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Abstract

Introduction External hydrocephalus (eHC) is commonly defined as a subtype of infant “hydrocephalus” consisting of
macrocepahly associated with enlarged subarachnoid space and no or mild ventriculomegaly. This status is thought to be related
to impaired CSF absorption because of arachnoid villi immaturity. However, other factors like the venous system might be
involved in the development of the clinical picture.

Methods All patients diagnosed with eHC received prospectively contrast-enhanced 3D MR phlebography. Venous sis abnor-
malities were graded depending on the number of affected sinus segments and type. External CSF space volume was quantified
planimetrically.

Results Seventeen patients with the typical clinical feature of eHC were included. In 15, venous sinus abnormalities were found.
There was a significant correlation between the volume of the widened cortical subarachnoid space (CSAS) and the number of
venous sinus segments affected. Conversely, ventricular volume was not correlated.

Conclusion These results support the hypothesis that impaired venous outflow plays a major role in external hydrocephalus
development. Raised venous pressure increases intracranial pressure accelerating head growth, resulting in an enlargement of the
cortical subarachnoid space. Increased venous pressure increases the capillary bed pressure and brain turgor preventing ventric-
ular space to enlarge forcing displacement of ventricular CSF to the subarachnoid space. As a result, ventriculomegaly is rarely
found. The descriptive term “external hydrocephalus” implying a primary etiology within the CSF system is misleading and this
work supports the notion that venous hypertension is the leading cause of the clinical picture.
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Introduction

The so-called external hydrocephalus is defined as a subtype
of hydrocephalus consisting of a large or fast-growing head
circumference associated with enlarged subarachnoid spaces
and no or mild ventriculomegaly [19]. Other clinical and
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radiological findings attributed to high intracranial pressure
are usually not present [14]. It presents in infants with a mean
age of 6 months at onset. Radiological widening of the sub-
arachnoid spaces progressively subsides spontaneously in the
majority of patients; some of them remaining macrocephalic.

Many theories and different etiological factors have been
described for this pathology. The common theory for external
hydrocephalus suggests that it is produced by impairment of
CSF absorption at immature arachnoid villi [1, 12]. In infants
with opened fontanels and sutures, accumulation of CSF
would result in widening of subarachnoid spaces fostered by
the growing skull. However, arachnoid villi immaturation is
present in all infants [25]. In addition, a primary CSF absorp-
tion problem, in the classical sense, would be expected to lead
predominantly to a ventricular enlargement (communicating
hydrocephalus) and not to an expansion of the external sub-
arachnoid spaces.
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The hypothesis this work supports, that has been published,
states that in the majority of the so-called “external
hydrocephalus™ patients, the cerebro-venous outflow is im-
paired leading to an increased venous pressure, impaired
CSF absorption, and increased ICP. In infants with open su-
tures and fontanelles, this leads to macrocephaly due to a low
resistance to skull expansion. Since the skull thus is bigger
than the brain and has different compliance, the surplus in
intracranial volume fills with accumulated CSF, thus enlarging
subarachnoid extraaxial spaces [5].

To investigate this understanding of external hydroceph-
alus further, this study analyzes the relation between
cerebro-venous system abnormalities and the volume of
the subarachnoid space.

Methods

All patients with diagnosis of macrocephaly of infancy re-
ceived as part of the routine work-up a diagnostic cranial
MRI and, in case an external hydrocephalus was present, a
contrast-enhanced 3D MR phlebography. Twenty patients
with external hydrocephalus were studied. Three patients were
excluded from final analysis because of incomplete informa-
tion; therefore, a total of 17 infants were included in this anal-
ysis, 6 males and 11 females.

Retrospectively, the main clinical presentation, signs
and symptoms, and radiological findings were analyzed.
Based on the radiological report, MR phlebography ab-
normalities were graded according to several features:
number of segments affected (up to 7: sagittal, transverse
right, transverse left, sigmoid right, sigmoid left, jugular
right, jugular left), main impaired segment, type of abnor-
mality (focal or diffuse) and if abnormalities were bilater-
al or not. (Fig. 1).

The ventricular space was assessed with the Evans index
(ED) and the fronto-occipital horn ratio (FOHR). The sub-
arachnoid space width was analyzed at the frontal convexity,
sylvian fissure and interhemispheric frontal fissure. To mea-
sure these parameters, the maximum frontal width was mea-
sured at the MRI slice were EI and FOHR were also measured.
The interhemispheric width was measured at the tip of the falx
in the same plane.

The extraaxial space volume was outlined and comput-
ed using BrainLab 2.0 with semiautomatic volume outline
from the anterior to posterior commissure plane to the ver-
tex. (Fig. 2).

To evaluate the relation between measured variables and
subarachnoid space volume, an ANOVA test was performed.
For resulting significant variables, the Pearson correlation co-
efficient was computed. Mean and standard deviation were
obtained for each quantitative variable.
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Fig. 1 Venous abnormalities grading. The number of affected segments
encountered is noted up to seven according to the following
segmentation: jugular left, jugular right, sigmoid left, sigmoid right,
transverse left, transverse right, superior sagittal sinus

Fig. 2 Subarachnoid space volume outline accomplished with BrainLab
2.0 from the anterior to posterior commissure plane to the vertex
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Results

Seventeen patients ranging from 3 to 24 months of age were
studied, with a mean age of 12 months at diagnosis. Considering
the distribution of ages, there was a single outlier of 24 months at
diagnosis. If this patient was removed from calculation, the re-
sultant mean age at diagnosis was 7 months. Male:female ratio
was 11:6. All patients except one presented with macrocephaly
or fast head growth with crossing percentiles. Thereby, head
circumference percentile at diagnosis was over 97th in 14 cases.
Six patients presented with other concomitant pathology or ra-
diological features as extracranial collection (2), an arachnoidal
sylvian cyst (1), lypomyelomeningocele (1), tethered cord (1),
and a IV ventricle cyst (1).

Mean EI was 0.29 £0.04 and mean FOHR was 0.36 +
0.04. Four patients were considered to have ventriculomegaly.
Average interhemispheric width was of 5.79 mm =+ 1.64 mm.
For maximum frontal convexity width, the average was
8.54 £2.98 mm. Finally, the subarachnoid space volume at
diagnosis had an average of 194.48 +59.02 cm’.

Regarding treatment, in the majority of cases, a conservative
approach was taken (76.5%, 13 of 17). After appropriate counsel-
ing, the remaining were treated more aggressively: two with a
ventriculoperitoneal shunt because of neurological development
delay respect to siblings, two received repeated CSF lumbar
tapping, and two were treated with acetazolamide.

In 15 of 17, an abnormal cerebral phlebography of the large
sinuses was found. These findings ranged from slight hypoplastic
sinus segments to severe sinus stenosis based on neuroradiologist
assessment. Quantitative data on the extent of the stenosis were
not available from the radiological report and the 3D reconstruc-
tion deemed to be unfit for more than a descriptive analysis. The
most frequently affected sinus segment was the sigmoid sinus
(53.0%) followed by the transverse sinus.

Plotting the subarachnoid volume against the number of
affected venous segments in the 15 patients with sinus abnor-
malities a positive linear correlation was found with a Pearson
correlation coefficient of 0.57. As the number of affected ve-
nous segments increased, the volume of subarachnoid space
among patients was also higher (Fig. 3). The ANOVA test for
variables correlating with the volume of subarachnoid space
showed only a significant correlation for the number of affect-
ed venous segments (p = 0.028).

Ventricular width as measured by EI and FOHR were
not related to number of affected segments or subarachnoid
space volume.

Discussion

Besides the outlier of two years of age, the mean age at diag-
nosis tallies other studies for external hydrocephalus [26].
There is controversy about what is considered to be normal
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Fig. 3 Plot of subarachnoid space volume against number of affected
segments. Excluding the two patients without any affected sinus
segment (dashed blue ellipse), the patient data show a positive linear
correlation clustering (red line) with a Pearson coefficient of 0.57

width for subarachoid space in infants. Suggested upper limits
based on healthy subjects are 4 mm for craniocortical width
and 6 mm for interhemispheric width [17]. Nevertheless, these
studies are based in ultrasound measurements with different
measurement protocols and not available for MRI. In this
study, all infants with external hydrocephalus except two
showed cerebro-venous sinus abnormalities. Prevalence of
these MR venogram abnormalities in healthy subjects is un-
known. However, there was a linear correlation between the
number of affected sinus segments and the amount of external
CSF volume. The correlation between the extent of venous
sinus alterations and the subarachnoid space volume was
highly significant (p = 0.028).

There is mounting evidence that there is indeed a relation
between the venous system and CSF dynamics. CSF pressure
correlates with pressure measurements in the sagittal superior
sinus and is high in (internal) hydrocephalic infants [21].
Pathologies like achondroplasy with known fixed venous si-
nus stenosis at the skull base are related to hydrocephalus,
including the external variant. Even when venous pressure is
raised acutely, compromising venous outflow, it may result in
both external and internal hydrocephalus [9, 15].

Furthermore, arachnoid villi appear not to be the main out-
flow pathway for CSF neither in adults [13] nor in infants
[23], challenging the common theory for external hydroceph-
alus. Studies on arachnoid granulations reveal that the imma-
ture state is common among all infants regardless their CSF
condition [25]. Quantitative studies analyzing CSF flow con-
clude that the capillary bed must play an active role in CSF
dynamics, specially relevant in infants, were the net aqueduct
flow is into the ventricles [4, 18]. Non-obstructive variants of
hydrocephalus in children are likely to be a problem of capil-
lary bed pressure and thereby potentially can be affected by
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changes in the cerebro-venous system. Moreover, direct
changes in jugular flow and hence, pressure in the venous
system, have been related to changes on the cortical subarach-
noid space [10, 24].

Likewise, arterial inflow, if abnormally high, may also in-
crease capillary bed pressure and result in a relative increase in
venous outflow resistance (too high resistance for the large
amount of blood to be transported), without venous stenosis.
This mechanism is thought to produce in adults the less com-
mon form of hyperemic pseudotumor cerebri (as opposed to
stenotic pseudotumor cerebri) and appears related to findings
in some cases of idiopathic hydrocephalus in infants [2]. In
this study, the two cases of macrocephaly with external hydro-
cephalus that presented no MR phlebographic sinus abnor-
malities are thought to represent a hyperemic form of external
hydrocephalus as described by Bateman (5). However, we did
not perform arterial inflow calculation to substantiate this pos-
sible explanation. A further cause could be an extra cranial
venous flow stenosis at the level of the jugular veins, which
were not investigated in this study.

In keeping with a venous pathophysiology of external
hydrocephalus, the ventricular space was not correlated
with CSAS volume. Molecular and cellular studies have
revealed CSF circulation more complex than previously
expected. At the core of the new concept is the Virchow
Robin space, the unit were an active and regulated ex-
change of substances takes place in what has been called
the “third circulation” acting as a clearance pathway for
the interstitial fluid [6]. These structures are at the border
between vessels, neural tissue and CSF space. Taking into
account the proportion of perforating vessels in CSF com-
partments, the CSAS arises as a relevant compartment
independent from ventricular space. It becomes particular-
ly evident in those clinical settings where ventricular size
remains unchanged.

Regarding external hydrocephalus in infants below 1 year,
as sutures and fontanelles are open, CSAS increases also on
account of the pressure driven skull expansion. Likewise, adult
patients with a decompressive craniectomy, with equivalent less
rigid skull, frequently develop subarachnoid CSF collections.
These correlate to the extent of midline exposure and therefore
proneness of the sagittal sinus to collapse under atmospheric
pressure increasing venous outflow resistance [7].

In our study, ventriculomegaly was described by the neu-
roradiologist in only four cases. The FOHR, which is consid-
ered to be the best index of ventricular volume [22] was above
normal (>0.37) in 5 patients, with a cohort mean of
0.36 + 0.04. Ventricular size did not correlate with subarach-
noid space volume in our study. This implies that eHC differs
from classical obstructive internal hydrocephalus in that the
ability of ventricular CSF to flow to the CSAS is unimpaired,
making possible for this compartment to change in response to
cerebral blood volume [24].
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The core finding of this study is that the relation between
cortical subarachnoid space volume and extent of venous im-
pairment is positive, proportionate, and highly significant.
This result supports the hypothesis that the impairment of
venous outflow is a main driving factor in “external
hydrocephalus™ and first and foremost that it is related with
its severity (Fig. 3).

The exact timeline of pathological steps in external hydro-
cephalus development remains unknown. It is not entirely
clear from our data if venous abnormalities are the cause or
the consequence of subarachnoid widening or both.

Dynamic venous stenosis due to collapsible sinus has been
described and reported to improve after CSF pressure reduc-
tion through shunt insertion or after resolution of a CSF infec-
tion, revealing certain dynamic component of stenosis [3]. In
our study, both patients who received a shunt due to clinical
consequences of external hydrocephalus had a second MR
phlebography showing a clear improvement of sinus stenosis
(Fig. 4). This indicates that at least in some of those children a
collapsible form of sinus stenosis was present. We
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Fig. 4 MR phlebography of a patient with external hydrocephalus and
stenotic sinuses before (up) and after (below) CSF shunting (red arrows)
showing a reversible stenosis of the sinuses after shunting
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hypothesize that the venous pathology is the origin of the
disease, resembling the mechanism described in adults in
pseudotumor cerebri [8]. Since the majority of children had
a benign clinical course and did not receive a shunt, a discrim-
ination of collapsible versus fix sinus stenosis cannot be made
in this cohort.

Regardless of the initial cause for the venous sinus pressure
to increase, CSF pressure in CSAS will increase accordingly
and further compromise venous outflow in a positive feedback
loop. Other studies have the same findings and conclude that
there must be a dynamic component of obstruction.

The hypothesis for the development of cerebro-venous hy-
pertension of infancy as the underlying pathophysiological
momentum of external hydrocephalus is based on impairment
of cerebro-venous outflow, increasing cerebral venous pres-
sure. In turn, this produces increase in the capillary bed pres-
sure affecting CSF absorption. Furthermore, the increase in
ICP forces the growing infant skull to expand accordingly,
contributing to CSAS widening since the brain growth is not
equally enlarging by venous pressure. Thus, a mismatch be-
tween skull volume and brain volume develops.

Finally, the increased capillary bed pressures will produce
an increase in cerebral blood volume augmenting brain turgor
(Kb). Consequently, the CSF accumulation as a result of im-
paired CSF reabsorption does not lead to a ventricular widen-
ing, since the brain turgor prevents their expansion and forces
ventricular CSF to be displaced to the cortical subarachnoid
space [24]. Therefore, at least in an initial phase, ventricular
volume will remain normal. Increased CSF pressure may trig-
ger a secondary collapse of the venous sinuses fostered in case
of wall instability, completing a vicious cycle (Fig. 5).

Considering this condition as benign has prevented in-
vasive pressure recordings in the intracranial compartment
or the sinuses in those infants. As venous occlusive factors
are present in this pathology as demonstrated in this study

impaired venous outflow (CHI)
increased arterial inflow

INCREASED CAPILLARY 4"~
BED PRESSURE

increased |ncreased brain turgor

ICP

ventricular CSF displacement
decreased to CSAS (no obstruction)

CSF absorption l \

widened cortical subarachnoid NG veniricalomegaly

space T l
increase head circumference — mild decrease ICP

Fig. 5 Pathophysiological development of cerebro-venous hypertension
of infancy (CHI). An increased venous pressure with impaired venous
outflow would trigger elevation of the capillary bed pressure. Other forms
of external hydrocephalus with no phlebography abnormalities may
correspond to increased arterial inflow cases resembling the hyperemic
form of pseudotumor cerebri in adults [2] (red dashed arrow)

and related literature, there is a high likelihood that indeed
intracranial pressure is increased. None of the studied in-
fants was classically symptomatic for raised intracranial
pressure, probably because the skull expansion prevents
very high pressures. However, pathological consequences
may appear in the long run due to chronically abnormal
venous and CSF dynamics after exhausting compensative
mechanisms. Increased intracranial pressure is known to
have a severe impact on development. Brain tissue un-
dergoes mild hypoperfusion [16] and compromises
myelination relating to developmental outcome [11]. In
the external hydrocephalus condition, brain tissue may be
affected during a critical time of development, interfering
with the acquisition of certain skills, giving rise to perma-
nent although subtle deficits. Functional long-term out-
come studies in patients with external hydrocephalus show
that although the majority is within the normal range of
performance, a significant proportion presents with im-
paired attention skills and low borderline visuo-motor
scanning performance [20].

Therefore, the issue of chronically raised intracranial pres-
sure and low compliance as the result of venous outflow im-
pairment should be clarified for external hydrocephalic infants
in future studies. It is unclear how these venous anomalies
evolve over time in these children. There is some inkling from
single observation that they may attenuate or even resolve
when subarachnoid collections subside either with treatment
or spontaneously [5].

We conclude that impaired drainage of venous blood resulting
in both (a) initially raised ICP, leading to skull expansion, and (b)
impaired CSF dynamics with impaired capillary bed pressure
constitute the main factors underlying the pathophysiology of
the so-called “external hydrocephalus.” Since “hydrocephalus”
is a misleading term which automatically implies a primary CSF
disorder, we suggest to use instead the term “Cerebro-venous
Hypertension of Infancy” or CHL

CHI is then the infant form of cerebrovenous hypertension
which in older children, adolescents, or adults is commonly
called pseudotumor cerebri (PTC), benign intracranial hyper-
tension (BIH), or idiopathic intracranial hypertension (IIICH).
The main difference between CHI and the adult form is the
age at onset of the venous hypertension and thus the presence
of open sutures and fontanels, leading to a rapid skull expan-
sion, and thus to enlarged external CSF spaces. In the adult
form, without skull expansion, external CSF spaces appear
normal and high intracranial pressure usually develops.

The principal limitation of this study is the lack of quantifi-
cation of the venous anomalies in terms of flow or degree of
stenosis in comparison with healthy infants. Still, the relation
found between graded venous anomalies and the extent of in-
creased subarachnoid volumen and its proportionality indicates
a strong pathophysiological dependence and not just an inci-
dental concomitant finding.
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Conclusions

The descriptive term “external hydrocephalus” is related in
most cases to venous outflow stenosis and appears as an early
onset analog of pseudotumor cerebri. It may thus be replaced
by the pathophysiologically defined term of Cererbo-venous
Hypertension of Infancy (CHI), as an age-related infant con-
dition with self-limiting radiological enlargement of external
CSF spaces and macrocephaly.

Considering the new evidence on pathophysiology as out-
line herein and missing systematic long-term outcome reports,
further investigations are needed to assess the duration of ve-
nous sinus alterations over time (transient or permanent) and
developmental consequences of venous outflow impairment
and enlarged CSAS.
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