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ABSTRACT 
 

Immediate and long-term outcomes after treating patients with pineal 
region cysts and tumors are not well established. The centralized Finnish 
health care and the Finnish population register offer excellent registry 
systems for long-term retrospective studies. This thesis aimed to investigate 
the long-term outcomes of surgically treated pineal region cysts and tumors 
based on three elements developed in Helsinki University Hospital along the 
study period: a. the complete microsurgical resection; b. the praying sitting 
position, and c. the paramedian supracerebellar infratentorial approach. 
Pineal region neoplasms are well-recognized entities. However, quantitative 
parameters to differentiate normal anatomical variations from pathological 
benign pineal cysts are currently inexistent. Thus, we studied the 
correlation between the pineal cyst size and the clinical severity of the 
patients. 

This thesis presents one of the most comprehensive long-term studies 
of surgically treated pineal region cysts and tumors. The long-term survival, 
clinical, and radiological outcomes present here were superior to those 
reported in the literature. Each publication includes a subgroup of the 147 
consecutive surgically treated patients with pineal region lesions operated 
in the Department of Neurosurgery of Helsinki University Hospital between 
1997 and 2015. We found a direct correlation between the pineal cyst 
diameters and the severity of the disease. Thus, a surgically treated pineal 
cyst appeared a clinically progressive disease with average cyst diameters 
running between 15mm and 25mm and hydrocephalus at the last stage. 
The short- and long-term postoperative functional status of the pineal cyst 
patients improved after surgery in all except one patient. 97% of the pineal 
cyst patients achieved complete cyst removal without noticed recurrence 
nor mortality at 149 ± 62 months. The disease mortality of the patients with 
surgically treated pineal region tumors reached 18% at 125 ± 105 months 
of follow-up. Overall, patients with complete tumor removal had superior 
disease survival and tumor-free imaging outcomes compared to those with 
incomplete resected neoplasms. However, the extent of resection did not 
appear to influence the survival rates of diffuse glioma patients. 

Venous air embolism was present in 35% of patients undergoing 
praying sitting position for pineal region surgery. Severe venous air 
embolism was absent in the studied series. Among all pre- and 
intraoperative variables, the only venous injury was associated with venous 
air embolism. Thus, following proper anesthetic and surgical 
considerations, the sitting praying position in pineal region surgery does 
not harbor high risks for severe venous air embolism. Lately, the developed 
paramedian approach resulted in more functional and safer modification of 
the conventional midline supracerebellar approach. The effectiveness of the 
two approaches remained similar in terms of clinical, radiological, and 
survival outcomes. 
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TIIVISTELMÄ 
 

Käpyrauhasen seudun kystien ja kasvainten hoidon välittömät ja 
pitkäaikaiset tulokset eivät ole aivan selvät. Suomen keskitetyn 
terveydenhuollon ja väestörekisterin rekisterijärjestelmät tarjoavat 
erinomaiset mahdollisuudet retrospektiivisiin pitkäaikaistutkimuksiin. 
Käpyrauhasen seudun kasvaimet ovat tunnettuja patologisia ilmiöitä. 
Toistaiseksi ei kuitenkaan ole olemassa kvantitatiivisia parametreja, joiden 
avulla olisi mahdollista erottaa normaali anatominen variaatio oireisista 
käpyrauhasen kystista. Tämän väitöskirjan tavoitteena on tutkia 
käpyrauhasen seudun kystien ja kasvainten kirurgisen hoidon 
pitkäaikaisia kliinisiä ja radiologisia tuloksia kolmen pääelementin 
perusteella, jotka kehitettiin Helsingin yliopistollisessa sairaalassa 
tutkimuksen aikana: täydellinen mikrokirurginen resektio, istuma-asento 
pää taivutettuna eteen rukoiluasentoon ja leikkausalueen lähestyminen 
paramediaaniviillosta pikkuaivojen yläpuolelta ja pikkuaivoteltan 
alapuolelta. 

Joka julkaisu sisältää alaryhmän, joka koostuu 147 peräkkäisestä 
käpyrauhasen alueen leikkauspotilaasta, joiden leikkaus tehtiin Helsingin 
yliopistollisen sairaalan Neurokirurgian klinikalla vuosien 1997 ja 2015 
välillä. Totesimme että käpyrauhasen kystan läpimitta korreloi suoraan 
sairauden vaikeuteen. Niinpä käpyrauhasen oireinen kysta näyttää olevan 
etenevä sairaus, joka alkaa aiheuttaa oireita kystan läpimitan ollessa 
keskimäärin 15 mm ja päätyy hydrokefalukseen läpimitan ollessa 25 mm. 
Yhtä lukuun ottamatta kaikkien käpyrauhasen kystaa sairastavien 
toimintakyky parani leikkauksen jälkeen. Kysta saatiin kokonaan 
poistetuksi 97 prosentilta potilaista niin, ettei 149 ± 62 kuukauden 
kuluessa todettu kystan uusiutumista eikä kuolemaa. Kuolevuus 
kirurgisesti hoidettuun käpyrauhasen alueen kasvaimeen oli 125 ± 105 
kuukauden seurannassa vain 18 %. Jos kasvain poistettiin kokonaan, 
selviytyminen oli kaikkiaan parempi ja oli todennäköisempää, ettei 
kuvantamistutkimuksissa näkynyt kasvainta, kuin jos kasvain oli 
poistettu vain osittain. Poiston laajuus ei kuitenkaan näytä vaikuttavan 
selviytymiseen diffuuseista glioomista. 

Laskimon ilmaembolia todettiin 35 prosentilla niistä potilaista, jotka 
olivat käpyrauhasen alueen leikkauksen aikana istuma-asennossa pää 
eteen taivutettuna. Vakavia laskimon ilmaembolioita ei todettu. 
Laskimovauriota lukuun ottamatta mikään leikkausta edeltävä tai sen 
aikainen muuttuja ei korreloinut laskimon ilmaemboliaan. Kun anestesia 
ja kirurgia hoidetaan asianmukaisesti, vaikean laskimon ilmaembolian 
riski ei ole suuri, kun käpyrauhasen alueen leikkaus tehdään potilaan 
ollessa istuma-asennossa pää eteen taivutettuna. Leikkausalueen 
lähestyminen paramediaaniviillosta pikkuaivojen yläpuolelta ja 
pikkuaivoteltan alapuolelta oli toiminnallisesti parempi ja turvallisempi 
ratkaisu ja sen yhteydessä ilmeni vähemmän lähestymissuuntaan liittyviä 
komplikaatioita kuin käytettäessä keskiviiltoa pikkuaivojen yläpuolelta. 
Näiden kahden lähestymissuunnan vaikuttavuus oli kliinisen ja 

 
 

Microneurosurgery of pineal region cysts and tumors 11 

Tiivistelm
ä 

. 



Choque Velasquez J. 

 

 
 

radiologisen tuloksen sekä selviytymisen kannalta yhtä hyvä. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Microneurosurgery of pineal region cysts and tumors 12 



Choque Velasquez J. 

 

 
 
 
 
 
 

TABLE OF CONTENTS 
 
 

Abstract ....................................................................................................................... 9 
Tiivistelmä ................................................................................................................. 11 
Table of contents ...................................................................................................... 13 
List of original publications ..................................................................................... 17 
Abbreviations ............................................................................................................ 19 
Introduction ............................................................................................................... 21 
Review of the literature ............................................................................................ 25 

1.1 The pineal gland .................................................................................. 25 
1.1.1 History ............................................................................................................ 25 

1.1.2 Pineal gland cells ........................................................................................... 25 

1.1.3 Development of the pineal gland .................................................................... 26 

1.1.4 Pineal gland neurophysiology ........................................................................ 26 

1.2 Anatomy of the pineal region ............................................................. 27 
1.2.1 The pineal region ........................................................................................... 27 

1.2.2 Cisternal relationships .................................................................................... 28 

1.2.3 Ventricular relationships ................................................................................. 28 

1.2.4 Arterial relationships ...................................................................................... 28 

1.2.5 Venous relationships ...................................................................................... 29 

1.2.6 Tentorial arteries ............................................................................................ 30 

1.3 History of pineal surgery .................................................................... 32 
1.4 Patient positioning for pineal region surgery ................................... 33 

1.4.1 Concorde position for a supracerebellar infratentorial approach .................... 33 

1.4.2 Prone position for an occipital transtentorial approach .................................. 33 

1.4.3 Three-quarter prone position ......................................................................... 33 

1.4.4 Reverse transsphenoidal position for a supracerebellar approach ................ 33 

1.4.5 Park bench position for an occipital transtentorial approach .......................... 34 

1.4.6 Semi-sitting position for an occipital transtentorial approach ......................... 34 

1.4.7 Sitting position for an occipital transtentorial approach .................................. 34 

1.4.8 Sitting position for a supracerebellar infratentorial approach ......................... 34 

1.4.9 Praying sitting position for pineal region surgery ............................................ 35 

1.5 Anesthetic considerations for sitting positioning ............................ 37 
1.5.1 Hemodynamics in sitting position ................................................................... 37 

1.5.2 Venous air embolism ..................................................................................... 37 

1.5.3 Antigravity trousers ........................................................................................ 39 

1.6 Surgical approaches to the pineal region ......................................... 40 
1.6.1 Occipital transtentorial approach ................................................................... 42 

1.6.2 Supracerebellar infratentorial approach ......................................................... 42 

1.6.3 Endoscopic supracerebellar infratentorial approach ...................................... 43 

1.6.4 High-definition exoscope supracerebellar infratentorial approach ................. 43 

1.6.5 Paramedian supracerebellar infratentorial approach ..................................... 44 

Microneurosurgery of pineal region cysts and tumors      13 

  
Table of  contents 

 



Choque Velasquez J. 

 

 

1.7 Pineal cysts .......................................................................................... 47 
1.7.1 Prevalence and natural history ....................................................................... 47 

1.7.2 Imaging .......................................................................................................... 47 

1.7.3 Clinical presentation ....................................................................................... 48 

1.7.4 Surgical indications ........................................................................................ 49 

1.7.5 Management .................................................................................................. 51 

1.7.6 Clinical follow-up in pineal cyst patients ......................................................... 51 

1.8 Pineal region neoplasms ..................................................................... 51 
1.8.1 Pineal parenchymal tumors of the pineal region ............................................. 54 

1.8.2 Papillary tumor of the pineal region ................................................................ 56 

1.8.3 Pineal region gliomas ..................................................................................... 56 

1.8.4 Germ cell tumors of the pineal region ............................................................. 59 

1.8.5 Meningiomas of the pineal region ................................................................... 61 

1.8.6 Other pineal region neoplasms ....................................................................... 62 

Aims of the study ..................................................................................................... 65 
Material and methods .............................................................................................. 67 

1.9 Population study and data collection ................................................. 67 
1.10 Study I. Microneurosurgery of pineal cysts (Publication I and II) ..... 68 

1.10.1 Inclusion criteria and data collection ............................................ 68 
1.10.2 Data analysis ............................................................................................. 69 

1.10.3 Statistical analysis ...................................................................................... 69 

1.11 Study II. Microneurosurgery of pineal region neoplasms (Publication 
III and IV) ........................................................................................................... 69 

1.11.1 Inclusion criteria and data collection .......................................................... 69 

1.11.2 Data analysis ............................................................................................. 69 

1.11.3 Statistical analysis ...................................................................................... 70 

1.12 Study III. a. Praying sitting position and venous air embolism in 
pineal region surgery (Publication V) ............................................................. 70 

1.12.1 Inclusion criteria and data collection .......................................................... 70 

1.12.2 Data analysis ............................................................................................. 70 

1.12.3 Statistical analysis ...................................................................................... 70 

1.13 Study III. b. Paramedian supracerebellar infratentorial approach in 
pineal region surgery (Publication VI) ............................................................ 71 

1.13.1 Inclusion criteria and data collection .......................................................... 71 

1.13.2 Data analysis ............................................................................................. 71 

1.13.3 Statistical analysis ...................................................................................... 71 

Results ...................................................................................................................... 73 
1.14 Microneurosurgery of pineal cysts ..................................................... 73 

1.14.1 Natural history and surgical indications for pineal cyst surgery .................. 73 

1.14.2 Clinical presentation ................................................................................... 74 

1.14.3 Imaging ...................................................................................................... 74 

1.14.4 Surgical features ........................................................................................ 74 

1.14.5 Follow-up and functional outcome ............................................................. 76 

1.15 Microneurosurgery of pineal region neoplasms ................................ 78 
1.15.1 Clinical presentation and hydrocephalus .................................................... 78 

1.15.2 Histological diagnosis ................................................................................ 79 

1.15.3 Surgery ...................................................................................................... 80 

1.15.4 Functional outcome .................................................................................... 80 

1.15.5 Survival and long-term follow-up ................................................................ 80 

Microneurosurgery of pineal region cysts and tumors 14 



Choque Velasquez J. 

 

 
 
 
 
 

1.15.6 Survival and extent of surgical resection ................................................... 81 

1.15.7 Pineal region neoplasms in the pediatric population .................................. 83 

1.15.8 Pineal parenchymal tumors of intermediate differentiation ........................ 83 

1.16 Praying sitting position and venous air embolism in pineal surgery85 
1.17 Paramedian supracerebellar infratentorial approach ...................... 87 

Discussion ................................................................................................................. 95 
1.18 Pineal cysts .......................................................................................... 95 
1.19 Pineal region neoplasms .................................................................... 97 

1.19.1 Pineal parenchymal tumors of intermediate differentiation ...................... 100 

1.19.2 Hydrocephalus in pineal region surgery .................................................. 101 

1.19.3 Pineal region surgery in the pediatric population ..................................... 101 

1.20 Surgical techniques in pineal surgery ............................................. 102 
1.20.1 Praying sitting position and venous air embolism .................................... 102 

1.20.2 Paramedian supracerebellar infratentorial approach ............................... 104 

1.20.3 Other Pineal region approaches in Helsinki Neurosurgery ...................... 104 

1.21 Limitations ......................................................................................... 105 
1.22 Future aspects of pineal region tumors and cysts ......................... 106 
1.23 Surgical decision-making algorithm ............................................... 108 

Conclusions ............................................................................................................ 111 
Acknowledgments .................................................................................................. 113 
References ............................................................................................................... 117 
Original publications .............................................................................................. 141 

Supplementary content and open-access surgical videos 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Microneurosurgery of pineal region cysts and tumors 15 

  
Table of  contents 

 



Choque Velasquez J. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Microneurosurgery of pineal region cysts and tumors 16 



17 Microneurosurgery of pineal region cysts and tumors  

Choque Velasquez J. 
 

LIST OF ORIGINAL PUBLICATIONS 
 

This thesis is based on the following publications referred to in the text by 
their roman numerals. 

Publication I 

Choque-Velasquez J, Resendiz-Nieves J, Colasanti R, Tynninen O, Collan J, 
Niemelä M, Hernesniemi J. Microsurgical management of benign pineal cysts: 
Helsinki experience in 60 cases. Surg Neurol Int. 2019; 10:103. DOI: 
10.25259/SNI-180-2019. 

Publication II 

Choque-Velasquez J, Resendiz-Nieves J, Szymon Baluszek, Roberto 
Colasanti, Sajjad Muhammad, Hernesniemi J. Functional status of 
surgically treated pineal cyst patients. Surg Neurol Int. 2020. Accepted 
paper. 

Publication III 

Choque-Velasquez J, Resendiz-Nieves J, Jahromi BR, Colasanti R, Raj R, 
Vehviläinen J, Tynninen O, Collan J, Niemelä M, Hernesniemi J. Extent of 
resection and long-term survival of pineal region tumors in Helsinki 
Neurosurgery. World Neurosurg. 2019; 131:e379-e391 DOI: 
10.1016/j.wneu.2019.07.169. 

Publication IV 

Choque-Velasquez J, Resendiz-Nieves JC, Jahromi BR, Colasanti R, Raj R, 
Tynninen O, Collan J, Hernesniemi J. Pineal Parenchymal Tumors of 
Intermediate Differentiation: A Long-Term Follow-Up Study in Helsinki 
Neurosurgery. World Neurosurg. 2019; 122:e729-e739. DOI: 
10.1016/j.wneu.2018.10.128. 

Publication V 

Choque-Velasquez J, Colasanti R, Resendiz-Nieves JC, Raj R, Lindroos AC, 
Jahromi BR, Hernesniemi J. Venous air embolisms and sitting position in 
Helsinki pineal region surgery. Surg Neurol Int. 2018; 10;9:160. DOI: 
10.4103/sni.sni_128_18. 

Publication VI 

Choque-Velasquez J, Resendiz-Nieves J, Jahromi BR, Colasanti R, Szymon 
Baluszek, Sajjad Muhammad, Hernesniemi J. Midline and paramedian 
supracerebellar infratentorial approach to the pineal region: a comparative 
clinical study in 112 patients. World Neurosurg. 2020 May;137:e194-e207. 
DOI: 10.1016/j.wneu.2020.01.137. 

 
The original publications and supplementary content published in World 
Neurosurgery are granted under Elsevier´s general terms. The original 
publications and supplementary content published in other journals use 
http://creativecommons.org/licenses/by/4.0/. Original content appears in 
full color. Some unpublished results are presented in the discussion. 

  
O

riginalpublications  
 



Microneurosurgery of pineal region cysts and tumors 



Microneurosurgery of pineal region cysts and tumors 

 

ABBREVIATIONS 

AGT    Antigravity trousers 
CCOS   Chicago Chiari Outcome Scale  
CMR    Complete microsurgical resection 
CSF    Cerebrospinal fluid  
EF    Endoscopic fenestration  
FU   Follow-up 
GCT    Germ cell tumor 
HUH    Helsinki University Hospital 
IDH   Isocitrate dehydrogenase 
MRI    Magnetic resonance imaging 
mRS    Modified Rankin Scale 
NAI   No available information  
NGGCT   Non-germinomatous germ cell tumor 
OIH    Occipital interhemispheric approach 
OTT   Occipital transtentorial approach  
PC    Pineal cyst 
PPT    Pineal parenchymal tumor 
PPTID Pineal parenchymal tumor of intermediate differentiation 
PR    Partial resection  
PTPR    Papillary tumor of the pineal region 
SB    Stereotactic biopsy  
SBP   Systolic blood pressure 
SCIT    Supracerebellar infratentorial approach  
STR    Subtotal resection 
VAE    Venous air embolism 
VPS   Ventriculoperitoneal shunt 
WHO    World Health Organization 
WI    Weighted images 



Microneurosurgery of pineal region cysts and tumors 

 



Microneurosurgery of pineal region cysts and tumors 

INTRODUCTION  

The pineal region, also known as the posterior incisural space, is a deep-
seated area surrounded by critical neurovascular structures. Thus, the 
management of pineal region lesions requires comprehensive anatomical, 
microsurgical, and radiochemotherapeutic knowledge.[224] Long-term 
outcomes of patients with pineal region neoplasms and pineal cysts (PCs) 
are not well-established due to their low frequency of presentation and 
adequate registry systems in different institutions. 

The Department of Neurosurgery of Helsinki University Hospital (HUH) 
follows the international therapeutic standards for pineal region cyst and 
tumor patients. A neurologist, a neuropathologist, a neurosurgeon, a 
pathologist, and a radiologist form a neurooncological team in HUH. This 
neurooncological team recommends a therapeutic decision supported by 
the highest level of evidence. On this foundation, the microneurosurgery of 
pineal region neoplasms and cysts has, for the last two decades, integrated 
three elements analyzed along with this thesis: a. The complete 
microsurgical resection (CMR) of the pineal region tumors and cysts. b. The 
praying sitting positioning of the patient, which essentially involves a more 
ergonomic sitting position, cooperative surgical-anesthesiological teamwork, 
and the use of antigravity trousers (AGT). And c. the paramedian 
supracerebellar infratentorial (SCIT) approach as a safer and less invasive 
variant of the midline SCIT approach.   

This thesis postulates that a judicious microneurosurgery remains the 
main therapeutic modality among the multidisciplinary management of 
pineal region neoplasms and PCs for obtaining optimal results in tumor-
free imaging outcome, long-term survival, and minimal postoperative 
disability. Different publications and video articles attached as 
supplementary content of this thesis illustrate the pineal microsurgical 
detail. [36–38,38–45,47,49,50,101,130,273]  

This thesis is composed of three sections:  

Section I: pineal cysts 
Section I, which corresponds to Publications I and II, deals with the 
surgically treated PCs. The natural history of the surgically treated PCs 
remains unknown. PCs are benign lesions that are mostly considered 
normal anatomical variations and treated conservatively. However, there is 
no explicit parameter to differentiate these normal anatomical variations 
from pathological PCs.[19,66,69,95] This thesis aims to respond to the question: 
What is the correlation between the PC dimensions and the preoperative 
clinical presentation in 60 surgical treated PC patients? We hypothesized 
that the PC diameter positively correlates with the clinical severity of 
symptomatic PCs (Publication I). The few and small surgical PCs reports 
did not correctly establish the microsurgical impact on long-term outcomes. 
Some technological advances in magnetic resonance imaging (MRI) and new 
minimally invasive procedures for PCs emerged in recent years. However, 
only a few reports evaluated the surgical benefits on the postoperative 
functional status of the patients.[55,160] This thesis aims to respond to the 
question: What impact does the PC microsurgery have on the postoperative 
functional status of PC patients? We propose that PCs microneurosurgery 
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improves the postoperative functional status of PC patients 
(Publication II).  
Section II: pineal region neoplasms 
In Section II, this thesis presents the surgically treated pineal region 
neoplasms in HUH (Publication III and IV). Few comprehensive 
microsurgical series of pineal tumors are available in the literature. Long-
term studies are scarce due to the infrequent presentation of the tumors 
and the incomplete registry system at different institutions.[6,135,179,244] 
Indeed, the health information registries of non-centralized centers are 
insufficient to evaluate long-term treatment effects. Moreover, other 
extensive studies with different prevalent lesions, such as the radiosensitive 
germ cell tumors (GCTs), also prevent evaluating the impact of pineal 
microneurosurgery. Hence, this thesis aims to respond to the question: 
What impact does CMR of the tumors have on short- and long-term clinical 
and radiological outcomes of the pineal region patients? We hypothesized 
that a CMR of pineal region tumors offers superior long-term clinical 
and radiological outcomes of the patients differently from the 
incomplete tumor removal. (Publication III).  

Pineal parenchymal tumors of intermediate differentiation (PPTIDs) 
are the most common specific type of surgically treated pineal region tumor 
at HUH. Currently, the treatment protocol for PPTIDs is not well-
established, and the published series reported reduced 5-year survival 
rates.[32] PPTIDs require a combination of surgery and radiotherapy, with or 
without chemotherapy.[114,162] Even though a CMR is considered the 
treatment of choice, it is often challenging and-or not possible. This thesis 
aims to respond to the question: What impact does the CMR of PPTIDs have 
on long-term clinical and radiological outcomes of the patients? We propose 
that the CMR of PPTIDs allows for optimal long-term clinical and 
radiological outcomes (Publication IV).  
Section III: Surgical techniques in pineal surgery  
In Section III, the praying sitting positioning and the SCIT approach follow 
for evaluation. This thesis evaluates the occurrence of venous air 
embolisms in patients who underwent pineal region surgery in praying 
sitting position. This thesis aims to respond to the question: What is the 
impact of the accidental venous injury on the development of severe VAE in 
praying sitting position for pineal region surgery? Here, this study proposes 
that following proper anesthetic and surgical considerations, the 
venous injury in the praying sitting position for pineal surgery does 
not harbor high risks for severe venous air embolism (Publication V).  

In the second part of this section, this thesis also presents the 
paramedian SCIT approach developed at HUH. The midline SCIT approach 
is a well-known procedure frequently used in pineal region surgery. The 
paramedian SCIT approach appears a less invasive development of the 
classic midline approach. However, besides some cadaveric studies, no 
clinical study has compared the two approaches thus far. Here, this thesis 
hypothesizes that the modified SCIT paramedian approach represents 
a safer and less invasive procedure than the classic midline SCIT 
approach in pineal region surgery of cysts and tumors (Publication 
VI). 

The Department of Neurosurgery at HUH is a centralized 
neurosurgical center with an excellent registry system of nearly 2 million 
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people. The Finnish population registry provides useful actualized 
information of the population as well. Thanks to these useful registries, it is 
possible to perform retrospective studies with detailed long-term follow-up 
(FU).   
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REVIEW OF THE LITERATURE 

In pharaonic Egypt, the pineal gland was believed to represent the eye of Horus. 
In Hindu texts on spiritual enlightenment, the pineal gland represents a third 
eyeball that atrophies into the pineal gland. The earliest Greek description of the 
pineal gland appears in the eighth book of Galen’s “On the usefulness of the 
parts of the body”. Here, Galen named this organ, already discovered at that 
time, as the “pineal gland” based on its pine nut appearance irrigated by local 
blood vessels. Moreover, along with other authors, Galen speculated that a 
“psychic pneuma” occupied the ventricles. This speculation opened a discussion 
on whether the pneuma flow was regulated by the pineal gland or by cerebellar 
vermis. It was only later, in 1536, that Niccolò Massa discovered that ventricular 
liquid was the substance present in the cerebral ventricles. Based on Galen’s 
descriptions and Massa’s findings, in 1637, Descartes described in his La 
Dioptrique “a certain small gland in the middle of the ventricles” as the “sensus 
communis” seat. He still used the psychic pneuma concept occupying the 
ventricles to communicate the physical body with the animal spirit. Thus, the 
pineal gland was considered the convergence organ between the soul and body, 
where conscious thoughts become formed. Later, after the death of Descartes, 
Thomas Willis concluded that there was no concrete evidence that the pineal 
gland was the seat of the soul. He pointed out that this organ was also present in 
animals, in whom imagination, memory, and other superior functions lack of 
development.[247] 

In the next few centuries, there were very few developments in pineal gland 
research. Later in 1958, Lerner and colleagues discovered that the pineal gland 
produces melatonin, a hormone that regulates the circadian rhythm.[150]  

The pineal gland is mainly composed of pinealocytes, astrocytes, microglia, 
endothelial cells, and, in some species, a small number of neurons. The following 
paragraphs provide information on the pineal gland histology elaborated by 
Ibanez Rodriguez et al.[226]. 

The cell body pinealocyte typically measures 7−12μm with three to five 
emerging processes. Under an electron microscope, pinealocytes have dense core 
granules with the highest granular concentration at the cellular processes. Two 
different types of pinealocytes exist a. the type I pinealocytes, which comprise 
85−90% of pinealocytes and have large, round, euchromatic nuclei with 
prominent nucleoli, and b. the type II pinealocytes with small, oval nuclei that 
appear dense under a light microscope.   

Ribbon synapses appear to be a specific marker of pinealocytes. However, 
they are absent in some mammalian species. Immunocytochemistry with specific 
antibodies against melatonin did not demonstrate melatonin presence in any 



Microneurosurgery of pineal region cysts and tumors 

pinealocyte organelle. However, two enzymes involved in melatonin synthesis, 
arylalkylamine-N-acetyltransferase, and hydroxyindole-O-methyltransferase, 
have been cloned from these cells to identify pinealocytes. 

Pinealocytes exist in the habenular and pretectal areas of the pineal gland. 
The presence of synapse-like contacts between pinealocytes and neurons 
indicates direct communication between them. Pinealocytes express several 
retinal antigens such as opsin, recoverin, and the retinal S-antigen, useful for 
immunohistochemistry analysis.  

Interstitial cells harbor a triangular nucleus, several long processes, and a 
high number of filaments. These small cells contain darker cytoplasm than 
pinealocytes and exhibit an immunoreaction against glial fibrillary acid protein 
similar to fibrillary astrocytes. The phagocytic cells present in the pineal gland 
belong to perivascular microglia, immunoreactive cells for class II major 
histocompatibility complex. 

In humans and some other mammals, the pineal gland contains classic 
neurons characterized by Nissl substance. These neuronal cells harbor 
parasympathetic activity and receive innervation by a peripheral ganglion. The 
presence of erratic neuron-like cells immunoreactive to encephalin, vasopressin, 
and oxytocin suggests a paracrine regulatory function in the pineal gland. In 
most mammalian species, the pineal capillaries have a continuous endothelium 
instead of a fenestrated configuration. 

The development process of the adult pineal gland remains unclear. The pineal 
primordium appears first as a neuroepithelial pouch in the posterior roof of the 
third ventricle. Pax6+ precursor cells contained in the pineal primordium 
differentiate into pinealocytes and pineal astroglia. During this differentiation 
process, microglia developed in the third ventricle, colonize the pineal 
neuroepithelium. Microglia regulates the pineal gland development via 
phagocytosis of Pax6+ cells, nerve fibers, and blood vessel cells. The number of 
Pax6+ cells decreases as the differentiation process progress, and very few Pax6+ 
cells remain in the adult gland.[226]  

The polyneuronal circuit of the mammalian pineal gland starts in the retina. 
Retinal photoreceptors transform environmental light into electrical stimuli 
transmitted to the suprachiasmatic nucleus. The involved pathways include the 
retinohypothalamic tract and the primary optic tract. The neuronal pathway 
between the suprachiasmatic nucleus, the paraventricular nucleus, and the 
intermediolateral nucleus of the thoracic spinal cord transfers the electrical 
information to the superior cervical ganglion. Later, via sympathetic neurons of 
the conarian nerves, the information crosses from the cervical ganglion to the 
pineal gland. This pathway is essential for melatonin secretion via 
norepinephrine and neuropeptide Y.  

The pineal gland parasympathetic innervation includes the sphenopalatine 
ganglia, the ethmoidal nerves, and to a lesser extent, the trigeminal ganglion. 
Finally, the paraventricular nucleus with the active secretion of vasopressin and 
oxytocin represents a central neuroendocrine process.[68,176]  
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The following paragraphs provide information on the pineal region anatomy 
elaborated by Rhoton et al.[128,224,283]  

The pineal region, also known as a posterior incisural space, is a deep 
anatomical structure within a roof, a floor, and anterior and lateral walls. The 
pineal region projects posteriorly to the level of the tentorial apex (Figure 1). The 

 
Figure 1 

Anatomy of the pineal region in a cadaveric specimen. A. Posterior supracerebellar view; 
B. Sagittal section at the level of the interhemispheric fissure.  CC, corpus callosum; IC, 
inferior colliculus; Lt OL left occipital lobe; PG, pineal gland; Rt OL, right occipital lobe; SC, 
superior colliculus; VC, vermis cerebelli. Photos belong to the author's series (Provided by 
Dr. Franklin Miranda Solis with personal approval).   
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anterior wall superiorly contains the pineal body, connected to the third ventricle 
by the habenular commissure and the posterior commissure. The quadrigeminal 
plate represents the center of the anterior wall. Inferiorly, the superior cerebellar 
peduncles and the lingula of the vermis remain under the colliculi. The roof of 
the pineal region covers the lower surface of the splenium, the hippocampal 
commissure, and the fornical crura. The pineal region floor comprises the 
quadrangular lobules of the cerebellar hemispheres and the cerebellar culmen. 
The cerebellomesencephalic fissure represents the inferior extension of the pineal 
region. Lately, the pulvinar, the fornical crura, and the medial cerebral surface 
(including the dentate and the posterior parahippocampal gyri) constitute each 
lateral wall. 

The quadrigeminal cistern is the central cistern occupying the pineal region. It 
contains all the neurovascular structures of the pineal region. The quadrigeminal 
cistern connects superiorly, with the posterior segment of the pericallosal cistern, 
inferomedially, with the cerebellomesencephalic fissure, and inferolaterally, with 
the ambient cistern. Laterally, the quadrigeminal cistern reaches the 
retrothalamic surfaces, where the fornical crura surround the posterior pulvinar. 
Anterosuperiorly, the velum interpositum may open into the quadrigeminal 
cistern. 

The pineal region rests anteriorly on the posterior wall of the third ventricle and 
the cerebral aqueduct. Laterally, some cortical gyri and the fornical crura 
separate the pineal region from the ventricular atrium and occipital horns. 

The posterior cerebral artery and the superior cerebellar artery are the two 
trunks running into the pineal region (Figure 2). The P3 segment of the posterior 
cerebral artery crosses the pineal region and then bifurcates into the calcarine 
and parietooccipital arteries close to and above the free tentorial edge. The 
medial posterior choroidal arteries and the lateral posterior choroidal arteries are 
early branches of the posterior cerebral artery. The medial posterior choroidal 
arteries run along the midline, close to the pineal body, and enter into the velum 
interpositum to supply the lateral ventricle and the choroid plexus of the third 
ventricle. On the other hand, the lateral posterior choroidal arteries supply the 
thalamus and the choroid plexus at the atrium. They run around the posterior 
surface of the pulvinar before entering the choroidal fissure. Finally, the superior 
cerebellar artery runs into the pineal region within the cerebellomesencephalic 
fissure to supply the superior cerebellar surface. 

The perforating branches of the two terminal trunks of the basilar artery 
irrigate the walls of the pineal region. Branches from the posterior cerebral artery 
and the superior cerebellar artery supply the structures above and below the line 
between the superior and inferior colliculus, respectively.  
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Figure 2 
Schematic illustration of the arterial relationships of the pineal region. A, basilar artery; B, 
superior cerebellar artery; C, posterior cerebral artery; D, quadrigeminal artery; E, median 
posterior choroidal artery; F, geniculate body artery; G, lateral posterior choroidal artery; 
H, posterior pericallosal artery; I, posterior temporal artery; J, posterior communicating 
artery. Illustration belongs to the author's series. 

The pineal region contains the internal cerebral veins, the basal veins, the vein of 
Galen, the precentral veins, the vermian veins, and the internal occipital veins. 
Primary veins drain the pineal body and the pineal region walls into the major 
veins, ending in the straight sinus (Figure 3, Figure 4).  

A consensus establishes that the internal cerebral veins, the basal veins, 
and many of their tributaries converge on the vein of Galen in the pineal region. 
The confluence of the basal veins in the deep venous system may vary, since 
both basal veins may directly end up in the internal cerebral veins, at the 
convergence of the internal cerebral veins with the vein of Galen, or in the vein of 
Galen.[88] After the internal cerebral veins exit the velum interpositum and the 
basal veins exit the ambient cistern, they receive the occipital veins, the 
precentral and vermian veins, and the small tributaries from the pineal region. 
The vein of Galen forms thanks to the confluence of all these veins. Later, the 
vein of Galen joins the straight sinus at the tentorial apex.  

The configuration of the junction of the venous structures at the tentorial 
apex varies widely in humans. It may have a flat configuration when the tentorial 
apex is situated below the splenium level, while it is also possible to have a sharp 
angle when the apex crosses over the level of the splenium.  
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Figure 3 

Schematic illustration of the venous relationships of the pineal region. A, great vein of 
Galen; B, internal cerebral vein; C, basal vein of Rosenthal; D, precentral cerebellar vein; 
E, vermian vein; F, posterior pericallosal vein; G, inferior sagittal sinus; H, straight sinus; I, 
mesencephalic vein; J, internal occipital vein. Illustration belongs to the author's series. 
 

Three arterial systems irrigate the tentorium:[97]   
1. The cavernous segment of the carotid artery offers two tentorial 

branches: a. the basal tentorial artery (artery of Bernasconi and 
Cassinari) arising from the meningohypophyseal trunk, and b. the 
marginal tentorial artery arising from the inferolateral trunk. The 
marginal tentorial artery runs close to the sixth and fourth cranial 
nerves, before ending into the free tentorial edge.  

2. The superior cerebellar artery offers a meningeal branch at the level 
where it passes under the tentorium. 

3. The tentorial branch of the proximal posterior cerebral artery runs 
around the brainstem, as a long circumflex artery, to access the 
tentorium at its apex.  
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Figure 4 

Anatomic structures of the pineal region. A. MAPEnd model, an experimental setup for 
pineal region approach (supplementary material 1); B. posterior cerebral arteries (PCA), 
superior cerebellar arteries (SCA), straight sinus (SS), inferiorly Tentorium (T), vein of Galen 
(VG); C. pineal gland (PG) and pineal vein (PV) after caudal dissection; D. pineal gland, 
right and left basal veins of Rosenthal (BVR), precentral cerebellar vein (PCV), superior 
vermian vein (SVV), tectal vein (TV) and just behind, internal cerebral veins; E. section of 
the precentral, superior vermian and tectal veins to observe the internal cerebral veins; F. 
splenium of corpus callosum (SCC) with both internal cerebral veins running on the velum 
interpositum (VI) of the roof of the third ventricle. Laterally, branches of the posterior 
cerebral arteries (Photos belong to the author's series). 
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In 1910 Howell published the first report of a pineal region surgery. He described 
a surgical procedure performed by Horsley for a pineal region tumor by opening 
the posterior fossa.[108,109,291] Later, in 1913, Brunner reported the occipital 
transtentorial approach.[26] The next report was performed by Schloffer and 
Puusepp, who approached the pineal region through posterior and temporal 
openings with unfavorable consequences.[215,291] In 1913, Oppenheim and Krause 
described the first successful resection of a pineal fibrosarcoma of mixed 
origin.[197] In 1921, Dandy described his posterior interhemispheric transcallosal 
approach for the management of pineal region lesions in three patients, and later, 
in 1936, he presented a more extensive series of 20 patients who underwent the 
same approach.[57,58] In 1926, Krause reported the SCIT approach for the first 
time.[139]  

In 1929, the first complete and successful resection of a pinealoma in a 
young patient was performed by Max Peet through a parieto-occipital 
transcallosal corridor. The patient remained in optimal clinical conditions up to 
the last evaluation conducted two decades after the surgery.[206] 

In 1931, Van Wagenen reported a posterior transcortical and 
transventricular corridor through a dilated ventricle.[274] Based on Dandy’s work, 
Horrax introduced the occipital interhemispheric (OIH) transtentorial approach 
in 1937.[107] Kunicki and Suzuki adopted the same approach and reported their 
series in 1960 and 1965, respectively.[143,260] Poppen developed a modified OIH 
transtentorial approach and reported his successful series in 1966.[214] Yasargil 
redefined this approach by introducing the surgical microscope to treat vein of 
Galen malformations. He reported his experience in 1976.[287]  

In 1971, Stein reported a refined version of Krause's SCIT approach 
developed under the operating microscope.[255] In 1984, Yasargil described the 
microsurgical management of superior cerebellar artery aneurysms through a 
paramedian SCIT approach.[286] In 1990, Van den Bergh reported the same 
approach for pineal tumor surgery.[271] Yonekawa refined the paramedian SCIT 
approach for the management of upper brainstem lesions and published his 
experience.[194] In 2001, Konovalov published his surgical series of colloid cysts of 
the third ventricle, in which some patients underwent the SCIT approach.[134] The 
same author published his series of surgically treated pineal region tumors in 
2003.[135] 

In 1996, Ruge reported, for the first time, a purely endoscopic approach to 
the pineal region for the treatment of arachnoid cysts by a supracerebellar 
route.[228] In 2008, Gore reported the first pineal cyst removal by a purely 
endoscopic approach via the same corridor.[92] Uschold and Thaher reported their 
SCIT endoscope-controlled procedures to the pineal region in 2011 and 2014, 
respectively.[265,270]  

The first attempt to remove a pineal region lesion in the Department of 
Neurosurgery, HUH, was accomplished by Heiskanen and Hernesniemi in 1980. 
The patient underwent a SCIT approach in a sitting position. The patient position 
without flexion and forward projection of the head and the upper torso resulted 
in an exhausting and complicated procedure. The surgeon had to continuously 
lift his arms without any support for the length of the procedure. Moreover, the 
patient position limited the advantage of the gravity effect on the posterior fossa 
structures. Before this initial trial, all pineal region lesions were treated by 
radiation therapy after stereotactic biopsy and cerebrospinal (CSF) shunt 
procedures.   
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In Kuopio, Juha Hernesniemi introduced a protocol for the complete 
microsurgical resection of pineal region lesions with the patient in the sitting 
position. Around 40 patients underwent pineal region surgery between 1981 and 
1997. 

The different reported modalities for patient positioning during pineal region 
surgery come below. 

This position proposed by Kobayashi[131] is comfortable for the surgeon and the 
assistant. However, the optimal microscope positioning might be difficult, and 
the surgeon may occasionally assume a physically demanding posture. Further, 
cerebellar retraction is frequently performed against gravity, and there is a high 
risk of intracranial pressure increase due to a decrease in venous drainage. 
Moreover, only limited access to the third ventricle is possible. On the other 
hand, the risk of air embolism is shallow. 

This position appears comfortable for the surgeon, but it can occasionally 
disorient during the surgical approach itself. However, it has a shallow risk of 
venous air embolism. On the other hand, the assistant can only offer limited help 
in this arrangement. It requires some retraction of the occipital lobe and provides 
only limited access to the third ventricle.[234] 

In this position, the patient's torso and head initially turn at 45º from the proper 
lateral position. Later, the head follows slight flexion at an angle of around 30º. 
Later, the head is slightly flexed at an angle of around 30º. This position, which 
was proposed by Ausman for an occipital-parietal transtentorial approach, offers 
excellent visualization of the superior vermis, the pineal region, the midbrain, 
and the third ventricle.[13] Further, it is comfortable for the surgical team, carries 
a low risk of air embolism, and does not require occipital lobe retraction. 

This position proposed by Little[154] is a variation of the three-quarter prone 
position. The patient´s torso rotates to a three-quarters prone position, and the 
head is nearly wholly prone. Once the torso is elevated by 30º, the lower arm is 
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held with shoulder abduction at 90° and elbow flexion at 90°. The upper arm is 
moderately stretched with an anterior extension of 45° and lateral abduction of 
45°. This position offers excellent access to the pineal region, midbrain, superior 
vermis, and third ventricle. The surgeon feels comfortable with this position, but 
the assistant may experience some limitations. Moreover, no cerebellar retraction 
is required, and the risk of air embolism is low. 

Stone proposed this approach.[256] The torso is turned 30º from the proper lateral 
position. The head is slightly flexed and turned further to be at approximately 
45º from the vertical axis. This position appears to be comfortable for the 
surgeon and carries a low risk of venous air embolism, but the assistant faces 
limitations. Moreover, a gentle retraction of the occipital lobe facilitates easy 
access to the third ventricle.  

The surgeon feels comfortable with this position, but the assistant may be limited 
to a certain extent. The risk of venous air embolism is lower than that with the 
sitting position. However, the occipital lobe retraction may carry a high risk of 
visual dysfunctions and ocular motility defects.[184] 

This approach proposed by Poppen[214,222] appears to be more comfortable for the 
surgeon and the assistant than the SCIT approach in the same position. Even 
though it may demonstrate some operative benefits thanks to gravity, this 
approach may be associated with a high risk of air embolism, pneumocephalus, 
and subdural hematoma. Moreover, it requires occipital lobe retraction, and 
access to the third ventricle is limited. 

Proposed by Stein,[255] this approach provides direct access to the pineal region 
and carries a low risk of vascular compromise than all the other supratentorial 
approaches. These advantages correspond to the gravity effect. However, this 
position seems uncomfortable for the surgeon, as it requires hyperextension of 
the arms and neck. It is also associated with a high risk of air embolism, 
pneumocephalus, and subdural hematoma, and the assistant can only offer 
limited help. Moreover, although no occipital lobe retraction is required, long 
surgical instruments are needed, and access to the third ventricle is limited to 
some extent. 
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The "praying sitting position" for pineal region surgery is an efficient variant of 
the classic sitting position, developed in Helsinki in 1997 thanks to cooperative 
work between surgical and anesthesia teams. (Figure 5, Figure 6) (supplementary 
material 2).[35]  

The praying sitting position protocol starts bending the surgical table 
around 90–100°. The surgeon proceeds to elevate the upper torso and flex the 
patient's neck to maintain the tentorial axis parallel to the floor. Thus, the 
patient's head slightly bends beyond the projection of the anterior wall of the 
thorax. This position allows the neurosurgeon to rest his arms over the patient's 
shoulders, building a more ergonomic working position throughout the 
procedure. The patient's legs are dressed under suit trousers (AGT) inflated up to 
a pressure of 40 mmHg and positioned parallel to the floor. The sitting praying 
position requires at least three people for its construction, a surgeon, an 
anesthesiologist, and an assistant technician. The neurosurgeon, who holds the 
head of the patient, commands every step. The anesthesia team permanently 
modifies the operating table position, and an assistant personally moves the 
patient over the table. An adequate prepping and draping must allow the 
anesthesiologist free access to the patient's neck to compress both jugular veins 
in case of VAE. A protocolized sitting positioning would require less than five 
minutes for an adult of average weight. Effective teamwork, which allows for an 
immediate reaction in venous air embolism, is particularly crucial for pineal 
region surgery. The anesthesiologist accesses and compresses both jugular veins 
to help the surgeon, who effectively identifies and repairs the leak using 
hemostatic agents or direct suturing.  

 

 
Figure 5 
Praying sitting position for pineal region surgery in Helsinki University Hospital. 
Permission to reproduce granted under Elsevier´s general terms. 
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Figure 6 
Praying sitting position for pineal region surgery. A. Patient´s head position for pineal 
surgery; B. Neurosurgeon´s position with his arms on the shoulders of the patient and a 
mobile microscope operated by a mouth switch device; C. Scrub nurse following the 
surgery with an operative room monitor. Permission to reproduce granted under Elsevier´s 
general terms. 
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A neurosurgical procedure performed under general anesthesia carries risks of 
hemodynamic imbalances in the prone or sitting positions. The sitting position in 
neurosurgery was classically associated with two essential hemodynamic 
complications: hypotension with decreased cardiac function caused by reduced 
preload; and VAE, which in its severe forms may produce massive hemodynamic 
imbalance.[116,152,153,288]  

Although the sitting position was associated with higher hemodynamic 
complications compared to the prone position, Luostarinen et al. demonstrated 
that the intraoperative administration of fluids between patients undergoing 
sitting and prone positions did not differ significantly for the achievement of 
stable hemodynamics. However, they confirmed the tendency of patients in the 
sitting position to demonstrate persistent hypotension throughout the surgery. 
The authors concluded that the goal-directed fluid delivery and the moderate use 
of vasoactive drugs in the sitting position achieved similar hemodynamics 
compared to the prone position. Moreover, the sitting position patients in the 
study wore AGT and received propofol instead of the volatile anesthetics used for 
prone position patients.[158]      

Jadik et al. suggested that the incidence of VAE in the sitting position may 
be reduced by preserving optimal right atrial pressures and implementing a 
careful surgical technique. They proposed that the maintenance of optimal atrial 
pressures would require sufficient intravenous fluids, the use of AGT, and 
positive end-expiratory pressures.[116] However, Giebler et al. found similar rates 
of VAE in patients undergoing conventional ventilation compared to those 
undergoing ventilation with 10cmH2O positive-end expiratory pressure.[87] As 
mentioned above, further research also showed that excess fluid treatment was 
unnecessary in the sitting position compared to prone position patients.[158] Thus, 
the rates of VAE in the sitting position appear to be reduced with the use of AGT, 
sufficient fluid therapy, and vasoactive drugs, as well as using a proper surgical 
technique.  

VAE represents a surgical complication due to air entry into the venous system 
after intraoperative venous walls disruption.  It is associated with a wide variety 
of clinical presentations according to the speed of the process. In severe cases, 
hemodynamic collapse and death are frequent.[202]  

The VAE incidence in the sitting and horizontal positions is estimated to be 
15–45% and 0–12%, respectively, while the incidence of severe VAE ranges 
between 1% and 6%, according to the findings of six large-scale studies.[72,152,153] 
An extensive series on adult patients who underwent cranial surgery in the 
semisitting position revealed that, even in the presence of intraoperative VAE, the 
position of the patient did not correlate with any postoperative deficit.[233] Table 1 
describes the various methods used to detect VAE.  

A recent study by Türe et al. found that a head elevation via flexion of the 
operative table greater than 30°, with the patient in the classic semisitting 
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position for posterior fossa surgery, may increase the risk of VAE. Moreover, the 
authors have proposed a classification of the severity of VAE evaluated by 
transesophageal echocardiography.[268] 

Venous air embolism in the Department of Neurosurgery, HUH, is  defined 
as any of the following criteria:[35,152] 

1. A 0.7kPa (5.25mmHg) or a more significant decrease in the end-tidal 
PCO2, which usually ranges between 35 and 45mmHg (4.7–6kPa) 

2. An embolic heart sound by precordial Doppler ultrasound 
3. Identification of the venous-sinus leak at the surgical site 
Severe VAE represents the presence of VAE associated with persistent 

hemodynamic instability, i.e., difficult management of severe hypotension  in  
more than two controls in a five-minute interval or a related change  in  the 
minute ventilation. 

 
Table 1.  Detection of the VAE. ASA, American Society of Anesthesiologists (Adapted from 

Palmon, Moore, Lundberg, & Toung, 1997, p. 253). 
 

Monitor Advantages Disadvantages 

 
 

Transesophageal 
echocardiography 

 
 

• The most sensitive monitor detects as little 
as 0.02ml/kg of air 

• Can identify microemboli and the rare 
paradoxical air embolism 

• Invasive and expensive 
• Risk of glottis injury with 

prolonged use 
• Requires trained 

personnel in 
echocardiography, which 
potentially limits its 
application 

 
Precordial 
ultrasound Doppler 

 
 
• The most sensitive noninvasive monitor can 

detect as little as 0.25ml of air 

• Non-quantitative 
“washing-machine” or 
“drum-like” sound 

• May be difficult to use in 
prone or lateral cases 

 
Pulmonary artery 
catheter 

 
• Slightly more sensitive than capnography 
• Correlates directly with the amount of air 
• Offers prognostic information 

• Invasive; unhelpful with 
air aspiration 

• Unspecific for air 
• Not considered to be a 

routine procedure 

 
 

End-tidal carbon 
dioxide 

• A standard intraoperative monitor in ASA 
guidelines 

• Most convenient and most practical monitor 
in any surgical position 

• May also detect expired nitrogen 
• A slightly more sensitive tool than end-tidal 

PCO2 

 
• Non-specific for air 
• Less sensitive than 

Doppler and pulmonary 
artery catheter 

 

Direct observation 
• Frequently used in sitting position surgery 

during skull flap removal or with venous 
vessel injury 

• Requires proper communication between the 
anesthesia and surgical team 
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Crile et al. used counterpressure trousers for the first time in 1903 to manage 
hypotension in the sitting position. After the initial studies, AGT were of common 
use in military airplanes. Later, Gardner and Dohn revised this device and 
introduced it to the medical context in 1956.[23,61,165]  

AGT promote the venous blood return from the lower extremities while 
increasing the preload on the heart.[12] Compressed air is widely available in 
operating theaters. Thus, suit trousers are easy to use in clinical practice (Figure 
7). Table 2 summarizes some considerations regarding the use of AGT in 
neurosurgery.[23,61,80,105,152,221]  

 
Figure 7 

Antigravity trousers (Trousers ANTIG, NATO No 8475991300180, Beaufort, Belfast, UK) 
for the sitting praying position in pineal region surgery. Permission to reproduce granted 
by Scientific Scholar and Surgical Neurology International. 
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Table 2.  Effects of antigravity trousers in neurosurgery. VAE, venous air embolism.  
 

  

• Significant increase in systolic arterial pressure, especially for values less 
than 85mmHg 

• Reduced use of intravenous fluids and vasopressors drugs with 
antigravity suit at 3.3kPa  

• Increases the mean central venous pressure at 8.0kPa 
• The increase in the mean central venous pressure may help prevent VAE  
• More effective than elastic bandages for cardiovascular stability in sitting 

patients  
• A pressure of 20–40mmHg has been considered effective and safe by 

many authors  

• Tedious to apply to an anesthetized patient, but it controls postural 
hypotension in the sitting position  

• A pressure over 40mmHg for the entire duration of the surgical procedure 
is associated with risks for decreased renal perfusion and urine output, 
increased respiratory rate, and reduced vital capacity  

• Prolonged use on the abdominal viscera over 8.0kPa carries the risk of 
ischemic injury  

• The unavailability of different suit sizes limits its use in children 

The pineal region may be approached through anterior and posterior routes. The 
posterior approaches are classified as supratentorial, infratentorial, and 
combined approaches (Table 3).[18,57,78,83,84,89,118,139,146,154,173,214,241,250,255,274,276,286] 
Table 4 describes the main advantages and disadvantages of each approach.[282] 
 
Table 3.  Summary of the surgical approaches to the pineal region (Adapted from Little et 

al., 2001, p. 288). 
 
 

• Ventriculofiberscope   
• Transcallosal–transchoroidal 
• Transcortical–subchoroidal 
• Transylvian and subtemporal, transtentorial approach  
• Anterior transcortical, transventricular approach 

• Parietooccipital paramedian transfalcine 
• Interhemispheric transcallosal 
• Interhemispheric retrocallosal 
• Occipital transtentorial 
• Posterior transcortical transventricular approach 

• Infratentorial supracerebellar 
• Infratentorial paramedian supracerebellar  

• Combined supra/infra-tentorial transsinus  
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Table 4.  Advantages and disadvantages for each surgical approach to the pineal region 
(Adapted from Yamamoto 2001, p. 268-274). 

 

• Midline and easy orientation 
• Extra-axial to the third ventricle 
• Beneath the deep venous system 
• Minimal damage to delicate 

nervous structures 
• No morbidity related to parietal 

or occipital lobe injuries 

  

• Narrow operative field 
• May sacrifice lateral bridging veins 

and-or precentral cerebellar veins 
• May split upper vermis 
• Poor visualization of supratentorial 

structures 
• Challenging to reach paramedian 

lesions in the third ventricle 
• Inadequate view of the posterior 

floor of the third ventricle 

• Wide operative field 
• No vein crossing from the 

occipital lobe into the superior 
sagittal sinus 

• Easy visualization of deep venous 
structures 

• Largely extra-axial above the 
tentorium 

• Adequate visualization of 
ipsilateral dorsal and lateral 
extensions of the midbrain 

• Risk of occipital lobe or internal 
occipital vein injuries 

• Risk of deep venous structures 
damage 

• Variation in the anatomy of the 
tentorial notch 

• Poor visualization of the 
contralateral half of the 
quadrigeminal region and 
ipsilateral thalamus 

• May need to split the splenium 

• Irrelevant to ventricular size 
• Largely extra-axial above the 

tentorium 
• No disruption of hemispheric 

tissue 
• Shorter transit to the 

diencephalic roof 
• Ability to develop exposure of the 

entire third ventricular cavity 

• Damage of parietal bridging veins 
• Excessive parietal lobe retraction 
• Poor landmark identification 
• Splitting of the corpus callosum 
• Risk of damage to deep venous 

structures 
• Poor visualization of the pineal and 

quadrigeminal regions 

• Preservation of visual and speech 
pathways 

• Ease of landmarks identification 
• Adequate visualization of the 

contralateral third ventricular 
cavity 

• Ability to develop exposure of the 
entire third ventricular cavity 

• Requires hydrocephalus 
• Divides parietal region cortex 
• Risk of fornix damage 
• Risk of damage to the deep venous 

structures 
• Poor visualization of the ipsilateral 

third ventricular cavity 
• Poor visualization of the pineal and 

quadrigeminal regions 

• Useful for the removal of large 
tentorial meningiomas and-or 
large pineal region tumors. 

• Provides the most significant 
exposure and requires less brain 
retraction 

• A more demanding approach 
• The non-dominant transverse 

sinus and the tentorium become 
sectioned. 
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Among the surgical approaches developed for pineal region lesions, the 

posterior transcallosal, posterior transcortical, and posterior subtemporal 
approaches are used only under specific conditions due to their high rate of 
complications. Different modifications of the SCIT approach and the occipital 
transtentorial approach are the most common approaches for the pineal region. 
A comparative study between supra- and infratentorial approaches did not find 
statistical differences in postoperative outcomes.[227]  

This approach was introduced by Poppen[214] and represented a highly viable 
option for lesions localized at the tentorial edge or above the tentorium without 
significant extension to the opposite side. Yamamoto provided a detailed and 
actualized description of this approach as follows.[282] 

Traditionally, the patient underwent this procedure in the sitting position 
with high risks of postoperative visual field defects. However, alternative 
positions include the prone, Concorde, three-quarter prone, and park bench 
positions. The three-quarter prone position has a low risk of VAE and requires 
only a minimal retraction of the occipital lobe thanks to the gravity effect.  

The craniotomy should offer a proper visualization of the transverse and 
sagittal sinuses. Once the dura opens, the occipital lobe is exposed, and the 
inferior cerebral vein, which may occasionally appear laterally at the inferior 
border of the craniotomy, is preserved intact. The interhemispheric approach 
should avoid an excessive retraction of the occipital lobe and subsequent 
calcarine fissure compression. Moreover, retraction and-or lesions of the internal 
occipital vein may cause visual deficits. The retractor should remain under the 
occipital lobe to advance gradually into the tentorial free edge. 

The tentorium incised 1–1.5cm lateral to the straight sinus, follows opening 
according to the surgical necessities. The flap reflects laterally, offering enough 
space for opening the dense arachnoid membrane between the tentorium and the 
quadrigeminal cistern. Unfortunately, the great vein of Galen and its tributaries 
often impede the approach to the pineal region, thus requiring a careful 
dissection of the deep venous system far laterally and the dissection of the lower 
portion of the thinned splenium. However, the sacrifice of the splenium may 
result in a disconnection syndrome. Moreover, the tumor might, sometimes, 
extend inferiorly under the vermis. This extension requires the division of the 
vermis and carries the risk for neurological deficits. 

This approach, initially reported by Krause,32,75 was reintroduced by Stein in 
1971.[255] The patient undergoes surgery in the sitting, three-quarter prone, 
lateral decubitus, or Concorde position. The details of this approach were 
published by Yamamoto as follows. [282] 

The main advantages of the sitting position for the SCIT approach include 
the gravity effect on the posterior fossa structures and reduced bleeding due to 
the minimal venous pressure. Most of the disadvantages include the high risk of 
VAE and the unergonomic position of the surgeon. The Concorde position has a 
lower risk of air embolism and tension pneumocephalus, but the gravity effect is 
minimal.  



Microneurosurgery of pineal region cysts and tumors 

Preoperative MRI studies help to visualize the angle of the straight sinus. In 
the case of a low-angle type straight sinus, the sitting position is suitable. 
However, high-angle types restrict the operative field in the classic midline 
supracerebellar approaches. 

The craniotomy extends over both transverse sinuses and includes the 
torcular region. Once the dura opens, many bridging veins between the superior 
cerebellar surface and the tentorium might follow coagulation and section. The 
quadrigeminal cistern usually appears condensed and thick in pineal tumor 
surgery requiring careful microdissection. After accessing the quadrigeminal 
cistern, the relationship between the deep venous system and the pineal lesion is 
determined and compared within the preoperative imaging. The microsurgical 
resection follows the anatomic distribution of the lesion. Small and well-
encapsulated tumors or PCs follow removal without internal decompression; 
although, most medium-sized or large tumors require internal decompression 
and careful dissection from the surrounding structures. High-grade gliomas may 
require only histological sampling and partial decompression. However, benign 
lesions are usually completely removed. A critical step during this approach is 
the tumor resection at the inferior surgical field segments where the lesion 
usually attaches to the inferior colliculi. After complete resection of the pineal 
lesion, the third ventricle and the aqueduct should undergo adequate 
visualization under a microscope or through endoscopes and mirrors. Careful 
hemostasis is mandatory.  

Gore et al. introduced this approach.[92] Before starting the procedure, the 
corresponding thin-cut MRI volumetric images run into the navigation system. 
The patient undergoes the semisitting position after anesthesia induction. A 
stereotactic system helps to localize the torcula, and a 1.5cm burr-hole is made 
just paramedian at the level of the inferior edge of the transverse sinus. 
Immediately, the dura is opened, and CSF is released while accessing the 
supracerebellar cistern. Simultaneously, a hypertonic solution or mannitol is 
delivered intravenously. A navigation system is attached to the endoscope system 
to ensure a safe SCIT trajectory. Cerebellar bridging veins are coagulated and cut 
according to the requirements. Initially, the endoscope enters following the 
inferior tentorial surface, aiming to reach the vein of Galen. Later, the endoscope 
is reoriented slightly inferior to the tentorium under the navigation, along a 
trajectory that aims to localize the pineal lesion. After managing the pineal lesion, 
a piece of a hemostatic agent covers and seals the dural opening. The wound 
closure follows a standard protocol. 
Recently, under an “Exclusive Endoscopic Occipital Transtentorial Approach for 
Pineal Region Tumors”, five pineal tumors were operated on. Four of them 
underwent complete removal, and two patients harbored transient upper gaze 
palsy.[263] 

The exoscope is a telescopic camera that produces very high-quality video images 
with a long focal distance of 25–30cm. It usually goes outside the surgical cavity. 
Its rod-lens system is similar to that used in standard endoscopes.  



Microneurosurgery of pineal region cysts and tumors 

In 2014, Birch reported the surgical use of an exoscope by a SCIT approach 
for the first time.[21] For the placement of the exoscope, patients undergo the 
Concorde or sitting position. A midline incision running from the inion to the 
foramen magnum ensures a suboccipital craniotomy between the transverse 
sinus and the foramen magnum. The dura opening follows the shape of the 
transverse sinus. After the dura opening, the exoscope remains caudal to provide 
optimal visualization through the supracerebellar corridor. A pneumatic 
endoscope holder, which provides finger-activated repositioning, holds the scope 
in position along with the surgery. The monitor goes in front of the surgeon and 
lateral to the patient’s head. Thus, avoiding any operative discomfort during the 
dissection.  

All microsurgical steps only use the video monitor for visualization. Thus, 
this procedure requires adequate surgical training on the eye-hands blind 
technique. Superficial bridging cerebellar veins might require coagulation and 
section to expose a wide gap between the superior cerebellar surface and the 
tentorium. Moreover, the cerebellum might require a gentle retraction inferiorly. 
After opening the arachnoid membranes of the quadrigeminal cistern, the lesion 
is biopsied or resected using standard microsurgical techniques. Finally, the 
surgical field is closed using conventional techniques. 

The SCIT approach with the patient in the sitting praying position started in 
HUH as the standard approach for most pineal region surgeries in 1997. The 
classic midline suboccipital approach was commonly used instead of the less 
invasive paramedian approach. However, postoperative procedural complications 
in pineal surgery following the classic midline supracerebellar approach resulted 
in the frequent use of the more sophisticated and less invasive paramedian 
approach (Figure 8). Currently, the paramedian SCIT approach is the preferred 
route for accessing the pineal region, the inferior tentorial surface, and the 
superior cerebellar surface in HUH (supplementary material 3).  

Initially, at the preoperative MRI, the surgeon identifies the correlation 
between the ipsilateral transverse sinus and the suboccipital muscle insertion 
line on the occipital bone. A single layer median or paramedian 
musculocutaneous incision starts about 2.5cm cranial from the inion and 
projects caudally to the foramen magnum. Vast, clean space for the craniotomy 
is provided by strong retraction with two or three curved retractors (1–2 upward 
and 1 downward). A single burr-hole craniotomy starts about 2 cm laterally from 
the midline and above the transverse sinus. Short and long flexible blunt 
dissectors provide the detachment of the dura. A small paramedian craniotomy is 
performed around the transverse sinus to expose about 2–3 cm of the dura below 
the transverse sinus level. A U-shaped dura opening based on the transverse 
sinus is performed under the microscope. Regardless of whether the opening may 
minimally affect the transverse sinus, reparation by atraumatic sutures and 
retraction is imperative. 
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Figure 8 

Comparison between the classic midline (A) and the modified supracerebellar  
infratentorial paramedian approach (B). Permission to reproduce granted by Scientific 
Scholar and Surgical Neurology International. 

Dural retraction with the occasional placement of hemostatic agents allows 
for hemostasis of the epidural space. Under high magnification and with the 
patient in a praying sitting position, a retraction-less approach over the 
cerebellar hemisphere is possible thanks to the gravity effect over the posterior 
fossa structures. Large midline veins communicating the cerebellum with the 
straight sinus or the sinum confluens are frequently respected. However, small 
lateral veins that obstruct the way to the pineal region may require coagulation 
and cutting. The superior-posterior arachnoid membranes of the quadrigeminal 
cistern cover the pineal region. Thus, the paramedian SCIT approach ends 
reaching the lateral recess of the quadrigeminal cistern to identify the pineal 
lesion. Figure 9 illustrates the step-by-step procedure to perform the 
supracerebellar infratentorial paramedian approach. 
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Figure 9 
Paramedian supracerebellar infratentorial approach for pineal surgery. A, B, C.  right 
single layer paramedian skin incision; D. limited opening of the suboccipital muscles by 
monopolar and strong retraction of the soft tissues with muscle retractors; E. single burr- 
hole, 1cm above the level of the transverse sinus; F. fine curved dissector and 2 mm 
Kerrison rongeur forceps are used to shape the inner borders of the burr-hole. G. “Jone” 
dissector is employed to detach the dura and the sinuses from the inner surface of the 
bone; H. cutting drill, first for the right side, and then for the left side of the craniotomy to 
be joined at the inferior border; I. clean surgical field with adequate hemostasis and 
continuous saline irrigation; J. opening of the dura mater under the microscope in order to 
prevent injuries to the venous sinuses; K. Superior edges of the incised dura (red circle) are 
sutured to prevent air embolism and small bleedings; L. straight retractor-less paramedian 
approach along the upper surface of the right cerebellar hemisphere. Permission to 
reproduce granted under Elsevier´s general terms. 
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Different epidemiological studies report the PC prevalence in the general 
population between 0.6% and 23%.[4,5,29,90,145,163,185] This large range of variation 
could correspond to methodological differences between studies and the 
technical parameters applied in MRI imaging (slice thickness, sequence type, the 
strength of the magnetic field, and size threshold of cysts), among others. On the 
other hand, demographic differences in the population regarding age, gender, 
and race are also variables to consider.[90,122] In cadaveric studies, PC prevalence 
may be as high as 40%, including small cysts with diameters of 2−5mm.[100] Most 
studies report lower rates of PCs in infants and older adults compared to young 
adults.[4,5,16,91] However, some contradictions exist as one study reported the 
highest PC occurrence in late childhood and decreased presentation in adults,[5] 
while another study observed a higher PC occurrence in adults into the fourth 
decade.[237] Most of the studies also found that the prevalence of PCs was higher 
in women than in men.[4,5,185,237] The average and median PC sizes in different 
studies range between 9 and 11mm.[5,16,90,185]  

PCs are stable after diagnosis and have a benign prognosis. Although some 
authors reported no change in the PC size during FU,[91] Al-Holou et al. observed 
an average increase of 3.5mm in a FU period of 0.5−3 years in 2.6% of the PC 
patients. A decrease in PCs size was detected in 15% of the cases, while 82% 
remained stable.[5] Barboriak et al. reported size changes of 2−4mm over time in 
8 of 32 non-surgically treated PC cases: reduction (3 cases) and increase (2 
cases) in cyst size, complete resolution (2 cases), and new cyst development (1 
case) over periods of observation of six months to nine years.[16] Nevins et al. 
reported size changes of 2−2.5mm in 6% of the cases in a series of 281 patients: 
4 PCs decreased, and 7 PCs increased in size in an average FU of 6 (range: 1-68) 
months.[185] Gokce et al. reported changes of 0.1−1.6mm in at least one PC 
dimension in more than 80% of cases, indicating possible continuous 
morphological variations of PCs.[90]  

Typical PCs observed during MRI imaging appear as well-defined hyperintense 
T1-WI (weighted images) and isointense T2-WI round-shaped lesions, with 
homogenous interior signal features, and without infiltration of the surrounding 
structures. Contrast delivery reveals a rim-shaped region of contrast 
enhancement with less than 2 mm wall thickness.[16,29]  

Atypical PCs may exhibit fluids, calcification, hemorrhage, or irregular 
nodular enhancement on MRI.[5,33,275] Almost 50% of PCs exhibit abnormal rim 
enhancement on MRI that may correspond with the surrounding venous 
structures or the displaced pineal gland.[4,51,69,77,91] Different malignant tumors of 
the pineal region contain large cystic components, mimicking PCs.[67,258] 
Currently, MRI methods for specifically differentiating benign PC from cystic 
components of pineal region tumors such as pineocytomas, pineoblastomas, 
germinomas, or mature teratomas, are unavailable.[90,120] Since PCs, which could 
grow in size and have high contrast enhancement and hemorrhage, may resemble 
malignant tumors; a consistent FU with frequent reevaluations or neurosurgical 
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diagnostic/therapeutic interventions are essential.[5,16,70,77,235,253] Table 5 describes 
the PC features on MRI in the different reports summarized by Gokce and 
Beyhan.[5,16,51,71,90,198,199]  
 
Table 5. Magnetic resonance imaging features of pineal cysts. CSF, cerebrospinal fluid; 

WI-MRI, weighted images, magnetic resonance imaging. (Adapted from Gokce & 
Beyhan, 2018, p. 73). 

 
 
 
 

Typical (homogeneous round-shaped lesions without infiltration) 
Atypical 
Two or more septation-loculation 
Contour lobularity 
Atypical ring enhancement

50-60% 
40-50% 
11-74% 
20-50% 

50% 

 
 

Isointense 
Hyperintense

98-100% 
2% 

 
 

Isointense 
Hyperintense

40-95% 
5-50% 

 
 

Isointense 
Hyperintense

10% 
90% 

Patients with PCs present with a wide variety of symptoms, with headache being 
the most common, occurring in around 80% of the cases.[212] Ataxia, blurred 
vision or often undescriptive visual disturbances, concentration deficit, dizziness, 
generalized malaise, memory deficit, motor or sensory deficits, nausea, seizures, 
sleep disturbances, syncope, transient depression of consciousness, tinnitus, 
vertigo, and vomiting are some other symptoms that are typically associated with 
small or medium size cysts.[55,138,212] Large PCs could lead to hydrocephalus or 
sudden death due to pineal cyst apoplexy. However, simple PCs rarely produce 
Parinaud’s syndrome since the compressive effect on the tectum is very 
limited.[55,69,76,124,138,175,212,272] PCs smaller than 10 mm are typically 
asymptomatic, but PCs larger than 15−20 mm may result in obstructive 
hydrocephalus.[76,172,220,225,235,278] Although headache, in association with a PC, is 
considered a result of mechanical pressure on CSF flow or venous compression, 
recent studies have found a correlation between headache and melatonin 
imbalance.[208,253]     

In PC patients, the headache characterized by a sudden onset worsens by 
activities increasing the intracranial pressure such as bending forward, 
coughing, practicing physical exercise, or postural changes.[138] Different 
hypotheses intend to explain the presence of headaches in non-hydrocephalic PC 
patients. Small symptomatic PCs may intermittently occlude the CSF 
pathways.[124] An inverse correlation between cyst size and the aqueductal CSF 
flow in non-hydrocephalic PC patients was observed,[20] and postoperative 
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changes in the cerebral aqueduct morphometry correlated with improved clinical 
outcomes in non-hydrocephalic PC patients with intractable headaches.[212] Some 
authors proposed that CSF absorption through the capillary walls of the 
ventricles could occur. Thus, some pathological processes affecting the 
surrounding venous system may resemble obstructive hydrocephalus symptoms 
with minimal ventriculomegaly in the imaging.[219] Moreover, PCs may compress 
deep cerebral veins, especially the internal cerebral veins, causing a central 
venous congestion/hypertension syndrome in non-hydrocephalic PC patients.[65] 
The last hypothesis may also explain the physiopathology of seizures and other 
unspecific symptoms in PC patients without hydrocephalus or a compressive 
effect on the tectal plate.[95]  

The PC is a benign entity, mostly asymptomatic and incidentally found in 
diagnostic MRI studies as a small pineal lesion.[4,5] Symptomatic midbrain 
compression observed in the imaging and obstructive hydrocephalus are well-
established surgical criteria for PCs.[19,64,65,124] Most authors agree that removing 
a PC in a patient without hydrocephalus deserves careful evaluation and 
discussion with the patient after all conservative strategies to treat symptoms 
become vain. However, the decision to surgically treat non-hydrocephalic PCs 
remains unclear. [55,124,138,212] 

Majovsky suggests surgery for symptomatic PCs in which the symptoms 
have a specific association with the cyst rather than unspecific symptoms 
unrelated to the disease. Atypical cysts with uncertain histological diagnosis and 
highly suspected malignancy should also follow treatment.[161] Headache is the 
most frequent symptom associated with non-hydrocephalic PCs. Koziarski et al. 
define the PC-related headache as an intermittent process with sudden onset 
associated with nausea and visual problems similar to the clinical presentation of 
a colloid cyst of the third ventricle.[138] Pitskhelauri et al. studied a surgical series 
of non-hydrocephalic PC patients experiencing inexplicable and disabling 
headaches. Typical migraine, cluster headache, or tension-type headache went 
away from the study. At the last FU, 82% of the patients achieved improvement 
or complete symptomatic relief after the PC removal.[212] Damaty et al. suggest 
surgery for symptomatic PCs with intermittent headaches or related symptoms 
that alleviate after vomiting. The sudden elevation of intracranial pressure may 
force the release of the accumulated CSF into the aqueduct.[55] Kalani et al. 
suggest PC surgery for non-hydrocephalic patients presenting intermittent CSF 
occlusion characterized by postural and paroxysmal headaches with bilateral 
visual disturbances, and episodes of loss of consciousness.[124] However, 
according to Eide et al., headaches in non-hydrocephalic PC patients could result 
from a deep venous system compression instead of an intermittent CSF 
occlusion. Besides, Eide et al. developed a severity symptoms grading scale for 
surgical decision-making in their patients.[66]  

Even though a single inexplicable and intractable headache in some non-
hydrocephalic PC patients may represent the indication for surgery,[212] the 
association of other PC-related symptoms significantly strengthens the surgical 
decision.[55,64,124,138,160,161] Some radiological measurements supporting PC surgery 
in non-hydrocephalic patients include evaluating the cerebral aqueduct 
narrowing adjacent to the PC,[55,212] MRI biomarkers of central venous 
hypertension such as thalamic and periventricular diffusion coefficient ratios, 
and the tectum-splenium cyst ratio.[66]   
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Table 6. Series with more than ten surgically treated pineal cysts. EF, Endoscopic 
fenestration; GTR, gross total resection; max, maximum; min, minimum; MSF, 
microsurgical fenestration; MSR, microsurgical removal; nai, No available 
information; PR, partial resection; OTT, Occipital transtentorial approach; SB, 
stereotactic biopsy; SCIT, Supracerebellar infratentorial approach; VPS, 
ventriculoperitoneal shunt.  Permission to reproduce granted by Scientific Scholar 
and Surgical Neurology International (Choque-Velasquez et al. 2019).  

 

28.7 
(15-46) 3-120 

2 transient visual 
deficit, 1 cerebellar 
infarction 

nai 23 SCIT, 1SB 
(17) 22 GTR 

30 48 nai 6 
(43%) 

14 SB 
(nai)  nai 

33 
(7-69) 91 1 seizure, 1 death 12 

(80%) 

13 SCIT, 1 
OTT, 1 SB 
(20) 

nai (1 SB 
recurrence)  

nai nai nai 56 
(100%) 

56 SCIT 
(nai) nai 

23.5 
(7-49) 144 2 

pseudomeningoceles nai 20 OTT, 4 EF 
(nai) 

14 GTR, 6 PR, 
4 EF 

nai nai 3 transient 
neurological deficits 

12 
(100%) 

12 SCIT 
(nai)  nai 

24 
(4-47) 19 12 transient visual 

deficits 
17 

(94%) 
18 SCIT/OTT 
(15) 18 GTR 

30.9 
(16-59) 35-74 1 sudden coma in a 

MSF patient 
20 

(74%) 

6 MSF (16), 15 
MSR (20.8),  
6 VPS (16.1) 

nai (4 VPS 
unsatisfactory) 

39.7 
(20-63) 71 

1 ventricular 
hematoma, 1 
osteomyelitis 

20 
(95%) 

21 SCIT 
(18) nai 

31 
(17-55) 12 22 temporary visual 

deficits 
27 

(96%) 
28 SCIT 
(17) 

28 GTR 

25 
(5-52) 56 

1 meningitis, 5 
transient visual 
deficits 

25 
(83%) 

30 SCIT 
(19) 30 GTR 

25.6 
(4-52) 44 

6 transient visual 
deficits, 1 wound 
infection, 3 
behavioral, memory, 
and sleep 
disturbances 

41 
(95%) 

43 SCIT 
(15.7) 39 GTR, 4 STR 



Microneurosurgery of pineal region cysts and tumors 

In symptomatic patients, especially those harboring a PC with a compressive 
effect, surgical treatment, such as microsurgical cyst excision, endoscopic or 
stereotactic removal, or aspiration of the cyst content, is recommended. Less 
effective treatment modalities for cyst management, but necessary for the 
associated hydrocephalus, include shunt placements and endoscopic third 
ventriculostomies.[19,253,278] Table 6 lists the most relevant series (>10 cases) of 
surgically treated PCs from the literature.[19,55,66,69,74,95,124,138,140,160,174,212]  

Microsurgery is the most utilized procedure for symptomatic PC 
management. Recent evidence supports PC microneurosurgery as the primary 
surgical modality to achieve favorable surgical outcomes and complete removal of 
the lesions.[15,66,140,180,266] However, the evidence supported by the existing 
literature is scarce since most of the reports represent case studies with a few 
surgically treated patients.  

Tirakotai et al. reported a safe endoscopic fenestration and PC biopsy with 
recurrence in one of nine cases.[266] Eide et al. found better surgical outcomes in 
PC patients undergoing microneurosurgery than endoscopic fenestration of 
PCs.[66] Less invasive endoscopic procedures underwent development in recent 
years for the management of PCs.[85,269] The first purely endoscopic SCIT 
approach for the complete removal of a PC was reported in 2008.[92] Later, 
endoscope-assisted microneurosurgery and modified purely boroscopic 
procedures of the pineal region were also introduced.[46,265,270]  

Stereotactic procedures have also been reported for PC management. 
However, stereotactic techniques are associated with high risks of re-expansion, 
unresolved symptoms, and sampling errors.[15,140,180] Eide et al. compared the 
postoperative outcomes of non-hydrocephalic patients undergoing 
microneurosurgery versus shunt surgery. Here, the authors found superior 
symptomatic relief in the microsurgical group.[66]  

Traditionally, the postoperative clinical evaluation of the PC patient evaluates the 
clinical improvement after the treatment. The clinical FU of surgical treated PCs 
may also evaluate the degree of dependence in daily activities, via a modified 
Rankin scale (mRS), and the health-related quality of life index.[74] An accurate 
evaluation of the headache (Headache impact test 6 or the Migraine Disability 
Assessment Score), the sleep quality (Pittsburgh Sleep Quality Index or Epworth 
Sleepiness Scale), and psychological depression (Beck Depression Inventory-II) 
may also be of use. [160,212] Recently, the Chicago Chiari outcome score has been 
adapted for postoperative clinical evaluation of PC patients.[55,160] 

Pineal tumors represent around 4% of intracranial tumors in the pediatric 
population and less than 1% of intracranial tumors in the general population.[6,25] 
According to the 2016 World Health Organization (WHO) classification of tumors 
of the central nervous system, tumors of the pineal region comprise 
pineocytomas, pineal parenchymal tumors of intermediate grade differentiation 
(PPTIDs), pineoblastomas, and papillary tumors of the pineal region (PTPRs).  
Further, distinct tumors originating from the surrounding posterior incisural 
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space may also involve the pineal region. Those tumors include intracranial 
GCTs, gliomas, meningiomas, solitary fibrous tumors, hemangiopericytomas, 
neurocytomas, neuroblastomas, ependymomas, epidermoid tumors, choroid 
plexus papillomas, hemangioblastomas, among others. Different series report a 
wide variation in the distribution of pineal region tumors. GCTs with germinomas 
and teratomas are the most frequent tumors in northeastern Asian countries and 
North America, while pineal parenchymal tumors (PPT) are slightly more 
prevalent in Europe.[6,34,125,135,178,179,238,244] Fedorko et al.[74] summarized the 
reports on the surgical treatment of pineal region lesions that have been 
published since 1990, as shown in Table 
7.[24,25,31,34,59,81,102,104,119,125,133,135,196,207,232,246,272]  

 
Table 7.  Surgical treatment of pineal region lesions published since 1990 (Adapted from 

Fedorko et al., 2018, p. 7). 
 

1972–1992 29 3 (10%) NR NR NR 

1980–1992 49 4 (8%) NR NR NR 

NR 154 6 (4%) 4 (3%) 32 (21%) 45% 

1980–1994 45 2 (4%) 2 (4%) NR NR 

1976–1997 20 2 (10%) 2 (10%) 1 (5%) 65% 

1983–1997 43 0 NR NR 55% 

1986–1995 33 0 6 (18%) 7 (21%) 55% 

1986–1996 16 0 3 (19%) 0 38% 

1989–1995 21 0 1 (5%) 5 (24%) 43% 

1975–2002 110 3 (3%) 4 (4%) NR 69% 

1976–1999 244 20 (8%) NR NR 58% 

1990–1999 168 3 (2%) NR NR NR 

1992–2003 24 0 0 0 18% 

NR 81 1 (1%) 2 (2%) NR 47% 

1980–2007 119 0 2 (2%) 2 (2%) 88% 

1990–2007 39 0 2 (5%) 4 (10%) 59% 

1997–2006 26 0 0 0 88% 

1997–2007 150 0 0 NR 86% 

1993–2012 32 0 0 0 50% 

 
A few large-scale series regarding the long-term outcomes of pineal tumors 

exist in the literature. The French National Register Study reported the results of 
452 pineal tumors classified as PPTs (27%), GCTs (27%), gliomas (17%), PCs 
(7%), and others (14%). The average survival rate was 49%, with an average FU of 
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5.8 (1–23) years. Of the 452 patients, 328 underwent primary surgery, with only 
164 (50%) complete removals. Further, 24% of the patients underwent partial 
removal, while it was not clear whether a complete or partial removal was 
performed in the remaining 26% of the patients. The overall postoperative 
mortality was 1.8%, and 137 patients (30%) died during FU. Most patients were 
considered cured after ten years without tumor recurrence, with  FU 
discontinuation in all of them. Moreover, 20% of the patients disappeared to 
FU.[179]  

“Pineal tumors in the Surveillance, Epidemiology, and End Results data of 
cancer in the United States” also reported the results of 552 patients, whose 
tumors mainly comprised GCTs (59%), PPTs (30%), and gliomas (5%). The 5-year 
overall survival was 65% ± 2.1%, and the median survival time was 19.3 years. 
The reported 5-year overall survival was 78.9% for GCTs, 61% for gliomas, and 
47.2% for PPTs. An essential finding of this study was the absence of association 
between the survival and the extent of tumor resection. However, only 32 
patients (6.0%) underwent total excision, while 224 patients did not undergo 
surgery, and 296 underwent other surgeries. Moreover, non-germ cell tumors 
and the lack of radiotherapy were factors associated with an adverse outcome.[6]  

The Data of Brain Tumor Registry of Japan[244] reported the distribution of 
the tumors in the pineal region as germinoma (49.2%), pineocytoma (8.5%), 
glioma (6.5%), pineoblastoma (5.1%), malignant teratoma (5.2%), and other 
teratomas (5.1%). The 5-year survival rate of germinomas and pineocytomas was 
89.4% and 84.1%, respectively. However, only 46.1% of pineoblastomas survived 
for more than five years. The Burdenko Neurosurgery Institute of Russia reported 
a series of 287 histologically verified pineal region tumors.[135] The tumors 
included GCTs (31%), PPTs (27%), glial tumors (27%), and miscellaneous (15%). 
Gross total resection was achieved in 148 cases (58%), subtotal resection in 74 
cases (29%), and partial resection in 33 cases (13%). The 5-year and 10-year 
survival rates, respectively, were as follows: 95% and 88% for germinomas, 80% 
and 50% for high-grade gliomas, 44% and 0% for high-grade PPTs, and 20% and 
0% for malignant GCTs. 

Concerning the results of primary radiation therapy for pineal region 
lesions, the report of the International Gamma Knife (GK) Research Foundation 
for stereotactic radiosurgery for pineal region tumors described local actuarial 
control and survival rates, respectively, as follows:[112] 

• 81% and 76% at 20 years for pineocytomas 
• 50% and 56% at five years for PPTIDs 
• 27% and 48% at five years for pineoblastomas 
• 33% and 100% at five years for PTPRs 
• 80% and 80% at 20 years for germinomas 
• 61% and 67% at five years for tumors of unknown histology 
Another report with shorter FU contains similar findings with 5- and 10-

year survival rates of 100% and 67% for PPT, and 68% for GCTs.[178] A 5-year 
local tumor control of 33% was reached for PTPRs after GK radiosurgery, with a 
survival rate of 100%. Moreover, two recently reported PTPR cases did not recur 
15 and 20 years after Gamma knife radiosurgery.[75] 

A pineal region lesion regression is extremely rare, with only 13 reported 
cases: six germinomas, two low-grade astrocytomas, one meningioma, and four 
lesions without a diagnosis. Most of the regressions corresponded with tumor 
apoplexy. Other related hypotheses include the effect of diagnostic radiation, 
corticosteroid delivery, surgical biopsy, treatment of hydrocephalus, and 
immunological mediated tumor regression.[239]  
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PPTs are tumors of the pineal gland (pineocytes or their precursor cells) with 
different differentiation degrees. These tumors comprise a) pineocytomas, b) 
WHO grade II-III PPTIDs, and c) pineoblastomas. The following Tables 8, 9, and 
10 detail features of each PPT of the pineal region according to the 2007 WHO 
Classification of Central Nervous System Tumors.[181–183]  

1.8.1.1 Pineocytomas 
Pineocytomas are present at all ages without sex predilection. Like the other 
pineal parenchymal tumors, pineocytomas appear with hydrocephalus, neuro-
ophthalmologic dysfunction, mental status changes, brainstem-cerebellum 
dysfunction, hypothalamic-based endocrine abnormalities, and rarely, pineal 
apoplexy. Histologically, mitotic features are absent, and pineocytomatous 
rosettes are usually present. The pineocytomatous rosettes are composed of 
abundant and delicate tumor cell processes with irregular hyperchromatic nuclei 
and prominent processes with bulbous extensions. Table 8 details the pathology 
of this disease.[183,236]    
 
Table 8.  Pathologic features of pineocytomas. PPT, pineal parenchymal tumor; WHO, 

World Health Organization.  
 
  

• 14-60% of PPTs  
• At all ages (mean: 38yo) without sex predilection 
• Usually < 3cm in diameter 
• Low or isointense on T1 with strong homogeneous contrast 

enhancement  
• Hyperintense on T2-weighted images  

• Well-circumscribed lesions with a granular surface  
• Occasional cystic formation 
• Mature cells resembling pineocytes  
• Pineocytomatous rosettes  
• Mitotic figures < 1/10high power fields 

• Strong reactivity for synaptophysin, neuron-specific enolase, and 
neuro-filament protein 

• Variable staining for class III ß-tubulin, tau protein, PGP 9.5, 
chromogranin, serotonin, retinal S-antigen, and rhodopsin 

• Tumor progression related to abnormalities on chromosome 11, 12, 
and 22  

• High expression of HIOMT, OPN4, and RGS16 phototransduction 
genes  

 
Clinically, the pineocytomas harbor a considerable interval between the 

onset of symptoms and surgery, absence of metastasis, a 5-year survival rate 
ranging from 86% to 100%, and no relapses following gross total resection. 
Particular pineocytomas with glial, neuronal, and retinoblastic elements appear 
to have a prognosis similar to conventional pineocytomas.[183] 

1.8.1.2 Pineal parenchymal tumors of intermediate differentiation 
PPTIDs are the most frequent PPTs. The 2007 WHO classification of Central 
Nervous System Tumors introduced the PPTIDs (Table 9).[149,166,181]. Microsurgical 
resection followed by radiochemotherapy seems opportune as a treatment 
modality for PPTIDs. However, a standard protocol for the management of these 
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parenchymal tumors does not currently exist.[32] Some histopathological 
variables, such as the mitosis and the Ki-67 proliferation index, could posse 
prognostic value for PPTIDs outcome. An evaluation of 16 PPTID patients 
determined that mitosis < 4/10 high power fields and Ki-67 proliferation index < 
5% associated with better tumor control and survival rates along a FU period of 
15 to 127 months. However, the average progression-free survival of the series 
was 43 ± 46 (3-127) months. Additionally, six patients got lost to FU, three 
patients died, and one spinal metastasis and one other pineal tumor recurrence 
occurred at the last evaluation. CMR, STR, and biopsy underwent in 4, 5, and 7 
patients, respectively. All patients followed adjuvant radiotherapy and only one 
patient chemotherapy.[32]   
 
Table 9. Pathologic features of Pineal Parenchymal Tumors of Intermediate differentiation 

pineoblastomas. PPT, pineal parenchymal tumor; PPTID, pineal parenchymal 
tumor of intermediate differentiation; WHO, World Health Organization.  

 
  

• 0-60% (> 20%) of PPTs  
• At all ages with slightly female preponderance 

• Heterogeneously hypointense on T1 with homogeneous contrast 
enhancement  

• Heterogeneously hyperintense on T2-weighted images  
• Well-circumscribed lesions with occasional cystic formation 
• Lack of gross evidence of necrosis 

• Moderate or high cellularity, moderate nuclear atypia, low to moderate 
mitotic activity  

• Pineocytoma and pineoblastoma features in transitional cases 
• Giant cells, Homer Wright rosettes or ganglion cells 

• Strong reactivity for synaptophysin and neuron-specific enolase 
• Variable staining for neurofilament protein chromogranin A, retinal S-

antigen, and S-100 protein 
• +4q, +12q, and -22.  PRAME, CD24, POU4F2, and HOXD13 expression 

as high as in pineoblastomas 
• ATRX mutation and KBTBD4 insertion similar to medulloblastomas 

 
On the other hand, complete microsurgical resection may increase the 

survival rate of patients harboring PPTIDs. However, there is still a lack of 
evidence to evaluate the impact of microneurosurgery on long-term clinical and 
radiological outcomes.[32,289] 

1.8.1.3 Pineoblastoma 
The 2007 WHO classification of Central Nervous System Tumors defines 
pineoblastomas as high-grade pineal region tumors. Pineoblastomas share 
features with cells of the developing human pineal gland and retina. They 
represent 40% of PPTs. The tumors are frequent in the two first decades of life. 
Histologically, the tumor contains abundant mitotic figures and necrosis.[182] The 
prognostic factors include median postsurgical survival times between 24 and 30 
months. Moreover, frequent craniospinal seeding and very rarely extracranial 
metastasis are present. The risk factors for poor prognosis include children 
younger than three years, loss of chromosome 16q, the omission of radiation 
therapy, incomplete resection, and metastatic disease.[151] Table 10 details the 
pathology of the pineoblastomas.[132,142,149,151,182,210,229]  
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Table 10. Pathologic features of pineoblastomas. PPT, pineal parenchymal tumor; WHO, 
World Health Organization. 

 

• ≈ 40% of PPTs  
• At all ages without sex preponderance 

• Large, lobulated, or poorly demarcated homogeneous mass  
• Heterogeneously hypo- or isointense on T1 with heterogeneous contrast 

enhancement  
• Soft, friable, and poorly demarcated tumor  
• Occasional hemorrhage and-or necrosis  
• Frequent infiltration of surrounding structures and craniospinal 

dissemination 
• High cellularity with numerous mitotic figures and necrosis 
• Fleurettes, Homer Wright and Flexner-Wintersteiner rosettes  
• Positivity for synaptophysin, neuron-specific enolase, neuro-filament 

protein, class III ß-tubulin, chromogranin A, and retinal S-antigen 
• Average high MIB-1 index 
• HOXD13, PITX2, POU4F2, Hist1H3D, Hist1H4E, DSG1, and TERT 

implicate in cellular growth, junctional modification, and immortalization 
• Frequent chromosomal imbalance as the -22. High-level gains on 1q12-

qter, 5p13.2-14, 5q21-qter, 6p12-pter, and 14q21-qter 
• Close relation with RB-1, DICER1, DROSHA, and DGCR8 mutations 

PTPR is a tumor of the pineal region introduced in the 2007 WHO Classification 
of Central Nervous System Tumors. PTPRs may derive from the subcommissural 
organ with a high expression of CK 18. Large tumors (> 3.4cm) are associated 
with significantly high 3-year mortality, while decreased progression-free survival 
is related to > 3 mitoses per 10 high-power fields, or a Ki-67 proliferation index > 
10%. About 60% and 80% of local recurrence appear at five years and ten years 
after diagnosis, respectively. Isocitrate dehydrogenase 1 and 2 mutations are 
suggested predictors for wild-type genotypes.[36] Table 11 details the pathology of 
the PTPR.[36,155,281] 

The 2016 WHO Classification of Central Nervous System tumors modified 
gliomas classification, introducing molecular genotypic parameters. Two groups 
are well defined: diffuse gliomas and more circumscribed non-diffuse gliomas 
(Table 12, Table 13).[277] Further, four new molecular markers were reported for 
diagnosis: the isocitrate dehydrogenase (IDH) IDH1/IDH2 mutation, the 1p/19q 
codeletion, the histone H3 K27M mutation, and the RELA fusion. Five additional 
diagnostic markers were also proposed: (a) the ATRX mutation and TP53 
mutation for IDH-mutant diffuse astrocytoma, anaplastic astrocytoma, and 
glioblastoma; (b) the TERT promoter mutation for IDH-wildtype astrocytoma, 
anaplastic astrocytoma, glioblastoma, and a particular type of anaplastic 
oligodendroglioma; (c) the BRAF V600E mutation for pilocytic astrocytoma, 
anaplastic pleomorphic xanthoastrocytoma, ganglioglioma, and an epithelioid 
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variant of glioblastoma; and (d) the KIAA1549-BRAF fusion for pilocytic 
astrocytoma.[209,277]  
 
Table 11. Pathologic features of papillary tumors of the pineal region. WHO, World Health 

Organization.    
 
  

• ≈ 8% of pineal region tumors  
• Mean age: 33 ± 15yo. Slightly predominant in males and rare in children 
• Common T1 and T2 hyperintensity centered on the posterior 

commissure with high contrast enhancement 
• Cystic component (≈80%)  
• Frequent expansion to the third ventricle and compression of the 

cerebral aqueduct (≈ 70%) 
• Papillary architecture with epithelial-like growth pattern and 

perivascular pseudorosettes 
• Frequent tumor necrosis with few mitotic figures 
• Similar papillary features as ependymomas, choroid plexus tumors, 

papillary meningiomas, germ cell tumors, and metastatic papillary 
carcinomas 

• Positivity for cytokeratin KL1 and CK18, PS100, vimentin, neuron-
specific enolase, antineural cell adhesin molecule, and nestin  

• Variable staining for transthyretin, synaptophysin, and chromogranin 
• Negative for glial fibrillary acidic protein, Epithelial membrane antigen, 

anti-NF, anti-antigen S, anti-tau protein, anti–α-fetoprotein, and anti-
placental alkaline phosphatase  

• Glial fibrillary acidic protein may be positive in perivascular areas of the 
tumor 

• Losses of chromosome 10, 3, 14, 22, and X, and gains of chromosomes 
8, 9, and 12  

• Homozygous PTEN deletion and 2-point mutations in exon 7 of PTEN 
(G251D and Q261stop) 

• High expression of SPDEF, KRT18, ZFH4, RFX3, transthyretin, and 
CGRP (subcommissural organ) 

1.8.3.1 Diffuse gliomas 
The IDH1/IDH2 mutation is typically present in histological WHO grade II and III 
astrocytomas, oligodendrogliomas, anaplastic oligodendrogliomas, and 
glioblastomas originating from lower grade neoplasms (i.e., the previously named 
secondary glioblastomas, which have a better outcome than IDH-wildtype 
glioblastomas). Many histological WHO grade II and grade III IDH-wildtype diffuse 
gliomas in adults exhibit the characteristics of glioblastomas. IDH-wildtype 
glioblastomas include giant cell glioblastomas, gliosarcomas, and epithelioid 
glioblastomas. On the other hand, gliomatosis cerebri currently includes three 
categories: 1) IDH-wildtype diffuse glioma, 2) IDH-mutant and 1p/19q-non-
codeleted diffuse glioma, and 3) IDH-mutant and 1p/19q-codeleted diffuse 
glioma.[14,99,103,104,209,223,277]  

According to their phenotypes, IDH-mutant gliomas may define two groups: 
a. oligodendroglial lesions with IDH mutation, 1p/19q codeletion, and TERT 
promoter mutation, and b. astrocytic lesions with IDH mutation, frequent ATRX 
mutations, and frequent TP53 mutations. Intermediate stage oligoastrocytomas 
should not be considered a distinct classification. Only not otherwise specific 
oligoastrocytomas and anaplastic oligoastrocytomas, which present inconclusive 
molecular findings, are still classified as oligoastrocytomas.[63,231,259]  
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Midline high-grade gliomas, with astrocytic differentiation and a K27M 
mutation in the H3F3A or HIST1H3B/C genes, mostly appear in the pediatric 
population and frequently affect the midline structures such as the brain stem, 
thalamus, and the spinal cord. They have a poor prognosis, even though the 
histological phenotype may include WHO grade II or III lesions.[137,240,280]  
 
Table 12. 2016 WHO (World Health Organization) classification of non-diffuse gliomas and 

mixed neuronal-glial tumors (adapted from Wesseling & Capper, 2018, p. 142-
143).   

 
 

Pilocytic astrocytoma, 
Subependymal giant cell 
astrocytoma 

Pleomorphic 
xanthoastrocytoma 

Anaplastic 
pleomorphic 
xanthoastrocytoma 

Subependymoma, 
Myxopapillary ependymoma 

Ependymoma, 
Anaplastic 
ependymoma 

Anaplastic 
ependymoma, 
RELA-fusion 
positive 
ependymoma 

Angiocentric glioma, 
Chordoid glioma of the third 
ventricle 

Chordoid glioma of 
the third ventricle, 
Astroblastoma 

  

Gangliogliomas, Papillary 
glioneural tumor, Rosette-
forming glioneural tumor, 
Desmoplastic infantile 
astrocytoma/ganglioglioma, 
Diffuse leptomeningeal 
glioneural tumor 

Diffuse 
leptomeningeal 
glioneural tumor 

Anaplastic 
ganglioglioma 

 
Table 13. 2016 WHO (World Health Organization) classification of diffuse gliomas and 

mixed neuronal-glial tumors. NOS, not otherwise specified. (adapted from 
Wesseling & Capper, 2018, p. 142-143).  

 
 

IDH1/IDH2-mutant, 1p/19q-non-codelected, IDH1/IDH2-wildtype 

 
Midline gliomas with 
histone H3 K27M 
mutation 

IDH1/IDH2-mutant, 1p/19q-codelected None 

Astrocytoma NOS, 
Oligodendroglioma 
NOS, Oligoastrocytoma 
NOS 

Anaplastic 
astrocytoma NOS, 
Anaplastic 
oligodendroglioma 
NOS, Anaplastic 
oligoastrocytoma 
NOS 

Glioblastoma NOS 

1.8.3.2 Non-diffuse gliomas and mixed neuronal-glial tumors 
Anaplastic pleomorphic xanthoastrocytomas, RELA-fusion positive 
ependymomas, and diffuse leptomeningeal glioneuronal tumors are new distinct 
entities introduced in the 2016 WHO classification. The correlation between the 
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histologic phenotype of ependymal tumors (especially WHO grade II and III 
lesions) and their clinical behavior is poor.[240], RELA fusion-positive 
ependymomas represent a new subgroup in the 2016 WHO classification. These 
tumors are aggressive, supratentorial tumors that are more frequent in children 
than in adults.[201,205] 

1.8.3.3 Gliomas of the pineal region   
Magrini et al.[159] performed a comprehensive literature review on pineal region 
gliomas. Gliomas of the pineal region are frequently characterized as low-grade 
astrocytomas and can develop from astrocytes in the pineal gland or the 
surrounding cerebral parenchyma. They account for 14% to 22% of pineal 
neoplasms and affect young patients with a mean age of 26 years. A classic 
distribution of gliomas of the pineal region includes: WHO grade II diffuse 
astrocytomas (24.6%), WHO grade IV glioblastomas (18.6%), WHO grade II 
ependymomas (15.5%), WHO grade I pilocytic astrocytomas (14%), WHO grade III 
anaplastic astrocytomas (9.2%), WHO grade III anaplastic ependymomas (8.3%), 
and WHO grade II oligodendrogliomas (5.7%). Pineal region gliomas usually 
present a subacute onset of symptoms (generally a few days) and are often 
associated with hydrocephalus.  

While pineal and hemispheric pilocytic astrocytomas have a similarly good 
prognosis, diffuse grade II gliomas of the pineal region have a considerably 
shorter survival time than their hemispheric counterpart. This finding may result 
from their challenging location, which makes complete removal difficult without 
damaging the surrounding structures. Moreover, as mentioned above, diffuse 
midline astrocytic gliomas may harbor a histone H3 K27M mutation, indicating a 
grade IV glioma according to the new WHO classification.[137,190]  

The role of adjuvant therapy in pineal region gliomas is inaccurate, as only 
a few cases have been reported so far in the literature. Stowe et al.[257] performed 
a comprehensive review of 25 case reports of pineal region glioblastomas. They 
found that the mortality of pineal region glioblastomas correlated with the 
treatment modality. The median survivals of the patients were respectively: 1.5 
months in the “surgery alone” group, 3.5 months in the “radiotherapy alone” 
group, 5.5 months if the surgical resection plus radiotherapy group, 12 months 
in the resection plus radiochemotherapy group, and 20 months in patients who 
underwent only radiochemotherapy without resection. Even though these 
differences were not statistically significant, it was surprising that patients who 
did not undergo surgical resection appeared to have a more favorable outcome. 

The 2016 WHO Classification of Tumors of the Central Nervous System lists 
seven types of GCTs: choriocarcinoma, embryonal carcinoma, germinoma, mixed 
GCTs, teratoma (mature/immature teratoma), teratoma with malignant 
transformation, and yolk sac tumor.[156] 

Some studies proposed that intracranial GCTs could derive from 
mismigrated organs trapped in midline locations during early embryogenesis. 
However, the overexpression of the Oct4 gene suggests that teratoma and other 
GCTs subtypes could arise from other non-progenitor germ cells in the 
brain.[2,22,56,106,115,129,261]  

Some genetic features of intracranial GCTs include aberrations of 
chromosome 8q13, 12p13, 13q14, and the potential role of the cyclin/CDK-RB-
E2F pathway, in the etiopathogenesis of these tumors.[121,195] MAPK and-or PI3K 
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pathway alterations[82] and involvement of SDF-1/CXCR4 signaling in metastasis 
were also reported.[60] Germinomas particularly overexpress the protooncogene c-
kit, and the KIT/RAS signaling pathway frequently appears mutated in 
intracranial GCTs. The expression of p53 and p21 (WAF1/Cip1) proteins 
correlates with bad prognosis of intracranial GCTs and high resistance to 
radiotherapy and chemotherapy.[187,267]   

According to Matsutani, GCTs may classify into three groups that have a 
good, intermediate, or poor prognosis, respectively (Table 14).[171] Apart from 
histological studies, no specific diagnostic tools for the differentiation of these 
tumors exist. However, new evidence suggests that imaging findings indicative of 
a GCT with high serum levels of tumor markers are strongly associated with 
malignancy.[3,54,110]     

According to the review performed by Huang et al.,[110] the good prognosis 
group includes germinomas and mature teratomas. In the case of teratomas, 
which are resistant to radiotherapy, complete surgical removal allows optimal 
survival outcomes. Germinomas have a good outcome after radiation alone or 
reduced-dose radiotherapy associated with adjuvant chemotherapy. In the 
United States, localized germinomas typically undergo radiotherapy with 40−45 
Gy. An initial 21−24 Gy whole-ventricular irradiation continues with a boost of 
radiation to the primary tumor. Germinomas have a high risk of intraventricular 
relapse by micrometastases via subarachnoid invasion. Thus, whole-brain 
irradiation should form part of the therapeutic armamentarium. However, the 
risk of spinal metastasis is lower and spinal irradiation is rarely 
delivered.[94,117,242,245]  

Germinomas are sensitive to platinum-based chemotherapy. However, 
chemotherapy without radiotherapy treatment of germinomas may determine a 
higher risk of recurrence.[3,54,243] Nguyen et al.[186] reported that chemotherapy 
with focal techniques of irradiation is associated with a higher risk of failure for 
brain and spine tumors than craniospinal irradiation. Currently, there is no 
consensus on the best strategy for patients with highly malignant germinomas 
who have high levels of serum or CSF beta subunit of the Human chorionic 
gonadotropin.[54]   
 
Table 14. Matsutani's classification of intracranial germ cell tumors (adapted from Matsutani 

et al., 1997, p. 454). 
 

Germinoma, pure 
Mature teratoma 
Germinoma with syncytiotrophoblastic giant cells 
Immature teratoma 
Teratoma with malignant transformation 
Mixed tumors mainly composed of germinoma or teratoma 
Choriocarcinoma 
Yolk sac tumor 
Embryonal carcinoma 
Mixed tumors mainly composed of choriocarcinoma, yolk sac tumor, 
or embryonal carcinoma 

 
Non-germinomatous germ cell tumors (NGGCTs) have a lower response to 

radiotherapy than germinomas. Immature teratomas have an excellent response 
to gamma knife surgery. Other GCTs of the intermediate-prognosis group may 
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require a gross total resection followed by chemotherapy and radiotherapy. A 
radical microsurgical resection associated with more aggressive chemoradiation 
remains the best available treatment in the poor-prognosis group even though 
the survival outcomes are low.[110,111,170] The chemotherapy regimen with cisplatin 
plus etoposide / carboplatin plus etoposide is suitable for the intermediate 
group. GCTs other than pure germinomas or teratomas should undergo 
craniospinal radiation after chemotherapy at a total dose of 54−60 Gy. An initial 
30−36 Gy craniospinal radiation continues with a boost of radiation to the 
primary tumor site.[170] A protocol called neoadjuvant therapy, which consists of 
radiochemotherapy followed by microneurosurgery and the second round of 
chemotherapy, is strongly recommended for the poor-prognosis group.[110] High-
dose chemotherapy, together with autologous hematopoietic stem cell 
transplantation in the FU period, might be appropriate for the poor-prognosis 
group, especially for recurrent tumors.[262] 
 

1.8.4.1 Surgical management of germ cell tumors 
In patients with non-communicating hydrocephalus, an endoscopic third 
ventriculostomy plus biopsy harbor better diagnostic accuracy and reduced 
morbidity and mortality than open microsurgical excision in recent 
reports.[8,213,285] However, open surgery becomes valuable under some 
considerations:[110]  

1. Better sampling for an accurate diagnosis 
2. Better control of hemorrhagic complications 
3. Diagnosis and management of non-germ cell tumors in the absence of 

tumor markers in blood or CSF fluid 
4. Prevention of tumor apoplexy (since this complication is one of the causes 

of early death) 

Pineal region meningiomas comprise 2–8% of all pineal region tumors. They are 
more frequent in females and are composed of two different entities with similar 
clinical presentations: falcotentorial meningiomas and velum interpositum 
meningiomas.[11,17,104,136,217,230] Patients harboring pineal region meningiomas 
frequently present with headache as the most common symptom, gait disorders, 
and disturbed mental status, which may or may not be associated with 
hydrocephalus.[11,136,211,218] In contrast with other pineal region tumors, 
Parinaud’s syndrome is a rare presentation, seen in less than 10% of the 
cases.[136,211] 

While velum interpositum meningiomas arise from the posterior portion of 
the pia mater, have no dural attachment, and are extremely rare, falcotentorial 
meningiomas appear in the falcotentorial junction and may project anteriorly, 
inferiorly, or posteriorly.[11,17,93] MRI imaging and angiography are the tools used 
to differentiate between these two entities based on their vascular supply and 
vessel displacement. However, making this distinction is often challenging. 

The tentorial branch of the meningohypophyseal trunk is the leading 
supplier of falcotentorial meningiomas.[11,136,203,284] Other feeders include 
meningeal branches of the external carotid artery and the medial and posterior 
choroidal arteries.[188,218] On the other hand, posterior choroidal arteries are the 
only vessels supplying velum interpositum meningiomas.[113,157,191,211] 
Falcotentorial meningiomas displace the medial posterior choroidal arteries 
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anteroinferiorly, and velum interpositum tumors displace the same vessels 
posterosuperiorly.[27,113]  

Based on sagittal MRI, Asari et al.[11] classified pineal region meningiomas 
into four types according to their anterior, inferior, posterior, and superior 
extension in strict correlation with the deep venous system. On the other hand, 
Bassiouni et al.[17] introduced a lateralized type of tumor, which originates from 
the paramedian tentorial incisure. They also described a preferred surgical route 
for each of the four types of tumors: the occipital transfalcine approach for 
anteriorly extended tumors, the supracerebellar infratentorial approach for 
inferiorly extended tumors, the paramedian tentorial incisural approach for 
lateralized tumors, and the occipital approach extension for posteriorly extended 
tumors. 

1.8.5.1 Surgical management of pineal region meningiomas 
The surgical approach for these tumors depends on the tentorial involvement and 
the relationship between the tumor, the venous system, and the surrounding 
structures. The management of large tumors usually requires a bioccipital 
approach.[192,217] The occipital transtentorial/transfalcine approach is usually 
reported for tumors with anterior and inferior displacement of vascular 
structures.[157] This approach offers a good exposition of the internal cerebral 
veins and posterior and lateral midbrain, and complete visualization of the 
lesion, with a low VAE risk.[189] The SCIT approach is suitable for tumors arising 
on the inferior tentorial surface with an anterosuperior displacement of the 
venous system.[17,222,255] Velum interpositum meningiomas with a posterosuperior 
displacement of the internal cerebral veins are also usually approached through 
an infratentorial route.[157] An essential aspect of microneurosurgery remains on 
preserving the vascular structures and collateral venous drainage. This vascular 
preservation represents the most important achievement for gross total resection. 
Indeed, vascular injuries may result in grievous complications.[11,117] A peculiar 
finding during microsurgery is discovering the patency of venous branches that 
preoperative imaging had shown as functionally occluded.[218]  

Solitary fibrous tumors, hemangiopericytomas, neurocytomas, neuroblastomas, 
epidermoid tumors, choroid plexus papillomas, hemangioblastomas, pineal 
region metastasis, and other rare tumors are also present in the pineal region. 
These tumors have similar features to their extrapineal counterparts. The new 
2016 WHO classification considers solitary fibrous tumors to be a benign 
variation of hemangiopericytomas. Thus, both types of tumors are included in 
the solitary fibrous tumor/hemangiopericytoma group.[156] 
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AIMS OF THE STUDY 

This thesis aims to answer the following research questions: 
 

1. Is the pineal cyst diameter related to the clinical severity of 
symptomatic pineal cysts? (Publication I) 

2. Does pre- and postoperative functional status of the PC patients 
correlate their surgical outcome? (Publication II) 

3. How the long-term postoperative clinical and radiological outcomes 
of the pineal region neoplasm patients correlate with the extent of 
their surgical resection? (Publication III) 

4. What are the long-term postoperative clinical and radiological 
outcomes of the PPTID patients? (Publication IV) 

5. How is the venous injury related to the clinical severity of venous air 
embolism in patients undergoing sitting praying position for pineal 
region surgery? (Publication V) 

6. Does the modified paramedian SCIT approach represent a safer and 
less invasive procedure than the midline SCIT approach to manage 
pineal region tumors and cysts? (Publication VI) 
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MATERIAL AND METHODS 

This thesis represents a single-center multiple-surgeon study on pineal 
region surgery. Each publication studies a subgroup of the 147 patients 
with pineal region lesions consecutively operated on in the Department of 
Neurosurgery at HUH between 1997 and 2015 (Figure 10). The lesions 
comprised 60 pineal cysts, 76 pineal region tumors, and 11 vascular 
lesions. The multiple publications analyzed the impact of 
microneurosurgery in each type of lesion. However, the publication on the 
microsurgical management of vascular lesions offered inconclusive findings 
due to the wide variety of the lesions and was excluded from this thesis 
(supplementary material 4).[48] One of the first published papers for this 
thesis evaluated the incidence of VAE in patients with AGT who underwent 
pineal surgery in the sitting praying position. Thus, consecutive patients, 
some of them with vascular lesions, were included. In clinical practice, the 
sitting position differs minimally for the different types of diagnosis. 
However, each kind of pineal lesion may associate an independent risk for 
the occurrence of complications.  

Information on preoperative clinical and radiological status, 
microsurgical management, histologic diagnosis, and immediate and long-
term clinical and radiographic FU of the patients was retrieved from the 
hospital records. A neuropathologist reevaluated unclear histological 
diagnoses at HUH. The mortality of the series underwent evaluation at the 
Finnish population register in July 2018. Microsurgical features for pineal 
region surgery underwent evaluation in operative videorecords. Digitalized 
videos were initially available, stating in 2008. Old surgical videocassettes 
discovered in 2019 underwent digitalization for the Publication VI. The 
radiological evaluation of the cases based on computed tomography and 
MRI used IMPAX version 6.5.5.1608 (Agfa, Mortsel, Belgium). MRI was 
obtained with 0.2 teslas (T), 1T, 1.5T, and 3T MRI machines. The main 
sequences included T1-WI MRI at 3 to 7 mm thick, T2-WI MRI at 5 to 7 mm 
thick, fluid-attenuated recovery images (FLAIR), and T1-WI post-contrast 
MRI sequences. Data analysis used Microsoft Excel for Mac, version 14.0.0 
(2011); SPSS for Mac, version 21.0 (2012); and RStudio version 1.2.5001-3. 
The analysis included available data without extrapolation of missing data. 
P-values < 0.05 were considered significant. Age limits for pediatric patients 
followed the recommendations of the American Academy of Pediatrics.[9,96]  
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1.10.1 INCLUSION CRITERIA AND DATA COLLECTION 
Publication I and II focused on the pre- and postoperative clinical and 
radiological evaluation of 60 consecutive histologically confirmed benign PC 
patients operated on at HUH between 1997 and 2015. 
Five groups represent the retrospective evaluation of the surgical criteria for 
PCs: 

1. Patients with double vision and signs of compressive effect on the 
tectal plate in the imaging 

2. Obstructive hydrocephalus 
3. Cyst growth on sequential imaging studies, with a 1.5–2 cm cyst 

size being the cut-off point for intervention 

 
Figure 10 
Flow Chart of the whole study setting and the division of patients into the different 
substudies. HUH, Helsinki University Hospital; n, number of the patients for each 
group. 
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4. A cyst that resembles a solid pineal tumor 
5. Cyst greater than 20 mm associated with unspecific visual 

disturbances and other less specific symptoms 

Publication I analyzed the correlation between PCs size and the surgical 
criteria for PC patients. In Publication II, the PC patients underwent 
detailed and updated clinical, surgical, and radiological evaluation. The 
postoperative functional outcome of PC patients underwent evaluation by 
the Chicago Chiari Outcome Scale (CCOS) and by comparison between the 
pre- and postoperative mRS. The CCOS scale, initially designed for Chiari 
syndrome, was utilized to accurately analyze the postoperative functional 
status in PC patients with evaluations of pain, associated symptoms, loss of 
functionality, and complications.[7,55,160]  This study also evaluated 19 
surgically treated pediatric PCs.   

In Publication I, the Anova test evaluated the differences in PC size between 
each surgical criterion group. In Publication II, The Fisher exact method 
and the Mann Whitney/Wilcoxon test determined the differences in the 
clinical presentation, imaging, surgical features, FU, and functional 
outcome between children and adult populations. The Mann 
Whitney/Wilcoxon test performed a matched comparison between the pre- 
and postoperative mRS. The Benjamini-Hochberg test determined the 
adjusted p-values at α = 0.1. Multiple regression models determined 
predictive variables for the last mRS (generalized linear model with 
quasipoisson link) and the postoperative complications (linear model with 
binomial link).  

Publication III focused on the pre- and postoperative clinical and 
radiological analysis of 76 consecutive and unselected surgically treated 
pineal region neoplasms operated on at HUH between 1997 and 2015.  

Publication IV focused on the pre- and postoperative clinical and 
radiological evaluation of 15 consecutive, histologically confirmed PPTID 
operated on at HUH between 1997 and 2015. Hospital records offered 
detailed individual patient data on the treatment protocols for PPTIDs.  

Publication III includes a clinical-radiological analysis, the overall mortality, 
and the disease-related mortality of the pineal region tumor patients. The 
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functional outcome analysis of the patients resulted from the evaluation of 
the pre- and postoperative mRS. The extent of surgical resection of the 
tumors underwent analysis in terms of the overall mortality, disease-related 
mortality, and tumor-free imaging outcomes. Twenty-two pediatric patients 
underwent evaluation.  

Publication IV includes detailed information on the clinical and 
radiological features of the PPTID patients. This retrieved information based 
on the histopathology, the extent of resection, and tumor recurrence, 
served to redesign the treatment protocols for PPTIDs used at HUH 
(Publication IV). 

Each publication included a descriptive analysis of the population study. 
Chi-square and Mann Whitney/Wilcoxon calculators tested the 
multifactorial analysis of the extent of surgical resection of pineal region 
neoplasms. 

Publication V focused on evaluating 51 consecutive patients with pineal 
region lesions, all of them using AGT and operated on in the sitting position 
by a single neurosurgeon between 2008 and 2015. This study period was 
selected since digitalized microsurgical videos were available to evaluate the 
intraoperative venous system injury. Of the 61 consecutive patients 
operated on during this period, ten patients did not fulfill the inclusion 
criteria. Four vascular lesions were included in this cohort to determine the 
correlation between disease diagnosis and VAE.  

The population study was divided into two groups: patients with 
intraoperative VAE (18 patients) and those without VAE (33 patients). The 
two groups underwent a comparative analysis in terms of demographic, 
clinical, radiological, histopathological, and surgical variables. Since AGT 
use was imperative for the study, pediatric patients using elastic bandages 
went excluded from the analysis. 

After a descriptive analysis of the population study, the Fisher exact test, 
Chi-square test, and Mann Whitney/Wilcoxon test evaluated the 
multifactorial analysis of the VAE patients. 



Microneurosurgery of pineal region cysts and tumors 

Publication VI focused on the comparative clinical study between 55 
midline and 57 paramedian SCIT approaches performed by a single 
neurosurgeon at HUH between 1997 and 2015. All patients underwent a 
praying sitting position for the surgical removal of cysts and tumors of the 
pineal region. Of 136 consecutive patients operated on during the study 
period, 24 patients did not fill the inclusion criteria. Sixty-one operative 
videos were available for this study.  

The paramedian and midline SCIT approaches were compared in terms of 
the following: a. patient safety measured by the immediate postoperative 
functional outcome, and the postoperative complications; b. procedural 
simplicity and invasiveness; and c. surgical effectiveness as measured by 
the time for microsurgical removal, the extent of resection, the functional 
outcome upon the last evaluation, and the 5-year survival rates. 

These variables underwent control by the preoperative hydrocephalus, 
the histopathological diagnosis, and the lesion dimensions. Moreover, 35 
pediatric patients followed an evaluation. 

Non-parametric Fisher, Mann Whitney/Wilcoxon, and log-rank Cox tests 
were utilized appropriately to differentiate the midline and paramedian 
SCIT approaches. A Chi-square test contrasted the functional status of the 
patients by a categorization of their mRS. Moreover, the paired samples t-
test compared the pre- and postoperative mRS of the patients. The Fisher 
exact method evaluated the odds ratio between the complications of the 
midline and paramedian approaches. The Benjamini-Hochberg test 
determined the adjusted p-values at α = 0.1. Linear regression models 
determined the predictors for postoperative complications and approach-
related complications. Cox survival models determined the uni- and 
multivariate survival regression analyses. 

 



Microneurosurgery of pineal region cysts and tumors 

 
 



Microneurosurgery of pineal region cysts and tumors 

RESULTS  

Pineal region surgery in the Department of Neurosurgery at HUH between 
1997 and 2015 comprised 84 females and 63 males with a mean age of 
34.5 ± 21 (0.4–82) years. The lesions comprised 11 vascular diseases, 60 
pineal cysts, and 76 pineal region tumors. The SCIT approach underwent 
performance in 90% of the cases.  Around 90% of the patients utilized the 
sitting praying position. At the last evaluation made in July 2018, the 
disease-related mortality comprised 15 patients (10%), 14 tumors, and a 
vein of Galen malformation, within an average FU of 130 ± 88 (0–588) 
months. No perioperative mortality existed. Mortality unrelated to the 
disease or surgery included 16 patients. 

Publication I analyzes the PC diameter related to the clinical severity of 
symptomatic PCs. The updated clinical and radiological information of the 
surgically treated PC patients with functional outcome evaluation 
corresponds to Publication II.  

Table 15 illustrates the distribution of the surgical indications applied to 
the pediatric and adult PC patients.  
  
Table 15.  Surgical indications of the 60 pineal cyst patients in Helsinki University 

Hospital. p-values > 0.05, adjusted p-values > 0.1. Permission to 
reproduce granted by Surgical Neurology International (In submission) 

 

7 (12%) 4 (10%) 3 (16%) 

9 (15%) 7 (18%) 2 (11%) 

15 (25%) 7 (37%) 8 (20%) 

6 (10%) 1 (5%) 5 (12%) 

10 (17%) 5 (26%) 5 (12%) 

24 (40%) 8 (42%) 16 (39%) 

19 (32%) 3 (16%) 16 (39%) 
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Table 16. details the correlation between cyst size and the surgical 
indications for surgery in the population study. Differences between la 
Anterior-posterior PC diameters significantly differed between the different 
surgical groups (p < 0.05). Thus, PC diameters positively correlated with the 
clinical severity of the patients. Patients with minimal symptoms that 
required observation and increased in size before surgery measured 15 mm 
on average. Patients with double vision, other visual disturbances, and 
moderate unspecific symptoms measured around 20 mm. Patients with 
acute or progressive hydrocephalus harbored PC with average diameters of 
25 mm. 
 
Table 16. Correlation between pineal cyst size and the surgical indications of the 

patients. FU, follow-up; PC, pineal cysts; SD, standard deviation. 
Permission to reproduce granted by Scientific Scholar and Surgical 
Neurology International. 

 

19.8 ± 7 (11-50) 

24.9 ± 9.6 (13-50) 

21.3 ± 3.7 (16-31) 

17.5 ± 1.8 (15-20) 

19.7 ± 6.4 (14-32) 

16.2 ± 3.6 (11-23) 

19.1 ± 3.0 (14-24) 

15.8 ± 2.6 (12-20) 

Figure 11 includes the main symptoms of surgically treated PCs. No 
significant difference appeared in the clinical presentation between adults 
and children. However, vertigo was absent in children.  

PCs have a wide variety of radiological features. In T1WI sequences, 
compared to the CSF, the cysts vary between isointense and low-, 
moderate-, and high hyperintense appearances. After contrast 
administration in T1WI, no enhancement, ring enhancement, diffuse 
enhancement, and intracystic septa appeared. The cystic component was 
isointense to the CSF in T2WI. PC imaging remained statistically similar in 
adults and children.  

A single surgical procedure was performed in 55 patients. The primary 
treatment of hydrocephalus consisted of the microsurgical removal of the 
cyst in all cases. Only two patients underwent preliminary shunt surgery  
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and endoscopic/stereotactic aspiration of the cyst, respectively. A patient 
with subtotal resection of the cyst underwent endoscopic ventriculostomy 
for the management of persistent hydrocephalus. Table 17 details the 
surgical differences between children and adult patients with surgically 
treated PCs. 
 
Table 17. Surgical details of the pineal cyst patients treated in HUH between 1997 

and 2015. P-values > 0.05. Permission to reproduce granted by Surgical 
Neurology International (In submission) 

 
 

1 (2%) 0 1 (2%) 

1 (2%) 0 1 (2%) 

59 (98%) 
1 (2%) 

19 (100%) 
0 

40 (98%) 
1 (2%) 

58 (97%) 
1 (2%) 
1 (2%) 

19 (100%) 
0 
0 

39 (95%) 
1 (2%) 
1 (2%) 

58 (97%) 
1 (2%) 
1 (2%) 

19 (100%) 
0 
0 

39 (95%) 
1 (2%) 
1 (2%) 

58 (97%) 
1 (2%) 
1 (2%) 

19 (100%) 
0 
0 

39 (95%) 
1 (2%) 
1 (2%) 

0 0 0 

1 (2%) 0 1 (2%) 

 
Figure 11 
Distribution of the main symptoms and signs observed in 60 surgically treated PC 
patients.  
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All patients but one appeared in a review of the Finnish registry system in 
July 2008. Mortality of the series was null along 149 ± 62 (47–244) months. 
The median (interquartile range) clinical and radiological FU was restricted 
to 3 (2;10) months and 6.1 (0.4;43) months, respectively. Two patients 
showed cyst remnants following a stereotactic fenestration and 
microneurosurgery, respectively.  

Figure 12, Figure 13, and Table 18 present the clinical outcome of the 
surgically treated pediatric and adult PC patients. At the immediate and 
last evaluation, the postoperative functional status, measured by the mRS 
(p < 0.001) and the CCOS, improved significantly in the study population. 
One patient who developed a new postoperative Parinaud´s syndrome 
improved substantially seven months after surgery. The single impaired 
patient at the last FU (mRS 2) persisted with a slight hand clumsiness and 
partial memory deficit. At the last clinical evaluation, the postoperative 
pediatric functional outcome was superior to that of adult patients. 
However, the initial statistical significance disappeared after adjusting the 
p-value (adjusted p-value = 0.121).
 

 

 
Figure 12 

Functional outcome trajectories of 60 surgically treated pineal cyst patients. 
Immediate postoperative mRS (modified Rankin scale) evaluation at hospital 
discharge. Permission to reproduce granted by Surgical Neurology International (In 
submission). 
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Table 18. Functional status of surgically treated pediatric and adult pineal cyst 

patients. Adjusted p-values > 0.1. CCOS, Chicago Chiari Outcome Scale; 
mRS, modified Rankin scale. Permission to reproduce granted by Surgical 
Neurology International (In submission) 

 
 

0 (3), 1 (6), 2 
(30), 3 (16), 4 

(3) 

0 (1), 1 (2), 2 
(11), 3 (4), 4 

(0) 

0 (2), 1 (4), 2 
(19), 3 (12), 4 

(3) 
0.51 58 

0 (31), 1 (21), 2 
(6), 3 (1) 

0 (8), 1 (8), 2 (2), 
3 (1) 

0 (23), 1 (13), 2 
(4), 3 (0) 0.49 59 

0 (48), 1 (10), 2 
(1) 

0 (19), 1 (0), 2 
(0) 

0 (29), 1 (10), 2 
(1) 0.01 59 

1, 3, 2, 18, 35 0, 0, 0, 7, 12 1, 3, 2, 11, 23 0.50 59 

0 0 0 1.00 59 

 

 
Figure 13 
Functional outcome at the immediate postoperative and last clinical evaluation in 
surgically treated pineal cyst patients. mRS, modified Rankin scale. Permission to 
reproduce granted by Surgical Neurology International (In submission) 

 
The multiple regression model for identifying predictors of 

postoperative complications resulted in the surgical approach as the single 
independent predictor of complications. The paramedian SCIT approach 
obtained better postoperative procedural outcomes than its midline 
counterpart (Figure 14). The multiple regression model for identifying 
predictors of the long-term mRS resulted in the patient’s age as the single 
independent predictor of outcome (Figure 15). 
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Figure 14 
Multivariate analysis of the postoperative complications in surgically treated PC 
patients resulted in the paramedian SCIT (supracerebellar infratentorial) approach 
as the single independent predictor. Permission to reproduce granted by Surgical 
Neurology International (In submission) 

       

Figure 15 
Multivariate analysis of the last mRS (modified Rankin scale) of the surgically 
treated PC patients resulted in the age of the patients as the single independent 
predictor. Permission to reproduce granted by Surgical Neurology International (In 
submission) 

 
 

1.15 MICRONEUROSURGERY OF PINEAL REGION 
NEOPLASMS 

 
1.15.1 CLINICAL PRESENTATION AND HYDROCEPHALUS 
The clinical presentation of the pineal region neoplasms included: acute or 
progressive hydrocephalus, visual and oculomotor abnormalities, motor 
and sensory deficits, and rare presentations such as seizures, diabetes 
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insipidus, and hormonal imbalance. Hydrocephalus was present in 53 
(70%) patients. Before 2007, 26 patients had hydrocephalus. Twenty-four 
patients underwent preliminary shunt surgery, and two patients underwent 
endoscopic third ventriculostomy. The patients underwent, on average, 2.3 
times more shunt-related surgeries along with the FU. Some rare cases 
required 5 to 10 shunt-related surgeries. Moreover, seven patients 
underwent removal of the shunt during the FU without further shunt 
requirement. One preliminary endoscopic ventriculostomy underwent 
stereotactic biopsy and shunt surgery for persistent hydrocephalus. 

After 2007, 27 patients had hydrocephalus. All of them underwent 
tumor removal and opening of the third ventricle as the primary treatment 
for hydrocephalus. Only one patient required endoscopic ventriculostomy 
for persistent hydrocephalus.  

The surgically treated pineal region tumors included: 23 (30%) PPTs, 16 
(21%) gliomas divided like 10 (13%) pilocytic astrocytomas, and 6 (8%) 
grade II-IV gliomas, 12 (16%) GCTs, 10 (13%) meningiomas, and 15 other 
tumors. Figure 16 illustrates the distribution of the study population by age 
at diagnosis. 

Figure 16 
Distribution of the 76 surgically treated pineal region tumors at the age of diagnosis 
in HUH between 1997 and 2015. NGGCT, non-germinomatous germ cell tumors; 
PPTID, pineal parenchymal tumors of intermediate differentiation; PTPR, papillary 
tumor of the pineal region; X, median age. Permission to reproduce granted under 
Elsevier´s general terms. 
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Around 90% of the patients underwent surgery in the sitting praying 
position. The SCIT approach was performed in 90% of the cases. The OIH 
approach was the second most commonly used approach for pineal surgery 
(≈10%). Other approaches included the combined supra and infratentorial 
approach, the anterior interhemispheric approach, the telovelar approach, 
the subtemporal approach, and the transcortical approach.   

The comparative analysis between the preoperative and the postoperative 
mRS of our population study showed superior functional outcomes at the 
immediate and long-term FU. The preoperative mRS evaluation was 0-2 in 
15 (20.3%) patients and 3-5 in 59 (79.7%) patients. The immediate FU mRS 
evaluation was 0-2 in 55 (75.3%) patients and 3-5 in 59 (24.7%) patients. 
In addition to the 14 (19%) disease-related deaths (mRS 6), the mRS at the 
last clinical evaluation was 0-2 in 48 (64.8%) patients and 3-5 in 12 
(16.2%) patients (Table 19) 
 
Table 19. Preoperative and postoperative functional status of the surgically treated 

pineal region neoplasms. mRS (modified Rankin scale). Permission to 
reproduce granted under Elsevier´s general terms. 

 

4 3 20 

3 22 15 

8 30 13 

17 8 7 

28 7 3 

14 3 2 

0 0 14 

2 3 2 

The overall survival rate of 76 pineal region tumors was 62% at a mean FU 
of 125 ± 105 (0-588) months (Figure 17). The disease-related mortality was 
limited to 14 (18.4%) patients (Figure 18). Two patients died at one and 
three months after surgery, respectively, with delayed thalamic infarctions 
and 12 patients died due to progressive disease. The 5- and 10-year 
disease-mortality comprised 10 and 11 patients. In total, 29 patients died 
by July 2018. Additionally, seven patients had unavailable information 
after optimal postoperative outcomes, and eight patients died for other 
reasons. Only one foreign patient disappeared for the long-term FU.  

Table 20 and Table 21 summarize the 14 disease-related deaths. In 
the imaging, in addition to the two patients with delayed postoperative 
infarctions, seven patients had a progressive pineal region tumor with 
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intracranial and-or spinal metastases, and five patients had controlled (i.e., 
absent or tiny) pineal region tumors, though with intracranial or spinal 
metastases in 4 of them.  

 
Figure 17 

Overall survival rate of pineal region neoplasms. PPT, pineal parenchymal tumors; 
Good GCT, good-prognosis germ cell tumors; Bad GCT, bad-prognosis germ cell 
tumors. 

CMR, Subtotal (STR), and partial (PR) resection of the tumors were achieved 
in 70%, 18%, and 7% of the patients. The CMR of the pineal tumors 
correlated strongly with the pineal tumor-free imaging outcomes of the 
study population at the last radiological FU. This correlation was also 
strong with the disease-related survival rate of the study population (Table 
22). Diffuse gliomas had the same 5-year mortality regardless of the extent 
of surgical resection, which suggests the limitation of the CMR prognostic 
value in diffuse glioma outcomes. 

70% 75%

50%

92%

50%

0%

70%

PPT Good GCT Bad GCT Non-diffuse
glioma

Meningiomas Difusse
gliomas

Other primary
tumors

 
Figure 18 

Contribution of each type of tumor on the disease mortality of pineal region 
neoplasms. PPTID, pineal parenchymal tumors of intermediate differentiation; 
NGGCT, non-germinomatous germ cell tumors. 
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Table 20. Disease-related mortality of surgically treated pineal region neoplasms. 
*Unknown reason for the death of 1 glioma patient. NGGCT, non-
germinomatous germ cell tumor; PPTID, pineal parenchymal tumor of 
intermediate differentiation. Permission to reproduce granted under 
Elsevier´s general terms. 

 

6* (8%) 5 (50%) 5 (45%) 5 (36%) 

5 (7%) 2 (20%) 2 (18%) 2 (14%) 

16 (21%) 1 (10%) 2 (18%) 2 (14%) 

7 (9%) 1 (10%) 1 (9%) 2 (14%) 

10 (13%) 1 (10%) 1 (9%) 1 (7%) 

10 (13%) 0 0 1 (7%) 

3 (4%) 0 0 1 (7%) 

19 (25%) - - - 
 
Table 21. Description of the 14 disease-related deaths of surgically treated pineal 

region neoplasms B + BT, biopsy plus brachytherapy; CMR, complete 
microsurgical resection; NGGCT, non-germinomatous germ cell tumor; 
PPTID, pineal parenchymal tumor of intermediate differentiation; PR, partial 
resection; STR, subtotal resection. Permission to reproduce granted under 
Elsevier´s general terms. 

 

i. Thalamic Infarction  CMR No tumor 3 

ii. Intracranial dissemination CMR No tumor 9 

iii. Intracranial dissemination  STR Progressive 
tumor 5 

iv. Intracranial dissemination  STR Progressive 
tumor 52 

v. Intracranial dissemination  PR Progressive 
tumor 12 

i. Spinal metastasis   STR No tumor 39 

ii. Brain atrophy (rigidity, 
aphasia) 

B + BT No tumor 101 

i. Intracranial dissemination  CMR 
Progressive 

tumor 
46 

ii. Craniospinal metastasis PR 
Progressive 

tumor 
223 

i. Spinal metastasis   STR No tumor 1 

ii. Intracranial dissemination   STR 
Progressive 

tumor 
11 

i. Thalamic Infarction CMR No tumor 1 

i. Intracranial dissemination  PR 
Progressive 

tumor 
324 

i. Craniospinal metastasis  CMR No tumor 173 
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Table 22. Extent of surgical resection and surgical outcome of pineal region 
neoplasms. (p-values calculated between the complete and incomplete 
microsurgical resection groups). GCT, germ cell tumor; PPTID II-III, WHO 
grade II – III pineal parenchymal tumor of intermediate differentiation. 
Permission to reproduce granted under Elsevier´s general terms. 

 
 

15 (28%) 7 (50%) 4 (80%) <0.05 

5 (9%) 5 (36%) 3 (60%) <0.01 

50 (94%) 2 (14%) 0 <0.001 

9773 ± 11952 
(26.7) 

25660 ± 33764 
(36.6) 

31387 ± 34255 
(39.2) 

0.2 

Diffuse glioma (2), 
GCT/germinoma (1), 
Pineoblastoma (1), 
Meningioma (1) 

Diffuse glioma 
(2), Mixed GCT 
(1), Teratoma (1),  
PPTID II-III (1) 

Diffuse glioma (1), 
GCT/germinoma 
(1), Pilocytic 
Astrocytoma (1) 

. 

Figure 16 details the distribution of pineal region tumors by patient age at 
the time of diagnosis. Pediatric patients comprised 30% of the study 
population. The most common tumors in the first two decades of life were 
GCTs, pilocytic astrocytomas, pineocytomas, pineoblastomas, and diffuse 
gliomas. Table 23 offers detailed information on pediatric pineal region 
tumors. 

Figure 19 illustrates the management of the 15 PPTIDs at HUH. Ten 
patients underwent CMR as the first treatment modality. Five patients with 
Ki-67 ≤ 10% and without pineoblastoma features did not receive radiation 
therapy. Five patients with pineoblastoma features or Ki-67 > 20% followed 
radiation therapy, except for one of them with memory problems and 
posterior vascular dementia who followed a strict observation. This patient 
developed small tumor recurrence six years later and underwent 
stereotactic radiosurgery. Nine of ten patients were tumor-free at the last 
evaluation 160 ± 80 (45–248) months. A small recurrence was observed 15 
years after CMR of a tumor with Ki-67 = 10%. 

Two patients underwent subtotal resection. The first one followed 
strict observation for a tiny residual tumor attached to the deep veins and 
underwent radiation therapy six years later to control the recurrent lesion. 
The other patient with a giant tumor underwent three surgeries and fungal 
infections before delayed radiotherapy. This last patient had a poor clinical 
condition and died 39 months after surgery with a tiny tumor but spinal 
metastasis. The Ki-67 index of each case was 15% and 20%, respectively. 
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Table 23. Surgically treated pineal region neoplasms in the pediatric population. 
GCT, germ cell tumor; mRS, modified Rankin Scale; PPTID, pineal 
parenchymal tumor of intermediate differentiation; PTPR, papillary tumor 
of the pineal region. 

 

4/6 5/10 

7 (70%) 14 (93%) 

7 (70%) 14 (93%) 

Arachnoid cyst (1), Diffuse 
grade II glioma (1), 
Ganglioneuroblastoma (1), 
Immature teratoma (1), 
Pilocytic astrocytomas (3), 
Pineocytoma (1), Pineoblastoma 
(1), PTPR (1) 

Choroid plexus papilloma (1), 
Germinomas (3), Glioblastoma 
multiforme (1), Mature teratoma (1), 
Mixed germ cell tumors (3), Pilocytic 
astrocytomas (2), Pineoblastoma (1), 
Pineocytomas (2), PPTID (1) 

6 (60%) 10 (67%) 

3 (30%) 4 (27%) 

6 (60%) 
1 (10%) mRS 3 

10 (67%) 
1 (7%) mRS 4 

 
One patient followed partial resection and adjuvant radiotherapy. Ki-

67 index of the sample was 4–5%. The tumor recurred after one year and 
underwent CMR. The patient was tumor-free at 91 months following 
surgery. Another patient underwent biopsy of the tumor (Ki-67 index = 
20%) and brachytherapy with iodine seeds implantation. During the FU, 
the patient harbored stroke events and a tiny tumor on the last MRI. This 
patient had a poor clinical condition with aphasia and ataxia and died 101 
months after the procedure.     

The postoperative course was uneventful in six patients. Three 
patients had only some visual deficiencies, and one patient had some 
degree of disorientation without other deficiencies. Three patients developed 
hemiparesis and ataxia, and two patients had lower cranial nerve palsy and 
tracheostomies. One patient disappeared in the long-term FU. At the last 
clinical evaluation, eight patients did not have neurological deficits. 
However, three of them had slight headaches, depression, and mild 
neuropsychological disturbances. The patient following brachytherapy 
required walking assistance and developed aphasia and brain atrophy. 
Three patients were dependent, requiring walking assistance. One patient 
developed vascular dementia, and another patient with postoperative ataxia 
returned to his hospital of origin for rehabilitation. 

The last MRI evaluation described ten tumor-free, four tiny controlled 
tumors, and one partially resected tumor lost to FU. After multiple 
surgeries for a giant lesion, the abovementioned patient with a small 
controlled pineal tumor had spinal metastasis at the last FU. The 5- and 
10-year survival rates were 92% (11/12 patients) and 71% (5/7 patients), 
respectively. The disease-related mortality was reduced to two patients with 
poor clinical outcome. Another patient died 12 years after surgery with an 
unavailable cause of death. Finally, three patients had unrelated disease 
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deaths following chronic cardiac disease, pneumonia, and vascular 
dementia. We observed three essential aspects in the management of  
PPTID: the CMR of the tumor, selective adjuvant radiotherapy, and a strict 
radiological FU of the patients. Adjuvant radiotherapy followed:  a) 
aggressive histopathological studies with pineoblastoma features and high 
Ki-67 index levels, b) partial resection of the tumor, and c) recurrence of the 
tumor. Tumors undergoing subtotal or partial resection had an average size 
of 34 x 32 x 30mm compared to the 17 x 17 x 17mm observed in tumors 
undergoing complete resection. 

 

 
Figure 19 

Management of the pineal parenchymal tumors of intermediate differentiation in 
HUH between 1995 and 2015. B+BT, biopsy + brachytherapy; CMR, complete 
microsurgical resection; FU, follow-up; PPTID, pineal parenchymal tumor of 
intermediate differentiation; PR, partial resection; RT, radiotherapy (50-54Gy); SRS, 
stereotactic radiosurgery; STR, subtotal resection. 

 
 
 

1.16 PRAYING SITTING POSITION AND VENOUS AIR 
EMBOLISM IN PINEAL SURGERY 

Table 24 and Table 25 describe the characteristics of the study population 
with and without VAE. The incidence of minor VAE was 35%, and severe 

 
Microneurosurgery of pineal region cysts and tumors 85 

Results  



Microneurosurgery of pineal region cysts and tumors 

VAE was absent. Among the multivariable analysis for VAE, only venous 
injury during the video surgical analysis correlated with minor VAE. The 
anesthesiological reports showed that VAE was diagnosed by variations on 
the end-tidal monitoring of CO2 in 83% of the cases, by Doppler ultrasound 
variations in 39% of the cases, and by direct observation of venous injury 
during surgery in three (17%) patients. However, surgical video analysis of 
the VAE cases demonstrated eight (47%) venous injury cases, and highly 
suspect microlesions during the dura opening or dissection of the pineal 
lesion in all of the other cases. One patient had a partially recorded 
microsurgical video (Table 26). The surgical video evaluation of patients 
without VAE did not highlight venous injury. 
 
Table 24. Venous air embolism in pineal surgery on praying sitting position. Max, 

maximum value; Min, minimum value; SBP, systolic blood pressure; VAE, 
venous air embolism. Permission to reproduce granted by Scientific Scholar 
and Surgical Neurology International.  

 

 

34.7 ± 15 (8-64) 43.7 ± 19.9 (13-79) 0.078 

Female: 16; Male: 17 Female: 10; Male: 8 0.771 

3.9 ± 0.5 (2.9-5.3) 4.2 ± 0.7 (2.9-6) 0.072 

3.2 ± 0.4 (2.3-4.2) 3.3 ± 0.6 (2.2-4.6) 0.363 

7.3 ± 13.8 (0.06-71.3) 9.9 ± 12.3 (0.3-12.3) 0.092 

102.1 ± 34.3 (60-207) 120.3 ± 35.5 (68-201) 0.197 

42.8 ± 26.7 (12-114) 54.2 ± 38.6 (18-151) 0.413 

30/33 17/18 1.00 

SCIT: 32/33 SCIT: 15/18 0.120 

113.8 ± 12.8 (89-138) 108.7 ± 14.4 (80-135) 0.282 

100.7 ± 13.9 (76-132) 96.7 ± 17.8 (68-133) 0.266 

- 91.8 ± 12.1 (60-113) - 

 
One patient with a considerable injury on a dominant right transverse 

sinus only presented minor signs of VAE. Thus, an essential factor in 
preventing severe VAE was related to the immediate reaction and solution 
of the issue based on proper communication between the anesthesiologist 
and the surgeon to find and repair the leak. Immediate compression of the 
jugular veins avoided aspiration from the central venous catheter as well. 
Perioperative complications related to the positioning or the use of the 
antigravity trousers were absent over an average FU of 2 years. 
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Table 25. Venous air embolism and pineal region lesion histopathology after surgery 
in the praying sitting position. PPTID, pineal parenchymal tumor of 
intermediate differentiation; AV, arteriovenous; PChA, posterior choroidal 
artery. Permission to reproduce granted by Scientific Scholar and Surgical 
Neurology International. 

 

15 (46%) 10 (56%) 0.49 
1 
 
5 
2 
1 
 
1 
 
5 

 
1 
 
 
 
1 
3 
3 
1 
1 

 
 
 
 
 
 

 
 

3 (9%) 1 (6%) 0.65 
1 
1 
1 

1  

15 (46%) 7 (39%) 0.65 

33 18  
 
Table 26. Venous air embolism (VAE) and evidence of venous injury under surgical 

video analysis of pineal region surgeries in the sitting praying position. 
 

2 (11%) 

1 (6%) 

5 (28%) 

9 (50%) 

1 (6%) 

Table 27 details the characteristics and the distribution of the pineal region 
neoplasms and cysts in the population study. The paramedian SCIT 
represented a safer approach than the midline approach in postoperative 
complications and approach-related complications such as meningitis and 
pseudomeningocele (Table 28). The paramedian approach was also a more 
functional procedure than the midline approach in simplicity and 
invasiveness. Both approaches maintained the same effectiveness for the 
management of symmetric subpopulations. Thus, the long-term clinical 
and radiological outcomes were similar in the two groups (Table 29). The 
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matched comparison between the preoperative and the postoperative mRS 
resulted in significantly superior functional outcomes at the immediate and 
long-term FU (p < 0.001). Table 30 describes the comparative analysis 
between the midline and the paramedian SCIT approach. Figure 20 
represents the distribution of the SCIT approach at HUH during the study 
period. 

 
Table 27. General information of surgically treated pineal region neoplasms and 

cysts following the supracerebellar infratentorial approach. For numeric 
variables, data are given as median [interquartile range]. GCT, germ cell 
tumor; PPT, pineal parenchymal tumor. Permission to reproduce granted 
under Elsevier´s general terms. 

 
 

30 
[19.8;40.5] 

29 
[17.0;39.0] 

32 
[20.0;46.0] 

0.169 0.618 

71 (63.4%) 35 (63.6%) 36 (63.2%) 1 1 

   0.914 1 

11 (9.8%) 6 (11%) 5 (8.8%)   

14 (12.5%) 6 (11%) 8 (14%)   

4 (3.6%) 1 (1.8%) 3 (5.3%)   

7 (6.3%) 3 (5.5%) 4 (7%)   

57 (51%) 30 (54.5%) 27 (47.4%)   

19 (17%) 9 (16.4%) 10 (17.5%)   
 
 
Table 28. Postoperative complications after the supracerebellar infratentorial 

approach in surgically treated pineal region neoplasms and cysts. For 
numeric variables, data are given as median [interquartile range]. CSF, 
cerebrospinal fluid; OR, odds ratio [95% confidence interval]. Permission 
to reproduce granted under Elsevier´s general terms. 

 
 

27 
(24.3%) 

18 
(32.7%) 9 (16.1%) 0.40 

[0.14;1.06] 0.048 0.0968 

16 
(14.4%) 

12 
(21.8%) 4 (7.1%) 0.28 

[0.06;1.01] 0.033 0.0876 

4 (3.6%) 3 (5.5%) 1 (1.8%) 0.32 
[0.01;4.11] 0.364 0.582 

9 (8.1%) 8 (14.5%) 1 (1.8%) 0.11 
[0.00;0.86] 0.016 0.0876 

6 (5.4%) 4 (7.3%) 2 (3.6%) 0.48 
[0.04;3.48] 0.438 0.584 

5 (4.5%) 5 (9.1%) 0 0.00 
[0.00;1.03] 0.027 0.0876 

12 
(10.8%) 6 (10.9%) 6 (10.7%) 0.98 

[0.24;3.94] 1.000 1 
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Table 29. Pre- and postoperative functional status following the supracerebellar 
infratentorial approach in surgically treated pineal region neoplasms and 
cysts. mRS, modified Rankin scale; nai, no available information. 
Permission to reproduce granted under Elsevier´s general terms. 

 

 

50 (45%), 60 (55%) 26 (48%), 28 (52%) 24 (43%), 32 (57%) 0.58 

95 (86%), 15 (14%) 49 (91%), 5 (9%) 46 (82%), 10 (18%) 0.19 

93 (84%), 18 (16%) 46 (84%), 9 (16%) 47 (84%), 9 (16%) 0.97 

 

 
Table 31 presents the characteristics of the pediatric cohort in our 

study population. The midline and the paramedian SCIT approach did not 
statistically differ (p-value > 0.05 and adjusted p-value > 0.1) in terms of 
age, sex, histopathology, tumor dimensions, pre- and postoperative 
functional status, or survival rates.  

 
 

 
Figure 20 
Distribution of the supracerebellar infratentorial approaches at Helsinki University 
Hospital between 1997 and 2015. SCIT, supracerebellar infratentorial approach. 
Permission to reproduce granted under Elsevier´s general terms. 
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Table 30. Procedural performance of the SCIT (supracerebellar infratentorial) 
approach in surgically treated pineal region neoplasms and cysts. In 
green and blue: significant superior performance. In yellow: the absence 
of statistical significance. Permission to reproduce granted under 
Elsevier´s general terms. 

 

Time spent during approach     

Unilateral craniotomy     
Cranio-caudal bone flap 
measurement     

Transverse bone flap 
measurement     

Area of the bone flap     

Sinus tearing     

Transverse sinus exposure     

Opening of the falx cerebelli     
Unilateral opening of the 
dura     

Opening size of the dura     

Cerebellar retraction     
Preservation of the bridging 
veins     

Preservation of the lateral 
bridging veins     
Preservation of the midline 
bridging veins     

Exposure of the deep 
venous system     

Dissection of deep venous 
structures     

Lateral opening of the 
quadrigeminal cistern     

Difference on matched pre- 
and postoperative mRS     
Postoperative complications     
Approach related 
complications     

Meningitis     

Pseudomeningocele     
Other postoperative 
complications     
Preoperative hydrocephalus     
Histopathological diagnosis     
Time of microsurgical 
removal     
Dimensions of the lesions     
Extent of surgical resection     
Last mRS     
5-year survival rate     
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Table 31. Characteristics of the supracerebellar infratentorial approach in the 
pediatric population. For numeric variables, data are given as median 
[interquartile range]. GCT, germ cell tumors; mRS, modified Rankin Scale; 
PPT, pineal parenchymal tumors. Permission to reproduce granted under 
Elsevier´s general terms. 

 

16.0 [11.0;18.5] 15.5 [12.0;17.0] 16.0 [10.5;20.0] 

26 (74.3%) 15 (75.0%) 11 (73.3%) 

   

6 (17.1%) 4 (20%) 2 (13.3%) 

3 (8.6%) 1 (5%) 2 (13.3%) 

2 (5.71%) 2 (10%) 0 

19 (54.3%) 11 (55%) 8 (53.3%) 

5 (14.3%) 2 (10%) 3 (20%) 

16 (45.7%) 10 (50%) 6 (40%) 

2.00 [2.00;3.00] 2.00 [2.00;3.00] 2.00 [1.50;3.00] 

1.00 [1.00;1.75] 1.00 [0.00;1.00] 1.00 [1.00;2.00] 

0.00 [0.00;0.00] 0.00 [0.00;0.25] 0.00 [0.00;0.00] 

29283 
[11886;76627] 

35117 
[11461;86237] 

26021 
[13964;58921] 

148 [81.5;206] 168 [147;209] 86.0 [73.0;175] 

31 (91.2%) 17 (85.0%) 14 (100%) 

 
 
The multiple regression models for postoperative complications and 

postoperative approach-related complications did not show other predictive 
variables but the surgical approach. On the other hand, after univariate 
and multivariate survival analysis of multiple surgical independent and 
surgical dependent variables, only WHO grade-histopathology remained 
significant (Figure 21).  
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A 

B 

 
 

Figure 21 

Multivariate survival analyses of positive surgically dependent (A) and surgically 
independent (B) predictors after univariate survival analysis. Only WHO-grade 
histopathology remained a positive predictor of mortality. GTR, gross total resection; 
mRS, modified Rankin scale; WHO, World Health Organization. Unpublished graph. 
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  DISCUSSION 

The pineal region is a challenging neurosurgical area. Initial attempts at the 
surgical management of pineal region lesions during the first half of the last 
century resulted in highly unfavorable outcomes. Thus, alternative 
treatments such as the empiric radiotherapy became popular. Although 
useful for radiosensitive tumors such as germinomas, this approach was 
still associated with high long-term mortality rates for non-germinomatous 
pineal region tumors. A historical observation of the pineal surgery shows 
that the introduction of microneurosurgery and the rapid improvement of 
the diagnostic MRI appears to have dramatically reduced pineal region 
surgery mortality and morbidity rates.  

The current management of pineal region lesions comprises 
individualized treatment of the neoplasms guided by its histological 
diagnosis. Different treatment modalities include stereotactic, endoscopic, 
and open biopsies with posterior microsurgical resection and 
radiochemotherapy. However, postoperative results still vary widely 
between different surgical centers and no standard procedure for managing 
pineal region neoplasms exists. In regards to benign PCs, parameters for 
the identification of symptomatic cysts are inexistent. Moreover, the impact 
of microneurosurgery on improving the functional status of patients has 
not been well-established. 

The surgical indications for PCs have progressively widened during recent 
decades. Thus, the number of surgically treated PC patients has increased 
remarkably, resulting in larger and larger series with favorable 
postoperative outcomes.[19,66,69,74,95,124,140,160,174] This thesis evaluated the 
largest published surgical cohort of 60 consecutive pineal cyst patients 
operated on between 1997 and 2015. 

Our study population predominantly consisted of young females 
between the second and the third decade of life, similar to the previous 
series.[91,140,175,275] Additionally, the clinical presentation did not differ from 
other series either. Headache (with or without hydrocephalus) was the most 
common symptom followed by visual detriment and other more unspecific 
symptoms such as numbness, vertigo, balance disturbances, and memory 
deficits. 

Symptomatic midbrain compression and obstructive hydrocephalus 
are well-established criteria for the surgical treatment of PCs.[19,64,65,124] PCs 
may contain solid structures with enhancement after contrast 
injection.[5,33,275] PPTs and other pineal region tumors may also contain 
large cystic components and mimic PCs.[67,258] Definite radiological methods 
to differentiate between benign PCs and tumors such as pineocytomas. 
gliomas, germinomas, mature teratomas, or even pineoblastomas do not 
currently exist.[90,120] PCs with solid components seem to resemble well-
defined, round lesions with uniform borders without infiltration of the 
surrounding structures, while tumors with cystic components may 
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demonstrate undefined borders and irregular morphology. Currently, only 
histopathology studies differentiate PCs from solid tumors with cystic 
components.   

Hydrocephalus and ocular dysfunction are well-known symptoms in 
PC patients. However, unspecific symptoms of some surgically treated PCs 
harbor different hypotheses. Kalani et al.[124] postulated that small 
symptomatic PCs may produce intermittent occlusion of CSF pathways. 
Bezuidenhout studied PCs patients without evident neurological symptoms 
or hydrocephalus. He demonstrated an inverse correlation between cyst 
size and aqueductal CSF flow.[20] Rados et al.[219] hypothesized that the 
capillary walls may reabsorb the CSF produced in the ventricles into the 
interstitial fluid of the surrounding tissue of the central nervous system. 
Thus, some pathological processes such as bleeding, infection, tumor, and 
toxic substances, among others, might impair filtration and reabsorption of 
fluids at the capillary level. This finding may explain why some patients 
with progressive hydrocephalus symptoms have minimal ventriculomegaly.  
Here, the compressive effects of the deep cerebral veins observed on these 
patients may play a role. Eide and Ringstad[65] hypothesized that PCs 
compress deep cerebral veins, especially the internal cerebral veins, 
causing a central venous congestion/hypertension syndrome. They 
demonstrated an increased pulsatile intracranial pressure and signs of 
central venous hypertension in the MRI imaging of symptomatic patients 
with non-hydrocephalic PCs. 

Instead of all the possible hypotheses, the PC study population 
became asymptomatic or improved after complete surgical removal. The 
combination of a. the modified sitting position, b. the modified paramedian 
SCIT approach, c. the teamwork concept, and c. proper microsurgical 
principles may allow optimal outcomes in PCs patients. We have observed 
that pediatric patients had better functional status compared to adults at 
the last evaluation. This finding might respond to the following: a. the 
better preoperative condition of pediatric patients than adults; b. 
differences on the mRS scales between children and adults; c. unnoticed or 
unreported minor postoperative discomfort (mRS 1) in the pediatric 
patients; d. the retrospective design of the study; and e. the active 
neuroplasticity of the pediatric patients for minor postoperative 
dysfunctions (mRS 1). Thus, further research should study this matter. 

This thesis describes the positive correlation between PC size and 
clinical presentation of PC patients. This result represents a critical finding 
in the natural course of the surgically treated PCs. Hydrocephalus seems to 
be the last stage of a progressive disease that initially appears with an 
average PC diameter of 15 mm. Since small PCs (average diameter of 9.7 
mm) seem to remain stable or decrease in size over FU,[5] we propose a 
lower minimum size limit to define pathological PCs that require further 
surgery. Our recent systematic review of surgically treated PCs reinforces 
this finding (supplementary material 5). However, additional research 
should evaluate these results to generalize our findings. 

The paramedian SCIT approach, as an evolution of the midline SCIT, 
reduced the postoperative morbidity of this series. In the last few years, less 
invasive endoscopic procedures appeared for the management of PCs. [85,269] 
The first purely endoscopic SCIT approach for complete removal of a PC 
was reported in 2008.[92] Endoscope-assisted microsurgical procedures of 
the pineal region use surgical instruments running over the superior 
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cerebellar surface independently from the endoscope.[265,270] We recently 
introduced a modified purely endoscopic model using a flexible borescope 
instead of a rigid endoscope that could be useful for microsurgical training 
in economically challenging environments; in our cadaveric study, we 
completely resected an incidental apoplectic PC through a “borescopic” 
SCIT approach.[46] Despite all the advances in endoscopic techniques, we 
remain hesitant to perform such minimally invasive approaches, since 
potential bleeding complications with the current instrumentation are 
challenging. Stereotactic procedures also became part of the 
armamentarium for PC management. However, the reports include high 
risks of re-expansion, unsolved symptoms, and sampling error from the 
surgical tissue.[15,140,180] Additional investigations should analyze the long-
term FU of stereotactic treatment of PCs. Moreover, incidentally found, 
small asymptomatic PCs do not deserve observation; although, specific 
cases may require clinical and radiological FUs.[4,5,164,253]   

The disease-related mortality of this study population was 18.4% (14 
patients). Diffuse gliomas (5 patients) and bad prognosis GCTs (2 patients) 
comprised 50% of the disease mortality. The 5-year disease-related 
mortality included three more patients harboring a germinoma, a PPTID, 
and a meningioma. The 10-year disease-related mortality included an 
additional PPTID. Complete microsurgical resection of the tumors 
associated favorable tumor-free survival and long-term survival rates of the 
study population. However, the high mortality of diffuse glioma patients 
suggests that the extent of resection has limited prognostic value on the 
survival outcomes of these tumors. Accurate analysis of each histological 
group of pineal region neoplasms is essential to provide more specific 
conclusions. Here, this evaluation was limited by the small number of 
patients of some of the histological subgroups in our series. However, an 
internal analysis of our series showed homogeneous overall mortality 
without including the diffuse gliomas. The disease-related mortality also 
became homogeneous without including the diffuse gliomas and the poor-
prognosis GCTs (Figure 22) (unpublished results). These findings suggest 
the different postoperative behavior of these two groups of patients, 
supported by the results of our recent publications (supplementary 
material 6).  

The survival rates and clinical outcomes of the HUH patients were 
superior to those of large, previously published surgical 
series.[6,74,135,179,196,244] On the other hand, radiosurgery for pineal region 
tumors reported limited long-term local control and survival rates for most 
of the tumors. Although, pineocytomas and germinomas reported 80% of 
survival at 20 years of FU.[75,112,178] The long-term follow-up of the present 
series is exceptional, as only one patient got lost for the survival evaluation. 
Metastatic tumors, poor-prognosis GCTs, and diffuse gliomas had poor 
outcomes, no different from other series.[159] Although the superior 
postoperative functional status of pineal region neoplasm patients was 
evident as previously mentioned, statistical analysis between the pre- and 
postoperative functional status was also internally performed by a Mann-
Whitney U test (p < 0.001) (Figure 23) (unpublished results). 
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Figure 22 

Kaplan-Meier survival analysis. Left: overall mortality of pineal region tumors 
without diffuse gliomas (Log-rank, p=0.09). Right: Disease-related mortality of 
pineal region tumors without diffuse gliomas and bad-prognosis germ cell tumors 
(Log-rank, p=0.4). Good GCT, germinoma, and mature teratoma; other NGGCT, 
non-germinomatous germ cell tumor except mature teratoma; PPT, pineal 
parenchymal tumor. Unpublished material. 

 

Figure 23 

Comparative analysis between the pre- and postoperative functional status of the 
surgically treated pineal region neoplasm patients with the Mann-Whitney U test. 
mRS, modified Rankin scale. Unpublished material. 

 
The mean diameter of the pineal region tumors in this series was 28 mm. 
Moreover, pineal tumors with diameters of 27 mm or less tended toward 
better complete resection rates. The surgical experience of professor 
Hernesniemi certainly has had an essential role in this regard. However, in 
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a more holistic analysis, the efficiency of the Finnish health system for 
managing neurosurgical diseases seems relevant, since the results of this 
series probably link to the average medium size of the tumors at the time of 
treatment. The Finnish health care guarantee “HOITOTAKUU” establishes 
that serious illnesses such as cancers should undergo treatment as soon as 
possible, discouraging long periods of surgical delay. In this regard, efficient 
neurosurgical centers with effective regulations are encouraged for the 
opportune surgical resection of pineal region tumors, even though further 
research on the topic should continue. 

PPTs are the most common tumors treated at HUH. Classically, PPTs 
such as pineoblastomas and PPTIDs have a poor prognosis. Pineocytomas 
are benign tumors with good surveillance after complete microsurgical 
removal. In the present series, the 5-year survival rate of all PPTs was 
100% for both pineoblastomas and pineocytomas and was 92% for PPTIDs. 
The 10-year survival rate was similarly 100% for pineoblastomas and 
pineocytomas, and 71% for PPTIDs. Besides that, all pineocytoma patients 
are alive almost 20 years after surgery. These results are superior to those 
of published series.[52,73,112,114,127,148,204,264] Consequently, complete 
microsurgical resection of parenchymal tumors should be strongly 
recommended, eventually followed by proper radiochemotherapy according 
to the histopathology.[204,264]   

Primary pineal region glioblastomas have an average survival of 7 
months. Also, grade II and III Gliomas have a dismal outcome as compared 
to pilocytic astrocytomas. Some authors suggest classifying gliomas of the 
pineal region into pilocytic and non-pilocytic grade II-IV gliomas.[159] The 
clinical results of our series seem to be in favor of this classification.[159,177] 
Additionally, recent observations on the management of pineal 
glioblastomas are interesting. They suggest superior results of 
radiochemotherapy alone compared to resection plus 
radiochemotherapy.[257] All pilocytic astrocytomas patients in our series 
survived more than ten years after diagnosis. Complete resection was only 
possible in 60% of the cases. The benign behavior of pilocytic astrocytomas 
may deserve a more conservative resection and multistage management. 
This assumption is particularly critical for large lesions. Primary radiation 
therapy in these low-grade tumors may produce large cystic components 
that challenge their eventual microsurgical resection.  

Meningiomas of the pineal region comprise falcotentorial and velum 
interpositum meningiomas. The overall long-term mortality in this group of 
elderly patients was high in this study. Only one patient died due to 
surgical complications, while others died of unrelated diseases. The 
complete resection of these meningiomas requires the identification and 
preservation of the deep arteries and veins. Some authors recommend 
partial resection of the meningioma plus radiosurgery. Additionally, local 
recurrences, which are usually attached to the deep venous system, may 
also follow focal radiation therapy.[28,136,189] 

The excellent outcomes in the North Asian population support the 
radiochemotherapy protocols for germinomas. There, germinomas 
accounted for more than 40% of the pineal region tumors.[117,170,186,243] In 
western countries, germinomas are less prevalent, and in this series, they 
represented less than 10% of the surgically treated pineal region tumors. 
Stereotactic biopsies may become unspecific in the case of non-
germinomatous and mixed GCTs.[110,251] The development of the MRI and 
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tumor markers may allow for better screening of these lesions to perform 
biopsies followed by radiochemotherapy. A relevant case reported in our 
series is remarkable. A patient with germinoma, who underwent complete 
resection of the tumor and adjuvant radiotherapy recurred after a few 
years. We suspected that the lack of initial chemotherapy played a critical 
role in this recurrence. Pineal germinomas treatment based on complete 
microsurgical resection and radiotherapy still seems insufficient without 
initial chemotherapy, as new evidence indicates.[110]   

NGGCTs have less response to radiotherapy than germinomas. 
However, immature teratomas may respond well to radiosurgery. Poor-
prognosis GCTs require complete surgical resection combined with more 
intensive radiochemotherapy; nevertheless, survival outcomes are 
poor.[110,111,170] A protocol called neoadjuvant therapy, which consists of 
radiochemotherapy, followed by surgical treatment and the second round of 
chemotherapy, is strongly suggested for this group.[110]  

PPTIDs are the most common specific type of surgically treated pineal 
region tumors at HUH with 5- and 10-year survival rates of 92% and 71%, 
respectively. These results strongly suggest three critical variables for the 
proper management of PPTIDs when aiming to obtain optimal long-term 
outcomes: the CMR of the tumor, selective adjuvant radiotherapy, and a 
strict radiological FU of the patients. It seems that tumor dimensions are 
directly correlated with the extent of resection, as seen in our internal and 
unpublished analysis. Tumors undergoing subtotal or partial resection had 
an average size of 34 x 32 x 30 mm compared to the 17 x 17 x 17 mm 
observed in tumors undergoing complete resection. Adjuvant radiotherapy 
followed specific cases such as a) aggressive histopathological studies with 
pineoblastoma features and high Ki-67 index levels, b) following partial 
resection of the tumor, and c) tumor recurrence. No patient of this series 
required chemotherapy. Strict FU was recommended for patients with high 
Ki-67 index levels or a high mitotic rate, especially in patients undergoing 
incomplete resections. However, in one of the cases, an excised tumor 
recurred after 15 years.  

PPTIDs are WHO grade II and III pineal region tumors without clear 
differentiation between low- or high-grade lesions. The 5-year survival rates 
of PPTIDs vary between 34% and 81%, and the 5-year progression-free rate 
equals 74%.[73,181,289] The 2007 WHO Classification of Central Nervous 
System Tumors introduced PPTIDs. There, two risk factors of poor 
prognosis included: a. high proliferative activity, and b. lower expression of 
neurofilament protein.[181] However, further studies did not demonstrate 
any predictive value for immunoreactive markers, and strongly suggested 
the importance of the surgical extent of resection for achieving good 
outcomes.[32,114,289] Even though the mitotic rate and KI-67 index are 
associated with the tumor prognosis, defined limits between low- and high-
grade tumors are not well-established.  Initially, mitosis < 6/HPF and 
moderate Ki-67 were considered markers of low-grade tumors.[181] Later, 
other authors found a strong association of mitosis < 4/10 HPF and Ki-67 
proliferation index < 5% with better tumor control and survival rates.[32]  
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Radiosurgical treatments of PPTIDs include reports with local control 
and survival rates of 50% and 56% at five years, respectively.[112] 
Conventional radiotherapy of 50 to 54 Gy as adjuvant therapy in PPTIDs 
varies widely between studies and is improperly-established. Thus, 
radiotherapy appeared as postoperative adjuvant therapy in all patients, 
and as a treatment for recurrences, partial resections, or spinal 
metastasis.[32,289] Chemotherapy in PPTIDs is suggested for children and in 
the case of unsuitable radiotherapy. However, the long-term impact of 
chemotherapy in PPTIDs is unknown.[126]   

There is still a lack of evidence on the impact of microneurosurgery on 
the long-term clinical and radiological outcomes of PPTIDs.[32,289] This study 
supplements the existing literature about the long-term outcomes of 
PPTIDs and presents the protocol management for PPTIDs at HUH, which 
have resulted in good survival outcomes.  

 
Endoscopic procedures are currently widely used for the management of 
obstructive hydrocephalus. However, comparative studies on the clinical 
and economic pros and cons of endoscopy versus primary pineal tumor 
removal for hydrocephalus management are nonexistent. In this cohort, 
hydrocephalus associated with pineal region tumors underwent different 
manners over the study period. During the first decade before 2007, most 
patients underwent shunt surgeries and a few endoscopic procedures 
before tumor removal. However, after 2007 all patients were primarily 
treated by complete removal of the tumor without adjuvant procedures. 
Patients who received shunt surgery had multiple shunt-related surgeries 
over the follow-up period. 
Moreover, some patients who underwent shunt removal did not require any 
additional procedures since the hydrocephalus disappeared after removing 
the pineal tumor. We suspect that pineal tumor patients with 
hydrocephalus may follow the initial removal of the tumor. However, further 
studies will respond to this hypothesis. 

Pineal region surgery in the pediatric population deserves special attention 
due to its particular physiological and clinical features. The pediatric 
population has a similar or lower prevalence of PCs compared to adult age 
individuals.[4,237] A literature review of surgically treated PCs in children 
performed in 2013 reported 30 patients (21 girls) with an average age of 11 
(0.25–18) years. Hydrocephalus was present in 44% of the children. Three 
patients had cyst diameters less than 15 mm, and seven patients had cysts 
over 20 mm. 40% and 20% of cases underwent SCIT and occipital 
transtentorial approaches, respectively. Some stereotactic punctures and 
endoscopic removals were also present. 60% and 20% of pediatric cases 
achieved CMR and STR, respectively. One patient reported a transient 
lateral rectus muscle palsy without permanent complications. According to 
the authors, PCs in children should be removed in clearly symptomatic 
cases or if a radiological progression is evident.[123] In this thesis, the 
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pediatric postoperative functional status appeared superior to that of adult 
patients with PCs. Thus, further research on this topic should be 
performed. 

Pediatric pineal region tumors appear in 2.5% to 8.5% of the 
intracranial tumors showing higher incidences in Asian countries. GCTs 
are the most common tumors, followed by PPTs.[79,106,147,155,171,200,216,279,290] 
Under these circumstances, blood and CSF tumor markers play an 
essential role in evaluating prognosis, treatment response, and monitoring 
of the disease. The beta subunit values of the human chorionic 
gonadotropin higher than 50 mIU/ml is positive for choriocarcinomas and 
embryonal carcinomas. Alpha-fetoprotein higher than 10ng/ml is a positive 
marker for yolk sac tumors, embryonal carcinomas, and immature 
teratomas. Germinomas and mature teratomas do not carry elevated 
markers. Alpha-fetoprotein values more than 1000 ng/ml appears to offer a 
poorer prognosis for tumors.[79,147,171,216,290] Endoscopic procedures for 
treating concomitant hydrocephalus and tumor biopsy are suitable for 
identifying germinomas or mature teratomas and guide further treatment. 
The role of open surgery has declined, but it remains essential for 
managing non-GCTs, mature teratomas, or residual GCTs after 
radiochemotherapy.[290] 

Surgically treated pediatric pineal region tumors in HUH differ from 
those observed in the literature. GCTs, mostly seen in patients in the 
second decade of life, are the most frequent lesions though they still only 
represent 30% of cases. The most frequent type of pineal region tumor in 
the first ten years of life was the pilocytic astrocytoma, followed by PPTs, 
and only one immature teratoma in this series. Tumor markers and 
biopsies probably would have less benefit for these patients compared to 
other populations.  

Pineal region surgery at HUH respected the same microsurgical 
principles in both pediatric and adult patients. There were no large 
differences in the position and surgical approach of pediatric patients 
compared to adult patients. However, some anesthetic considerations for 
pediatric surgery in the sitting praying position include the use of tight 
elastic bandages instead of the AGT, lower volumes of ringer solution, 
saline solution with antibiotics, mannitol, and occasional use of larger 
volumes of hydroxyethyl starch than in adults.[152]  

The minor VAE rate in this series was similar to previous reports.[62,72,152,158] 
Severe VAE was absent in this series, in contrast to the 1-6% reported in 
other large studies.[86,98,168,248,252] The surgical principles in HUH include: 

1. The sitting praying position, which represents an ergonomic, safe, 
and efficient variant of the classic sitting position for pineal region 
surgery 

2. AGT use 
3. Cooperative teamwork 
4. Judicious microneurosurgery 
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In clinical practice, VAE of the study population was diagnosed by 
independent end-tidal PCO2 decrease or from the Doppler ultrasound 
changing in association with end-tidal PCO2 decrease. Independent 
Doppler ultrasound change seems too sensitive to diagnose alone, since 
small artifacts during the surgery may simulate VAE.  

Jadik et al. suggested that the maintenance of good atrial pressure by 
a combination of intravenous fluids, AGT, and positive end-expiratory 
pressure would reduce the incidence of VAE.[116]. Further research showed 
that end-expiratory pressure offered similar results compared to 
conventional ventilation in sitting position surgery.[87] Moreover, only 
moderate use of vasoactive drugs without excess fluid treatment was 
necessary for the sitting position compared to the prone position.[158] Thus, 
the use of AGT, sufficient fluid therapy, and vasoactive drugs would 
optimally maintain the cardiac preload in the sitting position.[153,158] 

Adequate cardiac preload and the avoidance of venous injuries are 
significant factors in reducing the incidence of VAE in sitting position 
pineal surgery. Eventually, the venous sinuses could suffer an injury 
during the craniotomy. However, venous injury surrounding the pineal 
lesions is the most frequent reason for VAE development. In this cohort, the 
study population characteristics were homogeneous between the VAE and 
non-VAE groups, and only venous injury correlated with VAE. The lesion 
diagnosis (PCs, pineal tumors, or vascular lesions) did not affect the 
occurrence of VAE.  

Intraoperative VAE diagnosis deserves an immediate treatment by the 
venous injury. In this context, external jugular vein compression of the 
patient by the anesthesiologist is critical for finding the leak 
intraoperatively. Severe VAE was absent in this series. Thus, as indicated 
by other authors, the time spent repairing the injury has a positive 
correlation with the risk of severe VAE.[35,202] As observed in the 
anesthesiological reports, a venous system injury during pineal region 
surgery is mostly undetectable. Injuries during the craniotomy might be 
evident; however, venous microlesions, the most common type of injuries, 
require careful observation to detect. In this regard, proper teamwork, 
particularly between the surgeon and the anesthesiologist, plays a crucial 
role in preventing the development of unstable venous embolisms. 
Moreover, proper teamwork creates a comfortable atmosphere, which is 
also helpful in efficiently completing the surgery. 

Surgeries under the classic sitting position are considered long, tiring, 
and unergonomic standing procedures.[13,154,214,254,255,283] The modified 
sitting praying position supports an ergonomic posture of the surgeon 
through three aspects:[152,249] 

1. The forwarded head position places the tentorial axis of the patient 
at least parallel to the floor. 

2. The elevation of the patient’s torso and the forward flexion of the 
patient’s head allows the surgeon to use the patient’s shoulders for 
arm support. 

3. A balanced and highly mobile operating microscope permits minimal 
time-consuming procedures. 
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The paramedian SCIT approach appears a safer procedure with better 
procedural performance than the midline SCIT approach for pineal region 
surgery in the sitting position. Both approaches had the same surgical 
effectiveness. Besides some cadaveric studies, no clinical study exists 
comparing the two approaches.[1,10,30,53,141,144,167,169,271] The reasons for the 
small amount of research on this topic are likely related to the few 
neurosurgical centers that microsurgically manage such lesions. 

Krause initially described the midline SCIT. Later Stein redefined the 
approach for microscopic use. Some considerations related to the midline 
approach include the broad access to the posterior fossa with the opening 
of the tight falx cerebelli between both cerebellar hemispheres, with a 
section of the midline draining veins, and with some cerebellar retraction in 
the vermis.[139,169,255] 

The paramedian SCIT approach was initially introduced for the 
management of the superior cerebellar artery aneurysms.[286] Later, the 
approach underwent in use for pineal region surgery and lesions of the 
upper brainstem.[194,271] A single layer incision of the soft tissues is followed 
by a singular burr-hole over the transverse sinus and by the opening of the 
dura under a microscope vision to avoid any sinus injury.[47] 

The paramedian SCIT approach avoids the midline approach 
complications via a small lateral opening of the dura. Thus, the paramedian 
SCIT approach identifies a lateral recess of the quadrigeminal cistern. This 
procedure seems less traumatic and invasive than the midline approach, 
with a less inflammatory reaction, which would explain the lower risk of 
wound infections. The intact falx cerebri allows better closure of the dura 
and would prevent CSF leak and meningitis risks. Maintaining an entire 
deep venous system during pineal region surgery prevents the risk of VAE 
and avoids postoperative venous infarctions, thus improving the safety and 
effectiveness of the approach.      

Overall, the safety of the paramedian approach in preventing 
complications would result from the less traumatic midline dura opening. 
Thus, preservation of the falx cerebelli seems very important for a 
watertight dural closure. Moreover, the wide posterior fossa opening of the 
midline approach and the vascular injury along the midline might also play 
an essential role in increasing the risks of postoperative infections. The 
introduction of new artificial dura agents could reduce the risks of CSF leak 
or pseudomeningocele.  

The midline and the paramedian SCIT approaches maintained the 
same surgical effectiveness in surgical resection and tumor removal times. 
Thus, the paramedian approach may be considered an evolution of the 
midline approach, which progressively refined as the microsurgical 
experience of the surgeon improved.   

Around 10% of pineal lesions underwent a different route than the SCIT 
approach. An accurate analysis of preoperative imaging is essential. An 
infratentorial supracerebellar route optimally accesses an infratentorial 
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lesion behind and below the deep venous system. In contrast, an OIH route 
better accesses lesions with a sizeable supratentorial component, extending 
behind and above the deep venous system.  

Some large or giant lesions might require combined approaches in 
single or multiple stages. The SCIT approach combined with the OIH route 
may be imperative for the complete removal of tumors with important 
supra- and infratentorial extensions. The anterior interhemispheric 
approach and the telovelar approach are useful for lesions extending into 
the third and fourth ventricles. The subtemporal or transcortical routes are 
useful in cases of significant lateral supratentorial extensions.  

As mentioned, the CMR was the preferable procedure for pineal region 
lesions at HUH during the study period. Endoscopic procedures were rarely 
performed as a part of the protocol for tumor biopsy before adjuvant 
radiochemotherapy. In Helsinki, radiosensitive lesions such as germinomas 
represent a minority compared to other tumors. Thus, the general strategy 
for managing the pineal region tumors remained on the CMR of the lesion, 
once samples for tumor markers and cytology studies in CSF tested 
negative for GCTs.     

We present the long-term evaluation of all consecutive surgically treated 
pineal region cysts and neoplasms at the Department of Neurosurgery, 
HUH between 1997 and 2015. Around 95% of the patients were operated 
on by a single surgeon. Thus, in essence, the results may represent the 
long-time work of an experienced neurosurgeon.  

Precise information on the prevalence of PCs and tumors of the pineal 
region in the Finnish population was unavailable. This aspect exposes the 
fact that benign PCs are particular structures that might even represent 
normal anatomical variations when small. Even though the PC size is the 
usual variable examined in epidemiological studies, no defined parameter 
exists to differentiate normal anatomical variations from pathological cysts. 
As mentioned, PC prevalence in the general population has a wide 
variation, between 0.6% and 40% in some autopsic series. Diagnostic tool-
related features, study design, and disease-related features, among other 
variables, influence this high variation between reports. Thus, any effort for 
retrospective statistics on PCs prevalence might offer inaccurate 
information on this still unclear disease. Similar to other populations, 
many Finnish residents may harbor asymptomatic PCs with natural 
calcification of the pineal gland in the elderly ages.  

The first section of this thesis evaluated the surgical criteria for PCs. 
Patients with unspecific symptoms who did not fulfill the noted surgical 
indications followed rigorous observation before any surgical decision. 
Thus, patients not considered eligible for PC surgery represent those who 
did not fulfill the aforementioned surgical criteria during FU. Further 
research on the clinical value of the PC size would help better understand 
this likely evolutive disease. 

Regarding pineal region tumors, the clinical background before the 
disease presentation was unavailable. Patients with the pineal region 
tumors were usually asymptomatic until the lesion developed enough to 
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produce clinical manifestations that deserved medical examination, 
further imaging, and hormonal testing. During the study period, Professor 
Hernesniemi was the chairman of Neurosurgery-HUH, and CMR was an 
essential procedure for managing pineal region tumors. In this regard, we 
might suspect that this population study represents all symptomatic 
pineal tumors of the catchment Helsinki area during 1997 and 2015. 
Detailed preliminary information of the few patients transferred from other 
hospitals before entering the Department of Neurosurgery, HUH, was 
inaccessible as well. The lack of this information could affect the 
representativeness and generalizability of the results. However, this thesis 
aimed to analyze the long-term outcomes of surgically treated pineal cysts 
and tumors, in whom strict protocols in the decision-making processes 
were adopted.  

Some other study limitations include the information regarding 
functional outcomes retrieved from hospital records instead of 
questionnaire surveys. Information on cause of death was unavailable for a 
few patients, and the MRI sequences during the study period had quality 
differences depending on the MRI machines (0.2T to 3T) the images were 
obtained. Overall, the retrospective design of the study is an explicit 
limitation. However, the low incidence of pineal region lesions restricts the 
construction of prospective studies. 

Regarding surgically treated PCs, adequate microsurgical removal of the 
cysts offers optimal functional outcomes. However, wide openings of the 
pineal region correlated with higher immediate postoperative complications. 
Minimally invasive procedures should develop managing these benign 
lesions, always aiming for complete removal of the lesion. Besides the less 
invasive paramedian approach proposed in this thesis, endoscopic 
procedures should master their performances, aiming for more significant 
advantages over classic approaches.  

PC size might play an essential role as a predictive variable for 
treatment. However, more accurate diagnostic features should be studied to 
determine whether a patient with a minimally symptomatic pineal cyst has 
a high risk of deteriorating and requiring surgery during the FU.  

Regarding pineal region neoplasms, the CMR had an essential 
prognostic value for surveillance and low morbidity. However, the mortality 
of diffuse gliomas does not seem to affect the extent of resection. Bad 
prognosis GCTs have high mortality and are challenging for complete 
removal and should follow radiochemotherapy. Radiochemotherapy likely 
has a more critical prognostic value than CMR for germinomas. These 
findings prompt the following questions: What is the best manner to 
approach a pineal region tumor? Should all tumors be operated on and 
wholly removed after the initial diagnosis? Or, should all of them go for a 
biopsy and further management?  

After studying all of these series of surgically treated pineal tumors, 
the results of this thesis might suggest the first consideration be: “to 
determine the prevalence and incidence of pineal region tumors based on 
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their definitive histopathology diagnosis in the target population”. As 
mentioned, ethnic groups worldwide might carry different pineal tumor 
prevalence, such as the more radiosensitive germinomas or different PPTs 
with less response to radiotherapy. Whether the rate of germinomas is high, 
as in Asian populations, the most suitable option would be to perform a 
biopsy followed by a definitive treatment. However, in cases where a low 
rate of germinomas is present, such in European populations, a direct 
microsurgical resection would be a better indication after evaluation for 
tumor markers. Indeed, the development of more accurate diagnostic 
algorithms and new radiochemotherapy delivery modalities might become a 
good alternative for obtaining optimal long-term outcomes of the pineal 
region tumors.   

Even though we determined the importance of microneurosurgery in 
the pineal region cysts and tumors, diagnostic tools for the definitive 
diagnosis of these lesions are missing. Imaging tests should improve to be 
able to differentiate highly aggressive lesions such as diffuse grade II-IV 
gliomas. Thus, better modalities in MRI studies associated with deep 
learning algorithms might generate artificial intelligence software with high 
sensitivity and specificity. Similarly, biochemical blood and CSF studies 
should improve to diagnose and recognize gliomas and differentiate 
germinomas from non-germinomatous GCTs. A highly precise tool would 
help practitioners categorize germ cell lesions undergoing 
radiochemotherapy (germinomas) or complete microsurgical resection (non-
germinomatous GCTs) as the initial treatment modality.  

Lately, one of the most critical advances shortly will likely be the 
development of genetic tests as routinely studies for the precise diagnosis of 
pineal tumors.   
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We propose the following algorithm (Figure 24) for managing pineal region 
tumors as a summary of the present thesis. The gross total resection of 
these lesions should be carefully analyzed. Two variables, namely the pineal 
tumor prevalence in the target population and the tumor size, support the 
therapeutic decision-making process. 

 
Figure 24 
Decision-making algorithm for the management of pineal region neoplasms. B-HCG, 
beta subunit of the Human chorionic gonadotropin; AFP, alpha-fetoprotein; GBM, 
glioblastoma multiforme. Illustration belongs to personal series of the author. 
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CONCLUSIONS 
 

This thesis presents one of the most comprehensive long-term studies of 
surgically treated pineal region cysts and tumors. The long-term survival, 
clinical, and radiological outcomes of this series were superior to those reported 
in the literature. In this study, PPTs represent the most common surgically 
treated pineal region tumors in HUH, followed by gliomas. The radiosensitive 
germinomas comprise 9% of the pineal region neoplasms. This finding enhances 
the importance of pineal tumor distribution in the study population for decision-
making algorithms. The CMR of cysts and neoplasms of the pineal region 
through the paramedian SCIT approach with the patient in the praying sitting 
position appears a safe procedure with long-term control of cysts and tumors 
and minimal postoperative disability. The following conclusions answer the aims 
of this thesis. Further research is required to generalize these inferences. 

 
1) Microsurgically treated PCs appear a clinically progressive disease with 

average anterior-posterior cyst diameters running between 15mm and 
25mm and hydrocephalus at the last stage (Publication I). 

2) The immediate and last functional status evaluation of the PC patients 
significantly improved after surgery. Thus, microneurosurgery appears to 
ameliorate the clinical condition of the patients (Publication II). 

3) The CMR of the pineal region neoplasms associated better long-term 
disease survival and tumor-free imaging outcomes compared to the 
incomplete resected neoplasms. However, the extent of resection does not 
appear to influence the survival rates of diffuse gliomas (Publication III). 

4) PPTIDs, the most common type of tumors treated in HUH, had superior 
survival outcomes to those reported in the literature. PPTIDs underwent 
CMR and adjuvant radiotherapy delivered to a) microsurgically resected 
tumors with aggressive histopathological features, b) tumors following 
partial resection, and c) after a tumor recurrence. The study population 
did not require chemotherapy, along with the FU (Publication IV). 

5) The sitting praying position for pineal surgery does not associate high 
risks for severe complications. Under proper anesthetic and surgical 
principles, the accidental intraoperative venous injury only associates 
minor air embolism without the hemodynamic imbalances (Publication  
V). 

6) The paramedian SCIT approach represents a safer, simpler, and less 
invasive development of the midline approach for microneurosurgery of 
pineal region cysts and tumors. The two procedures' effectiveness 
remained similar regarding the histological diagnosis, tumor dimensions, 
functional status, and survival rates (Publication VI). 

 
 
 
 
 
 
 
 

Microneurosurgery of pineal region cysts and tumors 111 

Conclusions  



Choque Velasquez J. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Microneurosurgery of pineal region cysts and tumors 112 



Choque Velasquez J. 

 

113 Microneurosurgery of pineal region cysts and tumors 

 
 
 
 
 

ACKNOWLEDGMENTS 
 

I desire to express my gratitude to all those who have supported this 
project. Special thanks to the C. Ehrnrooth Foundation and the University 
of Helsinki for the different grants and the financial support for thesis 
completion. 

Emeritus professor Juha Hernesniemi, supervisor of this thesis, 
mentor of my neurosurgical career, and my friend within multiple 
scenarios, uncountable memories surround our relatively short times 
together. Under your guidance, I performed the two-year cerebrovascular 
and skull base neurosurgery training. There, I developed my clinical and 
surgical abilities, my research skills; and overall, I learned the principles of 
your humanity. Russia, Bosnia-Herzegovina, Mexico, China, Peru are some 
of the other countries where I admired your magnificent expertise. Your 
microsurgical skills, recorded in thousands of surgical videos, became a 
solid learning material in the video-book “Hernesniemi’s 1001 and more 
microneurosurgical videos”. We hardly worked for the foundation of the 
highly specialized neurosurgical center in Trujillo, Peru. Now, a center in 
use for the treatment of neurosurgical diseases in that region. Your 
invaluable clinical practice in Helsinki has offered the basis for all the 
manuscripts I wrote for this thesis. Thank you for that all. 

Professor Mika Niemelä, honorable and respected chief of Helsinki 
Neurosurgery, I want to express my gratitude for your amiability and your 
always positive way of thinking. I felt honored for admiring your 
neurosurgical skills and the excellent manner you are conducting the 
Department of Neurosurgery. I really appreciate all your help in finalizing 
this project. Professor Félix Göhre, my supervisor, colleague, and friend, I 
am grateful for your support during the last stages of this project. More 
than sure that this thesis would not have seen the light without your great 
advice and corrections. Thanks to you, I have learned that small details are 
the required basis for good work. 

I am grateful to Professor Daniel Hänggi for kindly accepting to be my 
opponent at the defense. Associate professors Ville Vuorinen and Sami 
Tetri, pre-examiners of this dissertation, thank you very much for your 
critical revision and excellent suggestions for improving this thesis. Julio 
Resendiz-Nieves, my friend and colleague, thanks for your openness and 
great advice. I enjoyed the good times we have spent in and outside the 
hospital. My collaborators and fellows Roberto Colasanti, Sajjad 
Muhammad, Behnam Rezai Jahromi, Szymon Baluszek, Juho Vehviläinen, 
Juhani Collan, Olli Tynninen, Rahul Raj, Danil Kozyrev, Ahmad Hafez, 
Ann-Christine Lindroos, Kenneth Lopez-Gutierrez, Kleber Gonzales- 
Echevarria, Peeraphong Thiarawat, Patcharin Intarakhao, Christopher 
Ludtka, Franklin Miranda-Solis, your precious help were essential at many 
stages of this project. All staff and friends from Helsinki neurosurgery, 
many thanks for your hospitality. I want to express my deep gratitude to 
Roberto Colasanti, Christopher Ludtka, and Sajjad Muhammad, who 
hardly worked with the language editing of the numerous manuscripts and 
this book as well. 

 
 
 

  
Acknow

ledgm
ents 

 



Choque Velasquez J. 

 

 
 

Riina, Aleksandra, and André. No words exist to say how much I love 
you. My memories of this project remain in the great times I spent with you 
all. I enjoyed entire days life together, every day with a new adventure, and 
at night, being under the lamp of the small studio, progressively shaping 
this project. 

Paulina, Gerardo, Milton, and Ramiro, my Peruvian family, I have 
missed you that much. The grandmother is already sleeping. Time is 
running, and I am still hoping to stay longer and closer to you. There are 
still so many things to do for our community. Thanks for your 
unconditional support. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Microneurosurgery of pineal region cysts and tumors 114 



Choque Velasquez J. 

 

Microneurosurgery of pineal region cysts and tumors 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 115 

  
Acknow

ledgm
ents 

 



Choque Velasquez J. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Microneurosurgery of pineal region cysts and tumors 116 



Choque Velasquez J. 

 

117 Microneurosurgery of pineal region cysts and tumors 

 
 
 

REFERENCES 
 

1. Aboul-Enein H, El-Aziz Sabry AA, Hafez Farhoud A. Supracerebellar 
infratentorial approach with paramedian expansion for posterior third 
ventricular and pineal region lesions. Clin Neurol Neurosurg 2015; 
139:100–9. 

 
2. Akahira J, Ito K, Kosuge S, Konno R, Sato S, Yajima A, et al. Ovarian 

mixed germ cell tumor composed of dysgerminoma, endodermal sinus 
tumor, choriocarcinoma and mature teratoma in a 44-year-old 
woman: case report and literature review. Pathol Int 1998; 48:471–4. 

 
3. Alapetite C, Brisse H, Patte C, Raquin MA, Gaboriaud G, Carrie C, et 

al. Pattern of relapse and outcome of non-metastatic germinoma 
patients treated with chemotherapy and limited field radiation: the 
SFOP experience. Neuro-Oncol 2010; 12:1318–25. 

 
4. Al-Holou WN, Garton HJ, Muraszko KM, Ibrahim M, Maher CO. 

Prevalence of pineal cysts in children and young adults. Clinical 
article. J NeurosurgeryPediatrics 2009; 4:230–6. 

 
5. Al-Holou WN, Terman SW, Kilburg C, Garton HJ, Muraszko KM, 

Chandler WF, et al. Prevalence and natural history of pineal cysts in 
adults. J Neurosurg 2011; 115:1106–14. 

 
6. Al-Hussaini M, Sultan I, Abuirmileh N, Jaradat I, Qaddoumi I. Pineal 

gland tumors: experience from the SEER database. J Neurooncol 
2009; 94:351–8. 

 
7. Aliaga L, Hekman KE, Yassari R, Straus D, Luther G, Chen J, et al. A 

novel scoring system for assessing Chiari malformation type I 
treatment outcomes. Neurosurgery 2012; 70:656–64; discussion 664- 
665. 

 
8. Al-Tamimi YZ, Bhargava D, Surash S, Ramirez RE, Novegno F, 

Crimmins DW, et al. Endoscopic biopsy during third ventriculostomy 
in paediatric pineal region tumours. Childs Nerv Syst ChNS Off J Int 
Soc Pediatr Neurosurg 2008; 24:1323–6. 

 
9. American Academy of Pediatrics Council on Child and Adolescent 

Health: Age limits of pediatrics. Pediatrics 1988; 81:736. 
 

10. Ammirati M, Bernardo A, Musumeci A, Bricolo A. Comparison of 
different infratentorial-supracerebellar approaches to the posterior 
and middle incisural space: a cadaveric study. J Neurosurg 2002; 
97:922–8. 

 
11. Asari S, Maeshiro T, Tomita S, Kawauchi M, Yabuno N, Kinugasa K, 

et al. Meningiomas arising from the falcotentorial junction. Clinical 
 
 

References  



Choque Velasquez J. 

 

 
 

features, neuroimaging studies, and surgical treatment. J Neurosurg 
1995; 82:726–38. 

 
12. Auer L. The use of the “anti-G-suit” during operations in the sitting 

position as a treatment of postural hypotension.(author’s transl). Acta 
Neurochir (Wien) 1975; 32:131–7. 

 
13. Ausman JI, Malik GM, Dujovny M, Mann R. Three-quarter prone 

approach to the pineal-tentorial region. Surg Neurol 1988; 29:298– 
306. 

 
14. Balss J, Meyer J, Mueller W, Korshunov A, Hartmann C, Von 

Deimling A. Analysis of the IDH1 codon 132 mutation in brain 
tumors. Acta Neuropathol (Berl) 2008; 116:597–602. 

 
15. Barat JL, Benabid A, Blond S, Brunon J, Chazal J, Cohadon F, et al. 

Stereotaxic biopsies of pineal tumors. Comments on their risk and 
implication apropos of 370 cases. Neurochirurgie 1994; 40:3–9. 

 
16. Barboriak DP, Lee L, Provenzale JM. Serial MR imaging of pineal 

cysts: implications for natural history and follow-up. AJRAmerican J 
Roentgenol 2001; 176:737–43. 

 
17. Bassiouni H, Asgari S, Konig HJ, Stolke D. Meningiomas of the 

falcotentorial junction: selection of the surgical approach according to 
the tumor type. Surg Neurol 2008; 69:339–49; discussion 349. 

 
18. Behari S, Jaiswal S, Nair P, Garg P, Jaiswal AK. Tumors of the 

posterior third ventricular region in pediatric patients: The Indian 
perspective and a review of literature. J Pediatr Neurosci 2011; 6:S56- 
71. 

 
19. Berhouma M, Ni H, Delabar V, Tahhan N, Salem SM, Mottolese C, et 

al. Update on the management of pineal cysts: Case series and a 
review of the literature. Neurochirurgie 2015; 61:201–7. 

 
20. Bezuidenhout AF, Kasper EM, Baledent O, Rojas R, Bhadelia RA. 

Relationship between pineal cyst size and aqueductal CSF flow 
measured by phase contrast MRI. J Neurosurg Sci 2018. DOI: 
10.23736/S0390-5616.18.04258-3 

 
21. Birch K, Drazin D, Black KL, Williams J, Berci G, Mamelak AN. 

Clinical experience with a high definition exoscope system for surgery 
of pineal region lesions. J Clin Neurosci Off J Neurosurg Soc 
Australas 2014; 21:1245–9. 

 
22. Bohara M, Hirano H, Tokimura H, Hanaya R, Yonezawa H, Campos F, 

et al. Pineal mixed germ cell tumor with a synchronous sellar lesion 
in the sixth decade. Brain Tumor Pathol 2011; 28:163–6. 

 
23. Brodrick PM, Ingram GS. The antigravity suit in neurosurgery. 

Cardiovascular responses in seated neurosurgical patients. 
Anaesthesia 1988; 43:762–5. 

 
 

Microneurosurgery of pineal region cysts and tumors 118 



Choque Velasquez J. 

 

119 Microneurosurgery of pineal region cysts and tumors 

 
 

24. Bruce JN, Ogden AT. Surgical strategies for treating patients with 
pineal region tumors. J Neurooncol 2004; 69:221–36. 

 
25. Bruce JN, Stein BM. Surgical management of pineal region tumors. 

Acta Neurochir (Wien) 1995; 134:130–5. 
 

26. Brunner C. cited by Roschach, H: Zur Pathologie und Operabilität der 
tumoren der Zirbeldruse. Beitrklin Chir 1913; 83:451–74. 

 
27. Carey JP, Fisher RG, Pelofsky S. Tentorial meningiomas. Surg Neurol 

1975; 3:41–4. 
 

28. Castellano F, Ruggiero G. Meningiomas of the posterior fossa. Acta 
Radiol 1953; 104:1–177. 

 
29. Cauley KA, Linnell GJ, Braff SP, Filippi CG. Serial follow-up MRI of 

indeterminate cystic lesions of the pineal region: experience at a rural 
tertiary care referral center. AJRAmerican J Roentgenol 2009; 
193:533–7. 

 
30. Cavalcanti DD, Morais BA, Figueiredo EG, Spetzler RF, Preul MC. 

Surgical approaches for the lateral mesencephalic sulcus. J 
Neurosurg 2019;1–6. 

 
31. Chandy MJ, Damaraju SC. Benign tumours of the pineal region: a 

prospective study from 1983 to 1997. Br J Neurosurg 1998; 12:228– 
33. 

 
32. Chatterjee D, Lath K, Singla N, Kumar N, Radotra BD. Pathologic 

Prognostic Factors of Pineal Parenchymal Tumor of Intermediate 
Differentiation. Appl Immunohistochem Mol Morphol AIMM 2019; 
27:210–5. 

 
33. Chiechi MV, Smirniotopoulos JG, Mena H. Pineal parenchymal 

tumors: CT and MR features. J Comput Assist Tomogr 1995; 19:509– 
17. 

 
34. Cho BK, Wang KC, Nam DH, Kim DG, Jung HW, Kim HJ, et al. Pineal 

tumors: experience with 48 cases over 10 years. Childs Nerv Syst 
ChNS Off J Int Soc Pediatr Neurosurg 1998; 14:53–8. 

 
35. Choque-Velasquez J, Colasanti R, Resendiz-Nieves JC, Gonzales- 

Echevarria KE, Raj R, Jahromi BR, et al. Praying Sitting Position for 
Pineal Region Surgery: An Efficient Variant of a Classic Position in 
Neurosurgery. World Neurosurg 2018; 113:e604–11. 

 
36. Choque-Velasquez J, Colasanti R, Resendiz-Nieves J, Jahromi BR, 

Tynninen O, Collan J, et al. Papillary Tumor of the Pineal Region in 
Children: Presentation of a Case and Comprehensive Literature 
Review. World Neurosurg 2018; 117:144–52. 

 
 
 
 
 

References  



Choque Velasquez J. 

 

 
 

37. Choque-Velasquez J, Hernesniemi J. One burr-hole craniotomy: 
Posterior interhemispheric approach in Helsinki Neurosurgery. Surg 
Neurol Int 2018; 9:183. 

 
38. Choque-Velasquez J, Hernesniemi J. Unedited microneurosurgery of 

a high-grade pineal parenchymal tumor of intermediate 
differentiation. Surg Neurol Int 2018; 9:248. 

 
39. Choque-Velasquez J, Hernesniemi J. Unedited microneurosurgery of 

a large recurrent papillary tumor of the pineal region. Surg Neurol Int 
2018; 9:234. 

 
40. Choque-Velasquez J, Hernesniemi J. Unedited microneurosurgery of 

a mixed germ cell tumor of the pineal region. Surg Neurol Int 2018; 
9:262. 

 
41. Choque-Velasquez J, Hernesniemi J. Unedited microneurosurgery of 

a pineal region ependymoma. Surg Neurol Int 2018; 9:260. 
 

42. Choque-Velasquez J, Hernesniemi J. Unedited microneurosurgery of 
a pineal region neuroepithelial cyst. Surg Neurol Int 2019; 10:27. 

 
43. Choque-Velasquez J, Hernesniemi J. Unedited microneurosurgery of 

a posterior fossa pilocytic astrocytoma. Surg Neurol Int 2018; 9:235. 
 

44. Choque-Velasquez J, Hernesniemi J. Unedited microneurosurgery of 
a solitary fibrous tumor of the pineal region. Surg Neurol Int 2018; 
9:232. 

 
45. Choque-Velasquez J, Hernesniemi J. Unedited pineal cyst 

microneurosurgery. Surg Neurol Int 2018; 9:261. 
 

46. Choque-Velasquez J, Miranda-Solis F, Colasanti R, Ccahuantico- 
Choquevilca LA, Hernesniemi J. Modified Pure Endoscopic Approach 
to Pineal Region: Proof of Concept of Efficient and Inexpensive 
Surgical Model Based on Laboratory Dissections. World Neurosurg 
2018; 117:195–8. 

 
47. Choque-Velasquez J, Raj R, Hernesniemi J. One burr-hole 

craniotomy: Supracerebellar infratentorial paramedian approach in 
Helsinki Neurosurgery. Surg Neurol Int 2018; 9:162. 

 
48. Choque-Velasquez J, Resendiz-Nieves J, Colasanti R, Collan J, 

Hernesniemi J. Microsurgical Management of Vascular Malformations 
of the Pineal Region. World Neurosurg 2018; 117:e669–78. 

 
49. Choque-Velasquez J, Resendiz-Nieves JC, Jahromi BR, Colasanti R, 

Raj R, Tynninen O, et al. Pineocytomas: a long-term follow up study 
of four cases in Helsinki Neurosurgery. J Case Rep Med 2019; 8:5–5. 

 
50. Choque-Velasquez J, Resendiz-Nieves JC, Jahromi BR, Colasanti R, 

Tynninen O, Collan J, et al. Pineoblastomas: A long-term follow up 
 
 
 

Microneurosurgery of pineal region cysts and tumors 120 



Choque Velasquez J. 

 

121 Microneurosurgery of pineal region cysts and tumors 

 
 

study of three cases in Helsinki Neurosurgery. Interdiscip Neurosurg 
2019; 18:100477. 

 
51. Choy W, Kim W, Spasic M, Voth B, Yew A, Yang I. Pineal cyst: a 

review of clinical and radiological features. Neurosurg Clin N Am 
2011; 22:341–51, vii. 

 
52. Clark AJ, Sughrue ME, Ivan ME, Aranda D, Rutkowski MJ, Kane AJ, 

et al. Factors influencing overall survival rates for patients with 
pineocytoma. J Neurooncol 2010; 100:255–60. 

 
53. Cohen-Cohen S, Cohen-Gadol AA, Gomez-Amador JL, Alves-Belo JT, 

Shah KJ, Fernandez-Miranda JC. Supracerebellar Infratentorial and 
Occipital Transtentorial Approaches to the Pulvinar: Ipsilateral 
Versus Contralateral Corridors. Oper Neurosurg Hagerstown Md 
2019; 16:351–9. 

 
54. Da Silva NS, Cappellano AM, Diez B, Cavalheiro S, Gardner S, Wisoff 

J, et al. Primary chemotherapy for intracranial germ cell tumors: 
results of the third international CNS germ cell tumor study. Pediatr 
Blood Cancer 2010; 54:377–83. 

 
55. Damaty AE, Fleck S, Matthes M, Baldauf J, Schroeder HWS. Pineal 

Cyst without Hydrocephalus: Clinical Presentation and Postoperative 
Clinical Course After Infratentorial Supracerebellar Resection. World 
Neurosurg 2019; 129:e530-e537 

 
56. Damjanov I, Andrews PW. The terminology of teratocarcinomas and 

teratomas. Nat Biotechnol 2007; 25:1212; discussion 1212. 
 

57. Dandy W. An operation for the removal of pineal tumors. Surg 
Gynecol Obstet 1921; 33:113–9. 

 
58. Dandy W. Operative experience in cases of pineal tumor. Arch Surg 

1936; 33:19–46. 
 

59. Desai KI, Nadkarni TD, Fattepurkar SC, Goel AH. Pineal epidermoid 
cysts: a study of 24 cases. Surg Neurol 2006; 65:124–9. 

 
60. Díez-Torre A, Silván U, Díaz-Núñez M, Arechaga J. The role of 

microenvironment in testicular germ cell tumors. Cancer Biol Ther 
2010; 10:529–36. 

 
61. Dohn DF, Gardner WJ. The antigravity suit (G-suit) in surgery; 

control of blood pressure in the sitting position and in hypotensive 
anesthesia. J Am Med Assoc 1956; 162:274–6. 

 
62. Duke DA, Lynch JJ, Harner SG, Faust RJ, Ebersold MJ. Venous air 

embolism in sitting and supine patients undergoing vestibular 
schwannoma resection. Neurosurgery 1998; 42:1282–6; discussion 
1286-7. 

 
 
 
 

References  



Choque Velasquez J. 

 

 
 

63. Eckel-Passow JE, Lachance DH, Molinaro AM, Walsh KM, Decker PA, 
Sicotte H, et al. Glioma Groups Based on 1p/19q, IDH, and TERT 
Promoter Mutations in Tumors. N Engl J Med 2015; 372:2499–508. 

 
64. Eide PK, Pripp AH, Ringstad GA. Magnetic resonance imaging 

biomarkers indicate a central venous hypertension syndrome in 
patients with symptomatic pineal cysts. J Neurol Sci 2016; 363:207– 
16. 

 
65. Eide PK, Ringstad G. Increased pulsatile intracranial pressure in 

patients with symptomatic pineal cysts and magnetic resonance 
imaging biomarkers indicative of central venous hypertension. J 
Neurol Sci 2016; 367:247–55. 

 
66. Eide PK, Ringstad G. Results of surgery in symptomatic non- 

hydrocephalic pineal cysts: role of magnetic resonance imaging 
biomarkers indicative of central venous hypertension. Acta Neurochir 
(Wien) 2017; 159:349–61. 

 
67. Engel U, Gottschalk S, Niehaus L, Lehmann R, May C, Vogel S, et al. 

Cystic lesions of the pineal region–MRI and pathology. Neuroradiology 
2000; 42:399–402. 

 
68. Erlich SS, Apuzzo ML. The pineal gland: anatomy, physiology, and 

clinical significance. J Neurosurg 1985; 63:321–41. 
 

69. Fain JS, Tomlinson FH, Scheithauer BW, Parisi JE, Fletcher GP, Kelly 
PJ, et al. Symptomatic glial cysts of the pineal gland. J Neurosurg 
1994; 80:454–60. 

 
70. Fakhran S, Escott EJ. Pineocytoma mimicking a pineal cyst on 

imaging: true diagnostic dilemma or a case of incomplete imaging? 
AJNRAmerican J Neuroradiol 2008; 29:159–63. 

 
71. Fang AS, Meyers SP. Magnetic resonance imaging of pineal region 

tumours. Insights Imaging 2013; 4:369–82. 
 

72. Fathi AR, Eshtehardi P, Meier B. Patent foramen ovale and 
neurosurgery in sitting position: a systematic review. Br J Anaesth 
2009; 102:588–96. 

 
73. Fauchon F, Jouvet A, Paquis P, Saint-Pierre G, Mottolese C, Hassel 

MB, et al. Parenchymal pineal tumors: a clinicopathological study of 
76 cases. Int J Radiat Oncol Biol Phys 2000; 46:959–68. 

 
74. Fedorko S, Zweckberger K, Unterberg AW. Quality of life following 

surgical treatment of lesions within the pineal region. J Neurosurg 
2018;1–10. 

 
75. Fernandez-Mateos C, Martinez R, Vaquero J. Long-Term Follow-Up 

After Radiosurgery of Papillary Tumor of Pineal Region: 2 Case 
Reports and Review of Literature. World Neurosurg 2018; 116:190–3. 

 
 
 

Microneurosurgery of pineal region cysts and tumors 122 



Choque Velasquez J. 

 

123 Microneurosurgery of pineal region cysts and tumors 

 
 

76. Fetell MR, Bruce JN, Burke AM, Cross DT, Torres RA, Powers JM, et 
al. Non-neoplastic pineal cysts. Neurology 1991; 41:1034–40. 

 
77. Fleege MA, Miller GM, Fletcher GP, Fain JS, Scheithauer BW. Benign 

glial cysts of the pineal gland: unusual imaging characteristics with 
histologic correlation. AJNRAmerican J Neuroradiol 1994; 15:161–6. 

 
78. Foerster O. Das operative Vorgehen bei Tumor der Vierhugelegend. 

Wein Klin Wochenschr 1928; 41:986–90. 
 

79. Fontana EJ, Garvin J, Feldstein N, Anderson RC. Pediatric 
considerations for pineal tumor management. Neurosurg Clin N Am 
2011; 22:395–402, ix. 

 
80. Freuchen IP. The use of an antigravity suit in neurosurgery. Acta 

Anaesthesiol Scand 1959; 3:17–23. 
 

81. Fukui M, Natori Y, Matsushima T, Nishio S, Ikezaki K. Operative 
approaches to the pineal region tumors. Childs Nerv Syst ChNS Off J 
Int Soc Pediatr Neurosurg 1998; 14:49–52. 

 
82. Fukushima S, Yamashita S, Kobayashi H, Takami H, Fukuoka K, 

Nakamura T, et al. Genome-wide methylation profiles in primary 
intracranial germ cell tumors indicate a primordial germ cell origin for 
germinomas. Acta Neuropathol (Berl) 2017; 133:445–62. 

 
83. Fukushima T. Endoscopic biopsy of intraventricular tumors with the 

use of a ventriculofiberscope. Neurosurgery 1978; 2:110–3. 
 

84. Fukushima T, Ishijima B, Hirakawa K, Nakamura N, Sano K. 
Ventriculofiberscope: a new technique for endoscopic diagnosis and 
operation. Technical note. J Neurosurg 1973; 38:251–6. 

 
85. Gaab MR, Schroeder HW. Neuroendoscopic approach to 

intraventricular lesions. J Neurosurg 1998; 88:496–505. 
 

86. Gale T, Leslie K. Anaesthesia for neurosurgery in the sitting position. 
J Clin Neurosci Off J Neurosurg Soc Australas 2004; 11:693–6. 

 
87. Giebler R, Kollenberg B, Pohlen G, Peters J. Effect of positive end- 

expiratory pressure on the incidence of venous air embolism and on 
the cardiovascular response to the sitting position during 
neurosurgery. Br J Anaesth 1998; 80:30–5. 

 
88. Giordano M, Wrede KH, Stieglitz LH, Samii M, Ludemann WO. 

Identification of venous variants in the pineal region with 3D 
preoperative computed tomography and magnetic resonance imaging 
navigation. A statistical study of venous anatomy in living patients. J 
Neurosurg 2007; 106:1006–11. 

 
89. Glasauer FE. An operative approach to pineal tumors. Acta Neurochir 

(Wien) 1970; 22:177–80. 
 
 
 

References  



Choque Velasquez J. 

 

 
 

90. Gokce E, Beyhan M. Evaluation of pineal cysts with magnetic 
resonance imaging. World J Radiol 2018; 10:65–77. 

 
91. Golzarian J, Baleriaux D, Bank WO, Matos C, Flament-Durand J. 

Pineal cyst: normal or pathological? Neuroradiology 1993; 35:251–3. 
 

92. Gore PA, Gonzalez LF, Rekate HL, Nakaji P. Endoscopic 
supracerebellar infratentorial approach for pineal cyst resection: 
technical case report. Neurosurgery 2008; 62:108–9; discussion 109. 

 
93. Goto T, Ohata K, Morino M, Takami T, Tsuyuguchi N, Nishio A, et al. 

Falcotentorial meningioma: surgical outcome in 14 patients. J 
Neurosurg 2006; 104:47–53. 

 
94. Haas-Kogan DA, Missett BT, Wara WM, Donaldson SS, Lamborn KR, 

Prados MD, et al. Radiation therapy for intracranial germ cell tumors. 
Int J Radiat Oncol Biol Phys 2003; 56:511–8. 

 
95. Hajnsek S, Paladino J, Gadze ZP, Nankovic S, Mrak G, Lupret V. 

Clinical and neurophysiological changes in patients with pineal region 
expansions. Coll Antropol 2013; 37:35–40. 

 
96. Hardin AP, Hackell JM. Age Limit of Pediatrics. Pediatrics 2017; 140 

(3) 
 

97. Harris FS, Rhoton AL. Anatomy of the cavernous sinus. A 
microsurgical study. J Neurosurg 1976; 45:169–80. 

 
98. Harrison EA, Mackersie A, McEwan A, Facer E. The sitting position 

for neurosurgery in children: a review of 16 years’ experience. Br J 
Anaesth 2002; 88:12–7. 

 
99. Hartmann C, Hentschel B, Tatagiba M, Schramm J, Schnell O, Seidel 

C, et al. Molecular markers in low-grade gliomas: predictive or 
prognostic? Clin Cancer Res Off J Am Assoc Cancer Res 2011; 
17:4588–99. 

 
100. Hasegawa A, Ohtsubo K, Mori W. Pineal gland in old age; quantitative 

and qualitative morphological study of 168 human autopsy cases. 
Brain Res 1987; 409:343–9. 

 
101. Hernesniemi J, Niemela M, Karatas A, Kivipelto L, Ishii K, Rinne J, et 

al. Some collected principles of microneurosurgery: simple and fast, 
while preserving normal anatomy: a review. Surg Neurol 2005; 
64:195–200. 

 
102. Hernesniemi J, Romani R, Albayrak BS, Lehto H, Dashti R, Ramsey 

3rd C, et al. Microsurgical management of pineal region lesions: 
personal experience with 119 patients. Surg Neurol 2008; 70:576–83. 

 
103. Herrlinger U, Jones DTW, Glas M, Hattingen E, Gramatzki D, 

Stuplich M, et al. Gliomatosis cerebri: no evidence for a separate 
brain tumor entity. Acta Neuropathol (Berl) 2016; 131:309–19. 

 
 

Microneurosurgery of pineal region cysts and tumors 124 



Choque Velasquez J. 

 

125 Microneurosurgery of pineal region cysts and tumors 

 
 

104. Herrmann HD, Winkler D, Westphal M. Treatment of tumours of the 
pineal region and posterior part of the third ventricle. Acta Neurochir 
(Wien) 1992; 116:137–46. 

 
105. Hewer AJ, Logue V. Methods of increasing the safety of 

neuroanaesthesia in the sitting position. Anaesthesia 1962; 17:476– 
81. 

 
106. Hirato J, Nakazato Y. Pathology of pineal region tumors. J Neurooncol 

2001; 54:239–49. 
 

107. Horrax G. Extirpation of a huge pinealoma from a patient with 
pubertas praecox. Arch Neurol Psychiatry 1937 37395-397 1937; 
37:395–7. 

 
108. Horsley V. Discussion of paper by CMH Howell on tumor of the pineal 

body. Proc Roy SocMed 1910; 3:77. 
 

109. Howell C. Tumors of the pineal gland. Proc Roy Soc Med 1910; 3:65– 
7. 

 
110. Huang X, Zhang R, Mao Y, Zhou LF, Zhang C. Recent advances in 

molecular biology and treatment strategies for intracranial germ cell 
tumors. World J Pediatr WJP 2016; 12:275–82. 

 
111. Huang X, Zhang R, Zhou LF. Diagnosis and treatment of intracranial 

immature teratoma. Pediatr Neurosurg 2009; 45:354–60. 
 

112. Iorio-Morin C, Kano H, Huang M, Lunsford LD, Simonova G, Liscak 
R, et al. Histology-Stratified Tumor Control and Patient Survival After 
Stereotactic Radiosurgery for Pineal Region Tumors: A Report From 
the International Gamma Knife Research Foundation. World 
Neurosurg 2017; 107:974–82. 

 
113. Ito J, Kadekaru T, Hayano M, Kurita I, Okada K, Yoshida Y. 

Meningioma in the tela choroidea of the third ventricle: CT and 
angiographic correlations. Neuroradiology 1981; 21:207–11. 

 
114. Ito T, Kanno H, Sato K, Oikawa M, Ozaki Y, Nakamura H, et al. 

Clinicopathologic study of pineal parenchymal tumors of intermediate 
differentiation. World Neurosurg 2014; 81:783–9. 

 
115. Jacobsen GK, Barlebo H, Olsen J, Schultz HP, Starklint H, Sogaard 

H, et al. Testicular germ cell tumours in Denmark 1976-1980. 
Pathology of 1058 consecutive cases. Acta Radiol 1984; 23:239–47. 

 
116. Jadik S, Wissing H, Friedrich K, Beck J, Seifert V, Raabe A. A 

standardized protocol for the prevention of clinically relevant venous 
air embolism during neurosurgical interventions in the semisitting 
position. Neurosurgery 2009; 64:533–8; discussion 538-9. 

 
117. Jakacki R. Central Nervous System Germ Cell Tumors. Curr Treat 

Options Neurol 2002; 4:139–45. 
 
 

References  



Choque Velasquez J. 

 

 
 

118. Jamieson KG. Excision of pineal tumors. J Neurosurg 1971; 35:550– 
3. 

 
119. Jia W, Ma Z, Liu IY, Zhang Y, Jia G, Wan W. Transcallosal 

interforniceal approach to pineal region tumors in 150 children. J 
NeurosurgeryPediatrics 2011; 7:98–103. 

 
120. Jong MC de, Moll AC, Goricke S, Valk P van der, Kors WA, Castelijns 

JA, et al. From a Suspicious Cystic Pineal Gland to Pineoblastoma in 
a Patient with Familial Unilateral Retinoblastoma. Ophthalmic Genet 
2016; 37:116–8. 

 
121. Juric D, Sale S, Hromas RA, Yu R, Wang Y, Duran GE, et al. Gene 

expression profiling differentiates germ cell tumors from other 
cancers and defines subtype-specific signatures. Proc Natl Acad Sci U 
S A 2005; 102:17763–8. 

 
122. Jussila MP, Olsen P, Salokorpi N, Suo-Palosaari M. Follow-up of 

pineal cysts in children: is it necessary? Neuroradiology 2017; 
59:1265–73. 

 
123. Kahilogullari G, Massimi L, Rocco CD. Pineal cysts in children: case- 

based update. Childs Nerv Syst ChNS Off J Int Soc Pediatr Neurosurg 
2013; 29:753–60. 

 
124. Kalani MY, Wilson DA, Koechlin NO, Abuhusain HJ, Dlouhy BJ, 

Gunawardena MP, et al. Pineal cyst resection in the absence of 
ventriculomegaly or Parinaud’s syndrome: clinical outcomes and 
implications for patient selection. J Neurosurg 2015; 123:352–6. 

 
125. Kang JK, Jeun SS, Hong YK, Park CK, Son BC, Lee IW, et al. 

Experience with pineal region tumors. Childs Nerv Syst ChNS Off J 
Int Soc Pediatr Neurosurg 1998; 14:63–8. 

 
126. Kang YJ, Bi WL, Dubuc AM, Martineau L, Ligon AH, Berkowitz AL, et 

al. Integrated Genomic Characterization of a Pineal Parenchymal 
Tumor of Intermediate Differentiation. World Neurosurg 2016; 85:96– 
105. 

 
127. Kano H, Niranjan A, Kondziolka D, Flickinger JC, Lunsford D. Role of 

stereotactic radiosurgery in the management of pineal parenchymal 
tumors. Prog Neurol Surg 2009; 23:44–58. 

 
128. Kawashima M, Rhoton Jr AL, Matsushima T. Comparison of posterior 

approaches to the posterior incisural space: microsurgical anatomy 
and proposal of a new method, the occipital bi-transtentorial/falcine 
approach. Neurosurgery 2002; 51:1208–20; discussion 1220-1. 

 
129. Kim JB, Greber B, Arauzo-Bravo MJ, Meyer J, Park KI, Zaehres H, et 

al. Direct reprogramming of human neural stem cells by OCT4. 
Nature 2009; 461:649–643. 

 
 
 
 

Microneurosurgery of pineal region cysts and tumors 126 



Choque Velasquez J. 

 

127 Microneurosurgery of pineal region cysts and tumors 

 
 

130. Kivelev J, Hernesniemi J. Four-fold benefit of wound closure under 
high magnification. Surg Neurol Int 2013; 4:115-7806.118171. 
eCollection 2013. 

 
131. Kobayashi S, Sugita K, Tanaka Y, Kyoshima K. Infratentorial 

approach to the pineal region in the prone position: Concorde 
position. Technical note. J Neurosurg 1983; 58:141–3. 

 
132. de Kock L, Sabbaghian N, Druker H, Weber E, Hamel N, Miller S, et 

al. Germ-line and somatic DICER1 mutations in pineoblastoma. Acta 
Neuropathol (Berl) 2014; 128:583–95. 

 
133. Kodera T, Bozinov O, Surucu O, Ulrich NH, Burkhardt JK, Bertalanffy 

H. Neurosurgical venous considerations for tumors of the pineal 
region resected using the infratentorial supracerebellar approach. J 
Clin Neurosci Off J Neurosurg Soc Australas 2011; 18:1481–5. 

 
134. Konovalov AN, Pitskhelauri DI. Infratentorial supracerebellar 

approach to the colloid cysts of the third ventricle. Neurosurgery 
2001; 49:1116–22; discussion 1122-3. 

 
135. Konovalov AN, Pitskhelauri DI. Principles of treatment of the pineal 

region tumors. Surg Neurol 2003; 59:250–68. 
 

136. Konovalov AN, Spallone A, Pitzkhelauri DI. Meningioma of the pineal 
region: a surgical series of 10 cases. J Neurosurg 1996; 85:586–90. 

 
137. Korshunov A, Ryzhova M, Hovestadt V, Bender S, Sturm D, Capper D, 

et al. Integrated analysis of pediatric glioblastoma reveals a subset of 
biologically favorable tumors with associated molecular prognostic 
markers. Acta Neuropathol (Berl) 2015; 129:669–78. 

 
138. Koziarski A, Podgorski A, Zielinski GM. Surgical treatment of pineal 

cysts in non-hydrocephalic and neurologically intact patients: 
selection of surgical candidates and clinical outcome. Br J Neurosurg 
2019; 33:37–42. 

 
139. Krause F. Operative Frielegung der Vierhugel, nebst Beobachtungen 

uber Hirndruck und Dekompression. Zentrabl Chir 1926; 53:2812–9. 
 

140. Kreth FW, Schatz CR, Pagenstecher A, Faist M, Volk B, Ostertag CB. 
Stereotactic management of lesions of the pineal region. Neurosurgery 
1996; 39:280–9; discussion 289-91. 

 
141. Kulwin C, Matsushima K, Malekpour M, Cohen-Gadol AA. Lateral 

supracerebellar infratentorial approach for microsurgical resection of 
large midline pineal region tumors: techniques to expand the 
operative corridor. J Neurosurg 2016; 124:269–76. 

 
142. Kumar MS, Pester RE, Chen CY, Lane K, Chin C, Lu J, et al. Dicer1 

functions as a haploinsufficient tumor suppressor. Genes Dev 2009; 
23:2700–4. 

 
 
 

References  



Choque Velasquez J. 

 

 
 

143. Kunicki A. Operative experiences in 8 cases of pineal tumor. J 
Neurosurg 1960; 17:815–23. 

 
144. La Pira B, Sorenson T, Quillis-Quesada V, Lanzino G. The 

paramedian supracerebellar infratentorial approach. Acta Neurochir 
(Wien) 2017; 159:1529–32. 

 
145. Lacroix-Boudhrioua V, Linglart A, Ancel PY, Falip C, Bougneres PF, 

Adamsbaum C. Pineal cysts in children. Insights Imaging 2011; 
2:671–8. 

 
146. Lavyne MH, Patterson Jr RH. Microneurosurgery: Microsurgical 

Anatomy of the Basal Cisterns and Vessels of the Brain; Subchoroidal 
trans-velum interpositum approach to mid-third ventricular tumors. 
Neurosurgery 1983; 12:86–94. 

 
147. Lee D, Suh YL. Histologically confirmed intracranial germ cell tumors; 

an analysis of 62 patients in a single institute. Virchows Arch Int J 
Pathol 2010; 457:347–57. 

 
148. Lee JYK, Wakabayashi T, Yoshida J. Management and survival of 

pineoblastoma: an analysis of 34 adults from the brain tumor registry 
of Japan. Neurol Med Chir (Tokyo) 2005; 45:132–41; discussion 141- 
142. 

 
149. Lee JC, Mazor T, Lao R, Wan E, Diallo AB, Hill NS, et al. Recurrent 

KBTBD4 small in-frame insertions and absence of DROSHA deletion 
or DICER1 mutation differentiate pineal parenchymal tumor of 
intermediate differentiation (PPTID) from pineoblastoma. Acta 
Neuropathol (Berl) 2019; 137:851–4. 

 
150. Lerner AB, Lerner MR. Congenital and hereditary disturbances of 

pigmentation. Bibl Paediatr 1958;308–13. 
 

151. Li BK, Vasiljevic A, Dufour C, Yao F, Ho BLB, Lu M, et al. 
Pineoblastoma segregates into molecular sub-groups with distinct 
clinico-pathologic features: a Rare Brain Tumor Consortium registry 
study. Acta Neuropathol. 2020;139:223-241. 

 
152. Lindroos AC, Niiya T, Randell T, Romani R, Hernesniemi J, Niemi T. 

Sitting position for removal of pineal region lesions: the Helsinki 
experience. World Neurosurg 2010; 74:505–13. 

 
153. Lindroos AC, Niiya T, Silvasti-Lundell M, Randell T, Hernesniemi J, 

Niemi TT. Stroke volume-directed administration of hydroxyethyl 
starch or Ringer’s acetate in sitting position during craniotomy. Acta 
Anaesthesiol Scand 2013; 57:729–36. 

 
154. Little KM, Friedman AH, Fukushima T. Surgical approaches to pineal 

region tumors. J Neurooncol 2001; 54:287–99. 
 
 
 
 

Microneurosurgery of pineal region cysts and tumors 128 



Choque Velasquez J. 

 

129 Microneurosurgery of pineal region cysts and tumors 

 
 

155. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A, 
et al. The 2007 WHO classification of tumours of the central nervous 
system. Acta Neuropathol (Berl) 2007; 114:97–109. 

 
156. Louis DN, Perry A, Reifenberger G, Deimling A von, Figarella-Branger 

D, Cavenee WK, et al. The 2016 World Health Organization 
Classification of Tumors of the Central Nervous System: a summary. 
Acta Neuropathol (Berl) 2016; 131:803–20. 

 
157. Lozier AP, Bruce JN. Meningiomas of the velum interpositum: surgical 

considerations. Neurosurg Focus 2003; 15:E11. 
 

158. Luostarinen T, Lindroos AC, Niiya T, Silvasti-Lundell M, Schramko A, 
Hernesniemi J, et al. Prone Versus Sitting Position in Neurosurgery- 
Differences in Patients’ Hemodynamic Management. World Neurosurg 
2017; 97:261–6. 

 
159. Magrini S, Feletti A, Marton E, Longatti P. Gliomas of the pineal 

region. J Neurooncol 2013; 115:103–11. 
 

160. Majovsky M, Netuka D, Benes V. Conservative and Surgical 
Treatment of Patients with Pineal Cysts: Prospective Case Series of 
110 Patients. World Neurosurg 2017; 105:199–205. 

 
161. Majovsky M, Netuka D, Benes V. Is surgery for pineal cysts safe and 

effective? Short review. Neurosurg Rev 2018; 41:119–24. 
 

162. Mallick S, Benson R, Rath GK. Patterns of care and survival outcomes 
in patients with pineal parenchymal tumor of intermediate 
differentiation: An individual patient data analysis. Radiother Oncol J 
Eur Soc Ther Radiol Oncol 2016; 121:204–8. 

 
163. Mamourian AC, Towfighi J. Pineal cysts: MR imaging. AJNRAmerican 

J Neuroradiol 1986; 7:1081–6. 
 

164. Mandera M, Marcol W, Bierzynska-Macyszyn G, Kluczewska E. Pineal 
cysts in childhood. Childs Nerv Syst ChNS Off J Int Soc Pediatr 
Neurosurg 2003; 19:750–5. 

 
165. Martin JT. Neuroanesthetic adjuncts for surgery in he sitting position. 

II. The antigravity suit. Anesth Analg 1970; 49:588–93. 
 

166. Martinez H, Nagurney M, Wang Z, Eberhart CG, Heaphy CM, Curtis 
MT, et al. ATRX Mutations in Pineal Parenchymal Tumors of 
Intermediate Differentiation. J Neuropathol Exp Neurol 2019; 78:703– 
8 

 
167. Mascitelli J, Burkhardt J-K, Gandhi S, Lawton MT. Contralateral 

Supracerebellar-Infratentorial Approach for Resection of Thalamic 
Cavernous Malformations. Oper Neurosurg Hagerstown Md 2018; 
15:404–11. 

 
 
 
 

References  



Choque Velasquez J. 

 

 
 

168. Matjasko J, Petrozza P, Cohen M, Steinberg P. Anesthesia and 
surgery in the seated position: analysis of 554 cases. Neurosurgery 
1985; 17:695–702. 

 
169. Matsuo S, Baydin S, Gungor A, Miki K, Komune N, Kurogi R, et al. 

Midline and off-midline infratentorial supracerebellar approaches to 
the pineal gland. J Neurosurg 2017; 126:1984–94. 

 
170. Matsutani M, Japanese Pediatric Brain Tumor Study Group. 

Combined chemotherapy and radiation therapy for CNS germ cell 
tumors–the Japanese experience. J Neurooncol 2001; 54:311–6. 

 
171. Matsutani M, Sano K, Takakura K, Fujimaki T, Nakamura O, Funata 

N, et al. Primary intracranial germ cell tumors: a clinical analysis of 
153 histologically verified cases. J Neurosurg 1997; 86:446–55. 

 
172. McComb JG, Levy ML, Apuzzo MLJ, Milroy CM, Smith CL. Surgery of 

the Third Ventricle; Sudden death due to a glial cyst of the pineal 
gland. J Clin Pathol 1996; 49:267–9. 

 
173. McComb J, Levy M, Apuzzo ML. The posterior intrahemispheric 

retrocallosal and transcallosal approaches to the third ventricle 
region, in Apuzzo ML (ed): ed 2, Surgery of the Third Ventricle. 
Williams & Wilkings: Baltimore, 1998, pp.743–77 

 
174. Mena H, Armonda RA, Ribas JL, Ondra SL, Rushing EJ. 

Nonneoplastic pineal cysts: a clinicopathologic study of twenty-one 
cases. Ann Diagn Pathol 1997; 1:11–8. 

 
175. Michielsen G, Benoit Y, Baert E, Meire F, Caemaert J. Symptomatic 

pineal cysts: clinical manifestations and management. Acta Neurochir 
(Wien) 2002; 144:233–42; discussion 242. 

 
176. Moller M, Baeres FM. The anatomy and innervation of the 

mammalian pineal gland. Cell Tissue Res 2002; 309:139–50. 
 

177. Moon KS, Jung S, Jung TY, Kim IY, Lee MC, Lee KH. Primary 
glioblastoma in the pineal region: a case report and review of the 
literature. J Med Case Reports 2008; 2:288-1947-2–288. 

 
178. Mori Y, Kobayashi T, Hasegawa T, Yoshida K, Kida Y. Stereotactic 

radiosurgery for pineal and related tumors. Prog Neurol Surg 2009; 
23:106–18. 

 
179. Mottolese C, Beuriat PA, Szathmari A. Pineal tumours: Experience of 

the French National Register and the Lyon School, results and 
considerations. Neurochirurgie 2015; 61:223–35. 

 
180. Musolino A, Cambria S, Rizzo G, Cambria M. Symptomatic cysts of 

the pineal gland: stereotactic diagnosis and treatment of two cases 
and review of the literature. Neurosurgery 1993; 32:315–20; 
discussion 320-1. 

 
 
 

Microneurosurgery of pineal region cysts and tumors 130 



Choque Velasquez J. 

 

131 Microneurosurgery of pineal region cysts and tumors 

 
 

181. Nakazato Y, Jouvet A, Scheithauer BW. Pineal parenchymal tumours 
of intermediate differentiation, in ed 4, WHO Classification of 
Tumours of the Central Nervous System. World Health Organization: 
Switzerland, 2006, pp.124–5 

 
182. Nakazato Y, Jouvet A, Scheithauer BW. Pineoblastoma, in ed 4, WHO 

Classification of Tumours of the Central Nervous System. World 
Health Organization: Switzerland, 2006, pp.126–7 

 
183. Nakazato Y, Jouvet A, Scheithauer BW. Pineocytoma, in ed 4, WHO 

Classification of Tumors of the Central Nervous System. World Health 
Organization: Switzerland, 2006, pp.121–2 

 
184. Nazzaro JM, Shults WT, Neuwelt EA. Neuro-ophthalmological 

function of patients with pineal region tumors approached 
transtentorially in the semisitting position. J Neurosurg 1992; 
76:746–51. 

 
185. Nevins EJ, Das K, Bhojak M, Pinto RS, Hoque MN, Jenkinson MD, et 

al. Incidental Pineal Cysts: Is Surveillance Necessary? World 
Neurosurg 2016; 90:96–102. 

 
186. Nguyen QN, Chang EL, Allen PK, Maor MH, Ater JL, Mahajan A, et al. 

Focal and craniospinal irradiation for patients with intracranial 
germinoma and patterns of failure. Cancer 2006; 107:2228–36. 

 
187. Nishikawa R, Matsutani M. Immunohistochemical analysis of p53 

and p21(WAF1/Cip1) expression in primary intracranial germ cell 
tumors. Neurosurg Focus 1998; 5:e2. 

 
188. Nishiura I, Handa H, Yamashita J, Suwa H. Successful removal of a 

huge falcotentorial meningioma by use of the laser. Surg Neurol 1981; 
16:380–5. 

 
189. Nowak A, Dziedzic T, Czernicki T, Kunert P, Marchel A. Falcotentorial 

and velum interpositum meningiomas: two distinct entities of the 
pineal region. Neurol Neurochir Pol 2014; 48:397–402. 

 
190. Nunez OM, Seol HJ, Rutka JT. The role of surgery in the management 

of intracranial gliomas: current concepts. Indian J Cancer 2009; 
46:120–6. 

 
191. Obrador S, Soto M, Gutierrez-Diaz JA. Surgical management of 

tumours of the pineal region. Acta Neurochir (Wien) 1976; 34:159–71. 
 

192. Odake G. Meningioma of the falcotentorial region: report of two cases 
and literature review of occlusion of the galenic system. Neurosurgery 
1992; 30:788–93; discussion 793-4. 

 
193. Oertel J, Von Buttlar E, Schroeder HW, Gaab MR. Prognosis of 

gliomas in the 1970s and today. Neurosurg Focus 2005; 18:e12. 
 
 
 
 

References  



Choque Velasquez J. 

 

 
 

194. Ogata N, Yonekawa Y. Paramedian supracerebellar approach to the 
upper brain stem and peduncular lesions. Neurosurgery 1997; 
40:101–4; discussion 104-5. 

 
195. Okada Y, Nishikawa R, Matsutani M, Louis DN. Hypomethylated X 

chromosome gain and rare isochromosome 12p in diverse intracranial 
germ cell tumors. J Neuropathol Exp Neurol 2002; 61:531–8. 

 
196. Oliveira J, Cerejo A, Silva PS, Polonia P, Pereira J, Vaz R. The 

infratentorial supracerebellar approach in surgery of lesions of the 
pineal region. Surg Neurol Int 2013; 4:154-7806.122504. eCollection 
2013. 

 
197. Oppenheim H, Krause F. Operative Erfolge bei Geschwülsten der 

Sehhügel und Vierhügelgegend. Berl Klin Wschr 1913; 50:2316–22. 
 

198. Osborn AG, Preece MT. Intracranial cysts: radiologic-pathologic 
correlation and imaging approach. Radiology 2006; 239:650–64. 

 
199. Osborn AG, Salzman KL, Thurnher MM, Rees JH, Castillo M. The new 

World Health Organization Classification of Central Nervous System 
Tumors: what can the neuroradiologist really say? AJNRAmerican J 
Neuroradiol 2012; 33:795–802. 

 
200. Ostrom QT, Gittleman H, Xu J, Kromer C, Wolinsky Y, Kruchko C, et 

al. CBTRUS Statistical Report: Primary Brain and Other Central 
Nervous System Tumors Diagnosed in the United States in 2009- 
2013. Neuro-Oncol 2016; 18:v1–75. 

 
201. Pajtler KW, Mack SC, Ramaswamy V, Smith CA, Witt H, Smith A, et 

al. The current consensus on the clinical management of intracranial 
ependymoma and its distinct molecular variants. Acta Neuropathol 
(Berl) 2017; 133:5–12. 

 
202. Palmon SC, Moore LE, Lundberg J, Toung T. Venous air embolism: a 

review. J Clin Anesth 1997; 9:251–7. 
 

203. Papo I, Salvolini U. Meningiomas of the free margin of the tentorium 
developing in the pineal region. Neuroradiology 1974; 7:237–43. 

 
204. Parikh KA, Venable GT, Orr BA, Choudhri AF, Boop FA, Gajjar AJ, et 

al. Pineoblastoma-The Experience at St. Jude Children’s Research 
Hospital. Neurosurgery 2017; 81:120–8. 

 
205. Parker M, Mohankumar KM, Punchihewa C, Weinlich R, Dalton JD, 

Li Y, et al. C11orf95-RELA fusions drive oncogenic NF-kappaB 
signalling in ependymoma. Nature 2014; 506:451–5. 

 
206. Peet M. cit. in Zulchs K.J. Reflections on the surgery of the pineal 

gland (A glimpse Into the Past). Neurosurg Rev 1981; 4:159–62. 
 

207. Pendl G. Management of pineal region tumors. Neurosurg Q 2002; 
12:279–98. 

 
 

Microneurosurgery of pineal region cysts and tumors 132 



Choque Velasquez J. 

 

133 Microneurosurgery of pineal region cysts and tumors 

 
 

208. Peres MF. Melatonin, the Pineal Gland and Their Implications for 
Headache Disorders. Cephalalgia Int J Headache 2005; 25:312; 312; 
403–11. 

 
209. Perry A, Wesseling P. Histologic classification of gliomas. Handb Clin 

Neurol 2016; 134:71–95. 
 

210. Pfaff E, Aichmuller C, Sill M, Stichel D, Snuderl M, Karajannis MA, et 
al. Molecular subgrouping of primary pineal parenchymal tumors 
reveals distinct subtypes correlated with clinical parameters and 
genetic alterations. Acta Neuropathol. 2020;139:243-257. 

 
211. Piatt Jr JH, Campbell GA. Pineal region meningioma: report of two 

cases and literature review. Neurosurgery 1983; 12:369–76. 
 

212. Pitskhelauri DI, Konovalov AN, Abramov IT, Danilov GV, Pronin IN, 
Alexandrova EV, et al. Pineal Cyst-Related Aqueductal Stenosis as 
Cause of Intractable Headaches in Nonhydrocephalic Patients. World 
Neurosurg 2019; 123:e147–55. 

 
213. Pople IK, Athanasiou TC, Sandeman DR, Coakham HB. The role of 

endoscopic biopsy and third ventriculostomy in the management of 
pineal region tumours. Br J Neurosurg 2001; 15:305–11. 

 
214. Poppen JL. The right occipital approach to a pinealoma. J Neurosurg 

1966; 25:706–10. 
 

215. Puusepp L. Die operative Entfernung einer Zyste der Glandula 
pinealis. Neurol Zbl 1914; 33:451–74. 

 
216. Qaddoumi I, Sane M, Li S, Kocak M, Pai-Panandiker A, Harreld J, et 

al. Diagnostic utility and correlation of tumor markers in the serum 
and cerebrospinal fluid of children with intracranial germ cell tumors. 
Childs Nerv Syst ChNS Off J Int Soc Pediatr Neurosurg 2012; 
28:1017–24. 

 
217. Quinones-Hinojosa A, Chang EF, Chaichana KL, McDermott MW. 

Surgical considerations in the management of falcotentorial 
meningiomas: advantages of the bilateral occipital 
transtentorial/transfalcine craniotomy for large tumors. Neurosurgery 
2009; 64:260–8; discussion 268. 

 
218. Raco A, Agrillo A, Ruggeri A, Gagliardi FM, Cantore G. Surgical 

options in the management of falcotentorial meningiomas: report of 
13 cases. Surg Neurol 2004; 61:157–64; discussion 164. 

 
219. Rados M, Oreskovic D, Rados M, Jurjevic I, Klarica M. Long lasting 

near-obstruction stenosis of mesencephalic aqueduct without 
development of hydrocephalus–case report. Croat Med J 2014; 
55:394–8. 

 
 
 
 
 

References  



Choque Velasquez J. 

 

 
 

220. Ramji S, Touska P, Rich P, MacKinnon AD. Normal neuroanatomical 
variants that may be misinterpreted as disease entities. Clin Radiol 
2017; 72:810–25. 

 
221. Randall P, Banks J, Little RA. Medical (military) anti-shock trousers–a 

short review. Arch Emerg Med 1984; 1:39–51. 
 

222. Reid WS, Clark WK. Comparison of the infratentorial and 
transtentorial approaches to the pineal region. Neurosurgery 1978; 
3:1–8. 

 
223. Reuss DE, Kratz A, Sahm F, Capper D, Schrimpf D, Koelsche C, et al. 

Adult IDH wild type astrocytomas biologically and clinically resolve 
into other tumor entities. Acta Neuropathol (Berl) 2015; 130:407–17. 

 
224. Rhoton Jr A. L. Tentorial incisura. Neurosurgery 2000; 47:S131-53. 

 
225. Richardson JK, Hirsch CS. Sudden, unexpected death due to “pineal 

apoplexy.” Am J Forensic Med Pathol 1986; 7:64–8. 
 

226. Rodriguez MPI, Noctor SC, Munoz EM. Cellular Basis of Pineal Gland 
Development: Emerging Role of Microglia as Phenotype Regulator. 
PloS One 2016; 11:e0167063. 

 
227. Rosenberg DM, Geever BW, Patel AS, Chaker AN, Bhimani AD, 

Kheirkhah P, et al. Supratentorial and Infratentorial Approaches to 
Pineal Surgery: A Database Analysis. J Neurol Surg Part B Skull Base 
2019; 80:364–70. 

 
228. Ruge JR, Johnson RF, Bauer J. Burr hole neuroendoscopic 

fenestration of quadrigeminal cistern arachnoid cyst: technical case 
report. Neurosurgery 1996; 38:830–7. 

 
229. Sabbaghian N, Hamel N, Srivastava A, Albrecht S, Priest JR, Foulkes 

WD. Germline DICER1 mutation and associated loss of heterozygosity 
in a pineoblastoma. J Med Genet 2012; 49:417–9. 

 
230. Sachs Jr E, Avman N, Fisher RG. Meningiomas of pineal region and 

posterior part of 3d ventricle. J Neurosurg 1962; 19:325–31. 
 

231. Sahm F, Reuss D, Koelsche C, Capper D, Schittenhelm J, Heim S, et 
al. Farewell to oligoastrocytoma: in situ molecular genetics favor 
classification as either oligodendroglioma or astrocytoma. Acta 
Neuropathol (Berl) 2014; 128:551–9. 

 
232. Sajko T, Kudelic N, Lupret V, Lupret Jr V, Nola IA. Treatment of 

pineal region lesions: our experience in 39 patients. Coll Antropol 
2009; 33:1259–63. 

 
233. Saladino A, Lamperti M, Mangraviti A, Legnani FG, Prada FU, Casali 

C, et al. The semisitting position: analysis of the risks and surgical 
outcomes in a contemporary series of 425 adult patients undergoing 
cranial surgery. J Neurosurg 2017; 127:867–76. 

 
 

Microneurosurgery of pineal region cysts and tumors 134 



Choque Velasquez J. 

 

135 Microneurosurgery of pineal region cysts and tumors 

 
 

234. Sano K. Pineal region tumors: problems in pathology and treatment. 
Clin Neurosurg 1983; 30:59–91. 

 
235. Sarikaya-Seiwert S, Turowski B, Hanggi D, Janssen G, Steiger HJ, 

Stummer W. Symptomatic intracystic hemorrhage in pineal cysts. 
Report of 3 cases. J NeurosurgeryPediatrics 2009; 4:130–6. 

 
236. Sato K, Kubota T. Pathology of pineal parenchymal tumors. Prog 

Neurol Surg 2009; 23:12–25. 
 

237. Sawamura Y, Ikeda J, Ozawa M, Minoshima Y, Saito H, Abe H. 
Magnetic resonance images reveal a high incidence of asymptomatic 
pineal cysts in young women. Neurosurgery 1995; 37:11–5; 
discussion 15-6. 

 
238. Schild SE, Haddock MG, Scheithauer BW, Marks LB, Norman MG, 

Burger PC, et al. Nongerminomatous germ cell tumors of the brain. 
Int J Radiat Oncol Biol Phys 1996; 36:557–63. 

 
239. Schipmann S, Keurhorst D, Kochling M, Schwake M, Hess K, 

Sundermann B, et al. Regression of Pineal Lesions: Spontaneous or 
Iatrogenic? A Case Report and Systematic Literature Review. World 
Neurosurg 2017; 108:939-947.e1. 

 
240. Schwartzentruber J, Korshunov A, Liu XY, Jones DT, Pfaff E, Jacob 

K, et al. Driver mutations in histone H3.3 and chromatin remodelling 
genes in paediatric glioblastoma. Nature 2012; 482:226–31. 

 
241. Sekhar LN, Goel A. Combined supratentorial and infratentorial 

approach to large pineal-region meningioma. Surg Neurol 1992; 
37:197–201. 

 
242. Selcuki M, Attar A, Yuceer N, Tuna H, Cakiroglu E. Mature teratoma 

of the lateral ventricle: report of two cases. Acta Neurochir (Wien) 
1998; 140:171–4. 

 
243. Shibamoto Y, Takahashi M, Abe M. Reduction of the radiation dose 

for intracranial germinoma: a prospective study. Br J Cancer 1994; 
70:984–9. 

 
244. Shibui S, Nomura K. Statistical analysis of pineal tumors based on 

the data of Brain Tumor Registry of Japan. Prog Neurol Surg 2009; 
23:1–11. 

 
245. Shikama N, Ogawa K, Tanaka S, Toita T, Nakamura K, Uno T, et al. 

Lack of benefit of spinal irradiation in the primary treatment of 
intracranial germinoma: a multiinstitutional, retrospective review of 
180 patients. Cancer 2005; 104:126–34. 

 
246. Shin HJ, Cho BK, Jung HW, Wang KC. Pediatric pineal tumors: need 

for a direct surgical approach and complications of the occipital 
transtentorial approach. Childs Nerv Syst ChNS Off J Int Soc Pediatr 
Neurosurg 1998; 14:174–8. 

 
 

References  



Choque Velasquez J. 

 

 
 

247. Shoja MM, Hoepfner LD, Agutter PS, Singh R, Tubbs RS. History of 
the pineal gland. Childs Nerv Syst ChNS Off J Int Soc Pediatr 
Neurosurg 2016; 32:583–6. 

 
248. Sibin MS, Babinski M, Maroon JC, Jannetta PJ. Anesthetic 

management of posterior fossa surgery in the sitting position. Acta 
Anaesthesiol Scand 1976; 20:117–28. 

 
249. Sloan T. The incidence, volume, absorption, and timing of 

supratentorial pneumocephalus during posterior fossa neurosurgery 
conducted in the sitting position. J Neurosurg Anesthesiol 2010; 
22:59–66. 

 
250. Smith ER, Chapman PH, Ogilvy CS. Far posterior subtemporal 

approach to the dorsolateral brainstem and tentorial ring: technique 
and clinical experience. Neurosurgery 2003; 52:364–8; discussion 
368-9. 

 
251. Souweidane MM, Krieger MD, Weiner HL, Finlay JL. Surgical 

management of primary central nervous system germ cell tumors: 
proceedings from the Second International Symposium on Central 
Nervous System Germ Cell Tumors. J Neurosurg Pediatr 2010; 6:125– 
30. 

 
252. Standefer M, Bay JW, Trusso R. The sitting position in neurosurgery: 

a retrospective analysis of 488 cases. Neurosurgery 1984; 14:649–58. 
 

253. Starke RM, Cappuzzo JM, Erickson NJ, Sherman JH. Pineal cysts 
and other pineal region malignancies: determining factors predictive 
of hydrocephalus and malignancy. J Neurosurg 2017; 127:249–54. 

 
254. Stein BM. Surgical treatment of pineal tumors. Clin Neurosurg 1979; 

26:490–510. 
 

255. Stein BM. The infratentorial supracerebellar approach to pineal 
lesions. J Neurosurg 1971; 35:197–202. 

 
256. Stone JL, Cybulski GR, Crowell RM, Moody RA. The lateral position– 

dependant occipital approach–to pineal and medial occipitoparietal 
lesions. Technical note. Acta Neurochir (Wien) 1990; 102:133–6. 

 
257. Stowe HB, Miller CR, Wu J, Randazzo DM, Ju AW. Pineal Region 

Glioblastoma, a Case Report and Literature Review. Front Oncol 
2017; 7:123. 

 
258. Sugiyama K, Arita K, Okamura T, Yamasaki F, Kajiwara Y, Ueda H, et 

al. Detection of a pineoblastoma with large central cyst in a young 
child. Childs Nerv Syst ChNS Off J Int Soc Pediatr Neurosurg 2002; 
18:157–60. 

 
259. Suzuki H, Aoki K, Chiba K, Sato Y, Shiozawa Y, Shiraishi Y, et al. 

Mutational landscape and clonal architecture in grade II and III 
gliomas. Nat Genet 2015; 47:458–68. 

 
 

Microneurosurgery of pineal region cysts and tumors 136 



Choque Velasquez J. 

 

137 Microneurosurgery of pineal region cysts and tumors 

 
 

260. Suzuki J, Iwabuchi T. Surgical removal of pineal tumors (pinealomas 
and teratomas). Experience in a series of 19 cases. J Neurosurg 1965; 
23:565–71. 

 
261. Taccagni GL, Parafioriti A, Dell’Antonio G, Crespi G. Mixed germ cell 

tumour of the mediastinum (seminoma, embryonal carcinoma, 
choriocarcinoma and teratoma). Light and electron microscopic 
cytology and histological investigation. Pathol Res Pract 1989; 
185:506–10; discussion 511-3. 

 
262. Tada T, Takizawa T, Nakazato F, Kobayashi S, Koike K, Oguchi M, et 

al. Treatment of intracranial nongerminomatous germ-cell tumor by 
high-dose chemotherapy and autologous stem-cell rescue. J 
Neurooncol 1999; 44:71–6. 

 
263. Tanikawa M, Yamada H, Sakata T, Hayashi Y, Sasagawa Y, Watanabe 

T, et al. Exclusive Endoscopic Occipital Transtentorial Approach for 
Pineal Region Tumors. World Neurosurg 2019; 131:167–73. 

 
264. Tate M, Sughrue ME, Rutkowski MJ, Kane AJ, Aranda D, McClinton 

L, et al. The long-term postsurgical prognosis of patients with 
pineoblastoma. Cancer 2012; 118:173–9. 

 
265. Thaher F, Kurucz P, Fuellbier L, Bittl M, Hopf NJ. Endoscopic surgery 

for tumors of the pineal region via a paramedian infratentorial 
supracerebellar keyhole approach (PISKA). Neurosurg Rev 2014; 
37:677–84. 

 
266. Tirakotai W, Schulte DM, Bauer BL, Bertalanffy H, Hellwig D. 

Neuroendoscopic surgery of intracranial cysts in adults. Childs Nerv 
Syst ChNS Off J Int Soc Pediatr Neurosurg 2004; 20:842–51. 

 
267. Travis LB, Fossa SD, Schonfeld SJ, McMaster ML, Lynch CF, Storm 

H, et al. Second cancers among 40,576 testicular cancer patients: 
focus on long-term survivors. J Natl Cancer Inst 2005; 97:1354–65. 

 
268. Ture H, Harput MV, Bekiroglu N, Keskin O, Koner O, Ture U. Effect of 

the degree of head elevation on the incidence and severity of venous 
air embolism in cranial neurosurgical procedures with patients in the 
semisitting position. J Neurosurg 2018; 128:1560–9. 

 
269. Turtz AR, Hughes WB, Goldman HW. Endoscopic treatment of a 

symptomatic pineal cyst: technical case report. Neurosurgery 1995; 
37:1013–4; discussion 1014-5. 

 
270. Uschold T, Abla AA, Fusco D, Bristol RE, Nakaji P. Supracerebellar 

infratentorial endoscopically controlled resection of pineal lesions: 
case series and operative technique. J NeurosurgeryPediatrics 2011; 
8:554–64. 

 
271. Van den Bergh R. Lateral-paramedian infratentorial approach in 

lateral decubitus for pineal tumours. Clin Neurol Neurosurg 1990; 
92:311–6. 

 
 

References  



Choque Velasquez J. 

 

 
 

272. Vaquero J, Ramiro J, Martinez R, Bravo G. Neurosurgical experience 
with tumours of the pineal region at Clinica Puerta de Hierro. Acta 
Neurochir (Wien) 1992; 116:23–32. 

 
273. Velasquez JC, Lau J, Kozyrev D, Sharafeddin F, Colasanti R, 

Luostarinen T, et al. Clean, fast and preserving normal anatomy: “the 
Helsinki revolution” in microneurosurgery. J Neurosurg Sci 2016; 
60:44–53. 

 
274. Wagenen WV. A surgical approach for the removal of certain pineal 

tumors. Report of a case. Surg Gynecol Obstet 1931; 53:216–20. 
 

275. Welton PL, Reicher MA, Kellerhouse LE, Ott KH. MR of benign pineal 
cyst. AJNRAmerican J Neuroradiol 1988; 9:612. 

 
276. Wen HT, Rhoton Jr AL, Oliveira E de. Transchoroidal approach to the 

third ventricle: an anatomic study of the choroidal fissure and its 
clinical application. Neurosurgery 1998; 42:1205–17; discussion 
1217-9. 

 
277. Wesseling P, Capper D. WHO 2016 Classification of gliomas. 

Neuropathol Appl Neurobiol 2018; 44:139–50. 
 

278. Wisoff JH, Epstein F. Surgical management of symptomatic pineal 
cysts. J Neurosurg 1992; 77:896–900. 

 
279. Wong TT, Ho DM, Chang KP, Yen SH, Guo WY, Chang FC, et al. 

Primary pediatric brain tumors: statistics of Taipei VGH, Taiwan 
(1975-2004). Cancer 2005; 104:2156–67. 

 
280. Wu G, Diaz AK, Paugh BS, Rankin SL, Ju B, Li Y, et al. The genomic 

landscape of diffuse intrinsic pontine glioma and pediatric non- 
brainstem high-grade glioma. Nat Genet 2014; 46:444–50. 

 
281. Yamaki VN, Solla DJF, Ribeiro RR, Da Silva SA, Teixeira MJ, 

Figueiredo EG. Papillary Tumor of the Pineal Region: Systematic 
Review and Analysis of Prognostic Factors. Neurosurgery 2019; 
85:E420-E429 

 
282. Yamamoto I. Pineal region tumor: surgical anatomy and approach. J 

Neurooncol 2001; 54:263–75. 
 

283. Yamamoto I, Rhoton Jr AL, Peace DA. Microsurgery of the third 
ventricle: Part I. Microsurgical anatomy. Neurosurgery 1981; 8:334– 
56. 

 
284. Yamazaki T, Takahashi S, Ishii K, Matsumoto K, Ishibashi T, 

Sakamoto K, et al. Meningioma in the pineal region: preoperative 
diagnosis with CT, MRI, and angiography. Radiat Med 1991; 9:22–5. 

 
285. Yamini B, Refai D, Rubin CM, Frim DM. Initial endoscopic 

management of pineal region tumors and associated hydrocephalus: 
clinical series and literature review. J Neurosurg 2004; 100:437–41. 

 
 

Microneurosurgery of pineal region cysts and tumors 138 



Choque Velasquez J. 

 

139 Microneurosurgery of pineal region cysts and tumors 

 
 

286. Yasargil MG. Paramedian supracerebellar approach, in Yasargil MG 
(ed): Microneurosurgery. Georg Thieme: New York, 1984, p.242 

 
287. Yasargil MG, Antic J, Laciga R, Jain KK, Boone SC. Arteriovenous 

malformations of vein of Galen: microsurgical treatment. Surg Neurol 
1976; (3):195–200. 

 
288. Young ML, Smith DS, Murtagh F, Vasquez A, Levitt J. Comparison of 

surgical and anesthetic complications in neurosurgical patients 
experiencing venous air embolism in the sitting position. 
Neurosurgery 1986; 18:157–61. 

 
289. Yu T, Sun X, Wang J, Ren X, Lin N, Lin S. Twenty-seven cases of 

pineal parenchymal tumours of intermediate differentiation: mitotic 
count, Ki-67 labelling index and extent of resection predict prognosis. 
J Neurol Neurosurg Psychiatry 2016; 87:386–95. 

 
290. Zaazoue MA, Goumnerova LC. Pineal region tumors: a simplified 

management scheme. Childs Nerv Syst ChNS Off J Int Soc Pediatr 
Neurosurg 2016; 32:2041–5. 

 
291. Zulch KJ. Reflections on the surgery of the pineal gland (a glimpse 

into the past). Gleanings from medical history. Neurosurg Rev 1981; 
4:159–63. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

References  



Choque Velasquez J. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Microneurosurgery of pineal region cysts and tumors 140 



Choque Velasquez J. 

 

141 Microneurosurgery of pineal region cysts and tumors 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ORIGINAL PUBLICATIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 









This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others to remix, 
tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
©2019 Published by Scientific Scholar on behalf of Surgical Neurology International

Original Article

The microsurgical management of benign pineal 
cysts: Helsinki experience in 60 cases
Joham Choque-Velasquez1, Julio C. Resendiz-Nieves1, Behnam Rezai Jahromi1, Roberto Colasanti2,3, Rahul Raj1,  
Kenneth Lopez-Gutierrez1, Olli Tynninen4, Mika Niemelä1, Juha Hernesniemi1,5

Departments of Neurosurgery, 1Helsinki University Hospital, University of Helsinki, Helsinki, Finland, 2Umberto I General Hospital, Università Politecnica delle Marche, 
Ancona, 3Ospedali Riuniti Marche Nord, Pesaro, Italy, 4Department of Pathology, University of Helsinki and HUSLAB, Helsinki University Hospital, Helsinki, Finland, 
5Juha Hernesniemi International Center for Neurosurgery, Henan Provincial People’s Hospital, Zhengzhou, China.

E-mail: *Joham Choque-Velasquez - johchove@hotmail.com; Julio C. Resendiz-Nieves -julio.resendiz-nieves@hus.fi; Behnam Rezai Jahromi - behnam.rezai-jahromi@
hus.fi; Roberto Colasanti - roberto.colasanti@gmail.com; Rahul Raj - rahul.raj@hus.fi;  Kenneth Lopez-Gutierrez - kennethlg.7@gmail.com; Olli Tynninen - olli.
tynninen@hus.fi; Mika Niemela - mika.niemela@hus.fi; Juha Hernesniemi - juha.hernesniemi@icloud.com

*Corresponding author: 
Joham Choque-Velasquez, 
Department of Neurosurgery, 
Helsinki University 
Hospital, University of 
Helsinki, Topeliuksenkatu 5, 
Helsinki 00260, Finland.

johchove@hotmail.com

Received : 06 September 18 
Accepted : 05 April 19 
Published : 

DOI 
***

Quick Response Code:

INTRODUCTION

Benign pineal cysts are usually incidental findings on magnetic resonance imaging (MRI). Microsurgical 
resection represents a well-accepted option for symptomatic benign pineal cysts.[4,15,29] Symptoms such 
as headache, hydrocephalus and visual deficiency have been described in classic cases. However, more 
recent reports collected over the past years have incorporated new symptoms as a part of the clinical 
manifestation of this disease.[4,6,14,16,29]

The supracerebellar infratentorial paramedian approach in the “sitting praying position,” a well previously 
described variant of the classic sitting position,[10] represents our standard route for dealing with pineal 
region lesions. This approach, together with a judicious microsurgical technique, achieves excellent results 
with a low rate of complications.[9,10]

ABSTRACT
Background: Microsurgical resection represents a well-accepted management option for symptomatic benign pineal cysts. 
Symptoms such as a headache, hydrocephalus, and visual deficiency are typically associated with pineal cysts. However, more 
recent studies reported over the past years have characterized additional symptoms as a part of the clinical manifestation of 
this disease and represent additional indications for intervention.

Methods: We present a retrospective review of patients with histologically confirmed benign pineal cysts that were operated 
on in our department between 1997 and 2015. A demographic analysis, evaluation of preoperative status, surgical treatment, 
as well as immediate and long-term clinical and radiological outcomes were conducted.

Results: A total of 60 patients with benign pineal cysts underwent surgery between 1997 and 2015. Gross total resection was 
achieved in 58 cases. All patients except one improved in their clinical status or had made a full recovery at the time of the last 
follow-up. The key steps for surgical resection of pineal cysts are reported, based on an analysis of representative surgical videos.

Conclusions: We describe in this paper one of the largest series of microsurgically treated pineal cysts. In our opinion, 
judicious microsurgery remains the most suitable technique to effectively deal with this disease.
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In this paper, we report the surgical outcome of our series of 
benign pineal cysts encountered in Helsinki, which constitutes 
one of the largest cohorts investigated, while also describing in 
detail “tips and tricks” which allow for simple, safe, and effective 
microsurgical management of these lesions. Moreover, we analyze 
in detail the surgical indications for pineal cyst surgery.

METHODS

Patient population

We retrospectively reviewed the patients with histologically 
confirmed benign pineal cysts that were operated on in our 
department between 1997 and 2015. A  demographic analysis, 
evaluation of preoperative status, and surgical treatment were 
conducted together with an assessment of immediate and long-
term clinical and radiographic outcomes. Finally, the currently 
available patient information was reviewed in the Finnish 
Population Registry (as of July 2018) to determine the current 
clinical status of individuals. Chi-Square test and ANOVA test 
were used for the statistical analysis of qualitative and quantitative 
variables.

Pineal cyst surgery

The protocol for surgical treatment of pineal cysts in Helsinki was 
defined by the neuro-oncological and neurosurgical teams on the 
basis of the existing literature in 1997, when the senior author 
(JH) became the chairman of the department. The protocol was 
subsequently revised according to most recent data.

The following criteria included were used as an indication for 
surgery: (1) vertical gaze paralysis or double vision of unknown 
origin with midbrain compression observed in the imaging; 
(2)  obstructive hydrocephalus; (3) cyst growth on sequential 
imaging studies with 1.5–2  cm as a cut of size to intervene; 
(4) presence of a solid component suggestive of a pineal tumor; 
and (5) largest cyst diameter >20  mm, associated to unspecific 
symptoms such as headache, visual disturbances, psychiatric 
symptoms, or sensory deficits among others. The threshold size 
of 20  mm to surgically treat pineal cysts in this last group was 
determined based on the average size of symptomatic pineal cysts 
published in literature.[6,16,17,19,33,34]

The goal of surgery was always to achieve a total removal of the 
pineal cyst. In fact, our and other surgical teams experiences 
demonstrated that partial resection might still progress to 
obstruction of the cerebrospinal fluid (CSF) pathway, and it 
has been reported that puncture of the cyst alone results in less 
effective treatment.[26]

Positioning and approach

The “sitting praying position” represents our standard 
position.[9,10] However, few other surgical positions to approach 

the pineal region in Helsinki Neurosurgery included the lateral 
park bench position or the supine position in case of endoscopic 
or stereotactic procedures.[9-11,27]

Risks and benefits as well as the exclusion criteria for the sitting 
position have been reported on detail previously.[9-11] However, 
we did not encounter complications related to the sitting position 
in elderly patients nor patients carrying cardiovascular diseases. 
Moreover, we especially recommend the sitting position for 
heavily obese patients.[9,11]

Regarding meticulous surgical access, the reported supracerebellar 
infratentorial approach is our standard approach.[10] Exceptionally, 
a suboccipital transtentorial route or endoscopic or stereotactic 
procedures might be employed in Helsinki Neurosurgery.[27]

Microneurosurgery

In addition, we carried out a retrospective review of microsurgical 
videos of the past 22 consecutive cases of benign pineal cysts 
operated by the senior author (JH), with the aim to identify the 
key microsurgical steps and potential pitfalls of the procedure. In 
general, neuromonitoring was not employed for these cases and 
endoscopic-assisted procedures were not pursued either. Gross 
total resection of the lesions was achievable in most cases.[9-11]

Ethical aspects and analysis of the data

Following Institutional Ethics Board approval (#HUS/2772/2017), 
we accessed the hospital register and an authorized coauthor 
(R.R.) accessed the Finnish Population Register. We collected 
information about the clinical status, histopathology, imaging, 
and surgical treatment and follow-up from the medical records. 
IMPAX version 6.5.5.1608 (Agfa, Mortsel, Belgium) was employed 
for qualitative radiological analysis. Cranial computed tomography 
(CT) in patients with head trauma or drowsiness was useful to 
reveal incidental pineal cysts or acute hydrocephalus, respectively. 
Preoperative MRI studies were used to describe anatomic features 
of the cyst such as the size, the presence of solid components, 
contrast enhancement, midbrain compression, and presence of 
hydrocephalus. T1-weighted images (slice thickness 3–7  mm), 
T2-weighted images 5–7 thick, fluid-attenuated inversion 
recovery (FLAIR), and post contrast T1 MRI sequences had been 
obtained with spin-echo sequences through a number of 0.2 T, 1T, 
1.5T, and 3T MRI machines. Preoperative aqueductal CSF flow 
measurements by phase contrast MR were not acquired. The cyst 
size was determined in sagittal anteroposterior dimension (SAPd), 
in sagittal craniocaudal dimension (SCCd), and in axial width 
(AW). For the postoperative radiological outcome, we reviewed 
immediate postoperative cranial CT scans without contrast 
obtained within the first 24 h, and long-term MRI studies acquired 
after few weeks from surgery. When postoperative MRI showed 
complete pineal cyst removal, further MRI studies were performed 
only if the patient experienced new symptoms.
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RESULTS

The characteristics of 60 patients (44 females and 16 males) with 
a mean age of 29.1 ± 12.4 (4–55) years, as our cohort of surgically 
treated pineal cysts, are presented in Table 1. Patients were usually 
referred from the department of neurology or other hospitals. 
However, our data analysis was mainly based on the neurosurgical 
evaluation in Helsinki Neurosurgery and the pre-  and 

postoperative imaging of our department. At the last clinical 
evaluation, 58/60  patients had improved after surgery of which 
49/58  patients were no longer presenting with any neurological 
deficit. One patient had postoperatively new onset double vision, 
and one other patient was lost during follow-up. According to 
the Finnish Population Register, 59  patients in this cohort were 
alive in July 2018 with a follow-up of 149 ± 62 (47–244) months. 
It is possible that the one patient who was lost at follow-up had 

 Characteristics of the 60 patients with surgically treated pineal cysts.

Population
Symptoms of presentation Headache 73%, visual disturbances 27% (double vision 12%), nausea-vomiting 19%, vertigo 17%, 

psychiatric disorders 12%, sensory disorders 10%, memory deficit 8%, balance problems 5%. Other 
associated symptoms: loss of consciousness, ocular pain, tremor, galactorrhea, dysphasia, muscle 
cramps, and lack in speech development. 9 pineal cysts patients were minimally symptomatic, 4 of 
them incidentally found cases.

Bone flap (cm) Height: 3.9±0.6 (2.5–5.3); Length: 3.4±0.6 (2.1–4.6)
Pineal cyst size (cm) Length: 1.98±0.7 (1.1–5); Height: 1.34±0.4 (0.6–3.9); width: 1.55±0.4 (0.7–2.9)
Pineal cyst volume (cm3) 2.7±4 (0.4–28.3)
Pineal cyst MR 
characteristics (available in 56 cases)

T1-Weighted compared to CSF: isointense: 20%; Hyperintense: 80%
T2-Weighted compared to CSF: isointense to water: 100% of cystic component
T1 Post contrast: ring enhancement: 49%, solid component: 47%
FLAIR (available in 41 patients) compared to brain tissue: Isointense: 30, Hyperintense: 9, 
Hypointense: 3

Operative time of the past 22 
consecutive cases (minutes)

Skin to skin: mean: 86.7±19 (60–130)
Microsurgery: mean: 24.9±9.8 (9.8–52.17)

Surgical resection Complete: 58
Residual: 1
Stereotactic biopsy and puncture: 1

Surgical approach Paramedian supracerebellar infratentorial: 29
Midline supracerebellar infratentorial: 29
Right suboccipital transtentorial: 1
Right frontal stereotactic puncture: 1

Number of surgical procedures for 
patient

Unique procedure: 55
Ventriculoperitoneal shunt before surgery in other center: 1
Third ventricle endoscopic fenestration for a small residual cyst: 1
Biopsy of an aseptic reaction in the surgical bed: 1
Closure of a cerebrospinal fluid leak: 2

Surgical position Sitting position: 58
Park bench position: 1
Supine position: 1

Postoperative
complications

Postoperative infections: Bacterial meningitis: 4, wound infection: 2
Cerebrospinal fluid leak without infection: 2
Aseptic inflammation in operative bed: 1
Hematoma in the operative bed 1
Slight double vision: 1

Final status at the last clinical 
evaluation * 14.6±30.2 months (0–180)

Symptom free: 49
Improved: 9
New slight double vision: 1 

mRS at the last clinical evaluation* mRS 0: 48
mRS 1: 10 (6 occasional headache, 3 slight double vision, 1 post trauma stress)
mRS 2: 1 (memory deficit and right-hand clumsiness)

Last follow up in July 2018
149±62 (47–244) months

Alive: 59
Lost at follow-up: 1

*Follow-up info was not available for one patient (however, for this patient we could evaluate pre- and postoperative studies and the surgical video). mRS: Modified 
rankin scale
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changed his/her name and could not be retrieved from the 
registry according to existing privacy protection regulations.

Most frequently reported preoperative symptom was a headache 
which showed a variety of characteristics (“exercise headache” 
after physical activity in some patients, long-term migraine with 
acute exacerbations for several years before surgery, or intense 
headaches due to acute or subacute hydrocephalus events in a 
third group). Visual disturbances were reported with “nonspecific” 
symptoms, reduction of the visual acuity, and tubular vision. 
Unfortunately, data from formal neuro-ophthalmology 
examinations were only partially available for the current project. 
As mentioned above, only double vision was considered a 
symptom related to the compressive effect of the tectum. Details 
about symptoms in our study group are described in Table 1.

Selection criteria for surgery

Indications for surgery are listed in Table  2 [Figures 1-5]. 
Forty-one (70%) patients had just one of the five surgical 
indications considered. The rest of the patients met two or more 
criteria to qualify for surgery.

Criterion 1 was compressive effect on the tectal plate presenting as 
double vision. This was the surgical indication in seven patients. 
However, only a patient, with a pineal cyst and a few months history 

of double vision, quickly worsened with a sudden temporary 
visual deficit associated with headache and was operated due to 
this specific reason. The other six patients showed more than one 
criterion that was considered an indication for surgery.

Criterion 2 was obstructive hydrocephalus. This was found in 
21 of our patients, and nine of them were operated on for this 
criterion alone. Only a patient had a ventriculoperitoneal shunt 
placed before surgical excision of the cyst. This patient, that still 

Fig  Pineal cyst with a compressive effect on the midbrain.

Fig  Pineal cyst with obstructive hydrocephalus.
Fig  Pineal cyst with the presence of a solid component suggestive 
of a pineal tumor.

Fig  Pineal cyst growth during follow-up, from 1 × 1.5  cm (a) to 
1.5 × 1.9 cm (b).

a

b
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had persistent headache and nausea after a ventriculoatrial shunt 
without evidence of ventriculomegaly on multiple postoperative 
CT scan evaluation, required cyst removal for complete recovery 
and resolution of the symptoms. None but one of the other patients 
developed hydrocephalus during follow-up or required a shunt after 
surgical excision of the pineal cyst. One patient with hydrocephalus 
and a small postsurgical residual cyst subsequently underwent 
a third ventricle endoscopic fenestration without complications. 
Finally, one patient who had hydrocephalus preoperatively and 
who underwent a stereotactic procedure for aspiration of the cyst 
content did not require any future procedure. Rapidly progressive 
hydrocephalus events were associated with severe headache, 
nausea, vomit, double vision, papilledema, and unconsciousness 
in few days, while patients with less progressive hydrocephalus 
presented headache, double vision, ataxia, vertigo, incontinence, 
hand cramps, panic attacks, psychotic symptoms, sensory deficits, 
and neurocognitive and memory deficiencies. Only a previously 

healthy patient was reported to have sudden nausea, vomiting, 
headache, and visual disturbances in the lateral gaze associated 
with acute hydrocephalus due to a 1.8 cm pineal cyst.

It is worth noting that six patients presented with symptoms 
associated with physical activity such as moderate to intense 
exertional headache, vertigo, and nausea. They were considered 
as cases with probable fluctuant hydrocephalus. The average size 
of these six cysts was 1.75 ± 0.18  (1.5–2) cm in SAPd, 1.05 ± 
0.20 (0.7–1.3) cm in SCCd, and 1.36 ± 0.34 (0.8–1.8) cm in AW. 
In two cases, data were not available, and in the remaining 13 
pineal cysts associated with hydrocephalus, the average size was 
2.49 ± 0.96 (1.3–5) cm in the SAPd, 1.62 ± 0.85 (0.9–3.9) cm in 
SCCd, and 1.92 ± 0.48 (1.4–2.9) cm in AW.

Criterion 3 was cyst enlargement during follow-up and was 
observed in 10  patients (9  females) with ages ranging between 
15 and 37  years old. The average size of the cysts at the last 
preoperative evaluation was 1.91 ± 0.30 (1.4–2.4) cm in SAPd, 1.27 
± 0.38 (0.6–1.9) cm in SCCd, and 1.46 ± 0.45 (0.8–2) cm in AW. 
The average size of the cysts at the initial preoperative evaluation 
was 1.58 ± 0.26 (1.2–2.0) cm in SAPd, 1.06 ± 0.25 (0.5–1.3) cm in 
SCCd, and 1.21 ± 0.43  (0.8–2) cm in AW. Regarding symptoms 
in this group, one pineal cyst was incidentally found, and the 
other two had minor headache. Three patients had depression, 
numbness in the lower extremities, and visual disturbances with 
dysphasia and vertigo, associated with headache. All the rest had 
moderate to severe headache. Patients of this group were followed 
every 6  months/1  year. The average time between the initial 
diagnosis and the surgical date was 3.3 ± 2.32 (0.5–7) years.

Six patients met indication criteria for surgery during the past 
5 years of the study with an average observation time before surgery 

Fig  Pineal cyst larger than 20  mm associated with unspecific 
symptoms.

 Inclusion criteria for pineal cyst surgery: from 60 patients, 42 (In bold) underwent surgery on the basis of only one exclusive inclusion 
criteria. Another 17 patients had at least two different surgical inclusion criteria. In a patient, information was unavailable.

Inclusion criteria for 
surgery effect on the 

tectal plate
hydrocephalus during follow-up

N1. Compressive effect on 
the tectal plate

4 2

N2. Obstructive 
hydrocephalus

4 2 3

N3. Cyst growth during 
follow-up

1

N4. Cyst that simulated a 
solid tumor

2 2 1 3

N5. Cysts greater than 
20 mm with nonspecific 
symptoms

3 3

Three cases with multiple 
inclusion criteria: 
N5+N4+N2 and N3 more 
in a case

3 1 3 3

Total 7 21 11 24 19
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of 4 ± 2.4  (1–7) years. The four cases that were operated earlier 
than 2011 had an average observation period before operation of 
2.1 ± 2 (0.5–5) years. This finding reflected the progressively more 
conservative management of enlarging pineal cysts over the years.

Criterion 4 – 24 of the 60 pineal cysts presented with a solid 
component. The decision to proceed with surgery was based 
on a careful case by case evaluation by neurosurgeons and 
neuroradiologists. 13  (54%) patients with symptoms such as 
persistent headache, vertigo, dysesthesia, insomnia, changes in 
the personality, nausea, lack of speech development, galactorrhea, 
and visual disturbances had a radiographic evaluation concerning 
for an underlying neoplasm of unclear pathology, and they 
were operated on mainly due to this reason. The average size of 
these pineal lesions was 1.62 ± 0.36  (1.1–2.3) cm in SAPd, 1.10 
± 0.26  (0.6–1.66) cm in SCCd, and 1.32 ± 0.30  (0.7–1.93) cm 
in AW. Details about the solid components may be found in the 
radiological features section and the discussion.

Criterion 5 19  patients harboring large cysts presented with 
rather unspecific symptoms as follows: headache, not well defined 
visual disturbances, depression, psychosis, disorientation, nausea, 
memory deficits, balance instability, vertigo, episodic loss of 
consciousness, exertional headache, periorbital pain, tremor in a 
8-year-old patient, and corporal or facial sensory deficits. Some 
symptoms without correlation to the disease such as epilepsy, 
hemifacial edema, tinnitus, cervicalgia, and sarcoidosis, were also 
encountered. The average pineal cyst size in this group was 2.13 ± 
0.37 (1.6–3.1) cm in SAPd, 1.41 ± 0.32 (0.9–2) cm in SCCd, and 
1.56 ± 0.41 (0.8–2.3) cm in AW.

Ten patients did not display any other criterion. Seven patients 
with very disabling symptoms had cyst diameters smaller than 
20 mm: in 4 cases, the maximum diameter was 18 mm, 19 mm in 
2, and 16 mm in one case.

Table 3 describes the size of pineal cysts according to the different 
criteria for intervention applied in this series.

Gross total removal was achieved in 58  cases. A  patient had a 
small residual cystic remnant that after few weeks compressed 
and occluded the aqueduct below the tectal plate and required 
an endoscopic third ventriculostomy, and one other pineal cyst 
was punctured by a stereotactic procedure with the aspiration 
of the cyst content without postoperative complications. Most 
patients were operated on by the senior author (JH). Three 
patients were operated on by other surgeons, including the one 
case of the stereotactic procedure in the supine position as a less 
invasive technique instead of the more demanding microsurgical 
approach. Two of these cases followed a paramedian 
supracerebellar infratentorial approach in a sitting position, 
and a suboccipital transtentorial approach. The supracerebellar 
infratentorial approach in the “sitting praying position” was 
chosen as the standard approach.

Before 2008, a straight midline approach was almost always used 
over the current paramedian supracerebellar route.[10] Under 
our protocol, a normal weight patient might be positioned in a 
sitting position in about 5  min as video-illustrated in previous 
papers.[9,11] As also detailed in a previous paper,[10] thanks to 
the straight supracerebellar trajectory to the pineal region, 
intraoperative image guidance was not required. The size of 
the bone flap of the craniotomy was usually <4 cm in diameter, 
and the average skin to skin surgical time was <1½ h, while the 
average microsurgical time required by the surgeon to open the 
dura, remove the cyst, and perform the hemostasis before closing 
the dura, was <25 minutes. Finally, an assistant surgeon usually 
closed the small lateral durotomy under the microscope. Sutures, 
surgical, glue, and Tachosil were commonly used as needed. 

 Pineal cysts size according to the different inclusion criteria applied in this series. ANOVA test, p<0.05

All PC in the series 1.98±0.7 (1.1−5) 1.34±0.4 (0.6−3.9) 1.55±0.4 (0.7−2.9)
PC with hydrocephalus 2.49±0.96 (1.3−5) 1.62±0.85 (0.9−3.9) 1.92±0.48 (1.4−2.9)
Large PC with unspecific 
symptoms

2.13±0.37 (1.6−3.1) 1.41±0.32 (0.9−2) 1.56±0.41 (0.8−2.3)

PC with Probable fluctuant 
hydrocephalus

1.75±0.18 (1.5−2) 1.05±0.20 (0.7−1.3) 1.36±0.34 (0.8−1.8)

PC with double vision 1.97±0.64 (1.4−3.2) 1.36±0.69 (0.9−2.6) 1.71±0.54 (1.2−2.8)
PC with solid components 1.62±0.36 (1.1−2.3) 1.10±0.26 (0.6−1.66) 1.32±0.30 (0.7−1.93)
PC enlargement during 
FU (last preoperative 
measurement)

1.91±0.30 (1.4−2.4) 1.27±0.38 (0.6−1.9) 1.46±0.45 (0.8−2)

PC enlargement during 
FU (initial preoperative 
measurement)

1.58±0.26 (1.2−2.0) 1.06±0.25 (0.5−1.3) 1.21±0.43 (0.8−2)

AW: Axial width, FU: Follow-up, Max: Maximum, Min: Minimum, PC: Pineal cysts, SAPd: Sagittal anteroposterior dimension, SCCd: Sagittal craniocaudal dimension, 
SD: Standard deviation
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However, a synthetic dural graft was very rarely required. The 
bone flap was repositioned and reaffixed firmly with a titanium 
clamping system (CranioFix). Suboccipital muscles and the 
epicranial aponeurosis were closed properly. Surgical staples 
were routinely used to close the skin wound. Differently, from the 
midline approach, the morphology of the tentorium did not affect 
the lateral supracerebellar access in the paramedian approach. 
Moreover, midline veins draining to the straight sinus are not 
harmed, but small lateral veins might be coagulated and cut.

Based on the analysis of several surgical videos, we were able 
to determine some key steps in the surgical resection of pineal 
cysts as described in Table 4 (Link for a pineal cyst surgical video 
http://surgicalneurologyint.com/videogallery/pineal-cyst/).

Pathophysiology

All cases in our cohort had histological confirmation of benign 
pineal cysts (WHO I) by an experienced pathologist. As reported 
in literature, histologic features were characteristic for inner 
glial tissue surrounded by outer pineal gland tissue. The cyst 
cavity was usually unilocular or multilocular without epithelial 
lining. Fibrillary astrocytes were immunopositive for antibody 
stains to glial fibrillary acidic protein (GFAP) and S100 protein. 
The peripheral pineal cells were positive to synaptophysin and 
neurofilament protein. A small interstitial component of the pineal 
cells was positive for GFAP and S-100 protein.[33] Chromogranin 
stain, which is positive in most pineal parenchymal tumors, does 
not demarcate pineal cysts [Figure 6].[36]

Radiological characteristics

A CT scan was usually the first examination performed in head 
injured patients and acute hydrocephalus cases. Nevertheless, 
MRI remains our gold standard for both initial assessment 
and follow-up imaging. MRI was available in 56  cases. Most of 
the pineal cysts had a typical MRI appearance of a well-defined 
T1-hyperintense and T2-isointense round-shaped lesion, with 
homogenous interior signal characteristics, a rim of contrast-
enhancement with <2  mm wall thickness, and no infiltration 
of the surrounding structures [Figure 7].[3,7] Around 50% of the 
pineal cysts presented as lesions with fine rim enhancement after 
intravenous contrast administration, and five patients presented 
fluid-fluid level on axial MRI sequences. Forty-one patients 
had FLAIR MRI sequences, where we identified three different 
cystic content appearances compared to the brain tissue: (a)  an 
isointense image in 30  cases, where a large number of them 
resembled the gray matter and others matched similar aspects to 
the white matter or mixed components. Five of these cases tended 
to be hyperintense; (b) a clearly hyperintense aspect in 9  cases, 
and (c) a hypointense appearance in 3 cases, one of them similar 
to CSF. Regarding the cysts that enlarged at the follow-up, besides 
the cyst size and shape, we did not find changes in T1, T2, or post 
contrast T1 MRI sequences. However, FLAIR sequences obtained 

in 7  cases, demonstrated ununiformed variations in the cystic 
appearances between the initial and the last preoperative imaging 
in five patients.

As mentioned, 24 lesions showed some solid component among 
small thickenings of the cystic wall and large fragments of 
the eccentrically solid portions. The solid components were 

Figure  6: Microphotographs of a surgically treated benign pineal cyst. 
(a) Hematoxylin and eosin stain, (b) chromogranin stain, and (c) glial 
fibrillary acidic protein stain.

a b

c

Fig  Classic MRI appearance of a benign pineal cyst. 
(a)  T1-hyperintense lesion compared to CSF in axial view, 
(b)  T2-isointense lesion compared to CSF in axial view, (c) ring 
enhancement lesion after intravenous contrast administration in T1 
axial view, (d) ring enhancement lesion after intravenous contrast 
administration in T1 sagittal view, and (e) isointense lesion compared to 
brain tissue in FLAIR axial view.

a b

d e

c
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 Cornerstones for the microsurgical resection of pineal cysts. Analysis of 22 consecutive surgical videos.

Cornerstone Frequency 
of use

Dura opening and access 
to the pineal region 
7.3±2.3 min (2.3−12.5)

1.  Opening of the dura under the microscope to 
recognize small tears and preventing to damage the 
venous sinuses 

22/22 a. Irrigation needle, b. dural forceps, 
c. dural scissors, d. needle-holder, e. long 
microscissors, f. scalpel, g. short and 
long bipolar forceps (usually sharp tips), 
h. short and long thumb controlled 
suction tube

2.  Cerebrospinal fluid release before access 
the quadrigeminal cistern (Cisterna 
magna – supracerebellar cistern)

1 and 10//22

3.  Careful hemostasis of dural tears with bipolar 
electrocoagulation

14/22

4.  Hemostasis of the epidural space with strong 
dural retraction with vicryl stitches along with 
the opening. Only 2 cases required surgical and 
Tachosil to seal the epidural space

22/22

5.  Suturing of the superior dura opening angles to 
prevent air embolism and small bleedings

10/22

6.  Wide gap between the tentorium and the superior 
surface of the cerebellum under the effect of the 
gravity (11 only after releasing Cerebrospinal 
fluid)

22/22

7.  Straight paramedian access along the superior 
surface of the cerebellar hemisphere

22/22

8.  Retractor-less approach (6 cases required 
coagulation and cut of a superior cerebellar vein 
close to the tentorium)

22/22

Dissection and removal of 
the cyst 11.1±4.8 min (423.7)

1.  Lateral opening of the quadrigeminal cistern 
with high magnification along with all the 
procedure (approximately×15)

22/22 a. Irrigation needle, b. long thumb 
controlled suction tube, c. long bipolar 
forceps (sharp and blunt tip), d. long 
straight microscissors, e. long small 
and medium size ring microforceps, 
f. microdissector

2.  Identification of the deep venous system (dark blue 
colorship). However, in only 15 cases we recognized 
clearly the precentral, basal or internal cerebral 
veins

22/22

3.  Focused opening of the quadrigeminal cistern 22/22
4.  Ipsilateral dissection of the cyst following the 

cleavage plane between the lesion and its vicinity
22/22

6.  Internal debulking of the cyst 12/22
7.  Coagulation and cut of fine vessels running on the 

cyst×s wall 
20/22

8.  Traction of the anterior wall of the cyst with 
bipolar forceps/ring forceps and harmless 
peripheral aspiration-dissection of the cyst from de 
surroundings

22/22

9.  Opening of the posterior third ventricle and 
additional releasing of Cerebrospinal 
fluid

22/22

10.  Cyst attachment to the internal cerebral veins 
(in 16 cases strong attachment that required 
coagulation and cut of part of the cyst’s wall)

22/22

Hemostasis 6.6±5.7 min 
(1−18.5)

1. No hemostatic procedure 5/22  
2. Bipolar coagulation+tachosil-Surgicel 10/22
3. Only bipolar coagulation 6/22
4. Only Tachosil-Surgical 1/22
5.  Water irrigation for confirmation of the bleeding 

absence
22/22
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also characterized by irregular inner limits – one of them 
even confused as a parasitic lesion – with usually consistent 
enhancement after intravenous contrast administration. 
Intracystic septations were also visible in 11  cases, and three 
patients presented fluid-fluid level on the axial T2 sequence 
signing the pineal apoplexy.

Clinical outcome

All patients except one improved clinically at last follow-up 
with most showing a complete recovery. All patients except 
one were functionally independent postoperatively. The one 
impaired patient remaining unfit to carry out activities due to 
a persistent though improved memory deficit and slight right-
hand clumsiness (modified Rankin Scale 2). No other persistent 
perioperative complications were encountered. However, during 
an early postoperative assessment, three Parinaud’s syndromes 
were observed in our patients. Two of them resolved completely, 
while the third one improved substantially with very minimal 
residual double vision present at last evaluation 7  months after 
surgery.

Complications such as postoperative bacterial meningitis (4), 
wound infection without meningitis (2), and CSF leak without 
infection (2) were observed in 8 of our patients, with the last 
case presented in 2005. All cases were successfully managed with 
antibiotics, though two of them required reoperation. The long-
term evaluation of our patients revealed no significant sequelae 
with only occasional headaches in a few of them.

Radiological outcome

One patient with a small hematoma in the operative bed was 
managed conservatively. She initially presented with new-
onset postoperative visual disturbances and depression, which 
progressively resolved with the resorption of the hematoma. 
A  second patient developed an aseptic granulomatous reaction 
following an open surgical biopsy. For this, she was treated 
medically and continued to follow-up.

DISCUSSION

In this paper, we present our microsurgical management of 60 
consecutive patients presenting with benign pineal cysts. We 
assessed our indications and categorized them into specific criteria 
for pineal cysts surgery, and we evaluated the surgical outcome, 
and we analyzed the key steps for microsurgery. Table 5 lists the 
most relevant series (series with >10 pineal cysts) of the surgically 
treated pineal cyst from literature.[4,15,17,18,25,29-31,33] Similarly to the 
previously published series, our surgically treated pineal cysts are 
predominantly encountered in young females between the second 
and the third decades of life.[22,32,34,44] Four patients were <10 years 
old and were operated on due to the solid appearance of their 

pineal lesion which was suspected to be a solid primary tumor. 
Moreover, these particular patients presented with double vision 
or other visual disturbances, language impairment, and one of 
them had a lesion with a diameter of 24 mm. The retrospective 
analysis of our radiographic data suggests that pineal cysts with 
solid components are well-defined round lesions with uniform 
borders and without infiltration of surrounding structures, 
compared to other tumors with cystic components harboring 
undefined borders and nonuniform morphology. However, it may 
be challenging to determine a precise radiological differentiation 
between the pineal cyst and cystic pineocytomas, gliomas or even 
pineoblastomas.[21,13]

As concluded by some authors, despite the advances in high-
resolution MRI, there are not definite radiological methods to 
distinguish benign pineal cysts from pineal region malignancies 
containing cystic components such as pineocytomas, 
pineoblastomas, germinomas, or mature teratomas.[21,38]

Inclusion criteria for pineal cyst neurosurgery

The symptoms in our surgically treated pineal cyst patients do 
not differ from those reported in other series: headache being 
the most common symptom (with or without hydrocephalus) 
besides other nonspecific symptoms such as numbness, 
visual disturbances, vertigo, balance disturbances, and 
memory deficits. Although some symptoms might be clearly 
explained by hydrocephalus or the compressive effect of the 
tectum, the association between the symptoms and the cyst 
becomes hard to define in the absence of ventriculomegaly 
or Parinaud’s syndrome. Radoš et  al. hypothesize that CSF 
can be permanently produced and absorbed inside the 
brain ventricles, as well as inside the entire CSF system, as a 
consequence of water filtration and reabsorption through the 
capillary walls into the interstitial fluid of the surrounding 
central nervous system tissue. Thus, the obstruction of the 
aqueduct of Sylvius cannot be the only cause of hydrocephalus 
development, but the association with other pathological 
processes that impair filtration and reabsorption of fluids 
on the capillary level such as bleeding, infection, tumor, and 
toxic substances, among others.[37] Kalani et  al. postulate that 
intermittent occlusion of CSF pathways may cause small pineal 
cysts to become intermittently symptomatic.[23] Bezuidenhout 
demonstrated an inverse correlation between the aqueductal 
CSF flow and pineal cyst size even in the absence of objective 
neurological findings or hydrocephalus. Thus, large pineal cysts 
might already display decreased CSF flow through the cerebral 
aqueduct in patients with nonevident hydrocephalus.[5] Eide 
and Ringstad hypothesized that pineal cysts-induced crowding 
of the pineal recess may compress deep cerebral veins causing 
a central venous congestion/hypertension syndrome.[14] 
They demonstrated increased pulsatile intracranial pressure 
and imaging evidence of central venous hypertension in 
symptomatic patients with nonhydrocephalic pineal cysts. Thus, 
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symptomatic pineal cysts without hydrocephalus or Parinaud’s 
syndrome would fit such an explanatory mechanism. We did 
not determine the exact same variables employed in their study; 
however, the average value of the tectum-splenium-cyst ratio in 

our nonhydrocephalic patients with large cysts and unspecific 
symptoms (Criterion 5) was 0.9 which was comparable to that 
previous report.[14] This measure expresses quantitatively the 
risk of compression of the deep venous system, especially the 

 Published series with more than 10 surgically treated pineal cysts.

Author Mean age 
of cases

Mean 
follow-up 

Surgical Grade of 
resection

Fain et al. 
1994[17]

28.7 (15−46) 24 17 3−120 1 transient ocular 
deficit, 1 transient 
Parinaud’s syndrome, 
1 cerebellar 
infarction

Nai 23 SCIT, 1SB GTR: 22

Kreth et al. 
1996[30]

30 14 Nai 48.0 Nai symptom free or 
improvement: 6

14 SB Nai

Mena et al. 
1997[33]

33 (7−69) 15 20 91.1 1 seizure, 1 death symptom free or 
improvement: 12

13 SCIT, 1 OTT, 
1 SB

1 recurrence 
60 months 
after biopsy

Hajnsek 
et al. 
2013[25]

Nai 56 Nai Nai Nai symptom free or 
improvement: 56

56 SCIT Nai

Kalani et al. 
2015[29]

24 (4-47) 18 15 19.1 12 transient 
disconjugate eye 
movements

symptom-free or 
improvement/17

18 SCIT or OTT GTR: 18

Berhouma 
et al. 2014[4]

23.5 (7−49) 24 Nai 144.0 2 occipital 
pseudomeningoceles

Nai 20 OTT, 
4EF+third 
ventriculostomy

GTR: 14, PR: 
6, EF: 4

Eide and 
Ringstad 
2017[15]

30.9 (16−59) 27 MSR: 20.8, 
MSF: 16.0, 
VPS: 16.1

MSR: 2.9, 
MSF: 6.2, 
VPS: 3.5 
(years)

1 sudden coma four 
years after MSF of 
the cyst

improvement or 
symptom free: 
67% (MSF), 
17% (VPS), 
100% (MSR)

6 MSF (SCIT+ 
OTT), 
15 MSR (SCIT), 
6 VPS

4 VPS 
required new 
procedures

Majovsky 
et al. 
2017[31]

39.7 (20−63) 21 18 71.2 1 third ventricular 
hematoma, 1 wound 
infection and 
osteomyelitis (9.5%)

symptom free: 10, 
improved 10, 

21 SCIT Nai

Fedorko 
2018[18]

Nai 12 Nai Nai 3 transient 
neurological 
deterioration

symptom free: 5 
Improved: 7 

12 SCIT 
(2 biopsy and 
fenestration)

Nai

Present 
series

29.1 (4−55) 60 20 149.0 4 bacterial 
meningitis, 2 
wound infection, 
2 Cerebrospinal 
fluid leak without 
infection, 1 aseptic 
inflammation in 
operative bed, 1 small 
hematoma in the 
operative bed

symptom-free: 49, 
improved: 9, new 
slight double vision: 
1 lost at FU: 1

29 SCIT 
paramedian, 
29 SCIT midline, 
1 OTT, and 
1 SB (1 residual 
lesion)

GTR: 58, PR: 
1, SB: 1

EF: Endoscopic fenestration, GTR: Gross total resection, Max: Maximum, Min: Minimum, MSF: Microsurgical fenestration, MSR: Microsurgical removal, Nai: 
No available information, PR: Partial resection, OTT: Occipital transtentorial approach, SB: Stereotactic biopsy, SCIT: Supracerebellar infratentorial approach, 
VPS: Ventriculoperitoneal shunt
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internal cerebral veins with a consequent symptomatic central 
venous hypertension.

Another indication for pineal cyst surgery was the presence 
of nonspecific symptoms in the context of a radiographically 
detected lesion with a solid component. It is well known that 
pineal cysts frequently contain solid structures and these may 
even enhance after contrast injection.[8,32,44] Pineal parenchymal 
tumors may less frequently mimic pineal cysts due to the post 
contrast enhancement of specific cyst components.[16,40] In this 
regard, careful case-by-case evaluation and cooperation between 
the neuroradiologist and the neurosurgeon are well advised.

During the past years, evidence about the natural history of this 
benign lesion, which includes spontaneous shrinkage, have led 
to the development of more stringent indications for the surgical 
treatment of pineal cysts.[1,4] Al-Holou et al. reported an extensive 
epidemiological study with a population of 48,417 consecutive 
patients older than 18 years, who underwent brain MR imaging 
for a variety of reasons. Pineal cysts ≥ 5  mm were found in 
1% of the study population (162  males and 316  females). On 
follow-up, MR imaging at a mean interval of 3.4 years from the 
initial study of 151 of these patients who were diagnosed with a 
pineal cyst, 124/151 pineal cysts remained stable, and only four 
increased in size, whereas 23 decreased in size. At the time of the 
initial diagnosis, the mean pineal cyst size was calculated to be 
9.7 ± 3.8 mm. Of note, 50% of the pineal cysts were <10 mm in 
maximum dimension. Interestingly, cysts that were larger at the 
time of initial diagnosis were more likely to decrease in size over 
the follow-up interval than smaller cysts. Patient sex, patient age 
at diagnosis, and the presence of septations within the cyst were 
not significantly associated with cyst size change on follow-up.[1]

Interestingly, our results showed that the mean pineal cyst 
diameters in patients with clinical and radiographic hydrocephalus 
were 2.5 ± 0.96 (SAPd) × 1.6 ± 0.85 (SCCd) × 1.9 ± 0.48 (AW) 
cm. On the other hand, large cysts with unspecific symptoms had 
a mean size of 2.1 ± 0.37 (SAPd) × 1.4 ± 0.32 (SCCd) × 1.6 ± 
0.41 (AW) cm and pineal cysts – in patients harboring mainly 
headache – that increased in size along the years – up to 1.9 ± 
0.30 (SAPd) × 1.3 ± 0.38 (SCCd) × 1.5 ± 0.45 (AW) – measured 
initially 1.6 ± 0.26 (SAPd) × 1.1 ± 0.25 (SCCd) × 1.2 ± 0.43 (AW).

In this regard, our findings might suggest that pineal cysts have 
progressive clinical evolution with obstructive hydrocephalus 
at the latest stage in acute or progressive diseases, with a mean 
cysts size of 2.5 cm. However, cysts with minimal symptoms such 
as headache and those cysts that will probably require surgery 
during the follow up period might  initially present with a mean 
SAPd of only 1.6 cm (1.2 cm at minimum). In contrast to Al-
Holou et al., who had in their extensive series a large number of 
pineal cysts that decreased in size at the follow-up, we hypothesize 
that once a minimally symptomatic cyst is equal or larger than 
1.5 cm, the risk to increase in size, worsening the symptoms, and 
requiring surgery in the future is high, particularly in people with 
ages ranging between 15 and 40 years old.[1]

Furthermore, we noted that more conservative management 
has been adopted in our department over recent years for pineal 
cysts that are not clearly symptomatic, even if they were growing 
during the follow-up period. However, we continue to believe that 
symptomatic lesions clearly meet indication criteria for surgery, 
and especially tumors with mixed radiographic components should 
be carefully evaluated in cooperation with the neuroradiologists.

Our cohort study is the largest reported series of surgically 
treated pineal cysts thus far.[4,14,17,25,28,29,30,33] Even though our 
clinical outcome was overall satisfactory in 59 out of 60  cases, 
we still encountered a considerable number of postoperative 
infections and CSF leaks. We believe that the more recent use of 
the paramedian supracerebellar infratentorial approach instead 
of the earlier an more traumatic midline approach was the likely 
relevant factor in this regard [Table 6 and Figure 8]. Microscopic 
wound closures of lateral durotomies and the more recent use of 
new dural sealing agents are factors to be considered as well.

The rather short surgical and microsurgical time of our operative 
procedures reflect the efficiency of our operative technique. The 

Fig  A midline supracerebellar infratentorial approach (a) and a 
right supracerebellar infratentorial paramedian approach (b).

a b

Table 6: Postoperative complications related to the approach in 60 
pineal cyst surgeries (Chi-Square, p<0.05).

Approach

the approach

%

Midline supracerebellar 
infratentorial approach
(number of patients: 29)

Post operative infections: 
Bacterial meningitis: 3, 
wound infection: 2
Cerebrospinal fluid leak 
without infection: 2
Hematoma in the 
operative bed: 1

28%

Supracerebellar infratentorial 
paramedian approach
(number of patients: 29)

Aseptic inflammation in 
operative bed: 1
Bacterial meningitis: 1

7%
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paramedian supracerebellar infratentorial approach in a sitting 
position is a standard procedure that was perfected over many the 
years by the senior author (JH). The key steps of this particular 
approach are described in detail in previous papers.[9,10]

The pivotal microsurgical steps may be divided into three groups:
a. The dura opening and access to the pineal region
b. The microsurgical removal of the cyst
c. The hemostasis.

All the microsurgical features were meticulously reviewed and 
optimized according to these three steps. Other authors have 
also presented general data from their retrospective reviews of 
traditionally written surgical reports. However, we believe that a 
careful analysis and review of surgical videos on the topic may 
reveal some pertinent aspect of the technique that escaped prior 
reporting. By submitting a link to our surgical recording (http://
surgicalneurologyint.com/videogallery/pineal-cyst/), we this 
hope to better describe the different steps of the microsurgical 
removal of pineal cysts.

This is a retrospective study based on the experience of a single 
institution over the past 20  years; however, new protocols 
and new approaches are continuously evolving. Endoscopic 
procedures have been reported in the more recent literature 
for the management of pineal cysts.[20,24,26,42] In 2008, the first 
pure endoscopic supracerebellar infratentorial approach for a 
pineal cyst was reported.[23] We remain hesitant to advocate for 
such minimal invasive approaches, since potential bleeding 
complications originating from bridging veins and/or highly 
vascularized lesions may be extremely hard to control in the 
endoscopic setting. Sometime more recently, endoscope-assisted 
procedures of the pineal region were introduced.[41,43] In this 
modification of the approach, surgical instruments for resection 
are used independently from the endoscope which is positioned 
over the cerebellar surface to reduce the risks of potential 
complications. In a recent cadaveric demonstration, we proposed 
a modified pure endoscopic approach to the pineal region and 
an incidental apoplectic pineal cyst was completely resected by a 
supracerebellar infratentorial approach.[12]

Similarly, a variety of stereotactic procedures have been 
reported.[2,30,35,39] These are minimally invasive procedures, but 
may be associated with possible cyst re-expansion and with a 
higher risk of sampling error from the surgical tissue. Kreth et al. 
published a series of 14 stereotactically managed pineal cysts, but 
in eight out of these 14  patients, symptoms did not completely 
resolve.[30] Therefore, the stereotactic treatment of pineal cysts 
requires further investigation and long-term follow-up data to 
prove its efficacy.

Our results from this large series demonstrate how the 
microsurgical management performed particularly under the small 
paramedian – instead of a midline – supracerebellar infratentorial 

approach in a sitting position, is currently our most effective 
and safest approach symptomatic pineal cysts. Thus, virtually 
atraumatic procedures with small craniotomies and small dura 
openings can yield a reduction of postoperative complications. 
Needless to say, the development of excellent microsurgical skills 
is required for dealing with these deep-seated lesions.

CONCLUSION

We describe in this paper the largest series of microsurgically 
treated pineal cysts and report excellent clinical outcomes with 
our approach. A judicious microsurgical technique is in our eyes 
the most suitable technique to effectively deal with these benign 
lesions in a complex location.
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INTRODUCTION

Benign pineal cysts (PCs) represent incidental findings on magnetic resonance imaging in most 
of the cases. However, at times, benign PCs are associated with various symptoms and may 
require microsurgical resection.[3,10,11,13-15,17]

We recently published our experience on the surgical management of benign PCs in a large 
cohort of patients. Although the limitations of a single-center, retrospective study, it provided us 
interesting results.[6] Here, we provide a more detailed and updated quantitative analysis of the 
surgically treated PC patients with emphasis on their pre- and postoperative functional status. 

SNI_41_2020

ABSTRACT
Background: Microsurgical removal represents a well-accepted treatment option for symptomatic benign pineal 
cysts (PCs). However, very few studies have quantitatively evaluated the functional status of surgically treated PC 
patients.

Methods: A detailed analysis of preoperative, immediate postoperative, and long-term clinical and radiological 
characteristics was performed. The functional status of the patients was categorized using the modified Rankin 
scale (mRS) and the Chicago Chiari Outcome Scale (CCOS). In addition, a comparative analysis between 
pediatric and adult patients with PCs was carried out.

Results: Overall, pediatric patients experienced better long-term mRS scores than adults. The differences between 
the pre-, the immediate post-, and the last postoperative mRS of the patients were statistically significant for the 
total population (P < 0.001). All patients obtained a CCOS of 11 or more, which reflects a good/optimal result 
after microneurosurgery. The type of the surgical approach was independently associated with the postoperative 
complications (P < 0.01), more frequently reported with the midline supracerebellar infratentorial (SCIT) 
approach than with its paramedian modification.

Conclusion: The functional status of properly selected symptomatic patients with PCs may improve significantly 
after their surgical management through a paramedian SCIT approach in sitting position.

Keywords: Functional status, Microneurosurgery, Paramedian supracerebellar infratentorial approach, Pineal 
cyst, Sitting position

www.surgicalneurologyint.com

Surgical Neurology International
Editor-in-Chief: Nancy E. Epstein, MD, Clinical Professor of Neurological Surgery, School of 
Medicine, State U. of NY at Stony Brook.

SNI: Neuro-Oncology Editor 
 Mitsutoshi Nakada, MD 
 Kanazawa University, Ishikawa, Japan Open Access 

*Corresponding author: 
Joham Choque-Velasquez, 
Department of Neurosurgery, 
Helsinki University Hospital, 
University of Helsinki, Helsinki, 
Finland.

johchove@hotmail.com

Received : 29 January 2020 
Accepted : 14 September 2020 
Published :

DOI 
10.25259/SNI_41_2020

Quick Response Code:

AQ4



1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

Choque-Velasquez, et al.: Functional outcome in pineal cyst surgeryAQ1

In addition, since our population study included many 
pediatric patients with specific physiopathological features, 
we performed a comparative analysis between pediatric and 
adult PC patients.

MATERIALS AND METHODS

Population study and design

This project has been approved by the Ethics Committee of 
HUH. Records of patients surgically treated for histologically 
confirmed PCs at our institution from 1997 to 2015 were 
retrieved retrospectively from our database. Preoperative, 
immediate postoperative, and long-term clinical and 
radiological characteristics were noted.

The functional status of the patients was categorized using 
the modified Rankin scale (mRS) and the Chicago Chiari 
Outcome Scale (CCOS). The CCOS was introduced by 
Majovsky et al. for the evaluation of PC surgery.[8,16] The 
CCOS evaluates the clinical outcome in terms of pain, 
associated symptoms, functionality, and complications 
[Table  1].[1] For children, the mRS was scored with age-
specific modification.[4,19] As proposed by the American 
Academy of Pediatrics, we consider 21 years, the age upper 
limit for pediatric patients.[2,12]

Statistical analysis

RStudio version 1.2.5001-3 was used for the statistical 
analysis. Only available data were analyzed, and missing 
data were not extrapolated. Nonparametric Fisher exact 
test or Mann–Whitney/Wilcoxon test was utilized wherever 
appropriate for the identification of differences between 
children and adult populations. The difference in the 
matched pre- and immediate postoperative functional 
status of the patients was compared using the Wilcoxon test. 
Univariate analysis and bivariate correlations were followed 
by multiple regression models of all plausible and statistically 
significant variables for the identification of predictors for 
the postoperative complications (events instead of patients), 
as well as for the functional status (last mRS). A generalized 
linear model with binomial link was applied to evaluate 
the postoperative complications; and a generalized linear 

model with quasipoisson link was used to evaluate the last 
mRS. The raw p-value cutoff for significance was set at 0.05. 
Adjustments of P-values were performed with the Benjamini-
Hochberg procedure with significance level at  = 0.1

RESULTS

Sixty histologically confirmed PCs underwent surgery at our 
institution from 1997 to 2015 as previously reported.[6]

Preoperative evaluation

The preoperative clinical presentation of the patients is 
detailed in [Table  2]. Headache and visual dysfunctions 
were the most frequent symptoms. No significant difference 
was observed between pediatric and adult populations. The 
preoperative mRS was similar in the two groups. In pediatric 
patients, the most frequent symptoms were headache, 
nausea-vomiting, and visual impairment. Ten (25%) adults 
suffered from vertigo that was absent in the pediatric group.

[Table 3] describes the radiological features of the lesions. No 
significant difference was registered between children and 
adult populations in terms of cyst appearance nor size. The PCs 
appearance on MRI-T1WI sequences with and without contrast 
largely varied and did not allow to recognize typical features. 
On the other hand, on T2WI sequences, around 90% of the PCs 
were isointense compared to the cerebrospinal liquid.

An analysis of the surgical criteria for the management of 
the PC patients is reported in [Table  4]. Details were well 
described in our previous publication as well.[6] The incidence 
of cyst growth and hydrocephalus in the pediatric population 
was two-fold higher than in adults. However, no statistical 
difference was observed. Hydrocephalus was present in 
37% of the cases. All hydrocephalus cases except one were 
primarily managed by direct cyst removal. The surgical 
criteria for the management of PCs did not significantly 
differ between pediatric and adult patients.

Surgical features

[Table 5] includes a comparison of the surgical management 
of PCs in children and adults. No significant difference 

Table  The Chicago Chiari Outcome Scale. Adapted from ahmed el Damaty et al.

Pain Nonpain Functionality Complications Total score
1: Worse 1: Worse 1: Unable to attend 1:  Persistent complication, 

poorly controlled
4:  Incapacitated 

outcome
2:  Unchanged and 

refractory to 
medication

2:  Unchanged and 
refractory to medication

2:  Unchanged and 
refractory to medication

2:  Unchanged and 
refractory to 
medication

8: Impaired outcome

3:  Improved or controlled 
with medication

3:  Improved or controlled 
with medication

3:  Improved or controlled 
with medication

3:  Improved or controlled 
with medication

12:  Functional 
outcome

4: Resolved 4: Resolved 4: Fully functional 4: Uncomplicated course 16: Excellent outcome
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Table  Preoperative evaluation features of pineal cyst patients. For categorical variables, absolute number (percentage). For numeric 
variables, median [interquartile range].

All Adult Pediatric P-value Adjusted P-value n
n n n

Age 30.0 [19;37] 35.0 [30;40] 16 [13;18] - - 60
Sex: Females 44 (73%) 27 (66%) 17 (90%) 0.066 0.66 60
Incidental findings 4 (7%) 3 (8%) 1 (6%) 1.00 1.00 58
Headache 45 (78%) 30 (75 %) 15 (83 %) 0.74 1.00 58
Visual and oculomotor dysfunctions 16 (28%) 11 (28%) 5 (28%) 1.00 1.00 58
Nausea and vomiting 12 (21%) 6 (15%) 6 (33%) 0.16 1.00 58
Vertigo 10 (17%) 10 (25%) 0 0.02 0.22 58
Psychiatric symptoms 9 (16%) 7 (18%) 2 (11%) 0.71 1.00 58
Sensory disorders 8 (14%) 6 (15%) 2 (11%) 1.00 1.00 58
Memory problems 5 (9%) 4 (10%) 1 (6%) 1.00 1.00 58
Preoperative mRS: 0, 1, 2, 3, 4 3, 6, 30, 

16, 3
2, 4, 19, 

12, 3
1, 2, 11, 4, 0 0.51 1.00 58

Table  MRI imaging of pineal cyst patients. For categorical variables, absolute number (percentage). For numeric variables, median 
[interquartile range].

All Adult Pediatric P-value Adjusted 
P-value

n
n n n

T1WI MRI (CSF) 56
Isointense 9 (16%) 8 (21%) 1 (6%) 0.25 1.00
Low hyperintense 32 (57%) 20 (51%) 12 (71%) 0.24 1.00
Moderate hyperintense 14 (25%) 11 (28%) 3 (18%) 0.51 1.00
High hyperintense 1 (2%) 0 1 (6%) 0.30 1.00

T1WI MRI with contrast 51
No enhancement 12 (24%) 10 (28%) 2 (13%) 0.47 1.00
Ring enhancement 26 (51%) 16 (44%) 10 (67%) 0.22 1.00
Solid appearance 22 (43%) 15 (42%) 7 (47%) 0.77 1.00
Intracystic septa 11 (22%) 10 (28%) 1 (7%) 0.14 1.00

T2WI MRI (CSF) 55
Isointense 51 (93%) 36 (95%) 15 (88%) 0.58 1.00
Hypointense 4 (7%) 2 (5%) 2 (12%) 0.58 1.00

Anterior-posterior size 19 [16;23] 18.7 [16;23] 19[16;23) 0.93 1.00 57
Cranio-caudal size 12.5 [14.4;16.7] 12.8 [11;15.7] 12 [10;13.4] 0.52 1.00 55
Axial wide size 14.8 [12;18] 14.5 [12;17.6] 16[12.8;19.1] 0.59 1.00 56
Cyst volume in mm3 1901 [1120 ;2709] 1901 [1121;2599] 1659 [1105;2821] 0.94 1.00 54

Table 4: Surgical indications of pineal cyst patients. For categorical variables, absolute number (percentage). For numeric variables, median 
[interquartile range].

All Adult Pediatric P-value Adjusted P-value n
n n n

Double vision 7 (12) 4 (10) 3 (16) 0.67 1.00 59
Other visual deficits 9 (15) 7 (18) 2 (11) 0.71 1.00 59
Hydrocephalus 15 (25) 8 (20) 7 (37) 0.20 1.00 59
Suspected fluctuant hydrocephalus 6 (10) 5 (13) 1 (5) 0.65 1.00 59
Cyst growth 10 (17) 5 (13) 5 (26) 0.26 1.00 59
Solid tumor suspicion 24 (41) 16 (40) 8 (42) 1.00 1.00 59
Large cysts with minor symptoms 19 (32) 16 (40) 3 (16) 0.084 0.588 59
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was observed in terms of preliminary management of 
hydrocephalus, primary surgical treatment, surgical 
position of the patient, surgical approach, extent of 
surgical resection, time of microsurgical removal, nor 
complementary treatment. One adult patient underwent 
stereotactic fenestration. Another adult patient underwent 
an occipital transtentorial approach, while an SCIT approach 
in sitting position was performed in all the others 58 patients 
(19 children and 39 adults).

Postoperative outcome

The outcome of the surgically treated PC patients is presented 
in [Table 6]. No differences were observed between children 
and adults in terms of clinical and radiological follow-up, 
survival rate, postoperative complications, and functional 
status of the patients. Imaging studies of eight patients 
were unavailable in the system. Thus, for these patients, the 
information about the extent of PCs resection were retrieved 
from their medical files.

Overall, pediatric patients experienced better long-term mRS 
scores than adults after the surgical operation [Figure  1]. 
However, statistical differences after p-values adjustments 
were not consistent. The differences between the matched 
pre-, immediate post-, and last postoperative functional 
status of the patients (mRS) were statistically significant for 

the pediatric group, as well as for the adults and the total 
population (P < 0.001) [Figure 2].

All pediatric and adult patients obtained a CCOS 
over 11, which represents a good/optimal result after 
microneurosurgery.[8,16] As observed in the immediate mRS, 
the resolution of the symptoms was obtained soon after the 
surgical resection. This could explain the relatively short 
clinical follow-up in some patients. Only one adult patient 
was lost in the long-term follow-up, as observed in the 
Finnish registry system. All pediatric patients remained cyst-
related symptom free at the last median (interquartile range) 
clinical follow-up of 3 (2–7) months.

Multivariate analysis was used to investigate whether age, 
cyst volume, hydrocephalus, sex, and surgical approach 
were predictors of postoperative complications. After 
multiple regression analysis, only the surgical approach 
(P < 0.05) remained as the single independent predictor for 
postoperative complications [Figure  3]. The paramedian 
supracerebellar infratentorial (SCIT) approach linked with 
lower risks of postoperative complications compared to the 
midline SCIT approach (log odds ratio = –0.82). Multivariate 
analysis was used to investigate whether age, cyst volume, 
hydrocephalus, preoperative mRS, sex, surgical approach, 
and surgical complications were predictors of the long-
term mRS. After multiple regression analysis, only the age 

Table  5: Surgical intervention features of pineal cyst patients. For categorical variables, absolute number (percentage). For numeric 
variables, median [interquartile range].

All Adult Pediatric P-value Adjusted 
P-value

n
n n=41 n

Preliminary shunt surgery 1 (2%) 1 (2%)  0  1.00 1.00 60
Preliminary endoscopic procedure 1 (2%) 1 (2%) 0 1.00 1.00 60
Primary treatment 60

Microsurgery 59 (98%) 40 (98%) 19 (100%) 1.00 1.00
Stereotactic biopsy 1 (2%) 1 (2%) 0 1.00 1.00

Surgical position* 60
Sitting position 58 (97%) 39 (95%) 19 (100%) 1.00 1.00
Park bench position 1 (2%) 1 (2%) 0 1.00 1.00
Supine position 1 (2%) 1 (2%) 0 1.00 1.00

Surgical approach* 60
Midline SCIT 29 (48%) 19 (46%) 10 (53%) 0.78 1.00
Paramedian SCIT 29 (48%) 20 (49%) 9 (47%) 1.00 1.00
Transtentorial 1 (2%) 1 (2%) 0 1.00 1.00
Frontal stereotactic procedure 1 (2%) 1 (2%) 0 1.00 1.00

Bone flap surface (mm2) 1018 [855; 1256] 1004 [823;1257] 1068 [962;1257] 0.34 1.00 60
Extent of resection 60

Complete 58 (97%) 39 (95%) 19 (100%) 1.00 1.00
Subtotal 1 (2%) 1 (2%) 0 1.00 1.00
Biopsy and puncture 1 (2%) 1 (2%) 0 1.00 1.00
Postoperative shunt 0 0 0 - 60
Postoperative endoscopy 1 (2%) 1 (2%) 0 1.00 1.00 60

*Surgical position and surgical approach for the primary treatment modality
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of the patients (P < 0.05) remains as the single independent 
predictor for the last mRS [Figure 4].

DISCUSSION

Here, we report the postoperative long-term functional 
outcome in pediatric and adult patients of our previous 

publication on the largest series of surgically treated PCs.[6] 
The differences between the quantitatively measured pre- and 
postoperative functional status of the patients were highly 
significant. The outcome analysis was carried out by comparing 
the pre- and postoperative mRS, and on the summary, outcome 
offered by the CCOS. These results underline the impact of the 
microsurgical resection on PCs patients’ outcomes. On the 

Table 6: Outcome of surgically treated pineal cyst patients. For categorical variables, absolute number (percentage). For numeric variables, 
median [interquartile range].

All Adult Pediatric P-value Adjusted 
P-value

n
n n n

Clinical follow-up in months 3 [2;10] 3 [2;15] 3 [2;6.8] 0.64 1.00 55
Survival follow-up from Finnish registry system in months 162 [88;206] 173 [90;210] 148 [86;203] 0.40 1.00 59
Survival rate 59 (100%) 40 (100%) 19 (100%) 1.00 1.00 59
Radiological follow-up in months# 6.1 [0.4; 43] 20.3 [1.2;74] 2.4 [0.1; 13] 0.09 1.00 52
Small cyst remnant 2 (3%) 2 (5%) 0 1.00 1.00 60
Postoperative complications 16 (27%) 9 (23%) 7 (37%) 0.35 1.00 59
Approach-related complications 9 (15%) 5 (13%) 4 (21%) 0.45 1.00
Minor pseudomeningocele 5 (8%) 4 (10%) 1 (5%) 1.00 1.00
Other complications 4 (7%) 2 (5%) 2 (11%) 0.59 1.00
Postoperative impairment: Parinaud’s syndrome 1 (2%) 1 (3%) 0 1.00 1.00 59
Immediate mRS: 0, 1, 2, 3 31, 21, 6, 1 23, 13, 4, 0 8, 8, 2, 1 0.49 1.00 59
Long-term mRS: 0, 1, 2 48, 10, 1 29, 10, 1 19, 0, 0 0.01 0.17 59
CCOS total: 11, 12, 14, 15, 16 1, 3, 2, 18, 35 1, 3, 2, 11, 23 0, 0, 0, 7, 12 0.50 1.00 59
CCOS pain: 2, 3, 4 1, 6, 52 1, 6, 33 0, 0, 19 0.085 1.00 59
CCOS no pain: 3, 4 5, 54 5, 35 0, 19 0.17 1.00 59
CCOS functionality: 3, 4 4, 55 4, 36 0, 19 0.30 1.00 59
CCOS complications: 2, 3, 4 3, 16, 40 3, 9, 28 0, 7, 12 0.77 1.00 59
Overall mortality 0 0 0 1.00 1.00 59
CCOS: Chicago Chiari Outcome Scale, mRS: Modified Rankin scale, immediate mRS evaluated at hospital discharge of the patient

AQ7

Fig  Immediate and last functional status of surgically treated pineal cyst patients measured by the modified Rankin scale.
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other hand, at the last mRS evaluation, the pediatric population 
showed better outcomes than adults, and further research 
should be performed in this regard. However, different factors 
could explain this finding: (a) the pediatric patients, on 
average, presented a better preoperative functional status than 

adults, and the long-term clinical outcome is correlated with 
the preoperative mRS; (b)  although we scored the pediatric 
disability with age-specific modifications, the mRS scales 
of pediatric and adult patients still remain different, thus 
hindering an optimal comparison; (c) a minor postoperative 

Fig  Multiple regression model for the identification of predictors for postoperative complications; paramedian, paramedian 
supracerebellar infratentorial approach; volume, pineal cyst volume.

Fig  Functional outcome trajectories of surgically treated pineal cyst patients; modified Rankin scale.
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discomfort (mRS 1) might be unnoticed and unreported by 
the pediatric patients; (d) the retrospective design of the study 
may represent a limitation for the accuracy of the data; and 
(e) the active neuroplasticity of the pediatric patients might 
offer a better recovery of the minor postoperative dysfunctions 
(mRS 1) as well.

Very few studies have quantitatively evaluated the functional 
status of surgically treated PC patients.[8,9,16,18] Majovsky et al. 
and Damaty et al. used the CCOS for the outcome evaluation 
of their cases.[8,16] Damaty et al. reported 41 patients with a 
CCOS of 11 or more and two patients with bad outcomes 
after microsurgical resection. Majovsky et al. reported a mean 
CCOS of 15 (range 12–16) after microsurgical treatment of 
21 patients. Some other studies focused on the evaluation of 
specific symptoms.[9,18] However, most of the studies provided 
only a qualitative description of their results.[3,10,11,13-15,17] On 
the other hand, a quantitative evaluation of the potential 
clinical improvement offered by the surgical management of 
PCs is paramount to justify their removal, as PCs are benign 
lesions.

We previously described the postoperative complications 
after the surgical removal of PCs in our series.[6] Transient 
visual impairment appeared in some cases. Approach-
related complications were more frequently observed 
during the first period of the study, when the midline 
SCIT approach was mostly performed. We recently 
performed a comparative evaluation between the midline 
and the paramedian SCIT approaches in pineal region 

surgery. There, the paramedian approach resulted in a 
simplified, less invasive, and safer procedure than the 
midline approach for the management of pineal region 
lesions in sitting praying position.[7] As above mentioned, 
the SCIT approach in sitting position was performed in 
58 of the 60 PC patients. The patient who underwent the 
occipital transtentorial approach in park bench position 
presented a temporary Parinaud’s syndrome after surgery 
that solved at the last evaluation 2 months later. On the 
other hand, the patient who underwent the stereotactic 
cyst fenestration did not experience postoperative 
complications. However, a small remnant of the cyst was 
present at the last postoperative imaging 3 months later.[6] 
We support a judicious microsurgical management of PCs 
through a paramedian SCIT approach in sitting praying 
position since this procedure allowed us to obtain good/
optimal postoperative functional statuses and low rates of 
postoperative complications.[5-7]

The long-term clinical and radiological follow-up was 
relatively short in our series. This because the disease-related 
symptoms solved soon after surgery. Only one patient was 
lost at the long-term follow-up evaluated in the Finnish 
registry system 2018. The mortality was null, and all patients 
except two were cyst free and the last radiological evaluation.

The most important limitation of this study was its 
retrospective nature, which could have hindered an accurate 
evaluation of the functional status mainly in pediatric 
patients.

AQ5

Figure  4: Multiple regression model for the identification of predictors for the modified Rankin scale at the last clinical evaluation; 
paramedian, paramedian supracerebellar infratentorial approach; volume, pineal cyst volume.
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CONCLUSION

The functional status of PC patients improves significantly 
after their surgical management through a paramedian SCIT 
approach in sitting position, especially in pediatric patients. 
Adequate surgical criteria are essential for the selection of the 
cases.
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Extent of Resection and Long-Term Survival of Pineal Region Tumors in Helsinki
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-BACKGROUND: Pineal region tumors represent chal-
lenging surgical lesions with wide ranges of survival
reported in different surgical series. In this article, we
emphasize the role of complete microsurgical resection
(CMR) to obtain a favorable long-term outcome of pineal
region tumors.

-METHODS: We report a retrospective study of pineal
region tumors operated on in Helsinki Neurosurgery be-
tween 1997 and 2015. Information was obtained from the
hospital records, and an evaluation of the Finnish popula-
tion register was conducted in July 2018 to determine the
current status of the patients.

-RESULTS: A total of 76 pineal region tumors were
operated on. The survival was 62% at a mean follow-up of
125 � 105 months (range, 0e588 months), and the disease-
related mortality was limited to 14 patients (18.4%). Up to
July 2018, 29 patients had died. Two patients died 1 and 3
months after surgery of delayed thalamic infarctions, 12
patients of disease progression, and 15 had nonedisease-
related deaths. Only 1 patient was lost in the long-term
follow-up. Ten of 14 disease-related deaths occurred dur-
ing the first 5 years of follow-up: 5 diffuse gliomas, 3 germ
cell tumors, 1 grade IIeIII pineal parenchymal tumor of

intermediate differentiation, and 1 meningioma. CMR was
linked to better tumor-free survival and long-term survival,
with the exception of diffuse gliomas.

-CONCLUSIONS: CMR, in the setting of a multidisci-
plinary management of pineal region tumors, correlates
with favorable survival and with minimal mortality. Surgi-
cally treated grade IIeIV gliomas constitute a particular
group with high mortality within the first 5 years inde-
pendently of the microsurgical resection.

INTRODUCTION

The pineal region or the so-called posterior incisural space/
quadrigeminal cistern is a deep intracranial structure that
may harbor a variety of neurosurgical diseases such as

benign pineal cysts, a wide range of pineal region tumors, vascular
malformations, and aneurysms.1-7

The pineal region represents a microsurgical challenging loca-
tion. Since the introduction of the operative microscope and, later,
of the endoscope, the surgical outcome of these diseases has
improved dramatically. On the other hand, in the last decades, the
development of radiochemotherapy has made possible, in selected
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- Pineal tumors
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cases, less invasive therapeutic modalities, in particular for ger-
minomatous tumors.8-12 However, in opposition to all these
therapeutic developments, the diagnostic imaging of pineal region
tumors still lacks precision, and histopathologic and immuno-
histochemical examination is required for the definitive diagnosis.
Even although these technical advances have improved the

surgical outcome of pineal region lesions and different surgical
series have reported wide ranges of survival, long-term follow-up
data are still scarce in the literature.8-12

We present the long-term surgical outcome of patients with
pineal region tumors operated on in Helsinki Neurosurgery (HN)
between 1997 and 2015. Moreover, we aim to emphasize the
importance of complete microsurgical resection (CMR) in the
setting of a multidisciplinary management of pineal region lesions
(microneurosurgery and radiochemotherapy), to obtain a favorable
long-term outcome.

METHODS

Population
After institutional ethics board approval (number HUS/2772/2017),
we retrospectively reviewed the patients with pineal region tumors
who were consecutively operated on in our department between
1997 and 2015. Few previously treated patients underwent surgical
removal of a persistent or recurrent pineal lesion during the study
period. Definitive histologic diagnoses were recorded and, in
cases of unclear diagnosis, the histologic samples were re-revised
by our neuropathologist. IMPAX version 6.5.5.1608 (Agfa, Mortsel,
Belgium) was used for the presurgical radiologic evaluation and
for the postoperative imaging and evaluation of the extent of tu-
mor resection as well. We examined the medical records to
determine the preoperative status of the patients, the immediate
and long-term clinical follow-up of the patients, and one of the
coauthors (R.R.) revised the Finnish population register in July
2018 to determine their current status.
The modified Rankin Scale (mRS) was used to categorize and

compare the preoperative, immediate postoperative, and long-
term postoperative functional status of the patients. The correla-
tions between the grade of microsurgical resection and mortality,
pineal tumor-free outcome, and volume of the lesion were
analyzed using the c2 and Mann-Whitney U test. P values <0.05
were considered significant. SPSS version 22 (IBM Corp., Armonk,
New York, USA) was used.

CMR of Pineal Region Lesions
CMR was introduced as a key component of the protocol for the
management of the pineal region lesions when the senior author
(J.H.) became the chairman of the Department of Neurosurgery in
Helsinki in 1997. Thus, the term subtotal resection (STR) of the
tumor was conveniently coined to refer to only a very small and
usually firmly adhesive residual piece attached to the venous walls
or infiltrating critical structures, after a procedure aiming at
complete removal of the lesion. A few biopsies were performed by
other colleagues as a part of the initial management of the lesions.
As mentioned earlier, the pineal region is a challenging surgical

location because it is surrounded by critical neurovascular struc-
tures. Thus, the microsurgical principle “Simple, clean, fast and

safe” under high operative magnification is imperative for efficient
surgery.13-16

General Approach for Pineal Region Lesions During the Study
Period
In HN, most patients harboring pineal region tumors associated
with subacute or chronic symptoms are transferred from primary
centers, the Department of Neurology, or from some other hos-
pitals across Finland or from abroad. Moreover, few cases are
diagnosed as incidental findings after diagnostic imaging for
unrelated symptoms.
All patients harboring a pineal lesion underwent the following

examinations: tumor markers in blood and cerebrospinal fluid
(CSF), endocrine assessment, basal pituitary hormone tests, CSF
sampling for cytology, computed tomography studies, and mag-
netic resonance imaging (MRI) (T1-weighted imaging,
T2-weighted imaging, T1 with gadolinium enhanced/fat suppres-
sion, fluid-attenuated inversion recovery, and diffusion-weighted
sequences). Moreover, proton density, spectroscopy, tractog-
raphy, CSF flow studies, and magnetic resonance angiography/
venography may also be required in addition. In general, the
preoperative evaluation of the deep venous system is the most
valuable factor in planning the surgical strategy of pineal region
tumors.
The therapeutic decision after all preliminary studies is rec-

ommended by the neuro-oncologic team composed of a neuro-
surgeon, an oncologist, a neuropathologist, a radiologist, and a
neurologist. Once the histologic diagnosis is confirmed, the
neuro-oncologic team determines all further management and the
required adjuvant treatment.
In patients harboring pineal region tumors associated with

hydrocephalus, acute and rapidly progressive hydrocephalus may
initially require external ventriculostomy, endoscopic third ven-
triculostomy, ventriculoperitoneal/ventriculoatrial shunt, or direct
removal of the lesions. This neurosurgical decision making is
related to the cytology study of the CSF, the presence of tumor
markers in blood or CSF, and the preference of the surgeon. On
the other hand, slow progressive hydrocephalus is generally
treated by direct removal of the lesion.

Premicrosurgical Stage
Positioning and draping the patient are procedures performed
under the previously well-described protocol developed in Hel-
sinki for a more ergonomic variant of the classic sitting position:
the sitting praying position.1-5

The supracerebellar infratentorial (SCIT) approach, which is
suitable for infratentorial lesions behind and below the neuro-
vascular structures, is the most frequently used route for pineal
region surgery at our institution. Over the years, a modified par-
amedian approach to the pineal region has been perfected and
performed routinely because of complications observed with the
classic midline approach.3,16,17 The occipital interhemispheric
(OIH) approach with or without transtentorial opening is more
suitable for tumors with large supratentorial segments extending
behind and above the corpus callosum and the deep venous sys-
tem. This approach is the second most frequently used at our
institution and was widely described in other studies.4,5 The
transcortical and the subtemporal approach are less frequently
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performed for lesions extended laterally to the temporo-occipital
gyri. Other approaches might be also used according to specific
locations of recurrent or residual tumors.

Microneurosurgery
When a proper premicrosurgical stage is achieved, a good
microscopic procedure is more fluent.16 Efficient
microneurosurgery is achieved only after continuous training,
adequate knowledge of microsurgical principles, and proper
neuroanatomic knowledge.
We summarize our microsurgical strategy for approaching

pineal region tumors as follows13,15:

1) After a suboccipital craniotomy, the dura is opened under the
microscope based on the transverse sinus. An OIH approach
requires a superior sagittal sinus-based dura opening. Strong
retraction with dural stitches provides an adequate surgical
view along the approaches.

2) Under high magnification, we access the quadrigeminal
cistern after a SCIT approach and the pericallosal cistern if the
OIH approach is performed. In both cases, CSF is continu-
ously released along the access instead of preoperative spinal
catheter placement. On the other hand, opening of the
cisterna magna is often unnecessary in the SCIT approach.

3) In the SCIT approach, the quadrigeminal cistern is recognized
as a dark tight membrane covering its dorsal and superior
walls. We open it sharply, uncovering the pineal tumor. After
an OIH approach, the tumor may be directly recognized
following the falx toward the splenium because no membrane
covers the lesion.

4) We coagulate and cut the posterior or superior walls of the
tumor, and microsurgical ring forceps help us to obtain a
tumor sample for immediate and definitive histologic study.

5) A critical aspect before intending to remove the tumor con-
sists of the proper preoperative evaluation of the MRI to define
some degree of differentiation between the tumor and sur-
rounding structures through some cleavage plane.
Throughout our intraoperative evaluation, we identified that
unlike infiltrative gliomas, most pineal region tumors tend to
preserve regular borders without aggressive microscopic
infiltration of the surrounding parenchymal structures. This
aspect remains a key component for CMR without damage of
the neurovascular structures.

6) Internal decompression of the tumor with thumb-regulated
suction and bipolar forceps or ring microforceps is followed
by a conventional microsurgical dissection aiming to reach the
posterior wall of the third ventricle. The tumor is separated
from the adjacent neurovascular tissue, under soft but
continuous traction using bipolar microforceps or ring
microforceps. Cotton dissection and water dissection tech-
niques are useful tools as well, and a microsurgical mirror or
an endoscope may find some residual tumor in the inferior
hidden area.

7) Another essential aspect of microneurosurgery is closely
related to the adherence and infiltration of the tumor into

external layers of the deep venous system. The tumor should
be carefully and softly dissected by a water dissection tech-
nique, cotton dissection, and using microscissors and bipolar
microforceps, avoiding any vascular injury, which may pro-
duce immediate or delayed complications. The postoperative
evaluation of our subtotal resections showed small residual
pieces attached to these vessels.

8) Microsurgical dissection of meningiomas follows the same
principles. However, extreme caution should be taken while
dissecting surrounding arterial and venous vessels. Moreover,
falcotentorial attachments of the tumor should be sectioned,
aiming at a CMR.

9) Accurate hemostasis with patient observation of any leak un-
der continuous saline irrigation guarantees preventing post-
operative hemorrhagic events.

10) Closing under the microscope looks beneficial for better he-
mostasis, precise wound margin approximation, atraumatic
handling of tissues, and improvement of surgical dexterity. All
those elements, together with the use of a paramedian SCIT
approach, instead of a more traumatic midline approach,
associated with new dura sealing agents might be essential in
reducing the high risk of postoperative CSF leak and menin-
gitis in pineal region surgery.3,17

Neuroanesthesia
The main objective of neuroanesthesia is to maintain optimal
perfusion and oxygen delivery to the central nervous system during
treatment. Moreover, intraoperatively, neuroanesthesia has to
provide good surgical conditions. Some neuroanesthesiologic
considerations for pineal region surgery in a sitting position were
detailed previously.1,2

Adjuvant Therapy
Radiation therapy and chemotherapy represent essential tools in
the management of pineal region tumors. They were used as
adjuvant therapy a few weeks after microsurgical resection of pi-
neal region tumors with aggressive behavior such as high-grade
gliomas, high-grade pineal parenchymal tumors (PPTs), germi-
nomas, mixed germ cell tumors (GCTs), immature teratomas,
high-grade ependymomas, papillary tumors of the pineal region
(PTPR), microcellular metastases; and also after recurrences of
malignant and some more benign tumors such as meningiomas.
In a few cases, radiochemotherapy is used as a primary line of
treatment. From our study and from the literature, we have
noticed new protocols emerging constantly. The different pro-
tocols used at our institution according to the definitive diagnosis
of the tumor are described in Table 1.

RESULTS

A total of 147 pineal regions lesions (pineal cysts, vein of Galen
malformations, arteriovenous malformations, cavernous venous
malformations, posterior cerebral artery aneurysms, and pineal
region tumors) were operated on in HN between 1997 and 2015.
Seventy-six patients with pineal region tumors (38 females and 38
males) were operated on during the study period: 23 PPT (30%), 12
GCT (16%), 10 meningiomas (13%), 10 pilocytic astrocytomas
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(13%), 6 grade IIeIV diffuse gliomas (8%), and 15 other tumors
(20%). The mean age of the patients was 38.4 � 24 years
(5 months to 82 years). The average length, height, and width of
the lesions were 2.8, 2.5, and 2.6 cm with maximal dimensions of
9 � 7.3 � 5.8 cm, respectively. Detailed information of the study
population is summarized in Figure 1 and Tables 2 and 3.
Around 90% of the cases were initially operated on by an SCIT

approach and 10% by an OIH approach. These 2 surgical ap-
proaches were combined in a few cases, at the same stage or in
multiple stages. Other surgical routes (such as the suboccipital
midline approach to the fourth ventricle, the anterior interhemi-
spheric approach, the subtemporal approach, the occipital trans-
tentorial approach, and the parietal transcortical approach) were
selected in a few cases or combined with the 2 most used
approaches mentioned earlier. The senior author (J.H.) performed
the microsurgical removal of most of the tumors.
Of the cases, 90% were operated on with patients in the sitting

praying position. Other positions included the prone, supine,
semi-sitting, and park bench positions, particularly for biopsies,
endoscopic procedures, brachytherapy, and for complementary
multistage surgical procedures.
The survival for our surgically treated 76 pineal region tumors

was 62% (47/76) at a mean follow-up of 125 � 105 months (range,
0e588 months). However, the disease-related mortality of our
series was limited to 14 patients (18.4%). Up to July 2018, 29 pa-
tients had died. No perioperative death was reported, 2 patients
had delayed postoperative complications and died after 1 and 3
months since surgery, 12 patients died with disease progression,
and the other 15 died with reasons unrelated to the disease. Eleven
disease-related deaths occurred during the first 10 years of follow-
up: 5 diffuse gliomas, 3 GCTs, 2 grade IIeIII PPT of intermediate
differentiation (PPTID), and 1 meningioma. All except a grade IIe
III PPTID had died within the first 5 years.
Only 1 foreign patient with grade IIeIII PPTID was lost at the

long-term follow-up after partial resection. Moreover, another
foreign patient with a large hemangiopericytoma who was oper-
ated on twice in Finland was contacted by e-mail in 2017. She was
alive more than 11 years after the initial gross total resection of the
lesion, with some dependency for her daily activities after the
second surgery for a recurrent tumor in 2014.

Pineal Tumors in Pediatric Patients
Pineal region tumors in 22 young patients (30%) with ages ranging
between 0 and 21 years were mainly characterized by GCTs,
pilocytic astrocytomas, pineocytomas, pineoblastomas, and
diffuse gliomas.
The first group of 10 patients (6 males, 4 females) includes

children up to 6 years old with 3 pilocytic astrocytomas and 7 other
tumors (ganglioneuroblastoma, GCT, arachnoidal cyst, PTPR,
World Health Organization [WHO] grade II glioma, pine-
oblastoma, and pineocytoma). Six patients (60%) debuted with
hydrocephalus, 7 patients (70%) underwent SCIT approach, and 7
patients (70%) were operated on in the sitting position. Three
disease-related deaths (30%) were in this group and only 1 patient
was dependent at the last follow-up (mRS score 3).
The second group of 15 patients (10 males, 5 females) includes

patients ranging between 14 and 21 years old. The tumors
were characterized by 7 GCTs, 2 pineocytomas, 2 pilocytic

astrocytomas, 1 pineoblastoma, 1 choroid plexus papilloma,
1 WHO grade IIeIII PPTID, and 1 glioblastoma multiforme. Ten
patients (67%) debuted with hydrocephalus, 14 patients (93%)
underwent SCIT approach, and the sitting position was used in 14
patients (93%). Four disease-related deaths (27%) were in this
group and only 1 patient was dependent at the last follow-up
(mRS score 4).

Hydrocephalus and Pineal Tumors
Of the 76 studied patients, 53 (70%) presented with preoperative
obstructive hydrocephalus (information about preoperative hy-
drocephalus was unavailable in 2 cases) (Table 2).
Twenty-four patients underwent initial shunt surgery before

tumor removal, 2 patients had initial endoscopic third ven-
triculostomy, and direct removal of the lesion was performed in 27
patients. Most of the patients received initial shunt surgery during
the first half of the study period. This group of patients underwent
an average of >2 (2.3) shunt-related surgeries during the follow-
up. Seven patients undergoing initial shunt surgery had shunt
removal for different reasons and did not require a shunt device at
the last radiologic follow-up.
Three patients (2 pediatric and 1 adult) with large pineal region

pilocytic astrocytomas had the higher number of shunt-related
surgeries, with 10, 6, and 5 procedures, respectively. All under-
went initial shunt surgery with multiple shunt dysfunctions during
the follow-up. The patient with the 10 shunt-related surgeries was
a 2-year old boy with a giant tumor, initially considered inoper-
able, who underwent shunt surgery and radiotherapy in 1985,
brachytherapy in 1995, and microsurgical removal of the tumor
only in 2000.
Only 1 of the 27 patients undergoing direct removal of the lesion

required further endoscopic third ventriculostomy for persistent
hydrocephalus caused by a blood clot in the aqueduct. A ven-
triculoperitoneal shunt, still present at the last radiologic follow-
up, was implanted in this patient. Regarding the 2 patients
undergoing initial endoscopic ventriculostomy, one did not
require any further treatment after complete resection of the
lesion. However, the other patient underwent stereoscopic biopsy,
shunt surgery because of persistent hydrocephalus, and brachy-
therapy. One more patient required endoscopic third ven-
triculostomy because of shunt dysfunction after initial shunt
surgery and removal of the tumor. At the last radiologic evalua-
tion, 49 patients (64%) of our study population did not require
shunts.

Microsurgical Management of Pineal Region Tumors
Table 4 describes the differences between the CMR, STR, and
partial resection of our pineal tumors series.

CMR. A CMR during treatment was possible in 70% of the cases
(53 patients). Only 3 (4%) showed recurrences in the pineal region
at the last follow-up. A patient with PPTID IIeIII and one with
meningioma are alive and have very small controlled recurrences
178 and 135 months after surgery. The third patient, with a locally
recurrent germinoma and panventricular metastasis, died as a
result of the progression of the disease 46 months after surgery
and radiotherapy-based adjuvant therapy.
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A patient with anaplastic meningioma and one with diffuse
grade II glioma had died 1 and 3 months after surgery with delayed
postoperative infarctions. A patient with a pineoblastoma had
multiple intracranial and spinal metastases without recurrence of
the pineal tumor and died 173 months after surgery. A patient
harboring a glioblastoma multiforme died 9 months after the
initial surgery; nevertheless, the lesion did not recur in the pineal
region, but in the cerebellum with multiple foci and important
edema. A patient with mature pineal teratoma, who initially had
concomitant small intraventricular and interhemispheric tumors,
was still alive 229 months after the initial surgery, free of recur-
rence, with very slowly growing concomitant lesions. Fifteen pa-
tients died in this CMR group, with 5 disease-related deaths

(2 gliomas, 1 germinoma, 1 pineoblastoma, and an anaplastic
meningioma).

STR. STR was achieved in 14 patients (18.4%) and, after adjuvant
radiochemotherapy, only 2 were disease free at the last follow-up:
one with ependymoma and one with mixed GCT who were alive
165 and 86 months after surgery. Five patients (1 with grade III
glioma, 1 with glioblastoma, 1 with mixed GCT, 1 with giant
immature teratoma, and 1 with giant grade IIeIII PPTID) died 52,
5, 11, 1, and 39 months after the initial surgery, respectively, and a
proper adjuvant therapy. The last 3 tumors had spinal metastases.
Another PPTID IIeIII with very small controlled disease died of

pneumonia a few weeks after a suicide attempt. A patient with a

Table 1. Different Adjuvant Therapy Protocols Used at Helsinki Neurosurgery According to the Definitive Diagnosis 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 the tumoral
bed after gross total resection

Medulloblastoma protocol: initially, vincristine 1.5 mg/m2 once a
week for 6 weeks is set. Six weeks after this initial treatment, a
new scheme of chemotherapy is administrated every 6 weeks with
8 cycles of lomustine: 75mg/m2 � 1; cisplatine: 75mg/m2 � 1; and
vincristine: 1,5 mg/m2 � 3 on days 0, 7, and 14
It is used for children and patients with high risk of metastases
such as incomplete resection or tumor recurrences

Grade IIeIII pineal parenchymal
tumor of intermediate
differentiation

Fractionated external radiation therapy with 54 Gy divided in a
daily dose of 1.8e2 Gy was delivered in selective cases, such as
high-grade pineal parenchymal tumor of intermediate
differentiation with pleomorphic histology including pineoblastoma
features, after partial resection of the lesion, and after recurrence
of the tumor at the follow-up
Brachytherapy with 125 iodine seeds was used in a case

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

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

Fractionated external radiotherapy of 54 Gy divided in a daily dose
of 1.8 Gy after gross total resection

High-grade ependymoma protocol: cisplatin-cyclophosphamide-
vincristine-etoposide, delivered in 4 intravenous cycles, each
lasting 21 days: 1) days 1, 8, and 15 for the first 3 cycles:
vincristine, 1.5 mg/m2, 2) days 1, 2, 3: etoposide, 100 mg/m2, 3)
day 1: cisplatin, 100 mg/m2, and 4) days 2, 3: cyclophosphamide,
1000 mg/m2

Ependymoma Fractioned radiation therapy with 54 Gy was used for a small
remnant in a grade IeII

Recommended in high-grade ependymomas as mentioned above

Germinoma Fractionated radiotherapy of 45 Gy (30.6 ventricular area and a
booster of 14.4 Gy to the hypophysis-pineal region) divided in a
daily dose of 1.8 Gy

Postradiation chemotherapy with etoposide 100 mg/m2 days 1e5,
cisplatin 20 mg/m2 days 1e5, and bleomycin 30,000 IU days 1, 8,
and 15

Mixed germ cell tumors Fractionated radiotherapy. Variable doses of craniospinal
radiotherapy or whole-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 UI) of a-fetoprotein and b-human
chorionic gonadotropin

Chemotherapy after gross total resection based on the above
etoposide-cisplatin-bleomycin protocol

Immature teratoma Requires radiochemotherapy. However, the unique case in our
series had a bad neurologic outcome and did not receive any
complementary treatment

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 radiation therapy
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gliosis/glioma died 2 months after surgery; the reason of death
was unavailable. Four patients (3 with pilocytic astrocytoma and 1
with epidermoid tumor) were alive with very small controlled le-
sions 231, 136, 139, and 376 months after the initial surgery. Seven
patients died in this STR group, with 5 disease-related deaths
(2 with gliomas, 1 with mixed GCT, 1 with teratoma, and 1 with
PPTID IIeIII).

Partial Resection. A partial resection was carried out in 5 cases
(6.6%): the resection of the cystic component of a germinoma
initially treated by radiation therapy 6 years previously, a grade III
glioma with thalamic infiltration, a pineal meningioma associated
with a lymphoma of the splenium, a giant pilocytic astrocytoma
(that initially was unsuccessfully treated with external radiation
therapy 15 years before and later with brachytherapy 5 years before
surgery), and a large PPTID IIeIII. The first 4 patients died 223, 12,
77, and 324 months after the initial surgery. The last PPTID was
operated on in a foreign patient, who was lost to follow-up. Thus,
we had 3 disease-related deaths in this group.

Biopsy and Adjuvant Therapy
Two grade IIeIII PPTIDs followed biopsy and radiotherapy. One of
the patients died with poor neurologic condition and well-
controlled tumor, 8 years after brachytherapy. The other patient
was alive 368 months after the initial procedure, without evident
tumor on imaging.

We could not determine the grade of removal of the lesion in
2 patients harboring a ganglioneuroblastoma and an undefined
tumor. They died 23 and 35 months after surgery, respectively. The
reason for death was unavailable as well.

Survival and Surgical Features of Different Type of Tumors
Throughout our analysis, we determined 3 well-differentiated
groups of tumors. The first has a very good survival outcome af-
ter surgical treatment and is composed of arachnoid cysts, epen-
dymomas, epidermoid tumors, hemangioblastomas, mature
teratomas, PTPRs, choroid plexus papilloma, pilocytic astrocy-
tomas, pineocytomas, and solitary fibrous tumors/hemangioper-
icytomas. All represent 33% of the pineal region tumors and had
an overall survival of 90%e100% at an average follow-up of 182 �
121 months (range, 45e588 months). Only 2 patients died after a
long follow-up: a patient with epidermoid tumor died 246 months
after gross total resection without recurrence of the tumor, and a
patient with pilocytic astrocytoma died 324 months after multiple
combined therapies. The histologic phenotype of some patients
with tumors who underwent �2 surgeries, such as a patient with
WHO grade I pilocytic astrocytoma, a patient with WHO grade II
papillary tumor of a pineal region, and a patient with WHO grade
II hemangiopericytoma, evolved into more aggressive WHO grade
II, III, and III tumors, respectively, between surgeries.
Grade IIeIII PPTID, pineoblastomas, germinomas, and non-

germinomatous GCTs with the exception of mature and immature

Figure 1. Age distribution in patients with pineal region
tumors in the Department of Neurosurgery, Helsinki
University Hospital. NGGCT, nongerminomatous germ

cell tumor; PPTID, pineal parenchymal tumor of
intermediate differentiation; PTPR, papillary tumors of
the pineal region.
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teratomas represent 38% of tumors in the pineal region and had a
moderate survival between 60% and 70% at an average follow-up of
132 � 86 months (0e368 months). Germinomas, the most radio-
sensitive tumors, were diagnosed in 7 patients. CMR was achieved
in 71% of cases. We had 2 deaths in our series. A patient underwent
CMR of a local germinoma and adjuvant pineal-panventricular
radiotherapy without chemotherapy. One year after the initial
treatment, the patient had a metastatic spinal recurrence controlled
by radiochemotherapy. However, 2 years after the initial treatment,
the patient presented with small recurrences in the left frontal horn
and in the third ventricle with no response to adjuvant therapy and
with posteriormultiple large panventricularmetastases. The patient
died 46 months after surgery. Another patient was treated initially
with radiation therapy after a biopsy in 1992. In August 1998, the
patient returned to the department with a residual tumor and a large
cystic component in the pineal region. The patient underwent
partial resection with removal of the cystic component. In 2010, the
patient had a stroke event and MRI showed a spinal metastatic tu-
mor that required radiochemotherapy. This patient with multiple
intracranial and spinalmetastases died in 2011, 223months after the
initial treatment.
Tenmeningiomas of the pineal region represent 13%of the tumors

with 50% of overall survival at an average follow-up of 94.5 � 56

months (1e205 months). Even although this group has a high mor-
tality, only 1 patient had a delayed postoperative thalamic infarction
and died 1 month after surgery. Two patients had died because of
multisystemic atrophy and an intractable lymphoma of the corpus
callosum, respectively, and the other 2 patients died at 91 and 83 years
old without recurrence of the lesion and without postoperative
complications. All underwentCMRexcept a patientwith a lymphoma
of the corpus callosum, who underwent partial resection. Two fal-
cotentorial meningiomas included in this series had superior and
anterior location with a minimal tentorial component.
Gliomas, immature teratomas, ganglioneuroblastomas, micro-

cytic cancer metastases, and neuroepithelial cysts are lesions with
very bad prognoses in our series. They represent 13% of the
tumors, and all patients died after between 1 and 68 months
(mean, 18 � 23 months). The patients with neuroepithelial cyst
and microcytic metastasis died of reasons unrelated to the intra-
cranial lesion. The median survival for the rest of these tumors
was 5 months.

Clinical Follow-Up and Mortality
Preoperatively, 15 patients (19.7%) harbored independent func-
tional status with anmRS score of 0e2, and 59 patients (77.6%) had
some degree of dependency, with anmRS score of 3e5. Information

Table 2. Characteristics of the 76 Patients with Surgically Treated Pineal Region Tumors

Population 76 patients; age, 38.4 � 24 years (0.4e82 years); 38 females and 38 males

Symptoms of presentation Symptoms: anosmia, ataxia, balance disturbances, cognitive deficits, disorientation, facial and
corporal sensory deficits, headache, memory deficits, nausea, psychomotor disturbances, seizures,
tremor, vomit, unconsciousness, urinary incontinence, vertigo, walking difficulties, motor deficits
Visual and oculomotor abnormalities: anisocoria, double vision, Parinaud syndrome, visual field
defects, and unspecific visual disturbances
Rare presentations: apoplectic hemorrhage, asymptomatic germ cell tumor with diabetes insipidus
and hormonal imbalance

Hydrocephalus in pineal tumors: 53 patients (70%) Initial treatment: initial shunt surgery before tumor removal: 24 patients. Mean, 2.3 (1e10) shunt-
related surgeries
Endoscopic third ventriculostomy: 2 patients
Direct removal of the tumor: 27 patients

Pineal tumor size (cm) Mean (maximal): length: 2.8 (9) cm; 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 supratentorial and infratentorial approaches, anterior
interhemispheric approach, telovelar approach, subtemporal approach, transcortical approach

Surgical position Sitting position: 90%; others (supine, park bench): 10%

Microsurgical resection Complete: 53; subtotal: 14; partial: 5; biopsy: 2; UI, 2

Preoperative functional status (mRS score) (n) 0, 4; 1, 3; 2, 8; 3, 17; 4, 28; 5, 14; UI, 2

Immediate postoperative evaluation (mRS score) (n) 0, 3; 1, 22; 2, 30; 3, 8; 4, 7; 5, 3; UI, 3

Functional status at the last clinical evaluation, 125 � 105 (0.5e588)
months (mRS score) (n); and deaths in July 2018

0, 20; 1, 15; 2, 13; 3, 7; 4, 3; 5, 2; 6, 14; UI, 2
Deaths in July 2018: 29 (14 disease related, 8 unrelated to the disease, 6 unknown reason of
death)

Final status at the last clinical evaluation Improved, 54 (20 symptom free) patients
No change in mRS, 4 patients (2 patients were dependent due to other comorbidities)
Worsened, 17 patients (14 disease-related deaths)
UI, 2

mRS, modified Rankin Scale; UI, unavailable information.
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was unavailable in 2 patients. Regarding the immediate post-
operative follow-up, 55 patients (72.4%) achieved an mRS score of
0e2, and 18 patients (23.7%) had an mRS score �3. Information
was unavailable in 3 patients; however, no perioperative mortality
was reported. At the last clinical evaluation, 14 disease-related
deaths (18.4%) (mRS score 6) were reported. Forty-eight patients
(63.2%) had an mRS score of 0e2, and 12 (15.8%) patients had an
mRS score of 3e5. Information was unavailable in 2 patients

(Table 2). Moreover, evaluation of the Finnish population register in
July 2018 showed another 15 patients who had died without disease-
related complications. Eight patients died of reasons unrelated to
the disease, and the information regarding death in patients with
good operative outcome was unavailable in 6 patients. A patient
harboring an undefined apoplexic tumor who died 3 months after
surgery did not register a specific reason of death. However, we
highly suspect a death related to the course of the disease.

Table 3. Pineal Region Tumors Operated in Helsinki University Hospital Between 1997 and 2015

Diagnosis Cases Survival (%)

5-year

10-year Survival (%) Follow-Up (months)Survival (%)

Pineal parenchymal tumors 23 70 95 88 160 � 89 (0e368)

16 pineal parenchymal tumors of intermediate differentiation* 63 92 71 143 � 100 (0e368)

3 pineoblastomas 67 100 100 161.3 � 13 (147e173)

4 pineocytomas 100 100 100 224.5 � 18 (204e246)

Germ cell tumors 12 67 72 57 106 � 81 (1e229)

7 germinomas 71 86 75 113,7 � 75 (46e223)

1 mature teratoma 100 229

1 immature teratoma 0 1

3 mixed germ cell tumors 67 11, 86, and 148

Pilocytic astrocytomasy 10 90 100 100 143.7 � 88 (52e324)

Meningiomas 10 50 89 75 94.5 � 56 (1e205)

Diffuse gliomas (WHO grade II, III, and IV) 6 0 — — 13.8 � 19 (2e52)

1 WHO grade II gliomas 3

2 WHO grade III gliomas 12e52

2 glioblastoma multiforme 5e9

1 quadrigeminal glioma/gliosis 2

Solitary fibrous tumorehemangiopericytoma 2 100 45, and >132

Ependymoma 2 100 122e165

Epidermoid 2 50 246e376

Arachnoid cystz 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 3e35

Total 76 62 84 76 125 � 105 (0e588)

WHO, World Health Organization.
*A pineal parenchymal tumor of intermediate differentiation case did not have a histology report.
yThree cases were reported as atypical, diffuse type, and a tumor change from a grade I astrocytoma to grade II 1 year after partial resection. One case was an anterior vermis region tumor.
zWide microsurgical fenestration of the cyst with complete obliteration observed at the follow-up.
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CMR and Mortality of the Disease
As mentioned earlier, 14 disease-related deaths were found in our
series. Two of these patients (one with anaplastic meningioma
and one with a diffuse grade II glioma) had delayed postoperative
thalamic infarctions and died 1 and 3 months after surgery,
respectively. A patient with a giant immature teratoma had a good
postoperative recovery; however, postoperative MRI a week after
surgery showed spinal metastasis. The patient died at home 1
month after surgery. A patient with WHO grade IIeIII PPTID,
neurologically disabled, died 39 months after surgery. Eight pa-
tients with diffuse grade IIeIV gliomas (n ¼ 4), GCTs (n ¼ 3), and
a pineoblastoma (n ¼ 1) died of disease progression. A patient
with PPTID with very small controlled tumor after biopsy and
brachytherapy died 8 years after the procedure with slowly pro-
gressive neurologic impairment. A patient with giant pilocytic
astrocytoma, who initially underwent biopsy and radiotherapy
followed by brachytherapy a few years later and multiple surgeries
after the senior author (J.H.) became the chairman in Helsinki
Neurosurgery, died >27 years after the initial treatment.
Table 5 summarizes the characteristics of those 14 disease-

related deaths. Two patients died of delayed postoperative com-
plications, 7 patients had a progressive tumor growth with intra-
cranial and/or spinalmetastases, and 5 patients diedwithout or with
very small controlled pineal region tumor, but with intracranial or
spinal metastases in 4. The most aggressive tumors were diffuse
grade IIeIV gliomas followed by nongerminomatous GCT. Overall,
at 5 years follow-up, the mortality of both gliomas plus non-
germinomatous GCT represents 50% of the entire mortality related
to the disease. Moreover, the mortality of diffuse gliomas did not
correlate with the degree of surgical resection; different from the 2
patients with nongerminomatous GCTs, who underwent subtotal
resection and died as a result of progressive disease. A patient with
anecdotal glioblastoma underwent CMR without local recurrence
during follow-up. However, multiple cerebellar foci with important
peritumoral edema appeared at the last stage of the disease andwere
the cause of death. Another illustrative case is represented by a

patientwith a germinomawhodied 46months after surgery, despite
a CMR and a successive pineal-panventricular radiotherapy.

DISCUSSION

We report our results of 76 pineal region tumors operated on
between 1997 and 2015 in the centralized Department of Neuro-
surgery, Helsinki University Hospital, which covers around 1.6
million people from the south of Finland.18 Of the patients, 62%
were alive at the last follow-up; however, the disease-related
mortality was limited to 14 patients (18.4%). Up to July 2018, 29
patients had died, with only 1 patient lost in the long-term follow-
up. Eleven disease-related deaths occurred during the first 10 years
of follow-up: 5 with diffuse gliomas, 3 GCTs, 2 grade IIeIII PPTID,
and 1 meningioma. All except 1 patient with grade IIeIII PPTID
had died within the first 5 years. According to our analysis, the
CMR was linked to better tumor-free survival and long-term sur-
vival, with the exception of diffuse grade IIeIV gliomas.
CMR of pineal region tumors seems effective for the treatment

of concomitant hydrocephalus. Initial shunt surgery before
removal of the tumor is associated with an increased number of
shunt-related surgeries, particularly in those patients who under-
went subsequent incomplete removal of the lesion. The number of
initial endoscopic third ventriculostomies in our series is small
and prevents conclusions. However, 2 of our 4 patients required
further shunt surgery for persistent hydrocephalus. We believe
that small ostomies associated with reduced experience of the
surgeon might play a role in this regard.
The protocol for the management of all pineal tumors during

the study period remained similar. A CMR was our primary aim in
most cases, with a few cases undergoing initial biopsy and sub-
sequent adjuvant radiochemotherapy. However, the policy for the
management of pineal region lesions with hydrocephalus in our
department, as in other specialized centers, includes endoscopic
third ventriculostomy associated with tumor biopsy and further
management, particularly in cases of high suspicion of

Table 4. Differences Between the Complete Microsurgical Resection, Subtotal Resection, and Partial Resection of 76 Pineal Tumors
Operated in Helsinki Neurosurgery Between 1997 and 2015

Grade of Surgical
Resection*

Complete Microsurgical Resection
70% (n [ 53)

Subtotal Resection
18% (n [ 14)

Partial Resection
7% (n [ 5)

P
Value

General mortality 28 (15/53) 50 (7/14) 80 (4/5) <0.05

Mortality of the
disease

9 (5/53) 36 (5/14) 60 (3/5) <0.01

Pineal tumor free at
last follow-up

94 (50/53) 14 (2/14) 0 (0/5) <0.001

Pineal tumor volume
(mm3)

9773 � 11,952 (500e53,261) 25,660 � 33,764 (392e122,500) 31,387 � 34,255 (5750e90,000) 0.2

Mortality of the
disease

2 diffuse gliomas, 1 germinoma,
1 pineoblastoma, 1 anaplastic meningioma

2 diffuse gliomas, 1 mixed germ cell tumor, 1
teratoma, and a pineal parenchymal tumor of

intermediate differentiation IIeIII

Germinoma, a diffuse glioma, and a
giant pilocytic astrocytoma

P value calculated between complete microsurgical resection and subtotal resection þ partial resection as no complete microsurgical resection.
*4 cases (2 patients who underwent biopsies, and 2 patients with unavailable information) were excluded from the analysis. The absolute number of cases is written in parentheses.
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radiosensitive germinomas. In this regard, risks of intraprocedural
bleeding, inadequate sampling, and inappropriate definitive
management should be taken into account.
The approach to pineal region tumors in children did not have

substantial changes compared with the adult population. The
SCIT approach was the most frequently used. The sitting praying
position was also performed as frequently as in adult patients.
However, tight elastic bandages in the lower extremities replaced
the unavailable antigravity trousers for small children.2,19 Partic-
ular anesthetic considerations for the pediatric population, as
described earlier, consist in the use of Ringer solution, saline
solution with antibiotics, and mannitol at average volumes of 600
mL, 200 mL, and 125 mL, respectively; and the occasional use of
hydroxyethyl starch in bigger volumes than in adult patients.19

Sitting Praying Position
The head of the patient, which is tilted beyond the projection of
the anterior wall of the thorax, is usually 20�e30� flexed, preser-
ving a distance between the chin and sternum. For this purpose,
the table is bent around 90�e100�, elevating the upper torso of the
patient. All this sequence maintains the horizontal axis of the
tentorium parallel to the floor, with <90� in relation to the axis of
the surgeon. The anesthesia team modify the position of the table
according to the requirements of the surgeon. In pineal region
surgery, other surgical positions such as the prone, semi-sitting,
or park bench positions are rarely used when an absolute
contraindication for the sitting position exists, or when the lesion
is better accessed by a different approach. Inside the operation
room, teamwork coordination is essential. Proper teamwork can
be clearly exemplified with the immediate reaction of the anes-
thesiologist in cases of venous air embolism during surgery. The
access and compression of both jugular veins by the anesthesiol-
ogist is effective in finding the leak, which is repaired by the
surgeon using hemostatic agents or direct suturing.1-3

The SCIT Approach
The SCIT paramedian approach, a less invasive variant of the
midline suboccipital approach, represents an efficient surgical
approach to the pineal region that we have developed in recent
years because of the relatively high rate of complications with the
classic midline approach, as shown in Table 6.3,6,17 Using this
approach, the pineal region is accessed over the superior surface
of the cerebellar hemisphere. The quadrigeminal cistern is opened
laterally without damaging the midline vascular structures.
Moreover, because of the gravity effect offered by the praying
sitting position, a retractionless approach may be performed.

Outcome and Long-Term Follow-Up
The long-term follow-up in our series allowed us to determine
properly the course of the managed pineal region lesions. Thus,
recurrences after complete resection, or incomplete removal fol-
lowed by standard adjuvant therapy and functional outcome, were
clearly seen.
Large data analysis about unselected pineal region tumors

might be summarized as follows. In the French National Register,
which included PPTs, GCTs, gliomas, pineal cysts, and primitive
neuroepithelial tumors, patients with pineal tumors had an
average survival of 49% within an average follow-up of 5.8 years

(1e23 years). Of 452 patients, 328 underwent direct surgery and
164 (50%) had a complete removal (50%), 24% a partial removal,
and in 26% of the patients, the quality of removal was not
mentioned. The overall mortality was 137 patients (30%), and
20% of the patients were lost to follow-up. The overall post-
operative mortality was 1.8%. After 10 years, patients were
considered cured and the follow-up ended.8

Pineal tumors in the SEER (Surveillance, Epidemiology, and
End Results) data of cancer in the United States, mainly based on
GCT, PPT, and gliomas, and published in 2010, had a 5-year
overall survival of 65% � 2.1%, and the median survival was
19.3 years. The 5-year overall survival for GCT was 78.9%, 61% for
gliomas, and 47.2% for PPT. According to that analysis, non-GCTs
and no radiotherapy were factors associated with a negative
outcome. The extent of surgical tumor resection did not affect
survival in any histologic subgroup. However, the disclosed in-
formation showed that surgical data were available for 552 pa-
tients: 224 patients had no surgery, only 32 (6%) underwent total
excision, and 296 had other surgeries.9

Data of the Brain Tumor Registry of Japan showed that the most
frequent tumor in the pineal region was germinoma (49.2%) fol-
lowed by pineocytoma (8.5%), glioma (6.5%), pineoblastoma
(5.1%), malignant teratoma (5.2%), and other teratomas (5.1%).
The 5-year survival of germinomas, pineocytomas, and pine-
oblastomas was 89.4%, 84.1% and 46.1%, respectively.10

Burdenko Neurosurgery Institute in Russia11 reported the results
of 287 patients with histologically verified pineal region tumors
from 700 pineal tumors mainly distributed as GCT (31%), PPT
(27%), glial tumors (27%), and miscellaneous (15%). Gross total
resection was achieved in 148 operations (58%), STR in 74
(29%), and partial in 33 (13%). The projected 5-year and 10-year
survival was 95% and 88% for germinomas, 80% and 50% for
high-grade gliomas, 44% and 0% for high-grade PPT, and
20% and 0% for malignant GCT.
A report from the International Gamma Knife Research Foun-

dation12 after stereotactic radiosurgery for pineal region tumors
described an actuarial local control and survival of 81% and
76% at 20 years for pineocytomas, 50% and 56% at 5 years for
PPTID, 27% and 48% at 5 years for pineoblastomas, 33% and
100% at 5 years for PTPRs, 80% and 80% at 20 years for
germinomas, and 61% and 67% at 5 years for tumors of
unknown histology.

Table 6. Supracerebellar Infratentorial Approach and
Postoperative Complications in Surgery of Pineal Region
Tumors

Approach
Postoperative Complications
Related to the Approach %

Midline supracerebellar
infratentorial approach
(number of patients, 28)

Bacterial meningitis, 4
Wound infection, 3
Epidural hematoma, 1 (8 patients)

29

Supracerebellar infratentorial
paramedian approach
(number of patients, 35)

Wound infection, 2
Cerebrospinal fluid leak, 1
(3 patients)

9

c2, P < 0.05.
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Our survival was superior to that reported in the literature.
Moreover, the evaluation of the Finnish population register to
determine the current status of our patients indicates the validity
of our study. The analysis of the overall survival of our series
uncovered some tumors with bad prognosis, such as metastatic
tumors, immature teratomas, ganglioneuroblastomas, and gli-
omas IIeIV. However, the specific mortality analysis determined
that grade IIeIV gliomas are the unique type of lesion character-
ized by very aggressive behavior, independently of the degree of
resection, and are associated with high mortality during the first 5
years after surgery. The second most aggressive lesion corre-
sponds to some nongerminomatous GCT, particularly immature
teratomas and mixed GCT, with a mortality that correlates with
the degree of resection. Other patients with tumors with a pro-
gressive disease despite CMR were a patient with germinoma who
underwent radiotherapy-based adjuvant therapy, and a patient
with pineoblastoma with a metastatic recurrence 14 years after
surgery.
PPTs except pineocytomas are usually reported as tumors with

bad prognosis. Of our patients with pineocytoma and patients
with pineoblastoma, 100% were alive after more than 20 and 10
years, respectively. On the other hand, the 5-year and 10-year
survival for our grade IIeIII PPTIDs was 92% and 71%, respec-
tively. On the basis of the literature as well as our data, we strongly
believe that the good surgical outcome of patients with PPT is
directly related to CMR followed by proper adjuvant
radiochemotherapy.20-22

Primary glioblastomas in the pineal region are well docu-
mented in the literature and show an average survival of 7
months.23 Similarly, a comprehensive literature review of
gliomas in the pineal region showed that grade II and III
gliomas have a dismal outcome compared with their
hemispheric counterparts. On the other hand, grade I pilocytic
astrocytomas have a good prognosis. In this regard, the
categorization of pilocytic astrocytomas and nonpilocytic grade
IIeIV pineal gliomas would better represent the prognosis of
this entity.24

Our results confirm these findings. Pilocytic astrocytomas had a
very good prognosis, with a 5-year and 10-year overall survival of
100%. However, giant tumors requiring multiple surgeries were
usually described. CMR was possible in 60% of the cases. Only
partial resection was possible after external and internal radio-
therapy in a particular giant tumor. On the other hand, and
despite our small number of diffuse grade IIeIV gliomas, we may
conclude that these tumors have a high mortality during the first 5
years after surgery, which does not correlate with the extent of the
surgical resection.
Meningiomas of the pineal region might be divided as falco-

tentorial and velum interpositum meningiomas. Frequent re-
currences are observed in patients after STR, and with atypical
and anaplastic meningiomas. However, some investigators
justify the partial resection of the meningiomas, and the use of
radiosurgery for residual tumors or local recurrences attached
to the deep venous system, because severe neurologic

complications have been reported in the literature after occlu-
sion of the deep venous system.25-28 Even although, in our se-
ries, the mortality related to surgical complications is reduced to
1 patient, we consider extremely important the recognition and
preservation of the deep arterial and venous systems, which are
commonly involved in the tumor, particularly in large menin-
giomas. If those structures are insufficiently dissected, radiation
therapy might play an important role in the management of
residuals or recurrent tumors.
The literature supports radiochemotherapy as the first line of

treatment for germinomas. This recommendation is based on
the excellent outcomes in the North Asian population series, in
whom germinomas account for >40% of the pineal region tu-
mors.10,29 However, in our population, in whom germinomas
represent <10% of pineal tumors, the protocol for their man-
agement becomes challenging. Since the senior author (J.H.)
introduced CMR as a primary concept for the management of
pineal lesions, immediate intraoperative histologic analysis has
not offered a consistent diagnosis of the lesions. Moreover,
because almost 50% of our GCTs were nongerminomatous and
mixed tumors, with less response to radiation and chemo-
therapy, radical removal of the lesions had to be performed.
Based on the development of MRI and serum or CSF tumor
markers, we may accomplish a better screening of these lesions
that might allow us to perform biopsies followed by
radiochemotherapy.
We present our long-term results of tumors of the pineal re-

gion. Even although important findings were made, future
research is required to determine the impact of adjuvant radio-
chemotherapy associated with CMR in each specific group of pi-
neal lesions. Diffuse gliomas of the pineal region remain
challenging lesions for neurosurgeons and require important
research for alternative management. Our internal analysis gave us
a clue about the correlation between different protocols of radia-
tion therapy and chemotherapy and the survival of tumors, such as
PPT or germinomas. On the other hand, future research is also
needed to extend the surveillance analysis of the present series to
report longer follow-up outcomes. It is important to determine the
treatment modality for these rare and complex lesions, based on
the oncologic advisory commission of every neuro-oncologic
department.8

A limitation of this study is the retrospective approach of the
cases. However, because pineal tumors are rare, we still aim to
enhance the importance of microneurosurgery as a treatment
modality for a favorable long-term outcome.

CONCLUSIONS

CMR, in the setting of multidisciplinary management of surgically
treated pineal region tumors in HN, correlates with favorable
tumor-free survival and long-term survival with minimal post-
operative mortality. Surgically treated diffuse gliomas of the pineal
region should be considered a particular group harboring high
mortality independently of the microsurgical resection.
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Pineal Parenchymal Tumors of Intermediate Differentiation: A long-Term Follow-Up

Study in Helsinki Neurosurgery

Joham Choque-Velasquez1, Julio C. Resendiz-Nieves1, Behnam Rezai Jahromi1, Roberto Colasanti4,5, Rahul Raj1,

Olli Tynninen2, Juhani Collan3, Juha Hernesniemi6

-BACKGROUND: Pineal parenchymal tumors of interme-
diate differentiation (PPTIDs) are rare lesions with partic-
ular features compared with other pineal parenchymal
tumors.

-METHODS: We present a retrospective review of
patients with histologically confirmed PPTIDs who were
operated on in our department between 1997 and 2015. A
demographic analysis and an evaluation of preoperative
status, surgical treatment, as well as immediate and
long-term clinical and radiologic outcomes were
conducted.

-RESULTS: Fifteen patients with PPTIDs were operated
on between 1997 and 2015. Gross total removal was ach-
ieved in 11 cases; 2 patients underwent near-total resec-
tion, 1 partial resection, and 1 received brachytherapy after
an endoscopic biopsy. Nine patients required external
radiation therapy (4 due to a pleomorphic histology of their
lesion including pineoblastoma features in 3 of them; 3
after a subtotal resection; and 2 for tumor recurrence). No
patient received chemotherapy. The survival rate of our
patients was 57.1% at a mean follow-up of 137.2 � 77.6
months (39e248 months).

-CONCLUSIONS: A proper multidisciplinary management
of PPTIDs based on a gross total removal of the lesion, and

an adjuvant radiotherapy in selected cases, may improve
the overall survival of these aggressive tumors.

INTRODUCTION

Pineal parenchymal tumors of intermediate differentiation
(PPTIDs) are rare lesions with particular features compared
with other pineal parenchymal tumors (PPTs) (Table 1 and

Figure 1).
Pineal region tumors represent <1% of all intracranial neo-

plasms, and PPTs comprise 14%e27% of all pineal region
tumors.1 The 2007 and the 2016 World Health Organization
(WHO) Classification of Central Nervous System Tumors
recognized 3PPTs: pineocytomas, pineoblastomas, and PPTIDs
grade II-III. The WHO grade II-III PPTIDs represent between
20% and 62% of PPTs. This wide distribution reflects the rarity of
the disease, and the variability of the grading and terminology
used for these tumors.1,3,4 Some PPTIDs, which are considered
WHO grade II or III tumors, might contain mixed features with
pineoblastomas.1,3,4

In this article we describe our multidisciplinary management of
PPTIDs, operated consecutively in Helsinki, Finland, between 1997
and 2015. We aim to discover the key aspects in the management
of these tumors that could determine a favorable long-term
outcome.
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- Pineal parenchymal tumors of intermediate differentiation
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- Supracerebellar infratentorial approach
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METHODS

Following the Institutional Ethics Board approval number HUS/2772/
2017, we retrospectively reviewed the records of patients with histo-
logically confirmed PPTIDs who were operated on in our department
between 1997 and 2015. The IMPAX version 6.5.5.1608 (Agfa,Mortsel,
Belgium) was used for radiologic analysis of the preoperative and
postoperative imagings. Finally, we revised the Finnish population
register in July 2018 to determine the current status of these patients.

Microneurosurgery of PPTIDs
In most of the cases, we approach pineal tumors through a
supracerebellar infratentorial (SCIT) route with the patient in the
sitting praying position, as previously described.5,6

The key aspects of the microsurgical management of PPTDs are
summarized in Table 2.7,8

RESULTS

Twenty-three PPTs were operated in Helsinki Neurosurgery during
the study period, and 15 histologically confirmed PPTIDswere found.
One foreign patient, who underwent partial resection, was lost at the
follow-up. Table 3 describes the characteristics of the 15 patients.
A patient, who is not included in our series, had a diagnosis of

pineocytoma-pineoblastoma in 1987 and was operated to remove a

ventriculoperitoneal shunt (VPS) in 2000. Unfortunately, the his-
topathology study of the patient was not available. This 14-year-old
male teenager underwent a VPS and biopsy of a pineal tumor
before radiation therapy delivered in Stockholm, Sweden, in
November 1987. During the follow-up the patient presented with
double vision and slight Parinaud syndrome, which disappeared
gradually. In May 1997, a brain magnetic resonance imaging (MRI)
demonstrated a stable controlled tumor. In August 2000, the VPS
was removed, as the patient wanted to compete in karate. In 2015,
an examination revealed slight visual problems, without hydro-
cephalus and with a smaller tumor at the radiologic imaging. In
November 2010, the tumor was almost absent with only a small
cystic component. The patient is still alive 368 months since
surgery with a controlled disease.

Symptoms
Twelve patients presented with hydrocephalus as reason for eval-
uation and consequent diagnosis of the PPTIDs. Three other pa-
tients had incidental findings of the disease, as they performed
radiologic studies for left-side hemiparesthesia, persistent
migraine, and an association of anosmia with memory problems in
a third patient, respectively. Acute hydrocephalus in 5 patients was
associated with headache, nausea, vomiting, and unconsciousness,
whereas slowly progressive hydrocephalus in the other 7 patients

Table 1. Features of Pineal Parenchymal Tumors of Intermediate Differentiation Pineoblastomas According to the 2007 World Health
Organization (WHO) Classification of Central Nervous System Tumors1,2

Grading WHO Grade II or III (Grading Criteria not Well Established)

Incidence, age and sex distribution >20% of PPTs (0e60%), at all ages with slightly female preponderance

Symptoms and signs Similar to other tumors of the pineal region. Hydrocephalus, neuro-ophthalmologic dysfunction (Parinaud syndrome), changes in
mental status, brainstem or cerebellum dysfunction, and hypothalamic-based endocrine abnormalities. Cerebrospinal metastases
occur in a minority of patients.

Neuroimaging There are no pathognomonic features on neuroimaging for PPTIDs. It can be difficult to distinguish PPTIDs from pineocytomas or
pineoblastomas.
Heterogeneously hypointense and heterogeneously hyperintense on T1 and T2-weighted images. respectively, with uniform
contrast enhancement.

Macroscopy Similar to that of pineocytoma, a circumscribed soft tumor lacking gross evidence of necrosis.

Histopathology Neurocytoma-like tumor with moderately high cellularity, mild-to-moderate nuclear atypia, and low-to-moderate mitotic activity.
The PPTID includes transitional cases in which typical pineocytomatous areas are associated with a diffuse pattern. Occasional
giant cells, Homer Wright rosettes, or ganglion cells may infrequently be seen.

Immunohistochemistry Synaptophysin and neuron-specific enolase positivity. Variable reactivity to neurofilament protein, chromogranin A, retinal S-
antigen, and S-100 protein. PPTID grades II and III can be distinguished on the basis of mitotic activity (higher in high-grade PPTID)
and neurofilament protein immunoreactivity (higher in low-grade PPTID).

Genetics The most common chromosomal inbalances are þ4q, þ12q, and -22. In a real-time PCR analysis, the expression of 4 genes
(PRAME, CD24, POU4F2, and HOXD13) is distinctly high, almost the same level as in pineoblastomas, and in contrast to the low
expression of these genes in pineocytoma.

Histogenesis The occurrence of mixed tumors (pineocytoma-pineoblastoma) confirms the existence of a spectrum from pineocytoma through
PPTID to pineoblastoma.

Prognostic and predictive factors The 5-year survival rate of patients with PPTIDs is 39%e74%. PPTIDs rarely produce extraneural metastases.
Factors affecting the survival of PPTs are the morphologic subtype, as well as the histologic grading according to the presence or
the absence of necrosis, mitotic index, and NF immunostaining. Focal relapse around 20%.

PPT, pineal parenchymal tumor; PPTID, pineal parenchymal tumor of intermediate differentiation; PCR, polymerase chain reaction; NF, neurofilament.
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was related with ataxia, vertigo, incontinence, and neurocognitive
and memory deficits. Visual problems were identified in 6 patients
with diplopia, Parinaud syndrome, and unspecific visual distur-
bances. A history of stroke was present in 2 patients, 1 of them with
motor deficit in the right leg.

Imaging
Brain MRI studies of 2 patients were not available, and another 2
patients had only contrast-enhanced T1-weighted MRI sequences
with full enhancement of the tumors. In a patient with a low-grade
PPTID, MRI revealed a lesion that was hyperintense on T1-

Figure 1. Microphotographs of a surgically treated
pineal parenchymal tumor of intermediate
differentiation. (A and C) Hematoxylin and eosin stain
with moderately high cellularity and mild to moderate

nuclear atypia. (B) Positive monoclonal antibody to
nonphosphorylated neurofilament (SMI 32 stain). (D)
Ki67 index with high proliferation activity.

Table 2. Microsurgical Key Points for the Management of Pineal Parenchymal Tumors of Intermediate Differentiation

1. Under high magnification (w�15), the superior cerebellar cistern and the quadrigeminal cistern are opened by a supracerebellar route with release of cerebrospinal
fluid.

2. When a high vascularized area is suspected, intraoperative indocyanine green angiography is used to define vascular structures.

3. The posterior surface of the tumor is separated from the venous structures using a thumb-regulated suction and bipolar forceps. The water dissection
technique may be used and a continuous irrigation maintains a clean surgical field.

4. Microsurgical ring forceps are used to obtain a tumor sample for immediate histologic study.

5. An internal decompression with a thumb¼regulated suction tube and bipolar or ring microforceps is performed aiming to find and open the posterior
wall of the third ventricle.

6. The tumor is dissected from the surrounding neurovascular structures by water dissection technique, cotton dissection, and using microscissors and
bipolar microforceps.

7. Medial, lateral, and superior surfaces of the tumor are separated from the adjacent tissue, under soft but continuous traction, using bipolar
microfroceps or ring microforceps. The tumor is separated from its inferior border by using a thumb-regulated aspiration.

8. A microsurgical mirror or an endoscope may be helpful to recognize some residual tumor, particularly at the inferior border of the field.

9. A careful hemostasis with bipolar coagulation, Surgicel (Ethicon Inc., Johnson & Johnson, Neuchâtel, Switzerland) and Tachosil (Takeda Austria GmbH, Linz, Austria)
is carried out, and the closure is accomplished under the microscope.
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Table 3. Characteristics of 15 Cases with Pineal Parenchymal Tumor of Intermediate Differentiation Operated in Helsinki Neurosurgery
Between 1997 and 2015

Case Patient Symptoms
MRI

Imaging

Tumor Size
(l 3 w 3

h in cm)
Surgical
Treatment

Date of
Surgical
Removal Histopathology

1 30F Left hemiparesthesia,
incidental finding

NAI 1 � 1 � 1 GTR (right SCIT) Dec.1997 MIB-1: 1%e-2%, P53(-), GFAP(-),
Cg (þ), SYP(þ), MAP-2(þ)

2 47 F Progressive hydrocephalus NAI NAI GTR (midline SCIT)þ
EVTþVPS

Jan. 1998 1 Mit./10HPF, MIB-1: 9%, pleomorphic
variant with pineoblastoma features) ,NF

(þ) and SYP (þ). Cg (þ/-)

3 70 M Progressive hydrocephalus
in patient with history of

stroke and C7
cervical fracture

T1: ISO
T2: HYPO

T1 contrast: full (þ)

2 � 1.4 � 1.6 EndTVþSTx
BiopsyþVPSþ
Brachitherapy

Jul. 1998 5 Mit./10HPF,
Ki-67: 20%

4 33 F Acute hydrocephalus,
double vision

T1 contrast: full (þ) 1.3 � 1 � 1.5 VPSþSTxBiopsyþPR
(midline SCIT)þ
GTR (SCIT - redo)

Sep.1998,
Oct.1998

7-13 Mit./10HPF, Ki-67: 10-25%
pleomorphic variant with pineoblastoma

features more than pineocytoma

5 55 F Acute hydrocephalus, right
leg paresis due to history

of stroke

T1 contrast: full (þ) 1.5 � 1.5 � 1.5 EVTþ VPS þ GTR (midline
SCIT) þ removal of VPS

due meningitis

Jan. 1999 MIB-1: 1-2% some pineoblastoma
features, few mitotic features, no
necrosis, pineocytoma, SYP (þþ)

6 70 M Acute hydrocephalus,
unconsciousness, left side

hemiparesis,

T1: ISO
T2: HYPO

T1 contrast: Ring (þ)

1.7 � 1.5 � 1.5 EVTþGTR
(midline SCIT)

Feb.1999 MIB-1: 5%, SYP (þ), GFAP (þ) in the
periphery

7 70 F Acute hydrocephalus T1: ISO
T2: HYPO

T1 contrast: full (þ)
Microcystic component

1.9 � 1.8 � 1.7 EVTþVPSþGTR
(midline SCIT)

Jan. 2000 MIB-1: 5%, GFAP (-), SMI 32 (-), SYP
(þþ), Cg (þ), P53-, MAP2 þ,

Pineocytomatous rosettes but atypia.

8 39 F Migraine and incidental
finding in MRI

T1: ISO
T2: HYPO

T1 contrast: full (þ)
Microcystic component

1.8 � 1.5 � 1.7 GTR
(midline SCIT)

Oct.2003 MIB-1: 10%, SYP (þ), Cg (þ), MAP-2þ;
CD45 (-), Ck (-). P53 (þ/-).

9 55 F Progressive hydrocephalus,
unspecific visual problems

T1: ISO
T2: HYPO

T1 contrast: full (þ)
Microcystic component

3.4 � 2.3 � 2.6 STR (right SCIT) Jan. 2010 MIB-1 10-15% . Proliferation with some
mitosis but still no pineoblastoma

criteria

10 28 F Progressive hydrocephalus,
diplopia

T1: ISO
T2: HYPO

T1 contrast: full (þ)
Cystic component

5.4 � 5.5 � 4.8 RR (Right SCITþ
IVVAþ

POIH) þ RT

Dec.10-
Mar.11

MIB-1: 20%, NF (þþ)

11 57 F Acute hydrocephalus T1: ISO
T2: HYPO

T1 contrast: full (þ)
Cystic component

2.8 � 2.4 � 2.7 EVTþPR (Right SCIT)
þ RT þ GTR
(Left SCIT)

Dec.2010,
Mar.2012

MIB-1: 2% to 4-5%, some pineocytes,
NF (þ), SYP (þ), P53 (-) GFAP (-), Cg (-)

12 58 F Progressive hydrocephalus,
visual disturbances

T1: ISO
T2: HYPO

T1 contrast: full (þ)
Cystic component

2.1 � 1.7 � 2.4 GTR (right SCIT) Sep.2011 MIB-1: 7%e8% SYP (þþþ) NF (þ),
P53 (-) , GFAP (-), more pineocytoma

appearance

13 24 F Progressive hydrocephalus,
diplopia

T1: ISO
T2: HYPO

T1 contrast: full (þ)
Cystic component

2.5 � 3.4 � 3 GTR (right SCIT) Oct.2014 MIB-1 20%, SYP (þ), SMI 32 (þ), Cg (-),
BRAF (-), PCk (-), no necrosis,
pleomorphic aspect without
pineoblastoma features

14 46 M Progressive hydrocephalus,
Parinaud syndrome

T1: HYPER
T2: HYPO

T1 contrast: very small
internal enhancement
Cystic component

3.4 � 4.5 � 3.4 VPSþPR (right SCIT) Mar.2015 MIB-1: 4-5%, NF (þþ), SYP (þþ),
P53>5%, pineocytoma appearance with

some atypia

15 67M Incidental finding,
anosmia, memory

problems.

T1: ISO
T2: HYPO

T1 Contrast: full (þ)

1.5 � 1.5 � 1.5 GTR (midline SCIT) Apr.2002 MIB-1 up to 20% with pineoblastoma
components, MAP-2 (þ), SYP (þ), Cg

(þ), GFAP (-),

L, length; W, width; H, height; NAI, not available information; T1, T1-weighted images; T2, T2-weighted images; T1 contrast, T1 after contrast administration; ISO, isointense image; HYPO,
hypointense image; HYPER, hyperintense image; BT, brachytherapy; GTR, gross total resection; PR, partial resection (<90%); STR, subtotal resection (>90%); VPS, ventriculoperitoneal shunt;
EndTV, endoscopic third ventriculostomy; EVT, external ventriculostomy; STx Biopsy, stereotactic biopsy; SCIT, supracerebellar infratentorial approach; IVVA, suboccipital approach to the fourth
ventricle; POIH, posterior occipital interhemispheric approach; WAS, weeks after surgery; SRS, stereotactic radiosurgery; FU, follow-up; HUH, Helsinki University Hospital; Syp, synaptophysin;
NF, neurofilament; Ck, cytokeratin; PCk, pancytokeratin; Cg, chromogranin; Mit./10HPF, mitosis per 10 high power fields.
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Immediate
Post operative

Imaging

Immediate
Postoperative
Clinical Status

RT date
(WAS)

Reason
for RT

Last Clinical FU
in HUH

Date of Last
FU in HUH

Pineal
Tumor at
Last FU

Alive
May
2018

Survival
(Months)

Reason
of

Death

Uneventful Uneventful No No Normal Mar.2000, FU in
original center

No Yes 248

Occipital
epidural
hematoma

Epidural hematoma and
left hemiparesis

Yes, 54 Gy (6
WAS)

Pineoblastoma
features

Depression, help
for walking, double

vision

Sep.2015 No Yes 247

Uneventful Uneventful Yes,
Brachytherapy

BT Assistance for
walking, memory

problems

Apr.2004 Small Died:
26.12.2006

101 Poor clinical
status

Uneventful Yes, 54Gy (4
WAS)

Pineoblastoma
features

Normal Feb.2017 No Yes 238

Uneventful Meningitis, ataxia Yes, unknown
dose

Pineoblastoma
features

Follow-up in center
of origin

Jan. 1999, FU in
original center

No Died:
31.01.2011

144 Unknown

Small cerebellar
hematoma

Some double vision and
left side hemiparesis

No No As preoperatively May.1999, FU in
original center

No Died:
12.12.2003

46 Coronary
disease

Uneventful Parinaud S. No No Normal Aug.2015 No Yes 223

Uneventful Double vision No No Only slight
headache

Apr.2018 Small Yes 178

Uneventful Uneventful Yes, 54Gy (6
years after
surgery).

For recurrence. Depression,
suicide attempt

Sep.2017 Small Died:
1.12.2017

95 Pneumonia

Uneventful Tracheostomy, no
paresis

Yes. 54Gy (20
WAS)

Partial Resection,
high proliferation

index

Left-side
hemiparesis,
dependent for
daily activities

Aug.13 Small Died:
15.03.2014

39 Poor clinical
status, spinal
methastasis

Uneventful Uneventful Yes, 54 Gy, (10
WAS)

Partial resection. Normal Mar.2017 No Yes 91

Uneventful Uneventful No No Normal, no new
deficits

Dec.2016 No Yes 82

Uneventful Disorientated, still bed
ridden, no new deficits

Yes, 54 Gy (4
WAS)

High proliferation
and high mitotic

activity

Normal, mild
neuropsychologic

deficit

Oct.2016 No Yes 45

Hematoma in
operative bed

Paresis of the pharynx,
bed-ridden, left

hemiparesis, obeys
commands, totally

dependent

Recommended Recommended Left side
hemiparesis,

pharynx paresis,
obey commands

Apr.2015 Lost Foreign Lost

Uneventful Slight double vision 14 Gy SRS (6
years after
surgery)

Recurrence Dementia for
cortical and
subcortical
hemorrhages

Feb.2014 No Died:
04.2014

144 Severe
vascular
dementia

Table 3. Continued
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weighted and hypointense on T2-weighted images, without
contrast enhancement. In the other 10 tumors, MRI demonstrated
lesions isointense on T1-weighted and hypointense on T2-
weighted images, with some cystic components, and a complete
contrast enhancement except for 1 patient, who presented with a
ring enhancing lesion. The mean major diameter of the tumors
was 2.6 � 1.3 cm (1e5.5 cm).

Management
Microneurosurgery. Eleven patients underwent gross total resection
(GTR). One foreign patient underwent partial resection, and
returned to his country; another patient received brachytherapy
after an endoscopic biopsy, and 2 patients underwent near-total
resections with small residual tumors. Eleven patients under-
went a single-stage tumor resection, all of them by a SCIT
approach (6 midline, and 5 right paramedian approaches). Two
patients underwent a 2-stage tumor resection (by reopening the
same SCIT approach in 1 case, and by a paramedian SCIT
approach on the opposite side in the other 1 patient). Finally, 1
patient required 3 microneurosurgeries for the radical removal of a
giant tumor: a right SCIT approach, a suboccipital midline
approach to the fourth ventricle, and a posterior interhemispheric
approach.
The sitting position was used in 13 cases, the prone position in 1

patient with a coronary heart disease, and the supine position in a
patient after brachytherapy. Twelve cases presented hydrocepha-
lus. Five patients with acute hydrocephalus required a VPS in 1
case, and an external ventriculostomy in 4 cases (followed by VPS
in 2 of them) before tumor removal. However, only 1 patient had a
VPS at the last follow-up. Regarding to the 7 patients with pro-
gressive hydrocephalus, a foreign patient received a VPS at his
local hospital, and another patient underwent a definitive VPS
after an insufficient endoscopic third ventriculostomy before
brachytherapy. The other 5 patients underwent direct tumor
removal as the first procedure, and only 2 patients required a VPS
later on after surgery. At the last follow-up, only 3 of 15 patients
needed a VPS.

Radiochemotherapy. Ten patients required radiation therapy. De-
tails about the specific management are as follows.
A 68 year-old patient with a grade III pineocytoma-

pineoblastoma underwent an endoscopic third ventriculostomy,
followed by stereotactic biopsy, brachytherapy with iodine-125
seeds, and VPS. The last MRI studies, 6 years after surgery,
showed a controlled disease with a very small remnant. However,
the patient was in poor conditions with brain atrophy, progressive
rigidity, and aphasia. He died 101 months after surgery.
Fractionated linac-based external beam radiation therapy (FL-

EBRT) was applied in 9 patients. The total dose in all cases was 54
Gy, divided in a daily dose of 1.8e2 Gy.
Radiotherapy and Histopathology. Three patients, who had a pleo-
morphic histology including pineoblastoma features, received
FL-EBRT 4e6 weeks after GTR. At present, 2 patients are doing
well up, 247 months and 238 months after surgery. The third one,
a 55-year-old patient, died 144 months after surgery in a province
of Finland. Details about the reason of death were not available.
Other patient with a pleomorphic PPTID, not including pine-

oblastoma features, received adjuvant FL-EBRT 4 weeks after

GTR. This patient is currently alive 45 months after surgery. The
tumor was characterized by a high proliferation index (Prolifera-
tion marker MIB-1 [MIB-1] 20%) and a strong mitotic activity. It
was composed by small rounded nucleus cells grouped as rosettes
around the veins, and by some pineal cyst structures mixed with
normal pineal tissue at the border of the sample, but without
necrosis or mosaic-type growing. Immunoreactivity was positive
for synaptophysin and Anti-Neurofilament H (NF-H), Non-
phosphorylated Antibody (SMI 32).
Radiotherapy after Partial Resection of the Tumor. Three patients
required radiation therapy after an initial partial resection. One of
them, harboring a low-grade PPTID with pineocytomatous-like
rosettes, high reactivity to neurofilament and synaptophysin, and
with a MIB-1 index of 4%e5%, received radiotherapy for the re-
sidual tumor 10 weeks after surgery. However, 1 year later, the
tumor presented a slight growth. The Neuro Oncology team
decided for a GTR. The new MIB-1 index was 2%. The patient is
alive without recurrence of the tumor more than 7 years after
surgery.
A 28-year-old woman, who had a giant tumor with high

immunoreactivity to neurofilament and a MIB-1 index of 20%,
underwent 3 surgeries in 4 months for a subtotal resection of the
tumor with an intercurrent fungal infection. The radiotherapy was
delayed 5 months since the initial surgery. The residual tumor
after the last surgery was well controlled by radiotherapy, and at
the last clinical evaluation the patient was able to use a rollator
with moderate left side hemiparesis, presented slight diplopia,
and needed assistance for her activities. Brain MRI did not show
recurrence of the pineal lesion. However, spinal MRI demon-
strated multiple cervical, dorsal, and lumbar metastases (Figure 2).
The patient died 39 months after surgery.
The last one, a foreign patient with a PPTID highly reactive to

neurofilament and synaptophysin, and with a MIB-1 index of 4%e
5%, was recommended to receive radiation therapy after a partial
resection. This patient was lost at follow-up.
Radiotherapy for Tumor Recurrence. Two patients required radiation
therapy for tumor recurrence.
A patient with a very small residual PPTID after surgery was

initially followed strictly every 6 months. The histopathology
revealed a high proliferation index (10%e15%) and some mitotic
activity. In March 2016, after 6 years, the patient received FL-EBRT
for a slow growth of the tumor. In September 2017, the last brain
MRI showed a controlled lesion. The patient died from pneu-
monia in December 2017 (Figure 3).
The second patient, a 67-year-old man underwent GTR of a

PPTID. The histologic examination revealed a MIB-1 index up to
20% with pineoblastoma features, microtubule-associated
protein 2 (MAP-2) (þ), synaptophysin (SYP) (þ), chromogranin
(Cg) (þ), glial fibrillary acidic protein (GFAP) (-). Five years
after surgery, a small recurrence appeared in MRI studies. The
patient with long lasting diabetes, depression, memory prob-
lems, and anemia was recommended to have follow-up MRI
studies. After 1 year the recurrence was bigger and evident. The
patient underwent stereotactic radiosurgery with a single dose
of 14 Gy. One year follow-up MRI, as well as subsequent follow-
up radiologic studies, did not show any recurrence. The 79-
year-old patient died 12 years after surgery with severe
vascular dementia.
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It is worth noting that another patient, harboring a pineal lesion
and a large cerebellar venous angioma draining big segments of
the cerebellum and midbrain, underwent GTR as unique treat-
ment. The histologic examination revealed a moderate to high
proliferation (MIB-1 10%). The immunohistochemistry was posi-
tive for synaptophysin, chromogranin, and MAP-2þ. The Neuro
Oncology team determined strict follow-up. Fifteen years after
surgery, a very small recurrence appeared at the brain MRI in May
2018. The Neuro Oncology team decided to re-evaluate the patient
after 6 months before radiation therapy (Figure 4).
No patient received chemotherapy.

Outcome
Tumor Control. At the last radiologic evaluation, 10 patients were
free of disease, 3 patients (Figures 2e4) presented small controlled
tumors; however, as described, 1 of them had spinal metastasis.
One patient had a very small remnant after brachytherapy, and 1
patient with partial resection was lost at follow-up.

Morbidity. Six patients did not present any new symptom in the
postsurgical evaluation. Nine patients had some postoperative
complication: 4 patients presented with meningitis that resolved
with medical treatment. In 3 of them, a VPS had to be removed.

Figure 2. Magnetic resonance imaging (MRI) spectrum
of PPTID in case 10. (A and B) Preoperative cerebral
MRI studies. (C) Last cerebral MRI with a very small

pineal remnant after radical resection and radiation
therapy. (D) Last spinal MRI with multiple metastases
at cervical, thoracic, and lumbar levels.
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Another 5 patients developed immediate postoperative complica-
tions, such as Parinaud syndrome (1 case), lower cranial nerve
paresis requiring tracheostomy (2 cases), an occipital epidural
hematoma with left side hemiparesis that required reoperation (1
case), double vision due to sixth cranial nerve paresis (1 case), and
slight double vision without nerve paresis (1 case).
Overall, at the last clinical evaluation, 2 patients presented a bad

outcome after multiple surgeries and brachytherapy, and 1 patient
had mild neuropsychologic deficits. Another patient presented

with depression and some double vision, thus needing assistance
for walking few months after surgery. Later, the patient was only
evaluated in the Cancer center, and we just know that she is alive
>20 years after surgery.

Mortality. The survival rate of our patients was 57.1% at a mean
follow-up of 137.2 � 77.6 months (39e248 months), without
considering the patient lost at follow-up. The 5-year survival rate

Figure 3. Magnetic resonance imaging (MRI) spectrum
of PPTID in case 9. (A) Preoperative cerebral MRI
study. (B) Immediate postoperative cerebral MRI study
with a very small residual pineal lesion. (C) Cerebral

MRI study before radiation therapy delivery. (D) Last
cerebral MRI study with a small controlled remnant
after radiation therapy.
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was 92% (11/12 patients) and the 10-year survival rate was 71% (5/7
patients).
As mentioned, 6 patients died. Three patients, who underwent

GTR with good postoperative outcome and without tumor recur-
rence, died due to reasons unrelated to the disease (respectively,
chronic cardiac disease, pneumonia, and severe progressive
vascular dementia). Two patients with a controlled disease, but
poor progressive clinical outcome, died after some period of
treatment. One of them died 8 years after brachytherapy and the
other, 3 years after multiple surgeries. The last patient died in
another province of Finland, 12 years after surgery (the reason was
unavailable).

DISCUSSION

In this article we describe our multidisciplinary management of
PPTIDs treated consecutively in Helsinki Neurosurgery between
1997 and 2015. Based on our retrospective analysis, the GTR was
the most important factor to obtain a good long-term survival rate
and tumor control. GTR might be achieved thanks to the com-
bination of these variables: an essential proper team work
(neurosurgeon, anesthesiologist, scrub nurse, and all involved
personnel), adequate principles of positioning and approach,
skillful microneurosurgery based on the principle “simple, clean,
and safe,” and not less important, the surgical experience of the
neurosurgeon.5,8-11

Figure 4. Magnetic resonance imaging (MRI) spectrum
of PPTID in case 8. (A) Preoperative cerebral MRI
study. (B) Immediate postoperative cerebral MRI study
with gross total resection of the pineal tumor. (C)

Cerebral MRI study 13 years after surgery with an
incipient recurrence. (D) Cerebral MRI study 15 years
after surgery with a very small recurrence.
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PPTIDs are divided morphologically into 3 subtypes as follows:
(1) lobulated pattern and an endocrine-like and highly vascular
lesion, (2) diffuse growth pattern, similar to oligodendroglioma-
neurocytoma, and (3) transitional type with areas of lobulated
and diffuse growth patterns, associated with areas of pine-
ocytomatous rosettes.2 Although the grading criteria to
differentiate PPTIDs grades II and III are not well established,
the 2007 WHO Classification of Central Nervous System Tumors
considers 2 variables—proliferative activity and immunoreactivity
for neurofilament protein—as outcome predictors.1,12 Thus,
WHO grade II PPTIDs may consist of lobulated, transitional, or
diffuse subtype patterns, which have a higher expression of neu-
rofilament, 0e5 mitoses per 10 high-power field, and moderate
MIB-1 (Ki-67 equivalent antibody) labeling indices. High-grade
PPTIDs do not contain pineocytomatous rosettes. They have
higher MIB-1 indices, >6 mitoses per 10 high-power field, or <6
mitoses per 10 high-power field, but negative for neurofilament.
MIB-labeling indices are higher in PPTIDs (8%e11.8%) compared
with pineocytomas (1.6%), but lower than in pineoblastomas
(24%e27%).13 Endothelial proliferation and necrosis are more
common in higher grade PPTIDs. PPTIDs have to be considered
as potentially aggressive neoplasms.1,2

Nevertheless, subsequent studies did not confirm any correla-
tion between the immunoreactivity and the mitotic index, the Ki-
67 proliferation index, and the survival rate in patients with
PPTID.14-16 In addition, Chatterjee et al15 and Yu et al16 found
cutoffs of 3e4 mitosis/high-power field to determine high
mitotic activity.
Small biopsy samples sometimes might offer difficulties to

assess accurately mitotic counts. Therefore, the Ki-67 proliferation
index would be a useful marker of proliferation. Yu et al16

determined the Ki-67 proliferation index ranging from 1%e15%
in grade II PPTIDs and from 3%e40% in grade III PPTIDs. Fèvre-
Montange et al17 found a Ki-67 proliferation index of 0%, 5.2% �
0.4%, 11.2% � 2%, and 36.4% � 6.2%, respectively. in pine-
ocytomas, PPTIDs grade II, PPTIDs grade III, and pineoblastomas.
In other series, the Ki-67 proliferation index was 1.7% and 12.6%,
respectively, in low-grade and high-grade tumors.15

These results indicate the heterogeneity of the proliferation
activity of PPTIDs and the lack of correlation with the neurofila-
ment immunoreactivity. In conclusion, other proposals to classify
PPTIDs include mitosis <4/10 high-power field and Ki-67 <5% for
grade II, and mitosis �4/10 high-power field and/or Ki-67 �5% for
grade III PPTIDs.15

The 5-year survival rate for WHO grade II PPTIDs is 74%, and
34% for WHO grade III.1,18,19 Factors affecting the survival of PPTs
are morphologic subtype, as well as histologic grading according
to the presence or the absence of necrosis, mitotic index, and
neurofilament immunostaining.1 The relapse rate for WHO grade
II PPTIDs was 26%, with recurrence generally restricted to the
location of the primary tumor. In WHO grade III lesions,
recurrence occurred in 56% of the cases, mainly occurring
outside of the pineal region, despite adjuvant radiotherapy.18

Based on the described variability of definitions and aiming to
discover prognostic factors, we did not classify PPTIDs in low or
high grade, but all cases were included in a single group. Thus,
our 5-year and 10-year survival rates for PPTIDs were 92% and
71%, respectively. Although we have PPTID patients with

>20 years of survival, our follow-up period would be insufficient
to properly determine the 15- to 20-year survival rate. Variables
related with a good outcomes in our series were: (1) the GTR,
which we consider the most important variable in spite of a pa-
tient with a 5 � 5-cm tumor, who required multiples surgeries
with a bad clinical status after all of them; (2) a continuous and
accurate follow-up to discover incipient recurrences, initially every
6 months, and later every year in those with a high risk of
recurrence such as partially resected or high-grade tumors; and (3)
radiotherapy for patients with partial resections, small recurrences
at the follow-up, and pleomorphic variants with pineoblastoma
features, or very high proliferation index and high mitotic activity
as well. We had a good tumor control but bad long-term clinical
outcome after treatment with brachytherapy. However, our expe-
rience is restricted to only 1 patient.
We are unable to consider the histologic grading as a variable

related with the survival and the tumor control rate. First, our
sample is small with variable immunohistologic features. Second,
the 2 patients with a tumor-related death underwent GTR and
brachytherapy, with absence of tumor recurrence at the last
follow-up.
Regarding the radiosurgical treatment of PPTIDs, a study20

based on the use of stereotactic Gamma Knife radiosurgery for
histologically defined tumors determined a poor local control
with poor survival rate for PPTIDs. Stereotactic radiosurgery was
used as the primary treatment modality in 4 cases, and as a
treatment for recurrence in 3 cases. Iorio-Morin et al20 reported
an actuarial local control and a survival rate of 50% and 56% at
5-year follow-up, respectively. However, 5 patients had <2 years
of follow-up. The median time to recurrence was 34 months.
These results contrast with the 80% survival rate and 80% actuarial
local control reported at a 20-year follow-up for germinomas,
which are the most radiosensitive tumors of the pineal region.
Lutterbach et al21 reviewed prognostic factors in higher grade

PPTs in patients >18 years of age who had received
radiotherapy. They included patients with postoperative adjuvant
radiotherapy and those treated only with radiotherapy. They
found better spinal control in patients with PPTIDs versus
pineoblastomas. Radiotherapy does appear to have a positive
influence on survival for higher grade PPTs.18 It is not known
whether radiotherapy for grade II PPTIDs at the time of
diagnosis may delay tumor recurrence, or whether there is a
benefit in those patients who have had GTR.18 There is no
established dose-to-effect efficacy for craniospinal radiotherapy
for PPTID grades.18,21

Debajyoti Chatterjee et al15 described the outcome of 16 PPTIDs.
GTR was performed in 4 cases, subtotal excision in 5 cases, and
the other 7 cases underwent endoscopic biopsy. All of the
patients underwent radiotherapy, and only in 1 case,
chemotherapy. Only 3 patients had long-term follow-up (10, 10,
and 5 years), 6 patients were lost at follow-up, and the rest had
<35 months of follow-up. Three patients died at 3, 4, and 4
months after surgery.
Although we do not have a protocol for the management of

those rare tumors in our department, our retrospective analysis
showed that the administration of radiation therapy controlled
recurrent and/or small residual PPTIDs. However, in a histologic
low-grade tumor that underwent partial resection followed by
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radiation therapy, the tumor grew after a year of follow-up and
required GTR. Patients with pineoblastoma features, or very high
proliferation index and high mitotic activity, had a good long-term
outcome after GTR and radiation therapy.
In 2016, a review performed by Kang et al22 described the

multidisciplinary management (surgical resection and
radiochemotherapy) of PPTIDs. A total of 160 patients were re-
evaluated and only 30 of them received some kind of chemo-
therapy. Chemotherapy schemes included variable agents such as
vincristine, lomustine, prednisone, cisplatin, vinblastine, bleo-
mycin, etoposide, carboplatin, dibromodulcitol, 5-fluorouracil,
methotrexate, ifosfamide, etoposide, carboplatin, cyclophospha-
mide, nimustine, vindesine, and interferon. Very few cases had a
long follow-up of >5 years, and the role of chemotherapy as an
adjuvant therapy has still to be confirmed.22

Although PPTIDs might rarely occur in the pediatric population,
the treatment plan usually follows similar schemes as for

pineoblastoma treatment. Thus, chemotherapy is used in children
with recognized response. In addition, chemotherapy might be an
important adjuvant treatment when radiotherapy is not recom-
mended.2 Previous reports determined that chemotherapy was
insufficient to prevent leptomeningeal relapse.2,18

In our series, chemotherapy was unnecessary after GTR and
adjuvant radiotherapy, but we did not have any pediatric patient
with a PPTID. However, when indicated, we agree to use
chemotherapy in children with PPTIDs.

CONCLUSION

A proper multidisciplinary management of PPTIDs based on GTR
of the lesion and an accurate cranial adjuvant radiotherapy in
selected cases may improve the overall survival of these tumors. A
strict follow-up is imperative for these aggressive lesions due to
their frequent recurrences.
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Abstract
Background: Nowadays, the sitting position has lost favor among neurosurgeons partly 
due to assumptions of increased complications, such as venous air embolisms (VAEs) 
and hemodynamic disturbances. The aim of our study is to describe the importance of 
some anesthetic considerations and the utility of antigravity trousers as well, together 
with a skillful neurosurgery and an imperative proper teamwork, in order to prevent 
the risk of severe VAE during pineal region surgery. We routinely use them for the 
variant of the sitting position we developed, the “praying position.”

Methods: A retrospective review of 51 pineal lesions operated on in the “praying 
position” using antigravity trousers was carried out. In the “praying position” the 

used to generate an adequate cardiac preload.

Results: VAE associated to persistent hemodinamic changes was nonexistent in 
our series. The rate of VAE was 35.3%. VAEs were diagnosed mainly by monitoring 
of the end-tidal CO2 (83.33%). A venous system lesion was the cause in most of the 
cases. When VAE was suspected, an inmediate reaction based on a good teamwork 
was imperative. No cervical spine cord injury nor peripheral nerve damage were 
reported. The average microsurgical time was 48 ± 33 min.

Conclusions: The risks of severe VAE during pineal region surgery in the 
“praying-sitting position” may be effectively prevented by some essential 
anesthetic considerations and the use of antigravity trousers together with a skillful 
neurosurgery, and an imperative proper teamwork.

Key Words: Air embolism, antigravity trousers, hemodynamics, microneurosurgery, 
pineal region lesions, sitting position
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INTRODUCTION

Pineal lesions are challenging because of their location 
deep inside the intracranial space and their proximity to 
critical neurovascular brain structures. Several advantages 
may be offered by the use of the sitting position for 
pineal region surgery such as: lower intracranial pressure, 
good venous outflow, gravitational retraction, and straight 
anatomical orientation.[2,7,10,17,18,21,22,26,32] On the other 
hand, the sitting position may oblige the surgeon to a 
nonergonomic tiring position, and may cause potential 
dreadful complications such as severe venous air 
embolism (VAE) associated to general hypotension.[1,14,25,29]

A variant of the classic sitting position, the praying 
position, was developed in our department with the aim to 
reduce the rate of severe complications, while allowing an 
ergonomic posture for the surgeon. In the praying position, 
remarkably, it is not required to elevate the legs of the 
patient above the level of the heart. Conversely, we routinely 
use antigravity (G-suit) trousers in order to reduce the risk 
of complications due to a decreased cardiac preload.[8,10,26]

The objective of this paper is to describe the importance 
of some anesthetic considerations and the utility of 
antigravity trousers as well, together with a skillful 
neurosurgery and an imperative proper teamwork, to 
prevent the risk of severe VAE during pineal region 
surgery, while offering an ergonomic surgical positioning.

MATERIAL AND METHODS

Study design and ethics
This is a single-center retrospective study regarding 
the evaluation of VAE during the surgical treatment of 
consecutive pineal region lesions operated on in sitting 
position. Following the Institutional Review Board 
approval, data were collected from hospital records, and 
neuroradiological imaging was reviewed. The patients 
consent was not required as this is a retrospective study, 
and the research data analysis had no effect on the 
participants or their medical care.

Participants and study size
Patients with pineal lesions that were operated on in the 
“praying position” using G-suit trousers by the senior 
author (JH) between January 2008 and October 2015. 
Patients with missing information were excluded.

During the study period, 64 patients with pineal lesions 
were treated. Of these, 51 met the study inclusion 
criteria (25 men and 26 women). Mean patient age was 
37.2 years (range, 8–79 years).

Variables
Venous air embolism
We defined VAE as any of the following: 1) an embolic 
heart sound by precordial Doppler ultrasound; 2) a 

0.7 kPa (5.25 mmHg) or greater decrease in the end-tidal 
PCO2; 3) identification of the air leak at the surgical 
site.[22] Severe VAE was defined as the prescence of 
VAE associated with persistent hemodynamic instability 
(i.e., a reduction of the systolic blood pressure in more 
than two controls in a 5-min interval) or a related change 
in the minute ventilation. According to some authors a 
reduction of the systolic blood pressure of 20% or more 
from the preoperative baseline is required to define a 
VAE as severe.[17,22,27] However, we believe that a persistent 
hemodynamic instability, in other words a difficult 
management of a severe hypotension, is more important 
than only a deep but quickly reversible reduction of the 
systolic blood pressure.

Sitting position
In our department, the sitting positioning style 
for pineal region lesions, regardless of the surgical 
approach (supracerebellar infratentorial or occipital 
interhemispheric route), is a standardized protocol that 
ends in a somersault position (“praying-sitting position”) 
with the horizontal axis of the tentorium parallel to the 
floor, with less than 90° in relation to the axis of the 
surgeon [Figure 1].[7,8]

In the classic sitting position as illustrated by Porter 
et al., both legs are raised as high as possible in order to 
prevent the risk of complications.[25] On the other hand, 
in the “praying sitting position” the surgical table is bent 
around 90–100°, thus elevating the upper torso of the 
patient. As a consequence of this maneuver, the legs of 
the patient are kept parallel to the floor. Hence, G-suit 
trousers are used to generate an adequate cardiac preload. 
Anesthetic considerations for the praying sitting position 
are decribed in the Table 1.[20]

Antigravity trousers
The G-suit trousers are applied at the lower limbs of 
the patient up to the level of his/her hips (the G-suit 
trousers are applied when the patient is in supine 
position, intubated, with peripheral venous access and 
with urinary catheter). Patients are dressed in antigravity 

Figure 1: Sitting praying position in Helsinki neurosurgery. Photo 
provided by professor Martin Lehecka from Helsinki Neurosurgery
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The surgical strategy is routinely planned based on MRI 
and CT. Digital subtraction angiography is occasionally 
used in highly vascularized lesions to determine the 
main feeders of the lesion. The study of the deep 
venous system is the most valuable factor in planning 
the surgical strategy. The paramedian supracerebellar 
suboccipital approach is the preferred route in our center, 
as described in a previous paper.[7] However, the occipital 
interhemispheric approach and the subtemporal approach 
are also usable in particular situations.

Once the quadrigeminal cistern is opened and the lesion 
reached, at the beginning we use to take tumor samples 
for histopathological analysis, and then we endeavor to 
progressively accomplish a complete resection. In case of 
vascular pineal lesions, the analysis of their angioarchitecture 
is crucial in order to attempt their complete removal. During 
the intradural stage, it is essential to distinguish the deeply 
located veins from the dark blue-colored cisterns. Along the 
supracerebellar approach, the precentral vein is recognized 
and, if needed, it is coagulated and cut. The microsurgical 
dissection starts laterally following the cleavage plane 
between the lesion and its vicinity. An internal debulking 
is performed by using aspiration, as well as the mechanical 
and thermal effect of the bipolar forceps. Once the posterior 
third ventricle is reached, additional cerebrospinal fluid 
is released. The tumor is carefully dissected from the 
surrounding veins with the help of water dissection to 
complete the microsurgical excision. Ultrasonic aspirator is 
rarely used during this surgery in Helsinki.

The angle below the posterior commissure requires 
extreme care. The slightest bleeding could determine 
fatal consequences and small residual tumors as well. 
Microsurgical mirrors or endoscopes may help to visualize 
this area. After complete resection, careful hemostasis is 
imperative. In case of malignant and infiltrative tumors, 
radical decompression is mostly offered. However, if 
possible, we try to remove the lesion completely. In 
case of vascular malformations, a careful microsurgical 
dissection should take into consideration their anatomic 
features such as the feeding arteries arising from the 
vertebrobasilar system, and the tectal and superior 
cerebellar draining veins into the straight sinus.

Statistics
Correlations between independent variables and the 
occurrence of VAE were analyzed using the Fisher, 
Chi square, and Mann-Whitney U test. P values <0.05 
were considered significant. SPSS version 22 
(SPSS Inc., Chicago, IL, USA) was used.

RESULTS

Participants and descriptive data
Sixty-one patients with pineal lesions were consecutively 
operated on by the senior author (JH) between March 

trousers (Trousers ANTI-G, NATO No 8475-99-1300180, 
Beaufort, Belfast, UK), which are inflated with 
compressed air up to a pressure of about 40 mmHg. 
There is a potential risk for peripheral nerves and/or blood 
vessels injuries, but the shape of the trousers allows the 
positioning of the patient without intense compression of 
critical points. Flexible positioning of lower extremities 
joints is possible. Effective blood gas test, hemodynamic 
monitoring, and precordial Doppler ultrasound are 
mandatory [Figure 2].

Thanks to their side zippers, antigravity trousers can 
be applied in less than 5 min for normal weight adult 
patients. Their main physiological effect is to increase the 
peripheral resistance, thus redistributing the blood to body 
areas above the suit and improving the cardiac preload.[26]

Microneurosurgery
As previously described, microneurosurgery of the pineal 
region in Helsinki Neurosurgery is performed according 
to the following protocol.[20]

Table 1: Anesthetic considerations for the sitting position 
in our department
Conventional use of fentanyl, thiopental propofol (or rarely inhaled 
anesthetic), and rocuronium or vecuronium.
Administration of a bolus of intravenous Ringer’s acetate (RAC) or 
hydroxyethyl starch (HES) just before the positioning of the patient, 
being HES slightly more effective than RAC in achieving comparable 
hemodynamics.
In adults, the target mean arterial pressure - measured at the level of 
the foramen of Monro is 60 mmHg or higher, and/or the systolic arterial 
pressure 100 mmHg or higher.
The precordial Doppler ultrasonography probe is placed over the right 
fifth intercostal space.
The patients are normoventilated (target PaCO2= 4.4-5.0 kPa 
[33.0-37.5 mmHg]) with 100% inspired oxygen, without positive 
end-expiratory pressure, by volume controlled ventilation. N2O is not given.
Arterial blood gases are analyzed after the induction of anesthesia and 
as needed.

Figure 2: Antigravity trousers for sitting position in Helsinki 
Neurosurgery
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2008 and October 2015. Three patients were not operated 
on in the sitting position. Other three patients were not 
included due to missing data (anesthetic information, 
preoperative images, or appropriate follow-up). Four 
pediatric patients did not use antigravity trousers but 
elastic bandages, and were excluded from the study as 
well. Characteristics of the remaining 51 patients are 
presented in the Table 2.

Outcome data and main results
The rate of VAE was 35.3% (18 patients). VAEs were 
diagnosed mainly by monitoring of the end-tidal 
CO2 (83.33%). Only three cases were recognized 
by direct vision during the surgery; however, the 
retrospective surgical video analysis revealed a venous 

system lesion also in other five patients. In nine 
patiens with no evident venous damage, we highly 
suspected the presence of microvenous lesions due 
to the vascular manipulation during the dissection 
of the pineal lesion and/or small openings of the 
venous sinuses during the dura opening. No analyzed 
surgical variable was associated with the prescence of 
VAE [Table 2].

Severe VAE was absent in our series. However, three adult 
patients (respectively harboring a pineal cyst, a solitary 
fibrous tumor, and an arteriovenous malformation) 
presented a very short period (one measurement 
in a 5-min interval) of low systolic blood pressure 
associated with VAE, which was rapidly corrected with 

Table 2: Characteristics of the pineal region lesions operated on in the praying sitting position using antigravity trousers 
between 2008 and 2015

No VAE: 33 VAE: 18 P

Age (years) M: 34.7±15; Min: 8; Max: 64 M: 43.7±19.9; Min: 13; Max: 79 0.078
Sex Female: 16; Male: 17 Female: 10; Male: 8 0.771
Bone flap height (cm) M: 3.9±0.5; Min: 2.9; Max: 5.3 M: 4.2±0.7; Min: 2.9; Max: 6 0.072
Bone flap length (cm) M: 3.2±0.4; Min: 2.3; Max: 4.2 M: 3.3±0.6; Min: 2.2; Max: 4.6 0.363
Pineal lesion height (cm) M: 1.9±1.1; Min: 0.5; Max: 5.5 M: 2.2±0.9; Min: 0.7; Max: 4.2 0.104
Pineal lesion length (cm) M: 2.2±1.4; Min: 0.5; Max: 5.4 M: 2.7±1.2; Min: 0.8; Max: 5.5 0.124
Pineal lesion width (cm) M: 1.9±0.9; Min: 0.5; Max: 4.8 M: 2.4±1.1; Min: 0.8; Max: 5.4 0.058
Lesion volume (cm3) M: 7.3±13.8; Min: 0.06; Max: 71.3 M: 9.9±12.3; Min: 0.3; Max: 12.3 0.092
Skin to skin surgical time (min) M: 102.1±34.3; Min: 60; Max: 207 M: 120.3±35.5; Min: 68; Max: 201 0.197
Microsurgical time (min) M: 42.8±26.7; Min: 12; Max: 114 M: 54.2±38.6; Min: 18; Max: 151 0.413
Total resection 30/33 17/18 1.00
Surgical approach SCIT: 32/33 SCIT: 15/18 0.120
Initial SBP (mmHg) M: 113.8±12.8; Min: 89; Max: 138 M: 108.7±14.4; Min: 80; Max: 135 0.282
SBP at the positioning (mmHg) M: 100.7±13.9; Min: 76; Max: 132 M: 96.7±17.8; Min: 68; Max: 133 0.266
VAE diagnosis - Decrease of PCO2 >0, 7 kPa: 15; Doppler US: 7; direct vision: 3
SBP at VAE diagnosis (mmHg) - M: 91.8±12.1; Min: 60; Max: 113
Surgical video analysis: (VAE 
origin)

- Dissection of a pineal lesion attached to the deep venous 
system: 5; separation of the torcula from the occipital bone 

during the craniotomy: 2; transverse sinus damage during the 
craniotomy: 1; not evident: 9; no video: 1

SVAE - None
Follow-up (months) M: 25.6±25; Min: 0; Max: 88 M: 19.9±22; Min: 0; Max: 75
Diagnosis Tumors: 30 Tumors: 17 0.171

Ependimoma: 1 Pilocytic astrocytoma: 3
Germinoma: 5 Epidermoid tumor: 1

Glioblastoma multiforme: 2 Hemangiopericytoma: 1
Hemangioblastoma: 1 Meningioma: 3

Meningioma: 1 Pineal cyst: 7
Pineal cyst: 15 PPTID: 1

PPTID: 5 Solitary fibrous tumor of the pineal region: 1
Vascular lesions: 3 Vascular lesions: 1

Cavernoma: 1 AVM: 1
PChA aneurysm: 1

AVM: 1
AVM: Arteriovenous malformation, M: Mean value, Min: Minimum value, Max: Maximum value, PChA: Posterior choroidal artery, PPTID: Pineal parenchimal tumor of intermediate 
differentiation, SBP: Systolic blood pressure, SCIT: Supracerebellar infratentorial approach, SVAE: Severe venous air embolism, US: Ultrasound, VAE: Venous air embolism
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vasoactives and fluid filling. Mean arterial pressure was 
over 50 mmHg in two cases, and 45 in other one. No 
change in the ventilation during the surgery, no inmediate 
nor late postoperative complications were observed in 
these patients.

On the other hand, a patient harboring an epidermoid 
tumor with a damaged dominant right transverse sinus, 
which was repeared by direct suturing, presented signs of 
minor air embolism without consistent reduction of her 
blood pressure.

In our series three patients had recurrent lesions: only a 
patient with a recurrent hemangiopericytoma presented a 
VAE.

As a part of the sitting position protocol, when VAE 
was suspected, an immediate reaction based on a good 
teamwork and a proper communication between the 
anesthesiologist and the surgeon was imperative. The 
compression of both jugular veins by the anesthesiologist 
was very effective to find the leak, which was repaired by 
the surgeon using hemostatic agents or direct suturing. Air 
aspiration from the central venous catheter was never used.

Postoperative course was uneventful with no complication 
related to the positioning nor to the use of the antigravity 
trousers. No cervical spine cord injury, no facial or tongue 
edema nor peripheral nerve damage were reported.

DISCUSSION

Essential anesthetic considerations and antigravity 
trousers as well, together with a skillful neurosurgery and 
an imperative proper teamwork may effectively prevent, 
the risk of severe VAE during pineal region surgery in the 
ergonomic “praying-sitting position.”

In a systematic review of craniotomy studies comparing 
sitting and horizontal positions, the incidence of VAE 
was respectively 15–45% and 0–12%.[12,22] The incidence 
of severe VAE in sitting position was found to be between 
1% and 6% in six large studies.[11,13,16,24,29,30,33]

Previous series from our department reported a rate of 
minor VAE in patients undergoing pineal lesion removal 
in sitting position between 19% and 50%, in relation to 
the considered limit of PCO2 decrease (0.7 kPa or 0.3 kPa). 
Precordial Doppler is always used as a part of our protocol 
for the sitting position in Helsinki neurosurgery. In this 
retrospective study most of the VAEs were diagnosed 
by a PCO2 decrease. Even if we assume that Doppler 
ultrasound is more sensitive than PCO2, as reported in 
the literature, we believe that the changing signal from 
the Doppler is not so specific. Hence, in our daily clinical 
practice, VAE is usually reported by the anesthesiologists 
only when the Doppler changing signal occurs together 
with an end-tidal PCO2 decrease, or when end-tidal 
PCO2 falls without any change in Doppler.

Nonetheless, VAE was never associated with simultaneous 
hemodynamic instability nor with a modification in 
minute ventilation.[21,22] In other words, systolic blood 
pressure, heart rate, and respiratory minute volume 
were comparable in patients with and without VAE. 
Moreover, no difference in the amount of administered 
vasoactive agents, intraoperative fluids nor postoperative 
management in patients with and without VAE was 
reported. No complication related to a systemic arterial 
air embolism was observed.[21,22]

The incidence of VAE in sitting position may be reduced 
by adopting a careful surgical technique, as well as by 
maintaining an optimal right atrial pressure. Classically, 
intravenous fluids, an antigravity suit, and the application 
of a positive end-expiratory pressure are used for that.[19]

However, Giebler et al. observed that the incidence of VAE 
did not differ between patients undergoing conventional 
ventilation and those undergoing ventilation with 10 cm 
H2O of positive end-expiratory pressure.[15] Furthermore, 
according to Luostarinen et al. the sitting position does 
not require excess fluid treatment compared with the 
prone position.With goal-directed fluid administration 
and moderate use of vasoactive drugs, it is possible 
to accomplish stable hemodynamics in both surgical 
positions.[23]

In this regard, we conclude that risk for VAE is directly 
related to an intraoperative accidental venous structures 
laceration and to a low cardiac preload due to the surgical 
position.

Hence, as above mentioned, we strongly believe that an 
effective surgical teamwork cooperation, together with a 
skillfull neurosurgery and the use of antigravity trousers, is 
imperative to reduce the risk for VAE and hemodynamic 
instability.[3–7,9,28,31]

Antigravity trousers are commonly used in military 
airplanes, and they were first used for medical purposes 
in the 1950s. Compressed air is widely available inside 
operating theaters: this made easier their use.[2,10,22,25,26]

Benefits of antigravity trousers in sitting position for 
neurosurgery were early recognized.[2,10,17,22,26] However, 
there is no general consensus about the specific pressure 
that needs to be used while performing a surgical 
operation in sitting position. A pressure of 20–40 mmHg 
has been considered effective and safe by many 
authors.[2,10,26] A pressure over 40 mmHg for the entire 
duration of the surgical procedure may be risky, as it 
may determine a decrease in renal perfusion and urine 
output, as well as increased respiratory rate and reduced 
vital capacity. Nonetheless, the risk of ischemic injuries 
is connected with long periods of antigravity trousers 
inflation more than with the pressure of inflation itself. 
Hence, for example, a pressure of 100–110 mmHg is 
usually recommended for shocked patients.[26]
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In our department we use the antigravity trousers since 
1997. We usually inflate them at a pressure of 40 mmHg, 
and no complication occurred so far.[17,22] However, a 
limitation for their use is represented by the avalilability 
of the correct size. In children, often, elastic bandages are 
wrapped around the lower extremities.[22]

The average microsurgical time of our surgical series was 
48 ± 32 min, and the average surgical skin to skin time 
was 109 ± 35 min.

CONCLUSIONS

The risks of severe VAE during pineal region surgery 
in the “praying-sitting position” may be effectively 
prevented by some essential anesthetic considerations 
and by the use of antigravity trousers together with a 
skillful neurosurgery and an imperative proper teamwork.
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Midline and Paramedian Supracerebellar Infratentorial Approach to The Pineal Region: A

Comparative Clinical Study in 112 Patients
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-OBJECTIVE: The midline supracerebellar infratentorial
(SCIT) approach and its paramedian development are
commonly used for dealing with pineal lesions. Compara-
tive clinical studies are lacking, however. We aim to
establish the better performance of the paramedian SCIT
approach in terms of clinical safety in surgically treated
pineal cysts and pineal region tumors. Procedural func-
tionality and effectiveness have been also analyzed.

-METHODS: A comparative analysis of clinical, radio-
logic, pathologic, and surgical features, and outcome was
performed between 55 midline and 57 paramedian SCIT
approaches that were exclusively performed in 112 pa-
tients (57 pineal cysts and 55 tumors of the pineal region)
operated in sitting position by a single surgeon. Information
was retrieved from hospital records and microsurgical
videos.

-RESULTS: The paramedian SCIT approach linked with
fewer postoperative complications (odds ratio [OR]: 0.40)
and fewer approach-related complications (OR: 0.28) than
the midline SCIT approach. The SCIT paramedian approach
was achieved in a shorter time, by a smaller bone flap, and
with fewer complex procedural steps than the midline
approach. The SCIT paramedian approach did not require
the opening of the falx cerebelli, midline cerebellar
retraction, section of the midline cerebellar draining veins,
nor wide opening of the dura. Gross total resection, size of
the lesion, microsurgical time for removal, histopathological

diagnosis and postoperative outcome were statistically
similar in both groups.

-CONCLUSIONS: The SCIT approach represents a safer
and more functional approach for the removal of cysts and
tumors of the pineal region than the classic midline
approach, while maintaining the same effectiveness.

INTRODUCTION

The pineal region, also called posterior incisural space or
quadrigeminal cistern, is a deeply located surgical area
where different type of cysts and tumors may develop. The

supracerebellar infratentorial (SCIT) approach and the occipital
interhemispheric approach are the most common approaches to
this region in the Department of Neurosurgery, Helsinki Univer-
sity Hospital (HUH).1-5 The SCIT approach is performed in around
90% of all surgically treated pineal tumors, as well as in almost
100% of pineal cysts operated in HUH.1,2 The SCIT approach,
initially introduced in HUH as a midline approach, has been
progressively modified to a more sophisticated and less invasive
paramedian approach.3 Thus, the paramedian SCIT approach
resulted from a development of the midline approach. During
the past few years, the paramedian SCIT approach became the
standard approach to the pineal region in HUH. Our previous
publication on the microsurgical management of cysts and
tumors of the pineal region already gave us some clues about
the benefits of the paramedian SCIT approach.1,2 However, no
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comparative clinical study has been performed so far between
both SCIT approaches.6-14 We aim to compare the differences of
these 2 approaches in terms of clinical safety and procedural
outcome. We hypothesized that the paramedian SCIT approach
could have a better surgical performance than the midline SCIT
approach in patients with pineal cysts and pineal region neo-
plasms undergoing surgery in sitting position. Overall, the
surgical performance was evaluated in terms of clinical safety.
Procedural functionality and effectiveness were also analyzed.

METHODS

Population Study and Design
This project, which was approved by the ethics committee of HUH,
is a retrospective case-control study to evaluate the safety, func-
tionality, and effectiveness of the paramedian SCIT approach versus
the midline SCIT in all patients who were surgically treated for pi-
neal region neoplasms and cysts in the Department of Neurosur-
gery, HUH, between 1997 and 2015. We included only the patients
operated in the sitting position by the same neurosurgeon (J.H.)
who exclusively underwent the SCIT approach, aiming to obtain
uniform comparative samples and excluding confounding variables
(Figure 1). This report followed Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines.
Patient information was retrieved from hospital records to

compare the safety and the effectiveness of the SCIT approaches.
Information of 61 (16 midline and 45 paramedian approaches)
digitalized surgical videos was used to compare the functionality
of the procedures. Mortality of the patients was retrieved from the
Finnish population registry in July 2018. Radiologic information of
the pineal tumors and cysts was acquired from IMPAX 6.7.0.4511
(Agfa, Mortsel, Belgium). The extent of surgical resection was
evaluated in the postoperative magnetic resonance imaging
studies. Quantitatively, gross total resection was defined as the
absence of residual lesion; subtotal resection as more than 95% of
tumor removal; and partial resection as less than 95% of removal
of the tumor. The different steps of the surgical procedure, whose
duration was noted from the operative videos, were defined as
follows:

(1) “the skin-muscle incision”—the time from the skin incision
up to the beginning of the craniotomy;

(2) “the craniotomy”—the time used for the craniotomy itself and
before the opening of the dura mater;

(3) “the dura opening and access to the pineal region”—which
ends when the pineal lesion is reached;

(4) “the microsurgical removal”—the time used for the micro-
surgical resection of the lesion; and

(5) “the dura closure”—the time while the microsurgical closure
of the dura is performed.

Analysis of the Data
We performed a comparative analysis between the midline and the
paramedian SCIT approaches:

(1) The procedural safety was measured by a matched comparison
between the preoperative and postoperative functional status
of the patients measured by the modified Rankin scale (mRS),
postoperative complications, and the approach-related
complications.

(2) The functionality of the procedures was studied in terms of the
time spent during the procedural steps and the minor proce-
dural invasiveness during the approach. This invasiveness was
studied by comparison of the size of the bone flap, transverse
sinus exposure, opening of the falx cerebelli, opening size of
the dura, cerebellar retraction, preservation of the bridging
veins, exposure of the deep venous system, and the lateral
opening of the quadrigeminal cistern.

(3) The effectiveness of the approaches was evaluated in terms of
time of microsurgical removal, extent of surgical resection,
last mRS, and the 5-year survival rate evaluation, while con-
trolling for the histopathological diagnosis, preoperative
hydrocephalus, and dimensions of the pineal region lesions.

The main criteria to define a better performance of the
approach were strictly related with the postoperative neurological
impairment represented by the pre- and immediate postoperative
mRS difference, or the approach-related complications, in this
order of priority. The procedural functionality and effectiveness
were evaluated as secondary variables of performance. Table 1
summarizes the qualitative differences regarding the complexity
of the procedural steps between the two approaches in the
Department of Neurosurgery, HUH. Surgical videos of the
midline15 (http://surgicalneurologyint.com/videogallery/pineal-
tumor-5/) and paramedian SCIT approaches3,16 (http://
surgicalneurologyint.com/videogallery/paramedian-subocciptal-
approach) are open access sources available on previous
publications.

Statistical Methods
RStudio version 1.2.5001-3 (R Core Team, Boston, Massachusetts,
USA) was used for the statistical analysis, independently performed

Figure 1. Sitting praying position for the supracerebellar infratentorial
approach to the pineal region in the Department of Neurosurgery,
Helsinki University Hospital.
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by two coauthors (J.C. and S.B.). Dichotomic variables were
compared using Fisher’s Exact test; and continuous variables were
compared using Mann Whitney/Wilcoxon test. Survival rates were
compared using log-rank Cox test. The c2 test was utilized to
compare the histopathological diagnosis and the functional status of
the patients by a categorization of the mRS. The differences between
the preoperative and immediate postoperative functional status of the

patients were compared using the paired samples t test. The odds
ratio between the complications of the midline and paramedian
approaches was calculated by Fisher’s Exact method. Additionally,
multivariate analysis was performed using a linear regression model,
and univariate analysis using Spearman rank correlation. Multiple
regression was used for the identification of predictors for post-
operative complications and approach related complications. For

Table 1. Descriptive Analysis of the Procedural Steps in Supracerebellar Infratentorial Approaches

Midline Paramedian

Skin and muscle
incision

The injection of 20 cm3 of a solution of ropivacaine and xylocaine 1% with epinephrine along the incision line

Strong retraction of the soft tissues with muscle retractors

Midline long skin incision Paramedian skin incision with less inferior extension

Bilateral detachment of suboccipital muscles Unilateral detachment of suboccipital muscles

Craniotomy Bilateral opening Unilateral opening

Single burr-hole above the sinus confluens Single burr-hole, 1 cm above the level of the transverse sinus and around
2 cm from the midline.

The use of long flexible dissectors to detach the dura and the sinuses from the inner surface of the bone

Dura opening and
access

Bilateral opening or unilateral opening Unilateral opening

Approach between the tentorium and the midline superior
surface of the cerebellum

Approach between the tentorium and the lateral superior
surface of the cerebellum

Retractor-less approach. However, culmen and quadrangular lobules
retraction with microinstruments

Gravity effect and small retraction with microinstruments, if required

Midline superior opening of the quadrigeminal cistern Lateral recess opening of the quadrigeminal cistern

Microsurgical removal under culmen and quadrangular lobes retraction Microsurgical removal with small retraction, if required

Figure 2. Distribution of the supracerebellar
infratentorial (SCIT) approaches in the Department of

Neurosurgery, Helsinki University Hospital, between
1997 and 2015.
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pediatric patients and those who underwent the SCIT paramedian
approach, independent multiple regression models were fitted as
well. Unifactorial and multifactorial survival analysis was determined
by Cox survival model. Missing data were not extrapolated, and only
available data was analyzed. The raw P value cutoff for significance
was set at 0.05 and P-value adjustment was performed with
BenjaminieHochberg with significance level a ¼ 0.1.

RESULTS

During the study period, 137 patients (60 pineal cysts and 76 pineal
tumors) were operated. Of these, 14 patients underwent different
surgical approaches, and 2 patients were not operated in sitting
position. Two more patients were operated by a different surgeon.
Six patients (3 midline and 3 paramedian SCIT approaches)
underwent multiple approaches and were excluded from the
study. Finally, 112 patients were classified as 55 midline and
57 paramedian SCIT approaches.
The distribution of the SCIT approaches in the Department of

Neurosurgery, HUH, between 1997 and 2015 is illustrated in
Figure 2. A descriptive analysis of the population study is
presented in Table 2. No statistical difference regarding the

demographic variables, clinical presentation, the size of the
lesions, the histopathological diagnosis, preoperative mRS, and
the 5-year survival rate was observed between the 2 approaches.
Table 3 compares the surgical differences between the

2 approaches. The paramedian approach was performed in
about half of the time spent for the midline approach. This
difference was statistically significant for the microsurgical
stage, namely, the time for the dura opening and access to the
pineal region.
However, only 2 macrosurgical videos regarding the skin muscle

incision and craniotomy of the midline SCIT approach were
available. Midline skin muscle incision and craniotomy were
performed in an average time of 305 � 35 seconds and 550 � 156
seconds, respectively; while the average paramedian skin muscle
incision and craniotomy times were 158 � 54 seconds and
296 � 130�, respectively. The time for the microsurgical removal
of the pineal cysts and tumors tended to be shorter in the para-
median approach, but did not reach statistical significance. The
extent of surgical resection was similar in the two approaches.
Dura closure time was mostly unavailable for the study.
Regarding the invasiveness of the procedures, the bone flap of

all the series was significantly smaller in the paramedian SCIT

Table 2. Descriptive Analysis of the Population Study

Variable

All Midline Paramedian

P Value Adjusted P Valuen [112 n [ 55 n [ 57

Age, years 30.0 [19.8; 40.5] 29.0 [17.0; 39.0] 32.0 [20.0; 46.0] 0.169 0.618

Sex: F 71 (63.4) 35 (63.6) 36 (63.2) 1.000 1

Histology 0.914 1

GCT 11 (9.82) 6 (10.9) 5 (8.77)

Glioma 14 (12.5) 6 (10.9) 8 (14.0)

Meningioma 4 (3.57) 1 (1.82) 3 (5.26)

Other 7 (6.25) 3 (5.45) 4 (7.02)

Pineal cyst 57 (50.9) 30 (54.5) 27 (47.4)

PPT 19 (17.0) 9 (16.4) 10 (17.5)

WHO grade 2.00 [1.00; 2.50] 2.50 [2.00; 2.88] 2.00 [1.00; 2.50] 0.077 0.425

Preoperative hydrocephalus in MRI 49 (43.8) 26 (47.3) 23 (40.4) 0.584 1

Preoperative mRS 3.00 [2.00; 4.00] 3.00 [2.00; 3.00] 3.00 [2.00; 4.00] 0.768 1

Anteroposterior tumor meas., mm 20.0 [17.0; 28.0] 20.0 [17.3; 28.0] 20.6 [16.2; 26.7] 0.895 1

Craniocaudal tumor meas. [mm], mm 16.6 [12.0; 20.5] 15.0 [11.5; 20.0] 17.0 [13.0; 21.4] 0.385 1

Transverse tumor meas., mm 17.0 [13.6; 23.4] 16.6 [13.4; 22.5] 17.2 [13.9; 23.4] 0.824 1

Volume, [mm3] 24960 [12225; 61025] 21870 [11875; 64173] 26384 [13254; 58081] 0.747 1

Follow-up, months 144 [78.8; 204] 193 [148; 218] 85.0 [61.0; 109] <0.001 <0.001

5-year survival 95 (91.3) 50 (90.9) 45 (91.8) 1.000 1

Categorical variables are presented as absolute number (percentage); numeric variables are presented as median [interquartile range].
Significant P values are in bold.
GCT, germ cell tumor; PPT, pineal parenchymal tumor; WHO, World Health Organization; MRI, magnetic resonance imaging; mRS, modified Rankin scale.
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approach. Moreover, as shown in the Figures 3e5, the dura
opening dimensions were also smaller in the paramedian group.
In addition, the opening of the falx cerebelli was almost always
required in the midline approach, but never performed in the
paramedian approach. Usually, a bilateral opening of the dura was
performed in the midline approach. The exposure of both trans-
verse sinuses and of the sinus confluens in the midline approach
induced more profuse bleeding that required a careful hemostasis.
The midline SCIT approach was associated with higher rates of
coagulated and sectioned midline bridging cerebellar veins. The
exposure and the dissection of the deep venous system in the
midline approach was higher than in the paramedian approach.

The dura closure performed under the microscope demonstrated
partial or semi-hermetic closures (Figure 5) in the midline
approach, particularly after the opening of the midline falx
cerebelli. However, many paramedian approach videos were not
available for this stage.
The postoperative complications after the SCIT approaches are

summarized in Table 4. Information was unavailable in 1 patient
who underwent a paramedian SCIT approach. Thus, only
111 patients were analyzed here. The approach-related complica-
tions were significantly higher in the midline approach, with
bacterial meningitis as the most frequent complication. Moreover,
wound infections in the midline approach group were more

Table 3. Differences in Approaches

Variable

All Midline Paramedian

P Value Adjusted P Value Total Numbern [ 112 n [ 55 n [ 57

Number of exposed transverse sinuses 1.00 [1.00; 2.00] 2.00 [2.00; 2.00] 1.00 [1.00; 1.00] <0.001 <0.001 61

Significant sinus tearing 10 (16.4) 10 (62.5) 0 (0.00) <0.001 <0.001 61

Time of dura opening and access, seconds 465 [308; 650] 930 [748; 1275] 420 [300; 540] <0.001 <0.001 55

Time of microsurgical removal, seconds 1260 [780; 2160] 1470 [750; 1890] 1260 [780; 2280] 0.799 0.799 61

Cranio-caudal bone flap meas., mm 40.0 [36.0; 45.0] 40.0 [38.0; 45.8] 38.0 [35.0; 42.8] 0.024 0.0324 93

Transverse bone flap meas., mm 35.0 [31.0; 40.0] 40.0 [35.0; 42.0] 32.0 [28.0; 35.2] <0.001 0.0324 97

Bone flap area, mm2 1068 [881; 1347] 1257 [1076; 1450] 935 [815; 1092] <0.001 <0.001 93

Dura opening transverse dimension, mm* 20.6 [18.3; 23.9] 23.3 [21.7; 25.6] 19.0 [18.0; 22.9] 0.001 <0.001 59

Opening of the falx cerebelli 14 (23) 14 (88) 0 <0.001 <0.001 61

Dural opening <0.001 <0.001 61

Bilateral 12 (19.7) 12 (75.0) 0 (0.00)

Unilateral 49 (80.3) 4 (25.0) 45 (100) <0.001

Quadrigeminal cistern opening <0.001 <0.001 61

Lateral recess 50 (82.0) 5 (31.2) 45 (100)

Midline 11 (18.0) 11 (68.8) 0 (0.00) <0.001

Number of sacrificed veins 1.00 [0.00; 2.00] 2.00 [1.00; 3.00] 0.00 [0.00; 1.00] <0.001 <0.001 61

Number of sacrificed lateral veins 0.00 [0.00; 1.00] 0.00 [0.00; 1.00] 0.00 [0.00; 1.00] 0.454 0.519 61

Number of sacrificed midline veins 0.00 [0.00; 1.00] 2.00 [1.00; 3.00] 0.00 [0.00; 0.00] <0.001 <0.001 61

Exposition of deep venous structures 21 (34.4) 15 (93.8) 6 (13.3) <0.001 <0.001 61

Dissection of deep venous structures 15 (24.6) 13 (81.2) 2 (4.44) <0.001 <0.001 61

Gross total resection 98 (87.5) 49 (89.1) 49 (86.0) 0.777 0.799 112

Dural closure 0.211 0.26 17

Semi-hermetic 4 (23.5) 1 (11.1) 3 (37.5)

Watertight 7 (41.2) 3 (33.3) 4 (50.0)

Wide open 6 (35.3) 5 (55.6) 1 (12.5)

Categorical variables are presented as absolute number (percentage); numeric variables are presented as median [interquartile range].
The bone flap area was calculated as 3.1416 x [(cranio-caudal bone flap measurement/2 x transverse bone flap measurement/2)2].
A semi-hermetic closure was defined as the evidence of a minor cerebrospinal fluid leak after the closure of the dura mater.
Significant P values are in bold.
*The dura opening transverse dimension was indirectly measured from the operative videos using as a reference the transverse diameter of the bone flap.
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serious, with 2 patients undergoing surgical removal of the bone
flap. Conservatively treated pseudomeningocele was considered a
minor complication, and was not included as an approach-related
complication. Shunt-related infections were excluded from the
analysis. However, 2 patients with preliminary shunt surgery who
underwent a midline approach many days later developed shunt
infections after the approach. With regard to the functional status

of the patients, the data analysis showed a discrete trend towards
better immediate postoperative mRS with the midline approach,
without reaching statistical significance. This association was
related with the different preoperative functional status of the
patients in the two groups, however (Table 5). The postoperative
functional status of the patients was statistically superior than
the preoperative functional status of the patients in each of the

Figure 3. Comparative images obtained from different
patients illustrating the microsurgical differences
between the midline (left column) and the paramedian
(right column) supracerebellar infratentorial (SCIT)
approaches. Skin incision for the midline (A1) and the
paramedian SCIT approaches (A2). Bilateral craniotomy

with exposure of both transverse sinuses and the
confluence of sinuses (B1). Right paramedian approach
with ipsilateral transverse sinus exposure (B2). Bilateral
opening of the dura with exposure of midline bridging
veins (C1). Unilateral small opening of the dura without
opening of the falx cerebelli (C2).
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Figure 4. Comparative images obtained from
different patients illustrating the microsurgical
differences between the midline (left column) and
the paramedian (right column) supracerebellar
infratentorial (SCIT) approaches. (A1) Midline
opening of the quadrigeminal cistern with retraction
of the culmen and quadrangular lobules. (A2)
Opening of the right lateral recess of the
quadrigeminal cistern. (B1) Exposure and dissection

of the deep venous system before reaching the
pineal region tumor. (B2) Lateral access to the pineal
region with limited exposure of the deep venous
system. Microsurgical removal of a pineal tumor by
midline (C1) and paramedian (C2) SCIT approaches.
Complete microsurgical removal and opening of the
third ventricle by the midline (D1) and paramedian
(D2) approaches.
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2 approaches and for all the population study as well (paired
samples t test, P < 0.001) (Figure 6). The multifactorial analysis
of postoperative complications and approach related
complications found no association with other variables. Various
surgical independent variables (such as histopathology, age,
preoperative mRS, and volume of the pineal lesion), and
surgical dependent variables (such as extent of resection, dura
opening dimensions, and number of sectioned veins) were
significantly associated with overall mortality at the univariate
analysis. Only WHO grade-histopathology remained significant
in multiple survival regression, however.
Table 6 describes the characteristics of the pediatric population

(age �21 years).17,18 No significant difference was observed
between the 2 approaches regarding the demographic features
and the clinical outcomes.

DISCUSSION

We present the results of a comparative clinical analysis between
the midline and the paramedian SCIT approaches for the man-
agement of pineal region cysts and neoplasms. The superior safety
and better functionality of the SCIT paramedian approach versus

the classic midline approach was associated with a similar effec-
tiveness in the management of the pineal region lesions (Figure 7).
A limitation of the project is represented by the fact that it is a
retrospective single-center and single-surgeon study, which
affects the generalizability of the study. Moreover, information
retrieved from surgical videos of the midline SCIT approach was
limited to 16 of 61 cases. Still, the statistical analysis with
nonparametric tests was strong and we believe it accurately rep-
resents our population study. Surgically treated pineal region
lesions are very rare and it always represents an inherent limitation
for clinical studies in the topic.

Procedural Functionality
A single-layer lateral skin muscle incision of the paramedian
approach replaced the long midline incision of the midline
approach. One burr-hole craniotomies were commonly performed
with both the SCIT approaches. Few instruments were always
used. The paramedian procedure seems to be a simplified
approach because no bilateral suboccipital skin-muscle retraction
is required. Thus, a lateral craniotomy does not involve the sinus
confluens, but rather the ipsilateral transverse sinus. The opening

Figure 5. Comparative images obtained from different
patients illustrating the craniotomy closure differences
between the midline (left column) and the paramedian
(right column) supracerebellar infratentorial (SCIT)

approaches. Semi-hermetic (A1) and hermetic (A2)
closure of the dura mater under the microscope.
Cranial fixation with titanium clamp systems of midline
(B1) and paramedian (B2) SCIT approaches.

WORLD NEUROSURGERY 137: e194-e207, MAY 2020 www.journals.elsevier.com/world-neurosurgery e201

ORIGINAL ARTICLE

JOHAM CHOQUE-VELASQUEZ ET AL. PARAMEDIAN AND MIDLINE SCIT APPROACHES



of the falx cerebelli, the midline approach with dissection and
coagulation of the midline bridging veins, the exposure and
dissection of the deep venous system, and some degree of cere-
bellar retraction in the midline were rather demanding procedures
during the midline approach. As observed in Figure 4, a lateral
recess approach to the quadrigeminal cistern reduced the risk of
injury of the deep venous system around the vein of Galen. The
time for every stage of the paramedian approach was shorter
compared with the midline approach. However, because the
macrosurgical videos of the skin-muscle incision and craniotomy
were unavailable in most of the midline approaches, only the
microsurgical stage of the craniotomy became available for the
statistical analysis. The microsurgical resection time was quite
similar in the 2 approaches, but, on average, shorter in the par-
amedian approach.

Procedural Safety
The significant difference observed in the approach-related com-
plications between the midline and paramedian approaches
denotes the safety of the paramedian procedure. A less traumatic

opening of the suboccipital skin and muscles may probably result
in a reduced inflammatory reaction that decreases the risk of
wound infection and/or dehiscence. Moreover, the preservation of
the falx cerebelli allows a better closure of the dura mater, thus
lessening the risk of pseudomeningoceles, cerebrospinal fluid
leak, and consequent meningitis. The preservation of the bridging
veins and the deep venous system around the vein of Galen might
reduce vascular complications as well. Certainly, the introduction
of new-generation hemostatic agents and dura replacement ma-
terials through the years would have reduced the risks of
cerebrospinal fluid leak. However, the dura closure was a standard
microscopic procedure usually performed by the same surgeon or
by other neurosurgeons under formal protocols and guidance. No
significant difference between the matched preoperative and
postoperative functional status of the patients following the two
approaches was observed.

Effectiveness of the SCIT Approaches
The paramedian approach was as effective as the midline
approach for the removal of pineal region cysts and tumors, since

Table 4. Differences in Outcomes and Complications

Variable

All Midline Paramedian

Odds Ratio [95 Confidence Interval] P Value Adjusted P Valuen [ 111 n [ 55 n [ 56

Complication 27 (24.3) 18 (32.7) 9 (16.1) 0.40 [0.14; 1.06] 0.048 0.0968

Approach related complication 16 (14.4) 12 (21.8) 4 (7.14) 0.28 [0.06; 1.01] 0.033 0.0876

CSF leak 4 (3.60) 3 (5.45) 1 (1.79) 0.32 [0.01; 4.11] 0.364 0.582

Meningitis 9 (8.11) 8 (14.5) 1 (1.79) 0.11 [0.00; 0.86] 0.016 0.0876

Wound infection 6 (5.41) 4 (7.27) 2 (3.57) 0.48 [0.04; 3.48] 0.438 0.584

Pseudomeningocele* 5 (4.50) 5 (9.09) 0 (0.00) 0.00 [0.00; 1.03] 0.027 0.0876

Other postoperative complicationsy 12 (10.8) 6 (10.9) 6 (10.7) 0.98 [0.24; 3.94] 1.000 1

Last available mRS 0.00 [0.00; 1.00] 0.00 [0.00; 1.00] 0.00 [0.00; 1.00] 0.95 [0.77; 1.16] 0.658 0.752

Categorical variables are presented as absolute number (percentage); numeric variables are presented as median [interquartile range].
Significant P values are in bold.
mRS, modified Rankin scale.
*One patient required spinal puncture.
ySuch as small hematoma in the surgical site, perilesional ischemia, aseptic meningitis, epidural hematoma, and tension pneumocephalus.

Table 5. Categorization of the Preoperative and Postoperative Functional Status in mRS for the Population Study

All Midline Paramedian

P Valuen [ 112 n [ 55 n [ 57

Preoperative mRS (0e2, �3), nai:2 50 (45), 60 (55) 26 (48), 28 (52) 24 (43), 32 (57) 0.58

Immediate postoperative mRS (0e2, �3), nai:2 95 (86), 15 (14) 49 (91), 5 (9) 46 (82), 10 (18) 0.19

Last mRS (0e2, �3), nai:1 93 (84), 18 (16) 46 (84), 9 (16) 47 (84), 9 (16) 0.97

Categorical variables are presented as absolute number (percentage).
mRS, modified Rankin scale; nai, non-available information.
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no statistical difference existed between the histology type, lesion
size, extent in the surgical resection, microsurgical time for the
removal of the lesions, and long-term postoperative outcome
between the 2 approaches. As mentioned earlier, the paramedian
approach in HUH followed the midline approach development in
concordance with the experience of the surgeon. However, this
development was not at the expense of patient safety.
The pineal region might be surgically accessed by anterior and

posterior approaches.19 The posterior approaches are frequently
used in microneurosurgery and, among them, the SCIT
approach is the most common route to the pineal region in
HUH, followed by the occipital interhemispheric approach. The
main advantages and disadvantages of both approaches are
described in Table 7.20

The SCIT approach is a classic approach introduced by Krause
and later developed by Stein for accessing the pineal region.21,22

The paramedian SCIT, a variant of the midline approach, was
initially proposed by Yasargil for the management of the
superior cerebellar artery aneurysms.23 Later, Van den Bergh,
Ogata, and Yonekawa published their series on the surgical
management of pineal tumors, the upper brainstem, and
peduncular lesions by utilizing the SCIT paramedian
approach.14,24 Nevertheless, no clinical comparative study exists

in the literature to evaluate the pros and cons of the paramedian
SCIT compared with the classic midline SCIT approach.3,6-14,16

Thus, besides the surgical experience of skilled neurosurgeons
presented in clinical series, a clear evidence about the
differences of the 2 variants is lacking.
The SCIT approach may be performed in different surgical

positions.20 The sitting position, however, offers the great
advantage of the gravity effect on posterior fossa structures,
while particular attention needs to be paid in order to avoid the
risk of venous air embolism.20,22 In our previous publications,
we discussed the modified sitting praying position developed for
pineal region surgery in HUH. In our series the risk of severe
venous air embolism that affects hemodynamically the patient
was null.5,25-28 The ergonomic position of the patient, the use of
antigravity trousers, optimal anesthetic considerations, and proper
teamwork were considered essential variables for a correct man-
agement of pineal region surgery in sitting position.5,25

Pineal region lesions frequently associate with hydrocephalus.
Our previous publications on the management of pineal cysts and
pineal region tumors detailed the management of the associated
hydrocephalus in HUH.1,2 Of 60 pineal cysts, 35% presented with
hydrocephalus. Only 1 patient underwent a shunt surgery in
another center. One patient underwent stereotactic aspiration of

Figure 6. Functional outcome trajectories and
histopathology of 112 patients with surgically treated
pineal cysts and pineal region neoplasms undergoing
the midline and paramedian supracerebellar

infratentorial approaches. GCT, germ cell tumor; PPT,
pineal parenchymal tumor; mRS, modified Rankin
score.
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the cyst, whereas all the other patients underwent a microsurgical
removal of the cyst with opening of the posterior third ventricle as
primary treatment. A total of 70% of 76 pineal region tumors
presented with hydrocephalus. Twenty-four patients underwent
preliminary shunt surgery, and 2 patients underwent endoscopic
procedures. Most of the adjuvant surgeries for hydrocephalus were
performed between 1997 and 2007. During the last 10 years of the
study, the microsurgical resection of the tumor with opening of
the third ventricle always represented the treatment of choice. The
patients who received a preliminary shunt surgery underwent, on
average, more than 2 shunt-related surgeries during the follow-up.
Few of these patients underwent between 5 to 10 shunt-related
surgeries, and some others underwent permanent shunt
removal. On the other hand, all patients (except 1) who underwent
primary microsurgical resection solved the hydrocephalus and did
not require subsequent therapy for the hydrocephalus. Of the 2
preliminary endoscopic ventriculostomies, 1 underwent stereo-
tactic biopsy followed by shunt surgery for persistent hydroceph-
alus. Comparative studies to evaluate the clinical and economic
pros and cons of adjuvants therapies for the management of hy-
drocephalus in pineal region surgery should be performed,

particularly in centers with high prevalence of non-radiosensitive
lesions.

CONCLUSIONS

The SCIT paramedian approach has a better surgical performance
than the midline SCIT in patients undergoing pineal region sur-
gery in the sitting praying position. The SCIT approach represents
a safer and more functional approach for the removal of cysts and
tumors of the pineal region than the classic midline approach.
Overall, the SCIT paramedian approach maintains the same
effectiveness as the midline approach.
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Table 6. Characteristics of the Pediatric Subpopulation in the Study

All Midline Paramedian

P Value Adjusted P Valuen [ 35 n [ 20 n [ 15

Age, years 16.0 [11.0; 18.5] 15.5 [12.0; 17.0] 16.0 [10.5; 20.0] 0.322 0.765

Sex: F 26 (74.3) 15 (75.0) 11 (73.3) 1.000 1

Histology 0.688 0.896

GCT 6 (17.1) 4 (20.0) 2 (13.3)

Glioma 3 (8.57) 1 (5.00) 2 (13.3)

Other 2 (5.71) 2 (10.0) 0 (0.00)

Pineal cyst 19 (54.3) 11 (55.0) 8 (53.3)

PPT 5 (14.3) 2 (10.0) 3 (20.0)

WHO grade 2.00 [1.00; 4.00] 4.00 [2.00; 4.00] 1.00 [1.00; 1.50] 0.015 0.192

Preoperative hydrocephalus in MRI 16 (45.7) 10 (50.0) 6 (40.0) 0.807 0.896

Preoperative mRS 2.00 [2.00; 3.00] 2.00 [2.00; 3.00] 2.00 [1.50; 3.00] 0.353 0.765

Immediate mRS 1.00 [1.00; 1.75] 1.00 [0.00; 1.00] 1.00 [1.00; 2.00] 0.099 0.443

Last mRS 0.00 [0.00; 0.00] 0.00 [0.00; 0.25] 0.00 [0.00; 0.00] 0.327 0.765

Anteroposterior tumor meas., mm 23.6 [17.1; 29.0] 24.0 [17.3; 30.0] 23.3 [17.2; 28.0] 0.827 0.896

Craniocaudal tumor meas., mm 17.0 [12.0; 24.0] 15.0 [12.0; 25.0] 17.0 [13.1; 21.8] 0.605 0.896

Transverse tumor meas., mm 18.5 [13.2; 23.6] 19.0 [15.2; 25.5] 18.0 [13.2; 22.1] 0.677 0.896

Volume, mm3 29283 [11886; 76627] 35117 [11461; 86237] 26021 [13964; 58921] 0.739 0.896

Follow-up, months 148 [81.5; 206] 168 [147; 209] 86.0 [73.0; 175] 0.102 0.443

5-year survival 31 (91.2) 17 (85.0) 14 (100) 1.000 1

Categorical variables are presented as absolute number (percentage); numeric variables are presented as median [interquartile range].
GCT, germ cell tumor; PPT, pineal parenchymal tumor; WHO, World Health Organization; MRI, magnetic resonance imaging; mRS, modified Rankin scale.
mRS, modified Rankin scale.
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Figure 7. Procedural performance of the paramedian versus the
midline supracerebellar infratentorial (SCIT) approach in 112
patients with surgically treated pineal cysts and pineal region

neoplasms. In green, significative superior performance. In
yellow, absence of statistical significance.
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2. Extra-axial route with reduced risk of neurovascular injuries
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4. Minimal damage to delicate nervous structures
5. No morbidity related to parietal or occipital lobe

1. Narrow operative field
2. May sacrifice lateral bridging vein and/or precentral cerebellar vein
3. May split upper vermis
4. Poor visualization of supratentorial structures
5. Difficult to reach paramedian lesions in the third ventricle
6. Inadequate view of the posterior floor of the third ventricle

Occipital transtentorial
approach

1. Wide operative field
2. No veins crossing from occipital lobe into superior sagittal
sinus
3. Easy visualization of deep venous structure
4. Largely extra-axial above the tentorium
5. Good visualization of ipsilateral dorsal and lateral extension
of the midbrain

1. Risk of damage to occipital lobe or internal occipital vein
2. Risk of damage to deep venous structure
3. Variation in anatomy of the tentorial notch
4. Poor visualization of contralateral half of quadrigeminal region and
ipsilateral thalamus
5. May need to split splenium

Posterior transcallosal
approach

1. Irrelevant to ventricular size
2. Largely extra-axial above tentorium
3. No disruption of hemispheric tissue
4. Shorter transit to the diencephalic roof
5. Ability to develop exposure of the entire third ventricular
cavity

1. Damage of parietal bridging veins
2. Excessive parietal lobe retraction
3. Poor landmark identification
4. Split corpus callosum
5. Risk of damage to deep venous structures
6. Poor visualization of the pineal and quadrigeminal regions

Adapted from Yamamoto 2001.20
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Modified Pure Endoscopic Approach to Pineal Region: Proof of Concept of Efficient and

Inexpensive Surgical Model Based on Laboratory Dissections

Joham Choque-Velasquez1,2, Franklin Miranda-Solis2,6, Roberto Colasanti4,5, Luis Angel Ccahuantico-Choquevilca3,

Juha Hernesniemi1

-OBJECTIVE: In recent decades endoscopic techniques
have been increasingly used in neurosurgery as they may
offer a valuable close-up view of the working area through
a minimally invasive surgical corridor. Herein, we present
an inexpensive and efficient endoscopic surgical model
using a borescope, which was used for a “modified pure
endoscopic approach” to the pineal region.

-METHODS: A borescope video camera was connected to
a 16-inch personal computer monitor. A standard midline
suboccipital craniotomy was performed on 2 cadaveric
heads in the Concorde position. Then, a “borescopic”
supracerebellar infratentorial approach was executed,
thus reaching the pineal region, which was exposed
through an extensive arachnoid dissection.

-RESULTS: Using the previously described model, we
were able to provide excellent exposure of the main neu-
rovascular structures of the pineal region, as shown by the
intraoperative videos. In 1 specimen we identified an
incidental pineal cyst that was meticulously dissected and
removed.

-CONCLUSIONS: Our proposed “borescopic” surgical
model may represent an inexpensive and efficient alter-
native to conventional endoscopic techniques and could be
used for training purposes, as well as even for clinical
procedures, after a proper validation, particularly in
economically challenging environments.

INTRODUCTION

Pure endoscopic techniques represent novel minimally
invasive procedures that have been developed in recent
decades as alternatives to the conventional microsurgical

approaches. Endoscopic techniques may provide an efficient
visualization of deep neurovascular structures, a good illumina-
tion, and a valuable close-up view of the working area through
minimally invasive surgical corridors. Moreover, endoscopic
equipment is less expensive than surgical microscopes.1,2

Even though endoscopic techniques were introduced years ago,
first as endoscope-assisted and later as pure endoscopic proced-
ures, the endoscopic surgical model is in continuous evolution
pari passu with technologic development.3 Nonetheless, few
reports regarding the use of pure endoscopic techniques for
pineal region lesions have been published so far.
In this paper we present an inexpensive and efficient endoscopic

surgical model using a borescope, which was used for a “modified
pure endoscopic approach” (MAPEnd) to the pineal region.

METHODS

The study was performed on 2 embalmed adult cadaveric heads.
Our surgical training model for the MAPEnd required the
following tools:

- Waterproof Borescope Micro USB Inspection 3.5M Android
5-mm video camera

- Portable computer

- Conventional set for craniotomy

- Set of long microinstruments

Key words
- Borescope
- Endoscope
- Neuroendoscopy
- Pineal region
- Supracerebellar infratentorial approach
- Surgical training
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MAPEnd: Modified pure endoscopic approach
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We have to remark that our microsurgical set was not fully
equipped. Thus we had to adapt some microcurettes, sharp
straight microdissectors, and blunt curved microdissectors
(Figure 1).
The borescope video camera was connected to a 16-inch per-

sonal computer monitor. The borescope was held during the
procedure by either the operator or an assistant.
Table 1 compares the costs of traditional training systems with

those of our training model.

Surgical Procedure
The head was placed in an adapted surgical pillow as
for a Concorde position.4 A standard midline
suboccipital approach was executed. Next, a wide
suboccipital craniotomy was performed, exposing the
transverse sinuses and torcular herophili and
extending inferiorly to the level of the cisterna
magna. The dura was opened via a U-shaped incision

based on the transverse sinuses. Then, a “borescopic” retractor-
less approach along the upper surface of the cerebellar hemi-
sphere was performed. Some bridging veins were cut in order to
enlarge the route in the pineal region, which was exposed through
an extensive arachnoid dissection.

RESULTS

We accomplished wide exposure of the pineal region in both
specimens. The borescope allowed a satisfactory view of the
main neurovascular structures of the region, namely the deep

venous system (internal cerebral and basal veins
converging on the vein of Galen), P3 segments of
the posterior cerebral artery, medial posterior
choroidal arteries, posterior wall and part of the
roof of the third ventricle, and pineal gland
(Figure 1 and Video 1, illustrating our “borescopic”
surgical model).

Figure 1. (A) Standard midline suboccipital approach.
(B) A borescope video camera was connected to a
16-inch personal computer monitor held by the
operator. (C) Adapted microinstruments to perform the
MAPEnd to the pineal region. (D) Intraoperative picture
demonstrating the tentorium (1), right and left P3
segments of the posterior cerebral artery (2, 3), the
drainage of the vein of Galen into the straight sinus (4),

and some cortical branches of both superior cerebellar
arteries (5). (E) Intraoperative picture demonstrating:
P3 segment of the left posterior cerebral artery (3),
pineal gland (6), right superior colliculus (7), right and
left basal veins of Rosenthal (8, 9), left internal cerebral
vein (10), precentral cerebellar veins (11), and pineal
vein (12).

Video available at
WORLDNEUROSURGERY.org
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In 1 specimen we identified an incidental pineal cyst, which was
meticulously dissected and removed (Video 2, illustrating our
“borescopic” surgical model).

DISCUSSION

Our anatomic prosection demonstrated that the MAPEnd to the
pineal region we performed using a borescope and a conventional
set of long microsurgical instruments could represent an inex-
pensive and efficient neurosurgical model.
Endoneurosurgery was introduced by Griffith in 1975 for

fontanelle and persutural ventriculoscopy and endoscopic ven-
tricular surgery in infants.5 Later, many authors used the
endoscope during microsurgical operations, in the so-called
endoscope-assisted procedures. As previously described, endo-
scopic assistance may be helpful to better visualize the deepest
extensions of intracranial lesions while offering better illumi-
nation and magnification compared with the microscope alone,
particularly in some blind regions of the surgical field. In
addition, the endoscope may allow a clearer distinction of
the interface between the tumor and surrounding eloquent
structures.6-17

In 2008 Gore et al1,18,19 reported the first application of a pure
endoscopic supracerebellar infratentorial approach for dealing
with a pineal cyst, a minimally invasive alternative to conventional
microsurgical procedures that requires no exposure of the venous
sinuses. However, potential bleeding coming from bridging veins
and/or highly vascularized lesions may be extremely hard to con-
trol with the endoscopic instrumentation. Later, endoscope-
controlled procedures to the pineal region were introduced. In
this last model the instruments are not routinely passed through
the endoscope ports; instead, they are used independently of the
endoscope over the cerebellar surface in order to reduce the risks
of potential complications.3,20

Differently from the previous reports, in our model we used an
inexpensive borescope, which was connected to a 16-inch personal
computer monitor. The borescope offered a satisfactory view of
the main neurovascular structures of the pineal region. Moreover,
high-definition or 4K resolution monitors could improve the

quality of the system. In this regard, our model is designed for
neurosurgical centers with low-income resources where neuro-
endoscopic training using conventional neuroendoscopes would
be expensive and almost impossible. Our proposed “borescopic”
surgical model could effectively allow surgeons to train in per-
forming different endoscopic techniques, particularly the so-called
modified pure endoscopic approaches where the instruments are
passed over the cerebellar surface in order to reduce the risks of
potential complications.
We used a conventional set of long microinstruments tradi-

tionally used in microscopic approaches. However, we believe that
the development of dedicated endoscopic instruments is para-
mount to make safer endoscopic procedures.
For academic purposes, we performed a wide suboccipital

craniotomy in order to illustrate the different steps of the standard
supracerebellar infratentorial approach to our students. However,
a small craniotomy of about 3e4 cm is enough to access the pineal
region through the MAPEnd we describe.1,3,20

The introduction of the endoscope under microscopic control
is recommended in order to decrease the risk of accidental me-
chanical injury.21 However, we did not experience any
inadvertent damage of neurovascular structures even if a
microscope was not available, thanks to a careful insertion of
the borescope.
Nonetheless, we believe that integration between the endo-

scope and microscope must be refined in order to reduce, in a
clinical setting, potential risks and any increase in the operative
time.3,20

Moreover, the learning curve to master endoscopic techniques
is steep as extensive dexterity in the so-called “eye-hands blind
technique” is required.2

Limitations
This is a cadaveric prosection study and, as such, it carries all the
well-known limitations of such study (brain consistency, lack of
cerebrospinal fluid, etc.). Another limitation is represented by the
absence, in our model, of a specific borescope holder and of
proper microsurgical instruments that could allow more efficient
procedures.

CONCLUSION

In conclusion, the MAPEnd approach to the pineal region we
developed using a borescope could represent an inexpensive and
efficient alternative to conventional endoscopic techniques.
Indeed, our model could be effectively used for training purposes
and, after proper validation, even for clinical procedures, partic-
ularly in economically challenging environments.22,23

ACKNOWLEDGMENTS

Our deep thanks to Chris Shane Cruz Bolivar and Juan Diego
Condori Saavedra for all their help in carefully organizing
anatomic specimens and all the required equipment to perform
the cadaveric dissections.

Table 1. Cost Comparisons of Traditional Training Systems with
Our Training Model

Surgical Tools
Cost in Approximate

(US Dollars)

1. Training surgical microscope 5000e10,000

2. Endoscope set (0- and 30-degree scopes),
endoscope camera, and monitor

35,000e60,000

3. Our proposed system

Waterproof borescope 10e100

Portable computer 1000e1500

Total cost 1010e1600
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Praying Sitting Position for Pineal Region Surgery: An Efficient Variant of a Classic

Position in Neurosurgery

Joham Choque-Velasquez1, Roberto Colasanti1,2, Julio C. Resendiz-Nieves1, Kléber E. Gonzáles-Echevarrı́a1,

Rahul Raj1, Behnam Rezai Jahromi1, Felix Goehre1,3, Ann-Christine Lindroos1, Juha Hernesniemi1

-BACKGROUND: The sitting position has lost favor
among neurosurgeons partly owing to assumptions of
increased complications, such as venous air embolisms
and hemodynamic disturbances. Moreover, the surgeon
must assume a tiring posture. We describe our protocol for
the “praying position” for pineal region surgery; this
variant may reduce some of the risks of the sitting position,
while providing a more ergonomic surgical position.

-METHODS: A retrospective review of 56 pineal lesions
operated on using the praying position between January
2008 and October 2015 was performed. The praying position
is a steeper sitting positionwith the upper torso and the head
bent forward and downward. The patient’s head is tilted
about 30� making the tentorium almost horizontal, thus
providing a good viewing angle. G-suit trousers or elastic
bandages around the lower extremities are always used.

-RESULTS: Complete lesion removal was achieved in 52
cases; subtotal removal was achieved in 4. Venous air
embolism associated with persistent hemodynamic
changes was nonexistent in this series. When venous air
embolism was suspected, an immediate reaction based on
good teamwork was imperative. No cervical spine cord
injury or peripheral nerve damage was reported. The
microsurgical time was <45 minutes in most of the cases.
Postoperative pneumocephalus was detected in all
patients, but no case required surgical treatment.

-CONCLUSIONS: A protocolized praying position that
includes proper teamwork management may provide a

simple, fast, and safe approach for proper placement of the
patient for pineal region surgery.

INTRODUCTION

The use of the sitting position for pineal region surgery may
offer several advantages, such as lower intracranial pres-
sure, good venous outflow, gravitational retraction, and

straight anatomic orientation.1,2 However, different complications
are described for the sitting position. Air embolism associated
with hypotension is commonly reported.3-5 In addition, particular
disavantages are frequently mentioned by some surgeons, such as
time-consuming positioning, tiring standing posture, impossi-
bility for adequate positioning of the microsocope, and obstruc-
tion of the operative view owing to a deficient dressing. Therefore,
many institutions avoid the sitting position to prevent periopera-
tive complications.6

In our department, the sitting position is routinely used for
pathologies in the pineal region, midline parieto-occipital
approaches, and midline approaches to the posterior fossa or
craniocervical junction.7,8 Although the main protocol is always
the same, pineal region surgery requires a particular variant of the
classic sitting positioning called “praying position.” This variant,
together with proper teamwork and skillful microsurgery, may
remarkably reduce the risks of venous air embolism (VAE) asso-
ciated with hemodynamic disturbances, while offering the sur-
geon a more ergonomic surgical position and allowing the
surgeon to operate on pineal region lesions in a “simple, clean,
and fast way, while preserving the normal anatomy.”9 The first
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article about the microsurgical management of pineal lesions was
published by the senior author (J.H.) in 2008.7 The objective of
the present article is to describe our protocol for the praying
position.

MATERIALS AND METHODS

Study Design and Ethics
This is a single-center retrospective study regarding
the surgical treatment of consecutive pineal region
lesions using the praying sitting position. Following
Institutional Review Board approval, data were collected from
hospital records. Patient consent was not required for this retro-
spective study, as the research data analysis had no effect on the
participants.

Participants
Patients with pineal lesions who were operated on using the
praying position by the senior author (J.H.) between January 2008
and October 2015 were included. Patients with missing informa-
tion were excluded. During the study period, 64 patients with
pineal lesions were treated. Of these, 56 met the study inclusion
criteria (28 men, 28 women). Mean patient age was 34.5 years
(range, 2e79 years).

Praying Sitting Position
Table 1 describes the exclusion criteria and anesthetic
considerations for the praying sitting position. Our step-by-step

procedure for sitting positioning in pineal region
surgery is as follows (Figures 1e3 and Video 1):

1. The surgeon fixes the Mayfield-Kees head clamp
(Integra LifeSciences Corp., Plainsboro, New Jersey,
USA) when the patient is in supine position, intu-
bated and with peripheral venous access (no central
venous access), with urinary catheter and G-suit

trousers (inflated to 40 mm Hg) or loosely tied elastic bandages
around the lower extremities. Beginning at this stage, the sur-
geon holds the patient’s head through the head frame
throughout the procedure.

2. At the surgeon’s command, the auxiliary personnel move the
patient to locate his or her hips at the level of the surgical table
flexing place, while maintaining the shoulders 10e15 cm above
the cranial edge of the table. Pillows are located below the
knees of the patient.

3. The table is bent approximately 90�e100� elevating the upper
torso of the patient. During this step, the neck and the head of the
patient are tilted forward and downward beyond the projection of
the anterior wall of the thorax. The head is usually flexed 20�e
30�, preserving a distance between the chin and sternum. This
creates amore ergonomic working position for the neurosurgeon
allowing his or her arms to rest over the patient’s shoulders
during the procedure (praying position) (Figure 3).

4. The aforementioned sequence permits us to keep the hori-
zontal axis of the tentorium parallel to the floor, with <90� in
relation to the axis of the surgeon. The anesthesia team is
responsible for permanently modifying the position of the table
and the patient.

5. The Mayfield head frame is attached to the surgical table with a
special system called a trapeze. The flexion of the head (always
keeping 2 fingers between the chin and the sternum), without
or with just minimal lateral rotation of the head, is extremely
important to obtain optimal surgical positioning without
cervical cord damage.

6. A safety belt around the pelvis and a suction cushion wrapping
the patient will prevent his or her accidental movement when
the position is changed forward during the surgery. A flat board
against the feet will also prevent any caudal slide.

7. Pillows are placed on the top of the abdomen to support the
arms. Precordial Doppler device is positioned, and the endo-
tracheal tube is secured to the clamp system. Then the correct
positioning of the head is reviewed again.

8. The surgical table, which is parallel to the floor and is as low as
possible, will be angulated by the anesthesiologist according to
the surgeon’s needs during the surgery.

After proper positioning and antisepsis of the operative field,
the drape is attached to the Mayfield head frame with a big
adhesive film (Figure 2). This prevents the surgical dress sliding
over the surgical field during the procedure. The nurse drapes

Table 1. Exclusion Criteria and Anesthetic Considerations for
the Sitting Position

Exclusion Criteria

- Classically, exclusion criteria for the sitting position are ventriculoatrial
shunt, severe congestive heart failure, uncontrolled previous hypertension,
previously known cerebral ischemia, patent foramen ovale, old age, and
right atrial pressure greater than left atrial pressure.

- In our department, we did not have complications related to the sitting
position in elderly patients or in patients with cardiovascular diseases.

- We routinely use and recommend the sitting position for patients with
heavy obesity.

Anesthetic Considerations

- Conventional use of fentanyl, thiopental, propofol (or rarely inhaled anes-
thetic), and rocuronium or vecuronium.

- Administration of bolus of intravenous Ringer acetate or hydroxyethyl
starch just before positioning of the patient; hydroxyethyl starch is slightly
more effective than Ringer acetate in achieving comparable hemodynamics.

- In adults, target mean arterial pressure, measured at the level of the fo-
ramen of Monro, is �60 mm Hg, and/or mean systolic arterial pressure is
�100 mm Hg.

- Precordial Doppler ultrasound probe is placed over the right fifth intercostal
space.

- Normoventilation of patients (target PaCO2 ¼ 4.4e5.0 kPa [33.0e37.5 mm
Hg]) is with 100% inspired oxygen without positive end-expiratory pressure
by volume-controlled ventilation. Nitrous oxide is not given.

- Arterial blood gases are analyzed after induction of anesthesia and then as
needed.

Video available at
WORLDNEUROSURGERY.org
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the patient in a systematic sequence (Figure 2). Two aspects are
notable: 1) the adhesive borders of a light single-use surgical
dressing are attached to the drape, and both elements are fixed
with adhesive films; 2) despite the dressing, the anesthesiologist
has free access to both jugular veins. As shown in Video 1, a
protocolized sitting positioning may be performed in <5
minutes for a normal-weight adult.

Postintervention Variables
The surgical outcome of the patients was reviewed. Microsurgical
times, between the opening and the closure of the dura mater,
were recorded from 51 surgical videos. Complications regarding

the positioning were also analyzed. Minor VAE was diagnosed by a
decrease of end-tidal carbon dioxide concentration of >5.25 mm
Hg associated or not with a precordial Doppler variation or direct
vision of a damaged sinus in the absence of hemodynamic
instability or a related change in minute ventilation. Severe VAE
was defined as the presence of VAE associated with persistent
hemodynamic instability (we considered >2 controls in 5-minute
intervals) or a related change in a minute ventilation.

Statistics
Means with standard deviations were used to describe the cohort.
Correlations between microsurgical time, lesion size, and patient

Figure 1. Sitting positioning for pineal region surgery.

Figure 2. Preparation and draping of a patient for surgery in a sitting
position. (A and B) Attachment of the drape to the Mayfield head frame
with a big adhesive film. (CeF) The adhesive borders of a light single-use

surgical dressing are attached to the drape, and both elements are fixed
with adhesive films. (G) The anesthesiologist has free access to both
jugular veins.
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age were analyzed using the Pearson test. P values < 0.05 were
considered significant. IBM SPSS Version 22 (IBM Corp., Armonk,
New York, USA) was used.

RESULTS

Participants and Descriptive Data
Two of 58 consecutive patients operated by the senior author (J.H.),
respectively harboring a pineal meningioma without preoperative
images and a pineal cyst with no follow-up, were not included.
Characteristics of the remaining 56 patients are presented in
Table 2. Preoperative clinical status included neurologic symptoms
related to pineal region compression and/or infiltration,
hydrocephalus in case of ruptured vascular lesions owing to
subarachnoid hemorrhage, and nonspecific symptoms in patients

with incidental lesions. In the patient with vein of Galen
malformation, signs of congestive cardiac failure were detected by
echocardiography.

Surgical Approaches
Of patients, 48 were operated on with only the supracerebellar
infratentorial approach, and 4 patients required only a parieto-
occipital interhemispheric approach. In 2 patients (a meningi-
oma and an arteriovenous malformation in the roof of the third
ventricle), both aproaches were combined. One case with a large
pineal parenchymal tumor of intermediate differentiation (PPTID)
required 3 different approaches: supracerebellar infratentorial,
telovelar, and occipital interhemispheric approach to the third
ventricle. The unique vein of Galen malformation of this series
required a subtemporal approach to resect an associated arterio-
venous malformation and an occipital interhemispheric approach
after multiple but minimal endovascular procedures. Four recur-
rent tumors had been operated on in previous years.

Microsurgical Time
The microsurgical time was <45 minutes in most of the small and
medium size pineal lesions. Large and giant tumors (tumors with
maximal diameters between 3.71 and 5.5 cm) required longer
microsurgical times, between 1 and 2.5 hours (66e151 minutes).
The giant vein of Galen malformation was operated on under the
microscope for 6.5 hours. We found only a moderate Pearson
correlation between the microsurgical time and the volume of the
lesions (P < 0.05) (Table 3).

Surgical Outcome
The mean clinical and radiologic follow-up durations were 25.9
months (range, 0e88 months) and 20.6 months (range, 0e100
months), respectively. A patient with a World Health Organization
grade II giant glioma (3.5� 2.6� 3.8 cm) presented with infarction
in both thalamic regions and died 1 month after surgery. Some
postoperative deficit was present in 11 patients. A patient with a
recurrent hemangiopericytoma (3.1� 2.3� 2.5 cm) recovered quite
well after some thalamic infarction (modifiedRankin scale score 3 at
3-year follow-up) The child with the giant vein of Galen malfor-
mation is still very dependent 4 years after treatment (modified
Rankin Scale score 4). A patient who had 3 surgeries had slight
diplopia and was still using a wheelchair (modified Rankin Scale
score 4) after 3 years. A foreign patient with immediate post-
operative moderate hemiparesis was lost to long-term follow-up.
Five patients developed visual deficits that improved during the
follow-up period. Two patients had nonspecific neuropsychological
disturbances. One patient with an asymptomatic pineal cyst pre-
sented with a granulomatous reaction in the surgical site and
received medical treatment. All patients, including18 patients with
incidental findings and related symptoms (headaches, depression
and other psychological symptoms, vertigo, nonspecific numbness)
improved after surgery.
Four patients underwent a subtotal resection and postoperative

radiotherapy according to protocols with a good course during
follow-up in 3 cases (2 germinomas and 1 PPTID). The other
patient with a PPTID required a second surgery 15 months later
and had no surgical complications. Four patients (2 grade II
PPTID, 1 hemangioblastoma, and 1 pilocytic astrocytoma) required

Figure 3. (AeC) The neurosurgeon’s posture for a pineal tumor
resection. The neurosurgeon is standing up and operating with a mobile
microscope by a mouth switch device, with his axis at �90� in relation to
the operative field and with his arms supported by the shoulders of the
patient.
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multiple surgeries owing to recurrences after complete resections
without complications.

Complications with Praying Position
Minor VAE was observed in 19 (34%) cases. Capnography (decrease
of end-tidal PCO2 >5.25 mm Hg) was used for the diagnosis in 16
cases, precordial Doppler ultrasoundwas used in 7 cases, and the air
leak was identified at the surgical site in 3 cases. In 3 of the 19 cases,
the decrease of end-tidal PCO2 did not fulfill the criteria, and the VAE
was diagnosed only on the basis of a variation of the precordial
Doppler ultrasound. Severe VAE was nonexistent in our series.
However, we had 3 adult patients (a pineal cyst, a solitary fibrous
tumor, and an arteriovenous malformation) with a very short period
(1 measurement in a 5-minute interval) of low systolic blood pres-
sure associated with VAE that was rapidly corrected with routine
vasoactive agents and fluid filling. Mean arterial pressure was >50
mm Hg in 2 cases and >45 mm Hg in 1 case. No immediate or late
postoperative complications were observed in those patients. When
VAE was suspected, an immediate reaction based on good team-
work and proper communication between the anesthesiologist and
surgeon was imperative. Compression of both jugular veins by the
anesthesiologist was very effective to find the leak, and repair with
hemostatic agents or direct suturing was performed by the surgeon.
Air aspiration from the venous central cateter was never used.
No cervical spine cord injury, no facial or tongue edema, and no

peripheral nerve damage were reported. Postoperative computed
tomography scan revealed pneumocephalus in all patients, but
none required surgical decompression.

DISCUSSION

Key Results
In our department, classic sitting position was commonly used
until the 1980s. Then the technical construction of the praying
position was carefully revised and reintroduced in 1997 for the
management of pineal and some posterior fossa lesions.7,8,10

Good teamwork and proper communication between the anes-
thesiologist and the surgeon, an ergonomic position for the
surgeon, and quick and effective surgical management of pineal
lesions, help to make the praying sitting position protocol a
simple, effective, and safe way to approach the pineal region
lesions.

Table 2. Characteristics of Patients with Pineal Region Lesions
Operated in Sitting Position Between 2008 and 2015

Characteristic Value

Age, years, mean � SD; Min, Max 34.5 � 19; 2, 79

Sex, male/female 28/28

Surgical treatment

Total resection* 52 (92.7%)

Partial resection 4 (7.3%)

Surgical time (skin to skin), minutes,
mean � SD; Min, Max

115.6 � 61; 60, 480

Microsurgical time, minutes

Pineal lesions, mean � SD; Min, Max 47.3 � 31; 12, 152

Vein of Galen malformation 386

Diagnosis

Tumors 51 (91.1%)

Pineal cysts 23

Parenchymal tumors of
intermediate differentiation (grade II)

5

Pineal germinomas 5

Meningiomas 4

Pilocytic astrocytomas 3

Grade II diffuse astrocytomas 2

Hemangioblastomas 1

Ependymoma (grade II) 1

Epidermoid tumor 1

Glioblastoma multiforme 2

Hemangiopericytoma

Papillary tumor of the pineal region 1

Parenchymal tumor of intermediate
differentiation (grade III)

1

Solitary fibrous tumor of the pineal region 1

Vascular lesions 5 (8.9%)

Arteriovenous malformations (1 case
associated with PChA aneurysm)

2

Cavernous malformation 1

Posterior choroidal artery aneurysm 1

Vein of Galen malformation 1

Size of pineal lesions, cm, mean � SD; Max, Min

X 2.5 � 1.2; 6, 0.5

Y 2.2 � 1.1; 5.41, 0.5

Z 2.1 � 1.1; 5.47, 0.5

Minor venous air embolism 19 (34%)

Severe venous air embolism 0 (0%)

Continues

Table 2. Continued

Characteristic Value

Pneumocephalus 100%

Subdural pneumocephalus 85%

Intraventricular pneumocephalus 78%

Min, minimum value; Max, maximum value; PChA, posterior choroidal artery; X, ante-
roposterior length; Y, axial width; Z, height.

*Regarding vascular lesions, all arteriovenous malformations and cavernomas were
completely resected, and all aneurysms were totally occluded.
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Interpretation
The senior author (J.A.) previously reported the surgical outcomes
of 119 pineal lesions that were operated on between 1980 and
2007.7 The percentage of total resection was 88% compared with
the 93% in this series. Benign pineal tumors were the most
prevalent diagnoses in both series, and all tumors were
completely excised.
The literature is inconclusive about complications resulting

from the sitting position, and several protocols may be effectively
used in the clinical setting to prevent major complications.11-17 In a
systematic review of craniotomy studies comparing sitting and
horizontal positions, the incidence of VAE was 15%e45% and
0%e12%, respectively.8,18 The incidence of severe VAE in sitting
position was found to be 1%e6% in 6 large studies.3,19-23

Although previous series from our department described the
occurrence of minor VAE in the sitting position, no case of severe
VAE was reported.7,8,24 Moreover, no difference in administered
vasoactive agents, intraoperative fluids, or postoperative man-
agement in patients with and without VAE was reported.8,25

It is well known that the risk for VAE is directly related to the
damage and the opening of venous structures during the surgery
and to the low cardiac preload conditioned by the position. In this
regard, skillful and clean microneurosurgery preserving the
normal anatomy is imperative during pineal region opera-
tions.9,26-32 This, together with the use of antigravity trousers
(offering a sufficent cardiac preload while allowing ergonomic
surgical positioning) and proper teamwork (which permits quick
management of the complication), may reduce the risk of severe
VAE. In our department, positive end-expiratory pressure has been
never used in patients operated on in the upright position because
it increases the intracranial pressure and removes the advantages
of the sitting position.33

Many neurosurgeon refuse to operate on pineal lesions in the
sitting position to avoid a long, tiring standing procedure. In this
regard, correct sitting positioning of the patient should allow and
support an ergonomic posture of the surgeon, preventing

muscular fatigue during the procedure. In our series, the average
microsurgical time for most of the pineal lesions except the vein of
Galen malformation was about 45 minutes. Three factors are
important to maintain an ergonomic working position for the
surgeon during sitting position surgery: 1) the head of the patient
should be positioned in such a way that the horizontal axis of the
tentorium is parallel to the floor and with <90� in relation to the
axis of the surgeon, 2) the patient’s upper torso should be properly
elevated and the head tilted 20�e30� forward enough to keep 2
fingers between the chin and the sternum (thus preventing spinal
cord damage) to allow to the surgeon to support his or her arms
on the shoulders of the patient while performing the procedure,
and 3) a properly balanced operating microscope with a mouth
piece should be used.
Regarding the other complications associated with the sitting

position, our rate of pneumocephalus was higher than reported
before owing to regular and immediate control computed
tomography scans. However, none of the cases required surgical
decompression, as pneumocephalus gradually resolved (intraven-
tricular pneumocephalus more slowly than subdural pneumo-
cephalus). Rarely, patients with large pneumocephalus required
mechanical ventilation with high partial pressures of oxygen.8,34

According to our experience, with a simple set of craniotomy
and microsurgical instruments, the supracerebellar infratentorial
approach may be used for most pineal lesions. Microsurgery of
pineal lesions requires long instruments and is impossible without
them. An occipital interhemispheric approach may be required in
case of an important supratentorial component or for vein of
Galen malformations. Occasionally, tumors with large diameters
require a combined approach (supracerebellar infratentorial with
occipital interhemispheric or telovelar approach). Small tumoral
remnants at the level of their inferiormost extensions were
observed for 3 large tumors operated on through a supracerebellar
infratentorial approach. In this regard, we believe that an intra-
operative endoscopic control in case of large and giant lesions
would increase the accuracy of the resection.35

Table 3. Correlations Between Microsurgical Time, Patient Age, and Volume of Lesions

Microsurgical Time (minutes) Patient Age (years) Volume of Lesion (cm3)

Microsurgical time (minutes) Pearson correlation 1 0.090 0.649*

2-tailed P value 0.536 0.000

Number 51 50 51

Patient age (years) Pearson correlation 0.090 1 0.067

2-tailed P value 0.536 0.644

Number 50 65 50

Volume of lesion (cm3) Pearson Correlation 0.649* 0.067 1

2-tailed P value 0.000 0.644

Number 51 50 51

*Correlation is significant at 0.01 level (2-tailed).
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Limitations
A limitation of this study is that a comparative control group of
patients operated on in another surgical position is not included.

CONCLUSIONS

Pineal lesions may be managed in a simple, safe, and effective way
with a protocolized schema for positioning of the patient, careful
consideration of the surgical approach, skillful microneurosurgery,
and proper teamwork. The praying position represents a simple,

fast, and safe approach for proper placement of the patient for the
pineal region surgery. The step-by-step protocol we illustrate may
allow this position to be safely and effectively used in different
neurosurgical centers.
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Supracerebellar Infratentorial Paramedian Approach in Helsinki Neurosurgery:

Cornerstones of a Safe and Effective Route to the Pineal Region

Joham Choque-Velasquez1, Roberto Colasanti1,2, Julio C. Resendiz-Nieves1, Behnam Rezai Jahromi1, Danil A. Kozyrev1,

Peeraphong Thiarawat1, Juha Hernesniemi1

-OBJECTIVE: The supracerebellar infratentorial (SCIT)
paramedian approach in sitting position represents one of
the most used surgical routes for dealing with pineal re-
gion lesions. The purpose of this study is to determine the
cornerstones to perform this approach in a simple, safe,
and effective way, so that it could be easily reproduced in
other neurosurgical centers, particularly in those with
modest resources.

-METHODS: We reviewed and analyzed the surgical
videos of 24 pineal region lesions that were operated on
through an SCIT approach between June 2012 and October
2015. The SCIT approach may be divided into 3 main steps:
1) skin-muscle incision; 2) craniotomy; and 3) dura opening
and access to the pineal region.

-RESULTS: Complete lesion removal was accomplished in
23 cases, and subtotal removal was accomplished in 1 case.
The pineal regionwas effectively and safely reached through
the SCIT approach in the sitting position with a mean time of
14 minutes, using a basic set of microsurgical instruments.
Cornerstones and potential delaying events were carefully
recorded for each of the 3 main steps of the approach.
Moreover, we present in a short video a step-by-step guide to
perform the SCIT approach in a fast and safe way.

-CONCLUSIONS: A correct application of microsurgical
principles may allow to safely and rapidly perform the SCIT
approach, therefore offering an effective and relatively
atraumatic route for dealing with pineal region lesions.

INTRODUCTION

Various surgical approaches have been developed for
dealing with pineal lesions, all aimed at providing safe
access to the region while minimizing neurovascular

manipulation.
The supracerebellar infratentorial (SCIT) paramedian approach

in sitting position, performed by the senior author (J.H.) for more
than 35 years (1980e2015), may represent an effective and
simplified method to approach the pineal region.1,2

The main advantages of performing the SCIT approach in the
sitting position are represented by a cleaner surgical field because
of the promoted gravity drainage of blood, a more ergonomic
working position for a bimanual microsurgical dissection, and a
gravity-assisted cerebellar retraction.
We reviewed and analyzed the consecutive surgical videos of 24

pineal region lesions that were operated on through an SCIT
approach between June 2012 and October 2015. Our goal was to
determine the cornerstones to perform this approach in a simple,
safe, and effective way, so that it could be easily reproduced in
other neurosurgical centers, particularly in those with modest
resources.3-6 Moreover, we present in a short video a step-by-step
guide to perform the SCIT approach in a fast and safe way.

MATERIAL AND METHODS

Sitting Position and SCIT Approach
A protocol for the use of the sitting position was re-implemented
in Helsinki University Hospital in 1997, thanks to the cooperative
work of both the surgical and anesthesia teams. The sitting
positioning style of Helsinki neurosurgery for pineal region lesions
is a protocolized procedure which ends in a praying position
(steeper sitting position) with the operating table horizontal to the
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floor, and with the head of the patient tilted forward 30�, placing
the tentorium in a horizontal position. The correct positioning
requires all the elements that are needed to reduce the risk of
complications related with this position (Figure 1).1,2

A bolus of intravenous Ringer acetate or hydroxyethyl starch is
administered just before the positioning of the patient. Hydrox-
yethyl starch is slightly more effective than Ringer acetate in
achieving comparable hemodynamics. In adults, the target mean
arterial pressure—measured at the level of foramen of Monro—is
60 mm Hg or higher, and/or systolic arterial pressure 100 mm Hg
or higher. The precordial Doppler ultrasonography probe is placed
over the right fifth intercostal space. The patients are normo-
ventilated (target partial pressure of carbon dioxide ¼ 4.4 � 5.0
kPa [33.0e37.5 mm Hg]) with 100% inspired oxygen, without
positive end-expiratory pressure, by volume-controlled ventilation.
Nitrous oxide is not given. Arterial blood gases are analyzed after
the induction of anesthesia and as needed.2,7,8

The SCIT approach is the route for accessing the pineal region
and its surroundings, the inferior surface of the tentorium, and
the superior surface of the cerebellum. It may be divided into
3 stages as follows.

Skin-Muscle Incision. A straight single-layer median or currently
seldom paramedian (2e3 cm laterally) musculocutaneous incision
is performed, starting approximately 1 in (2.5 cm) cranial from the
inion and extending caudally toward the foramen magnum. The
suboccipital muscles of one side (usually the right side) are de-
tached using the monopolar knife to create enough space for the
craniotomy. Two or 3 curved retractors (1e2 upward and 1
downward) provide a wide clean space for the craniotomy.

Craniotomy. A single burr hole is performed approximately 2 cm
laterally from the midline and above the transverse sinus, which
may be identified by neuronavigation (rarely in Helsinki neuro-
surgery) or by its anatomic relation with the superior muscle
insertion line on the occipital bone at preoperative magnetic
resonance images.9 After the detachment of the dura mater with a
curved, angled dissector (Jone dissector) or with a Yasargil-type

flexible dissector, a small paramedian craniotomy, just around
the transverse sinus and continuing to the confluens sinuum, is
performed to expose approximately 2e3 cm of the dura below the
level of the transverse sinus.

Dura Opening and Access to the Pineal Region. A U-shaped dura
opening is made under the microscope. The dural flap is retracted
against the transverse sinus with atraumatic sutures. Small
bleedings should be stopped before continuing. Once the dura is
opened, we perform a retractor-less approach along the upper
surface of the cerebellar hemisphere under high magnification. If
the approach toward the pineal region is obstructed by a lateral
bridging vein, it may be necessary to coagulate and cut it, pref-
erably closer to the cerebellum than to the tentorium. The SCIT
dissection ends when the arachnoid membranes of the dorsal
mesencephalic cisterns of the pineal region are reached and/or if
the lesion is identified.
If the transverse sinus or the confluens sinuum are damaged

during the surgical procedure and air embolism is detected (under
direct vision of a damaged sinus, by a decrease of end-tidal carbon
dioxide concentration of more than 4e5.25 mm Hg; or with a
precordial Doppler), immediate vascular reparation should be
done. If the site of the venous opening is not recognized,
compression of the jugular veins by the anesthesiologist would
help to localize it before its reparation.

Patient Population and Analysis of the Data
We retrospectively reviewed the consecutive surgical videos of 24
patients with pineal region lesions (2 lesions were located in the
anterior vermian region), which were operated on through the
SCIT approach by the senior author (J. H.) between June 2012 and
October 2015. IMPAX version 6.5.5.1608 (Agfa, Mortsel, Belgium)
was used to measure the size of the surgical bone flaps and the
pineal lesions.
Surgical videos were analyzed aiming to describe the corner-

stones to perform this approach in a simple, safe, fast, and
effective way.

RESULTS

Table 1 shows the patient data and surgical details (location of the
musculocutaneous incision and size of the bone flap) of the 24
patients undergoing an SCIT approach for the management of
pineal region lesions.

Surgical Instrumentation
For all the surgical procedures, we routinely used a basic set
composed of surgical scalpels with blade numbers 11e22,
monopolar electrocautery, 2e3 curved muscle retractors, 4 bipolar
forceps (short, long, sharp, and blunt tips), high speed drill with a
trephine and a craniotomy blade with a footplate, short curved
dura dissector (Jone type), surgical scissors, Vicryl (Ethicon,
Somerville, New Jersey, USA) sutures 3-0 (3e6), straight blunt
steel needle for irrigation, 3 suction tubes (long, medium, and
short), and regular set of long microinstruments. Additionally, we
used a diamond drill in 9 of 24 of the cases for a hot drilling
technique to stop small bleedings from the bone, and the long-
flexible dura dissector (Yasargil type) for patients with very
attached dura (4/24 of the cases). Four patients also required a

Figure 1. Steeper sitting position for a pineal region surgery in Helsinki.
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2-mm Kerrison Rongeur forcep (Aesculap AG,
Tuttlingen, Germany) to shape the inner borders of
the burr hole before the craniotomy. A profuse saline
irrigation allowed to keep clean the surgical field.
Tachosil (Baxter International. Deerfield, Illinois,
USA), fibrillar Surgicel (Ethicon, Somerville, New
Jersey, USA), and glue were used for the hemostasis
(Figure 2 and Video 1, illustrating the step-by-step execution of the
SCIT paramedian approach).3-5

Surgical Complications Management
One patient (4%) carrying a pineal epidermoid tumor presented a
damaged dominant right transverse sinus and direct evidence of

air embolism. Initially the damaged area could not be recognized
until the anesthesiologist compressed the jugular veins. Then,
when the bleeding showed the injured site, it was repaired using
direct suturing. Postoperative images (brain magnetic resonance
imaging and radiographs of the lungs) did not show any
complications.
Postoperative cerebral magnetic resonance imaging was per-

formed in all cases, showing no neurovascular complication along
the route of the approach. One patient with a large Parenchymal
tumor of intermediate differentiation (3.4 � 4.5 � 3.4 cm, World
Health Organization grade II) had a subtotal resection and
required radiotherapy according to standard protocols.

Surgical Procedure Times
Table 2 illustrates the surgical times of the 3 stages of the SCIT
approach.

Cornerstones of the SCIT Approach
Table 3 shows the cornerstones of the SCIT approach (Figure 2 and
Video 1, illustrating the step-by-step execution of the SCIT para-
median approach).

Delaying Events During the SCIT Approach
Figure 3 compares the surgical times of the group of uneventful
surgical procedures with those of the procedures that were
delayed by specific events during the aforementioned 3 stages of
the approach itself.

DISCUSSION

In this study, we illustrate a step-by-step guide of the SCIT route to
the pineal region. Moreover, we underline the cornerstones that
may allow to perform this approach in a simple, safe, and effective
way while using just a basic set of microsurgical instruments.
Different surgical approaches to the pineal region have been

described over the years. As mentioned in a literature review made
by Hernesniemi and Zülch, different authors such as Horsley,
Brunner, Schloffer, and Puusep accessed the pineal region
through infratentorial, supratentorial transcallosal, and temporal
routes, but with quite unfavorable consequences.1,10 In 1913,
Oppenheim and Krause reported the first successful removal of a
pineal tumor, described as a fibrosarcoma of mixed origin
(probably a meningioma).11 In 1921, Dandy performed the
transcallosal approach in 3 patients with pineal region lesions,

and later, in 1936, he described his experience in 20
patients with pineal tumors, reporting a mortality
rate of 20%.12,13 In 1929, Peet performed probably
the first total removal of a pinealoma through a
parieto-occipital transcallosal approach in a
13-year-old patient. Postoperative course was excel-
lent, and the patient continued to do well more than
20 years after surgery.14 In 1931, Van Wagenen15

described the transcortical transventricular approach for pineal
region lesions, and in 1965 Suzuki and Iwabuchi16 reported a
series of 19 patients that were operated on with the same
approach. In 1966, Poppen described a modification of the
occipital interhemispheric transtentorial approach, earlier
introduced by Horrax in 1937. Later, with the introduction of the

Table 1. Data of the 24 Patients and Surgical Details

Characteristic Value

Age (years) 36.92 � 20.39 (2e80)

Sex, males/females 14/10

Preoperative status Hydrocephalus: 10 (41); no shunt: 7 (29); VPS: 2 (8);
EVD: 1 (4)

Skin-muscle incision Paramedian 10 (41)

Median 14 (58)

Size of the bone
flap (cm)

Longitudinal diameter: 4.33 � 0.36 (3.8e5.3)

Transverse diameter: 2.97 � 042 (2.2e3.6)

Diagnosis Pineal cyst 8 (33)

Parenchymal tumor of intermediate
differentiation (GII, GIII)

3 (12)

Low grade gliomas 2 (8)

Arteriovenous malformation 2 (8)

Cavernous malformation 2 (8)

Hemangioblastoma 2 (8)

Other* 5 (20)

Total 24 (100)

Size of pineal
vascular lesions (cm)

X: 1.30 � 0.63 (0.50e2.00)

Y: 1.36 � 0.78 (0.50e2.50)

Z: 1.28 � 0.67 (0.50e2.20)

Size of pineal
tumors (cm)

X: 2.35 � 0.84 (1.00e4.40)

Y: 2.18 � 1.01 (1.00e4.50)

Z: 2.00 � 0.92 (1.00e3.60)

Surgical removal Total: 23 (95.8); subtotal: 1 (4.8)

Follow-up (months),
mean � SD

10.42 � 13.28

Values are mean � SD (minimum � maximum), number of participants (%), or as
otherwise indicated.

VPS, ventriculoperitoneal shunt; EVD, external ventricular drainage; X, anteroposterior
length; Y, axial width; Z, height; GII and GIII, grades II and III.

*Includes epidermoid tumor, solitary fibrous tumor, germinoma, meningioma, and
posterior choroidal artery aneurysm.

Video available at
WORLDNEUROSURGERY.org
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Figure 2. Photographs illustrating the step-by-step execution
of the supracerebellar infratentorial paramedian approach.
(AeC) Right single-layer paramedian skin incision. (D)
Limited opening of the suboccipital muscles by monopolar.
(E) Strong retraction of the soft tissues with muscle
retractors. (F) Landmark for the right transverse sinus by its
anatomic relation with the superior muscle insertion line on
the occipital bone at preoperative magnetic resonance
images. (G) Single burr hole, 1 cm above the level of the
transverse sinus. (H and I) Fine curved dissector and 2-mm
Kerrison Rongeur forcep are used to shape the inner borders
of the burr hole. (J) Jone dissector is used to detach the dura
and the sinuses from the inner surface of the bone. (K)

Cutting drill, first for the right side, and then for left side of
the craniotomy to be joined at the inferior border. (L) Clean
surgical field with good hemostasis and continuous saline
irrigation. (M) Opening of the dura mater under the
microscope to recognize small tears and prevent injuries to
the venous sinuses. (N) A wide gap between the tentorium
and the superior surface of the cerebellum is available under
the effect of the gravity. A careful hemostasis of the epidural
space is carried out with surgicel, Tachosil, and a strong
dural retraction. The left superior edge of the incised dura
(red circle) is sutured to prevent air embolism and small
bleedings. (O) Straight retractor-less paramedian approach
along the upper surface of the right cerebellar hemisphere.
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operating microscope, Yasargil refined this approach for the
management of vein of Galen malformations.17-20

The SCIT approach to the pineal region was successfully
described for the first time by Krause10. The introduction of the
microsurgical technique permitted further refining/improvement
of the Krause approach by Stein.21,22

Subsequently, Konovalov and Pitskhelauri23 used the SCIT
approach for the resection of colloid cysts of the third ventricle.
The paramedian supracerebellar approach was introduced by

Yasargil24 for the management of aneurysms of the superior
cerebellar artery. Van den Bergh25 described the lateral-
paramedian infratentorial approach for pineal tumors, and
Ogata and Yonekawa26 refined this approach for the upper
brainstem and peduncular lesions.
In 1996, Ruge et al.27 first reported a purely endoscopic

fenestration of arachnoid cysts involving the quadrigeminal
region via an SCIT corridor, and in 2008, Gore et al.28 published
the first purely endoscopic pineal cyst resection by this route.
The SCIT approach inHelsinki neurosurgery is widely used for the

microsurgical management of pineal region lesions; tentorial me-
ningiomas; and arteriovenous malformations, aneurysms, and
intrinsic tumors of the superior surface of the cerebellum.5However,
we also have treated an anecdotic colloid cyst using this approach.
The senior author has been using the SCIT approach for more

than 35 years, and in 2008, a clinical series of 119 pineal cases was
described.1 In the present series, a variety of histopathologic
diagnoses were reported. Benign pineal tumors and vascular
pathologies represented more than 90% of the cases. In this
regard, an effective surgical route, which allows to deal with
pineal region lesions in a “simple, clean, and fast way, while
preserving the normal anatomy,” is paramount.1,5

A small paramedian craniotomy, after a straight paramedian or
median skin incision, which is routinely used nowadays, opens
the path to the pineal region along the upper surface of the
cerebellar hemisphere. Even if the effectiveness of both skin-
muscle incisions is comparable, a median incision is preferred
because of less bleeding, a better anatomic dissection through an
avascular plane, a smaller risk of subsequent muscular atrophy,
and an easier orientation.
When neuronavigation is unavailable, the transverse sinus may

be effectively identified by its anatomic relation with the superior
muscle insertion line on the occipital bone at preoperative

magnetic resonance images, therefore allowing an accurate
placement of the single burr hole of the craniotomy.9

Effectiveness is the capability to produce a desired result. The
analysis of the surgical videos showed us how the pineal regionmay
be effectively and safely reached through an SCIT approach in the
sitting position using a basic set of microsurgical instruments. To
be more precise, the mean time to reach the pineal region was 14
minutes. Nonetheless, when the surgical approach went smoothly
and was uneventful, the pineal region was reached in even less time
(mean time, 11.9 minutes) (Video 2, showing an unedited video of
the entire exposure procedure of one of the cases with a shorter
operative time), with mean times for the 3 aforementioned stages
(skin-muscle incision, craniotomy, and dura opening and access
to the pineal region), respectively, of 2.3, 4.1, and 5.7 minutes.
No variation in the operative times nor regarding the specific
steps was found for different pathologies.
After the dura opening, some authors recommend releasing the

cerebrospinal fluid from the cisterna magna.29-31 However, in our
series, this procedure was required only in 2 cases, and the
decision-making was not related to the size of the lesion, but to the
cerebellar tension observed during the approach (Video 1, illustrating
the step-by-step execution of the SCIT paramedian approach).
The literature is inconclusive about complications because of

the sitting position, and several protocols may be effectively used
in the clinical setting to prevent its major complications.1,2,7,32,33

In our series, only 1 patient with a damaged dominant right
transverse sinus presented direct evidence of air embolism. After a
careful detection, the injured site was repaired using direct su-
turing with Vicryl 3-0. Postoperative images did not show any
complications. Details about the praying sitting position in Hel-
sinki neurosurgery will be the topic of a future paper.
As previously mentioned, many different approaches have been

used for dealing with pineal region lesions, each with its own
advantages, disadvantages, and risks, which are linked to different
specific degrees of brain retraction/cortical disruption, and various
potential neurovascular complications.
The occipital transtentorial route, according to the precise

anatomic location of the lesion to be treated, may represent a valid
alternative to the SCIT approach. The posterior transcallosal
interhemispheric approach is a more morbid and therefore less
optimal option to access the pineal region. On the other hand,
these routes may oblige to work around the deep venous system

Table 2. Surgical Times of the 3 Stages of the Supracerebellar Infratentorial Approach in 24 Consecutive Video Surgeries

Variable Stage 1: Skin-Muscle Incision Stage 2: Craniotomy
Stage 3: Dura Opening and
Access to the Pineal Region SCIT Approach

Mean 2.86 4.75 6.37 13.98

SD 1.52 1.93 2.75 4.65

Minimum 1.17 2.00 3.08 7.08

Maximum 7.83 8.00 12.33 23.33

Median 2.50 4.83 5.38 13.25

Values are in minutes.
SCIT, supracerebellar infratentorial.
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overlying the tumor, may determine retraction injuries (more
frequent with the interhemispheric approach), or may determine a
high frequency of visual field deficits (occipital transtentorial
approach).10,17-19,34

Even if the SCIT approach is our preferred route to access the
pineal region, other approaches are also used for particular pineal
pathologies. The occipital interhemispheric transtentorial route is
useful for the microsurgical management of giant vein of Galen
malformations or tumors with a main supratentorial extension.
Tumors with large diameters could sometimes require a combined
approach at either the same or an alternative sitting. For example,
the SCIT approach may be combined with the occipital

interhemispheric transtentorial route in cases with important
supratentorial extensions, with telovelar approaches for lesions
extending into the forth ventricle, or with anterior interhemispheric
approaches for extensions into the third ventricle. A transcortical
route could be required for significant lateral supratentorial ex-
tensions. The main surgical steps (single-layer skin-muscle inci-
sion, craniotomy with a single burr hole, and dura opening) are
similar for the different approaches. The dura opening is carried out
under the microscope to prevent complications.
The classic SCIT approach requires the coagulation of the

medial draining veins to open the path to the pineal region. We
agree with the conclusion of Matsuo et al.35 that “the off-midline

Table 3. Cornerstones of the Supracerebellar Infratentorial Approach

Stage of the
Approach Cornerstone

Frequency of Use (Number of
Cases/Total Number of Cases) Delaying Events

Skin-muscle incision 1. The injection of 20 cm3 of a solution of
ropivacaine 0.75% þ Xilocaine 1% with
epinephrine (1:100 000) 10:10 along the incision
line, after the asepsis and before the dressing of
the patient.

24/24 1. Longer caudal dissection of the suboccipital
muscles in 2 cases (5.66 and 7.83 minutes).
2. The unavailability of the active monopolar in 1
case (5.33 minutes).

2. Single-layer linear incision. 24/24

3. Strong retraction of the soft tissues with
muscle retractors.

24/24

4. Limited opening of the suboccipital muscles. 22/24

Craniotomy 1. Single burr hole, 1 cm above the level of the
transverse sinus.

23/24 1. Two cases required an extension of the
craniotomy, with the burr hole at the level of the
transverse sinus in 1 case (7.25 and 8 minutes).
2. An occipital ventriculostomy was performed in a
ruptured posterior cerebral artery aneurysm
(7.33 minutes).
3. The transverse sinus was damaged in 1 case,
and it was repaired using direct suturing
(8 minutes).

2. The use of the Jone/Yasargil dissectors to
detach the dura and the sinuses from the inner
surface of the bone.

24/24

3. Clean surgical field with good hemostasis and
continuous saline irrigation.

24/24

4. Cutting drill, first for the right side, and then
for left side of the craniotomy to be joined at the
inferior border.

23/24

Dura opening and
access to the pineal
region

1. Opening of the dura under the microscope to
recognize small tears and prevent damage to the
venous sinuses.

24/24 1. Only 2 cases, namely a ruptured posterior
cerebral artery aneurysm and a parenchymal tumor
of intermediate differentiation (GIII), required an
additional cerebrospinal fluid release through the
cisterna magna (12.16 and 12.33 minutes).

2. Careful hemostasis of dural tears with bipolar
electrocoagulation.

19/24

3. Hemostasis of the epidural space with
Surgicel and Tachosil and strong dural retraction
with Vicryl stitches along the opening (1e3 up
and 1e2 laterally).

24/24

4. Suturing of the superior dura opening angles
to prevent air embolism and small bleedings.

16/24

5. Wide gap between the tentorium and the
superior surface of the cerebellum under the
effect of gravity.

24/24

6. Straight paramedian access along the superior
surface of the cerebellar hemisphere.

24/24

7. Retractor-less approach. 24/24
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routes provide a surgical exposure that, although slightly deeper,
may reduce the need for venous sacrifice at both the level of the
veins from the superior cerebellar surface entering the tentorial
sinuses and at the level of the tributaries of the vein of Galen in the
quadrigeminal cistern, and require less cerebellar retraction.”
Even though their experimental analysis was carried out in
formalin-fixed adult cadaveric heads, and without the gravity-
related benefits of the sitting position, we proved the veracity of
their conclusions in our clinical cases.
On the other hand, we used prophylactically coagulate

numerous small lateral bridging veins to prevent copious and
difficult to control bleeding in case of their damage. However,
medium and large veins are always preserved, when possible, by a
careful dissection through their arachnoid attachment to enlarge
the surgical corridors, laterally and/or medially to them. Whether
some bridging veins are partially damaged, short-burst bipolar
coagulation could be used for their repair.36 Moreover, if some
veins are stretched and occluded during the procedure, the
squeeze maneuver may be helpful to recover their blood flow.37

Even though our mean bone flap size was quite small, precisely
4.3 � 3 cm, and no difference in the size of the craniotomy was
found for different pathologies, we are absolutely aware of the
importance of having an adequate surgical corridor. Hence, we
believe that the size of the bone flap should be carefully planned to
take full advantage of the gravity-related gap between the tento-
rium and the cerebellum, while preserving the patency of the
transverse sinus through a moderate and cautious retraction.
The mean size of the pineal tumors in this series was 2.35 �

2.18 � 2.00 cm, and the maximal dimensions in the 3 axes were
4.4 � 4.5 � 3.6 cm. One parenchymal tumor of intermediate
differentiation (World Health Organization grade II) was subto-
tally resected because of its large diameter (3.4 � 4.5 � 3.4 cm).
The size of the lesion, a fibrous consistency of the tumor, a con-

spicuous vascularization, and/or an infiltrative growth pattern may
act as important limiting factors for a gross total resection, therefore
requiring the combination of the SCIT approach with a different
route (interhemispheric transcallosal, occipital transtentorial, or
transcortical routes), either at the same or at an alternative sitting.
The pure endoscopic SCIT approach may represent a minimally

invasive alternative that requires no exposure of the venous si-
nuses, therefore reducing the risk of air embolism. Nonetheless,
potential bleeding coming from bridging veins and/or highly
vascularized lesions may be extremely hard to control with the
current endoscopic instrumentation.28,38

Even if we did not use the endoscope routinely in our opera-
tions, endoscopic assistance may be very helpful to better visualize
the deepest extensions of the lesions, to bring into the surgical
field some blind regions that may not be adequately and safely
visualized with the microscope alone, and to provide (like
microscopic high magnification does) a clear distinction of the
interface between the tumor and the surrounding eloquent
structures. Hence, endoscopic assistance could permit widening
the exposure of the pineal region, while minimizing the retraction/
manipulation of the neurovascular structures.34,39-47

The introduction of the endoscope under microscopic control is
recommended to decrease the risk of accidental mechanical
injury. In this regard, the picture-in-picture technology may allow
an effective integration between the endoscope and the

Figure 3. Comparison between the surgical times of the group of
uneventful surgical procedures and theprocedures thatweredelayedby
specific events during the 3 stages of the supracerebellar infratentorial
approach: (A) skin opening, (B) craniotomy, and (C) dura opening and
pineal region access. CI, confidence interval; CSF, cerebrospinal fluid.
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microscope by efficiently displaying the endoscopic image in the
microscope oculars, therefore reducing a potential increase of the
operative time.43-48

CONCLUSIONS

The SCIT approach in the sitting position represents a simple,
safe, fast, and effective route for dealing with pineal lesions

because it provides an excellent functional visualization of that
region through a relatively atraumatic route, therefore mini-
mizing brain manipulation and possible neurovascular in-
juries. Following the aforementioned cornerstones, the SCIT
approach may be easily and successfully performed in any
neurosurgical center using just a basic set of microsurgical
instruments.
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Microsurgical Management of Vascular Malformations of the Pineal Region

Joham Choque-Velasquez1,4, Julio Resendiz-Nieves1, Roberto Colasanti2,3, Juhani Collan5, Juha Hernesniemi1

-BACKGROUND: Vascular pineal malformations are rare
and technically demanding lesions. Because the locations
of these lesions, endovascular techniques and radio-
surgery have been increasingly used in the recent decades
to accomplish safe occlusion. Nevertheless, microsurgical
treatment may be required sometimes.

-METHODS: We present a retrospective review of the
vascular pineal malformations operated by the senior
author. Moreover, we report illustrative cases for the
various types of vascular lesions with a careful analysis of
the different microsurgical stages.

-RESULTS: Eighteen patients with pineal vascular lesions
were operated onbetween 1980 and 2015: 6 patients had vein of
Galenmalformations, 5 plexiformarteriovenousmalformations,
6 cavernousmalformations, and 1 patient hada rupturedmedial
posterior choroidal artery aneurysm. A complete resection and
occlusion was possible in all vascular malformations.

-CONCLUSIONS: The pineal region is an infrequent but
challenging location for vascular lesions. A careful and step-
wise operative strategy for the different types of vascular lesion
is paramount to accomplish an effective and safemicrosurgical
treatment when other alternatives fail or are not available.

INTRODUCTION

Vascular pineal lesions are placed in a surgically challenging
intracranial location. Various surgical routes and micro-
surgical techniques have been developed over the years for

dealing with pineal lesions, all aimed at providing safe and
effective surgical access while minimizing neurovascular
manipulation.1-3

In recent decades, endovascular techniques and radiosurgery
have been used increasingly to accomplish a safe occlusion of
vascular pineal lesions. Nevertheless, sometimes when endovas-
cular managements fail or other alternatives are not available,
microsurgical treatment may be indicated.4-14

We present a retrospective review of the patients with vascular
pineal malformations operated by the senior author (J.H.).
Moreover, we report illustrative cases for the various types of
vascular lesions with a careful analysis of the different microsur-
gical stages. Our goal is to describe the cornerstones to perform
the microsurgical management of these lesions in a simple, safe,
and effective way so that it could be reproduced easily in other
neurosurgical centers.1,2,15,16

METHODS

Study Design and Ethics
This retrospective study consists of a series of consecutive pineal
vascular malformations microsurgically operated by the senior
author (J.H.) between 1980 and 2015. After obtaining institutional
review board approval, data were collected from hospital records.
Patient consent was not required as this is a retrospective study,
and the research data analysis had no effect on the participants.

Participants
The senior author during his career operated 18 patients with
pineal vascular lesions. We present demonstrative cases for the
various types of vascular lesions with a careful analysis of the
different microsurgical stages, based on a review of the operative
videos.

Key words
- Arteriovenous malformation
- Cavernous malformations
- Multidisciplinary management
- Microneurosurgery
- Pineal region lesions
- Vascular malformations
- Vein of Galen malformation

Abbreviations and Acronyms
AVM: Arteriovenous malformation
MRI: Magnetic resonance imaging
VOGM: Vein of Galen malformation
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Preintervention and Postintervention Considerations
Clinical and microsurgical features of the cases and postoperative
long-term clinical and radiologic follow-up were analyzed.

Results and Illustrative Cases
Eighteen patients with pineal vascular lesions were operated on by
the senior author (J.H.) between 1980 and 2015 in 2 different
centers: 6 patients had vein of Galen malformations (VOGMs), 5
patients had plexiform arteriovenous malformations (AVMs), 6
patients had cavernous malformations, and 1 patient had a
ruptured medial posterior choroidal artery aneurysm. Eleven
patients with pineal vascular malformations underwent operations
in our center between 1997 and 2015. Table 1 describes patients’
characteristics. A complete resection and occlusion was possible
in all vascular malformations.

CASE DESCRIPTIONS

Case 1: Vein of Galen Malformation
Preoperative Status. A 2-year-old boy harboring a giant VOGM
associated with a left hippocampal plexiform AVM was admitted

to our department. During the first year of life, signs of congestive
cardiac failure were detected by echocardiography. The patient
underwent multiple but minimal endovascular procedures without
success (Figure 1).
Finally, it was decided to manage the lesions microsurgically.

The patient underwent a 2-stage surgical treatment because of the
lateral component of the associated plexiform malformation that,
in our opinion, would have been extremely difficult to resect with
a midline posterior approach. In this regard, the AVM was
resected through a subtemporal approach. Next, after few days, an
occipital interhemispheric approach (discussed later) was per-
formed to occlude the VOGM.

Microneurosurgical Management. The patient was placed in the
“sitting-praying position”, and a bilateral occipital interhemi-
spheric approach was used under the operating microscope. After
a single-layer musculocutaneous incision, a single burr-hole
craniotomy was performed. A highly vascularized dura mater
was detached using a long blunt flexible dissector, and swabs
soaked in peroxide and bipolar coagulation were used for the
hemostasis. The superior sagittal sinus was covered with Tachosil

Figure 1. (AeD) Preoperative and (E and F) postoperative images of the
vein of Galen malformation. (A) Preoperative magnetic resonance imaging
(MRI) a few days after the patient’s birth, and (B) at 3 months. (C) Digital
subtraction angiography after multiple endovascular procedures. (D)

Preoperative 3-dimensional computed tomography angiography. (E)
Postoperative MRI and (F) 3-dimensional computed tomography
angiography showing the complete occlusion of the vein of Galen
malformation.
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(Takeda Austria, Linz, Austria) and cottonoids. “Tack up” stitches
were used to prevent epidural collections.
Initially, we opened the dura mater on the right side of the

superior sagittal sinus. A running suture and a strong retraction
controlled the bleeding coming from its border. Few bridging
veins were coagulated, and a large Cottonoid was placed on the
occipital lobe surface to avoid injuries in case of retraction.
Feeding vessels of the vein of Galen aneurysm along the falx
cerebri were coagulated and cut, and the falx itself was divided just
proximal to the aneurysm. Once the splenium of the corpus
callosum was reached, the aneurysm was identified with Doppler
ultrasound and intraoperative angiography. At this point, the
splenium was partially divided to approach the superior and
anterior walls of the vascular lesion. Next, multiple feeders com-
ing from the posterior cerebral artery were coagulated and cut.
After the occlusion of the feeders, the aneurysm was shrunk by
bipolar coagulation along its superior and anterior surface.
Intraoperative angiography still showed some filling into the vein
of Galen aneurysm.
Next, the dura mater of the left side of the superior sagittal

sinus was opened, all the residual feeders were occluded, and the

remaining part of the aneurysm was shrunk using continuous
bipolar coagulation. A small residual portion of the previously
operated AVM was completely resected. Finally, we repeated an
intraoperative angiography that showed a complete occlusion of
the VOGM. After a careful hemostasis, the closure, skin included,
was performed under the microscope. The surgical time was 6.4
hours (Figure 1).

Postoperative Follow-up. The patient developed meningitis and
received medical treatment. After 2 months, he underwent
ventriculoperitoneal shunting for hydrocephalus. At 4 years’ follow-
up, the patient is still highly dependent (modified Rankin Scale
score of 4) without any cardiovascular dysfunction (Figure 1).

Case 2: Cavernous Malformation
Preoperative Status. A 33-year-old man was admitted to our
department for recurrent diplopia, headache, and Parinaud
syndrome. His pathologic anamnesis results were unremarkable.
Cerebral computed tomography showed hydrocephalus and was
suggestive of a pineal region lesion. Brain magnetic resonance
imaging (MRI) was evocative of a pineal cavernoma (Figure 2).

Figure 2. (AeC) Preoperative and (DeF) postoperative images of the cavernous malformation of the pineal region.
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Microneurosurgical Management. With the patient placed in the
“sitting-praying position”, a conventional right supracerebellar
infratentorial approach was used. After the craniotomy, the dura
was opened under the microscope. Once the arachnoid mem-
branes of the dorsal mesencephalic cisterns were reached, a
yellowish pineal discolored area was noted. Arachnoid mem-
branes were opened with microscissors, and the lateral borders of
the cavernoma were dissected with the help of a Cottonoid. Next,
the hidden inferior border of the cavernoma was progressively
detached using the thumb-controlled suction tube in the left hand,
and the bipolar coagulation forceps and small, curved micro-
dissectors in the right hand. Thin, nonfunctional vascular struc-
tures running on the cavernoma wall were coagulated and cut. The
vascular lesion was taken out in 1 piece. Hemosiderin borders
were not aspirated. A careful coagulation, Surgicel (Ethicon,
Somerville, New Jersey, USA) and Tachosil (Takeda Austria
GmbH; Linz, Austria) were used for the hemostasis. The closure
was performed under the microscope. The microsurgical time was
63 minutes (Figure 2).

Postoperative Follow-up. Postoperatively, the patient exhibited
vertigo associated with balance problems, Parinaud syndrome,

and mild neuropsychological symptoms. At 2 years’ follow-up, the
signs and symptoms resolved almost completely with just some
rare visual disturbance, and the patient was allowed to recover his
driver’s license.

Case 3: Arteriovenous Malformation
Preoperative Status. A 47-year-old man experienced continuous
headache and diplopia. The radiologic studies revealed a plexi-
form AVM of the quadrigeminal plate fed by distal branches of the
posterior cerebral arteries (Figure 3).

Microneurosurgical Management. The patient was placed in the
“sitting-praying position”, and a conventional right supra-
cerebellar infratentorial approach was performed. The dura mater
was incised under the operating microscope. The cisterna magna
was opened to release cerebrospinal fluid. Once the arachnoid
membranes of the quadrigeminal cistern were opened, the right
medial posterior choroidal artery was disclosed. Next, we followed
the course of this vessel into the pineal region up to expose the
AVM, as confirmed on intraoperative angiography. The AVM was
totally resected using standard microsurgical technique with the
aid of the bipolar coagulation and microscissors. Intraoperative

Figure 3. (AeC) Preoperative and (DeF) postoperative images of the arteriovenous malformation of the pineal region.
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angiography was repeated to confirm the complete removal of the
vascular lesion. Glue, Surgicel, and Tachosil were used for the
hemostasis.

Postoperative Status. The immediate postoperative course was
uneventful. Diplopia still persisted as preoperatively without any
other neurological complication. The radiologic studies did not
show any residual lesion.

DISCUSSION

The pineal region is an infrequent location for vascular lesions. In
this study, we aimed to present a detailed microsurgical strategy
for the different types of vascular lesion, on the basis of a careful
surgical videos analysis from patients operated by a neurosurgeon
with considerable experience in the management of such lesions.

Vein of Galen Malformation
VOGMs are AVMs of the choroidal system with direct or indirect
arterial feeders flowing into the median prosencephalic vein of
Markowski.17 They represent 30% of vascular malformations in the
pediatric age group.18,19

Some anatomic aspects of this lesion are as follows. First, 2
different types of angioarchitecture are usually encountered:
choroidal and mural. The mural form presents few direct feeders
to the aneurysm, and it is better tolerated. Second, the presence
of a limbic arch results from a communication between the
anterior and posterior cerebral arteries through a pericallosal
artery. Third, a classic “epsilon shape” configuration is present
in the venous phase of the angiography, facilitating drainage of
the thalamostriate veins into a subtemporal or a lateral mesen-
cephalic vein; this is due to the absence of the sinus rectus and
to an underdevelopment of the sigmoid sinus and the jugular
bulbs. Fourth, falcine dural channels drain the pouch of the
malformation into the posterior third of the superior sagittal
sinus and later, with the maturation, into the cavernous sinus.
The venous drainage includes also the facial veins and the
inferior petrosal sinus.20

Clinical presentation varies with age. The neonatal presentation
(0e2 months) usually comprises a severe cardiopulmonary
distress associated with pulmonary, neurologic, hepatic, and renal
dysfunction. Infants exhibit increasing head circumference and
hydrocephalus; toddlers exhibit developmental delay, hydroceph-
alus, or seizures; older children may have subarachnoid hemor-
rhage, headache, or seizures.7

The Bicêtre-score is helpful to evaluate the therapeutic manage-
ment of neonates with VOGM. The primary goal is the stabilization
of the life-threatening congestive heart failure, and the next step is
the treatment of the VOGM.7,20,21 In infants and children, the
immediate goal is to preserve the hydrovenous equilibrium, as it will
be outlined later, to preserve the normal brain development and to
control the epilepsy. The decision not to treat asymptomatic lesions
can be extremely dangerous, as a delayed management of a VOGM
may determine various cerebral sequelae such as calcifications,
subependymal atrophy (pseudo-ventriculomegaly), and the stigmata
of previous acute accidents with cortical and subcortical atrophy.20

The endovascular procedures have improved the outcome
of VOGMs. Before the advent of endovascular interventions,
the mortality in the neonatal group was nearly 90%.22 The

introduction of endovascular techniques and advanced neonatal
critical care for severe cardiopulmonary illness have reduced the
mortality to approximately 50%.7,22

Regarding hydrocephalus, the aqueduct is patent in almost all
patients and the abnormal accumulation of cerebrospinal fluid
mainly results from an abnormal posterior convergence of the
venous drainage of the brain and from the immaturity of the
granulation system. The venous pressure at the venous sinus
confluence is greater than 50 mL H2O, with a 1:5 ratio of intraven-
tricular pressure and superior sagittal sinus pressure.18 The
cerebrospinal fluid shunting in the setting of a persistent VOGM
exacerbates the low vascular resistance, and it can lead to
intracerebral hemorrhage or worsening of the flow through the
lesion. Any considered interventions (shunt or endoscopic
ventriculostomy) should be performed at a later time, if needed.7,20

Most children with macrocrania present some degree of mental
retardation. In view of the poor prognosis of the disease, spe-
cialists and parents tend to accept as normal a child with mild
retardation (up to 20% of normal for the chronological age). Such
delay allows the child to attend a normal school, although with
support.20

Regarding spontaneous thrombosis of the lesions, we should
mention that the probability of preoperative death (6%) is higher than
the probability of spontaneous thrombosis of the lesion (1%).7

According to a recent metanalysis, the outcome for a patient with
an early spontaneous thrombosis is good. However, once the
disease develops, the outcome for an adult with a spontaneous
thrombosis is poor.21

As described by Li et al., the following 3 factors were associated
with poor prognosis: major comorbidities (encephalomalacia, com-
plex congenital heart disease requiring surgery, and portocaval
shunt) with or without embolization, failure of the embolization
procedure, and the lack of the procedure’s long-term effect (persis-
tent congestive heart failure, progressive head enlargement).4,18,23

Others have reported that congestive heart failure, perinatal presen-
tation, and choroidal angioarchitecture showed the worst out-
comes.24 However, mortality is related to the age of treatment; it is
worst in early stages and with cardiac failure and hydrocephalus.23

The management of those complex lesions involves different
approaches: open microsurgery, a direct transtorcular approach to
ligation, transarterial embolization, or transvenous emboliza-
tion.25 A structured literature review by Khullar in 2010 found that
72% of the patients receiving endovascular therapy had a favorable
outcome, and the mortality rate was 15%. Microsurgery was found
to have an 84.6% mortality rate. Furthermore, 76.7% of untreated
patients died. They confirmed that endovascular embolization has
become the mainstay of VOGM treatment and has considerably
improved outcomes in patients with VOGM. Transtorcular and
transvenous approaches have not been successful.25-27

However, in case of failure of those procedures, critical status of
the kidneys and liver to use an iodinated contrast, or in centers
without the availability of those technologies, a skillful micro-
neurosurgery is still an option to manage this complex pathol-
ogy.28 The senior author, along his career, operated in 6 cases. A
total occlusion of the malformation was always reached without
any operative mortality. As reported in previous publications,
young patients in all cases had some neurologic developmental
delay.4,29
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Arteriovenous Malformation
Pineal region AVMs are rare, small vascular abnormalities mainly
located in the tectal region.8 Currently, there is a consensus that
AVMs are acquired lesions caused by endothelial cell disorders,
and the postnatal maturation of the intracranial venous system
plays an important role in their development.30-32 According to
Hernesniemi et al., the prognosis of those lesions is related to the
rupture status (worst in ruptured AVMs), the location (worst in
deep and infratentorial location), and the size (worst in AVMs
larger than 5 cm in diameter).6,9,33,34

Anatomic features of pineal region AVMs involve tectal and
circumferential feeding arteries arising from the vertebrobasilar
system. The arteries form a nidus with dilated tectal and superior
cerebellar draining veins into the straight sinus.8

A peculiar association between tectal AVMs with a probable
acquired and reversible Chiari malformation type 1 and syringo-
myelia, which may be produced by a venous congestion of the
posterior fossa, was reported.8

Feeding arteries of tentorial dural fistulas are usually branches
of the meningo-hypophyseal trunk, middle meningeal artery, and
occipital artery draining into pial veins. Treatment protocols
combine transarterial embolization with stereotactic radiation or
microsurgery. Microneurosurgery is indicated when the feeding
arteries are too small to be embolized, if the patient does not
improve after transarterial embolization, or if the risk of radiation
injury of the surrounding structures is too high.35

On the other hand, pial arteriovenous fistulas have their arterial
supply from pial or cortical arteries directly draining into some
cortical veins. Pial arteriovenous fistulas in the pineal region are
suspected when the neuroradiologic imaging reveals bilateral
thalamic hyperintensities, which are produced by venous
congestion, and bilateral thalamic edema.36

The microsurgical management of these lesions include a
challenging complete marginal resection of the AVM because of
the presence of functional nervous tissue closely related with the
AVM itself. Next, after controlling the major feeding arteries and
occluding the draining veins, a final retrograde coagulation of the
nidus by bipolar coagulation would be an option. Somatosensory
evoked potential and cranial nerve monitoring during the surgery
would also be helpful to prevent some structural lesion.5

Lawton et al.10 described a multimodality treatment of deep-seated
AVMsusingmicroneurosurgery, embolization, and radiosurgery.Only
1 of 2 brainstem lesions required a transfemoral embolization, and
none of them required radiosurgery. Both patients presented a 1-point
improvement of theGlasgowOutcomeScore in the early postoperative
period (the preoperative values were 2 and 4, respectively).10

Solomon et al.37 also reported 4 patients with subarachnoid
hemorrhage owing to AVMs located in the quadrigeminal cistern
or tectal plate. A patient with devastating subarachnoid
hemorrhage underwent conventional radiotherapy and was
severely disabled 6 years later with 75% reduction of the AVM.

Another patient went to embolization, which resulted in 85%
reduction of the AVM and developed visual problems and ataxia.
Another 2 patients underwent complete microsurgical resection
of the AVMs, and 1 of them developed a new Parinaud syndrome.37

Cavernous Malformations
The pineal region is one of the uncommon locations for cavernous
malformations, with only 21 cases reported so far according to a
recent review.12 However, we have to recognize that some large
surgical series of pineal lesions include no mention of cavernous
malformations.11,13,14,29,38-43 Those vascular lesions are often
misdiagnosed as germ cell tumors, choriocarcinomas (recurrent
bleeding), or hemorrhagic pineal cysts, particularly when the
clinical manifestation is related to intracranial hemorrhage. In
those cases, MRI studies show mixed signals without hemosiderin
rim on the T1-and T2-weighted MRI differently than a non-
hemorrhagic cavernoma.11,38

Endoscopic or stereotactic biopsy for pineal lesions could be
useful for the confirmation of the histologic diagnosis; however,
there is a potential risk of fatal bleeding if the suspected diagnosis is
a cavernous malformation. In this instance, a direct microsurgical
excision of the vascular malformation is the standard treatment.13,14

The approaches that are generally used to access the pineal region
are supracerebellar infratentorial and occipital trans-
tentorial.11,13,14,29,38-42 In the posterior routes to the pineal regions, the
sitting position may offer several advantages over the horizontal po-
sition, and several protocols can be used effectively in the clinical
setting to prevent its major complications.1,2,29,44-50 Whatever
approach is selected, skillful and cleanmicroneurosurgery preserving
the normal anatomy is imperative duringpineal region operations.15,16

Differently from a plexiform AVM, cavernomas offer a relatively
well-defined plane of dissection. Whereas the bipolar forceps or
the ring forceps pull out the lesion, soft thumb-controlled aspi-
ration separates the cavernoma from the surroundings. The
endoscope assistance may be useful to recognize some residual
part of the lesion in the inferior portion of the surgical field.13,39

Glue and Tachosil are important tools for hemostasis in VOGM
surgery. Glue can also be helpful to control small bleeds in
cavernous malformation surgeries.

CONCLUSION

Vascular malformations of the pineal region are rare lesions
currently treated safely with endovascular techniques and radio-
surgery. However, when endovascular managements fail or if
other alternatives are not available, microsurgical treatment is a
valid option. With careful and skillful microsurgical technique,
vascular malformations of the pineal region can be managed in a
simple, safe, and effective way. In this regard, the described
microsurgical keystones might be reproduced in other micro-
neurosurgical centers.
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Abstract
Introduction We present a consecutive case series and a systematic review of surgically treated pediatric PCs. We hypothesized
that the symptomatic PC is a progressive disease with hydrocephalus at its last stage. We also propose that PC microsurgery is
associated with better postoperative outcomes compared to other treatments.
Methods The systematic review was conducted in PubMed and Scopus. No clinical study on pediatric PC patients was available. We
performed a comprehensive evaluation of the available individual patient data of 43 (22 case reports and 21 observational series) articles.
Results The review included 109 patients (72% females). Ten-year-old or younger patients harbored smaller PC sizes compared
to older patients (p < 0.01). The pediatric PCs operated on appeared to represent a progressive disease, which started with
unspecific symptoms with a mean cyst diameter of 14.5 mm, and progressed to visual impairment with a mean cyst diameter of
17.8 mm, and hydrocephalus with a mean cyst diameter of 23.5 mm in the final stages of disease (p < 0.001). Additionally, 96%
of patients saw an improvement in their symptoms or became asymptomatic after surgery. PC microsurgery linked with superior
gross total resection compared to endoscopic and stereotactic procedures (p < 0.001).
Conclusions Surgically treated pediatric PCs appear to behave as a progressive disease, which starts with cyst diameters of
approximately 15 mm and develops with acute or progressive hydrocephalus at the final stage. PC microneurosurgery appears to
be associated with a more complete surgical resection compared to other procedures.
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Introduction

The prevalence of benign pineal cysts (PCs) ranges between
0.6 and 23% in the general population [1–7], and is as high as
40% in autoptic series [8]. This large range in reported prev-
alence is explained by the different types of MRI machine

used for the respective studies, the different methods used in
defining PC size, and the various types of design and popula-
tion studies [1–7, 9]. One large study on children and young
people in particular showed a PC prevalence of 2% in people
under 25 years of age [2]. PCs in the general population are
mostly considered normal anatomical variations and the
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parameters to define pathological PCs in need of treatment are
currently unestablished [10–21].

Pediatric patients harbor different physiological,
anesthesiological, and neurosurgical features as compared to
adult patients. As such, surgically treated pediatric PCs may
represent a different and unique entity in clinical practice,
which has not previously been properly investigated. Only a
few large series on surgically treated PCs have been published
in recent years [10–22], and no clinical study on surgically
treated PCs in pediatric patients has been reported thus far. In
2013, a review on surgically treated PCs in children was per-
formed. However, the study included only 30 patients collect-
ed from small case series [23].

Details on the natural history, clinical features, and surgical
outcomes of pediatric pineal cysts are unknown. We present a
consecutive case series and a systematic review of surgically
treated pediatric PCs. We hypothesized that the symptomatic
PC is a progressive disease with hydrocephalus at its final
stage. We also propose that PC microsurgery is associated
with better postoperative outcomes compared to other treat-
ments in pediatric patients.

Material and methods

Population study and design

We report a summary of the retrospective evaluation of the
histologically confirmed pediatric PC patients operated on in
the Department of Neurosurgery, Helsinki University
Hospital between 1997 and 2015. The research methodology
used for this purpose was previously presented [22]. The sys-
tematic review of all surgically treated pediatric PC patients
followed PRISMA guidelines. The American Academy of
Pediatrics stablished the upper age limit for pediatric patients
as 21 years, strongly discouraging the use of arbitrarily de-
fined age limits [24, 25].

Data analysis

In 2016, we registered the “Systematic review and meta-
analysis of the clinical outcome following different surgical
modalities for the treatment of benign pineal cysts” in
PROSPERO (registration number, CRD42016048317).
Here, based on the literature search for that review, we con-
ducted a systematic review of all surgically treated pineal
cysts in patients with ages ranging from 0 to 21 years old.
The literature search was conducted using PubMed (search:
pineal cyst OR glial cyst OR pineal cysts OR pineal gland
cyst) and Scopus [search: (pineal cyst) OR (glial cyst) OR
(pineal cysts) OR (pineal gland cyst)] databases in
November 2019 (Fig. 1). All available original languages
were included in the review. Three independent authors

performed the comprehensive search of the literature and the
data extraction for the study characteristics table.
Discrepancies were solved by consensus. Based on a prelim-
inary evaluation of the literature, it was evident that the value
of the meta-analysis could be limited due to the wide range of
different outcomes that were documented in the few published
studies. Subsequently, we provided a narrative synthesis of
the findings from the included studies. Since no clinical study
on operated pediatric PCs was available, we performed an
individual data analysis of all reported patients. A plan for
the use of quality assessment tools was outlined beforehand.

Statistical methods

We performed a descriptive analysis of the study population.
For the study of the natural history of the disease, the preop-
erative presentation of the PCs was categorized into the fol-
lowing groups in correspondence with the PCs’ diameters as
proposed in our previous publication [22]: (1) PC patients
with hydrocephalus; (2) PC patients with visual symptoms;
(3) PC patients with disabling symptoms unrelated with hy-
drocephalus and tectum compression. The difference between
the major PC diameters of the groups was analyzed by the
non-parametric Kruskal-Wallis test, and the difference of the
PC diameters between each group by the Mann-Whitney U
test. Besides the individual data analysis, we compared the
postoperative outcomes in terms of the extent of surgical re-
section, immediate neurological complications among the dif-
ferent surgical modalities: (a) microsurgery, (b) endoscopic
approach, (c) stereotactic procedures. For this, the chi-square
test was used. We avoid comparing the final clinical status
among the surgical modalities for the existing risk of selection
bias.

R studio was used for the statistical analysis. Only available
data was analyzed, and missing data was not extrapolated. p
value was set at 0.05 for significance.

Bibliography details

Pediatric patients were retrieved from 43 studies: 22 case
reports and 21 retrospective observational series of cases or
small cohorts, published between 1947 and 2019 (attached
as a supplementary material). Individual participant data
was collected to organize the study characteristics table.
Original languages of publications included Czech,
German, and Japanese for one article each, Spanish in
two publications, and English for the remainder [14, 15,
20–23, 26–62].

Of 37 non-selective surgical series with four or more his-
tologically confirmed pineal cysts, no single clinical study
focused on the surgical management of PCs in a pediatric
population. Some large series have mixed pediatric and adult
cases without selectively evaluating the two subgroups.
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Results

Patient-related variables

We report 109 pediatric patients who were operated on (73%
female) with an average age of 14 ± 5.6 years (range 0.25–21).
A summary of the findings is provided in Table 1. Five patients
had unavailable information about their specific clinical pre-
sentation. Eighty-eight percent of the patients reported head-
ache; 39% visual compromise such as blurred vision, diplopia,
ptosis, disorders on the eye movements, and Parinaud’s syn-
drome; 32% nausea; and 25% vomiting. Various other symp-
toms were reported in 42% of patients: 6% reported syncope,
4% ataxia, 4% impaired concentration, 4% sensory disorders,
4% vertigo, 3% sleep disorders, 3% malaise, 3% weakness,

2% memory deficit, 2% dizziness, 2% dysarthria, 2% tremor,
1% photophobia, 1% facial weakness, 1% hearing impairment,
1% lethargy, 1% hyperprolactinemia, 1% panic attacks, 1%
psychological depression, and 1% gait impairment. Two pa-
tients were incidental findings after MRI imaging for scoliosis
and eye scleritis. Other uncommon manifestations included
seizures in 3% of the patients, psychomotor retardation in
2%, trigeminal sensitivity disorder in 1%, precocious puberty
in 1%, and West syndrome in 1% of the study population.

In regard to the surgical indications for PCs, 36% of pa-
tients had hydrocephalus, 39% presented visual symptoms,
and 39% suffered from disabling symptoms unrelated with
hydrocephalus and tectum compression. Moreover, the di-
mensions of the PC increased during the follow-up in 12 pa-
tients (11%) and a solid appearance was reported in 10% of

Fig. 1 Comprehensive search of
the literature and study selection
for the surgically treated pineal
cysts in pediatric population

Childs Nerv Syst



the PCs. However, many studies did not report the MRI de-
scriptions of the PCs in their cases. Details on the management
of 19 pediatric PC patients operated on at the Helsinki
University Hospital are presented in Table 2.

Disease characteristics

The average PC diameter was 18.6 ± 7.7 mm (range 6–40). In
16 patients, the cyst size was not reported, and in 9 patients,
the reported size was nonspecific (smaller than 20 mm in
three, between 10 and 35 mm in four, and larger than
20mm in two). The average PC size in 10-year-old or younger
patients [14.9 ± 6.3 (6–28) mm] was smaller compared to pa-
tients older than 10 years [19.8 ± 7.8 (9–40) mm] (Mann-
Whitney U test, p < 0.01) (Fig. 2). The PC size did not differ

statistically between males and females (Fig. 3). The analysis
on the reported PC sizes and preoperative clinical presentation
of the patients resulted in the following findings: (1) the aver-
age diameter of PCs associated with hydrocephalus was 23.5
± 8.1 mm (range 6–40); (2) the average diameter of PCs asso-
ciated with visual symptoms was 21 ± 7.7 mm (range 10–40);
(3) the average diameter of PCs associated with visual symp-
toms without hydrocephalus was 17.4 ± 6.3 mm (range 10–
35); (4) the average diameter of all PCs unrelated to hydro-
cephalus and tectum compression was 14.5 ± 4.3 mm (range
6–28); (5) the difference in PC dimensions between these
subgroups of PC patients was statistically significant
(Kruskal-Wallis, p < 0.001) (Table 3) (Fig. 4). Moreover, un-
der paired analysis PCs with hydrocephalus had statistically
different cyst sizes compared to PCs with tectum compression

Table 1 Characteristics of the surgically treated pediatric pineal cysts published in PubMed and Scopus between 1947 and 2019

All N, 109 ≤ 10 year old N, 27 > 10 year old N, 82 p value N

Mean age (years) 14 ± 5.6 (0.25–21) 5.8 ± 3.2 (0.25–10) 16.7 ± 3 (11–21) . 109

Sex: females 79 (73.8%) 16 (59.3%) 63 (78.8%) 0.074 107

Hydrocephalus 37 (35.6%) 7 (25.9%) 30 (39%) 0.252 104

Tectum compression 41 (39.1%) 7 (25.9%) 34 (43.6%) 0.116 105

PC growth in the FU 12 (11%) 2 (7.4%) 10 (12.2%) 0.726 109

PC with unspecific symptoms 42 (39.3%) 15 (55.6%) 27 (33.8%) 0.067 107

PC diameter in mm. 18.6 ± 7.7 (6–40) 14.9 ± 6.3 (6–28) 19.8 ± 7.8 (9–40) 0.006 84

Surgical approach 0.141 99

SCIT 70 (70.7%) 16 (66.7%) 54 (72%)

OTT 10 (10.1%) 3 (12.5%) 7 (9.3%)

Transventricular approach 2 (2%) 2 (8.3%) 0

Endoscopic procedure 11 (11.1%) 2 (8.3%) 9 (12%)

Stereotactic procedure 6 (6.1%) 1 (4.2%) 5 (6.7%)

Extent of resection 0.292 92

GTR 72 (78.3%) 16 (76.2%) 56 (78.9%)

STR 8 (8.7%) 4 (19.1%) 4 (5.6%)

PR 2 (2.2%) 0 2 (2.8%)

Fenestration/biopsy 9 (9.8%) 1 (4.8%) 8 (11.3%)

Third ventriculostomy 1 (1.1%) 0 1 (1.4%)

Postoperative impairment 0.448 101

None 86 (85.2%) 22 (95.7%) 64 (82.1%)

Transient visual complications 13 (12.9%) 1 (4.4%) 12 (15.4%)

Long-lasting impairment 1 (1%) 0 1 (1.3%)

Dead 1 (1%) 0 1 (1.3%)

Minimal follow-up in months 16.8 ± 26 (0–122) 13.6 ± 12.5 (0.25–42) 17.6 ± 28.2 (0–122) 0.6 96

Final status 0.291 101

Asymptomatic 81 (80.2%) 18 (78.3%) 63 (80.8%)

Improvement 16 (15.8%) 3 (13%) 13 (16.7%)

No improvement 3 (3%) 2 (8.7%) 1 (1.3%)

Dead 1 (1%) 0 1 (1.3%)

GTR, gross total resection; FU, follow-up; OTT, occipital transtentorial approach (3 patients reported as suboccipital approach); PC, pineal cyst; PR,
partial resection; SCIT, supracerebellar infratentorial approach; STR, subtotal resection
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without hydrocephalus (Mann-Whitney U test, p < 0.01). The
PC size of patients with psychomotor retardation, West syn-
drome, and one incidental finding were mostly unavailable.
The other incidentally found PC increased in size during the
follow-up from 20 to 24 mm.

Within the study population, 14% (11 PCs) of females
and 4% (1 PC) of males harbored cysts that increased in
size during the follow-up period (p > 0.05) [23, 40, 41, 52,
53, 56, 58]. Additionally, most of these patients were

10 years old or older (p > 0.05). The average PC diameters
were 15 ± 5.9 mm (range 6–27) in the initial preoperative
MRI and 17.6 ± 3.9 mm (range 13–24) at the last preoper-
ative evaluation. The average time between the initial ob-
servation and the date of surgery in this group of patients
was 3.3 ± 2.8 years (range 0–7). The shortest recorded time
of PC growth was over 5 days following re-apoplexy. The
reasons for progressive PC growth remained unknown for
the rest of the patients.

Fig. 2 Pineal cysts diameters
across the age groups controlled
by gender

Table 2 Characteristics of 19
pediatric PC patients in Helsinki
University Hospital. For ordinal
data: mean ± SD (min–max)

Age, females (%) 14.6 ± 4.9 (4–20), 17 (90%)

Clinical presentation Incidental finding (1), headache (15), visual and oculomotor
disfunctions (5), nausea and vomiting (6), psychiatric symptoms (2),
sensory disorders (2), memory problem (1)

Preoperative mRS (patients) 0 (1), 1 (2), 2 (11), 3 (4), nai (1)

PC size in mm Length 19.6 ± 5.5 (13–33.5); high 12.5 ± 3.9 (6–23); wide 15.7 ± 3.7
(9–21)

Surgical criteria Solid tumor suspicion (8), hydrocephalus (7), cyst growth (5), visual
disfunction by tectum compression (5), large cysts with minor
symptoms (3), suspected fluctuant hydrocephalus (1)

Surgical treatment Complete microsurgical resection by the supracerebellar infratentorial
approach in all cases

Postoperative complications for
medical treatment (events)

CSF leak (3), bacterial meningitis (3), small minimally symptomatic
bleeding in the operative site (1)

Immediate mRS (patients) 0 (8), 1 (8), 2 (2), 3 (1)

Long-term mRS (patients) 0 (19)

CCOS total (patients) 15 (7), 16 (12)

CCOS, Chicago Chiari outcome scale;mRS, modified Rankin scale;MRI, magnetic resonance imaging; nai, non-
available information; PC, pineal cyst; SD, standard deviation
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Imaging

More than 50% of the patients did not report imaging
studies. The detailed information on the reported studies
widely vary and did not reveal any typical PC aspect on
the imaging except for its rounded and well-defined bor-
ders. The few CT scan reports described calcified rings,
nodular calcifications, fluid levels, acute intracystic hem-
orrhages, and ring enhancements following contrast ad-
ministration [21, 36, 38, 40, 43, 46, 48]. Sixty-one
(56%) patients did not have reports on the T1WI MRI
sequences. Twenty PCs harbored some degree of low,
moderate, and high hyperintense signal compared to the
CSF, while 9 PCs were isointense to the CSF. After con-
trast delivery, 22 patients showed ring enhancement, 11
patients showed diffuse enhancement of a solid lesion,
and seven PCs included intracystic septa [23, 26, 28,
30–32, 34, 35, 38, 40–43, 45–48, 50, 52, 53, 56–59,

62]. On the other hand, 74 patients did not report T2WI
MRI sequences. On the reported cases, the PC content
was isointense to the CSF in 25 patients, hypointense in
three patients, and hyperintense in other three patients.
Intracystic fluid levels were reported in seven patients
and acute hemorrhages in five others [23, 26, 28, 30,
32, 35, 38, 40, 44, 46, 48, 52, 53, 62].

Patients with PC that increased in size during the follow-up
demonstrated different features [23, 40, 41, 52, 53, 56, 58].
Few of them followed apoplectic events with signals of
intracystic hemorrhages. Others remained isointense to the
CSF. Some PCs included intracystic septa, ring enhance-
ments, or even diffuse enhancement of solid components.
Thus, the mechanisms behind the cyst growth in pediatric
patients seem to vary between the cases. Apoplectic events,
osmotic and mechanic pressure processes, and hormonal
mechanisms among others would be involved and further re-
search should be focused on this topic.

Fig. 3 Pineal cysts diameters
across the gender groups
controlled by age

Table 3 Pineal cyst (larger)
diameters on the subgroups of
surgically treated pediatric
patients

Mean ± SD (min-max) mm N

PC with hydrocephalus 23.5 ± 8.1 (6–40) 29

PC with visual symptoms 21 ± 7.7 (10–40) 31

PC with visual symptoms without hydrocephalus 17.4 ± 6.3 (10–35) 19

PC enlargement during FU, last preoperative measurement 17.6 ± 4 (13–24) 10

PC enlargement during FU, initial preoperative measurement 15 ± 5.9 (6–27) 10

PC with unspecific symptoms 14.5 ± 4.3 (6–28) 34

All PC 18.6 ± 7.7 (6–40) 82

FU, follow-up; PC, pineal cysts, SD, standard deviation
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Fig. 4 Pineal cysts diameters
across the surgical criteria groups
(a), controlled by age (b), and
controlled by gender (c)
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Pathological findings

All the reported cases except one had a histological con-
firmation of a benign PC. The pathological study was
absent in one patient since the PC shrunk after endoscopic
third ventriculostomy [30]. The published reports only
detailed histopathological findings in 19 patients [31, 36,
43, 45–50, 52, 54–57]. Three well-defined layers without
atypical cells, an inner glial layer, a middle pineal cell
layer, and an external fibrous capsule, were mostly report-
ed. Few reports only included an inner glial and an exter-
nal pineal cells layer. Rosenthal fibers, ependymal cells
lining the inner glial layer, and deposits of calcification
within the pineal layer were also reported in few cases.
Finally, apoplectic PCs included granular bodies with
hemosiderin-containing macrophages in the inner layers.
The PC content was reported as a xanthochromic fluid
with high concentration of protein material, exfoliated
pinealocytes, and lymphocytes. Hemosiderin-landen mac-
rophages and erythrocytes were reported in apoplectic
PCs. Immunohistochemical studies revealed strong immu-
noreactivity for synaptophysin in the pineal cells layer
and strong reactivity for GFAP in the glial layers. A neu-
rof i lament immunosta in ing was present around
intralobular vessels as well, while EMA and Ki-67 reac-
tivity were negative. In our series, all PCs were reported
as benign glial cysts by an experienced pathologist. As a
reference, chromogranin stain positive in pineal parenchy-
mal tumors remains negative for PCs [22, 63].

Surgical intervention

Information regarding the surgical approach and the ex-
tent of surgical resection is detailed in Table 4. PC
microneurosurgery was the most common surgical pro-
cedure and correlated with better rates of complete re-
section (chi-square test, p < 0.001). Among the different
microsurgical approaches, none was statistically superior
in terms of surgical resection. The endoscopic proce-
dures included third ventriculostomy alone, cyst fenes-
tration, partial resection, and complete resection.
Complete endoscopic PC resection was performed in
four patients. However, two of them required a micro-
surgical technique (endoscopic assisted approaches).

PC size among the various subgroups of treatment was
statistically similar. However, in regard to the date of treat-
ment, the stereotactic procedures were performed between
1947 and 1993, and the transventricular approaches were per-
formed in 1987. Further, the occipital transtentorial ap-
proaches were reported as late as 2012, the endoscopic ap-
proaches between 1995 and 2016, and the infratentorial
supracerebellar approach as late as 2019.

Surgical findings

Very few studies reported macroscopic details of surgically
treated pediatric PCs [38, 46, 50, 52, 54–56, 59, 61]. A soft,
grayish, rounded, and well-defined cyst with or without a
vascularized wall was commonly described. This encapsulated
cyst with a thin membrane and dense adhesions to the tectal
plate works as a “ball-valve” fashion over the aqueduct and
contains a clear xanthochromic fluid [61]. We edited a supple-
mentary video of a surgically treated pediatric PCs under sitting
position and a paramedian supracerebellar infratentorial ap-
proach (VIDEO 1).

Follow-up and outcome

In the immediate postoperative neurological evaluation, 85%
of patients did not demonstrate any neurological complication.
However, 14% of patients who underwent the SCIT approach
developed transient visual impairment and, in one additional
patient (1.4%), diplopia worsened temporarily after surgery.
One (10%) patient in the endoscopic group had a transient
Parianud’s syndrome. Two (20%) patients who underwent
the occipital transtentorial approach had a transient visual
compromise as well. The first published stereotactic proce-
dure for a PC reported patient death during surgery in 1947.
None of the transventricular approaches reported neurological
complications. No statistical difference in the immediate post-
operative neurological impairment was found among the dif-
ferent treatment modalities (Table 4).

The period of follow-up was unreported in 12% of patients,
while 23% of patients had less than or equal to 3 months of
follow-up and 65% of patients had more than 3 months of
follow-up at least. The average minimum follow-up across
patients was 16.8 ± 25.7 months (range 0–122). At the last
follow-up and excluding the noted deceased patient, 80% of
patients did not report any complaints, 16% had notable im-
provement of their primary symptoms, and three (3%) patients
did not have any improvement of their major symptoms. At
the time of the last evaluation, no statistical difference in clin-
ical status was observed between patients regarding the vari-
ous extent of surgical resection, nor among the different sur-
gical procedures.

At the long-term follow-up, symptoms and signs that im-
proved after surgical treatment included headache, nausea,
vomiting, unspecific visual compromise, diplopia, blurred vi-
sion, gaze paresis, ptosis, strabismus, Parinaud’s syndrome,
tremor, hyperprolactinemia, precocious puberty, impaired
concentration, ataxia, dizziness, malaise, vertigo, fatigue, sei-
zures, panic attacks, syncope, paresthesia, memory deficit,
weakness, psychological depression, lethargy, delayed speech
development, and dysarthria. The West syndrome case, the
psychomotor retardation case, and a Parinaud’s syndrome
case did not demonstrate change at the time of their long-
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term evaluation. Sleep disorder, memory deficit, inability to
converge the eyes, and some cases of headache had mixed
recovery with good outcomes in some patients and unchanged
status in others.

Discussion

In regard to the natural evolution of the disease, the aforemen-
tioned findings are similar to those we reported previously in
the largest series of surgically treated pineal cysts [22]. Thus,
we propose that surgically treated PCs represent a progressive
disease with acute or progressive hydrocephalus at its final
stage. Furthermore, we suggest that young females with active
sexual hormone status (> 10-year-old) would be the pediatric
group at highest risk for disease progression, and recommend
that further research should focus on this matter. In regard to
the possibility of PCs in female patients increasing in size,
hormonal implications could play an important role in the
natural history of this disease, as suggested by previous pub-
lications [36, 64].

Contrary to our findings, a large epidemiological study on
people under 25 years old conducted by Al-Holou et al. con-
cluded that the prevalence of pineal cysts that increase in size
during the follow-up was very low. Most of the PCs remained
stable or decreased in size along amean follow-up of 3.4 years.
However, that study was designed to evaluate PCs of 5 mm or
larger, with average PC diameters of 9.7 ± 3.8 mm at initial
diagnosis [3]. A comprehensive analysis of these findings
may conclude that most small PCs remain stable during the

follow-up period. However, PCs with diameters larger than
15 mmmight represent a pathological entity and require treat-
ment. Further studies on different age groups should be per-
formed to draw appropriate conclusions.

In regard to the surgical procedures and their postoperative
outcomes, some information was obtained despite being lim-
ited by the unavailability of clinical studies on surgically treat-
ed PCs. Individual data analysis offers limited usefulness re-
garding statistical analysis, as the selection bias of the patients
is undefined. Regardless, some of the very consistent conclu-
sions regarding patient outcome include (a) 96% of pediatric
patients improved their symptoms or became asymptomatic
after the surgical treatment of their PCs and (b) PC
microneurosurgery was associated with a better extent of re-
section yet with similar postoperative clinical status compared
to other surgical procedures.

The endoscopic procedures demonstrated symptom-free
status in all patients at their last evaluation, although an accu-
rate analysis of the data showed that all the cases followed a
careful preoperative selection. Indications for endoscopic pro-
cedures were restricted to patients with symptoms related to
hydrocephalus or visual disturbances, and no patient with un-
specific symptoms was included in this group of treatment.
The patient who underwent third ventriculostomy alone
showed a progressive reduction of the PC over the 36 months
of follow-up. Of the six patients who underwent stereotactic
procedures, four became asymptomatic, one patient died, and
one patient with psychomotor retardation remained un-
changed. Moreover, a PC recurred at 71 months, presenting
with a larger size and associated hydrocephalus, and required

Table 4 Postoperative clinical
and radiological status across the
surgical procedure groups

Endoscopic
approach

Microsurgery Stereotactic
procedure

p value

N, 10 N, 75 N, 6

Extent of resection < 0.001

Complete resection 4 (40%) 67 (89%) 0 .

Incomplete resection 2 (20%) 8 (11%) 0

Fenestration 3 (30%) 0 6 (100%) .

Ventriculostomy 1 (10%) 0 0

Immediate neurological complications 0.14

None 9 (90%) 69 (92%) 5 (83%) .

Transient visual Impairment 1 (10%) 12 (16%) 0 .

Worse diplopia 0 1 (1%) 0 .

Death 0 0 1 (17%) .

Preoperative symptoms at the last
evaluation

NP

Improved 0 15 (20%) 0 .

No complaints 10 (100%) 65 (87%) 4 (67%) .

No improvement 0 2 (3%) 1 (17%) .

Death 0 0 1 (17%) .

NP, not performed
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re-aspiration [55]. These results suggest a reduced safety and
effectiveness of the stereotactic procedure for the management
of pediatric PCs. In the microsurgical group of treatment, only
three of the 10 patients who underwent an occipital
transtentorial approach were asymptomatic at the last evalua-
tion. Moreover, four patients did not recover the ability to
converge their eyes 2 years after surgery. In comparison, 60
of the 70 patients who underwent the SCIT approach were
asymptomatic, and nine additional patients showed an im-
provement of most of their symptoms at the last evaluation.
One of them did not show improvement of the preoperative
Parinaud’s syndrome. Another patient with a psychomotor
retardation operated in 1987 had an unchanged outcome
[60]. New deficits such as memory, concentration, and sleep
disorders were also reported in three patients.

The systematic review performed strongly supports our
previous findings on the progressive character of surgically
treated PCs. The current surgical management of pediatric
PCs seems safe. However, residual PCs are frequent after
endoscopic or stereotactic procedures in contrast to the minor
rate of remnants after microneurosurgery, particularly follow-
ing the SCIT approach. Failure to achieve clinical improve-
ment of surgically treated PC patients should be avoided by
proper surgical selection of patients, focusing on the disease-
related clinical presentation. As previously mentioned, the
main limitation of this systematic review is the data being
retrieved from small series of cases that did not allow us to
draw solid conclusions.

Conclusion

Surgically treated pediatric PCs appear to be a progressive
disease, which starts with unspecific symptoms with mean cyst
diameters of 15 mm, and progresses with visual impairment
and hydrocephalus at the final stage. PC microneurosurgery
seems to be associated with a better extent of surgical resection
compared to endoscopic and stereotactic procedures. Failure to
achieve clinical improvement of surgically treated PC patients
should be avoided by proper surgical selection of patients.
Further research is required on this topic.
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Abstract
Purpose Surgical series of pineal region gliomas are rarely available. Whereas it is a general assumption that the extent of 

surgical resection correlates with survival outcomes of intracranial gliomas; the impact of the microsurgical resection on 

the long-term outcomes of pineal gliomas has been questioned. We present a surgical series of pineal region gliomas with 

focus on the survival outcome analysis.

Methods 17 histologically confirmed pineal region glioma patients classified as diffuse and non-diffuse gliomas were retro-

spectively analyzed. A detailed description of the series was followed by regression models to identify predictors of clinical 

outcomes. Uni- a multivariate survival analysis was performed to determine independent predictors of mortality.

Results Although the number of treated patients was small, only WHO grade histopathology remained significant (p = 0.02) 

after multivariate survival analysis with extent of resection, age, tumor volume, and preoperative functional status. The 

extent of the surgical resection did not correlate with the disease survival rates of non-diffuse (p = 1), diffuse (p = 0.2), nor 

all gliomas (p = 0.6). 15 of 17 patients underwent gross total (nine patients) or subtotal resection. The preoperative functional 

status of the patients showed overall improvement on the immediate (p < 0.001) and long-term (p = 0.03) follow-up after 

106 (3 – 324) months.

Conclusion The extent of the surgical resection does not seem to significantly impact on the survival outcomes of pineal 

region gliomas. Thus, genotype and molecular features may essentially affect the outcome. Further research on the field is 

required.

Keyword Pineal region gliomas · extent of surgical resection · survival rate · long-term outcomes
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Introduction

Pineal region tumors represent around one percent of all 

intracranial neoplasms in the general population, and glio-

mas represent about 10% to 38% of pineal region tumors 

[1–8]. Gliomas are classified as diffuse and nondiffuse 

gliomas, and the recent 2016 World Health Organization 

(WHO) classification of tumors of the Central Nervous Sys-

tem (CNS) employed for the first time molecular features 

to subdivide gliomas, especially the diffuse ones [9, 10]. 

Pineal region gliomas originate from the pineal gland tissue 

or from the surrounding structures. Surgical series specifi-

cally dealing with pineal region gliomas are almost absent in 

the literature [7, 8]. Whereas it is a general assumption that 

the extent of surgical resection correlates with survival out-

comes of intracranial gliomas; the impact of the microsurgi-

cal resection on the long-term outcomes of pineal gliomas 

has been questioned [8].

Our previous publication on the management of pineal 

region tumors reported an overall high correlation between 

a complete microsurgical resection and better survival out-

comes [1]. Here, we aim to present and analyze the survival 

outcomes of the surgically treated pineal region gliomas in 

the department of Neurosurgery of Helsinki University Hos-

pital (HUH).

Methods

Population study and design

This project has been approved by the Ethics Committee of 

HUH. This is a retrospective study of all consecutive his-

tologically confirmed gliomas operated in HUH, between 

1997 and 2015. Pre- and postoperative functional status 

measured by the modified Rankin Scale (mRS), and all 

the therapeutic modalities for the treatment were retrieved 

from hospital records. Radiological information of the glio-

mas was acquired from IMPAX 6.7.0.4511 (Agfa, Mortsel, 

Belgium). Final status of the patients was analyzed in July 

2018. The extent of the surgical resection of the tumors was 

evaluated in the postoperative magnetic resonance imaging 

(MRI) studies. The term gross total resection (GTR) refers 

to the absence of any residual lesion in the postoperative 

T1WI, T2WI, or FLAIR MRI sequences. Subtotal resec-

tion (STR) means just a small residual lesion usually very 

attached to the neurovascular structures; and partial resec-

tion (PR) represents less than 95% of tumor removal. The 

American Academy of Pediatrics recommends 21 year-

old as the upper age limit for the evaluation of pediatric 

patients [11, 12]. However, based on the distribution of our 

study population, we classified the patients as 5-year-old or 

younger and 20-year-old or older patients.

Analysis of the data

R programming environment (© R Core Team, Boston, 

USA) was used for statistical analysis. We performed a gen-

eral description of the study population categorized into 2 

groups: the low-grade I-II nondiffuse glioma and the high-

grade diffuse grade II-IV glioma groups. Initial uni- and 

bivariate analysis of the data was performed for identifica-

tion of factors predicting clinical outcome. Fisher, Wilcoxon, 

or Spearman correlation tests were utilized wherever appro-

priate. Univariate survival analysis related with the diagno-

sis and with the extent of resection was performed by the 

likelihood ratio Cox model. The multifactorial survival anal-

ysis was determined by Cox survival model. The raw p-value 

cutoff for significance in all tests was set at 0.05. Adjustment 

of the p-value was performed with Benjamini–Hochberg 

procedure (α = 0.1).

Results

Of the 76 surgically treated pineal region tumors, 18 gli-

oma patients were operated during the study period. One 

patient with the histological diagnosis of gliosis/glioma was 

excluded from the analysis. A pilocytic astrocytoma (PA) 

patient was initially treated with biopsy and radiotherapy 

in 1985, followed by brachytherapy in 1995, and surgical 

removal in 2000. 17 patients (13 males) met the inclusion 

criteria: 10 nondiffuse grade I PA patients; two nondiffuse 

grade I-II ependymomas, and five diffuse (one WHO grade 

II, two WHO grade III, and two WHO grade IV) astrocytic 

gliomas. All of them underwent evaluation at the last follow-

up (FU). All patients underwent surgery in praying sitting 

position by the senior author JH [13, 14]. Adjuvant radio-

chemotherapy protocols are detailed in Table 1.

Preoperative presentation and surgical features

The comparative analysis between the diffuse and nondiffuse 

gliomas is presented in Table 2. The clinical presentation of 

the patients was related with acute or progressive hydroceph-

alus symptoms (88%), visual and ocular detriment (41%), 

memory disturbances (24%), and motor deficits (12%). 

Detailed information of the patients is attached as appendix 

of this paper. The supracerebellar infratentorial approach 

was used in most of the patients. However, other approaches 

complemented multiple surgeries in two giant-PA patients. 

Around 50% of the patients underwent preliminary shunt 

for the treatment of hydrocephalus. An average of two addi-

tional shunt-related procedures per patient were observed in 
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these patients. Two PA patients had five and 10 shunt-related 

surgeries. Some procedural complications were present in 

two patients of the diffuse glioma group (shunt infection, 

infarction and pneumocephalus); and in 5 patients of the 

Table 1  Adjuvant radiochemotherapy protocols for gliomas at HUH. Number of patients in parenthesis

* Unspecified in the patient records

Adjuvant radiochemotherapy

Pilocytic astrocytoma (10) A giant tumor was initially treated with biopsy and radiotherapy in 1985, followed by brachytherapy in 1995, and 

multiple surgeries since 2000. The patient died 324 months after initial treatment. No other patient received 

adjuvant therapy.

Grade I-II Ependymoma (2) 54 Gy (1.8 Gy/dia) after subtotal resection in one case.

Grade II Astrocytoma (1) None, patient with complications died 3 months after complete resection.

Grade III Astrocytoma (2) 20 Gy (10 Gy/dose) of stereotactic radiosurgery and unspecified chemotherapy* for a small 5 mm local recur-

rence of the tumor, 15 months after subtotal resection (initially suspected as totally resected tumor). The patient 

died 52 months after initial treatment.

Fractionated radiation therapy* and temozolamide 150 mg/m2 (unspecified number of cycles) after partial resec-

tion of the tumor. The patient died 12 months after initial treatment.

Glioblastoma multiforme (2) 54 Gy (1.8 Gy/dia) and temozolomide 150 mg/m2 (2 cycles) after subtotal resection of the tumor. More cycles 

of temozolamide were planned; however, the tumor progressed rapidly. The patient died 5 months after initial 

treatment.

36 Gy (3 Gy/dose) and temozolomide 150 mg/m2 (2 cycles) after complete resection of the tumor. More cycles 

of temozolamide were planned; however, the patient developed a pneumocystis infection and Eaton-Lambert 

syndrome. The patient died 9 months after initial treatment.

Table 2  Comparative analysis between the non diffuse glioma and diffuse glioma patients. For numeric variables, median (interquartile range)

Values with statistical significance in bold

ETV external third ventriculostomy, GTR  gross total resection mRS modified Rankin scale, PR partial resection, OTT occipital transtentorial 

approach, SCIT supracerebellar infratentorial approach, STR subtotal resection

All N:17 Nondiffuse Glioma N:12 Diffuse Glioma N:5 P value Adjusted p-value

Age in years 26 (20–51) 23 (4–33) 26 (21–64) 0.56 1

Sex: males 13 (76%) 9 (75%) 4 (80%) 1 1

Preoperative mRS (patients) 2 (1), 3 (3), 4 (7), 5 (6) 2 (1), 3 (2), 4 (5), 5 (4) 3 (1), 4 (2), 5 (2) 0.79 1

Hydrocephalus 15 (88%) 11 (92%) 4 (80%) 0.52 1

Preliminary shunt 8 (53%) 5 (45%) 3 (75%)

Direct surgery 6 (40%) 5 (45%) 1 (25%)

ETV 1 (7%) 1 (9%) 0

Tumor size in mm

 Anterior–posterior 30 (25–38) 29 (26–55) 26 (21–35) 0.40 1

 Cranio-caudal 22 (19–30) 26 (20–33) 20 (19–26) 0.64 0.9

 Axial-wide 25 (22–36) 39 (25–50) 22 (22–36) 0.53 1

Surgical approach 1 1

 SCIT 16 (94%) 11 (92%) 5 (100%)

 OTT 1 (6%) 1 (8%) 0

Extent of resection

 GTR 9 (53%) 7 (58%) 2 (40%) 0.62 1

 STR 6 (35%) 4 (33%) 2 (40%) 1 1

 PR 2 (12%) 1 (8%) 1 (20%) 0.52 1

 Immediate mRS (patients) 1 (4), 2 (6), 3 (4), 4 (3) 1 (3), 2 (4), 3 (4), 4 (1) 1 (1), 2 (2), 4 (2) 0.68 0.9

 Follow-up in months 83 (52–148) 139 (136–231) 9 (5–12) 0.002 0.011
 5-year survival 33% 100% 0  < 0.001 0.005
 10-year survival 39% 100% 0  < 0.001 0.006
 Final mRS (patients) 0 (3), 1 (6), 2 (1), 3 (1), 6 (6) 0 (3), 1 (6), 2 (1), 3 (1), 6 (1) 6 (5) 0.004 0.016
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nondiffuse glioma group (wound infections, meningitis, and 

pneumocephalus).

The postoperative follow up

The immediate postoperative evaluation showed a three-

year-old WHO grade II glioma patient with poor neurologi-

cal response after surgery due to tension pneumocephalus 

that required surgical decompression. Two diffuse glioma 

patients showed a new Parinaud´s syndrome and new dou-

ble vision, respectively. Other two diffuse glioma patients 

did not present new neurological deficits. The immediate 

evaluation of the non-diffuse gliomas revealed four patients 

with new postoperative disfunctions (Parinaud´s syndrome, 

double vision with mild hemiparesis, and two patients with 

only new mild hemiparesis). At the last clinical evaluation, 

the diffuse glioma patients deteriorated progressively and 

died. One PA patient who underwent multiple surgeries har-

bored eye movement disorder associated with postoperative 

epilepsy controlled by medication. Another two-year-old PA 

patient who underwent primary radiotherapy and brachy-

therapy developed psychomotor developmental delay, right 

hand ataxia, and multiple meningiomas. The patient died 

27 years after initial treatment with multiple surgeries for 

the tumor, for the shunt disfunctions, and for the treatment 

of the meningiomas. One patient had walking limitations 

after hip surgery unrelated with the neurosurgical procedure. 

All the other nine non-diffuse glioma patients harbored very 

minimal symptoms such as slight double vision (2 cases), 

sporadic headache (4 cases), or did not report symptoms (3 

cases).

Two cases had early death within six months after sur-

gery. The WHO grade II glioma patient died three months 

after surgery with an extensive delayed postoperative infarc-

tion in the territory of both posterior cerebral arteries. The 

patient underwent complete microsurgical resection of a 

large lesion (35 × 26 × 38 mm). The immediate postopera-

tive imaging did not show signs of ischemia, but tension 

pneumocephalus that required neurosurgical decompression. 

The patient remained stable but with poor functional status. 

Two days later, MRI studies showed signs of infarction that 

increased in size for the following imaging. Another patient 

with a GBM that underwent a subtotal resection presented a 

rapid recurrence of the small lesion with diencephalic com-

promise in the MRI studies and died 5 months after surgery.

Pre and postoperative functional status evaluation

The quantitative evaluation of the pre- and postopera-

tive functional status of the patients demonstrated overall 

improvement at the immediate postoperative mRS meas-

ured at hospital discharge of the patient (Wilcoxon test, 

p = 0.0008) and last clinical FU (Wilcoxon test, p = 0.03) 

(Fig. 1). One patient with a mRS-2 at the last clinical evalu-

ation underwent hip surgery before glioma diagnosis. The 

tumor size did not associate a strong correlation with the 

preoperative (Spearman test, R = -0.25, p = 0.34) nor post-

operative (Spearman test, R = 0.15, p = 0.8) functional status 

of the patients.

Mortality and extent of resection

The overall mortality, similar to the disease-related mor-

tality of this series, was established as 35.3% at a median 

(interquartile range) FU of 83 (52 – 148) months. The over-

all mortality for nondiffuse low grade gliomas was eight 

percent at a median (interquartile range) FU of 138 (78 

– 175) months with a unique PA patient dead at 324 months 

from the initial treatment. All diffuse grade II-IV glioma 

Fig. 1  Preoperative, immediate (at hospital discharge of the patient), 

and last available postoperative functional status of nondiffuse low 

grade glioma (blue), and diffuse high-grade glioma (red) patients. 

mRS, modified Rankin Scale

Fig. 2  Kaplan–Meier curve comparing survival rates between diffuse 

and non-diffuse gliomas. p < 0.001 in the likelihood ratio Cox model 

(Cox LR). In dashed lines, 0.5 of survival rate
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patients died at a median (interquartile range) FU of 9 (5–12) 

months. The 5-year mortality was 100% for diffuse gliomas 

and 0% for nondiffuse gliomas (Fig. 2).

Although the number of treated patients was small, the 

extent of the surgical resection did not impact on the dis-

ease specific survival rates of nondiffuse (p = 1), diffuse 

(p = 0.2), nor all gliomas (p = 0.6) under the likelihood 

ratio Cox model (Fig. 3). Moreover, the extent of the resec-

tion was similar among the different histological types of 

gliomas, and among the diffuse and nondiffuse gliomas 

(Table 2). Overall, 15 of 17 patients underwent GTR (six 

PA, one ependymoma, one grade II glioma, one grade IV 

glioma) or STR (three PA, one ependymoma, one grade III 

glioma, one grade IV glioma), and only two patients (the 

cystic component of a giant PA, and one grade III glioma) 

underwent PR. On the other hand, the evidence of tumor at 

the last MRI of patients who underwent incomplete resec-

tion was significantly higher than those who underwent GTR 

(Fisher test, p = 0.02). The extent of resection did not cor-

relate with tumor size (Wilcoxon test, p > 0.05). However, 

tumors with median (interquartile range) large diameters of 

30 (23 – 35) mm tended to GTR compared to those with 

median (interquartile range) large diameters of 35 (26 – 44) 

mm that underwent incomplete removal. None of the non-

diffuse gliomas presented progression of the disease after 

surgery. The intracranial progression of the diffuse gliomas 

was as follows: The grade II glioma did not present recur-

rence. The two grade III gliomas presented local recurrences 

without distal recurrences. One grade IV glioma presented 

local recurrence without distal recurrence after subtotal 

resection; and the other grade IV glioma patient did not pre-

sent local recurrence, but multiple foci of distal recurrence 

in the posterior fossa after complete resection of the tumor.

The best predictor of mortality in univariate Cox model 

analysis, the WHO grade of the tumor (p < 0.001), was the 

single significant variable (p = 0.02) after multivariate Cox 

model survival analysis with extent of resection, age, tumor 

volume, and preoperative mRS (Fig. 4). We could not prop-

erly incorporated adjuvant radiochemotherapy for multivari-

ate analysis of mortality since adjuvant radiochemotherapy 

protocols of the gliomas, particularly the diffuse ones, 

widely varied between the patients (Table 1).

Pediatric population

Details of pineal region gliomas in the pediatric population 

are presented in Table 3. Four children under the age of five 

(one female and three males) harbored gliomas (three PA 

and one grade II diffuse glioma) of the pineal region. The 

tumor size in children looked significantly higher compared 

to adults and might be focus of further research.

Discussion

This is a report of the long-term outcomes of 17 surgically 

treated pineal region gliomas in HUH along 20 years of FU. 

Nondiffuse grade I-II gliomas had survival rates of 92%, 

while diffuse grade II-IV gliomas had 100% mortality along 

the FU. Differences in the extent of resection between GTR 

and incomplete resection -mostly represented by the STR- 

were not observed to consistently affect the survival out-

comes of pineal region gliomas.

Tumors of the pineal region represent around one per-

cent of all intracranial neoplasms with higher incidences 

in Northeast Asia. The distribution of pineal region tumors 

also widely vary between different populations with highly 

prevalent germ cell tumors in some Asia countries and pin-

eal parenchymal tumors in some European countries [1, 3, 

15–20]. Gliomas of the pineal region represent between 10 

and 38% of the lesions [1–8]. According to the comprehen-

sive review of Magrini et al., diffuse grade II astrocytomas 

are the most frequent subtype of tumor with 25% of the 

lesions, followed by glioblastoma with 19% of them [7, 8]. 

Fig. 3  Kaplan–Meier curve for the analysis of extent of surgical 

resection and survival rates of pineal region gliomas; GTR, gross 

total resection. p = 0.6 in the likelihood ratio Cox model (Cox LR). In 

dashed lines, 0.5 of survival rate

Fig. 4  Multivariate Cox model analysis for the mortality of pineal 

region glioma patients. GTR, gross total resection; mRS1, preopera-

tive modified Rankin scale; WHO_Grade, World Health Organization 

grade diagnosis
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In this series, PA (59%) were the most frequent gliomas of 

the pineal region.

Gliomas of the CNS comprise two main groups, dif-

fuse and nondiffuse tumors. The 2016 WHO classification 

of tumors of the CNS incorporated molecular features to 

subdivide gliomas. Diffuse WHO grade II-IV gliomas cur-

rently include genetic subgroups, such as diffuse glioma 

IDH-mutant 1p/19q codeleted, diffuse glioma IDH-mutant 

1p/19q non-codeleted, and diffuse glioma IDH wildtype. 

Diffuse midline glioma, H3 K27M-mutant was also included 

in the last classification as a new entity with very poor prog-

nosis. Moreover, other molecular features such as the TERT 

promoter mutation, the ATRX mutation, and TP53 among 

others, reorganized even more the diffuse gliomas. In regard 

to nondiffuse gliomas, PAs and ependymomas comprise the 

vast majority of them. Single abnormalities of the mitogen-

activated protein kinase pathway are almost always pre-

sent in PAs, revealing a possible single pathway disease. 

RELA fusion-positive ependymomas are very aggressive 

supratentorial tumors compared to the more benign grade I 

or grade II ependymomas [9].

While clear differences in the survival rates between low 

and high grade gliomas of the CNS are widely published [9, 

10], some discrepancies still exist regarding the survival out-

come of diffuse grade II astrocytomas of the pineal region. 

Even though several publications on the surgical manage-

ment of pineal region tumors analyze gliomas together with 

other types of tumors, large series specifically dealing with 

pineal region gliomas are almost absent in the literature [7, 

8]. A recent publication by Li et al. compared survival rates 

of low (WHO grade I and II) and high grade gliomas (WHO 

grade III and IV) of the pineal region. The mean survival 

rate of low grade gliomas (46% at a FU of 12.5 ± 11 months) 

contrasted with the mean survival rate of high grade glio-

mas (16% at a FU of 36 ± 23 months) [8]. The two diffuse 

grade II astrocytomas presented in that report were alive at 

2 and 24 months of FU. On the other hand, the extensive 

review performed by Magrini et al. found that diffuse grade 

Table 3  Characteristics of the pineal region glioma in children. For numeric variables, median (interquartile range)

Values with statistical significance in bold

ETV external third ventriculostomy, GTR  gross total resection, mRS modified Rankin scale, PR partial resection, OTT occipital transtentorial 

approach, SCIT supracerebellar infratentorial approach, STR subtotal resection

All N:17  ≥ 20-year old N:13  ≤ 5-year old N:4 P value Adjusted p-value

Age in years 26 (20–51) 33 (23–54) 2.5 (2 – 3.3)

Sex: males 13 (76%) 10 (77%) 3 (75%) 1 1

Preoperative mRS (patients) 2 (1), 3 (3), 4 (7), 5 (6) 2 (1), 3 (2), 4 (5), 5 (5) 3 (1), 4 (2), 5 (1) 0.79 1

Hydrocephalus 15 (88%) 11 (85%) 4 (100%) 1 1

Preliminary shunt 8 (53%) 5 (39%) 3 (75%)

Direct surgery 6 (40%) 5 (39%) 1 (25%)

ETV 1 (7%) 1 (8%) 0

Diagnosis 1 1

 Non diffuse glioma 12 (71%) 9 (70%) 3 (75%)

 Diffuse glioma 5 (29%) 4 (31%) 1 (25%)

Tumor size in mm

 Anterior–posterior 30 (25–38) 26 (23–30) 47 (37–64) 0.006 0.048
 Cranio-caudal 22 (19–30) 20 (18–28) 31 (26–37) 0.06 0.32

 Axial-wide 25 (22–36) 25 (22–30) 44 (37–51) 0.003 0.048
Surgical approach 1 1

 SCIT 16 (94%) 12 (92%) 4 (100%)

 OTT 1 (6%) 1 (8%) 0

Extent of resection

 GTR 9 (53%) 7 (54%) 2 (50%) 1 1

 STR 6 (35%) 5 (39%) 1 (25%) 1 1

 PR 2 (12%) 1 (8%) 1 (25%) 0.43 1

 Immediate mRS (patients) 1 (4), 2 (6), 3 (4), 4 (3) 1 (4), 2 (5), 3 (2), 4 (2) 2 (1), 3 (2), 4 (1) 0.16 0.64

 Follow-up in months 83 (52–148) 83 (52 – 148) 96 (40–185) 0.96 1

 Tumor at the last MRI 47% 46% 50% 1 1

 Overall mortality 35% 31% 50% 0.58 1

 Final mRS (patients) 0 (3), 1 (6), 2 (1), 3 (1), 6 (6) 0 (2), 1 (6), 2 (1), 6 (4) 0 (1), 3 (1), 6 (2) 0.55 1
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II astrocytomas of the pineal region have dismal differences 

in survival rates compared to the hemispheric counterpart, 

and recommended to classify gliomas of the pineal region 

in pilocytic and non-pilocytic gliomas [7]. In their series the 

two diffuse grade II astrocytomas died 1 and 12 months after 

partial resection and biopsy, respectively. In their words, 

the limited surgical resection of an infiltrative tumor placed 

in a deep surgical area seems to be a very important factor. 

Moreover, pineal gliomas could present molecular features 

of a diffuse midline glioma, H3 K27M-mutant, with very 

poor prognosis [21, 22].

The impact of the extent of the surgical resection in the 

long-term outcome of pineal region gliomas is not well 

established in the literature. Konovalov reported that the 

extent of resection was directly associated with survival rates 

of almost all types of malignant tumors of the pineal region 

[3]. However, even though this assumption could be right for 

pineal parenchymal tumors and non germinomatous germ 

cell tumors, diffuse high grade gliomas may not necessar-

ily follow this tendency [1, 23]. Li et al. published a series 

of 25 cases of pineal region gliomas where differences in 

the survival outcome between tumors undergoing GTR and 

incomplete resection were not statistically significant [8].

Our previous report on the extension of surgical resec-

tion and the outcome of pineal region tumors gave as some 

clues about the reduced impact of the complete microsurgi-

cal resection of diffuse gliomas [1]. In this series moreo-

ver, we confirm that differences in the extent of resection 

did not consistently affect the survival outcomes of PAs 

nor low grade ependymomas. The long-term FU of the 

nondiffuse low grade gliomas discovered only one death 

of twelve patients at a median (interquartile range) FU of 

138 (78 – 175) months, with five (42%) of them undergoing 

incomplete resection. The unique dead patient underwent 

partial resection with persistence of a cystic component after 

multiple surgeries for a giant 9 cm tumor. This patient died 

324 months after initial radiotherapy and brachytherapy. One 

STR ependymoma patient received adjuvant radiotherapy 

with complete control of the tumor. Other three PA patients 

underwent STR without adjuvant therapy and remained sta-

ble along the follow up.

Obviously, the optimal surgical treatment of benign glio-

mas is represented by a complete removal of the lesions. 

However, in such large lesions with infiltrative tumor within 

the surrounding structures, an aggressive surgical behavior 

may determine bad clinical outcomes. In such cases, a sub-

total resection of the tumors without the removal of small 

tumor tissues attached to vital neurovascular structures 

might offer a satisfactory result.

In regard to malignant lesions, the few cases presented 

here gave us a clue of their aggressive behavior indepen-

dently of the extent of the surgical resection. Even though 

some series report some degree of survival in high grade 

gliomas, only proper long-term FUs with adequate registry 

systems will offer reliable results [7, 8]. The unique grade 

II astrocytoma in our series died 3 months after delayed 

thalamic infarction following GTR. A multiple extrapineal 

posterior fossa recurrence of a glioblastoma multiforme 

(GBM) followed probable cerebrospinal fluid dissemina-

tion after GTR, and a local recurrence of a grade III glioma 

appeared few months after GTR. It seems that genotype and 

molecular features of diffuse gliomas, such as the presence 

of H3 K27M-mutant, IDH wildtype, O-6-methylguanine-

DNA methyltransferase methylation, or -according to last 

research- even excitatory synapse between neurons and can-

cer cells, are more important aspects to take into account 

for analyzing survival rates in diffuse pineal region gliomas 

[21–25]. Stowe et al. performed a comprehensive review of 

pineal region GBM and surprisingly discovered that GBM 

patients who received radiochemotherapy without tumor 

resection had better survivals than GBM patients who 

underwent resection and radiochemotherapy [23]. Obvi-

ously, more evidences are required to clarify in detail these 

findings.

The modest number of cases presented in this study is a 

clear limitation to generalize our results, particularly for high 

grade diffuse gliomas. Thus, Further studies with a bigger 

sample of patients are required to validate our hypothesis.

Conclusion

In this small retrospective series, differences in the extent 

of resection between GTR and incomplete resection mostly 

represented by the STR, did not consistently affect the sur-

vival outcomes of gliomas of the pineal region. While dif-

fuse gliomas carry a very poor prognosis. PA and low grade 

ependymomas have excellent long-term survival outcomes 

independently of the extent of resection.
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INTRODUCTION

Papillary tumor of the pineal region
(PTPR) is a new entity introduced in the
2007 World Health Organization (WHO)
nomenclature to describe a rare grade II-
III pineal lesion with specific histological
and immunohistochemical features. These
tumors occur mostly in adults and are
extremely rare in children.1-3

Herein we report the case of a 3-year-old
boy who initially underwent surgery
abroad for acute hydrocephalus due to a
PTPR and was subsequently admitted to
our department for a tumor recurrence a
few months after the initial surgery.
We describe the multidisciplinary

management of this patient, who

exhibited a good response after gross total
resection of the lesion and adjuvant
radiotherapy and chemotherapy, with no
recurrence after 3 years. We also present a
comprehensive literature review of case
reports of PTPR in children while
describing the current management of this
new entity this population.

CASE PRESENTATION

A three-year-old boy with a grade II PTPR
was admitted to our department for
reevaluation. Nine months earlier, he had
presented with acute hydrocephalus and
had undergone subtotal resection of the
lesion abroad. Follow-up brain magnetic
resonance imaging (MRI) revealed the
persistence of a giant heterogeneously
enhancing pineal region lesion with a
small cystic component (Figure 1).
Ventriculomegaly was also present. The
patient demonstrated no neurologic
deficits.
Gross total tumor resection was per-

formed via an occipital interhemispheric

approach with the patient in a sitting po-
sition (Figure 1). The postoperative course
was uneventful.
Based on the operative video analysis,

the following microsurgical aspects are
highlighted:

� After a left occipital craniotomy, the
dura was opened under microscopy
based on the superior longitudinal
sinus.

� Strong dural retraction with Vicryl
stitches along the opening provided a
hemostasis of the epidural space.

� Cerebrospinal fluid was released from
the posterior interhemispheric cistern
via the interhemispheric approach.

� After careful access, the tumor was
recognized, and under high magnifica-
tion, tissue samples were obtained for
immediate histological studies.

� Internal debulking of the tumor was
performed using ring forceps and long
bipolar forceps.

-BACKGROUND: Papillary tumor of the pineal region (PTPR) is a rare grade II-
III pineal lesion with peculiar histological and immunohistochemical features.
These tumors mostly occur in adults, only rarely in children, with 19 cases re-
ported up to now.

-CASE DESCRIPTION: We present a 3-year-old boy who underwent reopera-
tion for a recurrent PTPR (grade II). Gross total resection of the lesion through an
occipital interhemispheric approach with the patient in a sitting position was
followed by adjuvant radiotherapy and chemotherapy. Histological examination
revealed tumor progression (grade III) and an MIB-1 proliferation index >25%.
The patient continues to do well with no evidence of recurrence more than 3
years following surgery. A comprehensive literature review regarding the PTPR,
including the current management in children, is reported.

-CONCLUSIONS: PTPRs are extremely rare in children, and immunohisto-
chemistry is needed to differentiate them from other pineal tumors. These tumors
show a high rate of recurrence, and a multidisciplinary management approach
(microsurgical resection followed by radiotherapy and/or chemotherapy) can
help achieve a favorable outcome.

Key words
- Children
- Immunohistochemistry
- Microneurosurgery
- Multidisciplinary management
- Papillary tumor of the pineal region
- Pineal region lesions
- Radiochemotherapy
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� Small vessels on the surface of the tu-
mor were coagulated and cut. After
careful dissection and devascularization
of the lesion, the tumor was gently
extracted using long ring microforceps
in the right hand with a thumb-
regulated suction tube in the left hand.

� The tumor was shrunk with bipolar
coagulation, and piecemeal reduction of
the tumor was performed.

� Water dissectionwasused to separatedeep
borders of the lesion from the surrounding
tissue, and continuous irrigation was pro-
vided to maintain a clean surgical field.

� The final steps included careful
detachment of tumor remnants from
the inferior sagittal sinus and meticu-
lous hemostasis of the surgical site.

The postsurgical histological diagnosis
was a grade III PTPR. On immunohisto-
chemistry analysis, the lesion was positive
for pancytokeratins (CK5, CK6, CK8, and
CK18), vimentin, microtubule-associated
protein 2, S100 protein, integrase inter-
actor 1, CD99, transthyretin, CD56,
epithelial membrane antigen (EMA; focal
positivity), and synaptophysin (weak focal
positivity). On the other hand, the lesion
was negative for neurofilament protein,
glial fibrillary acidic protein (GFAP), and
chromogranin A (Figure 2).

The MIB-1 proliferation index was
>25%, and the mitosis-specific marker
phosphohistone-H3 was measured at 15
mitoses/mm2. Compared with the histo-
logical findings from the first surgery, this
tumor recurrence had more necrosis,

more mitosis, and a higher MIB-1 prolif-
eration index.

At 4 weeks after the surgery, the patient
received focal fractionated radiotherapy to
the pineal tumor bed. A total dose of 54 Gy
was divided in daily doses of 1.8 Gy. In
February 2015, the patient started chemo-
therapy based on an ependymoma proto-
col of cisplatin-cyclophosphamide-
vincristine-etoposide delivered in 4 intra-
venous cycles, each lasting 21 days: 1) days
1, 8, and 15 for the first 3 cycles: vincristine
1.5 mg/m2; 2) days 1, 2, and 3: etoposide
100 mg/m2; 3) day 1, cisplatin 100 mg/m2;
and 4) days 2 and 3: cyclophosphamide
1000 mg/m2.4 The cisplatin dose had to be
reduced from 100 mg/m2 to 80 mg/m2

because the patient had only 1 kidney
due to a congenital malformation. At

Figure 1. Sagittal cerebral magnetic resonance imaging (MRI). (A and B)
Preoperative MRI showing a pineal lesion (A) that had been treated with
subtotal resection abroad (B). The histological diagnosis was a grade II
papillary tumor of the pineal region. (C) MRI at 9 months revealing
regrowth of the tumor. (D) The patient underwent an occipital

interhemispheric approach with gross total removal at our department,
followed by adjuvant radiochemotherapy. Histological examination
revealed tumor progression (grade III). (E) The patient continues to do well
with no evidence of recurrence more than 3 years following surgery.
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more than 3 years after surgery, the patient
continues to do well clinically, with no
evidence of developmental delay and no
recurrence (Figure 1).

DISCUSSION AND LITERATURE REVIEW

PTPR is a grade II-III pineal lesion intro-
duced in the 2007 WHO nomenclature,
with no major changes in the last 2016
WHO classification of brain tumors.1-3

According to the French Register of pi-
neal tumors, true pineal tumors include
pineal parenchymal tumors (27%), germ
cell tumors (27%), gliomas (17%), and
papillary tumors (8%), and pineal paren-
chymal tumors comprise pineocytomas
(13%), pineal parenchymal tumors with

intermediary differentiation (66%), and
pineoblastomas (21%).5

The first pineal tumor with a papillary
aspect, reported as a papillary pine-
ocytoma, was described by Trojanowski
et al.6 in 1982. In 2003, Jouvet et al.7

introduced the term “PTPR.”
Other pineal region tumors with

expression of papillary features include
ependymomas, choroid plexus tumors,
papillary meningiomas, germ cell tumors,
and papillary metastatic carcinomas.6 It is
currently thought that PTPRs may derive
from the subcommissural organ; thus,
PTPRs, as well as the ependymal cells
arising from the subcommissural organ
itself, highly express CK18.7-9

Histology
PTPRs are tumors characterized by an
epithelial-like growth pattern in which
vessels are covered by a layer of tumor cells
forming perivascular pseudorosettes.10,11

Light microscopy shows a papillary archi-
tecture, with vascular connective tissue
composed of several layers of large
cuboidal or columnar epithelial-like growth
pattern cells.9 The cell cytoplasm is clear
and sometimes vacuolated. Nuclei are
small and rounded. Mitotic figures are
rare, and areas of tumor necrosis are
very frequent.7,11,12 PTPRs cannot be
diagnosed by light microscopy; thus,
immunohistochemical tumor profiles
must be acquired.10

Figure 2. Photomicrographs of surgical specimens. (A) Hematoxylin and
eosin staining showing an epithelial-like growth pattern with vessels
covered by a layer of tumor cells forming perivascular pseudorosettes. (B)

Some necrotic areas were present. (CeG) Immunohistochemistry was
positive for pancytokeratins (C), cytokeratin 18 (D), S100 protein (E), and
CD56 (F) and negative for glial fibrillary acidic protein (G).
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Immunohistochemistry
Cytokeratin KL1 and CK18 are constantly
expressed by PTPRs. PS100, vimentin, and
neuron-specific enolase are frequently
positive as well. Transthyretin, synapto-
physin, and chromogranin immunolabel-
ing are inconsistently positive. Tumor
cells do not express GFAP or EMA, but
GFAP expression can be recognized in the
perivascular areas of the tumor.7,12

Immunolabeling for antineural cell adhe-
sin molecule and Nestin is frequently
positive, but immunolabeling for anti-NF,
anti-antigen S, anti-tau protein, antiea-
fetoprotein, and anti-placental alkaline
phosphatase antibodies is negative.7

Some studies have suggested that
phosphatase and tensin homolog (PTEN)
mutations and activation of the PI3K/Akt/
mTOR signaling pathway may play roles in
the biology of PTPR, thus opening the
possibility of using PI3K/Akt/mTOR in-
hibitors in therapy for patients with
PTPRs.13,14

Studies in serum and cerebrospinal
fluid were negative for the tumor markers
a-fetoprotein and human chorionic
gonadotropin.10

Genetics
Regarding chromosomal alterations, los-
ses of chromosome 10 were very frequent
in different studies. Losses of chromo-
somes 3, 14, 22, and X also have been re-
ported, as have gains of chromosomes 8,
9, and 12. Other chromosomal alterations
include a homozygous PTEN deletion and
2 point mutations in exon 7 of PTEN
(G251D and Q261stop).13,14 Fèvre-Mon-
tange et al.15 reported that PTPRs show
high expression of SPDEF, KRT18, and
genes encoding proteins reported to be
expressed in the subcommissural organ,
such as ZFH4, RFX3, transthyretin, and
CGRP.

Imaging
On MRI, Chang et al.16 reported an
intrinsic T1 hyperintensity centered on
the posterior commissure, associated
with T2 hyperintensity and gadolinium
enhancement as a regular presentation
in 4 PTPRs.16 However, fat content
related to teratomas, as well as
melanin, calcification, and extracellular
methemoglobin (usually seen in
melanotic tumors), and hemorrhagic
metastases, choriocarcinomas, or

teratomas, also must be excluded.17 In
contrast, other authors have reported a
heterogeneous mass isointense on T1-
weighted MRI.10

Biological Behavior of PTPRs
PTPR grading and prognosis remain un-
clear, and reports of cases with long sur-
vival contrast with cases of local tumor
recurrence. Histological grading of PTPRs
correspond to WHO grade II or III.1,2,18

Variables related to decreased
progression-free survival include >3 mi-
toses per 10 high-power field, or a Ki-67
proliferation index >10%.14,19 Some au-
thors have identified the isocitrate dehy-
drogenase 1 and 2 mutations in PTPR cells
as a predictor of wild-type genotypes, as
has been described in gliomas.20

Differential Diagnosis
Regarding the differential diagnosis, as
mentioned above, different tumors pre-
sent with papillary architecture. However,
the 2 main differential diagnoses are
papillary ependymomas and choroid
plexus tumors. Choroid plexus tumors
share a comparable immunohistochem-
ical profile with PTPR, but with a
different morphological appearance. On
the other hand, ependymomas show a
similar morphological appearance with
differing antigenic expression. Choroid
plexus tumors have an exclusively papil-
lary architecture lined by a single cell
layer without the massive component,
and unlike in PTPRs, areas of necrosis
are extremely rare. Choroid plexus
carcinomas are well differentiated and
with a greater degree of aplasia.
Regarding the immunohistochemical
analysis, potassium inwardly rectifying
channel Kir 7.1 and stanniocalcin-1 are
expressed only by choroid plexus tu-
mors.21 Ependymomas show constant
expression of EMA and GFAP, with no
expression of cytokeratin KL1.12 Finally,
only papillary tumors express microtubule-
associated protein 2.21

In contrast to PTPRs, papillary menin-
giomas show dense membrane expression
of EMA. Vimentin and protein S100 are
expressed by papillary meningiomas in
40% of cases. Papillary tumors of the pi-
neal parenchyma, such as papillary pine-
ocytomas, exhibit extensive expression of
synaptophysin and antigen S, whereas

cytokeratins and vimentin are not
expressed.21

DNA methylation profiling using Illu-
mina 450k arrays reliably distinguished
PTPRs from ependymomas and pineal
parenchymal tumors of intermediate dif-
ferentiation. The patients with PTPRs with
greater global methylation had a tendency
toward shorter progression-free survival.14

The overexpressed SPDEF gene, known to
be present in the rodent subcommissural
organ, has significant expression in
PTPR compared with ependymal tumors,
choroid plexus tumors, and samples of
other central nervous system tumor
entities.14 Some papillary tumors of the
midline, such us papillary thyroid
carcinomas and papillary
craniopharyngiomas, conceal BRAF-V600E
mutations; however, PTPR demonstrated
negativity for BRAF-V600E.22

Management
In a multicentric retrospective study of 31
patients by Fèvre-Montange et al., gross
total resection was the only factor that
tended to have a significant positive effect
on disease progression. A complete open
resection was achieved in 21 cases and,
after heterogeneous schemes of radio-
therapy after complete (9) or incomplete
(6) resection, 21 patients presented local
(19), local and spinal (1), or only spinal (1)
progression in a mean follow up of 4.2
years (range, 0.2e16.5 years). The overall
survival was 73% at 5 years and 58% at 10
years.11

Regarding to the radiotherapy, based on
the aforementioned study, this tumor ap-
pears to have a high potential for local
recurrence during the 5 years after the
initial surgery, suggesting the need for
tumor bed boost radiotherapy after surgi-
cal resection. However, no strong evidence
is available. On the other hand, spinal
dissemination seems to be rare.11,12

Radiotherapy may consist of craniospi-
nal irradiation with a boost to the primary
site, whole-brain radiotherapy with a
boost to the primary site, focal irradiation
of the pineal area only, or radiosurgery. In
a study published by Fauchon et al.,23 the
median pineal dose in 22 of the 26
irradiated cases was 54 Gy (95%
confidence interval, 12.0e60.0 Gy).
Despite relatively high cumulative doses
(>100 Gy in 3 cases), only 2 cases
presented with irradiation-related side
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effects: a thalamic radionecrosis associ-
ated with diplopia and hypersomnia, and a
thalamotectal radionecrosis associated
with motor deficiency and Parinaud
syndrome.23

Some authors have reported favorable
outcomes after biopsy procedures fol-
lowed by radiotherapy. In a case described
by Patel et al.,24 an endoscopic third
ventriculostomy with a simultaneous
endoscopic biopsy followed by
postoperative radiotherapy (50.4 Gy)
resulted in complete regression of the
tumor with no evidence of recurrence at
25 months. Similarly, Riis et al.25

described a case of PTPR treated with
stereotactic radiosurgery in a gamma
knife unit after stereotactic biopsy of the
tumor. At 5 years after treatment with a
dose of 12 Gy on the 50% isodose, the
tumor was still shrinking.25

Ishida et al. studied the safety and ef-
ficacy of stereotactic 125-iodine brachy-
therapy for the treatment of PTPRs.
Complete (100%) local tumor control was
achieved with a median follow-up of >4
years. No significant clinical nor radio-
logic side effects of 125-iodine brachy-
therapy were detected during the follow-
up period, and all symptoms improved
significantly.20,26

Chemotherapy has been proposed in
specific cases of rapid spinal dissemina-
tion, first-line radiotherapy-based treat-
ment, and local recurrences; however,
the evidence supporting this modality re-
mains weak.21 Adjuvant chemotherapy is
based mainly on cisplatinum and
etoposide protocols, including carboplatin-
VP16-vincristine, carboplatin plus either
etoposide or vincristine, temozolomide,
and ACNU (3-[(4-amino-2-methyl-5-
pyrimidinyl) methyl]- l-(chloroethyl)-l-
nitrosourea).10,23,27-29 Bevacizumab, a
humanized monoclonal antibody against
vascular endothelial growth factor, which
has demonstrated activity in ependy-
moma, should be considered for inoper-
able recurrent PTPRs and in those
amenable/responsive to radiation or
standard cytotoxic treatments.30,31

PTPRs in Children
Regarding the management of PTPRs in
children, children account for only 16%-19%
of cases, the literature is scarce.11,22 Table 1
lists the published cases.10-12,22,23,32-37 We
found 19 cases in children age <17 years.

Although some information was not
available in this small cohort, we can draw
some conclusions from our analysis of the
20 cases. No sex difference was found, and
the mean tumor diameter was 30 mm. In 3
cases, information on follow-up was un-
available. In the remaining 17 cases, the
meandurationof follow-upwas67.5months
(range, 3e180 months). Eight of these 17
patients (47%) experienced tumor recur-
rence or regrowth during the follow-up. The
mean time of the first recurrence was 34.5
months (range, 10e60 months). At the last
follow-up, 15 of the 17 patients (88%) were
alive and symptom-free or with controlled
disease, 1 patient had progressive disease
after 115 months, and 1 patient died at 61
months after starting treatment. A gross
total resection during the course of the dis-
ease was performed in 15 of the 17 patients
(88%), with a partial resection followed by
radiotherapy and chemotherapy was per-
formed in the remaining 2 patients (12%),
who demonstrated stable disease after 15
and 21 months. Only 3 of the 15 patients
(20%) who underwent gross total resection
did not receive complementary therapy
during the course of the disease. Those 3
patients showed no recurrence at 3, 12, and
15 months of follow-up.10-12,22,23,32-37

Summarizing our results, follow-up
information was available for 17 of the
20 pediatric patients reported in the
literature, and gross total resection was
achieved in 15 of these patients during the
course of the disease. Only 1 of the 2
patients with partial resection had
nonrecurrent stable disease. Four of the 8
patients who presented with local recur-
rence/regrowth during follow-up had a
second recurrence (3 local recurrences
and 1 spinal and ventricular recurrence).
Three patients had 3 recurrences (a
repeated spinal recurrence, a local recur-
rence, and another ventricular recur-
rence). One patient had 4 local
recurrences. The patient with spinal dis-
ease died.10-12,22,23,32-37

Compared with the epidemiology in the
general population, where 68% of PTPRs
recurred at a mean follow-up of 4.2 years
(with an overall survival of 73% at 5 years
and 58% at 10 years), in the pediatric
population, only 47% of PTPRs recurred at
a mean follow-up of 6.5 years.11 The
survival rate of the entire pediatric cohort
was 94%, with only 1 death after 5 years
after starting the treatment. However,

only 40% of the children had follow-up
longer the 5 years.11 This difference may
be explained by the fact that a gross total
resection was achieved in 88.24% of the
pediatric patients, compared with only
68% of the adults. Another reason could
be the different (i.e., more aggressive
and infiltrative) biological behavior of the
tumor in adults. In this regard,
measurements of the DNA methylation,
and determination of the isocitrate
dehydrogenase 1 and 2 mutations in
PTPR cells instead of the well-known
mitotic index and Ki-67 proliferation in-
dex, could be important tools for evalu-
ating the progression-free survival rate.
Moreover, future perspectives on genetic
features will be essential to determine the
malignancy grade of the lesion.14,19,20

Surgery was performed using different
approaches, most frequently via the oc-
cipital interhemispheric, suboccipital
supracerebellar, transchoroidal, and
endoscopic translaminar terminalis
routes.10-12,22,23,32-37 Regarding the poste-
rior routes to the pineal regions, the
sitting position may offer several advan-
tages over the horizontal position, and
several protocols may be effectively used in
the clinical setting to prevent major com-
plications.38-45 Biopsy through an endo-
scopic approach, associated with a third
ventriculostomy, followed by radiotherapy
was another option. Irrespective of the
approach selected, skillful, clean micro-
neurosurgery preserving the normal anat-
omy is imperative during operations
involving the pineal region.35,44-47

Common radiotherapy schemes
included external beam radiotherapy and
proton beam radiotherapy with doses of
50e54 Gy as a part of the initial treatment
and treatment of recurrences.10-12,22,23,32-37

A local recurrence in a 13-year-old boy
(who initially underwent a gross total
resection, craniospinal radiation, and
chemotherapy) was controlled by partial
resection followed by stereotactic radio-
surgery (20 Gy). The patient subsequently
underwent 2 more local resections that
were managed with stereotactic radio-
surgery alone (22 and 20 Gy). At a 180-
month follow-up, the patient was work-
ing as a computer scientist.36

The main schemes of chemotherapy
were based on ACNU, carboplatine-VP16-
vincristine, 9 cycles of gemcitabine-
oxaliplatin as second line chemotherapy
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for the case with the spinal recurrence,
and cisplatin-cyclophosphamide-vincristine-
etoposide in our case.10-12,22,23,32-37

CONCLUSIONS

Even though PTPRs in children have a
high rate of recurrence during the first 5
years, good control of the disease is
possible. Radiotherapy and chemotherapy
are important tools in initial management,
as well as in management of recurrences
after gross total resection. Stereotactic
radiosurgery may be an important tool for
the management of local tumor re-
currences, with patients demonstrating
good cognitive function at long-term
follow-up.
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A B S T R A C T

Background: Pineoblastomas are very rare malignant lesions with a bad prognosis and high mortality during the
first five years from diagnosis.
Report of cases: We present a retrospective review of three patients with histologically confirmed pineoblastomas
consecutively operated on between 1997 and 2015. One of our patients died> 14 years after surgery, and the
other 2 patients are still alive and in good condition without recurrence of the disease> 12 years after surgery.
All of them underwent gross total resection and craniospinal radiotherapy. Individualized scheme of che-
motherapy was administered in two cases. The cornerstones for the surgical resection of pineoblastomas are
reported.
Conclusions: A proper multidisciplinary management of pineoblastomas, which associates gross total micro-
surgical resection of the lesion and an adjuvant therapy determined by our neurooncology team based on ac-
curate craniospinal adjuvant radiotherapy with boost of radiation on the tumoral bed, and when needed, an
adequate but aggressive medulloblastoma-like chemotherapy, may improve the overall survival of these ma-
lignant lesions.

1. Introduction

Pineoblastomas are very rare malignant lesions with a bad prognosis
and high mortality during the first five years from diagnosis [1,2].

Pineal region tumors represent< 1% of all intracranial neoplasms.
PPTs, a group of relatively heterogeneous pineal lesions, comprise
around 14–27% of all pineal region tumors [1]. In 2007, the World
Health Organization (WHO) Classification of Central Nervous System
Tumors recognized 3 different PPTs: the WHO grade I pineocytoma
(14–30%), the WHO grade II-III PPT with intermediate differentiation
(20–62%), and the WHO grade IV pineoblastoma (24–50%). This wide
variation in the relative incidence in the published series reflects the
overall rarity of these tumors, and the variability in the used grading
and terminology [1,3]. The 2016 WHO Classification of Central

Nervous System Tumors did not add any new feature to the previous
classification [4].

In this paper we describe our multidisciplinary management (gross
total resection -GTR-, radiotherapy and chemotherapy) of three pine-
oblastomas operated consecutively in Helsinki between 1997 and 2015.

2. Report of cases

Twenty-three PPTs were operated in Helsinki Neurosurgery during
the study period. Three histologically confirmed WHO grade IV pine-
oblastomas were found. Our neuropathologist (OT) re-evaluated the
histological samples and reconfirmed the diagnosis in two of them (case
2 and case 3) (Fig. 1). Patient's information was revised in the Finnish
population register in December 2018 to determine their current status.

https://doi.org/10.1016/j.inat.2019.100477
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In Helsinki Neurosurgery as previously described, almost all pineal
tumors are approached by a supracerebellar infratentorial route or by
an occipital interhemispheric access with the patient in the sitting
praying position [5,6].

Exceptionally, other approaches such as the subtemporal approach,
telovelar approach to the fourth ventricle, or even the anterior inter-
hemispheric approach might be used.

Acute and rapidly progressive concomitant hydrocephalus requires
external ventriculostomy, endoscopic third ventriculostomy, ven-
triculoperitoneal/ventriculoatrial shunt, or direct removal of the pineal

lesion according to the emergency, cytology study of the cerebrospinal
fluid, presence of tumor markers in blood or spinal fluid, and preference
of the surgeon. However, slow progressive hydrocephalus is generally
treated by direct removal of the lesion.

Careful microneurosurgery aiming a gross total resection of the
tumor is performed following some principles developed in our de-
partment (Table 1) [7,8]. When the histological diagnosis is confirmed,
the neurooncology team composed by a neurosurgeon, an oncologist, a
neuropathologist, a radiologist, and a neurologist determine all further
management and complementary treatment. In case of pineal tumors,
we must remark the importance to determine the treatment modality
for these rare and complex lesions, based on the oncological advisory
commission of every neurooncological department.

2.1. Case 1

An eighteen year-old female was referred from the neurological
department in April 2001. Three months prior, she presented occasional
double vision associated with vertigo, vomiting and early morning
headache. The visual accuracy diminished gradually on the left eye. CT
and brain MR revealed a 3.2×2.4×1.8 cm homogeneously enhancing
pineal region lesion with a cystic component associated with hydro-
cephalus (Fig. 2).

A ventriculoperitoneal shunt was initially placed after negative
cerebrospinal fluid cytology study and absence of tumor markers in
blood and spinal fluid. After few days, the patient underwent a supra-
cerebellar infratentorial approach in sitting position with removal of
the tumor in April 2001. During the postoperative course, MRI images
showed still some contrast enhancement at the level of the cerebral
internal veins with high suspicion of residual tumor. In the following
MRI studies after adjuvant therapy, this contrast enhancement dis-
appeared and no evidence of residual tumor was observed since August
2001 (Fig. 2).

Fig. 1. Microphotographs of a surgically treated pineoblastoma (Case 3). A, B.
Hematoxylin and eosin stain with high cellularity, numerous mitotic figures,
(38 mitosis/10 High Power Fields) and necrosis. Homer Wright and Flexner-
Wintersteiner rosettes (red arrow) and fleurettes (blue arrow) are also seen C.
Ki67 index of 60%. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

Table 1
Microsurgical pearls in the microsurgical management of pineoblastomas.

1. The proper analysis of the preoperative imaging associated to the experience of
the surgeon determines the optimal approach for pineoblastomas. Whether the
tumor consists of a large supratentorial segment extending behind and above the
corpus callosum and the deep venous system, an occipital interhemispheric route
remains as our best approach. In contrast, an infratentorial lesion behind and
below the neurovascular structures of the pineal region generates an optimal
location for the supracerebellar infratentorial approach. Giant lesions might
require a combined use of both approaches in single or different stages.

2. Different to other malignant tumors such as infiltrative gliomas, the preoperative
evaluation of the MRI imaging and the intraoperative observation of malignant
pineoblastomas determine that this aggressive lesion preserve some grade of
differentiation from the surrounding structures without aggressive microscopic
infiltration. This feature may allow a complete surgical resection without damage of
the neurovascular structures. (Fig. 3)

3. A critical stage during the microneurosurgery is closely related with the adherence
of the tumor and the infiltration of external layers of the deep venous structures,
particularly the internal cerebral veins. The tumor should be carefully dissected by
water dissection technique, cotton dissection, and using microscissors and bipolar
microforceps. Along our experience, we highly suspect that most of the residual
tumors are those attached to these vessels. (Figs. 2 and 3)

4. When a high-vascularized area is suspected, intraoperative indocyanine green
angiography is used to define vascular structures.

5. Along the microsurgical removal, an internal decompression with a thumb
regulated suction tube and bipolar or ring microforceps is performed aiming to find
and open the posterior wall of the third ventricle.

6. Once medial, lateral, and superior surfaces of the tumor are separated from the
adjacent tissue, under soft but continuous traction –using bipolar microforceps or
ring microforceps- the tumor is separated from its inferior border by using a thumb
regulated aspiration. A continuous irrigation maintains a clean surgical field.

7. A microsurgical mirror or an endoscope may be helpful to recognize some residual
tumor, particularly at the inferior border of the field.

8. A careful hemostasis with bipolar coagulation, Surgicel® (Ethicon Inc., Johnsons &
Johnson: Switzerland) and Tachosil® (Takeda Austria GmbH: Linz, Austria) is
carried out, and the closure is accomplished under the microscope.
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The histologic diagnosis was grade IV pineoblastoma. The spinal
MRI studies did not determine spinal metastasis, and the patient in-
itiated fractionated craniospinal radiotherapy three weeks after the
surgery based on the high possibility of subtotal resection of the tumor,
and on the relative young age of the patient. However, this treatment
had to be suspended after 2 weeks due to meningitis and the shunt was
removed to start systemic antibiotic therapy. Finally, a protocol of
36 Gy craniospinal radiation with an additional 25 Gy boost of radiation
on the tumoral bed, divided in a daily dose of 1.8 Gy, finished on
August 3, 2001. Concomitant chemotherapy was not administered due
the history of infection. However, post radiotherapy adjuvant che-
motherapy was based on lomustine (CCNU) and vincristine (VCR)
protocol.

One year after surgery, the patient who clinically presented slowly
progressive hydrocephalus required a definitive ventriculoperitoneal
shunt, which was revised once more after few weeks.

A two years follow-up brain MRI demonstrated absence of tumor
recurrence. However, the spinal MRI demonstrated a cervicothoracic
syringomyelia and probable arachnoiditis. The patient had walking
difficulties and underwent rehabilitation and equine-assisted therapy.
Seven years after surgery, the patient had still walking difficulties at the
clinical evaluation.

Nine years after surgery, no residual tumor was found at craniosp-
inal MRI studies. Syringomyelia was stable and smaller compared to the
previous MRI. The patient was paraparetic, but was still able to walk.

In January 2015, fourteen years after surgery, the patient presented
a right side VI cranial nerve paresis and slight facial paresis. The cra-
niospinal MRI revealed important tumoral infiltration of the midbrain
and spinal cord. Nonetheless, no recurrence in the pineal region was
observed in July 2015 (Fig. 2). The patient died from pneumonia in
September 2015, 173months after surgery.

2.2. Case 2

A three year-old female was referred from the pediatric department
in November 2004. A month prior, she presented some eye movement
problems, vomiting, and balance difficulties. Brain MRI revealed a
2.7×3.1× 2.7 cm homogeneously enhancing pineal region lesion
with a cystic component associated to hydrocephalus (Fig. 3).

A ventriculoperitoneal shunt was initially placed after negative
cerebrospinal fluid cytology study and absence of tumor markers in
blood and spinal fluid. Few days later, the patient underwent a supra-
cerebellar infratentorial approach in sitting position with GTR of the
tumor in December 2004. The postoperative course was uneventful.

The histologic diagnosis was grade IV pineoblastoma. The histologic
study determined six mitoses for 10 High Power Fields, and a Ki-67
labeling index of 70%. Necrotic foci were also seen in the samples.

Six weeks after the surgery, the pediatric patient received adjuvant
chemotherapy and fractionated craniospinal radiotherapy based on an
aggressive medulloblastoma protocol. 36 Gy craniospinal radiation
with an additional 18 Gy boost of radiation on the tumoral bed was
divided in a daily dose of 1.8 Gy. Concurrently, VCR 1.5 mg/m2 once a
week for 6 weeks was set. Six weeks after this initial treatment, a new
scheme of chemotherapy was administrated every 6 weeks with 8 cycles
of CCNN: 75mg/m2×1; cisplatino: 75mg/m2×1; and VCR: 1,5mg/
m2×3 on days 0, 7, and 14.

The last evaluation of the patient was performed in May 2018, and
she did not show any neurological deficit. Brain MRI did not show any
recurrence as well. The patient continues to do well > 170months
following surgery.

2.3. Case 3

A twenty five year-old female was referred to our department with

Fig. 2. Pre-operative image of a WHO grade IV pineoblastoma (A). B. Post-operative cranial MRI (July 2001) showing some contrast enhancement at the level of the
internal cerebral veins, which disappeared in the following MRI study (C, August 2001). D–F Last craniospinal MRI (July 2015) revealing tumoral infiltration of the
midbrain and spinal cord without pineal recurrence.
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deterioration of consciousness and acute hydrocephalus associated with
a pineal region lesion.

The patient underwent immediately a supracerebellar infratentorial
approach in sitting position with GTR of the tumor in April 2006.
During the postoperative course, the patient improved partially her
consciousness state and developed a Parinaud's syndrome. A cranial CT
showed the persistence of hydrocephalus, and an endoscopic third
ventriculostomy was carried out. However, the procedure was in-
sufficient and finally a ventriculoperitoneal shunt was placed.

The histologic diagnosis was grade IV pineoblastoma. The histologic
study determined 38 mitoses for 10 High Power Fields, and a Ki-67
labeling index of 60%. Necrotic foci were also seen in the samples, but
no tumoral activity was found in the cerebrospinal fluid. Six weeks after
the surgery, the patient received adjuvant fractionated craniospinal
radiotherapy. 36 Gy craniospinal radiation with an additional 18 Gy
boost of radiation on the tumoral bed was divided in a daily dose of
1.8 Gy. The neurooncology team did not recommend the administration
of adjuvant chemotherapy based on the age, absence of extra-pineal
tumor activity and gross total resection of the tumor.

The gaze paralysis improved gradually with very occasional double
vision at the last follow-up in October 2017. Brain MRI did not show
any recurrence as well. The patient continues to do well> 152months
following surgery.

3. Discussion

In this paper we describe our multidisciplinary management (GTR,
radiotherapy and chemotherapy) of three pineoblastomas operated in
Helsinki between 1997 and 2015. One of our patients died> 14 years
after surgery, and the other 2 patients are still alive and in good con-
dition without recurrence of the disease> 12 years after surgery. All of
them underwent GTR and craniospinal radiotherapy with boost of ra-
diation on the tumoral bed. Individualized scheme of chemotherapy

was administered in two cases.

3.1. Outcome in pineoblastoma patients

Several studies have reported about the poor outcome of pine-
oblastomas. A median survival of 20months and a 5-year survival rate
of 10% were initially reported [9–11]. In 2007, Nakazato et al. [1]
summarized that median postsurgical survivals of pineoblastomas vary
between 24 and 30months, and the main causes of death are re-
presented by metastases within the central nervous system. The authors
mentioned that the prognosis is affected by the extent of the disease at
the time of diagnosis, which is determined by cerebrospinal fluid and
spine MRI examination, as well as by the extent of resection and
radiotherapy. However, the outcome seems to be better when the tumor
is discovered incidentally.

A literature review conducted by Tate et al. [2] in 2012 about the
long-term postsurgical prognosis of patients with pineoblastomas con-
cluded that they have an overall survival rate of 54% (175 of 299 pa-
tients) at a mean follow-up of 31 ± 1.9months (range, 1–159months).
The analyses demonstrated a markedly worse prognosis for children
aged ≤5 years. The prognosis was inversely proportional to the degree
of resection. Thus, the five-year survival rate was 84% for GTR, 53% for
subtotal resection, and 29% for debulking. Multivariate analysis in-
dicated that not achieving GTR markedly worsened patient survival,
independently of variables as very young age, intracranial dissemina-
tion, and other combinations of adjuvant therapies. They pointed out
that pediatric and adult pineoblastomas have a different behavior and
should be separately considered when analyzing their response to sur-
gical and adjuvant therapy.

Considering pineoblastomas in children, Parikh et al. [12] recently
reported their experience in 41 pediatric and adult pineoblastoma pa-
tients with a median age at diagnosis of 5.5 years (0.4–28.1) and a
median follow-up of 34.5 months (4.7–183.5). All patients except 3

Fig. 3. Pre- (A–C) and post-operative (D, E) MRI images of a WHO grade IV pineoblastoma. F, Last cranial computed tomography study (May 2018).
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were younger than 20 years old. Nineteen patients, (17 younger than
5 years old) experienced tumor relapse with a median progression-free
survival of 11.3 months, and 18 ultimately succumbed to their disease.
Patients who died or experienced treatment failure were younger
(median, 2.69 vs 6.5 years), and had a metastatic disease at diagnosis in
most of the cases. When analyzing only patients 5 years of age or older
with focal disease at presentation, those who had a GTR or near-total
resection had greater overall survival compared to patients who un-
derwent subtotal resection or biopsy (75.18 versus 48.57months), and
no patient died for tumor progression. They concluded that young age,
metastatic disease at presentation, and tumor relapse are associated
with a poor prognosis. Therefore, maximal tumor resection should be
the goal in patients older than 5 years with focal disease.

Regarding radiosurgery as main therapy for pineoblastomas, a study
based on the stereotactic Gamma Knife radiosurgery of histologically
defined tumors, reported an actuarial local control and a survival rate
of 27% and 48% at a 5 years follow up, respectively. In this study, the
authors analyzed 13 patients who underwent a subtotal resection in 7
cases, a biopsy in 5, and a GTR in only one case [13]. These results
contrast with the 80% survival rate and 80% actuarial local control
reported at a 20 years follow up for germinomas, which are the most
radiosentive tumors of the pineal region [13,14].

3.2. Factors associated with better outcome in our series

The general prognosis of pineoblastomas is considered poor and as
mentioned, factors such as minor extent of the disease at the time of
diagnosis, major extent of resection, radiotherapy delivery, tumors
found incidentally, and adult pineoblastomas, are associated with
better outcome. In children, young ages, major extend of the disease at
presentation, and tumor relapse are associated with a poor prognosis.

Most of the authors reported a low rate of GTR, with a difficult
tumor control, frequent recurrences, and a high mortality during the
first five years from diagnosis [1,2,9–12]. Those findings contrast with
our results, which based on the neurooncology team recommendations
are the following: a) the GTR of the tumor, which we believe is the most
important element aiming to obtain good long-term results, b) adjuvant
craniospinal radiotherapy with boost of radiation on the tumoral bed
and c) individualized aggressive medulloblastoma-like chemotherapy
in children and patients with high risk of metastasis [5–8]. Some of our
microsurgical pearls to achieve GTR without or with minimal compli-
cations are detailed in Table 1.

GTR might be achieved thanks to the combination of variables such
as an essential proper team work (Neurosurgeon, anesthesiologist,
scrub nurse and all involved personnel), adequate principles of posi-
tioning and approach, skillful microneurosurgery based on the principle
“simple, clean and safe”, and not less importantly, the surgical experi-
ence of the Neurosurgeon.

Regarding the case number one, the definitive diagnosis of the last
lesion as reason of death remains obscure since no autopsy has been
performed. A secondary malignant tumor after radiation therapy might
be also suggested. However, the retrospective analysis of the case
suggests that the postoperative contrast enhancement close to the in-
ternal cerebral veins represented a small residual tumor, which due to
the difficulties delivering radiochemotherapy, developed some micro-
scopic seeding in the midbrain and spinal cord with evident further
metastasis after many years.

The small number of patients represents a limitation of our study.
Nevertheless, as these tumors are extremely rare, we consider especially

important to report our long-term findings in a non-selected series of
patients.

4. Conclusion

A proper multidisciplinary management of pineoblastomas, based
on the GTR of the lesion, accurate craniospinal adjuvant radiotherapy,
and, when needed, an adequate chemotherapy, may improve the
overall survival of these malignant lesions.
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