
ORIGINAL PAPER

Neurocognitive profile in children with arachnoid cysts before and
after surgical intervention

Kyung Hyun Kim1,2
& Ji Yeoun Lee1,2,3 & Ji Hoon Phi1,2 & Byung-Kyu Cho4

& Min-Sup Shin5
& Seung-Ki Kim1,2

Received: 31 October 2018 /Accepted: 12 December 2018 /Published online: 4 January 2019
# Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Objectives Treatment indications for arachnoid cysts are not clear. Some surgeons take improvement in neurocognitive function
into account as a surgical indication for arachnoid cysts. However, only a few studies have evaluated the relationship between
arachnoid cysts and neurocognitive function. Furthermore, studies that analyze neurocognitive function as an effect of arachnoid
cyst surgery are even rarer. The purpose of this study was to analyze the neurocognitive function scores of children with
arachnoid cysts before and after surgery and to examine whether surgical treatment led to improved neurocognitive function.
Methods From June 2009 to August 2012, data for 24 children diagnosed with arachnoid cysts who underwent surgery at Seoul
National University Children’s Hospital were analyzed. Pre-operative and post-operative cyst volume was assessed and
neurocognitive function was tested using the Korean version of the Wechsler Intelligence Scale for Children-Revised (WISC-
R) and the Bender-Gestalt Test (BGT). Comparison of pre- and post-operative profiles by laterality of the arachnoid cyst was
performed.
Results Patients had age-appropriate full-scale intelligent quotients (FSIQ), verbal IQ (VIQ), and performance IQ (PIQ) pre-
operatively, which were maintained after surgery. Of the subtests, Block Design showed significant improvement post-
operatively (p = 0.021). This means that visuo-spatial integration and mental construction abilities were improved after surgery.
Patients with left or right arachnoid cysts did not show statistically significant changes in FSIQ, VIQ, or PIQ after surgery (110.21
versus 113.95, p = 0.307; 108.92 versus 111.54, p = 0.368; 107.88 versus 111.04, p = 0.152, respectively). Subanalysis showed
that the pre- and post-operation VIQ mean scores of the patients with right arachnoid cysts were significantly higher (p < 0.054)
than those of the patients with left arachnoid cysts, and there was no significant change after the surgery.
Interpretation There was no significant association among cyst volume reduction, laterality, and clinical neurocognitive function
improvement. The present findings indicate a limited role for surgical intervention in improving the intellectual abilities of
children with arachnoid cysts.
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Introduction

Arachnoid cysts (ACs) are well described as developmental
anomalies. The prevalence ranges from 0.1 to 2.6% [1, 2].

ACs often manifest as headache, seizure, dizziness, or cogni-
tive impairment. However, the link between ACs and these
symptoms is not clear. Recently, ACs have been increasingly
found incidentally due to the widespread use of imaging
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devices, such as computed tomography (CT), magnetic reso-
nance (MR) imaging, and ultrasonography. Most ACs are ob-
served in the middle cranial fossa, and surgery is usually not
necessary when ACs are discovered incidentally. However,
some studies suggest that ACs can affect brain development
and cause neurocognitive dysfunction [3]. Several studies ar-
gue that the dysfunction can be reversed through surgical de-
compression [4–6]. This study was conducted to examine
whether changes in neurocognitive function occurred before
and after surgical decompression of ACs.

Materials and methods

Patients

From June 2009 to August 2012, 46 pediatric patients with
ACs received surgical treatment at the Division of Paediatric
Neurosurgery, Seoul National University Children’s Hospital.
Among surgically treated patients, 24 patients (19 boys and 5
girls; mean age at operation: 9.4 years) were administered a
full matched set of pre- and post-operative neurocognitive
function tests by psychologists at the Department of Child
and Adolescent Psychiatry of Seoul National University
Hospital. Pre- and post-operative cyst volume was calculated
by multiplying the AC area measurement by the contour lines
of each axial view and the slice thickness. Seventeen patients
had left ACs, and seven patients had right ACs; twenty pa-
tients had temporal ACs, and four patients had frontal ACs.
Neurocognitive tests were administered twice before and after
surgery within a 1-year interval.

This study was approved by the institutional review board
of Seoul National University Hospital.

Instruments

To examine the changes in neurocognitive function after sur-
gery, the Korean version of theWechsler Intelligence Scale for
Children-Revised (KEDI-WISC-R) [7] and the Bender-
Gestalt Test (BGT) [8] were individually administered to chil-
dren with ACs by clinical psychologists before and after the
operation.

KEDI-WISC-R

The KEDI-WIS-R is composed of 11 subtests: 5 verbal sub-
tests (Information, Similarity, Arithmetic, Vocabulary, and
Comprehension), and 6 performance subtests (Digit Span,
Picture Completion, Picture Arrangement, Block Design,
Object Assembly, and Coding). Full-scale intelligence quo-
tient (FSIQ), verbal IQ (VIQ), and performance IQ (PIQ) are
age-corrected standard scores based on 11 subtests, 5 verbal,

and 6 performance subtests, respectively. These three standard
scores have a mean of 100 and a standard deviation of 15.

BGT

The BGT consists of 9 geometric figures. It was used to eval-
uate visual motor coordination and visual memory. In the copy
condition, a child is asked to draw each figure as presented by
an examiner one by one, and then in the immediate recall
condition, they have to draw as many figures as they can
remember. The visual memory score for a child was the num-
ber of recalled figures.

Statistical methods

The performance scores of the KEDI-WISC and BGT were
analyzed using SPSS version 18.0 (SPSS, Chicago, IL). To
compare the significant differences between pre- and post-
operation scores in neurocognitive tests, paired t tests were
conducted. After classifying all children into two groups in
terms of laterality (right-left AC), significant differences be-
tween two groups in neurocognitive tests were examined
using repeated measures ANOVA. p < 0.05 was considered
statistically significant.

Results

A total of 24 patients received surgical decompression, and
they were tested using neurocognitive function tests. Pre-
operative findings in the analyzed group of children was not
different from age-matched norms. We fenestrated the ACs
microscopically or endoscopically (Table 1). Seventeen pa-
tients had ACs of the left. Temporal fossa was the most fre-
quent site of ACs (1 Galassi type I, 10 Galassi type II, 9
Galassi type III AC in the middle cranial fossa). No patients
had hydrocephalus. ACs with subdural hygroma were present
in one case. There was a difference between VIQ and PIQ in
the pre-operative neurocognitive function test (mean differ-
ence, 16.3). The pre-operative AC volume was 75.5 cc, and
the post-operative volume was 37.1 cc. There was a signifi-
cant decrease in AC volume (p < 0.05), but there were no
statistically significant changes using Pearson’s correlation
test in FSIQ (r = 0.133, p = 0.536), VIQ (r = 0.259, p =
0.222), and PIQ (r = 0.253, p = 0.234) after the surgery.
There was no significant difference between pre- and post-
VIQ-PIQ (mean 0.6, p = 0.793). Additionally, significant
changes in various subtest scores except Block Design were
not found after the surgery (Table 2). Actually, the verbal
comprehension, attention and memory functions, and percep-
tual organization ability of the children with ACs were in the
average to superior level for their age norms before the sur-
gery. The post-operation mean score for the Block Design
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subtest significantly improved compared to the pre-operation
mean score (t = − 2.478, p < 0.05). Improvement in the Block
Design subtest suggested that children’s visuo-spatial integra-
tion and mental construction abilities were slightly improved
after the surgery. The children’s visual memory tended to in-
crease slightly after the surgery, but it did not reach a statisti-
cally significant level (Table 3). The pre- and post-operation
mean numbers for recall were 4.13 and 4.94, respectively (p =
0.06). We analyzed the two age groups (one less than 7 years,

and the other older than 7 years) separately. There was no
significant changes in cyst volume reduction (mean =
55.7 cc vs 24.8 cc, p = 0.062). However, group aged less than
7 years showed a significant difference in neurocognitive pro-
files after surgery in measured in FSIQ, verbal comprehension
subtest, and Block Design (t = 2.49, p < 0.05; t = 3.75,
p < 0.01; t = 3.94, p < 0.001). Next, after classifying all chil-
dren into left and right AC groups, we examined significant
differences between the two groups in neurocognitive tests
after the surgery. There were no statistically significant chang-
es in FSIQ, VIQ, PIQ, and VIQ-PIQ between the left and right
AC groups after the surgery. Additionally, significant changes
in various subtest scores except the Information subtest were
not found between the two groups after the surgery (Table 4).
The pre- and post-operation VIQ mean scores of the children
with right ACs were significantly higher (p < 0.05) than those
of the children with left AC, and there was no significant
change after the surgery (Fig. 1). The Information subtest
score of the children with left ACs did not change after the
surgery, while that of the children with right ACs tended to
decrease after the surgery. However, the post-operation

Table 2 Mean differences
between pre- and post-operation
scores of children with arachnoid
cysts in the Korean Educational
Developmental Institute-
Wechsler intelligence scale for
children (n = 24)

Pre Post t p

Wechsler Intelligent Scale for Children-Revised M (SD) M (SD)

FSIQ 110.21 (16.19) 113.95 (16.96) − 1.047 .307

VIQ 108.92 (17.69) 111.54 (18.82) − .918 .368

PIQ 107.88 (17.50) 111.04 (17.64) − 1.483 .152

VIQ-PIQ 16.33 (10.52) 15.75 (12.76) .266 .793

Information 12.48 (4.14) 12.29 (4.29) .347 .732

Similarity 11.96 (3.65) 12.46 (3.71) − .551 .587

Arithmetic 10.44 (3.64) 10.46 (2.96) − .206 .838

Vocabulary 11.52 (3.63) 12.25 (3.65) − .965 .344

Comprehension 10.44 (2.33) 11.46 (3.13) − 1.910 .069

Digit Span 10.40 (2.66) 10.92 (2.38) − 1.061 .300

Picture Completion 9.00 (3.61) 9.42 (3.56) − .449 .658

Picture Arrangement 10.44 (3.50) 10.21 (3.68) .291 .774

Block Design 12.36 (3.48) 13.50 (3.08) − 2.478 .021

Object Assembly 10.68 (3.38) 10.92 (3.67) − .399 .693

Coding 12.84 (2.21) 12.88 (3.19) 0.000 1.000

FSIQ full-scale intelligent quotients, VIQ verbal intelligent quotients, PIQ performance intelligent quotients

Table 3 Mean difference between pre- and post-operation scores of
children with arachnoid cysts in the Bender-Gestalt Test

Pre Post t p

Bender-Gestalt Test M (SD) M (SD)

Number of recall 4.13 (2.45) 4.94 (1.84) −2.09 .055

Table 1 Demographic characteristics of the patients

Demographics Mean/SD No.

Mean age at operations 9.4 years/4.03

Sex

Male 19

Female 5

Laterality

Right 7

Left 17

Location

Frontal 4

Temporal 10

Frontotemporal 10

Type of operation

Microscopic fenestration 20

Endoscopic fenestration 4

AC volume

Pre-operation 75.5 cc/75.3
Post-operation 37.1 cc/63.6
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Information subtest score of the children with right ACs was
still significantly higher than that of the children with left AC
and was at a very superior level, suggesting that the children
with right ACs had very high abilities in learning and long-
term memory function before and after the surgery (Fig. 2).
The visual memory of children with left ACs assessed by
BGT tended to improve more than that of children with right
ACs after the surgery, but the difference did not reach a sta-
tistically significant level (Table 5).

Discussion

The aim of this study was to examine whether changes in
neurocognitive function occurred before and after surgical de-
compression of ACs. The results showed that the patients with
ACs had no changes in FSIQ, VIQ, or PIQ after surgery. Only
the mean Block Design score on the KEDI-WISC showed a

significant difference between pre- and post-operations. Block
Design is associated with visuo-spatial integration and mental
construction abilities [7]. Therefore, it appears that there was
an improvement in those abilities after surgery. However, it is
difficult to localize the part of the brain related to this function
because various areas of the brain are involved together in
Block Design. There is controversy regarding whether ACs
cause neurocognitive impairment. Some reports suggest that
ACs interfere with brain development and cause cognitive
deficits. They believe that neurocognitive impairment can be
improved by surgery of ACs. However, in another article,
there was no difference in neurocognitive function in AC pa-
tients compared to normal healthy patients [9]. In an assess-
ment of 55 patients on four cognitive function tests conducted
pre-operatively and 3 months post-operatively, there was an
improvement in the patients’ performance [4]. Wester et al.
[10] even suggested that cognitive improvement should be
considered a goal for AC surgery. They argued that ACs put

Table 4 Mean differences between the left and right arachnoid cyst groups in the Korean Educational Developmental Institute-Wechsler intelligence
scale for children after the surgery (n = 24)

Left (n = 17) Right (n = 7) F (laterality) F (interaction)

Pre Post Pre Post
Wechsler Intelligent Scale for Children-Revised M (SD) M (SD) M (SD) M (SD)

FSIQ 108.73 (14.98) 110.33 (16.98) 117.86 (16.53) 121.71 (15.21) .208 .217

VIQ 104.65 (15.56) 106.82 (17.82) 120.14 (20.23) 123.00 (17.17) 4.851* .014

PIQ 106.35 (18.11) 109.06 (17.67) 111.43 (18.15) 115.86 (17.93) .598 .126

Information 11.06 (3.42) 11.59 (3.84) 16.14 (3.98) 14.00 (5.13) 5.568* 3.102

Similarity 11.65 (3.41) 11.53 (3.41) 13.14 (4.34) 14.71 (3.64) 2.693 1.289

Arithmetic 9.82 (3.78) 9.76 (3.09) 11.57 (3.36) 12.14 (1.86) 2.511 .216

Vocabulary 10.94 (3.21) 11.59 (3.64) 13.14 (4.56) 13.86 (3.39) 2.482 .002

Comprehension 9.94 (2.11) 10.82 (2.79) 11.86 (2.55) 13.00 (3.61) 3.760 .053

Digit Span 10.29 (2.95) 10.59 (2.24) 10.57 (2.23) 11.71 (2.69) .483 .560

Picture Completion 8.65 (3.37) 8.94 (3.58) 10.29 (4.23) 10.57 (3.46) 1.297 .000

Picture Arrangement 10.18 (3.83) 10.35 (3.66) 10.86 (3.02) 9.86 (4.02) .004 .865

Block Design 11.71 (3.37) 13.29 (3.02) 13.57 (3.74) 14.00 (3.42) .871 1.096

Object Assembly 10.88 (3.86) 10.59 (4.03) 10.14 (2.34) 11.71 (2.69) .017 1.905

Coding 13.00 (2.15) 12.29 (3.27) 12.57 (2.30) 14.29 (2.69) .622 3.000

FSIQ full-scale intelligent quotients, VIQ verbal intelligent quotients, PIQ performance intelligent quotients
* p < 0.05
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Fig. 1 Pre- and post-operationmean differences in scores on theWechsler Intelligence Scale for Children-Revised. FSIQ, VIQ, and PIQ between the left
and right arachnoid cyst groups
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pressure on the cortical surface of the brain, and by performing
AC surgery to relieve their pressure, neurocognitive function
could be reversed. These findings were not replicated by our
study. However, the patient group aged under 7 years showed
an improvement in FSIQ, verbal comprehension subtest, and
Block Design, which might reflect the neuroplasticity of
young developing brains. Wester et al. [6] documented post-
operative improvement of cognitive function after surgery for
ACs of the left temporal fossa. Interestingly, the results of the
present study are in part similar to the findings of earlier stud-
ies.We observed that the patients with ACs on the left side had
lower VIQ and Information scores than those with ACs on the
right side. However, there was no significant change in those
scores after surgery. In our study, compared to right-side ACs,
left-side ACs might have affected VIQ and Information, a
subset of verbal ACs, but surgery did not improve them.
Generally, VIQ is known to be associated with left-
hemisphere function. ACs might interrupt brain development,
but it was not improved by surgical decompression of ACs in
our study. In the present study, all of the left-side ACs except
one case were located in the temporal lobe. Parts of the left
temporal lobe are thought to be essential for normal language
development, as is the posterior portion of the frontal lobe
[11]. Although ACs do not invade the tissue, they could inter-
fere with the normal brain development, which may lead to
lower verbal IQ scores. However, another study suggested that
the very early occurrence of ACs does not cause damage to the

development of functional neuronal pathways, owing to the
important plasticity of the central nervous system [12]. If sur-
gery was done after brain development was complete, from
this perspective, our results can be interpreted as no significant
IQ difference before and after surgical intervention. Surgical
treatment for ACs can cause many side effects or complica-
tions, such as subdural hematoma, subdural fluid collection,
CSF (cerebrospinal fluid) leakage, intracranial hemorrhage,
intracystic hemorrhage, and extradural hematoma. Therefore,
we should strictly choose patients who have symptoms related
to ACs [13].

The primary limitation of this study is that it is not a ran-
domized controlled trial. The second limitation is the small
number of patients. Third, VIQ and PIQ are generally known
to be affected by different hemispheres [14–17]. Therefore, in
our study, we enrolled patients with significant differences
between VIQ and PIQ, but their FSIQ, VIQ, and PIQ were
not below average for their age norms [16, 18]. Finally, we did
not compare the results of the neurocognitive function test
scores with those of healthy controls or patients with untreated
ACs.

Conclusion

There were no significant changes in neurocognitive function
after surgical decompression of ACs. Surgical treatment for
ACs should be carefully considered, and the goal of the sur-
gery should not be solely to improve cognitive function.
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Table 5 Mean differences
between the left and right
arachnoid cyst groups in the
Bender-Gestalt Test after surgery

Left Right F (laterality) F (interaction)

Pre Post Pre Post
Bender-Gestalt Test M (SD) M (SD) M (SD) M (SD)

Number of recall 3.80 (2.62) 5.00 (1.89) 4.67 (2.25) 4.83 (1.94) .106 1.728
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Fig. 2 Pre- and post-operation mean differences in scores on the
Wechsler Intelligence Scale for Children-Revised. Information subtest
between the left and right arachnoid cyst groups
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