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Follow-Up of Arachnoid Cysts: 
Brain Plasticity Following Surgery 
for Arachnoid Cysts

Samuel Hall, Benjamin Gaastra, 
and Vassilios Tsitouras

1	� Introduction

The majority of arachnoid cysts (ACs) are found 
incidentally and do not require surgical interven-
tion. Surgical intervention is reserved for cysts 
which are causing symptoms due to mass effect 
or growing on surveillance imaging. It is expected 
that following surgical intervention the cyst will 
reduce in size and the brain expands to fill some, 
or all, of the space occupied by the AC. The 
change in the brain shape is referred to as brain 
plasticity. This chapter will explore how surgical 
intervention changes the cyst size, subsequent 
brain plasticity and what implications this has for 
patient outcomes.

2	� Brain Compliance

Brain plasticity and the change in cyst volume 
are governed by the principles of compliance. 
Compliance is the tendency of a structure to 
change volume dependent on the change in pres-
sure exerted against it. Elastance/stiffness is the 
inverse of compliance:

	
Compliance

Changein volume

Changein pressure
=

	
Although ACs are congenital, those that 

undergo surgery are likely symptomatic and thus 
growing. Growth occurs as intra-cystic pressure 
puts increased stress on the brain parenchyma, 
thus deforming it. When the intra-cystic pressure 
is reduced, following surgery, a new pressure gra-
dient is generated across the cyst wall. The abso-
lute value of pre-operative intra-cystic pressure 
does not relate to the degree of post-operative 
volume change [19]; thus variations in brain 
compliance likely determine the degree of post-
operative brain expansion following the reduc-
tion of intra-cystic pressure.

Brain parenchyma is modelled as viscoelastic, 
and its stiffness is measured using the complex 
(dynamic) shear modulus. Complex shear modu-
lus increases with age [34] and myelination [6] 
and varies within the brain. For example, the cer-
ebellum is softer than the cerebrum [6]. Unlike 
elastic materials which do not lose energy when 
deformed (and thus demonstrate complete return 
to original size when stress is released), visco-
elastic materials lose energy due to molecule 
reorganisation and thus display plastic deforma-
tion even if the stress is within the elastic limit 
(maximum degree of deformation before effect 
becomes permanent). These principles have been 
demonstrated based on short-term deformations, 
over seconds, and how they apply to the relax-
ation of the brain which has been deformed over 
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weeks, months or even years is not known. The 
brain is far more complex than a simple polymer 
and exists in a dynamic environment; however, 
its viscoelastic nature may limit how much it will 
return to its original size.

3	� How to Measure Cyst Volume

There are a number of techniques which can be 
used to measure AC volume depending on the 
imaging technology available. Techniques differ 
in their accuracy, skillset required to calculate 
and time requirement.

3.1	� The MacDonald Method

The MacDonald method was initially described 
to measure tumour volumes using simple mea-
sures on cross-sectional imaging [10]. However, 
it is also translatable to measuring volumes of 
ACs [39, 40]. The modified MacDonald method 
uses linear measurements on cross-sectional 
imaging and takes the largest diameters of the 
cyst in cross section (named d1 and d2), the num-
ber of slices the cyst appears on (s) and the thick-
ness of the slices (t). It is very similar to the 
better-known ABC/2 method with subtle differ-
ences generated by the incorporation of π. It does 
not require additional computational input 
beyond linear measurements on source images 
and is quick to calculate:

	
Volume =

× × × ×π d d s t1 2

6 	

3.2	� Volumetric Segmentation

Segmentation is the process of building a 3D 
model of a structure based on its boundaries as 
shown on radiological imaging such as CT or 
MRI. Many good descriptions on the science of 
volume segmentation have already been pub-
lished [38], and further detail is beyond the scope 
of this chapter. There are a number of computer 
programmes available for clinicians which utilise 

DICOM data and simplify the process to produce 
a final volume. While previous work by the 
authors used the open-source 3D Slicer [16], 
there is no evidence that any one program is 
superior.

Choosing which imaging sequence to use for 
building a segmentation model will depend on the 
cyst anatomy. For example, large convexity cysts 
have boundaries that are easily visualised on any 
type of cross-sectional imaging and all MRI 
sequences. However small cysts in regions with 
multiple arachnoid layers (e.g. suprasellar cysts) 
require more sensitive MRI sequences such as a 
fine slice constructive interference in steady state 
(CISS) to best delineate the cyst margins. The 
slice thickness can influence model accuracy as 
the top and bottom boundaries of the cyst will lie 
between slices. The greater the slice thickness, the 
more cyst will be missed as the true boundary is 
further from the last slice on which the cyst is vis-
ible. This is illustrated in Fig. 1 with a theoretical 
spherical cyst with 50-mm diameter and assumes 
a slice thickness of 5 mm which demonstrates a 
potential 2% error for each end of the sphere. If 
the cyst is smaller and all other parameters are the 
same, then this error will be greater.

Defining volume boundaries is done either 
manually by tracing the outline on the imported 
imaging and repeating this for all the imaging 
slices for the object in question or automatically 
using the software’s algorithms based on the con-
trast against surrounding structures. Once a 3D 
model has been built, the segmented volumes 
require surface smoothing and hole filling to gen-
erate a final volume.

3.3	� Method Comparison

With the easy access of the necessary computer 
programmes, segmentation models are now the 
gold standard method for measuring cyst volume. 
Segmentation allows more accurate measure-
ment, particularly of irregular shapes, than the 
MacDonald method. A study by Tamimi et  al. 
[39] using a mixed cohort of locations and ages 
found that volumetric segmentation models gen-
erated a larger cyst volume than the modified 
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2.5 cm

Image slices

h 0.4 cm

Volume =    x π × r3

r

4
3

65.45cm3 =    x π × 2.534
3

Volume a sphere part =    x π × h2 × (3r – h)1
3

1.19cm3 =    x π × 0.42 × (3x 2.5 – 0.4)1
3

Fig. 1  A schematic demonstrating total cyst volume (left) and the volume of cyst missed in imaging slices (right)

MacDonald method. However, the percentage 
volume change between pre- and post-operative 
scans was the same for both approaches. Neither 
method better correlated with symptom improve-
ment. There is no consensus of whether auto-
mated or manual methods for defining the volume 
perimeter are more accurate, and it is likely that 
any differences are not clinically significant.

3.4	� Classification of Post-
Operative Radiological 
Outcomes

Once the cyst volume has been calculated pre- 
and post-operatively, it is possible to assign 
radiological outcomes based on the percentage of 
improvement. A volume reduction dichotomised 
to >50% or <50% is most commonly used in the 
literature to demonstrate surgical success. 
Helland et  al. have expanded this to describe a 
simple 1–4 scoring system ranging from com-
plete cyst disappearance (NOG1), >50% reduc-
tion (NOG2) and <50% reduction (NOG3) to no 
change (NOG4) [17]. How well these classifica-
tions actually relate to clinical outcome will be 
described below.

4	� Influence of Surgical 
Modality on Brain Plasticity

As already well described, there are three broad 
categories for surgical intervention to treat an 
AC. These are endoscopic fenestration, microsur-
gical fenestration/marsupialisation and cysto-
peritoneal shunting. Choosing between 
approaches is based on cyst location and surgeon 
preference and will not be discussed here nor will 
the clinical outcomes; however we will consider 
the effect of surgical approach on post-operative 
cyst volume change.

4.1	� Endoscopic Series

4.1.1	� Sylvian Fissure Cysts
The Sylvian fissure AC is the most common loca-
tion, and its adjacence to the basal cisterns makes 
it ideal to be treated by fenestration. Over the last 
30 years as endoscopic technology has improved, 
there has been a shift towards performing these 
fenestrations endoscopically.

Li et al. [25] used volumetric segmentation for 
their 28 patients and found average pre-operative 
volume of 135 cm3 which reduced to 93 cm3 at 
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4-month follow-up of which 21% of patients did 
not change their volume at all. The series from 
Couvreur et al. [8] reported that 91% of patients 
with a Sylvian cyst treated endoscopically saw at 
least a 10% cyst volume reduction afterwards. 
This was further itemised by Galassi classifica-
tion with 100% of Galassi 1 and 88% of Galassi 
3 cysts reaching the threshold of 10% reduction. 
Gui et al. [15] found that 16% of Sylvian cysts 
radiologically fully resolved, 60% showed partial 
reduction and 24% did not change in volume. 
Okano et al. [30] found similar results with 11% 
disappearing completely and the remainder 
showing partial resolution.

Notwithstanding the different reporting mea-
sures for radiological outcomes, all series of 
Sylvian cysts report up to 20% of patients show-
ing no improvement with approximately 10–20% 
seeing full resolution.

4.1.2	� Suprasellar Cysts
Suprasellar cysts are naturally much smaller than 
those in the Sylvian fissure, and thus the absolute 
volume reduction is not comparable. Given that 
they are less common, there are fewer series pub-
lished on their radiological outcomes compared 
to the Sylvian location. A useful classification 
scheme from Paris combines an anatomical ori-
gin of these cysts with clinical and radiological 
features [5].

Gangemi et al. [13] published a series of five 
suprasellar cysts managed endoscopically using a 
mixture of ventriculo-cystostomy and ventriculo-
cysto-cisternostomy (VCC). They found an aver-
age volume reduction of 34% including one 
patient whose cyst was unchanged. Ma et al. [26] 
presented a larger series of 23 patients treated 
predominantly with VCC and found a 68% aver-
age volume reduction, double that seen by 
Gangemi et  al. The high pre-operative volume 
(mean 39 cm3) in Ma et al. may have resulted in 
large volume changes. Rizk et al. [33] only had 
six patients but started with an even higher mean 
of 153 cm3 and achieved a 75% volume reduc-
tion. Lastly, Maher and Goumnerova [27] treated 
11 patients using VCC but did not use volumet-

rics for comparison although they did find that 
73% of cysts fully resolved and only one did not 
change at all.

4.2	� Open Series

Open microsurgical techniques depend on the 
cyst location and proximity to a CSF space, and 
the options include fenestration into a cistern or 
ventricle or marsupialisation (remove the parietal 
cyst membrane) or both.

The Helland and Wester group presented a 
series of 45 patients [21] treated with craniotomy, 
parietal cyst wall resection and cistern fenestra-
tion, all of which were Sylvian in location. Using 
their NOG outcome classification, 55% of their 
patients achieved a 50% reduction in cyst volume 
or better, and only 4% had no change in cyst 
volume.

The series of 20 patients by Tamimi et al. [39] 
contained an assortment of locations and patient 
ages treated with fenestration and cyst wall 
removal. Eighty-five percent of the series had a 
Sylvian/fronto-temporo-parietal cyst making it 
loosely comparable to Helland and Wester, and 
they achieved an overall reduction in cyst volume 
from 111 cm3 to 34 cm3 (70% reduction). Only 
two patients had a reduction of less than 10%. 
Unfortunately, because they report outcomes 
using different measures, it isn’t possible to make 
further comparisons between these two purely 
open series.

4.3	� Cysto-peritoneal Shunt Series

The large series by Zhang et al. [43] of primary 
cysto-peritoneal shunting in children reports that 
only 5% of cysts did not reduce in volume. This 
is comparable to the two open series described 
above. Unfortunately, Zhang et al. did not include 
further details on cyst volumes or percent (%) 
volume reduction which are required to further 
compare this series to volume reduction in other 
treatment methods [43].
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4.4	� Series Comparing Surgical 
Modalities

Our series contained 56 patients treated with any 
of the three modalities [16]. The overall cyst vol-
ume change ranged from 30 to 40% for each 
technique which is more modest than some of the 
open series described above. Even when we 
focused on the subgroup with Sylvian cysts, both 
the endoscopic and microsurgical groups only 
achieved 25–30% volume reduction which is 
much lower than the 70% reported by Tamimi 
et al. [39]. Our clinical outcomes were still com-
parable despite the lower volume reduction as 
will be discussed further below.

Amelot et  al. [4] published a large series of 
patients with Sylvian ACs with an average pre-
operative volume of 107  cm3 which matches 
Tamimi et  al. [39] above. However, they also 
found lower volume reduction than Tamimi et al. 
ranging from 45 to 60%. Amelot et al. confirmed 
our results that there is little difference in radio-
logical outcome between endoscopic and micro-
surgical procedures. Amelot et  al. were able to 
better compare CP shunts and demonstrated that 
cyst volume reduction was greater (60%) than the 
other techniques albeit not significantly so.

The trend of greater volume reduction follow-
ing CP shunting has been repeated in several 
other studies comparing the three treatment 
modalities. Kandenwein et  al. [22] compared 
open fenestration (+ cyst wall resection in one 
third) to cysto-peritoneal shunting and found a 
higher volume reduction in shunts than with open 
fenestration (74% vs. 58%). Shim et al. [36] mea-
sured how many patients achieved >50% cyst 
volume reduction and found this threshold was 
reached in 100% of CP shunt, 92% of open pro-
cedures and only 75% of endoscopic fenestra-
tions. Lastly, a systematic review of AC treatment 
in patients over 60 years old [28] reported using 
the Helland and Wester classification found that 
85–88% of patients treated with cysto-peritoneal 
shunting or cyst wall resection achieved at least 
>50% volume reduction, but this was only 
achieved by 68% of patients treated with fenes-
tration (endoscopic or microsurgical). This last 
paper is slightly marred by the grouping of 

microsurgical and endoscopic fenestrations 
together but does raise the suggestion that cyst 
wall removal may provide superior radiological 
results compared to fenestration alone.

Chen et  al. [7] published a meta-analysis of 
treatment methods for Sylvian ACs. They report 
on the rate of cyst reduction and found that 93% 
of cysts treated with CP shunts reduce in size 
compared to 87% managed with craniotomy and 
76% managed with endoscopy.

Comparing the cyst volume reduction across 
surgical modalities is inherently limited due to 
the heterogeneity of the groups. The current evi-
dence is limited to small-volume single-centre 
series and a single meta-analysis on Sylvian 
cysts. The mixture of ages and cyst locations as 
well as different measures for radiological suc-
cess makes it difficult to make direct comparison 
between techniques. It also does not recognise 
that clinical success in different locations, e.g. 
suprasellar or posterior fossa, may be achieved 
with smaller cyst volume changes and the tech-
nique offering the highest change of cyst obliter-
ation may not be necessary.

Similar measurements of the ventricular sys-
tem after successful endoscopic third ventricu-
lostomy [37] showed that the degree of volume 
reduction correlated with the initial size (larger 
ventricles showed smaller reduction) and the 
chronicity of the symptoms (longer duration had 
smaller reduction). In addition, the ventricular 
size even after some reduction and clinical 
improvement remained supernormal and stabi-
lized between 3 and 6 months. In contrast, mea-
surements in hydrocephalic patients treated with 
VP shunts showed more obvious volume reduc-
tions and a tendency to stabilise between 6 and 
12 months [42].

5	� Correlation 
of Symptomatology to Cyst 
Volume Reduction

The primary aim of surgical intervention for the 
large or growing AC is to improve the symptoms 
experienced by the patient. The symptoms vary 
by cyst location but can include headaches, focal 
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neurology, seizures, papilledema and reduced 
level of consciousness. In order to manage surgi-
cal goals and patient expectations, it is important 
to understand how radiological outcomes relate 
to clinical outcomes and thus what degree of 
brain plasticity and cyst reduction constitute a 
surgical success.

In our own series of 56 patients [16] with 
symptomatic ACs treated by either endoscopic, 
microsurgical or shunting techniques, we dichot-
omised patients based on volume reduction of 
greater or less than 50%. We found that the per-
centage of patients with symptom improvement 
or resolution was approximately 90% in both 
groups. Galarza et al. [12] found similar results 
with 100% of patients symptom-free after sur-
gery despite two thirds of patients having <50% 
reduction in cyst volume. This was true for both 
fenestration and shunting procedures. Other case 
series [3, 8, 14, 24] report no correlation between 
radiological and clinical outcomes without pro-
viding specific data.

Contrary to the above series, Kandenwein 
et  al. found that the amount of cyst resolution 
weakly correlated with the degree of clinical 
improvement (r = 0.34, p = 0.035). Although 
when dichotomising cyst volume reduction 
>50% and <50% as the series above, despite a 
clear trend favouring more good outcomes in the 
>50% reduction group, there was no significant 
difference. Unlike the series above which group 
all degrees of partial improvement together, 
Kandenwein’s assessment of clinical improve-
ment divided partial improvement into slight and 
significant. Thus, patients with only slight 
improvement may be diluting the treatment effect 
of larger volume reductions in other series.

Tamimi et al. [39] analysed a cohort of mixed 
cyst location in adults and paediatric patients 
treated by microsurgical fenestration. They 
grouped patients in the opposite manner by either 
complete or partial resolution of symptoms and 
found no difference in the percentage reduction 
in cyst volume in either group (49 vs. 60%).

The work by Helland and Wester further con-
firms the lack of correlation between size reduc-

tion and clinical outcomes in adults [18]. They 
found that 85% of patients had symptom 
reduction/resolution in both the groups with 
>50% and <50% cyst volume reduction. 
However, in their series on paediatric ACs, they 
did find a significant association between clinical 
and radiological outcomes [17]. Whether or not a 
paediatric subgroup of patients demonstrate bet-
ter correlation between brain re-expansion and 
cyst volume reduction than adults is difficult to 
confirm as other paediatric cohorts have found no 
correlation [32].

The above studies measured clinical outcome 
using change in symptoms; however Mørkve 
et al. [29] prospectively included quality-of-life 
metrics (SF-36 and Glasgow Benefit Inventory) 
in addition to clinical symptoms. While they con-
firmed that improvement of symptoms including 
headache and dizziness improved quality of life, 
the degree of reduction in cyst volume was not 
associated with improved quality of life. Using a 
maze learning test around the hospital corridors, 
the Wester group demonstrated that in a cohort of 
mixed ages and cyst locations, the post-operative 
group performed better in maze learning, com-
pared to pre-operatively, which correlated with 
symptom improvement but not with the degree of 
cyst volume reduction [21].

Karabagli and Etus [23] found that despite a 
clinical success rate of 90% only 55% of patients 
showed a reduction in cyst volume. However 
more than three quarters of patients had radio-
logical evidence of a patent fenestration which 
suggests that cyst communication and thus intra-
cystic pressure reduction are more important than 
cyst volume.

In conclusion, the evidence on whether clinical 
symptom improvement correlates with the per-
centage of cyst size reduction is limited to single-
centre case series. The majority of these series 
report improvement following surgery but do not 
show a relationship between symptom improve-
ment and cyst volume change. However, these 
series are often a mixture of ages and locations 
and contain low numbers; thus it remains possible 
that in certain subgroups a correlation does exist.
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6	� Temporal Pattern of Cyst 
Volume Reduction

It is expected that cyst volumes will reduce fol-
lowing surgery, but over what time period does 
this occur? Understanding this will help with 
patient counselling and planning routine post-
operative imaging. Most surgical series describe 
a single point of follow-up, usually at the latest 
time point available, which misses how the cyst 
changes over time.

The series by Rabiei et al. [32] on paediatric 
cysts provides good long-term follow-up. They 
imaged patients at 3 and 12 months and found a 
significant different between pre-operative and 3 
months, but no significant difference in cyst vol-
umes between 3 and 12 months.

Schulz et al. [35] followed a paediatric series 
with mixed locations and treatment types for a 
median of 26 months. The short-term post-
operative radiological follow-up (2–4 months) 
showed significantly smaller cyst volumes com-
pared to pre-operatively, but no further signifi-
cant reduction was seen at long-term follow-up 
(16–34 months). Lastly, Pitsika and Sgouros [31] 
published a small cohort of four patients which 
further confirms this picture whereby most of the 
improvement occurs in the first 3–6 months and 
then no/minimal change up to 48 months.

The similar results of these series show that all 
significant post-operative changes occur within 
the first few months (up to 6 months). 
Unfortunately, both of these series include a mix-
ture of open and endoscopic techniques, and thus 
any differences due to surgical approach are not 
seen. Furthermore, neither series included CP 
shunting which instinctively is likely to cause 
even more rapid drainage of the cyst contents.

7	� Brain Plasticity in Adults 
Compared to Children

Children and adults have different brain compli-
ance depending on their age. Older people are 
known to have decreased brain compliance [9] 
and thus a decreased change in volume per unit of 
pressure. This affects brain plasticity when the 

intra-cystic pressure is released and thus the final 
volume of the cyst following surgery.

Making comparisons of volume reduction 
based on age is challenging because the recent 
literature is heavily weighted towards reporting 
paediatric rather than adult series. Furthermore, 
different methods of reporting, i.e. absolute vol-
umes versus classifications, make it difficult to 
directly compare outcomes across the series. In 
order to make some comparisons based on age, 
we will focus on discussing the Sylvian cyst, as 
the archetypical location, in order to remove cyst 
location as a confounder.

The series by Helland et al. [17] reported just 
over half of their paediatric temporal cysts were 
no longer visible on follow-up imaging and a fur-
ther 21% were reduced to between 0 and 50% 
giving an overall rate of 75% experiencing at 
least 50% size reduction. By comparison their 
adult series [20] demonstrated lower extents of 
volume whereby only 28% were completely 
obliterated and a further 32% showed at least 
50% reduction meaning only 60% of their 
patients achieved at least 50% reduction.

The results from the adult series by Wang 
et al. [41] do not split partial resolution into > or 
<50% and so are difficult to compare to Helland 
et al. [20]. However, their rate of complete cyst 
resolution (12%) is less than half that reported by 
Helland. Notably both of these adult series 
treated >80% of their Sylvian cysts via craniot-
omy and the remainder with shunts (cysto-
subdural in Helland et al. or cysto-peritoneal in 
Wang et  al.) so how comparable these findings 
are to modern practice which favours endoscopic 
fenestration and how much the differences in 
radiological outcome are due to the different 
shunt procedure are unknown.

Karabagli and Etus [23] reported only 50% of 
paediatric patients had any cyst volume reduc-
tion which is much lower than Helland et  al. 
Among other paediatric series, the pre-operative 
volume of a Sylvian AC ranges from 65 to 
230 cm3 which reduced to 15–119 cm3 following 
surgery with an average volume reduction of 
45–61% [4, 31, 32, 35]. These figures include 
treatment through either endoscopic or micro-
surgical techniques.
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Given that Karabagli and Etus [23] found 50% 
of paediatric cysts did not improve and Schulz 
et al. [35] found that 22% of patients had <10% 
improvement (akin to no improvement), the 
results from El-Ghandour [11] suggest that infant 
patients may be a distinct subgroup with regard 
to radiological outcomes. El-Ghandour found 
that only 6% of infants with middle fossa cysts 
did not show radiological improvement follow-
ing endoscopic fenestration. Why infants show 
favourable radiological outcomes compared to 
other children has not been discussed, but poten-
tial mechanisms may include differing compli-
ance of the unmyelinated brain or different CSF 
hydrodynamics that change with age.

The work by Tamimi et al. [39] comparing the 
modified MacDonald method to 3D segmenta-
tion for measuring volumes includes volume 
changes in adults and children for direct com-
parison. The series had a mixture of locations 
with 55% being Sylvian; however the spread of 
locations was comparable between age groups. 
Children exhibited approximately 20% greater 
reduction in cyst volume post-operatively com-
pared to adults when measured with 3D volumet-
ric models. Of note, the opposite results were 
found using the modified MacDonald method; 
however 3D segmentation is regarded as more 
accurate. This result is consistent with the work 
by Helland et al. above.

Li et al. [25] provide a further direct compari-
son between adults and children using 3D seg-
mentation models in their series of Sylvian cysts. 
They found a statistically significant difference in 
the ages of patients whose cyst volumes reduced 
compared to those that remained unchanged (4.5 
vs. 19 years).

8	� Illustrative Cases

The following cases demonstrate some of the 
findings discussed above. All segmentation mod-
els have been generated by the authors using 
Brainlab (Munich, Germany).

8.1	� Case 1: Sylvian Fissure

A 4-year-old female presented through the emer-
gency department with a 10-day history of pro-
gressive headaches and vomiting following a 
minor head injury. She had not previously suf-
fered with headaches nor any other neurological 
symptoms. She had no past medical history. On 
examination she was GCS 15/15 with no focal 
neurological deficit. She underwent CT scan in 
her local hospital which demonstrated a left 
Sylvian AC with hygroma and 5 mm of midline 
shift which was later confirmed with MRI. The 
pre-operative T2 MRI (Fig. 2a) demonstrates the 
membranous boundary between the AC and the 
subdural space which can be further identified by 
the vessels which run in the outer, parietal cyst 
membrane but do not transverse the subdural 
space (Fig. 2b). Segmentation models show that 
the cyst volume is 74  cm3, and the ipsilateral 
hygroma is 202 cm3 (Fig. 3).

The patient underwent endoscopic fenestra-
tion with a left temporal burr hole followed by 
fenestrations through the cyst wall into the 
optico-carotid and carotid oculo-motor triangle. 
Post-operatively the patient made a full recovery. 
Their post-operative MRI scan at 3 months 
(Fig.  2c) shows the cyst now measures 15  cm3 
(80% reduction) and the midline shift has 
resolved, but the subdural hygroma has not 
changed at 202 cm3 (Fig. 3).

The patient likely started with a very large 
Galassi type 3 cyst which ruptured into the sub-
dural space following trauma. The cyst itself is 
well decompressed as a result of a patent fenes-
tration with some visible brain plasticity, notably 
the frontal operculum, and an objectively reduced 
cyst volume. Interestingly the hygroma remains 
unchanged as the severely deformed brain is 
unable to expand enough to fill the void likely 
due to the long-standing nature of the compres-
sion. The presence of a hygroma is clinically 
insignificant though the patient is asymptomatic, 
and over the following years, the brain may 
expand further.

S. Hall et al.
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a b c

Fig. 2  Pre-operative MRI T2 sequence for case 1 (a + b) and post-operative MRI T2 (c)

Fig. 3  Segmentation models demonstrating the cyst in yellow and subdural hygroma in blue (top, pre-operative; bot-
tom, post-operative)
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8.2	� Case 2: Convexity AC

A male patient was born at term with an ante-
natal diagnosis of a convexity AC. On examina-
tion he had macrocrania with a head circumference 
on the 99.6th centile but no other neurological 
deficit. He underwent MRI scan on day 2 of life 
(Fig.  4) which demonstrated a large convexity 
AC. Segmentation confirms the volume at 
235 cm3. Of note an ante-natal MRI scan 1 week 
prior to birth had a cyst volume of 201 cm3.

The cyst wall extended to the quadrigeminal 
cistern which presents a potential site of fenestra-
tion. However, given the patient’s young age and 

the high-risk anatomy in the quadrigeminal cis-
tern, it was decided he should undergo a cysto-
peritoneal shunt which was completed without 
incident on day 4. A post-operative MRI scan 
(Fig. 5) 1 month following surgery demonstrated 
complete obliteration of the cyst with a thin 
hygroma. He required no further surgical inter-
vention and at 2 years of follow-up was develop-
ing normally, and his head circumference 
stabilised at the 91st centile.

This case demonstrates both the validity of min-
imally invasive approaches and the plasticity of the 
paediatric brain. While it is appealing to fenestrate 
the cyst because it is a definitive treatment option 

Fig. 4  Pre-operative MRI for case 2 including segmentation
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and avoids the risk of shunt dependency, very good 
results are achievable with CP shunts. In this case 
the cyst rapidly emptied allowing full re-expansion 
of the brain. In the young, unmyelinated brain, 
there is little pressure differential across the stoma 
because the brain lacks stiffness to push against the 
cyst, whereas a shunt generates a much greater 
pressure differential between the intra-cystic and 
intra-abdominal compartments.

8.3	� Case 3: Suprasellar AC

This 8-year-old girl is known to the neurosurgi-
cal department for undergoing a ventriculo-
peritoneal shunt at 1 year of age to treat 
post-traumatic hydrocephalus. A routine MRI 
at 2 years of age demonstrated a suprasellar 
arachnoid cyst measuring 2.7  cm3. This was 
managed conservatively with a repeat MRI at 8 
years showing the cyst had grown to 3.7  cm3 
(Fig.  6a) and was now distorting the pituitary 
stalk and optic chiasm. Due to the concern of 
future endocrine and/or visual disturbance, she 
underwent an endoscopic ventriculo-cystos-
tomy. Fenestration into the cistern was not pos-
sible due to thickened opaque arachnoid 
membranes which were not easily divided nor 
could vasculature be visualised. A post-opera-
tive MRI at 2 months (Fig.  6b) demonstrated 
the cyst volume had now reduced to 2.8  cm3 
(21% reduction) and the bowing of the pituitary 
stalk and optic tracts had reduced. Their post-
operative course was uneventful, and they 
remain asymptomatic.

This case demonstrates the importance of the 
correct MRI sequences when dealing with small 
cysts in the suprasellar region. Being able to 
define the membranes is crucial in order to 
accurately measure the cyst volume especially 
when volumes are small and thus more suscep-Fig. 5  Post-operative MRI for case 2

Fig. 6  Sagittal MRI for case 3 before (a) and after (b) surgery
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tible to errors. It also demonstrates that cysts in 
some locations do not need a large volume 
change in order to achieve a clinically success-
ful surgery.

9	� Proposed Algorithm 
for the Follow-Up 
of Untreated Arachnoid 
Cysts

clinic assessment every
4–6 weeks MRI in 6 months

clinic assessment every 6 months
MRI every year (fast T2)

if stable on second MRI
with at least

1 year interval  discharge

if stable on second MRI
with at least

1 year interval  discharge

age: <1 year age: 1-4 years

age: >16 years

age: 4 - 16 years

asymptomatic arachnoid cyst - children

asymptomatic arachnoid cyst - adults

 

The above diagram shows an algorithm pro-
posed by the senior author for the follow-up of 
asymptomatic ACs, based on the age of the 
patient at diagnosis. It is mostly applied for mid-
dle fossa ACs, and it’s based on the seminal work 
of Al-Holou et al. [1, 2].

10	� Conclusion

There is a significant literature reporting radio-
logical outcomes after AC surgery. However, it is 
difficult to draw any conclusions on the cyst vol-
ume reduction following surgery due to the het-
erogeneity in outcome reporting. Ideally future 
series will present volumetric data in order to 
allow comparison between studies. A number of 
trends are noted in the studies discussed above. 
Firstly, cyst volume reduction following surgery 
does not correlate with clinical improvement. 
Secondly, the greatest change in cyst volume fol-
lowing surgery is seen in the first 6 months, with 

minimal reduction in volume seen beyond this 
time point. Finally, brain plasticity/cyst volume 
changes reduce as the patient ages. The primary 
role of post-operative imaging may therefore be 
to obtain a new baseline cyst volume to monitor 
for re-growth rather than as a marker of treatment 
success.
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