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ABSTRACT

In the last 20 years neurological and neurosurgical follow up of our patients with pineal region expansions (118 pa-
tients) pointed to certain clinical and neurophysiological regularities. We performed retrospective study which included
84 patients with pineal region expansions in the period from 1992 to 2009. The study included 55 women and 29 men,
mean age 30.08+13.93 years, with positive brain magnetic resonance imaging (MRI) — 70 patients (83.4%) had simple
pineal gland cysts, and 14 patients (16.67%) had expansive process in pineal region with compressive effect. All patients
had headache, while 32 patients (38%) had epileptic phenomena — primary generalized seizures. Patients had common
electroencephalography (EEG) pattern with paroxysmal discharges of 3Hz (or more than 3 Hz) spike-and-wave com-
plexes. Operation with supracerebellar infratentorial approach was performed in 70 patients. In most of our patients in-
dication for the operation was established based on the size of the cyst (15 mm or more), with the signs of compression on
the quadrigeminal plate and compression of the surrounding veins, which could result in seizures and EEG changes ver-
ified in our group of patients. Pathohistological analysis revealed pineocytomas in 11 cases (15.71%), pinealoblastomas
in 2 cases (2.86%), one case of teratoma (1.43%), while 56 patients had pineal gland cysts (80%). Following surgery clini-
cal condition improved in all patients — patients became seizure-free and headaches significantly decreased. Other symp-
toms including diplopiae, nausea, vomiting, vertigo as well as blurred vision also disappeared. There were no complica-
tions after surgical procedures. This study points to often appearance of seizures that clinically and neurophysiologically
present as primary generalized epilepsy in patients with pineal region expansions. Our hypotheses are that mass effect on
the surrounding veins that affects normal perfusion, compressive effect on the quadrigeminal plate and the aqueduct of
the midbrain, hemosiderin deposists, as well as secretion disturbances of anticonvulsive agent melatonin can be involved
in the pathogenesis of seizures. We suggest to perform high resolution brain MRI with special demonstration of pineal re-
gion in all young patients that have seizures and specific EEG changes.
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Introduction

Presenting predominantly in adults in their 40s, more
frequently in women, benign cysts in the pineal gland are
reported in people of all ages in 25 to 40% of autopsy
series'. These non-neoplastic glial cysts are uniloculated
or multiloculated with a smooth wall. There can be a thin
layer or nodule on the cyst wall from the pineal paren-
chymal tissue. Microscopic examination reveals that the
cyst is composed of an inner layer of gliotic tissue, an in-
termediate layer of pineal parenchymal tissue, and an
outer layer of connective tissue?. Most cysts are asymp-
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tomatic, with diameters ranging from 2 to 15 mm?. When
present, however, symptoms are usually noted in pa-
tients with cysts larger than 15 mm in diameter?. A typi-
cal pineal cyst, as defined by Barboriak et al.’, can have a
thin 2 mm rim of enhancement. It is the lack of a
blood-brain barrier surrounding the pineal gland that al-
lows the walls of these benign cysts to enhance because
the wall is composed of pineal tissue. The imaging fea-
tures of atypical pineal cysts, including irregular nodular
enhancement and hemorrhage into a typical pineal cyst,
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have been previously described by multiple authors®-®.
The pineal cyst can occasionally enlarge the pineal gland
and compress adjacent structures such as the superior
colliculi of the quadrigeminal plate and the aqueduct of
the midbrain, producing hydrocephalus and clinical
symptoms. When present, the clinical symptoms include
headache, vertigo, diplopia, blurred vision, hemiparesis,
epilepsy, vomiting, bradycardia, papilledema, oculomotor
nerve palsy, Parinaud syndrome!®, and recently descri-
bed occurrence of resting tremor and/or other secondary
parkinsonian symptoms!'. Hypothalamic dysfunctions of
precocious puberty have also been attributed to pineal
lesions!?, as well as sleep disturbances due to abnormal
melatonin regulation. Cases of pineal apoplexy that cau-
se sudden death from an intracystic hemorrhage have
also been reported's.

In the last 20 years neurological and neurosurgical
follow up of our patients with pineal region expansions
(118 patients) pointed to certain clinical and neurophy-
siological regularity. We performed retrospective study in
which we included 84 patients with pineal region expan-
sions in the period from 1992 to 2009.

Patients and Methods

The study included 55 women and 29 men (2:1 female
male ratio), mean age 30.08+13.93 years, with positive
brain magnetic resonance imaging (MRI): 70 patients
(83.4%) had pineal gland cysts, and 14 patients (16.67%)
had expansive process with compressive effect. All pa-
tients were suffering from headache, while 38.09% (32
patients) of those patients (20 women, 8 men) had epilep-
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TABLE 1
CLINICAL SYMPTOMS IN 84 PATIENTS WITH PINEAL REGION
EXPANSIONS

Symptoms No. of patients
Headache 84
Absences 10
Myoclonisms 8
GTCS 6
Absences + Myoclonisms + GTCS 2
Precocious puberty 10
Diplopiae 4
Nausea 4
Vomiting 4
Vertigo 4
Blurred vision 4

GTCS - generalized tonic-clonic seizures

tic phenomena — primary generalized seizures of all three
clinical phenotypes (Table 1). The most prevalent diag-
nosis was migraine (82% of patients). Notably, 42% of the
migraineurs had migraine with aura. Considering epilep-
tic phenomena, 10 patients had absences (11.90%), 8 pa-
tients myoclonisms (9.52%), 8 patients generalized tonic-
-clonic seizures (9.52%) and 6 patients had combination
of all three clinical phenotypes (7.14%). Patients had
common electroencephalography (EEG) pattern with pa-
roxysmal discharges of 3 Hz (or more than 3Hz) spike-
-and-wave complexes (Figure 1). Due to seizures patients
were treated with numerous antiepileptic drugs: valproic
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Fig. 1. Electroencephalogram (EEG) of one of our patients with typical pattern of paroxysmal discharges of 3Hz spike-and-wave complexes.
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acid, topiramate, methylphenobarbital, carbamazepine,
lamotrigine, levetiracetam, oxcarbazepine, clonazepam
and sulthiame (Table 2). 34% of patients had medically
refractory seizures. Other clinical symptoms were: preco-
cious puberty in 2 patients (one patient had pineal gland
cyst with compression of superior colliculi, other patient
had teratoma maturum), diplopiae in 10 patients, and
nausea, vomiting, vertigo as well as blurred vision in 4
patients (that developed hypertensive hydrocephalus due
to pineal gland tumours).

TABLE 2
ANTIEPILEPTIC DRUGS (AEDs) IN PATIENTS WITH SEIZURES
AND PINEAL REGION EXPANSIONS

AED No of patients
VPA 19
TPM 17
MPB 15
CBZ 10
LTG 10
LEV 6
OXC 4
CNZ 2
SUL 1

VPA - valproic acid, TPM - topiramate, MPB — methylpheno-
barbital, CBZ - carbamazepine, LTG - lamotrigine, LEV - leve-
tiracetam, OXC - oxcarbazepine, CNZ - clonazepam, SUL - sul-
thiame

Operation with supracerebellar infratentorial approach
was performed in 70 patients. In most of our patients in-
dication for the operation was established based on the
size of the cyst (15 mm or more), with the signs of com-
pression on the quadrigeminal plate and compression of
the surrounding veins, which could result in seizures and
EEG changes verified in our group of patients. All pa-
tients in this series were operated in the same manner.
Patients were placed in the sitting position with slight
anterior flexion of the head. Linear skin incision was
made in the midline from just above the inion to the
spinous process of the C2 vertebra and the cervical mus-
cles were opened in the midline down to the periosteum
of the occipital bone and lamina of C1. After exposing the
bone a 4x3 cm ellipsoid osteoplastic craniotomy was
made extending from the confluence of sinuses to the
cerebellomedullar cistern. The dura was opened in a
curved fashion with it’s base towards the transverse si-
nus and suspended with sutures, while the dural sinuses
of the midline were ligated with sutures. The arachnoid
of the cisterna magna was incised in the midline in a
craniocaudal direction and approximately 60-80 ml of
cerebrospinal fluid was evacuated. The gravity of the sit-
ting position and evacuating cerebrospinal fluid by open-
ing the cisterna magna enabled the surgeon to perform
the operation without the use of retractors. The surgeon
could adjust the trajectory to the pineal region by further

inclination of the operating table. The arachnoid mem-
brane was incised and superior vermian vein, basal vein
of Rosenthali and the pulvinar thalami region were ex-
posed. In some cases of simple pineal cysts a unilateral
approach was sufficient while in others a bilateral ap-
proach provides a better solution (Figure 2a). Exposing
the upper pole of the pineal lesion and meticulous prepa-
ration for separating it from the internal cerebral veins
in the roof of the third ventricle, the tela choroidea and
the angulus venosus presented the next fase of the opera-
tion. With fine preparation of the blood vessels the lat-
eral aspect of the lesion was separated from the medial
wall of the thalamus using a sharp dissection. The end of
the operation consisted of a sharp dissection towards the
habenular commissure which allowed a complete re-
moval of the pineal lesion (Figure 2b). Following extirpa-
tion exact hemostasis was made and the third ventricule
was irrigated. The dura was closed in a watertight man-
ner using continuous suttres. The bone flap was fixed
and secured with titanium plates. Cervical muscles, the
subcutaneous tissue and the skin were carefully recon-
structed and closed with suttures.

The appropriate adjusment of patients in sitting posi-
tion with elevated lower extremities above the level of
the head decreased negative venous pressure. Careful
hemosthasis of all layers, from the skin, subskin, bones,
and careful coagulation of all bridge veins with glueing
with fibrin glue the spaces on which we expected the en-
trance of air into venous sinuses decreased the risk of air
embolism. We did not experience any cases of air embo-
lism, but in cases of beginning of air embolism aspiration
of air and additional procedures of closing the space of air
entrance with changing the position of the patient re-
duces the extent and enables resolution of air embolism.

Results

Pathohistological analysis verified pineocytomas in 11
cases (15.71%), pinealoblastomas in 2 cases (2.86%), one
case of teratoma (1.43%), while 56 patients had pineal
gland cysts (80%), half of them with hemosiderin depos-
its in the walls of the pineal gland cysts, what suggests a
possibility of earlier bleeding. Figure 3 reveals brain MRI
of one of our patients showing pineal gland tumour with
compressive effect. Figure 4 shows pathohistological fin-
ding of pineal gland cyst.

Following surgery clinical condition improved in all
patients — all patients became seizure-free and headaches
significantly decreased. Other symptoms including diplo-
piae, nausea, vomiting, vertigo as well as blurred vision
also disappeared. There were no complications after sur-
gical procedures.

Discussion

The cone-shaped pineal gland typically measures less
than 1 cm in diameter and is located on the level of the
diencephalon outside the blood-brain barrier. As a neuro-
endocrine transducer, it changes neural into endocrine
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Fig. 2a. showing the pineal gland cyst and its relationship to the surrounding structures prior to its removal (left). 2b. supracerebellar
infratentorial view of the pineal region after the extirpation of the pineal gland cyst (right).

Fig. 3. Brain magnetic resonance imaging (MRI) of a 40-year old
patient showing pineal gland tumour with compressive effect.

signals and is known to be the main source of melatonin
production. It was identified in 1958 by Lerner et al.!4.
The innervation of the pineal gland derives mainly from
the sympathetic superior cervical ganglion, which is con-
trolled by the hypothalamic nucleus suprachiasmaticus
via the nucleus intermediodorsalis. Trigeminal efferents
innervating the gland have also been established. Mela-
tonin is synthesized by pinealocytes from the precursor
tryptophan and has been shown to affect pain thresholds
and endorphin levels. The diurnal rhythm of melatonin
is light-dependent. Melatonin as anticonvulsive agent is
involved in the mechanisms of epileptogenesis, regula-
tion of the circadian rhythm, thereby affecting several bi-
ological functions such as immune function, blood pres-
sure regulation, retinal and ovarian physiology. Recently,
reductions in pineal opioid receptor binding have been
shown in cluster headache and other studies found de-
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Fig. 4. Pineal gland cyst. The cyst cavity is lined by a layer of
gliotic tissue containing Rosenthal fibers. This layer interfaces
abruptly with the normal pineal parenchyma.

creased melatonin levels in patients with migraine and
cluster headache, indicating a possible relationship be-
tween alterations in the circadian secretion of melatonin
and headache’®.

We present data on the incidence of headache and sei-
zures in patients with pineal region expansions. Our
study demonstrated that there is a female predominance
in the occurrence of pineal cysts and region expansions,
which is consistent with the results of prior retrospective
MR imaging studies conducted for other medical indica-
tions'6-18, The results clearly indicate that pineal region
expansions are related to headache and more specifically
to migraine, and, for the first time, we have noticed often
appearance of epileptic seizures'. Although we did not
measure the level of anticonvulsive agent melatonin in
our patients, we could hypothesize that secretion distur-
bances of melatonin can be involved in the pathogenesis
of seizures. Other causes could be hemosiderin deposits
found in the walls of the pineal gland cysts, with known
epileptogenic properties, and compressive effect on the
quadrigeminal plate and the aqueduct of the midbrain,
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the structures that can also be involved in the process of
the epileptogenesis. We also have to consider the possibil-
ity that the effect of prolonged compression of these le-
sions on the surrounding veins affects normal perfusion
which can result in EEG changes and seizures verified in
our group of patients. Regarding compressive effect, it is
important to emphasize existence of other expansive pro-
cesses in the pineal region- pineal parenchymal tumors
(PPT), that, according to the currently revised WHO
classification of tumors of the central nervous system,
are subdivided into well-differentiated pineocytoma,
poorly differentiated pineoblastoma, and PPT with inter-
mediate differentiation. Other expansive processes are
germ cell tumors (germinomas, teratomas, embryonal
carcinomas, choriocarcinomas, yolk sac tumors), glial tu-
mors (astrocytomas, anaplastic astrocytomas, glioblasto-
mas, ependymomas) and miscellaneous tumors (cavern-
ous angioma, cancer metastasis, lipoma, meningeoma,
epidermoids)?’. The differential diagnosis of simple pi-
neal cysts and cystic tumors, such as astrocytoma, pineo-
cytoma, and pineoblastoma, is crucial for clinical mana-
gement?5?2, In our group of 70 operated patients 11 cases
of pineocytomas, 2 cases of pineoblastomas, and one case
of teratoma were pathohistologically verified.

The natural history of the pineal cyst is not com-
pletely understood because no studies have been perfor-
med to follow the cyst from its appearance to its complete
resolution. Nevertheless, some studies demonstrated
that pineal cysts are stable during relatively long fol-
low-up periods. Barboriak et al® conducted a retrospec-
tive follow-up study in 32 patients with pineal cysts and
other intracranial pathologic lesions. They observed that
75% of cysts remained stable over time, ranging from 0.5
to 9.1 years; 16% decreased in size or regressed com-
pletely, whereas 8% increased in size by 2.0-3.0 mm.
Tamaki et al.?® studied 31 subjects with pineal cysts; in
29 cases, the cysts did not change in size during the fol-
low-up time from 3 months to 4 years. In 2 cases, the
cysts spontaneously ruptured and collapsed during fol-
low-up. In another study, Golzarian et al.?* followed 12
subjects with pineal cysts; the cysts did not change in
size throughout the 1-year follow-up.

There is debate within the neurosurgical community
regarding when surgical treatment of the pineal cysts is
indicated. For instance, asymptomatic pineal cysts with a
typical appearance should be followed clinically and with
annual imaging studies for many years. Surgical treat-
ment of the lesion should be instituted to relieve symp-
toms and/or to obtain a final tissue diagnosis. Surgical in-
tervention with radical cyst removal is the treatment of
choice for all symptomatic pineal cysts?‘. Wisoff and
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that prolonged compression of these lesions on the sur-
rounding veins affects normal perfusion which can result
in EEG changes and seizures verified in our group of pa-
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Conclusion

This study points to often appearance of seizures that
clinically and neurophysiologically presents as primary
generalized epilepsies in patients with pineal region ex-
pansions. Our hypotheses are that mass effect on the
surrounding veins that affects normal perfusion, com-
pressive effect on the quadrigeminal plate and the aque-
duct of the midbrain, hemosiderin deposists, as well as
secretion disturbances of anticonvulsive agent melatonin
can be involved in the pathogenesis of seizures. We sug-
gest to perform high resolution brain MRI with special
demonstration of pineal region in all young patients that
have seizures and specific EEG changes.
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KLINICKE I NEUROFIZIOLOSKE ZNACAJKE U BOLESNIKA S EKSPANZIVNIM TVORBAMA
PINEALNE REGIJE

SAZETAK

U posljednjih 20-tak godina neurolosko i neurokirursko praéenje nasih bolesnika s ekspanzivnim tvorbama pinealne
regije (118 bolesnika) ukazalo je na odredene klini¢ke i neurofizioloske znacajke. Stoga smo se odluéili uciniti retro-
spektivnu studiju koja je ukljuéila 84 bolesnika s ekspanzivnim tvorbama pinealne regije u periodu od 1992. do 2009.
godine. Studija je ukljudila 55 zena i 29 muskaraca, srednje Zivotne dobi 30,08+13,93 godina, s pozitivnim nalazom
magnetske rezonance (MR) mozga — 70 bolesnika (83,4%) imalo je jednostavne ciste pinealne Zlijezde, dok je 14 boles-
nika (16,67%) imalo ekspanzivni proces pinealne regije s kompresivnim u¢inkom. Svi su bolesnici imali glavobolje, dok
je 32 bolesnika (38%) imalo primarno generalizirane epilepticke napadaje. Bolesnici su imali uobic¢ajen elektroence-
falografski (EEG) uzorak s paroksizmalnim izbijanjima Siljak-val kompleksa frekvencije 3Hz (ili vise od 3Hz). Opera-
tivni zahvat sa supracerebelarnim infratentorijskim pristupom izvrsen je u 70 bolesnika. U vec¢ine bolesnika indikacija
za operaciju postavljena je temeljem veli¢ine pinealne ciste (15 mm ili viSe), uz znakove kompresije lamine kvadrige-
mine i okolnih vena, §to moze rezultirati epileptickim napadajima i EEG promjenama koje su verificirane u nasoj grupi
bolesnika. Patohistoloska analiza otkrila je da se u 11 sluéajeva (15,71%) radilo o pineocitomima, u 2 slucaja (2,86%) o
pineoblastomima, u jednom sluc¢aju o teratomu (1,43%), dok je 56 (80%) bolesnika imalo cistu pinealne Zlijezde. Nakon
operacije doslo je do poboljsanja klinickog stanja u svih bolesnika — bolesnici vise nisu imali epilepti¢ke napadaje, a
glavobolje su se znaéajno smanjile. Drugi simptomi ukljuc¢ujuéi dvoslike, muéninu, povracanje, vrtoglavicu te zamag-
ljenje vida su takoder nestali. U postoperativnom tijeku nisu zabiljezene komplikacije. Ova studija ukazuje na uéestalu
pojavu epileptickih napadaja, koji se klinic¢ki i neurofizioloski prezentiraju kao primarno generalizirana epilepsija, u
bolesnika s ekspanzivnim tvorbama pinealne regije. Nase hipoteze su da u patogenezu epileptickih napadaja mogu biti
ukljuceni: kompresivni uc¢inak ekspanzivnih tvorbi pinealne regije na okolne vene ¢ime se remeti uredna perfuzija,
kompresivni ué¢inak na laminu kvadrigeminu i mezencefalicki akvedukt, hemosiderinski depoziti, kao i smetnje izluci-
vanja melatonina koji ima antikonvulzivni u¢inak. Preporu¢amo da se u svakog bolesnika mlade Zivotne dobe sa speci-
ficnim EEG promjenama ucini visokorezolucijski MR mozga sa specijalnim prikazom pinealne regije.
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