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INTRODUCTION

Arachnoid cysts are benign, cerebrospinal fluid (CSF)-filled spaces within the arachnoid layer of 
the meninges. ey have a predilection for the middle cranial fossa but can appear in the anterior 

ABSTRACT
Background: Intracranial arachnoid cysts (AC) are benign, cerebrospinal fluid filled spaces within the arachnoid 
layer of the meninges. Neurosurgical intervention in children and young adults has been extensively studied, but 
the optimal strategy in the elderly remains unclear. erefore, we performed a single center retrospective study 
combined with a systematic review of the literature to compare cystoperitoneal (CP) shunting with other surgical 
approaches in the elderly cohort.

Methods: Retrospective neurosurgical database search between January 2005 and December 2018, and systematic 
review of the literature using PRISMA guidelines were performed. Inclusion criteria: Age 60  years or older, 
radiological diagnosis of intracranial AC, neurosurgical intervention, and neuroradiological (NOG score)/clinical 
outcome (COG score). Data from both sources were pooled and statistically analyzed.

Results: Our literature search yielded 12 studies (34  patients), which were pooled with our institutional data 
(13 patients). CP shunts (7 patients; 15%), cyst fenestration (28 patients; 60%) and cyst marsupialisation/resection 
(10 patients; 21%) were the commonest approaches. Average duration of follow-up was 23.6, 26.9, and 9.5 months 
for each approach, respectively. ere was no statistically significant association between choice of surgical 
intervention and NOG score (P = 0.417), COG score (P = 0.601), or complication rate (P = 0.955). However, CP 
shunting had the lowest complication rate, with only one patient developing chronic subdural haematoma.

Conclusion: CP shunting is a safe and effective surgical treatment strategy for ACs in the elderly. It has similar 
clinical and radiological outcomes but superior risk profile when compared with other approaches. We advocate 
CP shunting as first line neurosurgical intervention for the management of intracranial ACs in the elderly.
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and posterior cranial fossae and more rarely within the sella 
or parenchyma.[59] ey are commonly first encountered 
incidentally, resulting in an estimated prevalence of 1.1–2.3% 
in adults and 2.6% in children.[43,55]

Individuals may remain asymptomatic for their entire life 
despite the apparent expansive behaviour of arachnoid 
cysts which can, in some instances, cause mass effect on 
surrounding structures. Symptomatic lesions tend to present 
with signs and symptoms of raised intracranial pressure, focal 
neurological deficit, or cortical irritation resulting in seizure 
activity. e patients may also suffer with neuropsychiatric 
disturbances, which have been shown to improve following 
cyst decompression.[18] Several studies have examined the 
clinical features and management of arachnoid cysts in the 
pediatric cohort. While the underlying aetiology of arachnoid 
cysts in children is more likely congenital,[25] in adults there 
are alternative plausible aetiologies for example traumatic 
brain injury.[18] Within studies exploring arachnoid cysts in 
adults, there is a paucity of data regarding management in 
elderly patients. However, a recent Swedish population-based 
study reported a prevalence as high as 2.3% in the elderly.[43]

e general consensus among neurosurgeons dictates that 
surgical decompression is recommended for symptomatic 
cysts and can lead to improved quality of life.[37] However, there 
are a several surgical options including needle aspiration, 
cystoperitoneal (CP) shunting, endoscopic fenestration 
(into basal cisterns, subarachnoid space or ventricles), or 
craniotomy for cystectomy or marsupialization.[7,38,40,61] 
Despite considerable evidence regarding surgical treatment 
in children and young adults, the optimal surgical strategy 
in the elderly remains unclear. In this study, we combine our 
retrospective data with a systematic review of the literature 
to clarify the role of CP shunting in elderly patients with 
symptomatic intracranial arachnoid cysts.

MATERIALS AND METHODS

Institutional data

A retrospective review of our local neurosurgical database 
between January 2005 and December 2018 was performed 
to identify patients fulfilling the following criteria: (1) age 
more than or equal to 60  years; (2) radiological diagnosis 
of arachnoid cyst or histological diagnosis if available; 
(3)  surgical management of arachnoid cyst. e following 
data were extracted: patient demographics, clinical 
presentation, anatomical location of cyst, cyst size and 
volume, Galassi score (if located in the middle cranial fossa), 
choice of surgical intervention, post-operative complications, 
clinical/neuroradiological outcomes, and duration of 
follow-up. Clinical (COG) neuroradiological outcomes (NOG) 
at follow-up were defined in accordance with the classification 
system designed by Helland and Wester (2007) [Table 1].[21]

Systematic review of the literature

Systematic review of the literature was performed in 
accordance with Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines.[36] e protocol 
for this systematic review was registered on PROSPERO 
(CRD42020180628).

Search strategy

A multi-database (PubMed, Embase, Web of Science) 
literature search between January 1980 and May 2020 was 
performed by authors SO and WC. Conflict of opinion was 
settled by PL and MZ. Varying combinations of the following 
search terms were used: arachnoid cyst, cystoperitoneal 
shunt, endoscopic fenestration, and marsupialization. 
Only articles in English were included in the study. e 
bibliographies of identified papers were examined to identify 
any further relevant articles. All titles and abstracts were 
reviewed. Eligible studies were included if they satisfied the 
following criteria: 1) diagnosis of intracranial arachnoid 
cysts; 2) patient age equal to or >60  years; 3) reported 
outcomes of surgical intervention including, but not limited 
to, CP shunt, endoscopic fenestration, and marsupialisation. 
Any uncertainties were discussed with the authors JM/MZ.

Data extraction/analysis

Data were extracted from selected papers and included 
patient demographics, clinical presentation, anatomical 
location of cyst, cyst size and volume, Galassi score (if located 
in the middle cranial fossa), choice of surgical intervention, 
post-operative complications, clinical/neuroradiological 
outcomes, and duration of follow-up. Critical appraisal of 
included studies, and risk of bias was analysed by SM, MM, 
and JL using an adapted version of the risk of bias in non-
randomised studies of interventions assessment tool.[48]

Statistical analysis

Baseline characteristics (patient demographics, clinical 
presentation, cyst location, size, volume) were summarized 

Table 1: Helland and Wester (2007)[12] Outcome classification for 
surgically treated arachnoid cysts.

COG 1 Symptom 
resolved

NOG 1 Cyst no longer 
visible

COG 2 Symptom 
reduced

NOG 2 Fluid volume still 
visible but<50%

COG 3 Symptom 
unchanged

NOG 3 Fluid volume still 
visible but>50%

COG 4 Symptom 
worse

NOG 4 No change

NOG: Neuroimaging outcome groups, COG: Clinical outcome group
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using descriptive statistics. Continuous variables were 
reported as means with standard deviation. Outcome data 
(NOG, COG, complication rates) were analyzed using the 
Chi-square statistic given the non-parametric distribution 
of our data. For this purpose, NOG/COG was dichotomized 
into satisfactory outcomes defined as outcomes 1–2, and 
unsatisfactory defined as 3–4.

RESULTS

Retrospective analysis of our institutional data yielded a 
total of 13 patients within the elderly cohort that underwent 
surgical management of arachnoid cysts. Average age 
was 66  years, and the majority of patients were female 
(n = 10; 76.9%). Cyst locations included frontal (n = 4; 
30.8%), posterior fossa (n = 4; 30.8%), sellar (n = 2; 15.4%), 
intracerebral (n = 1; 7.7%), interhemispheric (n = 7.7%), and 
middle cranial fossa (n = 1; 7.7%). Cysts were either left sided 
(n = 6; 46.2%), right sided (n = 2; 15.3%), or located in the 
midline (n = 5; 38.5%). Four patients (30.7%) underwent CP 
shunt insertion, 6 underwent cyst fenestration (46.2%) – five 
were through craniotomy and one through endoscope, 
2  patients had cyst marsupialisation (15.4%), and 1  patient 
(7.7%) underwent a mix of endoscopic fenestration and CP 
shunt insertion [Table 2].

Following systematic review of the literature, a total of 
12 articles were eligible for inclusion, consisting of: 4 
observational cohort studies, 4 prospective cohort studies, 
3 non-randomised comparative studies, and 1 retrospective 
study. e majority of include studies were at a moderate 
risk of bias (n = 9; 75%) [Table 3]. A total of 34 patients were 
isolated from included studies [Appendix 1 for individual 
details] and pooled with our institutional data for further 
analysis, yielding a total of 47  patients. Average age of 
included patients was 67 years (range 60–94 years), and the 

majority of patients were female (n = 25; 53%). e most 
common location was within the middle cranial fossa (n 
= 19; 40%), with a mode of 3 for Galassi score – 4 were Galassi 
1, 4 were Galassi 2 and 5 were Galassi 3  (6 were unstated). 
e remainder was constituted of frontal (n  =  8; 17%), 
posterior fossa (n = 6; 13%), sellar/suprasellar (n = 5; 11%), 
interhemispheric fissure (n = 4; 9%), intra-  or para-
ventricular (n = 4; 9%), and intracerebral (n = 1; 2%) regions. 
e cyst dimensions were quantified for nine patients (19%) 
with an average volume of 21.3 cm3 (range 7.2–65.4 cm3).

CP shunting was performed on 7 patients (15%), whilst the 
majority of patients underwent cyst fenestration (n = 28, 
60%). Cyst fenestration was specified as being performed 
endoscopically (n = 3) or via craniotomy (n = 4) in 7 patients, 
whilst the remainder were unspecified. Of the remainder, 
craniotomy and cyst resection or marsupialisation (n =  10; 
21%), ventriculoperitoneal shunt insertion (n = 1; 2%), 
or combined endoscopic fenestration and CP shunting 
(n =  1;  2%) were performed. e final two patients were 
excluded from further analysis. e average follow-up 
duration was 17.8 months (range 0–96 months).

e clinical and radiological outcomes were analyzed 
according to Helland and Wester (2007) classification[21] 
[Table  1]. Only one complication was reported in the CP 
shunting group: A chronic subdural haematoma requiring burr 
hole drainage over a 3-year follow-up period. Complications 
in the fenestration group (n =  5,  18%) included an acute 
subdural hematoma, CSF leak and meningitis, subdural 
hygroma, and 2 cyst recurrences requiring re-treatment. 
Complications in the cyst resection/marsupialization group 
(n = 2, 20%) included wound dehiscence requiring washout 
and antibiotics and recurrence of cyst requiring repeat surgery. 
Average duration of follow-up was 23.6, 26.9, and 9.5 months 
for CP shunting, cyst fenestration, and cyst resection groups 

Table 2: Baseline characteristics of patients who underwent surgery at our institution.

S. No. Age Sex Location Side Volume (cm3) Surgery type

1. 69 F Frontal L CP Shunt
2. 78 F Frontal L CP Shunt
3. 60 F Frontal L 52.6 CP Shunt
4. 61 F Frontal L CP Shunt
5. 60 F IC-O L Marsupialisation
6. 64 F Interhemispheric M 26.3 Fenestration-C
7. 64 F PF R 9.8 Fenestration-C
8. 65 F PF R 9.8 Fenestration-C
9. 67 F PF M 20.2 Fenestration-C
10. 60 M PF M 65.4 Fenestration-C
11. 70 F Sellar M 4.7 Fenestration-E
12. 79 M Sellar M 2.6 Marsupialization
13. 63 M MCF L 22.3 Fenestration–E+CP shunt
MCF: Middle cranial fossa, IC-O: Intracerebral occipital, PF: Posterior fossa, L: Left, R: Right, M: Midline, CP: Cystoperitoneal Fenestration, C: craniotomy 
and fenestration, E: Endoscopic fenestration
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respectively. Overall, there were no statistically significant 
associations between NOG score (P = 0.417), COG score 
(P =  0.601), or complication rate (P = 0.955) and surgical 
approach [Tables 4 and 5].

Cyst resection/marsupialisation had the lowest complication 
rate at 10% but with the shortest follow-up duration, while 
fenestration had the highest complication rate at 18% with 
the longest follow-up duration.

DISCUSSION

It is generally agreed that symptomatic intracranial arachnoid 
cysts require surgical treatment to alleviate symptoms and 
prevent progression to permanent neurological deficit. 
Surgical treatment options include needle aspiration, 
cyst fenestration, cyst resection/marsupialization, or CP 
shunting. e optimal strategy remains enigmatic among the 
neurosurgical community. To date, several studies examine 
evidence for optimal management in children and young 
adults, but not in the elderly. Our findings demonstrate that 
CP shunting is an effective first line management option for 
management of arachnoid cysts in the elderly.

CP shunting is generally considered safe and effective with 
relatively low rates of morbidity and mortality. Our findings 
demonstrate no significant difference in outcome when 
comparing this approach with fenestration or surgical 

resection. From studies included in our systematic review, 
only one patient that underwent CP shunting suffered a 
complication. is patient developed a chronic subdural 
hematoma over a 3-year follow-up period and required burr 
hole drainage. ere were, however, no reports of repeat 
surgery for the arachnoid cyst itself. In contrast, complications 

Table 3: Summary of risk of bias assessment as per ROBINS-I criteria.

S. No. Study Confounding Selection Intervention 
classification

Deviation 
from 
intervention

Missing 
data

Measurement 
of outcome

Selection 
of reported 
result

Overall

1. Gjerde et al. 
2013

Low Low Low Low Low Low Moderate Moderate

2. Isaksen et al. 
2013

Low Low Low Low Moderate Low Moderate Moderate

3. Khan 2012 Low Low Low Low Critical Low Serious Critical
4. Maher and 

Goumnerova 
2011

Low Low Low Low Moderate Moderate Low Moderate

5. Oertel et al. 
2009

Low Low Low Low Low Moderate Low Moderate

6. Shim et al. 
2012

Low Low Low Low Low Moderate Low Moderate

7. Shou et al. 
2015

Low Low Serious Low Low Critical Serious Critical

8. Tabakow  
et al. 2019

Low Low Low Low Low Moderate Low Moderate

9. Tunes et al. 
2013

Low Low Low Low Moderate Moderate Low Moderate

10. Wester 1996 Low Low Low Low Low Low Moderate Moderate
11. Choi 2011 Low Low Serious Low Low Serious Moderate Serious
12. Cilluffo 1983 Low Low Low Low Low Moderate Low Moderate
ROBINS-I: Risk of bias in non-randomised studies of interventions

Table  4: Outcomes categorized according to surgical treatment 
method.

Surgical treatment NOG score COG score
1 2 3 4 1 2 3 4

Cystoperitoneal shunt 2 4 1 0 4 2 1 0
Fenestration 1 16 7 1 11 12 0 1
Resection 4 3 1 0 4 4 1 0
NOG: Neuroradiological outcomes, P=0.417., COG=clinical outcomes, 
P=0.601.

Table 5: Surgical complication rates and average follow-up time 
P=0.955.

Surgical treatment Complication 
(%)

Follow-up 
(months)

Cystoperitoneal shunt 1/7 (14) 23.6
Fenestration 5/28 (18) 26.9
Resection 2/10 (20) 9.5
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of cyst fenestration or resection were more directly related to 
the procedure. Although development of subdural collections 
following cyst fenestration is a recognized neurosurgical 
complication in younger patients, we could not identify 
any studies reporting this in the elderly. is could be due 
to underreporting of conservatively managed subdural 
collections or a true difference in risk of this complication 
in the elderly. For example, a study by Tunes et  al. (2014) 
reported outcomes from seventeen patients surgically treated 
for temporal arachnoid cysts, of which four patients were 
included in our review. Whilst the development of chronic 
subdural hematoma was reported in three patients, the age of 
the respective patients was not specified.[54]

Another concern following treatment of arachnoid cysts is 
recurrence or failure requiring repeat surgery. Our results 
demonstrate that repeat surgery was not required in any 
patients that underwent CP shunting during an average 
follow-up 23.6 months. However, three patients that required 
repeat surgery due to recurrence of symptoms had initially 
undergone cyst fenestration or resection, with an average 
follow-up 35 months. Further studies are required to elucidate 
whether this remains true over longer periods of follow-up. 
A recent review by Hall et al. (2019) reported repeat surgery 
rates of 24.4% following endoscopic cyst fenestration, and 
14.7% after microsurgically treated patients. Only three 
young patients underwent CP shunting, and one required 
further surgery due to a chronic subdural hematoma that was 
also present pre-operatively.[17]

Although shunt dependence is a post-surgical concern 
following CP shunting,[29] this was not demonstrated in our 
review. Included studies did not consistently report choice 
of valve, but in our cohort we used either low (n = 3) or 
medium (n = 1) fixed pressure valves. e average follow-up 
of the patients from our department was 15.3  months, and 
thereafter, no patient was re-admitted with symptoms or signs 
suggestive of shunt dependence. Nonetheless, advancements 
in shunt valve technology provide several solutions to this 
potential complication.

CP shunting of arachnoid cysts has been shown to have 
similar outcomes in the more widely studied younger 
population.[1] In an elderly population, CP shunting is 
equally effective at achieving satisfactory outcomes with 
a lesser degree of associated morbidity. Indeed, shunt-
associated morbidity such as shunt infection or dependence 
appears less prevalent in this age group, demonstrated by 
the BASICS study finding of only 1% of shunt revisions 
due to infection in the elderly.[32] is is likely to decrease 
further with advancements in shunt valve technology, 
neuro-navigation, and reduced life-time risk. A  shunt is 
also likely to be the first choice when there is associated 
hydrocephalus. Furthermore, the inherent risks of having 
a shunt that are considered in a younger population, such 

as commitment to a lifetime of shunt dependence or future 
employment impediments, are arguably less of an issue in 
the elderly.

Study limitations

e authors acknowledge limitations of this review. e 
review of our institutional cohort was retrospective, sample 
size is small and there is variation in follow-up time. e 
systematic review included only non-randomised studies and 
bias assessment indicated moderate to critical bias. Larger 
randomized trials are needed to address this especially in the 
context of an ageing population.

CONCLUSION

CP shunting is a safe and effective first line surgical 
management strategy for symptomatic intracranial 
arachnoid cysts in the elderly population. Similar clinical 
and radiological outcomes are demonstrated when compared 
with cyst fenestration or resection, but a superior risk profile 
and reduced surgical burden. Considering its less invasive 
nature, CP shunt may therefore be considered the first line 
surgical treatment of intracranial ACs.
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