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Abstract

Introduction: This study aims to analyse clinical, surgical and postoperative outcome perspectives of tumors
occupying both middle and posterior cranial fossa.

Methods and Materials: This retrospective cohort study includes 23 patients operated for tumors involving both
middle and posterior cranial fossa in our department between August 2016 and August 2020. Each patient was
evaluated for age, sex, co-morbidities, tumour histopathology, clinical presentation, radiological characteristics,
surgical and outcome characteristics. Unpaired t- test and chi-square tests were used for statistical analysis. P < 0.05
was considered statistically significant.

Results: The mean age was 46 years (range 40-57 years), with the majority of patients being female (56.5%). Most
tumors (65.3%) were trigeminal schwannoma, with the remaining being vestibular schwannoma (21.7%), facial
schwannoma (8.7%) and epidermoid (4.3%). The most commonly used surgical approach was the retrosigmoid
approach (30.4%) and combined approach (30.4%). Gross total resection (GTR) was done in 14 patients while
subtotal resection (STR) was done in 9 patients. Subtotal resection was significantly associated (p<0.05) with
persisting cranial nerve deficit and tumour progression. Midbrain compression, internal carotid artery and cavernous
sinus involvement were significantly (p<0.05) associated with subtotal resection.

Conclusions: Among bicompartmental tumors, trigeminal schwannoma is more common. Combined approach for
such tumour is required in tumours having significant size in both middle cranial fossa and posterior cranial fossa.
The intent of surgery is to achieve a gross total resection but adhesions and involvement of critical brain structures
results in subtotal resection.

Key words: Epidermoid, Middle cranial fossa, Posterior cranial fossa, Trigeminal Schwannoma, Vestibular
Schwannoma.
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Clinical, surgical and postoperative outcome analysis of bicompartmental intracranial tumours

Methods and Materials

This retrospective cohort study includes a cohort of 23
patients who underwent surgery for involving both middle
and posterior cranial fossa in our department between 1
August 2016 and 31 August 2020.

This is a retrospective cohort study in two phases:
a cross-sectional phase where the patients included in
the sample were evaluated for the following described
variables and a follow-up phase at hospital discharge,
1 month and 6 months respectively. Each patient was
evaluated in term of age, sex, co morbidities, tumour
histopathology, clinical presentation, radiological
characteristics, surgical and outcome characteristics.

The inclusion criteria were all patients operated in
elective settings in our department having preoperative
imaging (MRIbrain, CECT brain) suggestive of intracranial
SOLs (space occupying lesions) involving both middle
cranial fossa and posterior cranial fossa between 1 August
2016 and 31 August 2020. Patients were excluded if they
had undergone previous surgical intervention for the same
lesion or had received radiotherapy.

Data was collected retrospectively by analysing
medical and surgical records of 23 operated patients
having tumour involving both middle cranial fossa and
posterior fossa compartments, submitted in medical
record department of our hospital between 1 August 2016
and 31 August 2020. Data was collected from the medical
and surgical records and included patient demographics,
clinical findings, and duration of symptoms, surgical
details, tumour characteristics, radiological data and
treatment given. Persisting complications were considered
as those complications that persisted for six months or
more postoperatively.

Surgical Treatment

The clinical status and preoperative radiological
imaging were used for determining the appropriate surgical
approach. CT angiography was done preoperatively to
define adjacent vascular structures and feeding vessels to
the tumor. Based on surgeon preference and radiological
diagnosis appropriate surgical approach was selected.
Written and informed consent were taken before surgery.
For trigeminal schwannomas; Dolenc’s frontotemporal
epidural, presigmoid transpetrosal-transtentorial and
extended middle fossa rhomboid approaches were used.
The extended middle fossa approach and Dolenc’s
frontotemporal epidural approaches were used in cases
of small posterior fossa extension; this extension can
be removed via expanded Meckel cave. Presigmoid
transpetrosal-transtentorial approach was used when part of
the tumor extending into middle cranial fossa was small and
predominantly involved posterior cranial fossa. For large
dumbbell tumors involving both compartments combined

approach was used. For other bicompartmental tumors, we
used retrosigmoid approach for tumors with predominant
posterior compartment extension and extended middle
cranial fossa approach for tumors with predominant
middle cranial fossa extension. Combined approach viz.
both extended middle cranial fossa and retrosigmoid
approach was used in tumors with significant extension
in both the compartments. Microsurgical techniques,
intraoperative neuronavigation and neuromonitoring were
utilised during surgery. For epidermoids, neuroendoscope
was used to aid removal of tumors from crevices. Dural
closure was done by interrupted Vicryl 4-0 sutures. In
cases, where dural defect was large we used pericranial
grafts or artificial dural grafts. Fibrin glue was used in
cases of anticipated cerebrospinal fluid (CSF) leak after
dural repair. We do not prefer preoperative lumbar drain
placement for prevention of CSF leak at our centre.
Gross-total resection (GTR) is defined as the
complete resection of the tumour on postoperative MRI
or CT scan whereas Sub-total resection (STR) is defined
as any residual tumour on postoperative MRI or CT scan.
Recurrent lesion was evaluated using postoperative MRI
and characterized as the radiologically progressive tumour.
Additionally, imaging studies and operative reports were
used to determine tumour extension into the IAC, jugular
foramen, cavernous sinus and internal carotid artery.

Statistical Analysis

The data were summarized using medians and mean
for continuous variables, and counts and percentages for
categorical variables. Differences in continuous variables
and categorical variables were evaluated using the
unpaired t- test and chi-square test respectively. Values
with p < 0.05 were considered statistically significant.
Statistical tests were done using GraphPad Prism version
8.3.0 software.

Result

Patient and Tumour Characteristics

A total of 23 patients underwent surgical treatment for
this dual compartment tumour during the 4-year period.
The mean age was 46 years (range 40-57 years), with the
majority of patients being female (56.5%). Hypertension
(21.7%) was the most common comorbidity found in
these patients followed by diabetes mellitus (17.4%),
hypothyroidism (8.7%), respiratory disorders (13%),
alcoholic intake (26.1%) and smoking (34.8%). Based on
Tumour histopathology, intraoperative findings and MRI/
CT brain findings most tumors (65.3%) were trigeminal
schwannoma, with the remaining being Vestibular
schwannoma (21.7%), Facial schwannoma (8.7%) and
Epidermoid (4.3%). The median tumour size (maximum
length) was 6.8 cm (range 5.4-9.3 cm).
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Clinical Presentation

The median duration of symptoms was 11 months
(range: 5 — 36 months). The most common presenting
symptom was headache (91.3%); this was followed by
facial numbness/pain (78.3%), ataxia (52.2%), facial
paresis/paralysis (43.5%) and hearing loss (43.5%).
Other presenting symptoms included tinnitus, seizure,
and double vision, diminution of vision, dysarthria, nasal
regurgitation and nasal intonation of speech and lower-
extremity weakness. Most common cranial nerve involved
was CN V (73.9%) followed by CN VII (43.5%) and CN
VIII (26.1%). Other cranial nerves involved were CN 11,
CN IV and lower cranial nerves (CN IX, X). Cerebellar
signs were present in 52.2% of patients.

Radiological Presentation

On analysing preoperative MRI and CT scans of
the brain we found that hydrocephalus and petrous apex
destruction was present in 26.1% of patients. Other
significant findings included midbrain compression
(21.7%), cavernous sinus involvement (13%), internal
carotid artery involvement (13%) and optic chiasma
compression (8.7%).

Surgical Characteristics

A number of different surgical approaches were used
for the resection of these dual compartment tumours. The
mostcommonly used approach for trigeminal schwannoma
was Dolenc’s frontotemporal epidural (40%) followed by
retrosigmoid approach (26.7%), extended middle cranial
fossa (13.3%) and combined approach (20%). Most
common approach for vestibular schwannoma used was
retrosigmoid (60%) followed by extended middle cranial
fossa (20%) and combined (20%) approach. For facial
schwannoma and epidermoid, retrosigmoid approach was
used. Gross total resection (GTR) was achieved in 60.9%
of patients. STR was done in 9 patients of trigeminal
schwannoma and 1 patient of vestibular schwannoma.

Nine patients (39.1%), 4 of vestibular schwannoma
and 5 of trigeminal schwannoma underwent postoperative
radiotherapy, all of whom received STR.

Postoperative OQutcomes

New cranial nerve deficits occurred in 26 % consisting
of CN VII (21.7%) and lower cranial nerves (4.3%). Of
these new cranial nerve deficits 13% persisted and 8.7%
recovered later in the postoperative period. Persisting
cranial nerve deficit including both pre-existing and new
deficits occurred in 78.3% patients. Other complications
included wound infection, CSF leaks, tracheostomy
requirement, and aspiration pneumonitis due to
involvement of lower cranial nerves requiring Ryle’s tube
placement and hematoma. Regional complication in the
form of wound infection, CSF leak and hematoma occurred
in a patient (4.3%) operated for trigeminal schwannoma
by combined approach. Systemic complication occurred
in the form of tracheostomy requirement due to prolonged
intubation, aspiration pneumonitis and cranial nerve
deficits.

Systemic complications were more after resection of
Trigeminal schwannoma (66.7%) followed by Vestibular
schwannoma (60%). Regional complication in the form
of wound infection and CSF leak was present in 1 patient
of Vestibular schwannoma (20%). New neurologic deficit
viz. Cranial nerve deficits were more common in Vestibular
schwannoma (60%) followed by facial schwannoma
(50%). Gross total resection (GTR) was possible in 100%
patients of facial schwannoma and epidermoid patients.

No significant difference was found between
GTR and STR group with respect to new cranial nerve
deficit, systemic and regional complications. STR was
significantly associated (p<0.05) with permanent cranial
nerve deficit (p < 0.0343) and tumour progression (p <
0.0001). At a mean follow-up duration of 9.2 months
(range 0-24 months), nine patients (39.13 %) had
tumour progression. All patients with tumour progression
underwent STR during the primary procedure (Table 1).

Midbrain compression (p=0.0343), internal carotid
artery (p=0.0285) and cavernous sinus involvement
(p=0.0285) was significantly associated with STR (Table

).

S.No | Outcome GTR (n=14) STR (n=9) P value
1. New cranial nerve deficit 5 (35.7%) 1 (11.1%) 0.1897
2.  Persisting cranial nerve deficit 9 (64.3%) 9 (100%) 0.0343
3. Tumour progression 0 9 (100%) <0.0001
4. Regional complications 1 (7.1%) 0 0.4123
5. Systemic complications 8 (57.1%) 5 (55.5%) 0.9403

Radiological characteristics GTR STR P value
1. Midbrain compression (n=5) 1 (20%) 4 (80%) 0.0343
2. Internal carotid artery involvement (n=3) 0 3 (100%) 0.0285
3. Cavernous sinus involvement (n=3) 0 3 (100%) 0.0285
4. Petrous apex destruction (n=6) 4 (66.7%) 2 (33.3%) 0.7350
5. Optic chiasma compression (n=2) 1 (50%) 1 (50%) 0.8028
6. Hydrocephalus (n=6) 4 (66.7%) 2 (33.3%) 0.7350

Table 1. Postoperative outcome and resectability analysis
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Figure 1: Histopathology in H & E stain 10X magnification. Cranial nerve schwannoma (4) Antoni A and Antoni B areas;
(B) Palisading pattern of schwannoma. Intracranial epidermoid (C) Small arrow, keratin flakes and large arrow, stratified
squamous epithelium.

Figure 2: (A) axial T1 image showing a well-defined extra — axial hypointense cystic lesion in left cerebellopontine angle
region causing mass effect over brainstem and cerebellum extending into the middle cranial fossa through destruction of
petrous temporal bone suggestive of cystic vestibular schwannoma. (B) axial T2 image showing heterogenous hyperintense
lesion. (C) axial FLAIR image showing no suppression with heterogenous hyperintense signal. (D) axial DWI image
showing dark signals representing no diffusion restriction.
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Figure 3: (A, B, D) are axial T1, T2 and FLAIR sequences respectively showing a large well marginated dumbbell shaped
extra-axial Tl isointense and T2/FLAIR heterogeneously hyperintense to grey matter lesion, arising along the course of left
trigeminal nerve from meckel’s cave in middle cranial fossa extending to posterior cranial fossa suggestive of trigeminal
schwannoma. (C) shows DWI image, the lesion is showing patchy areas of diffusion restriction.

Figure 4: (4) Postoperative axial non-contrast CT showing GTR via retrosigmoid approach
(B) Postoperative axial non-contrast CT showing GTR via extended middle cranial fossa approach.
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Discussion

Brain tumours involving both middle and posterior
cranial fossa have always been a key interest and a
challenging surgery for the neurosurgeons. There is
paucity of literature in regards to analysis of tumours
involving both posterior and middle cranial fossa
and their categorisation based on tumour types. The
differential diagnoses of such tumours are trigeminal
schwannoma, vestibular schwannoma, facial
schwannoma, epidermoid, meningioma, ependymoma,
metastasis, and chondrosarcoma.'>* Out of the 23 patients
analysed retrospectively, trigeminal schwannoma (65.3%)
was the most common tumour type followed by the
vestibular schwannoma (21.7%), facial schwannoma
(8.7%) and epidermoid (4.3%). Trigeminal schwannoma
is a common tumour involving both compartments.
Trigeminal schwannoma accounts for 0.8% to 8.0 % of all
intracranial schwannoma. * Multicompartment trigeminal
schwannoma extending to both posterior and middle
cranial fossa are classified as type E by Ramina et al®, type
MP by Yoshida and Kawase ¢ and type C by Samii et al .
Vestibular schwannoma usually involve posterior cranial
fossa (cerebellopontine angle) but can extend to middle
cranial fossa.

Schwannomas are benign slow growing tumours.
The lesions originate at the transition point between
glial cells and Schwann cells, called as the Obersteiner-
Redlich zone. ® Microscopically, Schwannomas are made
up entirely of neoplastic Schwann cells arranged in two
distinct tissue patterns: Antoni A and Antoni B (Figure
1). Antoni A tissue is made up of compact spindle cells
with elongated nuclei and ample pink cytoplasm. Verocay
bodies (Figure 1), which are alternating arrangements of
palisading nuclei and cell bodies, are found within Antoni
A tissue. ° Epidermoid cysts consists of a connective
tissue lamina lined with stratified squamous epithelium.
Desquamation of epithelial cells leading to formation of
pearly shiny debris, along with cholesterol and keratin
secretion inside the cyst results in increase in size of the
tumor. '° (Figure 1).

Preoperative imaging with computed tomography
(CT) or Magnetic resonance imaging (MRI) with CT
angiography has significantly improved surgical planning
and outcome prediction in these tumors. ' (Figure 2, 3).
Postoperative imaging with CT or MRI helps in following
tumour progression.

The incidence of trigeminal schwannomas involving
multiple cranial fossa varies from 27% to 59%. '>13
Trigeminal schwannoma localisation to middle, posterior or
multiple cranial compartments depends on its origin along
the course of trigeminal nerve from gasserian ganglion,
root and three divisions of CN V respectively.'* Jefferson
had classified trigeminal schwannomas occupying both

middle and posterior cranial compartments as dumbbell
tumors or Type C tumors.'® Day and Fukushima modified
the scheme and classified trigeminal schwannoma
arising from extra cranial part of V CN as type D.!"
These bicompartmental tumours are also classified as
type E by Ramina et al. * Various studies report 62% to
81% of Trigeminal Schwannomas occupying the middle
and posterior cranial compartment. '®'® Vestibular
schwannoma are usually confined to posterior fossa but
may invade middle cranial fossa when enlarged. There
are various case reports regarding epidermoid and facial
nerve schwannoma involving both middle and posterior
cranial fossa. '°2!. In this study, vestibular schwannomas
were predominantly occupying the posterior cranial
compartment with extension into the middle cranial fossa.
The incidence of epidermoids extending in both posterior
and middle cranial compartment ranges from 12% - 20%
of intracranial epidermoids. ** In this study only 1 case of
bicompartmental epidermoid was operated.

In this study, the mean age was 46 years with a slight
female preponderance (56.5%). Trigeminal schwannomas
occur predominantly in the 4th—6th decades, slightly more
common in females. ! In Vestibular schwannoma, the
mean age of occurrence is 58 years, and both sexes are
affected equally. » Facial schwannomas are uncommon
benign tumors that can affect any age group. However,
its incidence rises between the 3rd and 6th decade of life.
The incidence is equal in both males and females.”* In
Epidermoid, the average age at presentation is 40 years.

Predominant presenting complaints of patients with
these bicompartmental tumors were headache (91.3%)
followed by facial numbness/pain (78.3%), ataxia (52.2%),
facial paresis/paralysis (43.5%) and hearing loss (43.5%).
In Trigeminal schwannoma, trigeminal nerve involvement
complaints are the starting symptoms in most affected
patients (reported in 90% to 100% of cases). Facial
hypoesthesia is the most common trigeminal symptom that
usually accounts for 70% of affected patients.?® Mostly, all
3 divisions of trigeminal nerves are involved. Facial pain/
paresis is less common. Diplopia is attributed to CN IV
compression by these bicompartmental tumors.?® Tumors
extending to petrous bone and causing its destruction may
lead to loss of hearing and CN VII dysfunction due to
damage to the internal ear and internal acoustic meatus.”’

Most common cranial nerve involved was CN V
(73.9%) followed by CN VII (43.5%) and CN VIII
(26.1%). Other cranial nerves involved were CN II, CN
IV and lower cranial nerves (CN IX, X). These patterns
are directly related to greater proportion of trigeminal
schwannoma followed by vestibular schwannoma.
Cerebellar signs were present in 52.2% of patients.

For trigeminal schwannoma we used Dolenc’s
frontotemporal epidural (40%), retrosigmoid approach
(26.7%), extended middle cranial fossa (13.3%) and
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combined approach (20%). For vestibular schwannoma;
retrosigmoid (60%), extended middle cranial fossa (20%)
and combined (20%) approaches were used. For facial
schwannoma and epidermoid, retrosigmoid approach
was used. Surgical approach was used on the basis of
predominant fossa occupied by the tumour. For tumours
having significant involvement of both posterior and
middle cranial fossa, combined approach was used while
predominant posterior fossa tumors were approached by
retrosigmoid approach (Figure 4 A). Tumors involving
predominantly middle cranial fossa were approached
through an extended middle cranial fossa approach and
Dolenc’s approach (in trigeminal schwannoma cases)
(Figure 4 B). In these cases, the primary surgical objective
was to achieve a gross total resection and in cases where
GTR was not feasible intraoperatively we aimed at
decompression of the involved nerves and brain stem
by evacuation of tumor contents and excision of non-
adherent capsule, with parts of the capsule adherent to the
surrounding critical structures being left behind.

Identification of involved cranial nerves at places of
theirexitatthe skull base facilitates removal of schwannoma
and epidermoid around these nerves. Surgical dissection
was done along the nerves, separating it from the tumor.
Electromyography (EMG) is used intraoperatively for
monitoring of the cranial nerves functions, and brainstem
auditory evoked potentials for monitoring cranial nerve
VIII function in patients with serviceable hearing. Nine
patients (39.1%) underwent postoperative radiotherapy, all
of whom received STR. The experience with fractionated
radiation therapy for trigeminal schwannoma patients is
very limited. Fractionated stereotactic radiotherapy may
be an option for patients with large tumour who are higher
risk for microsurgical resection and not a candidate for
Stereotactic radiosurgery.?®

New cranial nerve deficits occurred in 21.7%
consisting of CN VII (17.4%) and lower cranial nerves
(4.3%). No significant difference was found between GTR
and STR group with respect to new cranial nerve deficit,
systemic and regional complications. STR was significantly
associated (p<0.05) with persisting cranial nerve deficit (p
<0.0343) and tumour progression (p < 0.0001). At a mean
follow-up duration of 9.2 months (range 0—24 months), 9
patients (39.13 %) had tumour progression. All patients
with STR showed tumour progression. Subtotal tumor
removal is warranted when difficult adhesions that occur
between tumor and critical structures are present. Studies
have shown that Greater residual tumor volume and
residual disease within the internal auditory canal predicts
progression. ? Midbrain compression (p=0.0343), internal
carotid artery (p=0.0285) and cavernous sinus involvement
(p=0.0285) were also significantly associated with STR.
To avoid injury to these critical structures, when GTR is
not feasible, surgical decompression along with excision
of nonadherent capsule is preferred.

Systemic complications were more after resection of
Trigeminal schwannoma (66.7%) followed by Vestibular
schwannoma (60%). This can be attributable to larger size
and vicinity to midbrain, cavernous sinus and other critical
structures. At our centre we do not prefer lumbar drain
preoperatively. Meticulous dural closure in watertight
fashion and occasional use of fibrin glue in cases where
there is risk of CSF leak is the protocol at our centre. In
this study cohort also we get only 1 case of CSF leak that
resolved spontaneously on conservative management.
Systemic complication peculiar to epidermoid cyst
is aseptic meningitis due to spillage of cyst content
intraoperatively which must be tackled carefully to
avoid such complication. Irrigation with corticosteroids
intraoperatively at surgical site after epidermoid resection
has been recommended by few authors, 33! and long-term
postoperative corticosteroid administration is universally
recommended.?® 3

Conclusion

Trigeminal schwannoma is the most common tumour
involving both middle cranial and posterior fossa. Most
common cranial nerve involved in such tumours is CN
V followed by CN VII. The most common presenting
symptom is headache followed by facial numbness /
pain. Combined approach for such tumours is required
in tumours having significant size in both middle cranial
fossa and posterior cranial fossa. Retrosigmoid approach
is preferred for tumour mainly confined to posterior
cranial fossa with small extension to middle cranial fossa.
Most common new cranial nerve deficit in such tumours
is CN VII. STR is significantly associated with persisting
cranial nerve deficit and tumour progression. Midbrain
compression, internal carotid artery and cavernous sinus
involvement cause difficulty in GTR and are significantly
associated with STR.
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