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Abstract

Object: Arachnoid cysts (AC) are benign, fluid-filled lesions of the arachnoid membrane accounting for approximately 1% of intracranial lesions.
We utilized 3D volumetric measurement techniques to evaluate AC volumetric changes with open craniotomy or endoscopic approach for cyst
fenestration in pediatric patients, focusing on correlation with patient age, clinical features, and surgical outcomes.

Methods: Pediatric patients (<18 years old) with AC who had undergone treatment with open craniotomy or endoscopic approach for AC
fenestration were identified from medical records. The volume of the intracranial AC were modeled before and after surgical intervention with Brain

Lab software.

Results: Nineteen patients (3 females and 16 males) were included (mean age 6.5+5.5 years; range 0-18 years). The patients were distributed

into three groups based on age: 0-3 years, 3.5-8 years, 29 years. Comparison of both pre- and post-operative volumes demonstrated no statistical
difference between age groups, but evaluation of percent change between pre- and post-operative volumes revealed statistically significant greater
decrease in volume reduction in both older age groups (3.5-8 years and 29 years) compared to the youngest age group (0-3 years). There was a
trend toward increased improvement/resolution of presenting clinical symptoms with increasing age (p=0.01). Subdural hematoma was found to
be statistically lower in the 3-8 years group (p=0.03-0.05). Shunt placement was found to be statistically highest in the youngest age group (p=0.03).

Conclusion: 3D modeling of surgically treated AC in children provides a consistent quantitative measure to evaluate AC changes over time.
Utilizing comparison by age, this study finds significantly greater decreases in cyst volume and greater post-surgical symptom improvement/
resolution with cyst fenestration in older pediatric patients, suggesting support for surgical intervention in these patients. In young children,

especially infants, changes in CSF dynamics result in minimal cyst decrease following fenestration and a significant role for shunts.

Introduction

Arachnoid cysts (AC) are benign, fluid-filled lesions of the
arachnoid membrane, most often congenital, accounting for
approximately 1% of intracranial lesions. AC are most commonly
located in the middle cranial fossa (MCFAC) [1-3]. AC typically
remain stable, but spontaneous disappearance and growth has
been noted [4], as well as rupture into the subdural, extradural,
or intracystic space [1-5]. While many ACs remain asymptomatic,
general symptoms can include headache, hydrocephalus, skull
deformities, macrocrania, focal neurologic disorders, endocrine
dysfunction, and cognitive disorders [6-9]. Despite the number of
retrospective studies, there continues to be no consensus among
neurosurgeons for surgical treatment of AC, though a majority favor
limiting surgical treatment to clinically symptomatic cases [2,7,9-
12]. Previous work utilizing 3D modeling in AC has been limited
in follow-up, and objective patient improvement correlated to cyst
size has been inconclusive [13,14].

In this retrospective study of 19 pediatric patients with AC, we
utilized 3D volumetric measurement techniques to evaluate AC
volumetric changes with open craniotomy or endoscopic approach
for cyst fenestration, focusing on correlation with patient age,
clinical features, and surgical outcomes.
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Methods
Patients

Pediatric patients (<18 years old) were identified from the
records of OSF St. Francis Hospital as having undergone treatment
with open craniotomy or endoscopic approach for AC fenestration
between January 2008-December 2015. Patients were required to
have both pre-operative and post-operative magnetic resonance
imaging (MRI) or computed tomography (CT) scans available
for image processing. Patients with other known intracranial
developmental anomalies (ex: Dandy-Walker, Chiari malformation)
were not included in the study. There were no restrictions on the
anatomical location of the AC. Age, sex, clinical features (pre- and
post-operative), and post-operative outcomes (i.e.: post-operative
shunting) were obtained from the medical records. We obtained
permission from the University of Illinois College of Medicine at
Peoria IRB prior to starting this study.

Surgical Procedure

A skin incision was made in front of the ear to approximately 3
cm superiorly, and a burr hole was made in a location overlying the
cystdetermined by prior image planning. Once the dura was opened
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and pia was coagulated, a rigid neuroendoscope was introduced
directly into the cyst with the endoscopic fenestration technique.
Open craniotomy with microscope was also utilized. After
establishing the anatomy, blunt dissection was used to fenestrate
the wall of the cyst to allow for free communication of the cyst with
the ventricular system (cystoventriculostomy) through the lateral
and/or the third ventricle. After confirmed hemostasis of the area,
the dura mater was sutured, and the skin was closed in two layers.

3D Volumetric Measurement

Tumor volumes were calculated using Brain Lab software
(Brain lab, Feldkirchen, Germany) with the Smart brush element
for detection of anatomical edges of the user-designated AC.

Statistical Analysis

The data is shown as a mean #* standard deviation (SD).
Statistical differences between groups with continuous variables

were compared using 1-way ANOVA t tests. Statistical difference
between groups with binary variables (Y/N, sex) were compared
using Chi-squared test. Statistical significance was set at p < 0.05.

Results
Patients

Nineteen patients (3 females and 16 males) were included
(mean age 6.5 * 5.5 years; range 0-18 years) with the following
distribution of AC anatomical location: left middle fossa (10),
right middle fossa (6), suprasellar (1), frontal convexity (1), left
ventricular (1). The patients were distributed into three groups
based on age: 0-3 years (1.65+1.2 years), 3.5-8 years (5.33+1.9
years), 29 years (13.3+3.5 years). Age group differences were found
to statistically significant (p= <0.0001-0.3). There was no statistical
difference in sex distribution among the groups (p= 0.15-0.60)
(Figures 1-2).

~

slices.
.

Figure 1: Brain Lab software rendering of a right middle fossa arachnoid cyst with corresponding outline in consecutive axial MRI
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Figure 2: Pre-operative (A) and post-operative (B) MRI with respective pre-operative (C) and post-operative (D) BrainLab rendering
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Volumetric Findings

Comparison of both pre- and post-operative volumes
demonstrated no statistical difference between age groups (0-
3: 78.08+99.7, 61.4+78.7; 3.5-8: 35.53%#14.2, 19.09+9.4; =9:
35.52+33.9, 17.22+21.5) with p=0.28->0.99. Evaluation of percent
change between pre- and post-operative volumes revealed

statistically significant greater decrease in volume reduction in
both older age groups (3.5-8:-44.81+33.8, p=0.04; 29: -55.68+15.6,
p=0.009) compared to the youngest age group (-9.05+20.6%).
Shorter follow-up (<5 months) was done only in patients with post-
operative shunting to treat symptomatic increased intracranial
pressures (Figure 3).
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Figure 3: Pre-operative to post-operative percent change in arachnoid cyst volume by age groups.
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Clinical Findings

The most common presenting clinical symptom was headache
(9/19 patients). All patients in the oldest age group (29 years)
presented with headache as the primary complaint. The two
youngest patients (newborn and 3 months) presented with
hydrocephalus. Other presenting symptoms included discongujage
gaze (1/19), subdural hematoma following fall (1/19), skull
abnormalities (2/19), seizure (3/19), and developmental delay
(1/19). Post-fenestration revealed varied
resolution of symptoms across age groups. There was a trend

improvement or

toward increased improvement/resolution of presenting clinical
symptoms with increasing age (14.2%, 33.3%, 83.3%) with
statistical significance between the youngest and oldest age groups
(p=0.01). Subdural hematoma was found to be statistically lower
in the 3-8 years group (16.7%) compared to the 0-3 years (57.1%,
p=0.03) and the 29 years (50%, p= 0.05) groups. Shunt placement
after AC fenestration surgery demonstrated increasing rates of
shunts with increasing age. The youngest patients had a 57.1%
of shunt placement compared to no shunts in the oldest patients
(p=0.03).

Discussion

To our knowledge, a retrospective study of AC has yet to
utilize volumetric and clinical analysis for comparison of pediatric
patients by age group. AC are classified based on their anatomical
location within the intracranial space. MCFAC are additionally
grouped into Galassi classifications (Type I-III) based upon the
shape, displacement of the brain, and communication with the
subarachnoid space [3]. With advancements in 3D image modeling,
it is now possible to create computer-assisted 3D structures for
more precise structure and volume measurements compared

to traditional 2D measurements and subjective classification.
Additional use of the Smart brush tool in the Brain Lab software,
as utilized in this study, may offer greater consistency in volume
measurement among users, as contours are computer defined once
an area is selected.

Although the patients of this study did not uniformly undergo
one surgical fenestration technique (open craniotomy and
endoscopic), comparison of surgical approaches for AC treatment
(open craniotomy for cyst excision, open craniotomy for cyst
fenestration, endoscopic cyst fenestration, and cystoperitoneal
shunting) have yielded no differences in outcomes and remain
open to surgeon preference [15].

In this study cohort, improvement/resolution of symptoms
with AC fenestration was lower compared to other similar studies
studies (42.1%), although not outside what would be expected with
qualitative clinical measures (range: 48-92.5%) [7,12,16,17]. When
the patients were distributed by statistically different age groups, a
trend emerged with increased improvement of clinical presentation
with increasing age. Those pediatric patients 29 demonstrated
statistically significant improvement/resolution of both presenting
clinical symptoms (83.3% v. 14.3%) and reduction of cyst volume
(-55.68+15.6 v. -9.05%£20.6%, p=0.009), emphasizing the value of
cyst fenestration in older pediatric patients. While there are reports
of correlation between volumetric change in AC and symptoms, this
claim does not demonstrate consistency among studies. This study
supports a correlation between increased symptom improvement
with increased cyst reduction among our oldest patient’s cohort.

Further evaluation of clinical symptoms in this cohort demon-
strated a number of post-operatively placed ventriculoperitoneal
shunts (VP) to treat increased ICP, primarily in patients 3 years
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and younger. Similar development of “communicating hydroceph-
alus” post-fenestration and increased rates of shunts in AC pa-
tients 2 years and younger has been reported [13,18]. This trend of
post-operative shunt placement, the statistically smallest decrease
in AC volume, and lowest rates of symptoms improvement (14.2%)
of patients 3 years and younger suggests craniotomy or endoscopic
fenestration of AC may not be the superior choice of treatment at
this age. Yet, shunt failure, unexpected hemorrhage, infection, and
life- long shunt dependence complicate the decision to utilize these
shunts as the first treatment method in young patients [15].

Other notable clinical findings were the presence of seizures
as a presenting symptom only within our 3.5-8 years age group
(50% prevalence). None of these patients experienced changes in
their seizures after surgical intervention. The relationship between
AC location and/or presence and seizures is controversial, as no
correlations have yet to me made. A similar lack of correlation
between seizure resolution and AC location or volume change was
present in this study [16,19,20]. In concordance with other reports,
this study demonstrated increased prevalence (83.3%) of subdural
hematomas in young males, particularly in the 29 years group of
this study, supporting consistent monitoring of these patients after
surgical treatment [21].

Conclusion

3D modeling of surgically treated AC provides a consistent
quantitative measure to evaluate AC changes over time. Utilizing
comparison by age, this study finds significantly greater decreases
in cyst volume and greater post-surgical symptom improvement/
resolution with cyst fenestration in older pediatric patients,
suggesting support for surgical intervention in these patients. In
young children, especially infants, changes in CSF dynamics result
in minimal cyst decrease following fenestration and a significant
role for shunts.
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