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Abstract

Introduction Endoscopic fenestration remains a first-line treatment option for symptomatic arachnoid cysts. After fenestration,
the cyst does not collapse but reaches an equilibrium state. The aim of this study was to evaluate the change in cyst volume
following successful fenestration and symptomatic improvement.

Methods Cyst volume was measured on serial MR scans of 4 children (1 female, 3 males) with symptomatic arachnoid cysts
(middle fossa n =2, choroidal fissure n =1 and posterior fossa n = 1), who experienced symptom resolution after endoscopic
fenestration. Average follow-up was 20.5 months (range 3—48).

Results Significant cyst volume reduction was seen in all four patients. In patient 1, preoperative cyst volume was 336 cm® and
decreased to 194 cm® at 7 months (42% reduction). In patient 2, preoperative volume was 12.64 cm® and reduced to 1.51 cm? at
3 months (88% reduction). In patient 3, preoperative volume was 105 cm® and reduced to 72 cm? in 2 months (30% reduction). In
patient 4, preoperative volume was 125 cm® and reduced to 54 cm® at 7 months (56% reduction). All remained stable after
7 months and there has been no late increase in volume.

Conclusions Significant reduction in arachnoid cyst volume at the order of 30-40% is seen after successful endoscopic fenes-
tration. The cyst volume appears to decrease gradually in the first 3—7 months and reaches a plateau after that. Complete
resolution of symptoms in the presence of residual volume may indicate that cyst volume below a threshold may not correlate
directly with clinical status.
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Introduction

Arachnoid cysts were first described in 1831 as cystic
malformations of the arachnoid layer [1]. Their prevalence
has been reported to be approximately 1% of all intracra-
nial lesions and has been detected in up to 2.6% of all the
children undergoing brain MRI, with a male predominance
[2]. The collection of fluid develops within the arachnoid
membrane secondary to splitting or duplication of the
structural layer. The exact pathophysiological mechanism
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though is still yet to be understood. The most common
locations are the middle cranial fossa (temporal, sylvian
fissure), the posterior or anterior fossa, the convexity or
other less common locations (ventricular/suprasellar/inter-
hemispheric region, quadrigeminal plate) [2, 3].

In the majority of cases, the arachnoid cysts have a benign
natural history and remain stable in size. A small proportion of
them does increase in size secondary to a possible slit-valve
mechanism that allows CSF to enter the cyst but not to return
back to the ventricles [4, 5] causing symptoms due to direct
mass effect in nearby structures or hydrocephalus from ob-
struction of the CSF pathways. Three main treatment options
are available: insertion of a cysto-peritoneal shunt, microsur-
gical fenestration or endoscopic fenestration. With prolifera-
tion of endoscopic techniques during the last decade, endo-
scopic fenestration has become the treatment of choice for
most cranial arachnoid cysts.

Following successful endoscopic fenestration, it has been
reported in various studies that arachnoid cysts usually reduce
in size, sometimes remain stable and they very rarely
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Table 1 Patient demographics and presentation

Patient Age Location Symptoms Follow-up (months)
1 8 months Middle fossa Macrocrania, vomiting 48

2 21 months Choroidal fissure Sixth nerve palsy, vomiting 3

3 6 months Posterior fossa Macrocrania, vomiting 19

4 7 years Middle fossa Unwell, vomiting following minor head injury 30

disappear [3, 6-15]. However, the exact CSF hydrodynamics,
the change of cyst size in time and the association with the
success of the endoscopic fenestration remain poorly un-
derstood. The aim of this study was to assess the cyst vol-
ume change in the long term following successful endo-
scopic fenestration in children with symptomatic congeni-
tal cranial arachnoid cysts.

Fig. 1 (From top to bottom) la
and 1b: patient 1, pre and at

48 months postoperatively; 2a
and 2b: patient 2, pre and at

3 months postoperatively; 3a and
3b: patient 3, pre and at

19 months postoperatively; and
4a and 4b: patient 4, pre and at
30 months postoperatively

Materials and methods

The study was a retrospective review of prospectively collect-
ed data of MR scans of 4 children treated for symptomatic
arachnoid cysts with endoscopic fenestration, performed by
the senior author in the period between June 2009 and
February 2014. One more child was treated during the same

@ Springer



Childs Nerv Syst (2019) 35:2313-2318

2315

Fig. 1 (continued)

period but had to be excluded due to lack of adequate preop-
erative radiological data.

There was a male predominance (3:1), mean age at the
time of operation was 2.45 years (range 0.57-6.84 years)
and average follow-up was 24.75 months (range 3—
48 months). The location of the cysts was in the following:
middle cranial fossa n =2, choroidal fissure n =1 and pos-
terior fossa n=1 (Table 1).

All patients had a preoperative MRI scan followed by
postoperative sequential MRI scans to follow up any
changes of the cyst for up to 2 years. Volume calculation
was performed on the DICOM data of T2-weighted im-
ages using semi-manual segmentation tools of the pro-
gramme 3D Slicer, which has been used and validated
previously for volumetric analysis of brain tumours and
CSF spaces [15-17].

Table 2 Arachnoid cyst volume

changes (cm?) N Pre-op I m 2m 3m 7m 12 m 19 m 30 m 48 m
1 336.01 297.35 208.70 194.61 194.56 190.46
2 12.64 1.51
3 104.68 72.37 69.52
4 124.81 101.21 54.33 53.02 48.1
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Fig. 2 Volume changes in time
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Results

Following endoscopic fenestration, all four patients
responded clinically and cyst volume decreased signifi-
cantly (Fig. 1). In patient 1, preoperative cyst volume
was 336 cm® and decreased to 194.61 cm® at 7 months
(42% reduction). In patient 2, preoperative cyst volume
was 12.64 cm® and reduced to 1.51 cm® at 3 months with
almost complete resolution (88% reduction). In patient 3,
preoperative volume was 104.68 cm® and reduced to
72.37 cm® in 2 months (30% reduction). In patient 4, pre-
operative volume was 124.81 c¢cm’ and reduced to
54.33 ¢cm® at 7 months (56% reduction). All volumes
remained stable after 7 months and there has been no late
increase (Table 2, Fig. 2).

In every patient, the cyst rapidly reduced the first 3 to
6 months by 30-40% and reached a plateau after that
(Fig. 3) with the exception of one patient (case 2) in which
the cyst was small at presentation and almost disappeared
during follow-up. All patients remained well clinically dur-
ing follow-up.

Fig. 3 Relative volume changes 100

in time
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Discussion

This study demonstrated that following successful endoscopic
fenestration of arachnoid cysts in four symptomatic children,
the cyst volume reduced rapidly in the first few months,
reaching a plateau at approximately 6 months, with no signif-
icant further changes. Clinical response to the treatment was
seen immediately and the children remain asymptomatic in
the long term despite the fact that the cyst did not completely
disappear and even in some cases remained large. This may
indicate that the cyst size below a threshold might not directly
correlate with the clinical status or that the fenestration pro-
duces a state of compensated coexistence with the surround-
ing brain, not causing a condition of raised pressure.

The radiological follow-up with assessment of cyst size
following treatment of arachnoid cysts is not well reported.
Li et al. [15], proposed the use of 3D modelling to assess the
response of middle cranial fossa arachnoid cysts to treatment
since it was felt that the use of the Galassi classification is not
accurate. They reported a significant reduction in cyst vol-
umes at 4 months postoperatively in all 26 cases that
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responded well clinically, while in two cases that were not
successfully treated, an increase in the size was noted.
Interestingly, the two cases that did not respond well even
though the patency of the stomas was confirmed, they were
both infants and they hypothesised that in these cases, the
fenestration leads to a state of “post-endoscopic fenestration
communicating hydrocephalus™ with eventual break of the
CSF circulation equilibrium.

Molina et al. [11] looked into the middle fossa cyst size
changes following endoscopic treatment in children in com-
parison with adults. In a series of four adults, there was no
change in cyst size and three of them responded well clinically
to treatment. They also reported 7 cases in the children popu-
lation that the cysts disappeared. However, there is no corre-
lation with the initial size or the relative changes. They noted
that cyst reduction is more remarkable in the paediatric popu-
lation possibly secondary to increased elasticity of the youn-
ger brain, which has been compressed for a shorter period. A
similar conclusion was made by Schroeder et al. [10] regard-
ing the significant cyst reduction in children.

Ali et al. [7] studied a case series of 83 children with intra-
cranial arachnoid cysts that were treated either with endoscop-
ic fenestration, a cysto-peritoneal shunt or craniotomy and
microsurgical fenestration. A similar proportion from each
group (70-80%) at 6 months post-treatment had a reduction
of more than 10 cm3, while in 20%, there was no change (as
defined by any reduction in size <10 cm?® or increase <
10 cm®) and an 11% that showed an increase in size. In the
last group, 4 out of the 6 cases were infantile patients having a
similar outcome with that reported by Li et al., as mentioned
above. When those findings were correlated to the clinical
outcome, they concluded that changes in cyst size is not asso-
ciated with postoperative symptom resolution within the first
6 months of the treatment. Similarly, Galarza et al. [18] con-
cluded that postoperative cyst reduction does not correlate
with improvement of the symptoms when looking in a paedi-
atric population that was treated either with cysto-peritoneal
shunts of with craniotomy and cyst fenestration. In contrast to
that, in the paediatric series from Karabatsou et al. [3] that all
patients were treated with endoscopy, all the patients that
showed progress of clinical symptoms had no radiological
evidence of cyst size reduction and from the opposite point
of view. Gangemi et al. [6] reported that all the cases that
showed either complete remission or significant clinical im-
provement had a concomitant cyst size reduction.

The mechanism by which symptoms appear to be relieved
following endoscopic fenestration despite the fact that the cyst
does not completely disappear is still unknown. It is possible
that following treatment, the communication between the cyst
and the ventricular system creates a system of new CSF dy-
namics that might still include enlarged ventricles with a per-
sistent cyst in a state of compensation. As described above, the
cysts seem to decrease in size up to 6 months postoperatively

and they remain stable further on. A similar finding has been
described previously when looking at the ventricular size fol-
lowing endoscopic third ventriculostomy for hydrocephalus
[19]. It was also noted that in patients with moderate initial
volumes, there was a less steep reduction of the ventricular
size in these first 3—6 months and that the final volumes
remained higher than normal despite symptom resolution.
These findings are similar to this study when looking at the
differences in the rate of the cyst volume change depending on
how big the cyst is prior to treatment.

In conclusion, this study provides evidence that follow-
ing endoscopic fenestration of arachnoid cysts and suc-
cessful symptom control, the cyst does not disappear but
reduces in volume significantly in a period of up 3 to
6 months after treatment and it reaches a plateau with no
significant changes further on. The small patient sample in
this series did not allow any statistical analysis, making
this an observation study. Further studies with bigger sam-
ple size may elucidate the issue further.
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