
based on pathological findings alone, and postmortem
brain pathology can only be inferred when a progres-
sive dementia has been documented in a living elderly
individual.

2. Since dementia may arise from more than one disor-
der, more than one pathological process may contrib-
ute to dementia.
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3. The panel was of the opinion that any Alzheimer le-
sions should be considered as pathological even where
they appear to be incidental.

Neurcpathological Assessment of the Likelihood that
Alzheimer Disease Accounts for a Dementia Should be
Judged As Follows:

1. The likelihood is high when the postmoriem brain
shows both neuritic plaques and neurofibrillary tan-
gles in neocortex {(i.e. a frequent neuritic plaque score
according to CERAD [3, 4]) and Stage V/VI accord-
ing to Braak and Braak (5).

2. Likelihood is intermediate when there are moderate
neocortical neuritic plaques and neurofibrillary tangles
in limbic regions (i.e. CERAD moderate, and Braak
and Braak Stage III/IV).

3. Likelihood is low when there are neuritic plaques and
neurofibrillary tangles in a more limited distribution
and/or severity (i.e. CERAD infrequent, and Braak
and Braak Stage I/1I).

Specific Recommendations

1. For the routine diagnosis of Alzheimer disease in the
postmortem brain, it is recommended that semiquan-
titative methodologies (i.e. the CERAD approach) be
used to assess neuritic plaques and neurofibrillary tan-
gles. In addition to CERAD, examination of the hip-
pocampal formation and the neocortex for the pres-
ence of neurofibrillary tangles is essential.

2. In Alzheimer disease research settings, topographic
staging methods (i.e. Braak and Braak) should be used
to establish the extent of neurofibrillary lesions in-
cluding neuritic plaques, neurofibrillary tangles and
neuropil threads.

3. CERAD protocols are recommended for tissue fixa-
tion, tissue processing, sectioning and tissue staining
(e.g. Bielschowsky, Gallayas, Thioflavine $ methods).

4. The following regions should be sampled in the co-
ronal plane after macroscopic examination:

a. Neocortical areas: superior temporal gyrus, inferior
parietal lobe, mid-frontal cortex, occipital cortex
(including primary visual cortex and association
cortex),

b. Hippocampal formation at the level of the lateral
geniculate nucleus.

¢. Hippocampal formation including entorhinal cor-
tex at the level of the uncus,

d. Substantia nigra and locus coeruleus,

Optional regions include: thalamus, caudate, puta-
men, cerebellum, motor cortex, cingulate cortex, mam-
illary bedies, and spinal cord. Any macroscopic lesions
also should be examined, and the remaining brain
should be saved until a diagnosis has been established.
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Assessment of Major Co-existing Lesions in Addition to
Alzheimer Disease Lesions

Since the reiative extent to which Alzheimer disease
lesions and other co-existing pathological lesions contrib-
ute to clinical symptoms cannot always be determined
with certainty, other disorders or lesions should be listed
together with the CERAD score and the Braak and Braak
stage. Immunohistochemical procedures using anti-
ubiquitin antibodies have been recommended by the In-
ternational Workshop on Lewy Bodies (7) as an adjunct
for the diagnosis of Lewy body disorders and immunos-
tains for amyloid and neurofibrillary pathology can be
used to confirm the detection of these lesions.

Strategies ta Improve the Postmortem Diagnesis of
Alzheimer Disease in the Future

To improve current procedures for the postmortem di-
agnosis of Alzheimer disease, the following goals were
suggested:

l. Validate and refine the procedures recommended
above.

2. Establish if heterogeneity in Alzheimer disease
changes reflects genetic and gender-based faciors.

3. Investigate well-characterized cohorts of demented pa-
tients to determine the effects of age on the clinical
and pathological criteria for the diagnosis of Alzhei-
mer disease.

4. Investigate the pathological, cellular and molecular
basis for mild cognitive impairment that does not
progress to Alzheimer disease and contrast this with
normal aging as well as Alzheimer disease.

5. Develop biochemical and molecular methods (i.e. sol-
uble assays for hyperphosphorylated tau, AR, etc.) for
the rapid postmortem diagnosis of Alzheimer disease
and compare data obtained using these methods with
data obtained from the currently recommended patho-
logical methads,

6. Standardize diagnostic methods and reagents used for
the postmortem diagnosis of Alzheimer disease in-
cluding the establishment of common sources of di-
agnostic reagents.

7. Standardize quantitative methods, including stereolo-
gy, for application to the postmortem diagnosis of
Alzheimer disease.

8. Determine the nature and significance of white matter
pathological changes in Alzheimer disease.

Implementation

The working group did not directly address specific
implementation of these criteria beyond endorsing the
general strategies employed by CERAD (3, 4) for stan-
dardized tissue blocks expanded to include an anterior
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hippocampus, entorhinal cortex, and inferior temporal gy-
1us (Brodmann area 20) block and a visual cortex (Brod-
mann areas 17 and 18) block. The use of modified Biel-
schowsky silver staining protocols was endorsed. The
Braak and Braak staging scheme was initially described
using very thick (polyvethylene glycol embedded) sections
{6), but can be readily adapted to standard paraffin sections
(8, 9). It is hoped that interested investigators will test
these new criteria, and that they will continue to evolve.

ACKNOWLEDGMENTS

The Consensus Conference was supporied by the National [nstitute
on Aging and thc Rengan Institute. The Working Group participants
incloded: Drs M. Bail, H. Braak, P Coleman, D. Dickson, C. Duy-
ckaerts, P Gambetti, L. Hansen, B.T. Hyman, K Jellinger, W. Markes-
bery, D. Perl, J. Powers, J Price, J.Q. Trajanowski. and H. Wisnicwski.
Drs C. Phelps and Z. Khachoturian represented the Nalional Institute
on Aging and the Ronald and Nancy Reagan Institute of the Alzheimer's
Association, respectively. The meeting was chuired by Dr 1.Q. Troja-
nowski on Movember 13-14, 1996, at the National Institutes of Health,
Bethesda, MD. Drs B, T. Hyman and J.Q. Trojanowski co-chaired and
led the concluding deliberations to formulate the consensus criteria sum-
martzed here.

REFERENCES

1. Khachawurian ZS, Dingnosis of Alzheimer's disease. Arch Neurol
1985:42:1097-1106

2

1097

National Institute on Aging and Reagan Institute Working Group on
diagnostic eriteria for the newropathological assessment of Alzhcimer's
disease. Consensus recommendations for the postmortem diagnosis of
Alzheimer’s disease. Neurobiol Aging 1997, 18(45):51-583

. Mirra 85, Heyman A, McKeel D, ¢t al. The Conscrtium to Establish

a Registry for Alzheimer's discase (CERAD). Il. Standardization
of the neuropathological assessment of Alzheimer's discase. Neurol
1991:41:479-86

. Mimma 8§, Hart MN, Terry RD. Making the diagnosis of Alzhei-

mer’s disease. A primer for practicing pathologists. Arch Path Lab
Med 1993;117:132-44

. Amold SE, Hyman BT, Flory 1, Damasio AR, Van Hoezsen GW.

Topographic distribution of ncurofibrillary langles and neuritic
plaques in the cercbral contex in Alzheimer’s disease, Cerebral Cor-
tex 1991;1:103-16

. Braak H, Braak E. Neuropathological stapging of Alzheimer-related

changes. Acta Neuropathel 1991:82:239-59

. McKeith IG, Galasko D, Kosaka K, et al (for the Consortium on

Dementia with Lewy Bodies). Consensus guidelines for the clinical
and pathologic diagnosis of dementia with Lewy bodies (DLB):
Report on the consortium on DLB interpational workshop. Neurol
1996:47:113-1124

. Newell K, Hyman BT, Growdon JH, Hedley-Whyte ET. Evaluation

of NIA-Reagan Institute criteria for the neuropathological diagnosis
of Alzheimer’s disease. J Neuropathol Exp Neural 1997:56:593

. Perl DF, Purohit DP, Haroutunian V. Clinicopathologic correlations

of the Alzheimer's disease staging system introduced by Brank and
Braak. J Neuropathal Exp Neurol 1997:56:577

J Newropathel Exp Neurol, Vel 56, October, 1997

220z 1snBny g1, uo 1senb Aq ££901.92/5601/01/9G/0101E/UBUI/W0o dNo"dIWBpEsE)/:SdRY WOl papEo|UMOd



