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\s=b\Extrapyramidal signs were rated by
three neurologists in 20 patients who had
either been diagnosed as having probable
Alzheimer's disease or who were being eval-
uated for dementia. In general, good inter\x=req-\
rater reliability was found for the presence or
absence of extrapyramidal signs, although
agreement over the presence of some signs
was reduced when distinctions between nor-

mality and slight departures from normality
were required.

(ArchNeurol. 1991;48:1147-1149)

Q everal studies have shown that mild
extrapyramidal signs (EPSs) are

frequently observed in Alzheimer's dis¬
ease (AD).15 Their presence in AD is
significant for at least two reasons.

First, it has been shown that EPS in
AD, particularly rigidity, may corre¬

spond with the presence of neuropatho¬
logic parkinsonian features (eg, Lewy
body formation, neuronal loss and glio¬
sis of the substantia nigra, and locus
ceruleus).6 Extrapyramidal sign pres¬
ence may therefore have etiologic and
pathophysiologic implications for AD.
Second, there is evidence that the pres¬
ence of EPS may signify an aggressive
form of AD78 and may thus be an impor¬
tant predictor of disease severity. How¬
ever, the validity of EPS as clinical cor¬
relates and as disease predictors
depends critically on the reliability of
their quantitative assessment. Reliabil¬
ity is defined as the degree ofagreement
either among the same rater at different
times (intrarater reliability) or among
different raters at the same time (inter-
rater reliability). Assessment of intrar¬
ater reliability of EPS is rendered diffi¬
cult by the fact that, in our opinion, the
presentation ofcertain mild EPS within
patients is not constant over time. It is
therefore essential to assess interrater
reliability of EPS for small comparative
studies where replicability is important
and for larger cohort and population-
based studies where multiple raters are

often employed. Interrater reliability
for neurologic soft signs in children, in¬
cluding tone" and motor slowness,1" has
been established. However, to date, no

attempts have been made to assess in¬
terrater reliability of EPS in a dementia
cohort, although there are several stud¬
ies where such information would be
crucial. This study undertook such an
assessment with patients who were ei¬
ther undergoing evaluation or receiving
ongoing care for dementia.

PATIENTS AND METHODS
A convenient sample of 20 patients were

assessed at a neurologic outpatient facility
designed to assess memory disorders. Six¬
teen of these patients were diagnosed as hav¬
ing probable AD, one was diagnosed with
vascular-related dementia, and three had
cognitive changes of unknown cause at the
time of assessment. Ages ranged from 55 to
87 years, with a mean of 72.2 years. Ratings
were performed by three of us (K.M., KB.,
and G.D.), each with approximately 4 years
of postresidency experience in behavioral

Table 1.—Extrapyramidal Signs (EPS) Items and Scale Construction Used in the
Present Study

EPS Items Scale

Speech
Normal 0
Slight loss of expression, diction and/or volume 1
Monotone, slurred but understandable; moderately impaired 2
Marked impairment, difficult to understand 3
Unintelligible 4

Tremor at rest
Absent 0
Slight and infrequently present 1
Mild in amplitude and present most of the time 2
Moderate in amplitude and present most of the time 3
Marked in amplitude and present most of the time 4

Facial expression
Normal 0
Slight hypomimia, could be normal "poker face" 1
Slight but definitely abnormal diminution of facial expression 2
Moderate hypomimia; lips parted some of the time 3
Masked or fixed face with severe or complete loss of facial expression; lips 4

parted V» inch or more
Rigidity (neck and each limb) *

Absent 0
Slight or detectable only when activated by mirror 1
Mild to moderate 2
Marked, but full range of motion easily achieved 3
Severe, range of motion achieved with difficulty 4

Posture
Normal erect 0
Not quite erect, slightly stooped; could be normal for older person 1
Moderately stooped posture, definitely abnormal; can be leaning slightly to one 2

side
Severely stooped posture with kyphosis; can be leaning moderately to one side 3
Marked flexion with extreme abnormality of posture 4

Gait
Normal 0
Walks slowly, may shuffle with short steps, but no festination or propulsion 1
Walks with difficulty, but requires little or no assistance; may have some festi- 2

nation, short steps or propulsion
Severe disturbance of gait, requiring assistance 3
Cannot walk at all, even with assistance 4

Body bradykinesia and hypokinesiat
None 0
Minimal slowness, giving movement deliberate character; could be normal for 1

some persons. Possibly reduced amplitude
Mild degree of slowness and poverty of movement that is definitely abnormal 2

Alternatively, some reduced amplitude
Moderate slowness, poverty, or small amplitude of movement 3
Marked slowness, poverty, or small amplitude of movement 4

Judged on passive movement of major joint with patient relaxed in sitting position. Cogwheeling to be ig¬
nored.

tComblning slowness, hesitancy, decreased arm swing, small amplitude, and poverty of movement in gen¬
eral.

Accepted for publication June 19,1991.
From the Departments of Neurology (Drs Rich-

ards, Marder, Bell, Dooneief, Mayeux, and Stern)
and Psychiatry (Drs Mayeux and Stern), Columbia
University, College of Physicians and Surgeons
and the New York State Psychiatric Institute
Memory Disorders Clinic, New York, NY.

Reprint requests to the Neurological Institute,
710 W 168th St, New York, NY 10032 (Dr Stern).

Downloaded From: http://archneur.jamanetwork.com/pdfaccess.ashx?url=/data/journals/neur/16280/ by a Columbia University User  on 06/13/2017



Table 2.—Extrapyramidal Signs: Frequency and Interrater Reliability Estimates (Absent vs Present)*

Rigidity
Facial

Speech Immobility Tremor Neck R Arm L Arm R Leg L Leg Overall
Bradykinesia/

Posture Hypokinesia Gait
IG 20 20 17 19 19 1£ 19 19 20 20

No. with
sign present

Frequency, % 26 35 21 35 30 55 20 25 15

% Observed
Agreement 60 82 68 74 90 75 85

% Chance
agreement

Kappa

'  = 20.

37 95 27
.83 .63 .57 .53 .55 .81 .52 .56 .75

35.9
.64

Table 3.—Extrapyramidal Signs: Frequency and Interrater Reliability Estimates (Absent/Slight vs Mild or Greater)*

Rigidity
Facial ,-, Bradykinesia/

Speech Immobility Tremor Neck R Arm L Arm R Leg L Leg Overall Posture Hypokinesia Gait
19 20 20 17 19 19 19 19 19 20 20 20

No. with
sign present

Frequency, % 10 16
% Observed

Agreement 90 100 100 95 85

% Chance
agreement 72 77 69 60 64 64 60 81 69

Kappa .63

"N - 20.

51.0 57.0 42.8 57.0 57.0 35.0 60.0

neurology. The EPSs were assessed using
selected items from the Columbia University
Parkinson's Disease Rating Scale.11 This
scale enables separate ratings of voice, facial
immobility, resting tremor, rigidity (neck
and each limb), bradykinesia/hypokinesia,
posture, and gait (Table 1) in a semistruc¬
tured fashion.

These items were selected on the basis of
an earlier characterization of EPS in demen¬
tia. 12 Sign severity was rated as either absent
(0), slight (1), mild-moderate (2), marked (3),
or severe (4). The presence or absence of
chorea, myoclonus, and other dyskinesias
was also determined. Rigidity assessments
were performed by each rater in immediate
succession, with rater order randomized. All
other signs were rated by observation. To
determine whether signs were idiopathic or

drug-induced, all raters were acquainted
with the medication history of each patient
prior to assessment. In all other respects,
ratings were made independently and raters
remained unaware of each other's assess¬
ments until the completion ofthe study.

DATA ANALYSIS

The frequency of each sign (including an
overall present/absent rigidity score) was
calculated on the basis of assessments by the
initial rater for each patient. Because the
frequency of EPS with a severity rating
greater than 1 (slight) was small, the initial
analysis focused on the presence or absence
of EPS only. To assess interrater agreement,
four statistics were calculated. First, per¬
cent agreement between raters for each sign
was expressed as the ratio between the num-

ber of patients where all three raters agreed
on presence or absence of that sign and the
total number of patients. However, the mag¬
nitude of this simple statistic may be inflated
by chance agreement, especially when signs
occur either very rarely or very frequently in
a sample.1'* Percent agreement by chance
alone, derived from the expected frequencies
for a  test, are therefore shown for each
sign. Third, kappa coefficients were calculat¬
ed for each sign. The kappa statistic adjusts
the simple agreement ratio for chance agree¬
ment by measuring the ratio of the observed
agreement beyond chance to the potential
agreement beyond chance. Thus a kappa of
1.0 represents complete agreement beyond
chance, a kappa of 0 indicates agreement at
the chance level and a kappa of -1.0 repre¬
sents complete disagreement between rat¬
ers. Fleiss14 has suggested the following
guidelines for interpreting kappas: coeffi¬
cients with values greater then .75 signify
excellent agreement, values between .40 and
.75 represent fair to good agreement, and
values below .40 or so indicate poor agree¬
ment beyond chance. Finally, to assess the
significance of agreement beyond chance,  2
values were calculated for each sign, based
on the ratio between kappa magnitude and
rater variance and thus taking sample size
into account.

RESULTS
All three raters agreed on the pres¬

ence of myoclonus in one patient and on
the absence of chorea and other dyskin¬
esias in all patients. Based on assess¬
ments by the initial rater for each pa-

tient, 13 patients (65%) had at least one
EPS. Of these, signs in 10 patients were

idiopathic, signs in two patients were

judged to be induced by current neuro¬

leptic medication, and signs in one pa¬
tient were considered as possible resid¬
ual effects of past medication. The
frequency of each sign, along with per¬
cent chance agreement, percent ob¬
served agreement, and kappa coeffi¬
cients for these signs, are presented in
Table 2. Raters were unable to induce
one patient to talk during the examina¬
tion. In addition, individual raters were
unable to relax three patients sufficient¬
ly to assess neck rigidity; for the same

reason, one rater was unable to rate
limb rigidity in one patient. In each
case, the above signs for these patients
were dropped from the analysis.

It can be seen that EPSs were fre¬
quent in the present group of patients.
In particular, over half the sample
showed rigidity in at least one area of
assessment. Bradykinesia/hypokinesia,
abnormal speech, and facial immobility
were also common. Gait abnormalities
were less frequently observed, howev¬
er, and there were no instances of rest¬
ing tremor. Table 2 indicates high
agreement above chance between rat¬
ers on the presence or absence of EPSs
for speech, tremor, bradykinesia/hypo¬
kinesia, and gait, with kappas in the
"good" to "excellent" range.14 Lower
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agreement above chance was found for
facial immobility, posture, and overall
rigidity, with considerable variability in
agreement over rigidity across the five
individual areas assessed. Kappas for
these signs ranged from "poor" (facial
immobility), to "fair" (overall rigidity
and posture).14 Agreement was no bet¬
ter than chance, however, for resting
tremor, where a single instance of posi¬
tivity was reported by one rater. Where
target events are very rare, the proba¬
bility of chance agreement is high; in
this case, percent chance agreement
was equal to percent observed agree¬
ment, yielding a kappa of 0 for this sign.
All  2 values were significant at the .001
level or less (with the exception of that
for tremor), indicating statistically sig¬
nificant levels of agreement beyond
chance for most signs with this sample.

One possible reason for the relatively
modest agreement over some of these
signs is the ambiguous status of the
"slight" (severity rating, 1) level of se¬

verity. For example, the guidelines for
assigning facial and postural signs to the
slight level are worded to include fea¬
tures that may be normal for older peo¬
ple. To create a more conservative ab¬
sent/present dichotomy therefore,
slight EPS scores were reassigned to
the absent category and EPSs were con¬
sidered as present only if their severity
was at least mild to moderate (severity
rating, 2). Their frequencies, alongwith
corresponding interrater reliability es¬

timates, are shown in Table 3.
The frequency of EPS of at least a

mild to moderate level of severity was

significantly lower than the frequency
of signs where presence included the
slight level. Kappas for speech and bra¬
dykinesia/hypokinesia were lower than
corresponding coefficients in Table 2
(although still in the "fair to good"
range14); this is because the frequency of
positivity is lower and the probability of
chance agreement is higher for signs
determined by this new dichotomy.
However, kappa values increased for all
other signs except tremor (where all
raters were agreed on sign absence for
all patients and, again, percent chance
agreement was equal to percent ob¬
served agreement). Notably, there was
total agreement beyond chance for
overall rigidity and gait. Once again,  2
values were significant at the .001 level
or less for all signs except tremor.

COMMENT

Even though the sample size was

small, our study demonstrates an ac¬

ceptable degree of agreement between
raters over the presence or absence of
mild EPS in this group. This finding
offers evidence that ratings of EPS are

capable of standardization and are reli¬
able and reproducible. This has impor¬
tant bearings on the validity of EPS
as manifestations of pathophysiologic
changes in the central nervous system,
as correlates of functional and neuro¬

psychologic changes in dementia, and as

predictors of disease severity. From a

méthodologie point of view, these re¬
sults also support the employment of
multiple raters in epidemiologie studies
ofAD and other dementias, and suggest
that individual EPS ratings in small-
scale studies are capable of generaliza¬
tion. Moreover, in light of the fact that
clinical teaching depends largely on
demonstration and observation in a

group setting, these results reinforce
the view that a consensus over the pres¬
ence of mild EPS can be reached in a
clinical setting.

This study does, however, highlight
two problems in the assessment of reli¬
ability ofEPS detection. First, since the
probability of chance agreement is very
high for signs that occur rarely in AD
(such as resting tremor), estimates of
reliability that correct for chance agree¬
ment are likely to be of low magnitude
for these signs. This does not mean that
reliability in the assessment of these
signs is unattainable, merely that ade¬
quate assessment of reliability cannot
be made under such circumstances be¬
cause it is difficult to determine the abil¬
ity ofraters to distinguish targets.

Second, and in line with investiga¬
tions of soft signs in children,1" inter-
rater agreement was shown to be dis¬
rupted by distinctions between
normality and slight deviations from
normality with some signs. A more reli¬
able measure of EPS presence may
therefore be provided by considering
only EPS with a severity greater than
slight (as in analysis two above). In line
with this suggestion, Thompson and
Walter17 have demonstrated that when
sensitivity (ie, the proportion of targets
correctly classified as present) and
specificity (ie, the proportion of targets
correctly classified as absent) are held
constant, the magnitude of kappa for
any given target declines as the preva¬
lence of that target declines beyond an

optimum level. In our study, the fre¬
quency of signs with a severity greater
than slight was substantially lower than
the frequency of signs with a severity
greater than zero, yet kappa values for
the former were generally larger than
for the latter. This suggests that in¬
creasing the threshold for EPS pres¬
ence from slight (severity rating, 1) to
mild (severity rating, 2) led to an im¬
provement in the sensitivity and speci¬
ficity of these measures.

At the same time, the potential diffi-

culties in making distinctions between
normality and slight deviations from
normality warrant continuing atten¬
tion. It is therefore important when as¬

sessing mild EPSs in older patients to
clarify the range of behaviors that may
be considered normal for this age group.
Not only is this important for reliability
per se, but it is also only against such a
baseline that the clinical significance of
mild positive EPSs can be fully
determined.
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