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ABSTRACT

Introduction. Pineal region pathologies are heterogenous, spectrum ranging from
benign, infective to malignant in nature such as parenchymal, germ cell, glial,
melanomas, metastatic, tubercular, etc. These lesions are commoner in the pediatric
age group and have a variable outcome. The goal of this study is to present our
experience regarding the surgical outcomes of pineal region lesions in the paediatric
population.

Objective. The objective of this study is to access the surgical outcome of pineal
region lesions in the paediatric population

Methods and Material. Eighty cases of pineal region lesions in the paediatric
population (up to 15 years of age) operated in the neurosurgery department, G.B
Pant Hospital New Delhi via either Occipital transtentorial or Supracerebellar
Infratentorial approaches were retrospectively analysed.

Results. There were four main groups of lesions with pineal parenchymal tumours
(35 cases) being the commonest. Glial tumours were the next most common
contributing 29 cases. Germ cell tumours comprise 7 and miscellaneous 9 cases.
The outcome showed graded improvement with the extent of tumour removal and
57 patients (71.25%) improved following surgery. The clinical status of 20 patients
(25%) remained unchanged and 3(3.75%) deteriorated from their pre-operative
status. 3 patients (3.75%) died in the immediate post-operative period and 11(13.75%)
died due to recurrent disease.

Conclusion. A graded increase in survival was noted with increasing the degree of
resection and postoperative adjuvant therapy in malignant pineal tumours whereas
benign pineal lesions can be managed with surgery. Pure germinomas are the only
tumour for which the survival rate was unrelated to extent of tumour resection.

INTRODUCTION

The pineal region lesions are heterogenous in nature such as germ cell
tumours, glial tumours, pineal parenchymal tumors, primary
melanoma, metastasis,cysts, infective, etc."*3
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These tumours are common in children comprising
of more than 10% of all pediatric tumours with
common presentation of raised intracranial
pressure secondary to obstructive hydrocephalous
due to close relation with posterior third ventricle.*>®

With better microsurgical skills, the surgical
outcome is associated with less morbidity and
mortality, however the long term surgical and
functional outcome depends on various factors such
as age, extent of resection of tumour, pathological
grade, distant seedling at the time of presentation,
neurological condition, visual status, possibility of
giving adjuvant therapy .8210.:111213141516,

In the present study, we retrospectively analyzed
the surgical outcome of pineal region lesion in
children treated over last 15 years.

MATERIAL AND METHODS

Eighty cases of pineal region lesions in children
operated via two approaches i.e occipital
transtentorial and supracerebellar infratentorial
(Fig1AB) in the Department of Neurosurgery,
GIPMER, New Delhi were retrospectively analyzed.
The techniques for both the approaches were as
standards described in the literature.

Postoperatively clinical and radiological outcome
was analyzed. Postoperative tumour excision was
graded as gross total, near total, subtotal or biopsy
when >99%, >90%, 51-90% or <50% tumour was
resected respectively based on MRI study.

Figure 1. A. Occipital transtentorial; B. Supracerebellar
Infratentorial.

a-inferior saggital sinus,b-great cerebral vein of Galen, c-
transverse sinus, d-internal cerebral vein, e-posterior cerebral
artery, f-superior cerebellar artery, g-anterior inferior
cerebellar artery.

RESULTS

Eighty children were followed up for 1-5 years
depending upon the pathology. Twenty children
(25%) were in the age group of 4-6 years and 16 cases
(15%) were 8-10 years old; the youngest patient

being 2 years and oldest was14 years old with a
mean age of 7.5 years. There were 39 males (48.75%)
and 41females(51.25%)
0.95:1(Table 1)

with the M:F ratio of

Figure 2A. Pre-operativeT1 saggital & T2 axial images of pineal
region teratoma

Figure 2B. Post-operative CT showing complete removal of
Teratoma

Histopathologically pineal parenchymal tumors was
constituting 43.75%, out of which
pinealoblastoma(21.25%) constituted the major
portion followed by glial tumours (36.25%), germ cell
tumours(8.75%). Remaining lesions like
meningioma, choroid plexus papilloma, epidermoid
cyst and tubercular abscess and cysticercosis were
uncommon. (Table 2).

Headache was the most common presenting
symptom observed in all cases followed by vomiting
in 41.25%, visual disturbance in 41.25%, diplopia in
31.25%, papilloedema 46.25%. Parinauds syndrome
was present in 38.75%, weakness in upper or lower
extremity was common in glial tumors infiltrating
surrounding structures, 15% had cerebellar signs,
6.25% hormonal imbalance and 3.75% were in
altered sensorium at the time of presentation.

Eighteen cases underwent HCG or AFP level
assessment in CSF and 3 cases showed elevated
levels in germinoma & teratoma.
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Out of 80 cases,57 (71.25%) improved, 20 (25%)
remained unchanged and 3(3.75%) patients
deteriorated in postoperative period. Three patients
(3.75%) died in immediate post-operative period and
11(13.75%) died in the follow up due to recurrent
disease.

Surgical outcome based on extent of resection is
given in table 4.Based on extent of resection, total
removal led to improvement in 75-100 % cases
irrespective of pathology. Improvement in pilocytic
astrocytomas was 90%, pineocytoma 57%,
pineoblastoma 47%, intermediate pineal tumor was
45% and 60% in germinoma cases. Improvement
was almost 100% in benign lesions such as
meningioma, epidermoid cyst, oligodendroglioma,
choroid plexus papilloma, infective pathologies
(Figure 3,5) Near total removal showed 47%

improvement in pineoblastoma whereas patients
with pathologies such as fibrillary astrocytoma,
anaplastic astrocytomas, germinomas showed 100%
improvement even after near total excision.

Figure 3A & 3B. Pre- operative axial & saggital images of pineal
region epidermoid.

Figure 3C & 3D. Post-operative axial CT showing excision of
pineal region epidermoid.

Except for germinoma subtotal removal of tumours
showed no improvement in postoperative period. In
the biopsy group out of 2 patients,50% remained
unchanged and 50% deteriorated with one

immediate and one delayed mortality. All cases of
ependymoma improved after gross and near total
resection. Out of 5 patients of germinoma, 3 patients
improved after gross total removal, near total and
subtotal resection and radiotherapy (Figure 4), 2
patients underwent biopsy out of which one
remained unchanged and one deteriorated and died
in post operative period due to disseminated
disease. Out of 2 cases of immature teratoma (Figure
2AB), 1 patient improved and one remained

unchanged after near total excision.(Table 3 & 4). A
CSF diversion procedure as ventriculoperitoneal
shunt was needed in 31 patients(38.75%) of pineal
tumour patients .

Figure 4A & 4B. Pre-operative saggital MR image in T1 contrast
of pineal region germinoma & post operative saggital T1 MR
after excision and radiotherapy.

Figure 5A & B. Pre-operative saggital & axial T1 contrast MR
images of tubercular abscess.

Figure 5C & D. Post-operative axial CT of tubercular abscess
after excision of tubercular abscess.
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Table 1. Age and sex distribution

Sr. No. Age Group No. of Females No. of Males Total No. of cases
1 0-2 1 0 1
2 24 6 7 13
3 4-6 9 11 20
4 6-8 9 5 14
5 8-10 7 9 16
6 10-12 5 3 8
7 12-14 4 4 8
8 14-15 0 0 0
Total 41 39 80
51.25% 48.75%
Table 2. Histopathology of 80 cases of pineal region tumours
Diagnosis No. of
Cases
e  Pineal parenchymal tumors 35(43.75%)
®  Pineocytoma 7 (8.75%)
e Pineal parenchymal tumor of intermediate differentiation 11(13.75%)
®  Pineoblastoma 17 21.25%)
Gliomas 29 (36.25%)
(] Pilocytic astrocytoma 10 (12.50%)
e  Fibrillary astrocytoma 4(5%)
e Anaplastic astrocytoma 3(3.75%)
e  Glioblastoma 1(1.25%)
3(3.75%)
e  Oligodendroglioma 6 (7.50%)
e Ependymoma 2(2.5%)
e  Subependymal giant cell astrocytoma
Germ cell tumors 7 (8.75%)
e Germinoma 5 (6.25%)
®  |mmature teratoma 2(2.5%)
Miscellaneous 9(11.25)
e  Meningioma 2(2.25%)
e  Choroid plexus papilloma 3(3.75%)
e  Epidermoid cyst 2(2.25%)
e  Tubercular abscess 1(1.25%)
1(1.25%)
e  (Cysticercosis
Total 80 (100%)
Table 3. Surgical outcome according to histopathology
Diagnosis No. of | Outcome Mortality
cases Improved | Unchanged | Deteriorated (%)
(n) (%) (%) (%)
Pineocytoma 7 4(57.14%) | 3(42.85%) 0 0
Pineal parenchymal tumor of intermediate | 11 5(45.45%) | 6(54.54%) 0 4(36.36%)
differentiation
Pineoblastoma 17 8(47.05%) | 7(41.17%) 2(11.76%) 8(47.05%)
Pilocytic astrocytoma 10 9(90%) 1(10%) 0 0
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Fibrillary astrocytoma 4 4 0 0 0
Anaplastic astrocytoma 3 3 0 0 0
Glioblastoma 1 0 1 0 1
Oligodendroglioma 3 3 0 0 0
Ependymoma 6 6 0 0 0
SEGA 2 2 0 0 0
Germinoma 5 3(60%) 1 1(20%) 1(20%)
Immature teratoma 2 1 1 0 0
Meningioma 2 2 0 0 0
Choroid plexus papilloma 3 3 0 0 0
Epidermoid cyst 2 2 0 0 0
Tubercular abscess 1 1 0 0 0
Cysticercosis 1 1 0 0 0
Total 80 57 20 3 14
(%) (100%) (71.25%) (25.00%) (3.75%) (17.5%)
Table 4. Surgical outcome based on extent of tumour removal
. . No. of Extent of tumour | No of | Outcome X
Diagnosis " Mortality
cases removal cases | Improved | Unchanged | Deteriorated
GT 4 3(75%) 1(25%) 0 0
Pineocytoma 7 NT 1 1 0 0 0
ST 2 0 2 0 0
_ GT 6 5(83.33%) | 1(16.67%) 0 0
Pineal  parenchymal NT 5 0 2(100%) 0 1
tumor of intermediate | 11 o 2 0 2(100% 0 2
differentiation ( )
Biopsy 1 0 1(100%) 0 1
GT 5 4(80%) 1(20%) 0 0
NT 7 4(57.14%) | 3(42.85%) 0 3
Pineoblastoma 17
ST 3 0 2(66.66%) 1(33.33%) 3
Biopsy 2 0 1(50%) 1(50%) 2
Excision 2 2(100%) 0 0 0
i . GT 6 6(100%) 0 0 0
Pilocytic astrocytoma 10
NT 1 1(100%) 0 0 0
ST 1 0 1(100%) 0 0
_ GT 3 3(100%) 0 0 0
Fibrillary astrocytoma | 4
NT 1 1(100%) 0 0 0
Anaplastic 3 GT 2 2(100%) 0 0 0
astrocytoma NT 1 1(100%) 0 0 0
Glioblastoma 1 ST 1 0 1(100%) 0 1
Oligodendroglioma 3 GT 3 3(100%) 0 0 0
GT 5 5(100%) 0 0 0
Ependymoma 6
NT 1 1(100%) 0 0 0
Excision 1 1(100%) 0 0 0
SEGA 2
GT 1 1(100%) 0 0 0
GT 1 1 0 0 0
NT 1 1 0 0 0
Germinoma 5
ST 1 1 0 0 0
Biopsy 2 1(50%) 1(50%) 1
Immature teratoma 2 NT 2 1(50%) 1(50%) 0
Si 's Grad
Meningioma 2 Impson's - &rade 1 5 2(100%) | 0 0 0
Il Excision
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Cho'r0|d plexus 3 GT 3 3(100%) 0 0 0
papilloma

Epidermoid cyst 2 Excision 2 2(100%) 0 0 0
Tubercular abscess 1 Excision 1 1(100%) 0 0 0
Cysticercosis 1 Excision 1 1(100%) 0 0 0

GT, gross total resection; NT, near total resection; SEGA, subependymal giant cell astrocytoma; ST, subtotal resection

Upgaze palsy was present in 3 which persisted in
post-operative period. Subdural effusion was
present in 4 cases & was self limiting. Most severe
complication was postoperative haemorrhage in 2
cases due to incomplete resection of tumor. In
Infratentorial supra-cerebellar approach venous air
embolism & hypotension was noted in 8 cases.
Venous air embolism was treated with rapidly
packing the operative field with wet sponges,waxing
bony edges, air aspiration from right atrium via CVP
catheter, ventilation of patients with 100% O2, use of
vasopressor & volume expanders.Postoperative
hemianopia was the most common complication
following suboccipital transtentorial approach and
was encountered in 7 cases due to prolonged
retraction of occipital lobe. Meningoencephalitis was
noticed in one case.

Suitable candidates were referred for adjuvant
treatment.

Five-year survival rate of the patients is shown in
Table 5.

Table 5. Survival rates for patients with pineal tumours

5 Year Survival
Pineocytoma (PC) 71%

Pineal parenchymal tumour of | 63%
intermediate  differentiation

(PID)

Pineoblastoma(PB) 46%

High grade glial tumours 80%

Germ cell tumours (GCTs) 90%
DISCUSSION

Transcallosal approach for pineal lesions was first
described by Dandy18 in 1921, however all patients
died initially and first successful excision was
performed in 1931. The operative mortality of pineal
region lesions was as high as 90% as per reported by
Russel and Sachs 19 in 1943. Thereafter with more
refined surgical skills and knowledge of anatomy,
increasing sophistication of stereotactic surgery and
the high morbidity and mortality rates of open

operation on the pineal region, neurosurgeons
advocated stereotactic biopsy for pineal region
masses. However with recent advances, surgery on
the pineal region has became increasingly safer & is
now the treatment of choice as it allows significant
debulking of lesions and adequate specimen to
identify the pathology of lesion. We are also in favor
of surgery to radically remove the lesion to avoid
unnecessary radiation to benign lesions and
radiation associated significant morbidity
particularly in children. Radiation can cause
arachnoid thickening, adhesions and which can be
troublesome especially for recurrent tumours.
Hoffman et al.20 also recommended open surgery in
order to establish accurate histological diagnosis to
guide the adjuvant therapy indications.

The median age of presentation in this study was
7.5years (range 1-15) and male to female ratio was
0.95:1 (Table 1).

In the present study pineal parenchymal
tumours(PPT) were most common constituting
43.75% followed by glial tumors comprising 36.25%
and germ cell tumours<9%.In Indian population PPT
is commoner than germ cell tumours(Table 2).
TatkeM et al. reported 42% of tumours to be PPT in
Indian population.24 In contrast to this, Cho BK et al.
reported even higher incidence of both PPT and
germ cell tumours i.e. 69% and 19% respectively in
Far East population22. Aal-Hussaini M et al collected
data from 17 SEER registries (these data included a
total of 5306606 tumors diagnosed from January
1973-December 2005) and reported germ cell
tumors as most common histological type followed
by pineal parenchymal tumors23. Rosenstock17 et al
and reported 32% pineal parenchymal tumors and
26% glial tumours respectively in their series.

In this study headache was present in all cases
followed by vomiting and diplopia in 41.25% and
38.75%respectively. Papillodema was observed in
46.25% with Parinauds syndrome in 38.75%.Various
studies by Hoffman et al,20, Villa et al, 25Konovalov
and Pitskhelauri3 et al, Cho B.K et al also found signs
and symptoms of raised intracranial pressure in 80-
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90% and Parinaud's syndrome in 25%-50% of cases.

Al-Hussaini M et al collected data from 17 SEER
registries (these data included a total of 5306606
tumors diagnosed from January 1973-December
2005) and concluded that amoung malighant
tumours of pineal region germ cell tumours had best
outcome, which was further improved by
radiotherapy use but not by total excision23.

Konovalov AN and Pitskhelauri DI3 et al reported
pure germinomas having 95% and 88% 5 year and 10
year survival; high grade glial tumors as 80% and
50%, 5 year and 10 year survival rate; malignant
pineal parenchymal tumours as 44% and 0% 5 year
and 10 year survival rate; malignant GCTs as 20% and
0% 5 year and 10 year survival rates respectively. In
our study highest mortality was noted in cases of
pineoblastoma(47.05% mortality), which is the most
malignant tumour of pineal region followed by pineal
parenchymal tumor of intermediate
differentiation(36.36%). In  our study pineal
parenchymal tumor of intermediate differentiation
had 70% overall 5 year survival rate; pineoblastoma
having 70.58% overall 5 year survival rate;
germinoma having 75% overall survival rate. There is
34.28% mortality in pineal parenchymal group
followed by 20% mortality in germ cell tumor group
and 3.44% mortality in glial tumor group without any
mortality in bening lesions of pineal region,
correlating mortality with the histopathological
diagnosis.

Konovalov AN and Pitskhelauri DI3 found an
association between the extent of tumor removal
and survival in patients with all types of malignant
tumors except pure germinoma. The 5 year survival
rate was 70% for patients who had a total tumor
resection and 30% for patients who had a biopsy or
partial resection. Pure germinomas was the only
tumor for which survival rate was not associated with
the extent of tumor resection. Tatke M et al reported
a graded increase in survival with increasing degree
of resection (5 year survival rate:84% for GTR vs 53%
for STR vs 29% for debulking in case of
pineoblastomas. (Table4,5).

Konovalov AN and Pitskhelauri DI3 found an
association between the extent of tumor removal
and survival in patients with all types of malignant
tumors except pure germinoma. The 5 year survival
rate was 70% who had a total tumor resection and
30% who had a biopsy or partial resection. Pure
germinomas was the only tumor for which survival

rate was not associated with the extent of tumor
resection perhaps these are the tumours which
responds best to radiotherapy. Tatke M24 et al also
reported a graded increase in survival with
increasing degree of resection in pineoblastomas.

Clark AJ et al suggested that aggressive surgical
resection provides a survival benefit over subtotal
resection for patients of pineocytomas 26. In our
study, 75% of pineocytomas improved after gross
total removal , 83.33% of pineal parenchymal tumors
improved after gross total removal and 80% of
pineoblastomas improved after gross total removal.
In cases of pilocytic astrocytoma all cases of gross
total and near total removal improved with one case
of subtotal removal remained unchanged.

All cases of fibrillary astrocytoma, anaplastic
astrocytoma, ependymomas and SEGA showed
improvement after gross and near total excision.
One case of glioblastoma expired after subtotal
removal. All cases of germinomas showed
improvement regardless of extent of removal except
one case of disseminated germinoma which died in
post op period and one case remained in unchanged
status. All other miscellaneous lesions improved
after excision, gross total or near total
removal(Table3,4)

Konovalov AN and Pitskhelauri DI3 described the
principles of treatment of the pineal region tumours
on the basis of total 287 operations done over a
period from 1976 to 1999. It included 161 males and
126 females with a mean age of 20 years at
presentation. They used occipital transtentorial
approach in  138(54%) and infratentorial
supracerebellar approaches in 87(34%) of patients.
Total removal was achieved in 58% patients, subtotal
removal in 29% and partial removal in 13% patients.
58% patients had obstructive hydrocephalus that
underwent craniospinal fluid shunting before
radiotherapy or with tumour removal. Features of
raised intracranial pressure and eye movement
disorders were among the most common
presentation. Present study, includes 80 patients
with pineal region lesions. A CSF diversion procedure
as ventriculoperitoneal shunt was needed in 31
patients(38.75%) of pineal tumour patients .

Two approaches were commonly used:
Supracerebellar infratentorial approach was used in
62(77.5%) and occipital transtentorial in 18(22.5%)
patients of pineal tumours. Stein BM 27 reported
their experience of 6 cases of pineal lesions,
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operated using Krause's Supracerebellar
Infratentorial approach. They had no operative
mortality. Operative morbidity was negligible and
except for a varying degree of meningeal reaction
managed effectively with steroids, their pateints had
uneventfull postoperative courses.

Suzuki and Iwabuchi have reported the largest
series of successfully treating lesions of the pineal
region using the direct surgical approach. 17 of 19
cases underwent total or near total removal via a
supratentorial approach.

In our study post operative complications
according to surgical approach were as follows;
Infratentorial supracerebellar approach: Ocular
abnormality in the form of upgaze palsy was present
in 3 which lasted for few weeks in post-operative
period. Subdural effusion was present in 4 cases &
was self limiting. Most severe complication was
postoperative haemorrhage in 2 cases due to
incomplete resection of tumor.

Occipital transtentorial approach: Postoperative
hemianopia was the most common complication in
this approach encountered in 7 cases due to
excessive retraction of occipital lobe. Gentle &
gradual retraction of occipital lobe is necessary to
avoid this complication. Meningoencephalitis was
noticed in one case.

Clark A et al reported that patients receiving
subtotal tumor resection (STR) versus those
undergoing STR plus External beam radiotherapy
(XRT), the addition of adjuvant radiation does not
yield a survival benefit when compared to STR alone.
In the light of the superiority of gross total resection
(GTR) to STR, it appeared that pineocytomas are
relatively radioresistant and are optimally treated
with aggressive surgery rather than XRT.

Stoiber EM et al reported that fractionated local
radiotreatment of pineocytomas seems to be safe
and effective method with a local recurrence control
rate of 100%, intensification of therapy in aggressive
variants of intermediate pineocytomas as well as
pineoblastomas seemed necessary28. The CCG-
921(Childrens cancer group) report suggested that
radiation therapy has a significant impact on survival
with a 3-year survival of 61% in paediatric
pineoblastoma population. Konovalov AN and
Pitskhelauri DI et al reported that radiation therapy
should be administered to all patients with pineal
region tumors other than meningioma, mature
teratoma and some rare bening tumors or

cysts3.Germinoma is chemotherapy &
radiosensitive. For intracranially arising germonimas
radiation therapy is the primarily curative. Radiation
therapy is best avoided in young children & many
centres advocate few cycles of chemotherapy
followed by radiation therapy as well. More
aggressive tumors of pineal region like malignant
germ cell and pineal parenchymal tumors tend to
invade surrounding cerebellar structures and have a
high risk of spinal dissemination and commonly
cannot be totally resectable, so radiation therapy
and chemotherapy play a crucial role in the
treatment3.

Schild S.E et al. reported that pineoblastomas and
pineal parenchymal tumor of intermediate
differentiation, it is possible to obtain better results
with surgical resection and relatively high doses of
radiation (50 to 55 Gy)29. According to Tate M et al
the addition of radiotherapy to gross total removal
did not improve survival; however, the addition of
radiotherapy to subtotal removal did yield a survival
benefit in cases of pineoblastomal9. In our study
total 30(37.5%) patients received radiotherapy and
12(15%) patients received chemotherapy. In patients
with pineoblastomas, pineal parenchymal tumors of
intermediate differentiation, germinomas, immature
teratomas, anaplastic astrocytomas, patients who
received post-operative radiotherapy have better
overall and progression free survival. Chemotherapy
as part of treatment for pineal tumors(cisplatin-
etoposide combination) was used.

Many of our patients were in the advanced stage
of their illness bearing large tumours which is an
additive factor to the morbidity and mortality of our
patients. In patients with bening lesions, surgical
removal is curative. In malignant tumours,
satisfactory decompression of tumour improve
response to postoperative adjuvant therapy.

CONCLUSION

Pineoblastoma is the most common histological type
among pineal region tumours in children.A graded
increase in survival noted with increasing the degree
of resection and post-operative adjuvant therapy in
malignant pineal tumors.Pure germinomas are the
only tumor for which survival rate was not associated
with the extent of tumor resection. Selection of the
surgical approach (Supra/infra-tentorial) according
to the extension of the tumor (above or below the
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tentorium) may give window to the greater surgical
resection and reflect the improved outcome.
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