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Abstract: The aim was to develop a computer software with clinical and imaging findings of obstructive hyto be used as aid in the CT diagnosis and dis- drocqrhalus.
The size of 16 CSF compartments was assessed on
crimination of existing patterns of subarachnoid space
enlargement in children. System design was based on CT by measuring: (l) the minimum width of the bodwidth measurements of 16 cerebrospinal fluid (CSF) ies of the lateral ventricles, (2) the maximum distance
compartments from 270 normal brain CT examinations between the anterior horns of the lateral ventricles, (3)
and on the 4 established patterns of CSF enlargement: the bicaudate nuclei distance, the width of the (4) third
diffuse brain atrophy (DA), benign enlargement of the and (5) fourth ventricles, (6) the anteroposterior and
subarachnoid space (BE), idiopathic mental retardation transverse diameters of the basal cistern, which were
(IMR), and hydrocephalus (I{YD). Using as input the added, (7) the anteroposterior diameter of the preCT measurements of 408 children diagnosed as having pontine cistern, (8) the maximum width of the Sylvian
DA, BE, fMR, or I{YD the overall discriminatory abil- fissure, the width of the (9) anterior and (10) posterior
parts of the interhemispheric fissure, the marimum
ity was 88.7%.
width of the peripheral CSF space at the (l l) frontal,
(12) temporal, (13) parietal and (14) occipital regions,
INTRODUCTION
(15) the maximum width of the cortical sulci, and (16)
Enlargement of the intra- and/or extra- the width of the vermian sulci. Measurements were
cerebrospinal fluid (CSF) spaces in children can be divided by the sum of either the maximal longitudinal
attributed to specific conditions: l/administration of and transverse diameters of the skull or the posterior
chemotherapeutic agents or corticosteroids for treat- fossa, in order to form 16 indices (CsF-indices) that
ment of childhood malignancies ll,2l, 2l old cranial took into account the size and shape of the skull [7].
trauma [3], 3/ idiopathic mental retardation [4], 4l
The design of the computer software system was
temporary disturbances in CSF circulation as in be- based on the mean values and standard deviations of
nign enlargement of the subarachnoid spaces [5], and the CSF-indices in the normal group and on the deci5/ hydrocephalus [6]. These conditions are associated sion rules that describe the existing patterns of
with CSF spaces widening depicted on CT, but their subarachnoid space enlargement [3-6] given below:
l/ Diffuse brain atrophy (DA): at least 213 of the
discrimination is troublesome when performed by visual inspection [4,5]. The aim of this study was to de- CSF-indices larger than the upper normal limits (
velop an automatic computer system for diagnosing mean value + 2 standard deviations).
system

and discriminating the various patterns of subarach- 2l Benign enlargement of subarachnoid spacos
noid space widening in children based on CT meas- (BE): CsF-indices (l)-(a), (6), (8), (9), (l l), (12) exceeding the upper normal limits and (5), (7), (10), (14),
urements of the CSF compartments.
(16) being within the normal limits.
3l Idiopathic mental retardation (IMR): CSFMATERIAL AND METHODS
index (4) larger than the normal mean value +3 stanThe study comprised the CT brain examinations of dard deviations and with or without enlargement of
the following patient groups: (a) 270 children without (l)-(3) and (6)-(15) CsF-indices.
4l Hydrocephalus (HYD): enlargement of the
abnormal findings (normal group); (b) 185 children
with various pediatric malignancies receiving che- CsF-indices (l)-(4) and normality or decrease in the
motherapeutic agents with or without corticosteroids size of CsF-indices (6)-(16).
The discriminatory ability of the computer softand 35 children with old cranial trauma, both groups
exhibiting diffuse brain atrophy; (Q 6a children with ware system, in classifying the dilatation of the CSF
idiopathic benign widening of the subarachnoid spaces into the four specific patterns, was evaluated by
spaces, prominently in the frontal region; (d) 86 chil- using as input the values of the 16 CsF-indices from
dren with idiopathic mental retardation exhibiting the 408 CT examinations of patients groups (b)-(e).
dilatation of the third ventricle with or without widen- The classification algorithm is schematically presented
ing of the rest CSF compartment; and (e) 38 children in Figure l:
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need no treatment. The relatively low accuracy (85o/o)
achieved in the case of diffuse atrophy is not of primary importance, since management of children with

16 CSF measurements

malignancies, receiving chemotherapy

or

steroids, is

not altered when diffuse brain atrophy is diagnosed
Abnormal CSF-spaces

Normal CSF-spaces

during treatment.

CONCLUSION
The proposed computer software system for discriminating on CT the existing patterns of CSF enlargement may be of assistance to radiologists, especially those with limited experience in pediatric radiol-

Diffuse Brain Atrophy

Benign Enlargement

ogy.
Idiopathic Mental
Retardation
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Figure l: Schematic diagram of system decision structure.

RESULTS
Table l: Classification accuracy of the computer software system.
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number (408) of CT examinations.

DISCUSSION
Discriminating among various types

of CSF en-

largement is important since particular patterns correspond

to specific

diseases, requiring different cures. In

every day practice, differentiation of various patterns
is difficult, when performed by visual inspection, and
it is not reproducible, since CT diagnosis is mostly
based on subjective criteria [a-6]. The computer software system provides satisfactory pattern identification, especially in children with hydrocephalus that
require immediate therapeutic decisions, and in patients with benign enlargement of the CSF spaces, that
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