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Ahbstract. Wt investigated the validity and reliability of diagnoscs made by eighl neuropathelogists who used the preliminary
NINDS ncuropathalogic diagnostic criterin for progressive supranuclear palsy (PSP) und related disorders. The specific dis-
orders were typical, ntypical, and combined PSP, postencephalilie parkinsenism, corticobasal panglionic degenerution, and
Pick's discusc. These disorders were chosen because of the difficulties in their neuropathologic differentiation. We assessed
validily by measuring sensitivity and positive predictive value. Reliability was evaluated by measuring pairwise and group
agreement, From a total of 62 histolopic cases, each neuropathologist independently classified 16 to 19 cases for the pairwise
analysis and 5 to 6 cases for the group analysis. The ncuropathologists were unaware of the study design, unfamiliar with
the assigned cuses, and initially hud no clinical information about the cases, Qur results shawed that with routine sampling
and stzining methads, neuropathologic exumination slone was not lully adequate for differentiating the disorders, The main
difficultics were discriminating the subtypes of PSP and separating postencephalitic parkinsonism rom PSP. Corlicobasul
ganglionic degeneration and Pick’s disease were less difficull o distinguish from PSP The addition of minimal clinical
information contributed o the accuracy of the diagnesis. On the basis of results eoblained, we propose clinicopathalogic
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dingnastic criteria to improve on the NINDS criteria.
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INTRODUCTION

There are no absolute clinical markers for the accurate
diagnosis of neurcdegenerative disorders with extrapy-
ramidal fealures, Neuropathologic examination remains
the “gold standard” for their diagnosis. Criteria for the
neuropathologic examination are important, as they pro-
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Neuropathology; Pick's disease; Postencephalilic parkinsonism; Progressive supranuclear palsy; Reliability;

vide operational definitions of diseases and improve com-
munication between scientists, They also help to validate
clinical criteria that are useful in case selection for drug
intervention trials, pathogenetic investigations, and spi-
demiclogic studies. Yet, despite an extensive literature
identifying neuropathologic characteristics of neurode-
generative disorders, neuropathologic criteria intended
for wide use have been developed only recently (1-4).

Many atypical parkinsonian disorders, including pro-
gressive supranuclear palsy (PSP) (also known as Steele-
Richardson-Olszewski syndrome), corticobasal gangli-
onic degeneration, and postencephalitic parkinsonism,
share not only clinical symptoms but also histopathologic
features such as neurofibrillary tangles, gliosis, and neu-
ronal loss (5-8). Thus, the differential diagnosis of these
disorders can be challenging. For example, it is often
impossible to distinguish postencephalitic parkinsonism
from PSP solely on the basis of neuropathologic evidence
(8). Furthermore, the basophilic inclusions in corticobasal
ganglionic degeneration may appear identical to the neu-
rofibrillary tangles in PSP (9), supgesting a relationship
between these two disorders (10, 11). There are addition-
al conundrums between corticobasal ganglionic degen-
eration and Pick’s disease. Achromasic neurons in corti-
cobasal ganglionic degeneration share many morphologic
and immunocytochemical characteristics with swollen
cells in Pick’s disease, and cases of corticobasal gangli-
onic degeneration and Pick’s disease may overlap (9, 12—
14). Overlap between PSP and Pick’s disease is also re-
ported (15, 16).
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TABLE 1
Characteristics of the 62 cases studied

Patient's age at Patient's age Duration of
disease onset§ at deatht diseaset
Disorder* No. of cases Sex {y0) (yr) (yr)
PSPE typical 13 6M/12F 64 £ 2 71=2 62
PSPF, atypical 9 4M/5F 63 +3 733 10+3
PSE, combined 4 1M/3F 59 +5 68 x4 9+4
PEFP g IM/77F a5 x 44 713 36 + 3%
CBGD 12 4MI8F 62+ 3 702 8+2
PKD 11 TMME 50+3 67+ 3 Tx2

* PSP, progressive supranuclear palsy; PEP, postencephalitic parkinsonism; CBGD, corticobasal ganglionic degeneration; PKD,

Pick's disease.
T Values are mean = SEM.

tp < 0.0001 (ANOVA) for the comparison with other disorders. Cases were from the departments of Neuropathology of the
following hospitals: Hopital de la Salpétridre, Paris; Institute of Psychiatry, London; the Parkinson’s Disease Society Brain Tissue
Bank, London; Stanford School of Medicine, Stanford; Massachusetts General Hospital, Boston; Albert Einstein College of
Medicine, Bronx, NY; the Ludwig Boltzmann Institute of Clinical Neurobiology, Vienna; Case Western Reserve University,

Cleveland.

There are only a few published studies on the validity
and reliability of the neuropathologic diagnosis of neu-
rodegenerative disorders, and these pertain 1o Alzhei-
mer’s disease (17-20). Agreement of neuropathologists
using Alzheimer’s disease classifications is variable when
multiple centers and diverse techniques are involved (17).
By contrast, agreement is substantial when specimens
originating from the investigator’s own laboratory are
evaluated (18).

In the present study, we investigated the accuracy of
eight neuropathologists (three senior, five junior) in using
the preliminary NINDS neuropathologic diagnostic cri-
teria for PSP and related disorders (4). Specifically, our
objective was to estimate the validity and reliability of
the neuropatholegists in classifying PSP {three subiypes),
postencephalitic parkinsonism, corticobasal ganglionic
degeneration, and Pick’s disease. These disorders were
specifically chosen because they present major diagnostic
difficulties for neuropathologists when pathologic mark-
ers are similar and coexistent diseases are present. Since
the information provided to neuropathologists varies in
practice, the importance of clinical information in their
decision making was also studied. Each participating neu-
ropathologist was familiar with the diagnosis of neuro-
degenerative disorders, and seven of the eight had col-
laborated on the development of the diagnostic criteria
{(4). These criteria were based on the experience of the
neuropathologists and also on an extensive review of the
literature.

MATERIALS AND METHCODS
Neuropathologic Criteria

The preliminary NINDS neuropathologic criteria for PSP and
relaied disorders (4) distinguish three histologic subtypes of
PSP, as well as postencephalitic parkinsonism, corticobasal pan-
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glionic degeneration, and Pick’s disease. The histologic sub-
types of PSP consist of: {a} typical PSP, which conforms to the
original description (21); (b} atypical PSP, which consists of
histologic variants where the severity or distribution of abnor
malities, or both, deviate from the typical pattern; and (¢} com-
bined PSP, in which typical PSP is accompanied by lesions
characteristic of another disease (4, 22).

The present study followed the recommendations set forth in
the criteria (4) for the minimum number of brain areas that
should be sampled, the stains or histologic techniques that
should be used, the main histologic features that should be con-
sidered, and the semiquantitative scoring of lesions. Cases were
included only if tissue specimens were available from the gle-
bus pallidus, putamen, caudate nucleus, subthalamic nucleus,
midbrain, pons, medulla, deniate nucleus of the cerebellum,
hippocampus, parahippocampal gyrus, and motor, frontal, and
parietal cortices (enly one brain area could be omited from the
sampling), and only if the specimens were prepared by hema-
toxylin-eosin staining and stlver impregnation (modified Biel-
schowsky, Bodian, Gallyas and its modifications) or for tau and
ubiquitin immunchistochemistry,

Selection and Allocation of Cases

Although the padticipating neuropathologists had no knowl-
edge of the study design, they did know what disorders were
lo be studied, and, indeed, they selected the cases from the
research and clinical files of the medical cenlers in which they
worked. Each neuropathologist had an assigned number of
cases to contribute for each disorder (Table 1). The casss were
coded so that both the place of origin and the *‘correct” diag-
nosis were masked, For purposes of this study, the correct di-
agnosis was the one made, on the basis of the MINDS criteria
(4), by the neuropatholegist who provided the tissue specimen.

For the study itself, there were some basic constraints. The
neuropathologists would meet together for three days, during
which they were to finish their assessment of cases. Assuming
that 60 1o 90 minuies were required to svaluate a case, each
neuropathologist would have time for about 25 cases. No neu-
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ropathologist would evaluate cases that he or she had contrib-
uted.

With these constraints and the objectives of the study, it was
reasonable to test the neuropathologists pairwise and as a
group. For the pairwise testing, there were four randomly cho-
sen pairs of neuropathologists, and within pairs each member
independently evaluated the same cases. The allocation of cases
to pairs was as follows: pair 1, 16 cases—postencephalitic par-
kinsanism (7 cases), lypical PSP (5 cases), atypical PSP (4
cases); pair 2, 18 cases—typical PSP (5 cases), combined PSP
(4 cases), corticobasal ganglionic degeneration (4 cases), Pick's
disease (5 cases); pair 3, 19 cases—typical PSP (5 cases), atyp-
ical PSP (3 cases), postencephalitic parkinsonism (4 cases), cor-
ticobasal ganglionic degeneration (4 cases), Pick's disease (3
cases); pair 4, 18 cases—typical PSP (6 cases), alypical PSP (3
cases), corticobasal ganglionic degeneration (5 cases), Pick’s
disease (4 cases). Some cases were evaluated by more than one
pair of neuropathologists. For the group testing, each of the
eight neuropathologists evaluated the same 6 cases, which were
chosen to represent all possible diagnoses (i.e. typical PSP
atypical PSP. combined PSP postencephalitic parkinsonism,
corticobasal ganglionic degeneration, and Pick’s disease).

Data Collection and Diagnosis

The neuropathologists noted on a standardized form {avail-
able from the corresponding author) the main histologic fea-
tures of each specimen, including neurcfibrillary tangles, swol-
len cells (achromatic cells), Pick bodies, neuropil threads, Lewy
bodies, basophilic inclusions, and neuritic plaques. They as-
sessed the severity of nevronal loss, gliosis, and neurofibrillary
tangles in 23 sampled areas, including the cortical and subcor-
tical regions. Lesions were scored on a scale of 0 to 2, 0 mean-
ing absent, 2 meaning severe. From their observations, the neu-
ropathologists made a neuropathologic diagnosis and indicated
the degree of diagnostic certainty. Also, for each case, neuro-
pathologists commented on the quality of the specimens and
noted if more samples or stains were preferred to make a better
diagnosis.

Initially, only gross neuropathologic information (including
a detailed written description and photographs when available)
and the patient's age at death were supplied. Subsequently, clin-
ical information was provided, and the neuropathologists were
allowed to reconsider the case and to offer a revised, clinico-
pathologic diagnosis.

Epidemiclogic and Statistical Methods

We investigated validity by considering sensitivity and pos-
itive predictive value. For a given disorder and neuropatholo-
gist, sensitivity refers to the proportion of genuine cases cor-
rectly diagnosed by the neuropathologisi, among all genuine
cases of the disorder presented. Positive predictive value refers
to the proportion of genuine cases of the disorder, among all
cases so diagnesed by the neuropathologist.

We investigated the reliability of diagnoses by measuring
pairwise and group agreement among the neuropathologists.
The kappa (k) statistic was vsed for pairwise agreement and
the generalized k statistic for group agreement. Both statistics
take chance agreement into account. Like a correlation cceffi-
cient, x varies from —1.0 (complete disagreement) to 0.0

{chance agreement) to +1.0 (perfect agreement), Strength of
agreement was designated as poor (k < 0.0}, slight (0.0 = k=
0.2), fair (0.21 = k = 0.4), moderate {(0.41 = k = 0.6), sub-
stantial (0.6]1 = k = 0.8), and near-perfect to perfect (.81 =
k = 1.0), as previously sugpested (23). The statistical signifi-
cance between k values was determined using the pooled k test
24).

In other aspecets of the.study, analysis of variance (ANOVA),
Fisher's exact test, ¥’ test of association, and logistic regression
were used as appropriate. Statistical significance was defined as
p < 0.05,

RESULTS

Table 1 presents characteristics of the 62 cases includ-
ed in the study. The mean age at death was similar for
each disorder considered. Postencephalitic parkinsonism
had an earlier age at onset and a longer duration than the
other disorders.

Table 2 gives estimates of the sensitivity and positive
predictive value of the neuropathologic and clinicopath-
ologic diagnoses. Individual estimates of sensitivity and
positive predictive value were obtained for each neuro-
pathologist, and the median ({middle value) and range
{minimum to maximum values) are presented in the table,
Only for PSP corticebasal ganglionic degeneration, and
Pick's disease did the median neuropathologic sensitivity
reach or exceed 80%. On the other hand, for atypical PSP,
the median neuropathologic sensitivity was 0%. For each
disorder, the median clinicopathologic sensitivity was
greater than, or equal to, the median neuropathologic sen-
sitivity. Analogously, the median clinicopathologic posi-
tive predictive value exceeded or equaled the median
neuropathologic positive predictive value, Also, the me-
dian neurcpathologic positive predictive value exceeded
75% for every disorder except the PSP subtypes.

Table 3 shows a cross-classification of the neuropath-
ologic and clinicopathologic diagnoses with the correct
diagnoses, For example, with respect to typical PSP, there
were 18 cases on which 41 observations were made. Of
these 41 observations, 29 were correctly diagnosed neu-
ropathologically, and 12 were misdiagnosed neurcpath-
ologically (5 as atypical PSE, 5 as combined PSP, and 2
as postencephalitic parkinsonism). Atypical and com-
bined PSP were misdiagnosed more often than they were
correctly diagnosed, regardless of whether the diagnosis
was neuropathologic or clinicopathologic. The misdiag-
nosis of postencephalitic parkinsonism was greatly re-
duced when the diagnosis was made clinicopathologically
rather than neuropathologically (28 — 24 = 4 vs 28 —
12 = 16 misdiagnosed cases).

Table 4 displays k statistics showing pairwise reliability
of the neuropathologists. The relevant pairs are presented
for each disorder. Only for Pick’s disease did all the pairs
(.e, pairs 2, 3, 4) show near-perfect to perfect agreement,
for both neurcopathologic and clinicopathologic diagnoses.

J Newropathed Exp Newrol, Vat 55, Jannary, 1926
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TABLE 2
Sensitivity and Positive Pradictive Value of the Neuropathologic and Clinicopathologic Diagnoses

Sensitivity

Positive predictive value

Relative
Neuropathologic Clinicopathologic Neuropathologic Clinicopathologic frequency
Disorder diagnosis (%) diagnosis (%) diagnosis (%) diagnosis (%) (%)
PSP 89 (78-100) 89 (78-100) 82 (67-100) 95 (75-100) 50 (42-56)
Typical PSP 71 (50-100) 75 (50-100) 60 (50-67) 70 (50-80) 27 (25-33)
Atypical PSP 0 (0-50) 17 (0-50) 0 (0—40) 25 (0-100) 25{16-25)
Combined PSP 25 (25) 25(25) 50 (50) 50 (50 22 (22)
PEP 41 (25-57) 838 (75-100) 100 (80100} 100 (100) 33 (2144
CBGD 100 (40-100) 100 {(40-100) 100 (67-100} 100 (50-100) 22 {21-28)
PKD 80 (75-100) 80 (75-100) 78 (75-100} 100 (75-100) 22 {(16-28)

PSP = progressive supranuclear palsy; PEP = postencephalitic parkinsonism; CBGD = certicobasal ganglicnic degeneration;

PKD = Pick’s disease.

All eight neuropathologists evaluated cases of PSP including Lypical PSP; six evaluated cases of atypical PSP, CBDG, and
PKD; two evaluated cases of combined PSP Values computed for each neuropathologist; presented are median and range (range
in parentheses). Relative frequency is the proportion of cases of a given disorder among all assigned cases.

For postencephalitic parkinsonism, this level of agreement
was reached by all the pairs only for clinicopathologic
diagnoses. With regard to typical PSE all the pairs
achieved at least moderate agreement, regardless of wheth-
er the diagnoses were neuropathologic or clinicopatho-
logic. For each of atypical PSP, combined PSE and cor-
ticobasal ganglionic degeneration, the pairs did not con-
sistently achieve this level of agreement. Note that the
pairs had different case assignments, with some overlap.
Thus, a lower or higher k might, in part, be a reflection
of more difficult or less difficult cases to evaluate.

To complement the pairs analysis, generalized k statis-
tics were used to measure the reliability of diagnoses by
the neuropathologists as a group. As stated earlier, each
neuropathologist was to examine the same six cases, con-
sisting of one of each from typical PSP, atypical PSF,
combined PSP, postencephalitic parkinsonism, cortico-
basal ganglicnic degeneration, and Pick’s disease. How-
ever, the neuropathologist was not permitted te examine

any case contributed by his or her own medical center.
Because of this constraint, each of two neuropathologists
examined all six cases, and each of the other six exam-
ined five cases (the case not examined for each neuro-
pathologist was treated as missing data). In contrasting
PSP vs non-PSPF, the neuropathologists achieved moder
ate agreement for both neuropathologic (x = 0.58) and
clinicopathologic diagnoses (x = 0.60). In contrasting all
six disorders, the neuropathologists achieved moderate
agreement (k = 0.52} for neuropathelogic diagnoses and
substantial agreement (k = 0.71) for clinicopathologic
diagnoses. Regardless of the comparison, the group sig-
nificantly improved {p = 0.001} in their agreement with
the addition of clinical information.

To investigate if suboptimal quality of some cases may
have adversely influenced the study results, we related,
for each newropathologist, the accuracy of neuropatho-
logic diagnosis with perceived needs of further sampling
areas or additional stains, and with informal assessment

TABLE 3
Neuropathologic and Clinicopathologic Diagnoses Versus the “'Correct’ Diagnosis

Neuropathologic (clinicopathologic) diagnosis

No. of

Correct Typical Atypical  Combined cbser-  No, of

diagnosis PSP PSP PSP PEP CBGD PKD Cther  vations Cases
Typical PSP 29 (30) 5(6) 5(5) 2 RV} 0{» ()] 41 18
Alypical PSP 12 (12) 2(4) 2(2) 2 L) 2{2 2(2) 23 9
Combined PSP 5(3) 1(2) 7)Y 0B an 0 2(3) 15 4
PEP 6 5(2) 5(2) 12 (24 0 () F(0)) 0 (0) 28 8
CBGD 1(2) 1 (1) 2(2) o 212D 2(1) 2(2) 20 12
PKD oM X(0)] 1(N ()] 1(1} 2302H 2(2) 27 11
Total 53 (47) 14 {(15) 22(17) 16 (24) 23 (24) 27 (27 B (D 163 62

PSP = progressive supranuclear palsy; PEP = postencephalitic parkinsonism; CBGD = corticobasal ganglionic depeneration;
PKD = Pick’s disease; Other = other disorders not specifically swdied.

Counts of neuropathologic and clinicopathologic diagnoses are presented side-by-side, with the latter given in parentheses. Note
that the same case may be observed by two or more neuropathologists.

J Newropatiinl Exp Nearol, Vol 53, Jamary, 1996
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TABLE 4
Reliability of the Diagnosis of the Specific Disorders
Neuro- Clinico-
pathelogic pathologic
diagnosis diagnosis
Disorder Pair No. K K
Typical PSP 1 0.54 0.71
2 0.72 0.51
3 0.89 0.76
4 0.61 0.6
Atypical PSP 1 0.13 0.64
3 0 0
4 ~0.08 —0.08
Combined PSP 2 0.22 -0.2
PEP 1 0.23 1
3 —~0.07 1
CBGD 2 0.z 0.22
3 1 1
4 0.49 0.49
PKD 2 0.85 Q.85
3 1 1
4 0.82 0.82

k = kappa (pairwise); PSP = progressive supranuclear palsy;
PEP = postencephalitic parkinsanism; CBGD = corticobasal
ganglionic degeneration; PKD = Pick’s disease.

of quality of specimens provided. An accurale neuro-
pathologic diagnosis was thie one that matched the correct
diagnosis. Various statistical procedures (Fisher's exact
test, 2 test of association, and logistic regression) gen-
erally showed no significant associations with the factors
analyzed.

The mean years of neuropathologic diagnostic experi-
ence were: 5 * 0.5 for junior neuropathologists, and 22
+ (.7 years for the seniors {(p < 0.001). To assess whether
seniority of the neuropathologists affected the study re-
sults, we compared the percentage of accurate diagnoses
(neuropathologic and clinicopathologic) for both the se-
nior and junior groups of neuropathologists. There were
no clear differences between groups.

DISCUSSION

This study is the first to investigate the validity and
reliability of the neuropathologic diagnosis of several
neurodegenerative disorders. Some reliability studies of
the neuropathologic diagnosis of Alzheimer’s disease
were conducted (17—19), but they contrasted disease
cases with normal cases, and did not consider different
disorders or subtypes of the same disorder. Our specific
interest was in neurodegenerative disorders with extra-
pytamidal features, and we focused on disorders likely to
present major diagnostic difficulties for neuwropatholo-
gists,

To increase the relevance of our findings, we used sam-
pling areas and essential stains recommended for routine
practice (4). In evaluating cases, the neuropathologists
reported some problems with interpreting the stains pre-

sented, and occasionally expressed the desire for more
sampling areas and better stains. However, a special
methodologic investigation built into the overall study
suggested that the accuracy of neuropathologic diagnoses
was not related o the perception that more sampling ar-
eas or stains were needed. In prospective studies where
staining and blocking techniques are standardized, this
issue of quality should not be a problem. However, in a
multicenter study (25) in which raters from 11 laborato-
ries evaluated 6 cases of Alzheimer’s disease by applying
their own technigues to serially cut sections from the
same specimens, variations in staining methods and tech-
nigues evidently contributed greatly to interrater vari-
ability.

The neuropathologists who evaluated the cases in the
current study were all familiar with the classification of
neurodegenerative disorders. This similarity in their ex-
perience probably helped to minimize some potential
sources of disagreement. Although three of the neuro-
pathologists were senior and five junior, this disparity did
not seem important in terms of the results obtained. How-
ever, time constraints and fatigue may have influenced
the pathologic diagnoses. On the other hand, we should
stress that substantial or perfect agreement does not mean
that the neuropathologists achieved the correct diagnosis;
they can all agree and still be wrong.

Correct diagnoses were needed to investigate validity.
It would have been desirable, in some respects, to create
an independent panel of expert neuropathologists to re-
view the cases and by consensus arrive at the correct
diagnoses. However, for budgetary and operational rea-
sons, we chose (o accept as correct the diagnosis of each
case given by the neuropathologist from the center which
donated the case, This diagnosis, based on the NINDS
criteria (4), was considered correct because the donor had
the opportunity to sample more brain areas, the option of
using additional stains, access to complete clinical rec-
ords, and the opportunity to discuss the case with clini-
cians. Recall that, during the study, no neuropathologist
examined cases from his or her own center, or was even
aware of the study design.

Progressive Supranuciear Palsy

For both neuropathologic and clinicopathologic diag-
noses, the PSP subtypes presented problems. Compared
with diagnosing atypical and combined PSP, the neuro-
pathologists were better, by far, at recognizing typical
PSP, although every neuropathologist misdiagnosed at
least 33% of the cases that he or she classified as typical
PSP. The misdiagnoses usually pertained to atypical or
combined PSP,

The neurcpathologists almost always failed to recog-
nize atypical PSP, mistaking it mainly for typical PSP
The neuropathologic criteria proposed for atypical PSFE,
specifically, the presence of either less brain stem neu-

J Nenropathol Exp Neurol, Vol 35, Jenuary, 1996
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rofibrillary involvement or more cortical changes (4, 22),
were difficult to implement. Failure to recognize atypical
PSP suggests that it is an artificial neuropathologic (or
clinicopathologic) entity. Indeed, the nosological impor-
tance of typical or atypical clinical presentations of PSP
is also cpen to question, as there appears to be no his-
iologic basis for that distinction (25). Improved neurc-
pathologic or clinicopathologic diagnostic criteria are
needed if the atypical PSP subtype is to be maintained.

As a subtype, combined PSP also deserves scrutiny.
Too often, the neuropathologists failed to recognize com-
bined P3P, This difficulty was related to the reluctance
of same neuropathologists to use the diagnostic criteria
pertaining to this disorder, especially when vascular le-
sions were present. We propose that combined PSF be
restricted to cases where there are infarcts in the brain
stem or basal ganglia because lesions in those areas could
modify the clinical symptoms. When infarcts occur in
other areas or when a nonvascular disorder is also pres-
ent, the diagnosis should be typical PSP and the coexist-
ing disease rather than combined PSE. Although a strong
association between PSP and Alzheimer’s disease has
been reported (26), we did not specifically address this
issue.

Postencephalitic Parkinsonism

Postencephalitic parkinsonism shares with PSP the
presence of extensive subcortical neurofibrillary tangles,
The neuropatheologists found it difficult to differentiate
postencephalitic parkinsonism from PSP on the basis of
neuropathologic information only. However, the sensitiv-
ity and reliability of the diagnosis of postencephalitic par-
kinsonism improved dramatically when clinical infor-
mation was added. The distinction between the two en-
tities was largely determined by a history of encephalitis
lethargica and oculogyric crisis and also disease duration.
The duration of symptoms was significantly longer, and
the age at onset earlier, in postencephalitic parkinsonism
than in PSP,

Our data suggest that maore refined neuropathologic cri-
teria or the use of supplementary techniques {e.g. bio-
chemical or genetic studies) are needed to distinguish
postencephalitic parkinsonism and PSP, Although im-
munocytochemical and ultrastructural studies are unable
o easily differentiate the neurofibrillary tangles in post-
encephalitic parkinsonism from those in Alzheimer’s dis-
ease and PSP (27-29), biochemical studies show differ-
ences between the triple tau proteins of Alzheimer's dis-
ease and the double tau proteins of PSP (30, 31). The
histologic features originally perceived as helpful for sep-
arating postencephalitic parkinsonism from PSP such as
the absence of neurcfibrillary involvement in the oculo-
motor complex, trochlear nucleus, or basis pontis, are in-
sufficient for distinguishing these two disorders.

I Neiropathol Exp Newrol, Vol 55, Jannary, 1936

Corticobasdl Ganglionic Degeneralion

The pairs of neuropathologists varied in their levels of
agreement with respect to the diagnosis of corticobasal
ganglionic degeneration. The pattern was the same, re-
gardless of whether the diagnoses were neuropathologic
or clinicopathelogic. Disagreements within pairs might
be related to different proficiency levels with the diag-
nostic criteria, the heterogenous nature of the disorder, or
the absence of characteristic features that define the dis-
order as a distinct entity. It is unlikely that these disagree-
ments were related to the level of difficulty of cases with
corticobasal ganglionic degeneration, as at least one neu-
ropathologist always made the correct diagnosis. Fur-
thermore, the proportion of corticobasal ganglionic de-
generation cases evalvated was similar for each neuro-
pathologist, so the relative frequency should not have in-
fluenced case detection (32).

The misdiagnoses of corticobasal ganglionic degener-
ation might be related to the basophilic inclusions char-
acteristic of the condition. These inclusions were con-
fused with the neurofibrillary tangles of PSP and, less
often, with Pick bodies. Recent siudies (33, 34) have
demonstrated that there are cytochemical, ultrastructural,
and biochemical differences between the basophilic in-
clusions in corticobasal ganglionic degeneration and the
neurofibrillary tangles in PSP In addition, non-amyloid
cortical plaques have been suggested as distinctive struc-
tures only found in corticobasal ganglionic degeneration
(35). On the other hand, these structures were shown to
be collections of abnormal tau in the distal processes of
astrocytes (36), also found in PSP (37-39), It remains to
be determined whether corticobasal ganglicnic degener-
ation should be classified as a distinct neuropathologic or
clinicopathologic disorder. The resulis of the present
study suggest that the disarder is distinct,

Pick's Disease

Pick’s disease was rather easily diagnosed neuropath-
ologically on the basis of Pick bodies, which happened
to be present in every case of this disorder, However, the
mean positive predictive value for the diagnosis of Pick's
disease improved (from 78 to 1009%) when clinical in-
formation was provided—<clearly supplementing the im-
portance of Pick bodies for the diagnosis of this disorder.

Revised Diagnostic Criteria

On the basis of the results and considerations men-
tioned above, we have revised the preliminary NINDS
criteria (4) and organized them in concise form (Table
5}. The following is a summary of the changes: (a) Clin-
ical history compatible with the diagnosis is now re-
quired; (b) Atypical PSP is excluded as a PSP subtype
(further neurcpathological studies of this entity are need-
ed); {c) Combined PSP is the same as typical PSP, but
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TABLE 5
NINDS Diagnostic Criteria for PSP and Related Disordersy|

Disorder Exclusion criteria

Typical PSP

Inclusion criteria

A high deasity of neurofibrillary tangles and neuropil
threads in at least three of the following areas: palli-
dum, subthalamic nucleus, substantia nigra, or pons,
and a low-to-high density of neurofibrillary tangles
or neuropil threads in at least three of the following
areas: striatum, oculomotor complex, medulia, or
dentate nucleus* and clinical history compatible
with PSP

Same as for typical PSP, with the coexistence of in-
farcts in the brainstem or basal ganglia, or both**

Large or numercns infarcts; marked diffuse or fo-
cal atrophy; Lewy bodies; changes diagnostic
of Alzheimer's disease; oligodendroglial argyro-
philic inclusions; Pick bodies: diffuse spongios-
is; prion P-positive amyloid plagues

Combined PSP

PEP A low density of neurofibrillary tangles and neuropil
threads in at least five of the following areas: palli-
dum, subthalamic nucleus, substantia nigra, pons,
medulla, or dentate nucleus, with minimal involve-
ment of oculomotor complex, trochlear nucleus, and
inferior olivary nucleus; other lesions include neu-
ronal loss and gliosis in affected areas; clinical his-
tory compatible with PER.

Large or numerous infarcts; marked diffuse or fo-
cal atrophy; Lewy bodies; changes diagnostic
of Alzheimer's disease: alipodendroglial argyro-
philic inclusions; Pick bodies; diffuse spongios-
is; prion P-positive amyloid plaques

CBGD Circumscribed or lobar atrophy in pariatal or fronto- Large or numerous infarcts; Lewy bodies; changes
parietal areas; tau-positive neurons in the cortex; diagnostic of Alzheimer’s disease; oligoden-
swollen and achromatic neurons, basophilic inclu- droglial argyrophilic inclusions; Pick bodies;
sions, numerous neuropil threads, and severe neu- prion P-positive amyloid plaques
ronal loss in the substantia nigra, basal ganglia, or
dentatorubrothalamic tract; astrogliosis and spongios-
is in subcortical white matter and clinical history
compatible with corticobasal ganglionic degeneration

PKD Lobar atrophy of the frontal and antertor temporal Large or numerous infarcts; neurofibrillary tan-

gles; Lewy bodies; changes diagnostic of Al-
zheimer's disease; oligodendroglial argyrophilic
inclusions; prion P-positive amyloid plagues

lobes, with Pick argyrophilic inclusions (Pick bod-
ies), and occasionally atrophy of the caudate nucle-
us, pallidum, basal ganglia, or substantia nigra; other
lesions include Pick cells, massive neuronal loss, as-
togliosis, spongiosis (often laminar) and clinical
history compatible with Pick's disease

4 ‘This is a revision of the preliminary NINDS criteria, from Hauw et al {(4).

PSP = progressive supranuclear palsy; PEP = postencephalitic parkinsonism; CBGI> = corticobasal ganglionic degeneration;
PKD = Pick’s disease.

* Tau-positive astroeyte processes or astrocyte cell bodies in the areas of neurofibrillary tangles and neuropil threads confirm
the dingnosis; other lesions include various degrees of neuronal loss and gliosis in affected areas. ** The diagnosis should be
typical PSP and the coexisting disease when infarcts occur in nonaffected areas or when a nonvascular disorder is also present.

with the further requirement of coexistent infarcts in the
brainstem or basal ganglia, or both.

Concluding Remarks

The present study points to the still poor neuropatho-
logic characterization of the disorders studied, with Pick’s
disease being possibly the only exception, and reaffirms
the need for standardizing the neuropatholagic criteria for
the diagnosis of many neurodegenerative disorders. More
easily recognized were disorders with unquestionable
markers, such as Pick bodies. Less easily recognized
were disorders characterized either by relatively nonspe-
cific, similar markers that are supposed to be diagnostic
by virtue of their distribution or density (e.g. neurofibril-
lary tangles of “normal aging,” Alzheimer's disease,

PSP, or postencephalitic parkinsonism, and ballooned
cells of Pick’s disease or corticobasal ganglionic degen-
eration) or by markers that are poorly characterized, de-
bated, and generally nondiagnostic (e.g. basophilic inclu-
sions of corticobasal ganglionic degeneration).

Qur results suggest that, with present sampling and
staining methods, neuropathology alone is not fully ad-
equate as the pold standard for differentiating PSP from
non-PSP or other specific neurodegenerative disorders
with extrapyramidal features. However, the diagnosis can
be better secured by the addition of clinical informaticn.
Therefore, as in Alzheimer's disease criteria [NINDS-
ADRDA (1) and CERAD (3}], the gold standard should
be the clinicopathologic, rather than the neuropathologie,
diagnosis. At times, the diagnosis may depend heavily on
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clinical information (e.g. when distinguishing between
PSP and postencephalitic parkinsonism), but it may also
rely mainly on neuropathologic analysis (e.2. as in Pick's
disease). In practice, the correct diagnosis will be more
readily established when neuropathologists receive ac-
curate clinical information.

The study emphasizes the relevance of ensuring the
validity and reliability of neuropathologic data in multi-
center studies of neurodegenerative disorders that depend
on neuropathologic findings to confirm the clinical di-
agnosis. Agreement on the neuropathologic dingnosis
might be lower in multicenter studies that rely on diverse
sampling and staining techniques,

Finally, the present study might serve as a framework
for analyzing the accuracy of the neurcpathologic diag-
nosis of other types of neurodegenerative disorders, such
as diffuse Lewy body disease, lobar or circumscribed at-
rophy, and vascular or mixed dementias.
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