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Abstract
Background Endoscopic cystocisternotomy is one of three
surgical methods used to treat middle cranial fossa arachnoid
cysts. There is debate about which method is the best.
Objective The aim of this study is to evaluate the
effectiveness and safety of endoscopic cystocisternotomy
for treatment of arachnoid cysts of the middle cranial fossa.
Methods Thirty-two patients with arachnoid cysts of the
middle cranial fossa who had undergone endoscopic
cystocisternal fenestration between 2004 and 2009 were
studied retrospectively. Data were obtained on clinical and
neuroradiological presentation, indications to treat, surgical
technique, complications, and the results of clinical and
neuroradiological follow-up.
Results Among the 27 patients with symptoms before
surgery, 8 had disappearance of symptoms and 17 had
improvement of symptoms. The cyst was reduced in size or
it completely disappeared in 24 (75%) patients. The
incidence rate of complications was 18.8%.
Conclusions Endoscopic cystocisternal fenestration is an
effective treatment for symptomatic arachnoid cysts of the
middle cranial fossa and should be the initial surgical
procedure.
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Introduction

Arachnoid cysts account for 1% of all intracranial space-
occupying lesions [1]. The most common site of arachnoid
cysts is the middle cranial fossa [2]. The pathogenesis of
middle cranial fossa arachnoid cysts is controversial. It is
believed that formation of these cysts is caused by
abnormal growth of arachnoid during embryonic develop-
ment, i.e., splitting of the arachnoid into two layers or
repeated growth of the arachnoid. The cysts are then formed
by cerebrospinal fluid (CSF) gradually accumulating between
the layers. Expansion of the cysts compresses the temporal
lobe, causing secondary agenesis of the temporal lobe [3–6].

Whereas it is generally agreed that surgical treatment is
warranted for middle fossa arachnoid cysts (MFACs) when
there are specific cyst-related clinical symptoms,[7–9] there
is considerable controversy about whether surgery is
warranted for asymptomatic arachnoid cysts. On the other
hand, some authors have argued that surgery is necessary
for large asymptomatic arachnoid cysts because minor head
trauma may cause cyst rupture, subdural effusion, or
subdural hemorrhage, resulting in acute intracranial hyper-
tension that requires urgent surgical treatment [10, 11].
They reason that to avoid such serious consequences,
surgery is required for even asymptomatic patients. Another
concern is that persistent compression due to a cyst in
infants and children may lead to decreased cerebral blood
flow, which may affect the development of cerebral cortex.
Some authors contend that timely treatment can improve
metabolism of the compressed brain tissue and prevent
occurrence of metabolism-related complications such as
epilepsy in the future [12–14]. On the other hand, some
authors have argued that surgical treatment is not necessary
for asymptomatic MFACs, unless progressive enlargement
of cysts is definite or the space-occupying effect is obvious
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due to the following three reasons: (1) Spacca et al. studied
40 patients with MFACs who underwent endoscopic
cystocisternotomy. There were four patients whose symptoms
disappeared completely postoperatively. .Although the cyst
disappeared in two patients and was reduced in size in one
patient, subdural hematoma still occurred in these four
patients after head trauma in the postoperative period [15].
Therefore, it was concluded that the presumption that surgery
used for asymptomatic cysts to prevent post-traumatic
intracranial hemorrhage is no longer valid. (2) Because the
pathogenesis of cysts is still not clear, whether the presence
of cysts may affect brain development remains unclear [15]. (3)
MFACs may disappear spontaneously due to minor trauma,
forced breathing, holding breath, valsalva manoeuvre, severe
coughing, loud crying, vigorous exercise, purulent meningitis,
or no obvious predisposing cause. [16]

Currently, there are three types of surgical methods for
MFACs: cyst-peritoneal shunting, microscopic craniotomy
for cystocisternotomy and partial cyst excision, and
endoscopic cystocisternotomy. Which is the best surgical
procedure is still a subject of debate. For the treatment of
intracranial arachnoid cysts, many authors have stated that
endoscopic therapy should be the first choice. [17–19].

Endoscopic surgery has been performed on 32 patients
with MFACs in our department. To obtain more informa-
tion about this technique in order to further assess its role as

a surgical method for treating patients with MFACs, we
obtained and analyzed the clinical data of these 32 patients.

Patients and methods

Patients

This study included 32 patients with MFACs who underwent
endoscopic surgery at the Department of Neurosurgery,
Beijing Tiantan Hospital from January 2004 to June 2009.
There were 20 male and 12 female patients. Their ages ranged
from 6 months to 37 years (average, 7.8 years). Patient
characteristics are listed in Table 1. This study was approved
by the Ethics Committee of Beijing Tiantan Hospital, Capital
Medical University, Beijing.

According to the Galassi classification system,[20] MFACs
are divided into three categories: type I, small spindle-shaped
cysts limited to the anterior middle cranial fossa; type II,
medium-size lesions usually triangular or quadrilateral in shape
that occupy the anterior and central part of the middle cranial
fossa and extend along the Sylvian fissure; type III, huge cysts,
oval or round in shape, that almost fill the entire middle cranial
fossa and extend toward the hemisphere through extensive
areas. In this study, 15 patients had Galassi type II cysts
(46.9%) and 17 had Galassi type III cysts (53.1%).

(N=32)

Age (years) 7.8 (0.5–37)

Gender Male 20 (62.5%)

Female 12 (37.5%)

With clinical symptoms Yes 27 (84.4%)

No 5 (15.6%)a

Focal neurological deficit symptoms caused by compression of adjacent structures by cysts

Nystagmus 1 (3.1%)

Speech disorder 2 (6.3%)

Contralateral limb weakness 1 (3.1%)

Intracranial hypertension

Headache 11 (34.4%)

Head circumference increase 14 (43.8%)

Blurred vision 2 (6.3%)

Decreased vision 1 (3.1%)

Abducent nerve palsy 1 (3.1%)

Combined ventricular dilatation 2 (6.3%)

Epilepsy and developmental delay

Epilepsy 6 (18.8%)

Developmental delay 3 (9.4%)

Other symptoms

Dizziness 3 (9.4%)

Transient loss of consciousness 2 (6.3%)

Table 1 Summary of patient
characteristics

a There were five infants who did
not show any clinical symptoms;
their cysts were revealed by
occasional examination due to
trauma or other reasons.
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Imaging

All patients underwent preoperative head MRI and CT. The
cyst was located in the right middle fossa in 11 patients and
in the left middle fossa in 21 patients. CT showed space-
occupying lesions with a clear boundary and the same
density as CSF. MRI showed long T1 and long T2 signals,
and the lesions had CSF equivalent signals. Head CT or
MRI was performed postoperatively.

Surgical indications

Patients were treated surgically if they had any of the
following indications: (1) Clear intracranial hypertension,
which may be accompanied by headache, vomiting,
papilloedema, unclosed anterior fontanel, or increased
head circumference; (2) combined intracapsular hemor-
rhage, subdural hemorrhage, or hydrocephalus; (3) clear
focal neurological deficits caused by a MFAC; (4)
epilepsy; (5) although asymptomatic, an increasing trend
in cyst volume; (6) cyst having manifestations of
expansive growth such as local skull eminence or
compression of surrounding brain tissue. In addition,
five asymptomatic infants and children with large
arachnoid cysts were also treated surgically. In such
asymptomatic patients, cysts compress the brain tissue
and cause a low metabolic state of brain tissue, which
may affect brain development and function of adjacent
brain tissue and also cause epilepsy.

Surgical methods

The endoscopic cystocisternotomy via transtemporal
approach was chosen for all patients. The patients were
placed in a supine position with their heads leaning toward
the unaffected side. A 3-cm straight temporal incision was
made according to the cyst position, and a 1.5-cm hole was
drilled in the skull. A cruciate incision of the dura was

made, and the bleeding was stanched completely. The cyst
wall was cut open, and an endoscope was inserted into the
cyst. The surgery was carried out under TV monitoring. After
exploring the cyst cavity, the fenestration sites in the inner
wall were determined according to the specific anatomical
situation within the cyst. The endoscope was moved forward
along the sphenoid ridge to observe bifurcation of the internal
carotid artery, ipsilateral optic nerve, and oculomotor nerve.
Usually, there are three optional sites for fenestration (Fig. 1)
between the cyst and the basal cistern: (1) between the
oculomotor nerve and the tentorial edge (Fig. 2); (2) between
the oculomotor nerve and the internal carotid artery (Fig. 3);
and (3) between the internal carotid artery and the optic
nerve (Fig. 4). Multidirectional fenestration was performed
to create communication between the arachnoid cyst and
cisterns, including the basal cistern and Sylvian cistern.
Initially, blunt fenestration was performed. If the cyst
was tough and blunt, fenestration was not feasible, and
scissors were used to create fenestration. The fenestration
was subsequently expanded using a variety of instru-
ments until it was greater than 0.5 cm. The basilar artery
in the interpeduncular cistern could be seen clearly after
fenestration (Fig. 5).

Fig. 1 a, b, c Three optional sites for fenestration

Fig. 2 Fenestration between the oculomotor nerve and the tentorial
edge

Fig. 3 Fenestration between the oculomotor nerve and the internal
carotid artery
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Results

Follow-up

Follow-up duration ranged from 8 to 73 months (mean,
26 months). Among the 27 patients with preoperative
symptoms, 15 had disappearance of symptoms and 10 had
improvement; in 2 patients symptoms remained unchanged.
The improvement rate of clinical symptoms (symptoms
disappeared or improved) was 92.6% (25/27). The percent-
age of patients who had headache that completely dis-
appeared or was markedly reduced was 90.9% (10/11).
Progression of skull deformation and head circumference
increase was stopped in all patients. Symptoms of focal
neurological deficit caused by cysts compressing adjacent
structures were improved in all four affected patients
(100%). Two patients experienced episodes of loss of
consciousness before surgery, but no such episodes
occurred after surgery. Three patients had preoperative
dizziness. After surgery, dizziness disappeared in two of the
patients and was improved in the other patient. Six patients
had epilepsy before surgery, and seizures in five of them

were reduced or disappeared while they were taking oral
anti-epileptic drugs. Symptoms were not alleviated in two
patients (7.4%, 2/27). In these two patients, cyst-cistern
fenestrations were performed again, and it was found
during surgery that the previous fenestration was closed.
The symptoms were alleviated in one patient after surgery;
however, the symptoms remained unchanged in the second
patient after surgery. The symptoms were alleviated in this
patient after cyst-peritoneal shunting was performed.

All patients underwent postoperative head CT on the day
of surgery, and head CT or MRI was repeated at 3 and
9 months after surgery. Subsequently, head CT was carried
out annually. The imaging results during follow-up showed
that cysts disappeared in 5 patients (15.6%, Fig. 6) and
were reduced in 19 patients (59.4%). No significant
changes in cysts were observed in eight patients (25%). In
two patients with hydrocephalus before surgery, the
ventricles were significantly reduced after surgery.

Surgical complications

There were no deaths or new neurological deficit symptoms
after surgery. Subdural effusion occurred in four patients
after surgery. One of these patients required a subdural-
peritoneal shunt. Subdural effusion gradually disappeared
in the other three patients during follow-up. Oculomotor
nerve palsy occurred in two patients and the symptom
gradually disappeared after a half-year follow-up.

Discussion

Indications for surgery

With regard to the indications for surgery, it has been
recommended that these indications should be strict, and
surgeons should confirm whether a patient has the

Fig. 4 Fenestration between the internal carotid artery and the optic
nerve

Fig. 5 a, b The basilar artery in
the interpeduncular cistern can
be seen clearly after fenestration
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indications for surgery [21]. For patients with symptoms, it
is true that many symptoms such as headache, increased
intracranial pressure, epilepsy, psychomotor retardation,
intracranial bleeding, attention deficit, hyperactivity, mani-
ac depression, schizophrenia-like symptoms, paranoia,
psychoses anosmia, Menière's disease, and hearing loss
may not be induced by a cyst. Therefore, it is important to
obtain a medical history and perform a physical examina-
tion, and evaluate diseases and assess the relationship
between the cyst and symptoms for each patient before
surgery is performed. In our study, repeated evaluation was
carried out before surgery. The size of the cyst is not a
factor affecting the clinical determination of surgery. But
obvious cyst-related symptoms are an indication for

surgery. Once cyst-related symptoms are present, surgery
can be considered. In certain patients, the symptoms are not
characteristic symptoms of a cyst in the fossa cranii media,
but other causes are not found. For example, two patients in
our study had transient loss of consciousness. The
symptoms resolved after surgery. In addition, three patients
had preoperative dizziness. After surgery, dizziness dis-
appeared in two of the patients and was improved in the
other patient. Six patients had epilepsy before surgery.
Seizures in five of them were reduced or disappeared while
they were taking oral anti-epileptic drugs during postoper-
ative period. Therefore, we think that the indications for
surgery should be strict and the selection of surgery should
be cautious, but for patients in whom the other causes of

Fig. 6 a Preoperative MRI. The cyst almost occupied the entire
middle cranial fossa; the temporal lobe was compressed. b. CT
images 7 days after surgery. The size of the cyst was reduced
substantially; the temporal lobe was partially restored back to the
former position. c. CT images 6 months after surgery. The cyst had

completely disappeared; the temporal lobe was restored back to its
former position. d. CT images 12 months after surgery. The cyst had
completely disappeared; the temporal lobe was restored back to its
former position
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symptoms are not found and symptoms might be caused by
a cyst, endoscopic surgery can be considered because this
technique is minimally invasive and relatively safe.

For patients without symptoms, it has been speculated that
these patients are not suitable candidates for surgery [21].
Researchers who support prophylactic surgery propose that
the cyst may spontaneously rupture resulting in subdural
effusion, which is an indication for surgery. In addition, they
are concerned that an intracerebral cyst may cause a
spontaneous intracranial hematoma [10, 11]. However, it
has been noted that the incidence of subdural effusion after
endoscopic or microscopic surgery that requires a second
surgery is two times higher than that caused by spontaneous
rupture, and treatment of cyst with surgery cannot abolish the
possibility of a spontaneous intracranial hematoma, which
may occur after surgery [21]. Thus, it has been argued that
prophylactic surgery should not be used for these patients
[21]. However, it has been proposed that follow-up imaging
in children operated on before 1 year of age may show a
progressive filling of the temporal fossa, thus demonstrating
that the temporal parenchyma is secondarily compressed by
large cysts rather than being primarily dysplastic [22]. We
therefore believe that surgery is indicated in young children
with large temporal fossa cysts (Galassi type III) even if the
cyst is apparently well tolerated. However, surgical treatment
should only be considered for older children and adults only
if they are symptomatic. In our study, the five patients
without symptoms were young children. Because a cyst may
affect the development of the brain, surgery was considered.
Of the two youngest children, one was 16 months old, and
the other was 19 months old. The cyst resolved after surgery
in one child and the temporal lobe rose completely and a
reduced cyst was observed in the other child. In the
remaining three patients (2–5 years old), the cyst volume
was decreased in two of the patients after surgery; the other
had no changes in the cyst. Therefore, we think that surgery
can be recommended when the cyst is relatively large in
children younger than 2 years.

Surgical methods

Endoscopic cystocisternotomy was used for all 32 patients.
The improvement rate of clinical symptoms was 92.6%,
which is consistent with the reported effects of endoscopic
therapy for MFACs by Spacca et al. (92.5%) [15]. It is also
consistent with the results reported by Di Rocco et al. [22],
although in that study, 2 of the 17 children with a Sylvian
arachnoid cyst who were treated endoscopically had head-
ache recurrence at 1 year and 20 months, respectively, after
surgery. These two patients required further surgery and were
free of symptoms at last follow-up. In addition, Levy et al.[7]
reported 50 cases of MFAC in which microneurosurgery was
used, and symptoms were improved or disappeared in 95%

of patients, which is consistent with our results, Spacca et al's
[15], and Di Rocco et al's [22]. However, the complication
rate in Levy et al's study was 32% (16/50), which was
significantly higher than the rate of 18.8% in our study and
20% in Spacca et al's study [15]. Di Rocco et al. [22],
however, reported a postoperative complication rate of 29%
(6/17) with five patients having subdural effusion postoper-
atively and one having hemorrhage. Three of the patients
with subdural effusion required a shunt, and in the other two
patients, the effusion resolved without surgical intervention.
Although the complication rate in the study of Di Rocco et
al. was more similar to that of the study by Levy et al., it
should be noted that only 17 patients were included in Di
Rocco et al's study compared with 32 patients in our study
and 40 patients in Spacca et al's study. Another advantage of
endoscopic surgery is that it can be completed through one
bone orifice so that the operative time is shortened compared
with microscopic craniotomy and the greater trauma caused
by microscopic craniotomy can be avoided. Arai et al. [23]
completed cyst-peritoneal shunting in 77 patients with
middle cranial fossa arachnoid cysts, and the symptom
improvement rates for headache, mild hemiparesis, and
diplopia were 100%. However, eight patients underwent
reoperation because of shunt blockage, and shunt depen-
dence occurred in four patients. Compared with the shunt
procedure, endoscopic cystocisternotomy has similar thera-
peutic effects, but it may avoid a lot of complications caused
by a shunt including infection, shunt dependence, and shunt
blockage, as well as some inherent disadvantages, such as
foreign body implantation, psychological effects, and life-
disrupting inconvenience [24]. It should also be noted that
endoscopy can be performed in patients of all ages.

Endoscopy has two other advantages over microsurgery.
One is that in endoscopy, lesions can be observed at
different angles. Therefore, surgery can be performed with
a small incision and only one hole in the skull. The other
advantage is that lesions can be observed at a short
distance. This allows for clearer identification of the lesion
anatomy, which is beneficial for fistulation.

Endoscopic surgical methods

Middle cranial fossa arachnoid cysts can be divided into
two types according to the needs of endoscopic surgery: (1)
the inner wall of the cyst that cannot communicate with the
basal cistern and (2) the inner wall of the cyst that can
communicate with the basal cistern.

1. For middle cranial fossa arachnoid cysts that can
communicate with the basal cistern, endoscopic neuro-
surgery via the temporal approach is often selected.

2. For small symptomatic middle cranial fossa arachnoid
cysts in the temporal pole that cannot communicate
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with the basal cistern, the superior orbital approach can
be used [25]. This approach allows an endoscope to be
placed between the frontal lobe and the anterior skull
base after the tension of the frontal lobe has decreased,
and to be inserted along the orbital roof and the lesser
wing of the sphenoid bone until it reaches the middle
fossa. The arachnoid cyst can then be visualized and
cyst-suprasellar cistern and cyst-interpeduncular cistern
fenestrations can be carried out.

3. Some authors have proposed that neuronavigation-
assisted endoscopic cyst-lateral ventricle fenestration
can be performed for MFACs, and no stent placement
is required [26].

4. Cotton string can be used for hemostasis when bleeding
occurs, and the cerebrospinal fluid is removed, which is
followed by hemostasis with electrocautery.

5. In fistulation of a cyst, the cyst wall should not be cut
apart from the adjacent brain tissue. The arterial wall of
basal artery should be seen clearly after the endoscopic
cystocisternotomy. This procedure may assure that the
fluid in the cyst enters the cerebrospinal fluid circula-
tion to achieve the surgical goal.

6. Electric coagulation should be avoided as far as
possible around the oculomotor nerve, or the oculomo-
tor nerve may be damaged.

Postoperative complications of endoscopic surgery
and precautions

The main complications of endoscopic surgery are postop-
erative subdural effusion and chronic subdural hemorrhage.
In our study, postoperative subdural effusion occurred in
four patients. Three patients were continuously followed up
because they did not have obvious symptoms, and their
subdural effusion was gradually absorbed and completely
disappeared. One patient underwent subdural-peritoneal
shunting. Possible reasons for postoperative subdural
effusion are: (1) A large amount of CSF cannot be absorbed
within a short period of time, which means CSF will enter
into the subdural space through the fenestrations in the
inner wall; (2) Brain tissue dysplasia occurs after long-term
compression, and the brain tissue re-expands slowly.
Meanwhile, the cyst collapses, and then the lateral side of
the cyst is peeled off from the dura mater, resulting in
subdural effusion. It has been suggested that the cyst can be
reached via the transtemporal approach during endoscopic
surgery [27]. Since the endoscope does not enter into the
cyst through the cyst wall directly, entrance of cyst fluid
into the subdural space is avoided, thereby preventing the
occurrence of postoperative subdural effusion. It should be
noted that some authors do not include mild dural efflusion

as a complication, only severe dural effusion. They
therefore report lower postoperative complication rates than
would have been reported had mild effusion been included.
We included both mild and severe dural effusion as a
complication. Only one of our patients with dural effusion
required a shunt.

For successful surgery, several points should be noted:
(1) During analysis of the imaging before surgery, the
surgeons should pay attention to the relationship between
the cyst and its adjacent cortex and cistern. The skull-
entering point and the path to the target area (basal cistern)
need to be carefully selected. The surgical approach and
drilling should avoid major functional areas, and the
position for drilling in the temporal area should allow the
endoscope to point at the inner wall of the basal cistern
perpendicularly, so that the fenestration of the cyst into the
basal cistern is relatively easy and safe. If the inner wall of
the cyst is covered by the temporal cortex on the surface,
endoscopic cyst-basal cistern fenestration is performed via
the cortex. (2) The aims of surgery are to eliminate the
space-occupying effects of cysts; therefore, it is not
necessary to peel off the cyst wall. Cyst-cistern fenestration
can achieve satisfactory results. The cyst wall should not be
peeled off forcibly because it may easily cause bleeding,
affecting the operative field and the surgical operation. (3)
The fenestration should be expanded as much as possible
during surgery as long as safety is ensured. The basilar
artery should be observed clearly through the fenestration.
The postoperative recurrence rate of MFACs is high;
therefore, multiple fenestrations should be performed
during surgery to prevent postoperative fenestration closure
and failure of surgery. (4) As surgery is performed under an
endoscope, hemostasis is difficult once serious bleeding
occurs. Therefore, vascular injury should be avoided after
the endoscope enters into the cyst cavity, and close
attention should be paid to hemostasis at each step of
surgery.

There are no clear-cut criteria to define successful
surgery [21]. In our study, among 27 patients with
symptoms, 7 had unreduced cyst volume after surgery,
and only 2 patients had no improvement of symptoms. We
speculate that the main criterion for successful surgery
should be improvement of clinical symptoms instead of
cyst volume reduction.

To summarize, we believe that endoscopic treatment of
MFACs has the following advantages: (1) Surgical trauma
is minor; (2) Surgical safety is relatively high; (3) The
operative time is significantly shortened, and patients
recover rapidly; (4) The therapeutic effects are definite,
and there are fewer postoperative complications; (5) The
psychological burden on patients is light.

We therefore conclude that endoscopic surgery should be
the first choice for all types of MFACs [15]. With
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endoscopic surgery, good therapeutic effects can be
achieved in most patients. The use of neuronavigation can
be combined when necessary, allowing better identification
of the target area for endoscope placement and help in
identifying and protecting deep neurovascular structures
simultaneously. Shunting or microsurgical treatment should
be considered only when symptoms are not changed after
endoscopic treatment [28].

Conflict of interests None.
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