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Manuscript
Title

Extent of resection and long-term survival of pinegion tumors in Helsinki Neurosurgery

Abstract:

Background: Pineal region tumors represent challenging surdésibns with wide ranges of survival rates repbite
different surgical series. Here, we emphasize ole af the complete microsurgical resection (CMiRpider to obtain
a favorable long-term outcome of pineal region ttsno

M ethods: We report a retrospective study of pineal regiandts operated in Helsinki Neurosurgery between 188¥
2015. Information was obtained from the hospitaiords, and an evaluation of the Finnish populategister was
conducted in July 2018 to determine the currenitistaf the patients.

Results; 76 pineal region tumors were operated. The satviate was 62 % at a mean follow up of 125+105%8)
months, and the disease-related mortality wasdinib 14 (18.4%) patients. Up to July 2018, tweritye patients had
died. 2 patients died 1 and 3 months after surgeith delayed thalamic infarctions, 12 patients wilsease
progression, and 15 had non disease-related dé€athsone patient was lost in the long-term FU.1#0disease-related
deaths occurred during the first 5 years of follgw 5 diffuse gliomas, 3 germ cell tumors, 1 Grddd PPTID, and 1
meningioma. CMR was linked to better tumor freevea and long-term survival rates with exceptiohdiffuse
gliomas.

Conclusion: CMR, in the setting of a multidisciplinary managernef pineal region tumors, correlates with favdeab
survival rates and with minimal mortality. Surgigatreated grade 1l-1V gliomas conform a particugaoup with high

mortality within the first 5 years independentlytbé microsurgical resection.

Key words:
Microneurosurgery, Multidisciplinary managementnéil region lesions, Pineal tumors, Radiochemoghyeraitting

position, Supracerebellar infratentorial approach



Introduction

The pineal region or the so called posterior in@kgpace/quadrigeminal cistern is a deep intraaratructure that
may harbor a big variety of neurosurgical diseased as benign pineal cysts, a wide range of piregabn tumors,
vascular malformations, and aneurysis.

The pineal region represents a microsurgical chgiley location. Since the introduction of the opi@emicroscope
and, later, of the endoscope, the surgical outcoinleese pathologies improved dramatically. Ondtreer hand, in the
last decades, the development of the radiochenmilidras made possible, in selected cases, lessviavherapeutic
modalities, in particular for germinomatous tumbrd However, in opposition to all these therapeuticaleyment, the
diagnostic imaging of pineal region tumors stilcka precision, and histopathological and immunaokis¢mical
examination is required for the definitive diagrsosi

Even though the above-mentioned technical advaimpsoved the surgical outcome of pineal regiondesiand
different surgical series reported wide ranges wWisal rates, long term follow up data are stilasce in the
literature®*2

Herein, we present the long-term surgical outcorhepatients with pineal region tumors operated inlskbi
Neurosurgery (HN) between 1997 and 2015. Moreower, aim to emphasize the importance of the complete

microsurgical resection (CMR), in the setting of maultidisciplinary management of pineal region Ilesio

(microneurosurgery and radiochemotherapy), in otdl@btain a favorable long-term outcome.

M ethods

Population

Following the Institutional Ethics Board approvalmber HUS/2772/2017, we retrospectively reviewesl phatients
with pineal region tumors that were consecutiveperated on in our department between 1997 and 2Bé&%.
previously treated patients underwent surgical rahof a persistent or recurrent pineal lesion migithe study period.
Definitive histological diagnoses were recorded,andcase of unclear diagnosis, the histologicahpdas were re-
revised by our neuropathologist. IMPAX version 6.5608 (Agfa, Mortsel, Belgium) was employed fog firesurgical
radiological evaluation, and for the post-operaiiveaging and evaluation of the extent of tumor céisa as well.

Finally, we examined the medical records to deteenthe preoperative status of the patients, theeidiate and long



term clinical follow up of the patients, and onetb& coauthors (RR) revised the Finnish populategister in July
2018 in order to determine their current status.

The modified Rankin scale (mRS) was used to categ@nd compare the preoperative, immediate positipe, and
long-term postoperative functional status of thiéegmas. The correlations between the grade of migmgical resection
and mortality, pineal tumor free outcome, and vatuai the lesion were analyzed using the Chi sqaack Mann-

Whitney U test. P values <0.05 were consideredfignt. SPSS version 22 (SPSS Inc., Chicago, IBAYwas used.

Complete microsurgical resection of pineal region lesions

CMR was introduced as a key component of the pobtfmr the management of the pineal region lesiohgn the
senior author (JH) became the chairman of the Deyeat of Neurosurgery in Helsinki in 1997. Thuse tterm
“subtotal resection” (STR) of the tumor was coneatly coined to refer just a very small and usufitiply adhesive
residual piece attached to the venous walls oftriaing critical structures, after a procedure iagnat a complete
removal of the lesion. Few biopsies were performgdther colleagues as a part of the initial mansge of the
lesions.

As above-mentioned, the pineal region is a venllehging surgical location because it is surroundgdcritical
neurovascular structures. Thus, the microsurgicaiciple “Simple, clean, fast and safetinder high operative

magnification, is imperative for an efficient surgé®*®

General approach for pineal region lesionsduring the study period

In HN, most of the patients harboring pineal regtoimors associated with subacute or chronic symgtane
transferred from primary centers, the departmentedrology, or from some other hospitals acrossafuoh or from
abroad. Moreover, few cases are diagnosed as irteidndings after diagnostic imagining for unitelé symptoms.
All patients harboring a pineal lesion underwest thllowing examinations: tumor markers in blood aerebrospinal
fluid (CSF), endocrine assessment, basal pituitemynone tests, CSF sampling for cytology, CT stidand MRI
(T1IWI, T2WI, T1 with gadolinium enhanced/Fat sumsien, FLAIR, and diffusion weighted sequences)rédwoer,
proton density, spectroscopy, tractography, CShv flstudies, and MR angiography/venography, may diso
additionally required. In general, the preoperativaluation of the deep venous system is the malgable factor in

planning the surgical strategy of pineal regiondusn



The therapeutic decision after all preliminary stsdis recommended by the neurooncological teamposed by a
neurosurgeon, an oncologist, a neuropathologisgd#logist, and a neurologist. Once the histolalgidiagnosis is
confirmed, the neurooncological team determinetualher management, and the required adjuvantntesst.

In case of patients harboring pineal region tumassociated with hydrocephalus, acute and rapidbgressive
hydrocephalus may initially require external venitostomy, endoscopic third ventriculostomy,
ventriculoperitoneal/ventriculoatrial shunt, or efit removal of the lesions. This neurosurgical slenimaking is
related with the cytology study of the CSF, thespreee of tumor markers in blood or CSF, and théeprace of the

surgeon. On the other hand, slow progressive hygtwadus is generally treated by direct removaheflésion.

Pre-microsurgical stage

Positioning and draping the patient are procedurade under the previously well-described protoealetbped in
Helsinki for a more ergonomic variant of the classitting position, the sitting praying position.

The supracerebellar infratentorial (SCIT) approaghich is suitable for infratentorial lesions behiand below the
neurovascular structures, is the most frequentiy usute for pineal region surgery at our institntiAlong the years a
modified paramedian approach to the pineal regi@s werfected and performed routinely due to corafptios
observed with the classic midline approach!’ The occipital interhemispheric (OIH) approach wiihr without
transtentorial opening, is more suitable for tumwith large supratentorial segments extending liehimd above the
corpus callosum and the deep venous system. Thi®agh is the second most frequently used at atitution and
was widely described in another manuscripthe transcortical, and the subtemporal approaehless frequently
performed for lesions extended laterally to thegern-occipital gyri. Other approaches might be alsed according

to specific locations of recurrent or residual tusno

Microneurosurgery
When a proper pre-microsurgical stage is achievgahd microscopic job will be more fluetft. Efficient
microneurosurgery is only achieved after a contirsuaining, adequate knowledge of microsurgicaigples and a
proper neuroanatomical knowledge.
We summarize our microsurgical strategy for appnoagpineal region tumors as follow**®
1. After a suboccipital craniotomy, the dura is openeder the microscope based on the transverse. d\mus
occipital interhemispheric approach requires a sapeagittal sinus-based dura opening. Strongacéiin

with dural stitches provides an adequate surgiieal along the approaches.



Under high magnification, we access the quadrigamiistern after a SCIT approach and the pericallos
cistern whether the OIH approach is performed.dthlrases, CSF is continuously released alongdtesa
instead of preoperative spinal catheter placen@ntthe other hand, opening of the cisterna magmdtes
unnecessary in SCIT approach.

Along the SCIT approach, the quadrigeminal cistemecognized as a dark tight membrane coverindatsal
and superior walls. We proceed to sharply opemdouering the pineal tumor. After an OIH approaitie
tumor may be directly recognized following the fédwvards the splenium as no membrane covers tianles
We proceed to coagulate and cut the posterior pergar walls of the tumor, and microsurgical riraydeps
help us to obtain a tumor sample for the immedaaie definitive histological study.

A critical aspect before intending to remove thmadu consists in the proper preoperative evaluatibthe
MRI to define some degree of differentiation betwebe tumor and surrounding structures through some
cleavage plane. Throughout our intraoperative eidln, we could identify that opposite to infiltina
gliomas, most of pineal region tumors tend to pmeseegular borders without aggressive microscopic
infiltration of the surrounding parenchymal struest This aspect remains as a key component for CMR
without damage of the neurovascular structures.

Internal decompression of the tumor with a thungulated suction and bipolar forceps or ring microéps is
followed by a conventional microsurgical dissect@ming to reach the posterior wall of the thirchirecle.
The tumor is separated from the adjacent neurolastissue, under soft but continuous traction gidiipolar
microforceps or ring microforceps. Cotton dissattamd water dissection techniques are useful a®iwell,
and a microsurgical mirror or an endoscope may dmidsome residual tumor at the inferior hidderaare
Another essential aspect along the microneurosyrigeclosely related with the adherence and imfilom of

the tumor into external layers of the deep vengussesn. The tumor should be carefully and softhseéded

by water dissection technique, cotton dissectio, asing microscissors and bipolar microforcepsiding
any vascular injury that may produce immediateaaygked complications. The postoperative evaluatioour
“subtotal” resections demonstrated small residiedgs attached to these vessels.

Microsurgical dissection of meningiomas follows saaforementioned principles. However, extreme oauti
should be taken while dissecting surrounding atemd venous vessels. Moreover, falcotentoriakatnents

of the tumor should be sectioned aiming a CMR.

Accurate hemostasis with a patient observation rof l2ak under continuous saline irrigation guaesmti

preventing postoperative hemorrhagic events.



10. Closing under the microscope looks beneficial fdretter hemostasis, precise wound margin approxamati
atraumatic handling of tissues, and improvemenhefsurgical dexterity. All those elements, togethith the
use of a paramedian SCIT approach, instead of & tmaumatic midline approach, associated to newa dur
sealing agents might be essential to reduce the i of postoperative cerebrospinal leak and mgitis in

pineal region surgery:’

Neur oanesthesia
The main objective of neuroanesthesia is to maintgitimal perfusion and oxygen delivery to the canbervous
system during the treatment. Moreover, intraopeeitj neuroanesthesia has to provide good surgaraitions. Some

neuroanesthesiological considerations for pinegibresurgery in sitting position were detailed poesly.2

Adjuvant therapy

The radiation therapy and the chemotherapy reptessential tools in the management of pineal regionors. They
were used as adjuvant therapy few weeks after tikeosurgical resection of pineal region tumors wattgressive
behavior such as high grade gliomas, high gradeapiparenchymal tumors (PPT), germinomas, mixeangezl|
tumors, immature teratomas, high grade ependymopagsllary tumors of the pineal region (PTPR), rogzllular
metastases; and also after recurrences of thosgnaat and some more benign tumors such as memmagioln very
few cases, radiochemotherapy was used as a primargf treatment. Along our study and accordinghe current
literature, we noticed new protocols emerging camtty. The different protocols used at our insiitntaccording to the

definitive diagnosis of the tumor are describedable 1.

Results

One hundred forty seven pineal regions lesions e@incysts, vein of Galen malformations, arterioweno
malformations, cavernous venous malformations, gumst cerebral artery aneurysms and pineal regiomots) were
operated in HN between 1997 and 2015. Seventyairmts with pineal region tumors (38 females aBanales) were
operated during the study period: 23 (30%) PPT(1626) germ cell tumors (GCT), 10 (13%) meningionid®(13%)
pilocytic astrocytomas, 6 (8%) grade II-1V diffugkomas, and 15 (20%) other tumors (Table 3). Tlamage of the
patients was 38,4 + 24 years (5 months - 82 yedis® average length, height, and width of the lesiavere
respectively 2.8, 2.5 and 2.6 cm with maximal disiens of 9x7.3x5.8 cm. Detailed information of thudy

population are summarized in Figure 1, Table 2&nd



Around 90% of the cases were initially operatedSIT approach, and 10% by OIH approach. These twgical
approaches were combined in very few cases, aaime stage or in multiple stages. Other surgiegkeso(such as the
suboccipital midline approach to the fourth vemdsi¢che anterior interhemispheric approach, theéesuporal approach,
the occipital transtentorial approach, and thegtakitranscortical approach) were selected in fases or combined
with the two above mentioned most used approaches.senior author JH performed the microsurgicaedaeal of
most of the tumors.

90% of the cases were operated on with patientkarsitting praying position. Other positions irddal the prone,
supine, semisitting and park bench positions, @alerly for biopsies, endoscopic procedures, brd@rapy, and for
complementary multistage surgical procedures.

The survival rate for our surgically treated 76gaihregion tumors was 62 % (47/76) at a mean folipwof 125+105
(0-588) months. However, the disease-related nityrtaf our series was limited to 14 (18.4%) patgertp to July
2018, twenty-nine patients had died. No periopeeatieath was reported, 2 patients had delayed ppersttive
complications and died after 1 and 3 months sincgesy, 12 patients had died with disease prograssind the other
15 died with reasons unrelated to the disease eBldisease-related deaths occurred during thelfirsears of follow
up: 5 diffuse gliomas, 3 GCT, 2 Grade lI-lll pingerenchymal tumor of intermediate differentiat{®@PTID), and 1
meningioma. All of them except a grade IlI-Ill PPTHAd died within the first 5 years.

Only a foreign grade IlI-Ill PPTID patient was |@dtthe long term follow up after partial resectioreover, another
foreign patient with a large hemangiopericytoma wias operated twice in Finland, was contacted bgileim 2017.
She was alive more than 11 years since the igjti@ds total resection of the lesion, with some ddpacy for her daily

activities after the second surgery for a recurtemtor in 2014.

Pineal tumorsin pediatric patients

Pineal region tumors in 22 young patients (30%)hwdiges ranging between 0- and 21-year-old were lynain
characterized by GCT, pilocytic astrocytomas, payeomas, pineoblastomas and diffuse gliomas.

The first group of 10 patients (6 males, 4 femalesludes children up to 6-year-old with 3 pilocytistrocytomas and

7 other tumors (ganglioneuroblastoma, GCT, archaloicyst, PTPR, WHO grade Il glioma, pineoblastoma,
pineocytoma). Six patients (60%) debuted with hgdphalus, 7 (70%) patients underwent SCIT approant, 7
(70%) patients were operated on in the sitting tpmsi Three disease related deaths (30%) belongisogroup and

only one patient is dependent at the last followWmaRS:3).



The second group of 15 patients (10 males, 5 feapateludes patients ranging between 14- and 2i-gigla The
tumors were characterized by 7 GCT, 2 pineocytoragilocytic astrocytomas, 1 pineoblastoma, 1 clibplexus
papilloma, 1 WHO grade II-1ll PPTID, 1 glioblastomaultiforme. Ten patients (67%) debuted with hyditalus, 14
(93%) patients underwent SCIT approach, and thmgiposition was employed in 14 (93%) patientsur-disease

related deaths (27%) belong to this group and oney/patient is dependent at the last follow up (MRS

Hydrocephalus and pineal tumors

Fifty-three (70%) of the seventy-six studied paterpresented with preoperative obstructive hydrbaks
(information about preoperative hydrocephalus wesvailable in two cases) (Table 2).

Twenty-four of them underwent initial shunt surgémsfore tumor removal, two patients had initial @wbpic third
ventriculostomy, while direct removal of the lesioras performed in twenty-seven patients. Most & atients
received initial shunt surgery during the firstfhafl the study period. This group of patients umgemt an average of
more than two (2.3) shunt-related surgeries aldrg follow up. Seven patients undergoing initial r#hsurgery
suffered shunt removal due to different reasonsdiahahot require a shunt device at the last radickdl follow up.
Three patients (two pediatric and one adult) wéttgé pineal region pilocytic astrocytomas had tighdr number of
shunt-related surgeries with ten, six and five pthres, respectively. All of them underwent inigaunt surgery with
multiple shunt disfunctions during the follow uphd patient with the ten shunt-related surgeries avasyear old boy
with a giant tumor, initially considered inoperableho underwent shunt surgery and radiotherapy 8519
brachytherapy in 1995, and microsurgical removaheftumor only in 2000.

Only one of the twenty-seven patients undergoimgatliremoval of the lesion required further endpscdhird
ventriculostomy for persistent hydrocephalus dua tdood clot in the aqueduct. Finally, a ventri@éritoneal shunt,
still present at the last radiological follow upasvimplanted in this patient. Regarding the twdepé undergoing
initial endoscopic ventriculostomy, one did notuiq any further treatment after complete resectibhe lesion.
However, the other patient underwent stereoscojpsly, shunt surgery due to persistent hydroceghadund
brachytherapy. One more patient required endosabpit ventriculostomy due to shunt disfunctioneafinitial shunt
surgery and removal of the tumor. At the last rixdjical evaluation, forty-nine patients (64%) ofr atiudy population

did not require shunts.

Microsur gical management of pineal region tumors

Table 4 describes the differences between the CBIIR, and partial resection of our pineal tumorgeser



Complete microsurgical resection

A CMR during the treatment was possible in 70% e tases (53 patients). Only three of them (4%)webo
recurrences in the pineal region at the last foligpy A PPTID II-1ll and a meningioma are alive amalve very small
controlled recurrences 178 and 135 months aftegesyr The third one, a patient with a locally reeat germinoma
and panventricular metastasis, died due to therpss®n of the disease 46 months after surgeryradidtherapy-
based adjuvant therapy.

An anaplastic meningioma, and a diffuse grade ibngh had died 1 and 3 months after surgery wittayds
postoperative infarctions. A patient with a pinestdbma had multiple intracranial and spinal mesastawithout
recurrence of the pineal tumor and died 173 moattes surgery. A patient harboring a Glioblastomatiform died 9
months after the initial surgery; nevertheless,lédston did not recur in the pineal region, buthe cerebellum with
multiple foci and important edema. A mature pintsshtoma, which initially had concomitant smallraventricular
and interhemispheric tumors, is still alive 229 mhsnsince the initial surgery, free of recurrenaéhwery slowly
growing concomitant lesions. Fifteen patients diedhis CMR group with 5 disease-related deathgli@mas, 1

germinoma, 1 pineoblastoma, and an anaplastic miemta).

Subtotal resection

A STR was achieved in 14 patients (18.4%) andy affguvant radiochemotherapy, only 2 of them waseake-free at
the last follow up, an ependymoma and a mixed galintumor that are alive 165 and 86 months aftegery. Five
patients, 1 grade Il glioma, 1 glioblastoma, 1 @ethxGCT, 1 giant immature teratoma, and 1 giantetadll PPTID
died respectively 52, 5, 11, 1, and 39 months afterinitial surgery and a proper adjuvant therafhe last 3 tumors
had spinal metastases.

Another PPTID II-lll with very small controlled disse died from pneumonia few weeks after a suiaittempt. A
patient with a gliosis/glioma died 2 months aftergery (the reason of death was unavailable). Fmirents, 3
pilocytic astrocytomas and 1 epidermoid tumor dieeawith very small controlled lesions 231, 13®9] and 376
months after the initial surgery. Summarizing, sepatients died in this STR group with 5 diseadated deaths (2

gliomas, 1 mixed germ cell tumor, 1 teratoma, afPaID II-II).

Partial resection



A partial resection was carried out in 5 cases¥%#.@he resection of the cystic component of a geoma initially
treated by radiation therapy 6 years before, aggtidjlioma with thalamic infiltration, a pinealeningioma associated
with a lymphoma of the splenium, a giant pilocyagtrocytoma (that initially was unsuccessfully teglwith external
radiation therapy 15 years and later with brachwpe 5 years before surgery), and a large PPTID.ITFhe first four
patients died 223, 12, 77, and 324 months afteiritial surgery. The last PPTID was operated ifor@ign patient,

who was lost at the follow up. Thus, we had 3 dise@lated deaths in this group.

Biopsy and adjuvant therapy
Two grade II-1ll PPTID followed biopsy and radiothpy. One of them died with poor neurological cdiodi and well
controlled tumor, 8 years after brachytherapy. @tieer patient is alive 368 months after the iniiedcedure, without

evident tumor at the imaging.

We could not determine the grade of removal ofléston in two patients harboring a ganglioneurdblas and an

undefined tumor. Both died 23 and 35 months aftegery, respectively. Death reason was unavailableell.

Survival rate and surgical features of different type of tumors

Throughout our analysis, we determined three wiffiéientiated groups of tumors. The first one haseay good
survival outcome after surgical treatment and itasnposed by arachnoid cysts, ependymomas, epiitemonmors,

hemangioblastomas, mature teratomas, papillary itsined the pineal region, choroid plexus papillonpépcytic

astrocytomas, pineocytomas, and solitary fibronsos/hemangiopericytomas. All of them represent 38%e pineal
region tumors and had an overall survival of 90%0& an average follow up of 182+121 (45-588) mentnly 2

patients died after a long follow up: an epidermuichor patient died 246 months after gross totaécdon without
recurrence of the tumor, and a pilocytic astrocyoB824 months after multiple combined therapiespeetvely.

Interestingly, we could recognize that the histagghenotype of some tumor that underwent two orensurgeries,
such as a WHO grade | Pilocytic astrocytoma, a Wgt&zle Il papillary tumor of a pineal region, andvélO grade |l

Hemangiopericytoma, evolved into more aggressiveONgrade I, 1ll, and Il tumors, respectively, ben surgeries.
Grade II-lll PPTID, pineoblastomas, germinomas aod germinomatous GCT with exception of mature iamdature
teratomas represent 38% of tumors in the pineabmnegnd had a moderate survival between 60 to 708 average
follow up of 132+86 (0-368) months. Germinomas, iiest radiosensitive tumors, were diagnosed intigipz. CMR

was achieved in 71% of the cases. We had 2 deaitgriseries. A patient underwent CMR of a locahgeoma and



adjuvant pineal-panventricular radiotherapy withcliémotherapy. One year after the initial treatntle@tpatient had a
metastatic spinal recurrence controlled by radioubtberapy. However, 2 years after the initial tneatit the patient
presented small recurrences in the left frontahtaord in the third ventricle with no response tpuaant therapy and
with posterior multiple large panventricular metasts. The patient died 46 months since surgeryth&ngatient was
treated initially with radiation therapy after aopsy in 1992. In August 1998, the patient returteethe department
with a residual tumor and a large cystic componerhe pineal region. The patient underwent paréakection with
removal of the cystic component. In 2010, the patiead a stroke event and the MR imaging revealegbinal
metastatic tumor that required radiochemotherajne fgatient with multiple intracranial and spinaltastases died in
2011, 223 months after the initial treatment.

Ten meningiomas of the pineal region represent aBfe tumors with 50% of overall survival at areeage follow up
of 94.5+56 (1-205) months. Even though this groap & high mortality, only a case suffered a delgp@stoperative
thalamic infarction and died 1 month since surg@ryio patients had died due to multisystemic atroplng an
intractable lymphoma of the corpus callosum respelgt while the other 2 patients died at 91 and/88rs old without
recurrence of the lesion and without postoperativeplications. All of them underwent CMR exceptaignt with a
lymphoma of the corpus callosum that underwentigdarésection. Two falcotentorial meningiomas imtgd in this
series had superior and anterior location with mimmél tentorial component.

Gliomas, immature teratomas, ganglioneuroblastom@srocytic cancer metastases, and neuroepitheliats are
lesions with very bad prognosis in our series. Tiegyesent 13% of the tumors, and all of them dietdveen 1 and 68
(mean: 18+23) months. The neuroepithelial cyst #mael microcytic metastasis died of reasons unrelatedhe

intracranial lesion. The median survival rate foe test of these tumors was 5 months.

Clinical follow up and mortality

Preoperatively, 15 (19.7%) patients harbored inddpst functional status with a mRS 0-2, and 596%j.patients
had some degree of dependency with a mRS 3-5.naftion was unavailable in 2 patients. Regardingirtimeediate
postoperative follow up, 55 (72.4%) patients acatea mRS 0-2, and 18 (23.7%) patients had a mBSnformation
was unavailable in three patients; however, nooperiative mortality was reported. At the last dalievaluation, 14
(18.4%) disease-related deaths (MRS 6) were repat8(63.2%) patients had a mRS 0-2, and 12 (1p@#tents had
a mRS 3-5. Information was unavailable in 2 paifiable 2). Moreover, evaluation of the Finnisipyation register
in July 2018 revealed other 15 death patients wittdisease-related complications. Eight patienesl dif reasons

unrelated to the disease, and the information ddggrthe death in patients with good operative oote was



unavailable in 6 patients. A patient harboring adefined apoplexic tumor who died 3 months aftegery did not

register a specific reason of death. However, walflisuspect a death related to the course ofittease.

Complete microsurgical resection and mortality of the disease

As mentioned, 14 disease-related deaths were fouodr series. Two of these patients, an anaplasticingioma, and
a diffuse grade Il glioma had delayed postoperathaamic infarctions and died 1 and 3 months a$emery,
respectively. A patient with a giant immature terak had a good postoperative recovery, howevempakwperative
MRI a week after surgery revealed spinal metastasis patient died at home 1 month after surgerWO grade II-
Il PPTID patient, neurologically disabled, died 8®nths after surgery. Eight patients with diffigsade II-1V gliomas
(4), germ cell tumors (3), and a pineoblastoma diedisease progression. A PPTID patient with \&@nall controlled
tumor after biopsy and brachytherapy died 8 yedtsr ghe procedure with a slowly progressive neagwal
impairment. A giant pilocytic astrocytoma patiemtho initially underwent biopsy and radiotherapyldeled by
brachytherapy few years later and finally multiglergeries after the senior author became the chairim Helsinki
Neurosurgery, died more than 27 years after thaitieatment.

Table 5 summarizes the characteristics of thoseli¢dase-related deaths. 2 patients died of delapstbperative
complications, 7 patients had a progressive tumowth with intracranial and/or spinal metastases| & patients died
without or with very small controlled pineal regitumor, but with intracranial or spinal metastaised of them. The
most aggressive tumors were diffuse grade Il-I\omlas followed by non germinomatous GCT. Overall5-gears
follow-up, the mortality of both, gliomas plus ngerminomatous GCT, represents the 50% of the emodality
related to the disease. Moreover, the mortalitglififise gliomas did not correlate with the degréswgical resection;
differently from the two non germinomatous GCT, @hivere subtotally resected and died due to preiyeslisease.
An anecdotal glioblastoma case underwent CMR witHooal recurrence along the follow up. However,ltiple
cerebellar foci with important peritumoral edemapegred at the last stage of the disease and wetlse of death.
Another illustrative case is represented by a patwith a germinoma who died 46 months after syrgdespite a

CMR and a successive pineal-panventricular radiathe

Discussion
We report our results of 76 pineal region tumorsraped between 1997 and 2015 in the centralizedairepnt of
Neurosurgery-Helsinki University Hospital, whichvess around 1,6 million people from the south arg&inland:®

62% of the patients were alive at the last follgey hlowever, the disease-related mortality was échito 14 (18.4%)



patients. Up to July 2018, twenty-nine patients tigdl with only one patient lost in the long tertd-FEleven disease-
related deaths occurred during the first 10 ye&rltow up: 5 diffuse gliomas, 3 germ cell tumots,Grade II-llI
PPTID, and 1 meningioma. All of them except a gridd PPTID had died within the first 5 years. éarding to our
analysis, the complete microsurgical resection limked to better tumor free survival and long-tesunvival rates with
exception of diffuse grade II-1V gliomas.

CMR of pineal region tumors seems effective for tleatment of concomitant hydrocephalus. Initialirghsurgery
before removal of the tumor is associated to ameamed number of shunt-related surgeries, partlgula those
patients who underwent subsequent incomplete reimofvahe lesion. The number of initial endoscophurd
ventriculostomies in our series is small and prétemgenerate conclusions. However, two of our foatients required
further shunt-surgery for persistent hydrocephahis.believe that small ostomies associated widdaced experience
of the surgeon might play a role in this regard.

The protocol for the management of all pineal twsnatong the study period remained similar. A cortaple
microsurgical resection was our primary aim in maofsthe cases, with very few cases undergoingainiiiopsy and
subsequent adjuvant radiochemotherapy. Howeveremtly, the policy for the management of pinealisagesions
with hydrocephalus in our department, as in othmcmlized centers, includes endoscopic third iartostomy
associated with tumor biopsy and further managempaitticularly in case of high suspicion of radiosive
germinomas. In this regard, risks of intraprocelureeding, inadequate sampling, and inappropraeénitive
management should be taken into account.

The approach to pineal region tumors in childresh mbt have substantial changes compared to the pdpllation.
The supracerebellar infratentorial approach was rttost frequently used. The sitting praying positwas also
performed as frequent as in adult patients. Howetight elastic bandages in the lower extremitieplaced the
unavailable antigravity trousers for small childféf Particular anesthetic considerations for pedigiipulation, as
earlier described, consist in the use of ringeuntsah, saline solution with antibiotics, and mah#b average volumes
of 600 ml., 200 ml., and 125 ml., respectively; dnel occasional use of hydroxyethyl starch in biggdumes than in

adult patients?

Sitting praying position
The head of the patient, which is tilted beyond pinejection of the anterior wall of the thorax,usually 20°-30°
flexed, preserving a distance between the chin gtachum. For this purpose, the table is bent ard@®d100°

elevating the upper torso of the patient. All thésjuence maintains the horizontal axis of the temtoparallel to the



floor, with less than 90° in relation to the axfdlte surgeon. The Anesthesia Team will modifypbsition of the table
according to the requirements of the surgeon. fregli region surgery, other surgical positions sashthe prone,
semisitting or park bench positions are rarelyiagd when an absolute contraindication for thengjtposition exists,
or when the lesion is better accessed by a diffeapproach. Inside the operation room, teamworkrdioation is
essential. This proper teamwork can be clearly gliéied with the immediate reaction of the anestblegjist in case
of venous air embolism during the surgery. The ss€@nd compression of both jugular veins by thethesiologist is

very effective to find the leak, which is repaitegithe surgeon using hemostatic agents or dir¢atisg!™

The supracerebellar infratentorial approach

The supracerebellar infratentorial paramedian aggro(SCIT), a less invasive variant of the midlswoccipital
approach, represents an efficient surgical appraatie pineal region we developed in the lastyeae to the relative
high rate of complications with the classic midlimeproach, as shown in Tablé'®:’ Using this approach the pineal
region is accessed over the superior surface ofe¢hebellar hemisphere. The quadrigeminal cisewpened laterally
without damaging the midline vascular structuresrédver, thanks to the gravity effect offered bg graying sitting

position, a retraction less approach might be peréal.

Outcome and long term follow up

The long term follow up in our series allowed uslaiermine properly the course of the managed preg#n lesions.
Thus, recurrences after complete resection, omipdete removal followed by standard adjuvant therapd functional
outcome were clearly seen.

Large data analysis about unselected pineal regimors might be summarized as follow. Pineal tunioithe French
National Register, which included pineal parenchiytaors (PPT), germ cell tumors, gliomas, pinegdts, and
primitive neuroepithelial tumors had an averageisat of 49% within an average follow up of 5.8 2B) years. From
452 patients, 328 underwent direct surgery, and(26%0) had a complete removal (50%), 24% a pamtiadoval, and
in the 26% of the patients the quality of removalevnot mentioned. The overall mortality was 13fiepés (30%), and
20% of the patients were lost at the follow up. Dlerall postoperative mortality was 1.8%. They timamed that after
ten years patients were considered cured and Hoevfap ended

Pineal tumors in the surveillance, epidemiologyd and results data of cancer in the United Stataislynbased on
GCT, PPT, and gliomas published in 2010, had ags-geerall survival of 65% * 2.1%, and the mediarvival time

was 19.3 years. The 5-year overall survival for GEas 78.9%, 61% for gliomas, and 47.2% for PPT.otding to



their analysis, non—germ cell tumors and no radi@tpy were factors associated with a negative mgcd he extent
of surgical tumor resection did not affect surviialany histologic subgroup. However, the discloggfdrmation
revealed that surgical data was available for 5&&epts: 224 patients had no surgery, only 32 (G%@erwent total
excision, and 296 had other surgeries.

Data of Brain Tumor Registry of Japan revealed that most frequent tumor in the pineal region wasrminoma
(49.2%) followed by pineocytoma (8.5%), glioma @.)5 pineoblastoma (5.1%), malignant teratoma (5,2%) other
teratomas (5.1%). The 5-year survival rate of geomias, pineocytomas, and pineoblastomas was 884%% and
46.1%, respectivel} Burdenko Neurosurgery Institute in Russia reporthdir results of 287 patients with
histologically verified pineal region tumors fror@@ pineal tumors mainly distributed as GCT (31%)TR27%), glial
tumors (27%), and miscellaneous (15%). Gross tetdction was achieved in 148 operations (58%}ptaitresection
in 74 (29%) and partial in 33 (13%). The projectegear and 10-year survival rates were: 95% and 88f6
germinomas, 80% and 50% for high grade gliomas, 44%0% for high grade PPT, and 20% and 0% forgnaifit
GCT, respectively*

A report from the international gamma knife resbdoundation after stereotactic radiosurgery forepi region tumors
described an actuarial local control and surviesés of 81% and 76% at 20 years for pineocytons, &nd 56% at 5
years for PPTID, 27% and 48% at 5 years for piresibimas, 33% and 100% at 5 years for papillary tarnbthe
pineal region, 80% and 80% at 20 years for germamnand 61% and 67% at 5 years for tumors of unknow
histology*?

Our survival rates were superior to those publishetie literature. Moreover, the evaluation of Bienish population
register to determine the current status of ouieptt remarks the validity of our study. The anislys the overall
survival of our series uncovered some tumors of pesbnosis such as metastatic tumors, immaturdotess,
ganglioneuroblastomas, and gliomas Il-IV. Howewtre specific mortality analysis determined thatdgral-1V
gliomas are the unique type of lesion characterizgdvery aggressive behavior, independently of diegree of
resection, and are associated with high mortalitsingy the first five years after surgery. The setomost aggressive
lesion corresponds to some non germinomatous GG@ftjcplarly immature teratomas and mixed GCT, whose
mortality correlates with the degree of resecti@ther tumors with a progressive disease in spit€MR were a
germinoma that underwent radiotherapy-based adjut@napy, and a pineoblastoma with a metastatiorrence 14
years after surgery.

PPTs except pineocytomas are usually reportedrasriuwith bad prognosis. 100% of our pineocytomigepts and

pineoblastoma patients were alive more than 20 Hhdgears, respectively. On the other hand, the cbEdhyear



survival rate for our grade II-1ll PPTIDs were 928d 71%, respectively. On the basis of the culiEmature as well
as of our data, we strongly believe that the gaadjisal outcome of PPT patients is directly relatdth the CMR
followed by a proper adjuvant radiochemother&p¥/

Primary glioblastomas in the pineal region are wielcumented by the literature and show an averageval of 7
months?® Similarly, a comprehensive literature review oibgias in the pineal region revealed that gradent Hl
gliomas have a dismal outcome compared to theiridpraric counterparts. On the other hand, graddotyiic
astrocytomas have a good prognosis. In this regangscategorization of pilocytic astrocytomas amwh pilocytic
grade 1I-1V pineal gliomas would better represésat prognosis of this entify.

Our results confirm these findings. Pilocytic asytomas had a very good prognosis with a 5-yearléAgear overall
survival rate of 100%. However, giant tumors reigpgirmultiple surgeries were usually described. Civ&s possible
in 60% of the cases. Only partial resection wassiptes after external and internal radiotherapy ipaaticular giant
tumor. On the other hand, and in spite of our smathber of diffuse grade II-IV gliomas, we may cluge that these
tumors have a high mortality during the first 5 ngeafter surgery, which does not correlate with ¢éent of the
surgical resection.

Meningiomas of the pineal region might be dividedfalcotentorial and velum interpositum meningionfagquent
recurrences are observed in patients after subtegaktion, and with atypical and anaplastic ménings. However,
some authors justify the partial resection of thenimgiomas, and the use of radiosurgery for resititmors or local
recurrences attached to the deep venous systeog s@vere neurological complications have beenrtegon the
literature after occlusion of the deep venous sy$te’® Even though, in our series, the mortality relatedurgical
complications is reduced to a patient, we consikéremely important the recognition and the pression of the deep
arterial and venous systems, which are commonlgluad into the tumor, particularly in large meniogias. Whether
those structures are insufficiently dissected, atioin therapy might play an important role in tharmagement of
residuals or recurrent tumors.

The current literature supports the radiochemothees the first line of treatment for germinomakisTis based on the
excellent outcomes in the North Asian populationese where germinomas account for more than 40%hepineal
region tumors®?® However, in our population, where germinomas regme less than 10% of our pineal tumors, the
protocol for their management becomes challendgirgce the senior author introduced the CMR asraam concept
for the management of pineal lesions, the immediati@operative histological analysis did not offerconsistent
diagnosis of the lesions. Moreover, as almost 50@upgerm cell tumors were non germinomatous aneditumors,

with less response to radiation and chemotherauycal removal of the lesions had to be perforn@drently, based



on the development of magnetic resonance imagind) serum or cerebrospinal fluid tumor markers, wey ma
accomplish a better screening of these lesionantigtit allow us to perform biopsies followed by i@hemotherapy.
Herein, we present our long term results about tsnud the pineal region. Even though important ifigs were
reached, future research is required to deternhi@aénhpact of the adjuvant radiochemotherapy astati® the CMR
in every specific group of pineal lesions. Diffugiomas of the pineal region remain challengingioes for
neurosurgeons and require important research femalive management. Our internal analysis gavaready a clue
about the correlation between different protocdisagliation therapy and chemotherapy and the saha¥ tumors,
such as PPT or germinomas. On the other hand gfutsearch is also needed to extend the survedllanglysis of the
present series in order to report longer follonoupcomes. After all, we may also remark that ixsremely important
to determine the treatment modality for these ear@ complex lesions, based on the oncological advisommission
of every neurooncological departmént.

A limitation of this study remains in the retrostiee approach of the cases. However, as pineal tsiar@ rare, we still

aim to enhance the importance of the microneur@syrgs a treatment modality for a favorable longateutcome.

Conclusion

Complete microsurgical resection, in the settingaafultidisciplinary management of surgically tezhpineal region
tumors in HN, correlates with favorable tumor freevival and long-term survival rates with miningadstoperative
mortality. Surgically treated diffuse gliomas oéthineal region should be considered a particulammharboring high

mortality independently of the microsurgical resmtt
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Figure Legends

Fig.1 Age distribution in patients with pineal regiomrtars in the Department of Neurosurgery, Helsinkivdrsity

Hospital.



Table 1. Different adjuvant therapy protocols uaeHlelsinki Neurosurgery according to the defitoiagnosis

of the tumor

Tumor

Radiotherapy

Chemotherapy

Glioblastoma multiforme

54 Gy of focal fractionated external
radiotherapy

Multiple doses of Temozolomide
150mg/m2

Pineoblastoma

Fractionated external radiotherapy with
36 Gy craniospinal radiation and

additional 18 Gy boost of radiation on th
tumoral bed after gross total resection.

Medulloblastoma protocol:
initially, vincristine 1.5mg/m2
once a week for 6 weeks is set. S

weeks after this initial treatment, a

new scheme of chemotherapy is
administrated every 6 weeks with
8 cycles of lomustine:
75mg/m2x1; cisplatino:
75mg/m2x1; and vincristine: 1,5
mg/m2x3 on days 0, 7, and 14.

It is employed for children and
patients with high risk of
metastases such as incomplete
resection or tumor recurrences.

Grade II-Ill Pineal parenchymal
tumor of intermediate
differentiation.

Fractionated external radiation therapy
with 54 Gy divided in a daily dose of 1.8
2Gy was delivered in selective cases,
such as high grade PPTID with
pleomorphic histology including
pineoblastoma features, after partial
resection of the lesion and, after
recurrence of the tumor at the follow up
Brachytherapy with iodine-125 seeds w.
used in a case

aS

No chemotherapy was
administered in our series, but we
recommend to use it in case of a
pediatric presentation

A large recurrent grade 1l
papillary tumor of the pineal
region in a pediatric case

Fractionated external radiotherapy of
54Gy divided in a daily dose of 1,8Gy
after gross total resection.

High grade ependymoma protocd
cisplatin-cyclophosphamide-
vincristine-etoposide, delivered in
four intravenous cycles, each
lasting 21 days: 1) days 1, 8, and
15 for the first three cycles:
vincristine, 1.5 mg/mz, 2) days 1,
2, 3: etoposide, 100 mg/mz, 3) da
1: cisplatin, 100 mg/m?, and 4)
days 2, 3: cyclophosphamide, 10
mg/mz2.

iX

DO

Ependymoma. e Fractioned radiation therapy with 54 Gy|l¢ Recommended in high grade
was used for a small remnant in a grade I- ependymomas as mentioned
1] above.

Germinoma e Currently, fractionated radiotherapy of [«  Post radiation chemotherapy with

45Gy (30,6 ventricular area and a boos
of 14,4Gy to the hypophysis-pineal
region) divided in a daily dose of 1,8Gy,

etoposide 100mg/m2 days1-5,
cisplatin 20mg/m2 days 1-5, and
bleomycin 30,000 IU days 1, 8,
and 15.

Mixed germ cell tumors

Fractionated radiothfrapy. Variable dos|

es

of craniospinal radiotherapy or whole-

Chemotherapy after gross total

resection based on the above




ventricular radiation therapy are applied
according to the poor or intermediate
prognosis of the lesion based on the
histopathology (poor: yolk sac tumor-
choriocarcinoma-embryonal carcinoma;
intermediate: germinoma-teratoma) and
serum markers (poor >2000 Ul) ©f
fetoprotein ang-human chorionic
gonadotropin.

etoposide-cisplatin-bleomycin
protocol

Immature teratoma

Requires radiochemotherapy. However
the unique case in our series had a bad
neurological outcome and did not receiy
any complementary treatment.

D

Microcellular metastases

30 Gy of whole brain external radiation
therapy.

Chemotherapy according to the
primary tumor

Small recurrent meningiomas or|
pilocytic astrocytomas

Mainly treated by focal external radiatio
therapy.

Table 2. Characteristics of the 76 patients with surgically treated pineal region tumors.

Population

76 patients; Age: 38,4 + 24 (0.4 - ¥23rs; 38 females and 38 males

Symptoms of presentation

Symptoms: anosmia, ataxia, balance disturbancemitoge deficits, disorientation, facial a
corporal sensory deficits headache, memory defigitsusea, psychomotor disturbang
seizures, tremor, vomit, unconsciousness, urinacgritinence, vertigo, walking difficultie
motor deficits.

Visual and oculomotor abnormalities: anisocoriaylile vision, Parinaud’s syndrome, vis
field defects, and unspecific visual disturbances.

Rare presentations: apoplectic hemorrhage, Asympionggerm cell tumor with diabetsg
insipidus and hormonal imbalance.

(2]

53 patients (70%)

Hydrocephalus in pineal tumor

Initial treatment:

Initial shunt surgery before tumor removal: 24 @ats. Mean: 2.3 (1-10) shunt relaf
surgeries.

Endoscopic third ventriculostomy: 2 patients

Direct removal of the tumor: 27 patients

[%2]

Pineal tumor Size (cm)

Mean (Maximal): Length: @8cm; Height: 2.5 (7.3) cm; Width: 2.6 (5.8) cm

Surgical approach

Supracerebellar infratentorial approach: + 90%

Occipital interhemispheric approach: + 10%

Other approaches: combined supra and infratentapiatoaches, anterior interhemispheric
approach, telovelar approach, subtemporal appraeiscortical approach

Surgical position

Sitting position: 90%; Otheraf®e, park bench): 10%

Microsurgical resection

Complete: 53; Subtotal: Rdrtial: 5; Biopsy: 2; Ul: 2

Preoperative functional status

MRS 0:4; mRS 1:3; mBSRS 3:17; mRS 4:28; mRS 5:14; Ul: 2

Immediate postoperative

MRS 0:3; MRS 1:22; mRS 2:30; mRS 3:8; MRS 4:7; mRS 5:3 U

(0.5-588) months; and deaths

evaluation
Functional status at the IgstnRS 0: 20; mRS 1: 15; mRS 2: 13; mRS 3: 7; mRS 4: 3; mMRSmMRS 6: 14; Ul: 2
clinical evaluation, 125+105Deaths in July 2018: 29 (14 disease related, 8atetto the disease, 6 unknown reason of

ideath)




July 2018

Final status at the last clinic|
evaluation

Improved: 54 (20 symptom free) patients

aNo change in mRS: 4 patients (2 patients were deperlie to other comorbidities)
Worsened: 17 patients (14 disease related deaths)

uUl: 2

mRS: modified Rankin Scale; Ul: unavailable infotioa

Table 3. Pineal region tumors operated in HUH betw#997-2015

Diagnosis Cases Survival | 5-year 10-year Follow up (months)

rate (%) survival | survival

rate (%) | rate (%)

Pineal parenchymal tumors: 23 70 95 88 160+89 (0-368)
16 PPTID* 63 92 71 143+100 (0-368)
3 pineoblastomas 67 100 100 161.3+13 (147-173)
4 pineocytomas 100 100 100 224.5+18 (204-246)
Germ cell tumors 12 67 72 57 106+81 (1-229)
7 germinomas 71 86 75 113,7475 (46-223)
1 mature teratoma 100 229
1 immature teratoma 0 1
3 mixed germ cell tumors 67 11, 86, and 148
Pilocytic astrocytomas 10 90 100 100 143.7+88 (52-324)
Meningiomas 10 50 89 75 94.5456 (1-205)
Diffuse gliomas (WHO grade Il, lll and V) 6 0 - - 13.8+19 (2-52)
1 WHO grade Il gliomas 3
2 WHO grade lll gliomas 12-52
2 Glioblastoma multiforme 5-9
1 Quadrigeminal glioma/gliosis 2
Solitary fibrous tumor-Hemangiopericytoma 2 100 45, and >132
Ependymoma 2 100 122-165
Epidermoid 2 50 246-376
Arachnoid cyst 1 100 172
Ganglioneuroblastoma 1 0 23
Hemangioblastoma 1 100 78




Microcytic cancer metastasis 1 0 8

Neuroepithelial cyst 1 0 68

Papillary tumor of the pineal region 1 100 54

Choroid plexus papilloma 1 100 588

Undefined tumors 2 0 3-35

Total 76 62 84 76 125+105 (0-588)

PPTID, pineal parenchymal tumor of intermediatéedéntiation

# A PPTID case did not have a histology report

" Three cases were reported as atypical, diffuse &yl a tumor change from a grade | astrocytoryaaite |1

after one year from partial resection. One casenrgs to an anterior vermis region tumor.

& Wide microsurgical fenestration of the cyst withmplete obliteration observed at the follow up.

Table 4. Differences between the complete micrasargesection, subtotal resection, and partiadctsn of 76

pineal tumors operated in Helsinki Neurosurgeryjeein 1997 and 2015 (P value calculated between @MR

STR+PR as No-CMR).

Grade of surgical Complete microsurgical resection Subtotal resection Partial resection P value

resection* 70% (53) 18% (14) 7% (5)

General Mortality 28% (15/53) 50% (7/14) 80% {4/5 P<0.05

Mortality of the | 9% (5/53) 36% (5/14) 60% (3/5) P<0.01

disease

Pineal tumor free at 94% (50/53) 14% (2/14) 0% (0/5) P<0.001

last FU

Pineal tumor| 9773+11952 (500-53261) 25660433764 (392-122500) 83134255 (5750-90000) P=0.2

volume (mm3)

Mortality of the| 2 diffuse gliomas, 1 germinoma, |12 diffuse gliomas, 1 mixed Germinoma, a diffuse glioma,

disease pineoblastoma, 1 anaplasticgerm cell tumor, 1 teratoma, | and a giant pilocytig
meningioma. and a PPTID II-llI astrocytoma

FU, follow up; CMR, Complete microsurgical resentid®PTID, pineal parenchymal tumor of intermediate

differentiation; PR, partial resection; STR, subtoesection




*4 cases, 2 cases that underwent biopsies, andés asith unavailable information were excluded frthra

analysis. The absolute number of cases is writedwden parentheses.

Table 5. Mortality related with complications oktBurgery or progression of the disease.

Tumor (total| Mortality | Mortality | CMR Reason of deathSTR | Reason o Reason off B+B | Reason of death
number of| along the| in the first (surveillance in death death T (surveillance in
cases) FU (cases) 5 years months) (surveillanc (surveillance months)
(cases) e in months) in months)
Grade 1I-IV | 83 % (5) 83% () | 2 Thalamic Infarction PT+ICI (5 PT+ICI (12
glioma (6) 3 m.), and 52 m.) m.)
CT+cerebellar
infiltration (9 m.)

Grade I-I1[13%(2) | 6% (1) CT+SI (39) 1 CT+brain
PPTID (16) atrophy,

rigidity, aphasia

(101 m.)
Germinoma 29 % (2) 14 % (1) 1 PT+ICI (46 m.) 1 PT+ICI+SI
(7) (223 m.)
NGGCT (5) 40 % (2) 40 % (2) CT+SI

m.), PT+ICI
(11 m))

Meningioma | 10 % (1) 10 % (1) 1 Thalamic Infarctio
(10) (Im)
pilocytic 10 % (1) 0 % (0) 1 PT+ICI (32
astrocytoma m.)
(10)
Pineoblastomg 33 % (1) 0% (0) 1 CT+ICI(pons)+SI
(3) (173 m.)
Total 14 10 5 1

B+BT, biopsy plus brachytherapy; CT, controlled trmCMR, complete microsurgical resection; IClI,

intracranial infiltration; NGGCT, non germinomatogsrm cell tumor; PR, partial resection; PT, pregree



tumor; PPTID, pineal parenchymal tumor of internagelidifferentiation; Sl, spinal infilration; STRulstotal

resection.

Table 6. Supracerebellar infratentorial approach@wstoperative complications in surgery of pirmegion

tumors (Chi-Square, p<0.05).

Approach

Postoperative complications related t
the approach

0%

Midline supracerebellar infratentorial | Bacterial meningitis: 4 29%
approach Wound infection: 3
(number of patients: 28) Epidural hematoma: 1
(8 patients)
Supracerebellar infratentorial Wound infection: 2 9%

paramedian approach
(number of patients: 35)

Cerebrospinal fluid leak: 1

(3 patients)
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