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Interobserver Reliability in the
Interpretation of Computed Tomographic Scans

of Stroke Patients

David Shinar, PhD; Cynthia R. Gross, PhD; Daniel B. Hier, MD; Louis R. Caplan, MD;
Jay P. Mohr, MD; Thomas R. Price, MD; Philip A. Wolf, MD; Carlos S. Kase, MD;
Irene G. Fishman, MAT; Joshua A. Barwick; Selma C. Kunitz, PhD

o Interobserver reliability in interpreta-
tion of computed tomographic images
was studied by six senior neurologists
who independently evaluated on a stan-
dardized Stroke Data Bank form the brain
lesions of 17 patients. The results ana-
lyzed with « statistics yielded moderate to
substantial agreement on most items of
interest including the stroke pathology
and anatomy. In general, the levels of
agreement were as high as previously
reported for the diagnosis of the mecha-
nism of the stroke, and much higher than
on many stroke history items and items of
neurclogic examination. Excellent agree-
ment was obtained for the detection of
infarcts and intracerebral hemorrhage,
and substantial agreement was obtained
on whether the computed tomographic
images were normai or indicative of small
deep infarcts, superficial and deep
infarcts, and aneurysms. The level of
agreement on anatomy of the lesions was
best for the frontal, parietat, and temporal
lobes, putamen, cerebellum, and sub-
arachnoid space. Implications for clinical
research and diagnosis are discussed.

(Arch Neurol 1987;44:149-155)

Arch Neurol—Vol 44, Feb 1987

This study focused on interobserver
agreement in the interpretation of
computed tomographic (CT) images
and involved six senior neurologists
who examined slides of CT scans
obtained from 17 hospitalized stroke
patients. It is the third in a series of
studies focusing on quality assurance
in the Stroke Data Bank (SDB). The
centers participating in the study are
the New York Neurological Institute,
and the Departments of Neurology at
the University of Maryland Hospital,
Baltimore, Boston University Medical
Center, and Michael Reese Hospital,
Chicago. A detailed description of the
SDB has been published elsewhere.!
Observer errors and interobserver
disagreements in medical data have
received much attention in the last
decade, and a review of their origins
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has been offered by Sackett.? In his
taxonomy, a distinction is made
among the following three major
sources of disagreement among
observers: variations among the
examiners, variations in the nature of
the examination, and variations (over
time) in the examined, ie, the patient.
Obviously, only the first source is
relevant in studying interobserver
reliability in the interpretation of
radiographic images such as CT scans,
since the other two are held con-
stant.

Even in the absence of the last two
sources of interobserver disagree-
ments, it is now readily acknowledged
that the interpretation of pictograph-
ic data such as roentgenogram and CT
scans is subjective’* and heavily influ-
enced by individual differences among
observers due to factors such as
expectancy and past experience.’

Even among senior physicians,
some degree of interobserver varia-
tion may be expected. Indeed, signifi-
cant variations among experienced
radiologists were obtained in a study
of CT scans of a sample of patients in
whom brain tumor had been sus-
pected.® In stroke, where the CT scan
is a major diagnostic tool, these dif-
ferences may be of clinical signifi-
cance, eg, in deciding on modes of
therapy.

In the present study, the interob-
server level of agreement in the inter-
pretation of CT scans was relevant to
the quality of the data in the SDB and
of general interest concerning the sta-
bility of CT readings across physi-
cians. The interpretation of CT scans
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of the same 35-mm projection slides
were made in each center by a senior
neurologist specializing in stroke. A
brief patient abstract without diagno-
sis was provided. Thus, it can be
assumed that the level of expertise
applied to the task of interpreting the
CT scan was as good as any that could
be expected in the course of a routine
clinical evaluation. The reliability of
CT interpretations obtained in this
study is probably a good approxima-
tion of the upper bounds of reliability
of CT interpretation for stroke lesions
in general.

PATIENTS AND METHODS
Participants

The 17 subjects, ranging in age from 36
to 89 years, were all of the in-hospital
patients with acute stroke who were hospi-
talized during a given week at the New
York Neurological Institute, who agreed to
participate in the study, and who were
considered to be in stable condition. Specif-
ic characteristics of each patient have been
documented elsewhere.’

The observers in the study were the six
staff neurologists who are directly respon-
sible for data collection in their own cen-
ters. All are experienced in clinical neurol-
ogy with a special interest in stroke.

Pro_cedures and Design

During a visit to the New York Neuro-
logical Institute, each of the six neurolo-
gists personally and independently inter-
viewed and examined ten to 12 of the 17
patients according to a blocked design as
part of a study on interobserver agreement
in neurologic assessment.’

Three months later, back at their own
centers, each of the six neurologists
received and independently reviewed 35-
mm projection slide copies of the CT scans
of all 17 patients. The procedure for inter-
pretation of the CT scans was modeled to
approximate the usual mode of interpreta-
tion in the SDB. The same forms were used
to record data, and the timing of the CT
scans was delayed by up to five days from
stroke onset 8o as to provide data that were
as clear-cut as possible. The only differ-
ence was in the use of 35-mm slides as
compared with the actual complete CT
folder.

In addition to the CT scans, the neurolo-
gists also received for each patient a brief
abstract containing the patient’s age, hos-
pital admission date, associated medical
illness, neurologic history, and findings of
the neurologic examination. The package
did not contain any references to the
patient’s diagnosis or the interpretation of
the CT scans by the physicians caring for
the patient.

Form and Materials

Neurologic history and the results of the
neurologic examination on each patient
were recorded on the standard SDB Neuro-
logic History and Neurologic Examination
forms.” The interpretation of the CT

150 Arch Neurol—Vol 44, Feb 1987

Stroke Data Bank 1D #
Py  FORM
CT Scan C
1C. Date and time of exam: 3C. Number of lesions related SC. Technical adequacy of study
to this stroke ___ 0 Adequate
,,,,, _—— —— == L | (Enter-0 if none) 1 Inadeguate
Day Mo Yr Hr Min U Unknown
4C. CT scan normal?
2C. Data collector 0 Normal
(see Center's code list) _ _ B 1 Abnormal
6C. Lesion number 1 2 3 4 5 []
(maintain same numbering scheme on subsequent exams)
7C. Side Codes:
1 Mid
2 Left
3 Right
4 Both 1234 1234 1234 1234 1234 1234
(MLRB) (MLRB) (MLRB) (MLRB) MLRB) (MLRB)
BC. Pathology (circle one only)
No longer seen o 0 o 0 0 0
Superficial infarct 1A 1A 1A 1A 1A 1A
Deep. small infarct 1B 1B 1B 1B 1B B
Deep, large infarct 1c 1C 1C 1c 1C 1C
Superficial & deep infarct 10 1D 1D 10 1D 10
Intracerebral hemorrhage 2 2 2 2 2 2
Subarachnoid hemarrhage 3 3 3 3 3 3
AVM 4 4 4 4 4 4
Aneurysm 5 5 5 S K 5
Other (includes subdurals) 8 6 6 6 6 6
9C. Anatomy (circle alt applicable)
Frontal fobe Al Al At Al Al Al
Parietal lobe A2 A2 A2 A2 A2 A2
Temporal lobe A3 A3 A3 A3 A3 A3
Occipital lobe Ad A4 A4 Ad A4 A4
Operculum AS AS A5 A5 AS AS
insula AB A6 A8 A8 A6 A6
Caudate B1 B1 81 Bt B1 B1
Putamen B2 B2 82 B2 B2 B2
Thalamus B3 B3 83 B3 B3 B3
Anterior capsule ct c (93] 03] c1 c1
Genu ce c2 c2 cz c2 c2
Posterior capsule cs3 c3 c3 c3 C3 C3
Corona radiata C4 C4 (o] c4 C4 Cca
Centrum semiovale cs5 Ccs Ccs Cs Cs Ccs
Corpus callosum Cc6 [el) c6 Cc6 C6 c6
Midbrain M1 Mt M1 M1 M M1
Pons M2 M2 M2 M2 M2 M2
Medulla M3 M3 M3 M3 M3 M3
Cerebullum Ma M4 M4 M3 M4 Ma
Ventricular space S1 S1 St S1 S1 S1
Subarachnoid space 82 82 82 s2 82 s2
Subdural space S3 S3 83 S3 s3 S3
Epidural space S4 S4 S4 Sa S4 S4
10C. volume in cc’s PR _ . -
11C. Diameter in mm’s
Version 2/FORM C (1 of 5) — 3/85

Fig 1.—Stroke Data Bank computed tomographic (CT) scan form, page 1.

images was recorded by all the neurolo-
gists on the SDB CT form (Figs 1 and 2).
The form contains 21 items describing the
nature of the lesion(s) and can accommo-
date the description of up to six lesions.

For the CT evaluation, the neurologists
were provided with high-resolution 35-mm
slides of the original CT scan images. All
slides were considered to be of adequate
technical quality by the participating neu-
rologists. Figure 3 contains the CT images
from patient 2.

Statistical Method

The « statistic used to measure the level
of agreement was developed by Fleiss® to
provide a numerical measure of agreement
among multiple raters on variables that
are scored on a nominal scale (qualitative

classification, without ordering). The « sta-
tistic is chance-corrected, ie, it measures
the observed amount of agreement
adjusted for the amount of agreement
expected by chance alone. The « statistic
approaches —1 for complete disagreement
and +1 for perfect agreement. When the
agreement is that expected by chance, «
equals 0. The significance of « is tested by
dividing it by its SE.’ This ratio is distrib-
uted as a standard normal variate. It has
been suggested that whenever « is greater
than .80, the agreement can be considered
excellent; « greater than .40 but less than
or equal to .80 indicates moderate to sub-
stantial agreement; « greater than .20 but
less than or equal to .40 indicates fair
agreement; and « less than or equal to .20
indicates slight or poor agreement.'

Observer Reliability—Shinar et al
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Explanation of codes:

Size change (14C)

Enhancement (18C)

1 Yes

0 None 0 Absent
Density (12C) 1 Intat 1 Mid
1 Llow 2 Smaller 2 Moderate
2 High 3 Larger 3 Marked
3 Both A Not applicable 4 No centrast given
4 Contrast ennancement
only Edema/Mass Enhancement, lype (15C)
(15C. 16C) 1 Gyralideep
Size scale (13C) 0 Avsent 2 Ring
0 Absent 1 Mig 3 Other
1 <1cm 2 Moderate
2 < :lobe 3 Marked Relevance (20C)
3 <1lobe A Not applicable 0 Asymplomatc
4 > 1lobe 1 Symptomatc,
unrelated
2 Symptomanc, related
1 2 3 4 5 8
12C. Density 1234 1234 1234 1234 1234 1234
13C. size. scale 01234 01234 01234 01234 01234 c1234
14C. size. change 0123A 0123A 0123A 0123A 0123A 0123A
15C. Edema 0123A 0123A 0123A 0123A 01234 0123A
16C. Mass effect 0123A 01234 0123A 0123A 0123A 0123A
17C. Hemormage® "¢ 01234 0123A 0123A 01234 01234 Q123A
18C. Enhancement 01234 01234 01234 01234 01234 01234
19C. Enhancement. type 123 123 123 123 123 123
20C. Ciin relevance Q12 012 012 012 012 012
® For SAH (8C=3). ° For ICH (8C = 2y © For infarcts (6C = 1A-1D)
0 None 0 None Absent
t  Diffuse & less than 1 1 Intraventricular 1 Mg
mm extension 2 Moderate
2 Localized clot or 2 Cisternat 3 Marked
greater than 1 mm 3 Both A Not applicable
3 Clots
21C. Cortical Atrophy? 22C. Mydrocephalus? 24C. Results
None 0 None @ No blood detected
] 1 Slight | 1 Minimal Lt 1 Diffuse deposition but
2 Moderate 2 Moderate less than 1 mm
3 Severe 3  Marked thick
U Unknown U Unknown 2 Localized clots andior
intraventricular clot
23C. If subarachnoid hemor- 3 Intracerebral or intra-
rhage, were coronal ventricular clot only
L views done? U Unknown
0 No

U Unknown
1f coronal views were done, (23C = 1) answer 24C

lesion 1 Yes
2 Same size as non-
contrast lesion
3 Smaller than non-
contrast lesion
4 Only contrast scan given
U No contrast given

24.1C. Comparison of conirast to 24.2C. Pperiventricular lucency
non-contrast present?
J 1 Larger than non-contrast [ 0 No

U Unknown

Version 2/FORM C (2 of 5) — 3/185

Fig 2.—Stroke Data Bank computed tomographic scan form, page 2.

RESULTS

Of the different items in the SDB
CT form, the most important are
probably those describing the pathol-
ogy and anatomy of the observed
lesions (items 8C and 9C). Initial
review of these items indicated that
there was a need to collapse across
lesions rather than analyze each
lesion separately. This was done
because in several cases a lesion
labeled lesion 1 by one neurologist was
labeled lesion 2 by another and, thus,
although the neurologists may have
been in perfect agreement on both
lesions, a separate analysis of each

Arch Neurol—Vol 44, Feb 1987

lesion (by lesion number) would have
yielded an erroneous impression of a
low level of agreement.

Pathology

Table 1 summarizes the six neurolo-
gists’ responses to the observed
pathology (item 8C). In this table,
each patient is represented by a row
and each of the alternative sources of
pathology is represented by a column.
For 13 of the 17 patients, only one type
of pathology was noted. For the addi-
tional four patients, more than one
type of lesion was noted by some of
the neurologists, and these are noted

in Table 1. At the gross level of dis-
tinction among “Normal CT,” “In-
farct,” “Hemorrhage,” and “Other,”
the agreement among the neurolo-
gists was excellent, x = .90. (Where-
ver a neurologist coded more than one
category, the one consistent with the
most frequent choice of the other neu-
rologists was selected. This approach
will yield the closest agreement. A
more conservative approach, of seleet-
ing the pathology of lesion 1 only, still
yielded very good agreement, x = .78.)
This is reflected by the cell entries
indicating that at this level of dis-
crimination all six neurologists
agreed on 13 patients and five out of
the six neurologists agreed on three of
the remaining four patients. Even at
high levels of specificity (involving all
ten categories of pathology) agree-
ment was substantial, x = .61. (The
conservative approach yielded
k= .56.)

The level of agreement among neu-
rologists for each of the specific cate-
gories is indicated by the partial «
values (last line in Table 1). The par-
tial « values denote the chance-cor-
rected probability that if one random-
ly selected neurologist chooses a given
category, another randomly selected
neurologist will choose the same cate-
gory. The partial « values vary widely
from excellent (x, = 1.00) for intracer-
ebral hemorrhage to poor (x, < .2) for
large deep infarcts. The low frequency
with which this category was cited
may be partially responsible for its
low agreement level.!! Subarachnoid
hemorrhage and arteriovenous mal-
formation were never cited; so we
have no data to determine their reli-
ability.

Interobserver agreement was sub-
stantial («, > .6) for identifying small
deep infarcts and aneurysms as well
as for indicating no abnormalities at
all.

For combined superficial and deep
infarcts, the agreement was moderate
(ks = .47), and for superficial infarets
it was fair (x, = .29). In these catego-
ries, the major source of disagreement
was on whether a lesion was “superfi-
cial” only or “superficial and deep”
(Table 1, patients 2, 3, 8, 14, 16, and
17). Note, further, that the « values for
superficial infarcts and for deep
infarcts are extremely conservative
since they are based on agreements
that the infarcts were only superficial
or only deep but not both. For exam-
ple, for patient 2, although superficial
infarct was noted by only two neurol-
ogists (Table 1), all six neurologists
agreed that there was a superficial
infaret since four of the six neurolo-

Observer Reliability—Shinar et al 151
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Fig 3.—High-resolution 35-mm slide of original computed tomographic image for patient 2.

gists recorded “superficial and

deep.”
Anatomy

Agreement on the specific anatomic
region(s) of the lesion(s) (item 9C)
could not be summarized by a single
numeric value since, for most
patients, lesions were noted in more
than one location, and the indicated
number of locations varied among
neurologists. The distribution of the
neurologists’ responses for each of the
23 anatomic locations specified in
item 9C is presented in Table 2. As can
be seen from the “Total” row and
column entries, the six neurologists
listed 212 locations for the 17 patients,
or an average of two locations per
patient by each neurologist. Qualita-
tively, it can be observed that the
crude level of agreement (not chance-
corrected) was quite good, as follows:
for nine of 17 patients all six neurolo-
gists agreed, and for five additional

152  Arch Neurol—Vol 44, Feb 1987

patients, five of six neurologists were
in agreement on the location of at
least one lesion or the absence of any
lesions (patient 5).

The data obtained for patient 2 (Fig
3) illustrates the problem of providing
a single statistic for agreement on
this item. All six neurologists noted
lesions in the frontal and parietal
lobes. Four of six neurologists also
noted lesions in the temporal lobe
while, of the other two neurologists,
one checked the operculum while the
other checked the operculum as well
as the insula. Four of the six neurolo-
gists also noted lesions in the caudate.
Of these four neurologists, two neu-
rologists also noted a lesion in the
putamen, one neurologist noted a
lesion in the anterior capsule, and one
neurologist noted lesions in the puta-
men and the anterior capsule.

Agreement on each of the specific
regions was calculated with the  coef-
ficient by considering the probability

of selecting each region vs not select-
ing it. These « coefficients are pre-
sented at the bottom row of Table 2.
First, for four of the five major brain
regions—hemisphere, deep, cerebel-
lum, and extracerebral spaces—the
interobserver agreement was sub-
stantial, .65 < « < .84. There was also
substantial interobserver agreement
in deciding whether the CT was nor-
mal or abnormal, x = .68. Interobserv-
er agreements on identifying lesions
in the brain stem were essentially
undefined with the present sample of
cases, since none of the neurologists
identified a lesion in either the mid-
brain or the medulla, and only one
neurologist selected the pons. A larger
or a different sample might have pro-
vided sufficient data to analyze the
level of agreements on lesions in the
brain stem.

With respect to the specific loca-
tions within the hemispheres, the
deep structures, the extracerebral
spaces, and the miscellaneous catego-
ries, the levels of agreement varied
widely. Substantial agreement was
obtained for the frontal, temporal,
and parietal lobes and the subarach-
noid space. Agreement was moderate
for deep lesions in the caudate, puta-
men, and the anterior and posterior
capsule; it was only fair for lesions
noted in the genu and ventricular
space. Interobserver agreement was
poor and statistically nonsignificant
in only the following four regions: the
operculum, the insula, the centrum
semiovale, and the thalamus; and
poor, but significantly above chance,
for the corona radiata. As with
pathology, here too the poor agree-
ment levels may be due in part to the
low frequency with which some of
these sites were noted.'' Because there
were either no citings or only one, it
was impossible to evaluate interob-
server agreement for the occipital
lobes, corpus callosum, midbrain,
pons, medulla, and the subdural and
epidural spaces.

Other CT Findings

Agreements among neurologists
were also evaluated on the additional
items listed in Table 3. The level of
agreement was statistically signifi-
cant for all items. Agreement was
substantial (x = .60) on whether the
CT was normal (item 4C), and the
general location of the lesion (item
TC—side: left, right, mid, or any com-
bination of the three).

The agreements on lesion density
(item 12C—high, low, or both), the
number of lesions related to this

Observer Reliability—Shinar et al
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Table 1.—The Distribution of the Neurologists’ Response With Respect to the Pathology Seen on CT Scan for Each Patient*
Infarcts Hemorrhage
CcT Super- Deep Deep Superficial Aneu-
Patient Normal ficial Small Large and Deep ICH SAH AVM rysm Other Total
1 4 L. 2 6
2 2 4 6
3 4 e 2 6
4 6 N 6
5 5 1 L 6
6 - 6 6
7 L. 5 1 .. 6
8 1 5t 6
9 6 . 6
10 o 6 6
11 6 6
12 4 1 1 L. 6
13 . . . 6% 6
14 C. 3 3 L. .. 6
15 . ca L. 5§ 1 6
16 L. 3 3 6
17 3 3 6
Total 9 16 23 3 27 18 0 5 1 102
Partial x values .681 291 761 .03 471 1.001 791 —.01

*CT indicates computed tomography; ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage; and AVM, arteriovenous malformation.
+One of the neurologists who entered superficial and deep lesion also entered ICH, another neurologist also entered aneurysm, and a third neurologist entered *‘other’”

category.

$0ne of the neurologists who entered ICH also entered AVM.
§0ne of the neurologists who entered aneurysm also entered superficial infarct, and two other neurologists also entered SAH.
|lone of the neurologists who entered superficial infarct also entered AVM.

TSignificant at P < .001.

stroke (item 3C—0, 1, 2, or 3) and the
mass effect of the largest region (item
16C—absent, mild, moderate, or
marked) were moderate (x > .40).

The Relationship of CT Interpretation
to Diagnosis

At the same time that the neurolo-
gists completed the CT forms for this
study, they also diagnosed the prima-
ry mechanism of stroke.'? To examine
the relationships between the two, the
neurologists’ responses of the “Prima-
ry Diagnosis” of stroke (item 5J on
the Diagnosis form) were cross-tabu-
lated with their responses to the
pathology (item 8C on the CT form).
Since the diagnosis categories partial-
ly overlap the pathology categories of
item 8C in the CT form," the correla-
tion between the two provides a mea-
sure of intraobserver consistency. The
cross-tabulation of these two vari-
ables is provided in Table 4. The con-
tingency coefficient, an x*related
measure of association, was .75, indi-
cating a substantial level of corre-
spondence between these variables.
Further, some specific relationships
are of interest. First, the most com-
monly diagnosed condition, infare-
tion, was also recognized as such on

on the CT. In contrast, the diagnosis
of subarachnoid hemorrhage (SAH)
was not once associated with a CT
code of SAH. Instead, other CT codes
such as infarction (eight of 13) and
aneurysm (four of 13) were selected as
the relevant CT manifestation of
patients with a primary diagnosis of
SAH (these are not unexpected associ-
ations).

To assess the impact of the personal
contact and examination on the inter-
pretation of the CT image, the neurol-
ogists were divided into two groups as
a function of whether or not they saw
the patients. This was possible since
each of the neurologists personally
examined ten to 12 of 17 patients in a
blocked design, so that each patient
was examined by a different subset of
four of six neurologists.” An analysis
of interobserver agreement and image
interpretation, as a function of wheth-
er or not the neurologist actually saw
and personally examined the patient,
did not reveal any statistically signifi-
cant effects. Thus, the direct contact
did not influence the CT interpreta-
tion beyond the effects of the written
documentation available to all physi-
cians on each patient.

Since in most stroke cases in the SDB,
as well as in other studies, the CT scan
serves as the “gold standard,” the
neurologists’ performance relative to
an external criterion or truth could
not be assessed. However, in general,
the reliability of any measure deter-
mines the upper bound of its validity,
in particular, for a collaborative study
such as the SDB it is a prerequisite to
valid data and must be assessed.
This study was conducted in a rela-
tively realistic environment, ie, the
neurologists examined the CT images
in their own offices, were under no
time pressure to reach their conclu-
sions, and had at their disposal the
results of the neurologic examination,
the neurologic and medical history
and, for ten to 12 of 17 patients, also
had the benefit of a personal examina-
tion of the patient. These features
make this study different from most
of the other studies on the validity
and reliability of CT interpreta-
tions,*'* interpretations of other
radiologic data,'* and interpretations
of other analog data'* and more rele-
vant to the actual level of interobserv-
er reliability that exists in a clinical
setting. In comparison with the cited
studies, this study’s features would

the CT. Also, the diagnosis of intra- COMMENT also tend to increase the level of inter-
cerebral hemorrhage (ICH) was The purpose of this study was to  observer agreement.
always associated with an ICH code evaluate interobserver reliability. The level of agreement among the

Arch Neurol—Vol 44, Feb 1987
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Table 2.—Distribution of Neurologists’ Responses With Respect to Anatomy of Lesions Seen on CT Scans'
Brain
No. Hemisphere Deep Structures Stemt
Lesions

Patient Seen Fron Par Tem Occ Opr Ins Any Cau Put Thal AC G PC CR CS Any Pons Any

1 4 2 1 2

2 6 6 4 2 1 6 4 3 2 4

3 6 3 1 1 1 6 1 o 1 1 3

4 L. 5 2 3 1 6 L

5 5 1 1

6 6 3 2 6

7 L. 2 3 1 1 1 3 1 6

8 2 2 4 L.

9 6 5 1 1 6 4 4 5 3 3 3 3 5

10 2 3 6 1 1 6 S

11 .. 1 1 1 5 6

12 1 1 1 2 1 5 3 [

13 .. o

14 6 1 6

16 6 1 6 1 1

17 6 3 ... 2 1 6 ... ... ... 1 1
Total 9 39 28 18 1 8 6 49 11 23 4 9 4 20 14 9 48 1 1
« value .68 71 65 700 —01 .02 -—06 .84 41 54 .06 .44 27 43 17 20 .68 —.01 —.01

* All x values >.20 are significant at P < .001. « = .17 is significant at P = .01. Fron indicates frontal lobe; par, parietal lobe; tem, temporal lobe; occ, occipital lobe;
opr, operculum; ins, insula; cau, caudate; put, putamen; thal, thalamus; AC, anterior capsule; G, genu; PC, posterior capsule; CR, corona radiate; CS, centrum semiovale;
ven, ventricular space; and sub, subarachnoid space.

tFollowing locations were not cited at all: corpus callosum, midbrain, medulla, subdural space, and epidural space.

$Sum total does not include nine reports of “‘no lesions seen.”

- - . the level of agreement on the general
Table 3.—Level of Agreement Among Neurologists on CT-Related Variables location of the lesion (eg, lobar vs the
Variable deep structures) was higher than the
No. Name « level of agreement on the specific
" 3C No. of lesions related to this stroke .56 location within these general catego-
4C CT scan normal .60 ries.
7C Side (of lesion) 65 Among the component entities
12C Lesion density 59 making up the general categories, the
13C Lesion size (of largest lesion) 37 variability in agreements was quite
15C Edema (largest value) 34 high. As expected, agreement on enti-
16C Mass effect (largest value) 52 ties that have fuzzy boundaries (such

as “large deep infaret” vs a ‘“small
deep infarct” and anatomic structures
such as the insula and the operculum)
is not as high as the agreement on

*CT indicates computed tomography.

Table 4.—The Relationship Between Primary Diagnosis and the CT-Based Pathology * entities that have sharper boundaries
Primary Diagnosis (such as iqtracerebral hemorrhage
cT and anatomic structures such as the
Pathology Infarcts ICH SAH Other Total frontal and parietal lobes). One impli-
Not seen 9 . ... . 9 cation of such results is that emphasis
Infarct 50 . 8 11 69 should be placed on developing diag-
ICH 17 1 18 nostic categories that have relatively
Aneurysm 4 1 5 sharp demarcations that allow them
Other . . 1 1 to be distinguished easily from other
Total 59 17 13 13 102 categories.

The levels of agreement in the
interpretation of the CT scan are
much higher than the interobserver
levels of agreement obtained for

* Entries indicate number of combinations out of 17 patients times six neurologists. CT indicates computed
tomography; ICH, intracerebral hemorrhage; and SAH, subarachnoid hemorrhage.

neurologists was generally quite high
for most of the items studied despite
the fact that agreement was measured
with a chance-corrected statistic, ie,
the « coefficient. As could have been
expected, the level of agreement rose
as the category under evaluation
became more general. Thus, the
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agreement on whether or not the CT
was normal was higher than the
agreement on the specific type of
lesion or its location. Similarly, the
level of agreement on whether the
pathology was an infarct or a hemor-
rhage was higher than the level of
agreement on the type of infarct; and

recording many neurologic signs and
symptoms.” Since the data for both
studies were obtained from the same
patients and relied on the same neu-
rologists for interpretation, the high-
er levels of agreement in the interpre-
tation of the CT image can be directly
attributed to the absence of situation-
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Extracerebral
Spacest Total
—_— No. of
Cerebellum Ven Sub Any Lesions
3
28
19
11
1
11
.. AN . 12
1 1 2 6
44
13
8
L L. L . 12
5 3 1 3 9
. A 7
6 6 7
L PN P L. 13
5 4 8 11 212%
79 .27 73 .65

al variations in the nature of exami-
nations and the variations within
each patient (over time and between
examinations), which are the other
two major sources of observer error.?
Thus, the higher reliability of the
interpretation of the CT image pro-
vides strong support for its use in
understanding stroke.

The interobserver range of agree-
ments on the CT scan and the diagno-
sis'? were quite similar. Thus, the par-
tial « coefficients for the diagnosis
item of primary cause of stroke were
.96 for infarcts and .93 for ICH, while
the partial « values for the corre-

Arch Neurol—Vol 44, Feb 1987

sponding CT item of pathology (item
8C) were .88 for infarcts and 1.00 for
intracerebral hemorrhage. The reason
for the high interobserver agreement
on the diagnosis—even though it does
include all three sources of observer
error—is that diagnosis is probably
based on redundant sources of infor-
mation including CT scans. This also
explains the high correlation between
the CT item of pathology and the
diagnosis item of primary mechanism
of stroke.

The lack of a significant effect of
previous examination of the patient is
at a slight variance with the finding
obtained by MecNeil et al,”” in which
neurologists’ ability to detect intra-
cranial disease was improved by 3%
when provided with a complete
patient history. However, in that
study only a simple yes or no determi-
nation was required, and the sample
size was large (N = 84), and both fac-
tors acted to increase the level of
significance without necessarily af-
fecting the magnitude of the effect.
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