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Changes in intracranial CSF distribution after ETV
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Abstract
Objective The aim of this prospective study was to analyze
the changes in cerebrospinal fluid (CSF) distribution after
endoscopic third ventriculocisternostomy (ETV).
Methods Twenty-two hydrocephalic children (eight boys,
aged 3 months to 17 years) candidates for ETV were studied
by preoperative brain magnetic resonance (MR) and repeat-
ed post-ETV MRs at established time intervals. A volumet-
ric analysis of CSF distribution after ETV was performed
using a specific software.
Results Fifteen children had an uneventful follow-up,
whereas four required a second ETV due to a secondary
closure of the stoma, one died of acute intracranial hyper-
tension, and two needed an extrathecal shunt. A progressive
reduction in the volume of the ventricles was found in case
of successful ETV during the follow-up period. The

ventricular volumes were reduced in average of 76 % of
the initial volume at day 3, 69 % at 2 weeks, 42 % at
2 months, and 40 % at 6 months. This finding was associ-
ated with an enlargement of subarachnoid spaces which
increased in case of successful ETV (192 % of initial vol-
ume at day 3; 210 % at day 15; 428 % at 2 months; and
468 % at 6 months). In case of secondary closure of the
stoma, the distribution of intra- and extraventricular CSF
tended to go back to the preoperative status.
Conclusion Volume variations of the ventricles and the sub-
arachnoid spaces are a good indicator of the efficacy of the
ETV.
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Introduction

Endoscopic third ventriculostomy (ETV) is nowadays the
first choice procedure in pediatric hydrocephalus whenever
an obstacle is identified at the level of the posterior fossa on
magnetic resonance (MR) imaging. ETV is preferred to
extrathecal shunt because it is supposed to restore a
pseudo-physiological cerebrospinal fluid (CSF) circulation
[1, 2]. However, compared to extrathecal shunts, the varia-
tions in the ventricular volumes are more subtle after ETV
and might be difficult to evidentiate on 2D MR images.

ETV has a high success rate which remains relatively
stable over time. The success rates at 1 year and 2 years are
80 and 75 %, respectively [3]. A late failure can, however,
occur despite an initial success due to a secondary closure of
the stoma [4–6]. The clinical symptomatology may recur
either acutely or progressively. In the last case, neither
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clinical evidence nor radiological changes in ventricular
volumes on 2D planes might be recognizable in an early
phase. Cases of sudden death in apparently healthy children
after a successful ETV have also been reported in the liter-
ature [7].

Radiological criteria to follow on operated children are
thus of paramount importance. Unfortunately, criteria for
predicting that an apparently successful ETV will remain
effective in the long run are lacking. The aim of this study
was to analyze prospectively the changes in intracranial CSF
on MR imaging after ETV and correlate them to the clinical
response.

Patients and methods

Twenty-two children operated between January 2006 and
April 2008 at the Paediatric Neurosurgical Department of
Necker Enfants Malades Hospital, Paris, by an ETV for
obstructive hydrocephalus with an intrinsic or extrinsic
aqueductal stenosis were considered for this study. Exclu-
sion criteria were: (a) hydrocephalus related to posterior
fossa tumors because of the changes in CSF volumes related
to the surgical treatment of the tumor and (b) children
referred to our department with printed MR imaging studies
done elsewhere without an available digital axial T2 weight-
ed images (WI) study to assess the CSF volume. Children
were studied by a preoperative brain MR and repeated
postoperative MR at established time intervals (D1, D3,
D15, D60±3 days, and D180±3 days).

MRI was performed with a 1.5-T (Signa General Elec-
tric®) scanner using the following sequences: 3D T1-
weighted FSPGR sequence, axial FSE T2-weighted imaging
(TR/TE, 6,000/120; 4-mm slices; 0.5-mm gap), and sagittal
FSE T2 (TR/TE, 5,000/108; 3-mm slices; 0.3-mm gap) and
if necessary coronal FLAIR sequences (TR/TETI, 10,000/
150/2,250; 4-mm slices; 1-mm gap) and in more recent
cases using a 3DT2-weighted imaging. Premedication
(5 mg/kg of sodium pentobarbital, intrarectal) was used for
uncooperative children.

Volumetric quantification of subarachnoid and ventricu-
lar CSF was performed on the axial T2 sequence using the
“reformat” software from General Electric®. The operator—
a well-experienced neuroradiologist—doing the measure-
ment was blind for the clinical result of the ETV, though
possibly aware of the success of the procedure of the
grounds of the voiding signal on postoperative MRs.

On T2 sequences, the CSF appears much brighter than
brain tissue. The operator enters threshold values to select
exclusively CSF spaces, thus eliminating all other struc-
tures. Total CSF area (including ventricular and subarach-
noid spaces) was calculated on a 3D image (volume
rendering) by the software on one click. When necessary,

other fluid-filled spaces like ocular globes and others were
cut off with the same software. Whole intraventricular CSF
volume was evaluated by eliminating the subarachnoid
spaces in selecting the ventricles on a specific window of
the software (“keep the object”).

The total CSF volume and the intraventricular volumes
(lateral, third, and fourth) were thus measured and the extra-
ventricular volumes could be calculated. The percentage
between each measured volume at a given time and the
initial volume were calculated (Vx/V°) to compensate for
gender and age differences [8]. The preoperative volume
was considered as a reference.

The differences between each measurement and the pre-
operative MR volumes were also calculated. The ratio of
each difference to the preoperative volume was expressed as
a percentage (Vx−V°)/V°. The statistical analysis was per-
formed using SPSS(®) software.

Patency of the ventriculocisternostomy was evaluated on
the presence or absence of a flow void phenomenon in the
region of the floor of the third ventricle on the sagittal T2-
weighted images (and on axial images also in doubtful
cases, e.g., in case of large third ventricle).

Results

Population

Twenty-two children were included. Hydrocephalus was
due to a malformative congenital aqueductal stenosis (12
cases), secondary to a stenosis of the aqueduct due to a tectal
plate lesion (eight cases), and post-inflammatory changes
secondary to intracranial hemorrhage (two cases).

Four children had already been operated on by an endo-
scopic third ventriculocisternostomy before the beginning of
the study. However, in all of them, after an initial good
response, the hydrocephalus had recurred and a redo ETV
had been indicated. The children were included in this study
at that point. The MR at the time of the clinical failure was
considered as the “initial MR” for the study. The delay
between the first ETV and the recurrence was more than
1 year in all the cases.

Clinical results: early and late failures

The ETV was successful in the immediate postoperative
period in all but two children. These two cases were two
newborns under 6 months of age that had a post-
hemorrhagic hydrocephalus with progressive macrocrania.
At MR, an aqueduct stenosis was found on sagittal T2WI.
For this reason, an ETV was attempted. Despite a techni-
cally successful stoma, the head circumference continued to
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grow. A ventriculoperitoneal shunt was placed in both chil-
dren 5 and 7 days after the ETV.

Among the remaining 20 cases, 15 had an uneventful
follow-up period, whereas five presented a recurrence of the
symptomatology:

– Four of them required a redo ETV during the follow-up
period due to a secondary closure of the stoma. Clinically,
they all presented with signs of raised intracranial pres-
sure. The closure was suspected onMR imaging (absence
of flow void artefact phenomenon) and confirmed by a
direct vision during a second endoscopy. In one child,
among them, affected by a primary aqueduct stenosis, the
closure occurred acutely within the first postoperative
month. In this case, the early MR controls had docu-
mented a flow void signal through the third ventricular
floor and a reduction in the volume of the ventricles. In
the other three children who all had a tectal plate lesion,
the recurrence occurred between 8 and 24 months after
ETV. One child presented with acute hypertension,
whereas in two, the symptoms and signs recurred pro-
gressively. All these cases responded to the redo ETV.

– One child of the series died during the follow-up period.
This girl developed an acute intracranial hypertension
8 months after a successful ETV at home becoming
severely drowsy in a short time. When admitted to the
hospital, she was comatous with bilateral mydriasis. An
external drainage was established in emergency, but the
child did not recover and died a few hours later.

MR and volumetric results

– Successful ETV

& Ventricles
A reduction of the volume of the ventricles was found

in all the children after surgery. The ventricles in average
reduced in size compared to the initial volumes (78 and
76 % of the initial volumes at D1 and D3, respectively;
Fig. 1). However, the onset of this reduction could be
slow. In three children after an initial decrease at D1, the
ventricular volumes became slightly higher at D3, but
then they started again to diminish. During the follow-up
period, the reduction continued progressively after a
successful ETV (69 % at D15, 42 % at D60, and 40 %
at D180; Fig. 1). When comparing the evolution of the
difference between the measured volume after ETV and
the preoperative volume, the measurements were
indexed on the initial volume, in order to decrease the
bias which could derive from excessive differences in
preoperative volumes (e.g., very large ventricles com-
pared to large ones). At D3, the mean reduction so
evaluated was of 19 %. At 2 weeks, it was about

28 %. At 2 months, it was about 40 %, and at D180, it
was about 57 %.

& Subarachnoid spaces
Conversely, in all patients with clinical successful

ETV, the general trend was a gradual inflation of the
subarachnoid spaces. However, this observation was
certainly questionable at D1. In fact, besides the changes
possibly induced by the surgical procedure in some
children, the measurement of extraventricular spaces in
the immediate postoperative MR of D1 could be flawed
by the presence of subdural CSF effusions (four cases).
The effusions were usually resolved already on the MR
carried out at D3. At that time, the volume of subarachnoid
volumes nearly doubled in the majority of the cases (mean
increase of 192 %). The volume remained stable over time
at 2 weeks (210 %) and increased further at 2 months
(428 %) and at D180 (468 %) in successful cases (Fig. 2).

When comparing the differences of the ratio in postop-
erative subarachnoid spaces volumes referred to the initial
volumes, there was again a more obvious increase at D1
than at D3 (178 % compared to 83 %) even in children
without subdural effusion. Then, the volumes further in-
creased in successful uncomplicated cases (185 % at
2 months; 325 % at 6 months).

– Failures
In the two cases of unsuccessful ETV with an early

failure on control MR, the ventricular volumes increased

Fig. 1 Bar graph showing the CSF ventricular and subarachnoid
volume variations in successful ETVs
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without significant changes in the subarachnoid spaces.
After the shunt placement, they reduced in size as
expected.

In the four children with a secondary closure of the
stoma occurring during the follow-up period, seriated
control MR showed a reduction in the volume of the
subarachnoid spaces at MR. In these cases, despite an
initial good response, with a mean increase in the volume
of the compressed subarachnoid spaces of 148 % at D1,
203 % at D3, and a 217 % at D15, the extraventricular
volumes returned almost to their initial values (mean
168 %) at the time of the failure (Fig. 3). In two of them,
the reduction of subarachnoid spaces was concomitant
with an enlargement of the ventricular volume and
t3052248he recurrence of the clinical signs. In two chil-
dren, the reduction of subarachnoid spaces was observed
before the clinical signs (and before the enlargement of
the ventricles in one of these two children). These
changes were then reversed after the redo ETV.

Discussion

The fate of CSF after ETV

After a successful ETV, the volumes of ventricles decrease
progressively [9–13]. The modifications in volumes are less
spectacular than after CSF shunt placement (Fig. 5). The
reduction in size of the ventricles varies from one case to the
other. It may be limited, especially in chronic hydrocepha-
lus; sometimes changes are so subtle that is difficult to

perceive them on 2D images and they can only be assessed
by detailed measurements [9] (Fig. 5). It is probably for such
a reason that it has been stated that a reduction in volume is
usually found in only a minority of operated on patients [1].

Our computerized analysis shows that changes in vol-
umes are constant even if they might be delayed in some
cases in the first postoperative days [14]. The proportion of
patients showing the decrease in volume increases progres-
sively in time with the volumetric reduction continuing in
case of a successful procedure (19 % at D3 and 40 % at
2 months).

Kulkarni et al. demonstrated retrospectively that CSF over
the cerebral hemispheres increased after ETV [11]. However,
the pattern of such change was not analyzed.

In the present study, we prospectively assessed the mod-
ifications in CSF distribution after ETV. The analysis of the
data obtained by an expert neuroradiologist using adapted
software showed that the CSF in the subarachnoid spaces
increases progressively after a successful ETV, whereas the
volume of intraventricular CSF decreases progressively
(Fig. 1). On the first postoperative day, the results may be
flawed by the operation itself (amount of fluid replacement
during the procedure as well as by some delay of the
anatomofunctional structures responsible for CSF absorp-
tion within the subarachnoid spaces of the cerebral convex-
ities in coping with the increased CSF flow) and in some
cases by transient postoperative subdural effusions. However,
already at the third day after surgery, the induced changes in
volumes of subarachnoid spaces could be considered reliable
as the successive trend appeared constantly towards a progres-
sive increase in all successful cases. In fact, the MR studies

Fig. 2 Bar graph showing the mean variations of extraventricular
volumes in case of ETV success or failure

Fig. 3 Bar graph showing the CSF ventricular and subarachnoid
volume variations in ETV failures
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carried out at 2 weeks postoperatively and at 2 months post-
operative time interval showed a clear increase of the amount
of CSF in the subarachnoid spaces.

During the first days following an ETV, it has been
shown by previous studies that the ICP might remain ele-
vated or even increased [2, 15]. These observations associ-
ated to our findings demonstrate that the first modifications
following ETV consist in a redistribution of the CSF vol-
umes that reduces the preexisting pressure gradient between
the ventricular and extraventricular spaces. This redistribu-
tion of CSF explains why the overall ICP might remain
elevated whereas it will decrease successively with the
reduction of CSF total volumes. In our opinion, it is possible
to propound a delay in the capability of the subarachnoid

spaces to absorb the “new” flow of CSF in the first postop-
erative days.

Long term follow-up MR imaging showed also that the
reduction in volume of the total CSF and ventricular vol-
umes could continue to decrease even after several months.
However, the proportion between intraventricular CSF and
extraventricular CSF would remain almost constant (Fig. 1).

The correlation with clinical delayed failure and radiological
criteria of success of ETV

During the follow-up, four children presented a clinical recur-
rence. In two children, at the moment of the acute clinical
manifestations, the ventricular volumes were enlarged, the

Fig. 4 Graph showing the
variations of extraventricular
CSF during time in failure cases

Fig. 5 T2 axial magnetic
resonance imaging (a), CSF
spaces selection (b), and
volume rendering (c) before
endoscopic third
ventriculostomy and after a
successful procedure (c, d, e) in
the same child. Note the mild
reduction in ventricular
volumes but the enlargement of
subarachnoid spaces (b and d)
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subarachnoid spaces were reduced, and the flow void signal
through the third ventricle floor was absent on the MR exam-
ination. These findings were obviously highly suggestive of
closure of the stoma which was confirmed by direct vision at
surgery during the redo ETV. However, the analysis of the last
control MR study before the acute episode as well as the MR
of the children with an ETV failure showed that the subarach-
noid spaces were reduced already before the clinical manifes-
tations (Fig. 4) despite unchanged ventricular volumes and the
presence of an uncertain flow void signal.

These data suggest that the modifications in subarachnoid
spaces might be an early sign of a late closure of the stoma.
Interestingly, these late failures were more common in the
subgroup of children presenting a tectal plate lesion, without
any apparent change in the tectal lesion itself. More in general,
the prospective study we performed indicates that children
with tectal lesions appear to be more prone to a late closure of
the ETV stoma than children with congenital aqueductal
stenosis. In summary, on the grounds of this experience,
though limited by the still low number of cases, the three main
criteria on postoperative MRT2-weighted images which may
help in analyzing the success of an ETVare: (1) a reduction in
volume of cerebral ventricular volume; (2) the presence of a
flow void signal on sagittal images; and (3) an increase in
volume of subarachnoid spaces (Fig. 5).

Limitations of the method

Despite the promising usefulness of such method, there are
still important limitations that have to be stressed for the wide
application in the clinical practice. The threshold to select the
CSF intensity has to be determined manually to analyze
different MRI of the same patient; the same threshold has to
be selected in order to have comparable measurements. The
evaluation needs an experienced neuroradiologist to measure
the changes in CSF volumes and to compare them in the
seriated studies performed with comparable technical stand-
ards. For this reason, in our series, the volumes were calculat-
ed onMR studies performed in the same institution and by the
same radiologist blinded for the clinical status of the patients.

Conclusions

In conclusion, in all successful cases, a reduction of the total
amount of CSFwas found following ETV.Whilst the subarach-
noid spaces were enlarged, the ventricular volume decreased
progressively.

In the case of secondary closure of the stoma, the distri-
bution of intra- and extraventricular CSF tended to go back
to the preoperative status. Consequently, from a radiological

standpoint, three elements should be verified on postopera-
tive MRT2 images: (a) the presence of a flow void signal on
sagittal images; (b) the reduction in volume of ventricular
volume; and (c) the increase in volume of subarachnoid
spaces.
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