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Hypodense extracerebral images on computed tomography in children

“External hydrocephalus”: a misnomer?
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Abstract. External hydrocephalus (EH) was identified in
58 infants under 3 years of age during the period 1 June
1986 to 28 February 1990. Radiological images and clin-
ical features were compared with 11 cases of cerebral
atrophy (CA). Significant differences were found in deliv-
ery, head circumference, and the incidence of motor and
developmental abnormalities. The population with EH
was found to be quite heterogeneous, with a male prepon-
derance. Intracranial pressure was normal in 15 cases in
which lumbar puncture was done. The flow of cerebral
spinal fluid was considered to be within the normal range
in 6 cases. The results of a few cases examined with
metrizamide cisternography are presented. The prognosis
in our cases was not as benign as previously published,
and use of the name EH is questioned. The less committal
term ‘“‘hypodense extracerebral images” is proposed
when computed tomography(CT) is the only study done.
The hypothesis that encephalocranial disproportion is
the basic underlying entity for the CT images is proposed.
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The term “‘external hydrocephalus’ (EH) was first intro-
duced by Dandy between 1914—-1918 [7, 8] to describe
infants with increased intracranial pressure and dilated
subarachnoid spaces. Since then, it has been used with
increased frequency either in its original form or in any of
the other denominations considered equivalent: pseudo-
hydrocephalus-megalocephaly [29], benign subdural col-
lections of infancy [28], extraventricular obstructive hy-
drocephalus [25], and benign enlargement of the sub-
arachnoid spaces in the infant [19]. Correlations between
radiological diagnosis of EH, clinical findings, and cere-
brospinal fluid dynamics have been published {1, 2, 5, 11,
12, 19-21, 24, 25, 27, 28, 30].

Use of the term appeared confusing to us and
prompted a review of all cases with a computed tomogra-
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phy (CT) diagnosis of EH and cerebral atrophy (CA)
registered at Hamad General Hospital within the period
1 June 1986 through 28 February 1990 in order to evalu-
ate: (a) the reliability of CT to identify EH as opposed to
CA; (b) the correlation of CT with a well-defined popula-
tion or clinical entity; (c) the correlation between the
actual findings in our cases and the presumed physio-
pathology.

Patients and methods

All CT scans with a diagnosis of EH and cerebral atrophy (CA)
performed at Hamad General Hospital in infants less than 3 years
old during the period 1 June 1986 to 28 February 1990 were re-
viewed retrospectively. The radiological review was made by two
independent observers unaware of the previous diagnosis, clinical
history, or purpose of the study. Patients were referred for CT
studies from either the pediatric or neurology departments. The
most common causes for requesting CT were seizures, abnormal
development, abnormal head size or abnormal neuroclogical exami-
nation. A total of 63 patients with EH and 11 with CA were iden-
tified and studied. Five cases of EH had to be omitted due to
interobserver variation. In all 5 cases the discrepancy was whether
the frontal subarachnoid space was enlarged or normal for the
patient’s age. The radiological criteria used for diagnosis of EH
(Fig. 1) was the presence of a symmetrically enlarged “subarach-
noid space” in the frontal area plus enlargement of the sylvian
fissures, anterior interhemispheric fissure and variable enlargement
of the basal cisterns and ventricles (0 to 2 in a scale 0 to 5). CA
(Fig. 2) was diagnosed when the sulci enlargement was marked,
widespread, or asymmetric, and ventricular and/or basal cistern
enlargement surpassed 2 in the above scale, with or without hypo-
dense areas in the parenchyma.

Cerebrospinal flow studies were performed in 6 cases, using
simultaneous injection of metrizamide (3.5—4.0 cm?/180 mg/ml)
and <500 Ci of technetium-99m diethyl triamine penta-acetic acid
(°9™Tc-DTPA) in 3 cases, and only the isotope in the remaining 3.
Patients were scanned immediately and at variable intervals up to
24 h.

Follow-up was accomplished in 49 cases of EH and in 9 of CA.
Developmental assessment was done according to the guidelines of
the Denver Development Screening Test {10]. The Chi-square anal-
ysis with Yates correction was used to compare appropriate vari-
ables between groups. A P<0.05 was considered significant.



Fig. 1. Case HGH 858936, a 16-month-old male with “external
hydrocephalus™ (EH)

Results

Evaluation of the population characteristics of external
hydrocephalus (Table 1) showed that most had a normal
delivery at term. Birth weight and Apgar scores were also
predominantly within the normal range. Of particular
importance is the fact that the head circumference was
also predominantly within the normal range with an al-
most equal distribution in the micro- and macrocephalic
ranges. A positive family history and an abnormal neona-
tal period show a significant incidence in this group.

Seizures and abnormal development were the leading
causes for evaluation, with head enlargement in third
place and almost equal to a combination of several items
(Table 2). This points to the heterogeneity of the popula-
tion when CT findings are used as the selection criteria.

Examination of these children was consistent with the
presenting signs and symptoms, as the neurological ex-
amination was predominantly abnormal (Table 3). EEG
abnormalities were also often found.

Under no circumstances could increased intracranial
pressure be proven when a spinal tap was performed.
Flow studies were unable to demonstrate significant flow
impairment, with the interesting finding that on metriza-
mide cisternography we were unable to visualize contrast
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Fig. 2. Case HGH 854941, a 10-month-old male with cerebral atro-
phy (CA)

Table 1. Population characteristics of external hydrocephalus (EH)
(n=>58)

Age 8.84 months (1.5-26)
Sex (male/female) 44/13 1 undetermined

Gestational age

Term 42

Preterm 8
Post-term 4
Unknown 4

Normal delivery 41

Apgar score 1’ 8 (2-9)
Apgar score 5’ 9.5 (2-10)

Birth weight
Head circumference at birth

2976  (1100-4320) gm

Percentile

<10 11
25-75 30
>90 7
Not recorded 10
Neonatal period

Normal 24
Abnormal 33
Unknown 1
Family history

Negative 35
Positive 23
Consanguinity 10




338

JAJE SSI=YARAD 608=3TIHK

Fig. 3A, B. Case HGH 878971, a 5-month-old male with EH. Bilat-
eral subdural taps were negative on two separate occasions. Simul-
taneous isotope and metrizamide cisternography: isotope cisternog-
raphy at 5, 10 and 20 h (A). Metrizamide cisternography at 8 h (B)

beyond the Silvian fissures, up to 12 h post-intrathecal
injection (Fig. 3). Subdural taps, although performed in
only four cases, were interesting, as all possible alterna-
tives were found. We consider them significant, as the
taps were repeated and bilateral and no discordant find-
Ings were seen in any case.

Follow-up (Tables 4, 5) shows that this condition,
when diagnosed by the criteria used in this series, is not
really benign and tends to be a rather stable or fixed
condition, with a large proportion of children requiring
treatment and remaining abnormal, at least within our
observation period. On the other hand, head circumfer-
ence did not show a preferential pattern towards macro-
cephaly. This is at variance with previous contentions of
external hydrocephalus associated with macrocephaly
and a benign course. However, when macrocephaly is
present, it is usually an isolated finding (6/8). When inter-
preting these findings, one should remember that chil-
dren with isolated macrocephaly may have CT findings
similar to the whole group, but constitute a restricted
population, probably representing encephalocranial dis-
proportion.
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The distribution of head circumferences (shown in
Table 7) failed to show a high incidence of large head size
outside the normal range at any stage. Finally, compari-
son with cases of atrophy demonstrated two definitely
different populations, validating our radiological criteria
in which we differentiate external hydrocephalus from
cerebral atrophy (Table 6).

Discussion

The CT diagnosis of EH using criteria similar to those
used in our series has been associated with different clin-
ical findings, such as male preponderance, macrocephaly,
family history of macrocephaly, rapid head growth, de-
layed motor development and benign prognosis [18, 24,
27]. It has also been related to prematurity, subdural

Table 2. Presenting signs and symptoms

Seizures 23
Abnormal development 17
Head enlargement 12
Abnormal neurologic examination 5
Vormiting 2
Trauma 2
Irritability 1
Drowsiness 1
Miscellaneous 7
Combination of above 10




Table 3. Examination at the time of CT
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Table 5. Condition at follow-up

Abnormal development 22
Abnormal level of response 8
Motor abnormalities 4
Cranial nerve abnormalities 3
Suture splitting 2
Bulging fontanel 3

Head circumference

Percentiles

<10 15
25-75 24
>90 13
Not recorded 6
EEG (n=26)

Normal 12
Abnormal 14

Lumbar puncture (n=15)
Normal pressure and CSF 12
Abnormal 3 (1 “dry tap”, 2 meningitis)

Subdural taps (n=4)

Negative 1
Normal CSF in small amount? 2
Xanthochromic fluid in small amount? 1

Metrizamide cisternography (n=3)

All showed filling of the subarachnoid spaces up to the sylvian
fissure, but no filling of the “enlarged frontal subarachnoid spaces”
up to 12h

Isotope cisternography (n==6)
All showed a pattern similar to type II of Velardi et al. [30). Three

had transient ventricular reflux. Two had asymmeiric convexity
flow

* Few drops obtained spontaneously; no fluid obtained by siphon-
ing or gentle suction

Table 4. Follow-up

Mean follow-up: 14 months (1-42)
9

Lost
> 6 months of follow-up 35
Treatment
Anticonvulsants 21 (prescribed)
15 (compliant)
Rehabilitation 6
None 25
Surgery 3 (occipital encephalocele
repair, 2; craniosynostosis)
Miscellaneous 2
Follow-up CT 13
Normal 2
Improved 3
Unchanged 8

Mean age at follow-up CT: 20.7 months (range 4—36)

hematomas, subarachnoid hemorrhages, intraventricular
hemorrhages, vitamin A deficiency, genetic syndromes,
agenesis of the corpus callosum, malnutrition, use of
adrenocorticotrophic hormone or steroids, chemother-
apy, and as an initial stage of communicating hydro-
cephalus [1, 9, 13, 14, 17, 19, 27].

Only cases with a follow-up of 6 months or longer (n=35)

Abnormal development 14
Seizures 5
Head circumference

<10 7
25-75 14
>90 8
Not recorded 6

Macrocephaly as the only abnormality (6/8)
Microcephaly as the only abnormality (0/7)
Died 1

Table 6. Differences between EH and CA

EH P< CA

{(n=>58) (n=11)
Abnormal delivery 17 005 7
Abnormal development 22 002 9
Head circumference: <10 percentile 10 0.01 6
Motor abnormalities 4 001 5
At follow-up n=35 n=9
Abnormal development 17 005 8
Head circumference: <10 percentile 7 0.02 6

Table 7. Comparison of head circumference in EH at different
stages

Percentile Birth Time of diagnosis Follow-up
(n=758) (n=58) (n=135)

<10 11 15 7

25-75 30 24 14

>90 7 13 8

Not recorded 10 6 6

The same variety is found when the intracranial pres-
sure and CSF dynamics are considered. All possibilities
have been described, including the often found normal
pressure and normal or minimally delayed flow, actually
at odds with the original description and name of EH [11,
12, 21, 29, 30]. From a clinical point of view it may be
summarized that this entity has been reported in a pedi-
atric population ranging from otherwise normal children
with large heads to impaired children with small heads.

Our results show the same heterogeneity, but only two
consistent findings: age when the diagnosis is made and
male preponderance. According to our results and a re-
view of previously published series, a heterogeneous pop-
ulation is to be expected when the radiological findings
are used as the only criteria for case selection. Therefore,
attempts to correlate an isolated clinical characteristic
such as macrocephaly, benign prognosis, etc. with the
radiological diagnosis of EH, represents an incorrect re-
striction related to selection criteria and not a unique,
scientifically proven correlation.

Comparison of head circumferences of EH at different
stages (Table 7) failed to show a definite correlation with
a particular head size at any time. As a matter of fact, a
head circumference within the normal range seemed to be
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predominant, with a similar distribution of values above
and below. This is against the assumption of a unique
association of EH and macrocephaly.

CT diagnosis is not free from error. Difficulties in the
differential - diagnosis of subdural collections, enlarged
subarachnoid spaces and atrophy have been acknowl-
edged by a number of authors [6, 14, 15, 19, 20, 27, 28,
30]. The clinical differences between EH and CA showed
that the radiological criteria used in our study were rea-
sonably adequate to differentiate between these two clin-
ical entities and may be interpreted as suggestive that our
sample of EH was not unduly contaminated by cases of
CA. This rules out one of the possible causes for having
an heterogeneous clinical population. However, some of
our cases highlight the diagnostic difficulties. The
metrizamide and isotope cisternographies, as well as the
subdural taps, failed consistently to show cerebrospinal
fluid accumulation in the subarachnoid spaces, as ex-
pected according to the CT images. Similar findings have
been reported previously [1, 9, 20, 27]. The follow-up
results, either clinical or radiological (CT), showed that a
considerable proportion of our patients remained abnor-
mal. This is coincident with previous reports by Kendall
and Hollan, Robertson et al. and Sahar [15, 27, 29], but
at variance with those using the term “benign’ to qualify
this entity or suggesting a good prognosis [1, 2, 18-21,
24, 25]. As previously expressed, we consider the differ-
ence to be related to the selection criteria.

None of our cases in which a lombar puncture was
done showed evidence of increased intracranial pressure.
When CSF dynamics studies were done, as in some of our
cases, the results were compatible with normal or mini-
mally impaired flow [11, 15, 20, 24, 29, 30]. Therefore,
unrestricted use of the term EH seems inappropriate. The
criteria for such a diagnosis is not fulfilled, as there is
neither uniformly proven fluid accumulation in the sub-
arachnoid space, under increased pressure, nor clearly
demonstrated flow or absorption impairment.

Also, as pointed in another study [27], flow or absorp-
tion impairment still leaves unexplained the peculiarly
apparent distribution of fluid accumulation. Metriza-
mide cisternography findings were interesting in this as-
pect, as all cases showed a consistent pattern of rapid
flow up to the sylvian fissures and posterior subarach-
noid spaces, but no filling of the presumably enlarged
anterior subarachnoid spaces (Fig. 3). Whether the CT
hypodense peripheral image represents a separate CSF
compartment, a subdural collection, or simply an empty
space remains open to further investigation. Much to our
surprise, the negative subdural taps in the case of Fig. 3
suggest, at least for this case, the possibility of an empty
space. This is in accordance with our proposal of en-
cephalocranial disproportion as the underlying condi-
tion. Consequently, we consider that the term EH should
not be used unless accurately demonstrated by different
means in addition to CT. We prefer (and propose) the less
committal but more operational term “hypodense extra-
cerebral images™ until the diagnosis of EH is proven.

We also propose, as a working hypothesis, that the
isolated CT findings of hypodense extracerebral images
in children under 2 years of age who are clinically asymp-

tomatic may represent encephalocranial disproportion,
that there is male preponderance, and that it will disap-
pear with age. It may be considered a normal variant.
Different data, such as the uncoupled inheritance of
brain and skull size [22, 23], the significant male prepon-
derance for macrocephaly and abnormal suture se-
paration, the larger subarachnoid spaces in infants below
2 years [16], and the poor correlation between head cir-
cumference and intracranial volume {11, 12] lend support
to this hypothesis. Our proposal is in agreement with
Bode [4].

In order to prove it, the incidence of this radiologic
finding in a large, unselected group of normal children
should be known, as should the sex distribution and evo-
lution. This information is hard to obtain, as normal
children are seldom evaluated by CT.

All other conditions with a similar CT image, may
represent one of three possible alternatives:

1. The disproportion is related to unusually fast growth
of the skull, with normal brain growth.

2. The disproportion is related to delayed or impaired
brain growth.

3. The disproportion is related to truly enlarged sub-
arachnoid spaces, with either secondary skull enlarge-
ment or brain growth delay or impairment.

These three possibilities have different etiologies, clinical
manifestations, prognosis, and treatment. They may also
occur in a child of the normal variant group and therefore
be considered as an intercurrent disease responsible for
the clinical manifestations, which is otherwise not ex-
pected in such a group. The final diagnosis will depend on
additional studies other than the CT. They are exempli-
fied by the heterogeneity of our series, which used CT
images as the selection criteria.

According to this analysis, the nature of the hypo-
dense extracerebral area will vary, with several alterna-
tives being equally possible: empty space, developmen-
tally large subarachnoid space, ex-vacuo large subarach-
noid space, and hypertensive CSF accumulation due to
absorption or flow impairment. Our subdural taps and
flow studies point in this direction. This condition in any
of its forms (normal variant, alternatives 1, 2 and 3) may
favor brain displacement as well as brain and skull distor-
tion, therefore predisposing to the development of sub-
dural hematomas, as suggested by Aoki [3].

Finally, we are convinced that the term EH, although
not absolutely wrong in all circumstances, is not proven
in most and is incorrect in some. In addition, it has many
implications, such as the possibility of increased intracra-
nial pressure or the need for surgical treatment, which are
not warranted when not verified, as is the case when CT
criteria alone are used. We would like to recommend the
restriction of its use to only circumstances in which en-
larged subarachnoid spaces are clearly demonstrated
(surgery, metrizamide or isotope cisternography) and
CSF flow or absorption impairment, as well as intracra-
nial pressure, are documented by the appropriate meth-
ods. Correct use of the term is of more than pure aca-
demic interest.



Often the parents, the referring pediatrician, and the
neurologist and neurosurgeon are faced with a situation
in which this EH diagnosis, based only on a CT and
loosely used, may either lead to an unwarranted opti-
mistic prognosis or a more dangerous and aggressive ap-
proach, including surgery. In both cases, the important
underlying pathology will be missed. We feel that a less
committal term should act as a trigger for a more careful
and judicious evaluation of such cases. This evaluation
should start with the acknowledgement and incorpora-
tion of the concept of “brain fluid,” with all its implica-
tions, as expressed by Raimondi [26] in his thorough
analysis of hydrocephalus.
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