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shunting the appearance ofthe fluid collections
may alter and the lesions may be obvious only
in the preshunting studies.17 MRI has also
provided new information on these collections
which may not be separate entities, but repre-
sent a continuum of developmental anomalies
of the posterior fossa.18 A new term, Dandy-
Walker complex, has been suggested to
describe these changes. 18

Evaluation of the aqueduct proved more
complicated than expected, and only 27-9% of
the conduits were found to be unequivocally
open. In normal subjects without hydro-
cephalus or shunting the aqueduct is always
well visualised in sagittal TI weighted images.8
Shunting, and especially slit ventricles, will
affect the size of the small aperture and prevent
any reliable diagnosis of stenosis. This implies
that the diagnosis of aqueductal stenosis must
be made before the shunting procedure if MRI
is to be used. A flow related signal void was not
of much help as it was seen in only seven cases,
whereas in normal children it may be seen in
up to 100%.19 Flow compensation techniques
are nowadays used routinely in MRI to reduce
flow related artifacts, but this may at the same
time abolish the useful signal void indicating
flowing cerebrospinal fluid,20 and shunting
itself may affect the flow void. Gradient echo
cine MRI and phase contrast velocity
MRI may provide better detection of flowing
cerebrospinal fluid, and could be used as an
additional method in obstructive and com-
municating hydrocephalus.21 22
The observation that MRI clarified only

one of 13 cases with unknown aetiology
was disappointing, especially as it offered
additional information only in two of these
subjects. The MRI method used here could
not visualise aqueductal stenosis reliably, nor
was it able to suggest any defect in the resorp-
tion of cerebrospinal fluid.

In conclusion, MRI provided new important
information in cases of children with shunted
hydrocephalus to such an extent that it can be
recommended as the primary imaging method
for every child with this disorder whenever
possible. To make the most of it for defining
the aetiology of hydrocephalus it should
initially be performed before the first opera-
tion. The limited availability of the technology
and difficulties in patient monitoring, as well as
the need for sedation in the cases of small or
retarded children may nevertheless reduce the
feasibility of MRI. MRI could also be used in
the future instead of computed tomography for
monitoring ventricular size. The number of
imaging planes and sequences can be reduced
in order to cut down the imaging time needed.
No substantial information would be lost by
using only a T2 weighted axial MRI scan, and
more information would be obtained than with
computed tomography.
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Commentary
Paakko et al have reported new and interesting
observations about the MRI scan of shunted
hydrocephalic children. Their conclusion has
important management implications for these
children - mainly that the clinician should use
MRI for the evaluation of hydrocephalic
patients in preference to computed tomogra-
phy. They cite the superiority of MRI in pro-
viding a new diagnosis, as well as providing
additional imaging information when the two
are compared.
The additional information that the MRI

provided was not altogether unexpected, partly
because of the nature of the MRI process and
partly because of the more extensive anatom-
ical screening it provides, particularly of the
posterior fossa. They report additional abnor-
malities such as defects in the corpus callosum
and ectopic grey matter, abnormalities of the
gyri, posterior fossa anatomy, optic nerves,
chiasm and pituitary, and the not previously
recognised meningeal enhancement in these
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patients. The only area where the computed
tomogram was superior was in recognising
cerebral calcification.
A methodological flaw concerns the interval

between the MRI and previous computed
tomogram with which it was compared. This
was a median of 1 1 years with a range of 0-3-6
years, that is, the MRI scan was compared with
the computed tomogram of up to 3-6 years
earlier. To arrive unequivocally at their con-
clusions and recommendations would have
involved undertaking both computed tomo-
graphy and MRI preoperatively and then
simultaneously at follow up intervals, because
during this interval a number of important
effects might have occurred which could have
influenced the subsequent MRI. Hydro-
cephalus is a dynamic problem and although
the children at the time of the MRI were
asymptomatic, there may have been inter-
vening periods of shunt malfunction in the
form of overt or intermittent or chronic block-
age, shunt infection, over drainage, etc, all of
which could potentially have had an effect on
the brain. In fact, although we do not know
when these complications occurred, 23% had
one or more shunt infections and 46% one or
more revisions ofthe proximal end ofthe shunt
for blockage. Nine patients had subdural
effusions suggesting over drainage and 21 of 35
had obliterated aqueducts with slit ventricles.

Effective shunting, or shunt malfunction,
could affect the imaging appearance not only
of the ventricles, but also of the aqueduct and
posterior fossa including the cerebellar tonsils.

Shunting affects the size of the aqueduct and
a signal void indicating 'gradient flow' was
present in seven cases while the aqueduct was
unequivocally open in 17 cases. This suggests
that there is a dynamic equilibrium between the
3rd and 4th ventricle, which is understandable
in that cerebrospinal fluid has been diverted
from the lateral ventricles. Also, it is equally well
known that the aqueducts may be induced to
close with shunting or over shunting.
The posterior fossa pathology and, in

particular, posterior fossa cysts, may be much
less clearly delineated after shunting has taken
place, particularly when there is communica-
tion between the cystic collection and the
ventricular system. However, this 'extremely
clear' illustration of the Dandy-Walker
complex does not appear to have altered either
diagnosis or management.

Chiari I malformations were the sole new
diagnoses provided by the MRI. Radiologically
these are defined as the cerebellar tonsils
protruding 3 mm or more below a line drawn
between the foramen magnum and Cl. As is
mentioned in this paper, this diagnosis would
have implications for patients so diagnosed,
because of the possibility of future syrinx
development in later life. The fact also implied
that they are usually detected later does not
mean that they would not have been present in
earlier childhood. The dispute, however, is
whether given the methodology here this
abnormality is a deformation or a malforma-
tion - it is not usually possible to make this
diagnosis with computed tomography. A
number of children had previous blocked
shunts with episodic raised pressure requiring
revision; the children will have presented
initially with pressure, and as the authors
rightly mention shunting may affect the posi-
tion of the tonsils, as well as the fact that a
slightly low position may be seen in an other-
wise normal population. In order for this issue
to be clarified preoperative MRI is required to
establish the true incidence of this malforma-
tion.
The very precise imaging results they

obtained were because the analysis was
undertaken by two presumably 'non-blind'
radiologists, which was undoubtedly under-
taken to improve the accuracy of interpretation
rather than accuracy of scientific method.

Given these methodological limitations
additional information has been forthcoming
from an MRI scan in a very significantly high
number of cases (55.70/o) and this alone with-
out any new diagnoses might induce clinicians
to use MRI in the future as part of the
investigative workup preoperatively as well as
for follow up of shunted hydrocephalic
children. The additional information from
MRI, especially defects in the corpus callosum
and ectopic grey matter, may have prognostic
value but is unlikely to alter management. The
issue of frequency of Chiari I malformations
will need further elucidation with prospective
studies.
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