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Interobserver variability in CT assessment of brain atrophy
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Abstract. To assess interobserver variability in estimation
of brain atrophy based on CT, four neuroradiologists
examined CT brain images of 150 consecutive patients
without focal lesions. An independent neuroradiologist
made the following quantitative measurements: frontal
horn index, subarachnoid space area and the ratio be-
tween subarachnoid space area and inner skull space area.
Level of agreement was fair for the presence (k= 0.24),
slight for the degree (mild, moderate, severe) (k = 0.24)
and moderate for the type (cortical, subcortical, mixed) of
atrophy (k =0.59). There was a highly significant correla-
tion between the number of observers agreeing and quan-
titative measurements. We concluded that neuroradiolo-
gists’ subjective estimation of brain atrophy alone is not
reliable. Quantitative measurements would be needed in
cases where the presence of brain atrophy might deter-
mine clinical decisions.
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“Brain atrophy” is a term commonly used in clinical prac-
tice to indicate an apparent of loss of brain volume on CT.
It is commonly described as consisting of enlargement of
sulci, fissures and ventricles [1-3]. Such pictures may be
seen both in pathological states and in healthy individuals
[4-6].

Many studies have attempted to establish quantitative
measures of pathological brain atrophy, with conflicting
results [7-15], so that identification of atrophy on CT has
been based on the experience of the neuroradiologist, at
least in clinical practice.

Although good agreement has been shown for ven-
tricular dilatation [16], no studies have evaluated interob-
server variability in the estimation of cerebral atrophy. We
investigated this variability and correlated it with quanti-
tative data.
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Methods

The study was performed on 150 consecutive outpatients during
1990 (79 men, mean age 62.2, range 40-89; 71 women, mean age 62.9,
range 43-93).

All patients with focal lesions visible on CT were excluded. CT
sections were obtained in an axial plane at approximately 20° to the
canthomeatal line, using a 320 % 320 matrix, 120 kVp and 320 mA.
Section thickness was 5 mm with a 10 mm gap.

The images were interpreted separately, without any quantita-
tive measurements, by four expert neuroradiologists from the same
team, unaware of the patient’s condition. They answered the follow-
ing question: atrophy yes/no? If yes: mild, moderate, severe and cor-
tical, subcortical or mixed?

Quantitative data were subsequently measured for each patient
by an independent neuroradiologist:

1. Frontal horn diameter (FHD): the distance between the tips of the
frontalhornsmeasuredonthecutshowingthembest[4,7-10,13,15-18].
2. Inmer table diameter (ITD): the distance between the inner tables
of the skull measured on the same cut, along the same line as the
FHD [8,9,11,13,15-17]."

3. Frontalhornindex (FHI): the ratioof FHD toITD [8,9,11,13,15-18].
4. Inner skull space area (ISSA): the area enclosed by the inner table
of the skull [9, 12, 18, 19] calculated by outlining the contour of the
inner table of the skull on the first cut above the bodies of the lateral
ventricles.

5. Brainarea(BA):theareaofthe braintissue [9,12,18,19] calculated
by outlining the contour of the brain tissue onthesame cutasthe ISSA.
6. Subarachnoid space area (SSA): obtained by subtraction of the
BA from the ISSA [9,12,18,19].

7. Ratio of SSA to ISSA [20}.!

Table 1. kranges and levels of agreement

k Strength of agreement
<0.00 Poor

0.00-0.20 Slight

0.21-0.40 Fair

0.41-0.60 Moderate

0.61-0.80 Substantial

0.81-1.00 Almost perfect

! The ratjo between the subarachnoid space area and the inner skull
space area (SSA/ISSA) can be considered as having the same mean-
ing of the complementary, opposite, ratio between brain area and
inner skull space area: SSA + BA = ISSA.
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Table 2. Distibution of subjective assessments of cerebral atrophy. (k values indicate general interobserver agreement)

Atrophypresent Mild Moderate Severe Subcortical Cortical Mixed

No (%) No (%) No (%) No (%) No (%) No (%) No (%)
Observer 1 89 (59.4) 49  (55.1) 31 (34.8) 9 (101) 6 (6.7) 65  (73.0) 18 (20.2)
Observer 2 126 (84.0) 57 (45.2) 57 (45.2) 12 (95) 4 (3.1) 87  (69.0) 35 (27.7)
Observer 3 36 (24.0) 19 (52.7) 11 (30.5) 6 (167) 8 (223) 18 (50.0) 10 (27.8)
Observer 4 50 (334) 26 (52.0) 20 (40.0) 4 (80) 6 (120) 30 (60.0) 14 (28.0)
k values 024 . 0.20° 0.592

2k values computed on 29 cases considered as showing atrophy by all observers

K statistics were used as a measure of interobserver agreement.
They take into account and correct for chance-explained agreement
[21,23]. The formula applied is

k=(Po—Pe)/(1-Pe)

where Pois the crude proportion of agreement and Pe is the chance-
explained proportion of agreement. Estimates with their standard
errors (SE) were computed according to Fleiss [21], providing a
measure of agreement among multiple raters. Statistical significance
of k value may be tested, considering that the quantity Z = k/SE (k)
(k value divided by its SE) has an asymptotically Gaussian distribu-
tion. For complete agreement, k = 1.00; for a completely chance-ex-
plained agreement, k = 0.00. A negative k value significantly differ-
ent from zero suggests systematic disagreement [22].

The interpretation of the k values is shown in Table 1.

K statistics were computed for general agreement, for each pair
of observers and for each category (degree and location of atrophy)
only in cases considered to show brain atrophy by all observers.

To establish whether the judgment as to the presence of atrophy
by the neuroradiologists could be associated with quantitative mea-

Table 3. Interobserver agreement and k values for presence of
atrophy for different pairs of (n = 150)

Pairs of observers Agreement k values
%

1-2 71 034

1-3 61 0.29
1-4 69 0.42
2-3 40 0.11
2-4 48 0.14
3-4 83 0.59

k overall = 0.34; chi square (df = 5) = 29.6; p < 0.001

surements, we considered only the FHI, SSA and the SSA/ISSA
ratio. We also took into account the terzili of the frequency distribu-
tion of these quantitative variables according to the numbers of ob-
servers judging atrophy to be present (Noss variable).

Chi-square test for trend was used as an association index be-
tween the Noss variable and quantitative data.

Results

The assignment to each diagnostic category made by each
neuroradiologist is shown in Table 2. The percentages of
patients judged to have atrophy ranged from 24% to
84 % . The level of agreement among radiologists for each
of the specific categories is indicated by the K values. The
chance-corrected level of agreement was fair for the
presence of brain atrophy (k = 0.24), slight for its degree
(k =0.20) and moderate for its type (k =0.59).

Separate analysis of interobserver agreement between
different combinations of observers is shown in Table 3.
The chance-corrected level of agreement ranged from a
minimal value of k = 0.11 (slight) to a maximum of k =0.59
(moderate).

Quantitative measurements (mean, SD, range) are
shown according to the number of observers agreeing on
atrophy (Table 4).

The associations between quantitative measurements
and clinical estimation of atrophy was highly significant
for FHI (chi square (df 1) =21.14; p <0.0001), SSA (chi
square = 35.34; p < 0.0001) and the SSA/ISSA ratio (chi
square = 33.55; p < 0.0001).

Table 4. Quantitative CT data and number of observers on presence of atrophy

Noss* No cases Frontal horn index Subarachnoid space area SSA/ISSA ratio®
Mean SD Mean SD Mean SD
(range) (range) (range)

0 20 30.6 3.02 2159.06  623.26 15.76 5.12
(24.6-36.5) (1318.4-3577.6) (10.3-25.6)

1 38 3047 291 2693.70  794.15 - 1859 5.7
(24.8-37.3) (1760.6-4508.2) (11.7-18.6)

2 43 3259 3.61 316626  732.10 2232 5.91
(26.6-40) (1575.7-4831.4) (10.2-35.4)

3 20 3327 3.47 323026 67093 2428 4.57
(28.1-41.8) (2194.6-4547.2) (15.8-32.7)

4 29 36.87 6.46 3821.72  1025.17 28.07 7.72
(29-53.8) (1775.4-6379) (12.4-46.8)

2 Noss: number of observers judging atrophy to be present

5 SSA/ISSA: ratio of subarachnoid space area to inner skull space area



Discussion

To our knowledge no previous studies on interobserver
agreement in clinical estimation of brain atrophy on CT
have been performed. If this diagnosis might affect man-
agement it would be important to know the reliability and
reproducibility of radiological assessment. We found that
in general interobserver agreement was fair. Further anal-
ysis of agreement between pairs of observers was at best
moderate. Comparison with quantitative measurements
was performed with only the FHI, for which normal values
are in the literature [2, 9, 15, 24]. Although there is a
general increase in mean values with the number of ob-
servers agreeing on brain atrophy, analysis of standard de-
viation and range (Table 4) shows that some subjects
judged as having no atrophy had in FHI of more than the
normal value of 30 %; others, thought to show by three or
four observers brain atrophy had a normal FHI. This did
not apply to the other measures, for which we had no
standardised value. However, the chi square trend anal-
ysis showed a high correlation between the number of ob-
servers agreeing as regards all measures considered.

Radiological estimation of atrophy is not reliable.
Should the question of brain atrophy be relevant to man-
agement decisions, quantitative measurements should im-
prove diagnostic reliability. We used the FHI and the
SSA/ISSA ratio. The firstmeasures lateral ventricle dilata-
tion and correlates well with brain atrophy, whereas the
second gives an index of enlargement of the subarachnoid
space. Although standardised values are given for the FHI
[15], no previousstudies have standardised an index of sub-
arachnoid space enlargement. We found a strong correla-
tion between the SSA/ISSA ratio and agreement on sub-
jective assessment of atrophy, particularly at SSA/ISSA
levels of more than 25. Further studies would be useful to
obtain standardised values for these measures.
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