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Abstract Introduction: Little is
known about the incidence and
symptomatology of pineal cysts in
children. Until now, the proper man-
agement of this group of patients has
not been established. Purpose: The
purpose of this study was to evaluate
the epidemiological and clinical fea-
tures of pineal cysts in children and
adolescents and to try to find guide-
lines for their management. 
Methods and results: We analyzed
24 patients (17 girls, mean age 9,
and 7 boys, mean age 14) with 
pineal cysts found as the only pa-
thology on MRI. Six patients were
treated surgically (excision of the
cysts via a supracerebellar-infraten-
torial approach) because of the pro-
gression of neurological symptoms
or the enlargement of the cyst at fol-
low-up. In this group of patients, no
surgery-related complications were
noted, nor was residual cyst ob-
served on postoperative MRI. In 4
cases, histological examination re-
vealed simple cysts, but in 2 cases
pineocytomas were diagnosed. Pre-
operative symptoms disappeared ex-

cept light headache in 2 cases and in
1 case no improvement was ob-
tained. The remaining 18 patients
had a mean follow-up of 38 months
(range 24–60 months). None of the
cysts diminished or collapsed. We
also measured the circadian pattern
of melatonin secretion as well as 
b-HCG and AFP levels in serum 
before surgery. We found very 
high night levels of melatonin in
both of the patients with pineo-
cytomas, while the patients with pi-
neal cysts showed normal or de-
pressed melatonin secretion profile.
Conclusion: We concluded that
though most pineal cysts were clini-
cally benign they should be followed
up for many years. If the cyst grows
larger in follow-up MRI study and
neurological symptoms are progres-
sive, surgical treatment should be
performed. In the authors’ opinion,
one of the markers discriminating
benign and neoplastic lesions may be
melatonin.
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Introduction

Lesions of the pineal gland constitute 0.4–1.0% of all in-
tracranial tumors [4]. They may be divided into four ba-
sic categories:

1. Germ cell tumors
2. Pineal parenchymal tumors

3. Pineal interstitial cell tumors
4. Cysts [21]

The pineal cysts occur in all ages, from the fetal period
to senility, with predominance in adults in the fourth de-
cade of life [2]. The natural history is unknown. They
can be classified as neoplastic or benign as well as those
lined by glial tissue, ependyma, or surrounded by the
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normal texture of the pineal parenchyma [10]. In the
post-mortem examinations, the pineal cysts are found in
25–41% of otherwise normal pineal glands [30]. This
high rate of occurrence is due to recording even the
smallest lesions in this investigation [9].

In the MRI investigation, the rate of occurrence of the
pineal cysts is much lower, ranging from 0.6% in chil-
dren to 2.6% in adults [26]. Pineal cysts are diagnosed
when the lesion is 8 mm long or greater in a single plane
[4, 15]. They are well-circumscribed, homogenous,
round formations that are only slightly hyperintense rela-
tive to CSF on T1-weighted images. On T2-weighted
and proton density-weighted images they are hyperin-
tense relative to CSF [27]. Kjos et al. connected these
features with proteinaceous fluid content [14]. Some au-
thors, however, classify lesions of 5 mm diameter as
cysts, especially in cases in which the thin rim of en-
hancement is visible, after contrast material application
[24]. This is probably the result of the undeveloped
blood-brain barrier in the surrounding pineal tissue [7].
The smallest pineal cyst dimensions described in the lit-
erature are 2¥2¥2 mm [11].

In most cases, the pineal cysts are asymptomatic or
the symptoms are nonspecific and poorly pronounced. In
the adult population, the following sets of symptoms
were isolated:

1. Paroxysmal headache with gaze paresis
2. Chronic headache, gaze paresis, papilledema, and hy-

drocephalus
3. Pineal apoplexy with acute hydrocephalus [33]

The relationship between the pineal cysts and various
symptoms in children has not been established.

At present, much effort is being devoted to defining
clear principles of proceeding with pineal cysts, espe-
cially the development of suitable diagnostic procedures
and clinical management. The differential diagnosis of
simple cysts and neoplastic lesions with cystic compo-
nents, such as astrocytoma, pineocytoma, or pineoblasto-
ma, is of special importance [6, 19, 28]. Therefore, a
suitable marker for cyst malignancy is sought.

The aim of this paper was the development of objec-
tive guidelines regarding the management of pineal cyst-
like lesions in children and adolescents. For this purpose,
the clinical and epidemiologic data were analyzed. The
circadian pattern of melatonin secretion, as well as al-
pha-fetoprotein (AFP) and beta-chorionic gonadotropin
(b-HCG) in serum were investigated in order to find
their correlation with tumor malignancy.

Materials and methods

Twenty-four pediatric cases of pineal cysts larger than 5 mm,
which were found to be the only pathology on MRI, were ana-
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lyzed. There were 17 girls and 7 boys in the group studied. The
age distribution of our patients is presented in Table 1.

Observations and results

Clinical symptoms, which were the reasons for perform-
ing MRI, are shown in Table 2.

Headache, vertigo, and visual disturbances were most
commonly found. Parinaud’s syndrome, which is a char-
acteristic manifestation of the quadrigeminal plate com-
pression, was found in only 2 patients.

In 13 patients the cyst caused disturbances in CSF
flow through the aqueduct and gliosis at area around the
aqueduct. However, in only 3 of these 13 cases we found
mild to moderate widening of the ventricles. None of the
patients presented hydrocephalus with radiological fea-
tures of raised intracranial pressure.

The MR scans were also analyzed. The size of the
cyst in anteroposterior and craniocaudal directions was
measured on midline sagittal T1-weighted images. In 19
out of 24 cases the cyst’s largest diameter ranged from 8
to 20 mm and in next 5 out of 24 cases the diameter was
larger than 20 mm. No significant difference in cyst size
was observed between boys and girls.

In 12 out of 24 cases enhancement of the cyst’s wall
with gadolinium was found. In the remaining 12 cases no
reaction after gadolinium injection was obtained.

All the children have been followed-up with clinical
examination repeated every 6 months and MRI performed
once a year. The mean follow-up duration was 38 months,
ranging from 24 to 60 months. The cyst diameters were
stable in 23 out of 24 cases. In one child we revealed the
progression of the cyst and she was treated surgically.

Table 1 The age distribution of our patients. Mean age was
14 years for boys and 9 for girls

Age (years) Girls Boys Total

4–7 2 3 5
8–18 15 4 19

Table 2 The clinical symptoms of our patients

Symptoms Number of cases

Headache 14
Vertigo 9
Visual disturbances (diplopia, blurred vision) 7
Hemiparesis 2
Epilepsia 2
Vomiting 1
Bradycardia 1
Papilledema 1
Oculomotor nerve paresis 1
Parinaud’s syndrome 2
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Six out of 24 children and adolescents were treated
surgically. The mean age in this group was 11.5 years,
ranging from 7 to 15 years. The surgical group consisted
of 4 girls and 2 boys. The clinical manifestation was the
same as in the whole group. We did not find any specific
symptoms that allowed us to predict the necessity of sur-
gery.

The diameter of the cysts was larger than 20 mm in 4
out of 6 cases. This means that all cases except one with
cysts larger than 20 mm were treated surgically. Analyz-
ing MRI enhancement of the cyst wall with gadolinium

was also found in 4 out of 6 cases, with both cases of pi-
neocytoma among them. MRI revealed ventricular dila-
tation (mild and moderate) in 2 cases.

All the patients were subjected to marker analysis. We
determined the levels of AFP and b-HCG in plasma. In
all cases we found normal levels of markers. We also de-
termined the pattern of melatonin secretion asking if me-
latonin could be a marker of pineal cell tumors. Figure 1
shows the results obtained. Very high night levels of me-
latonin were found in both patients with pineocytomas,
while the other patients showed normal or depressed me-
latonin secretion profiles.

The characteristics of the operated patients are pre-
sented in Table 3.

All patients were operated on using the infratentorial-
supracerebellar approach. We did not experience any
postoperative complications. Total cyst removal was ob-
tained in all cases. One patient (case 2) was treated first
by endoscopic fenestration of the cyst and later, because
of the regrowth of the cyst, using the infratentorial-su-
pracerebellar approach. This procedure allowed total re-
moval of the cyst. The extent of cyst removal was con-
firmed and later followed up with MRI in all cases
(Fig. 2). So far there has been no cyst regrowth in any of
the cases, even in those diagnosed as pineocytomas. The
mean follow-up duration in the “surgical group” was
31 months, range 11–40 months.

In 5 cases histological examination revealed simple
cysts but in 2 cases it revealed pineocytomas. Both pa-

Fig. 1 Preoperative serum melatonin levels in the patients de-
scribed in the report (surgical group)

Table 3 The characteristics of the patients in the surgical group

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6

Sex of patient Girl Boy Girl Girl Boy Girl
Age (years) 15 10 12 15 7 10
Size of the cyst Enlargement Stable, but after Stable Stable Stable Stable

endoscopic 
fenestration 
regrowth

Symptoms Stable (headache, Progression Progression Progression Progression Progression 
blurred vision, (headache, tics) (headache, (headaches) (headache, vertigo, (headaches, vertigo, 
Parinaud’s blurred vision) Parinaud’s symptom, nausea and vomiting, 
symptom) balance disturbances) paresis of the VIth 

nerve left)
Ventricular Mild Moderate No No No No
enlargement
Cyst diameter >20 mm >20 mm >20 mm <20 mm >20 mm <20 mm
Cyst wall Yes Yes No No Yes Yes
enhancement 
with gadolinium
Histology Cystis Pineocytoma Cystis Cystis Pineocytoma Cystis 

simplex simplex simplex simplex
Outcome Improvement— Free of No Free of Free of Improvement—

only light symptoms improvement symptoms symptoms only headaches 
headache persisted persisted
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tients with pineocytomas were boys with no specific
symptoms. At first, the diameter of the cysts was stable
on follow-up MRI; however, in case 2 regrowth of the
cyst was found after endoscopic fenestration. On MRI
moderate ventricular dilatation was found in 1 case and
enhancement with gadolinium of the cyst wall in both
cases.

Analyzing the outcome, we found that 3 patients were
free of symptoms after surgery, in the next 2 patients on-
ly light headache persisted, and in 1 case no improve-
ment was obtained.

Discussion

The results presented in this paper demonstrate for the
first time that large symptomatic pineal cysts are also
found in children and young people under 18. Of special
interest is the fact that as many as 5 children affected
were under 7 years old.

In our opinion, the initially large pineal cysts in chil-
dren constitute a certain development variant of this

gland. According to Copper’s hypothesis, they are pro-
duced by the sequestration of the pineal recess of the
third ventricle [2]. The fact that some parts of the large
pineal cysts described had an ependymal lining seems to
corroborate this [23].

The ependymal lining probably degenerates over time
due to distension; therefore, large pineal cysts are often
found with a glial lining [31]. Parts of them even retain a
connection with the ventricular system, which has been
demonstrated to induce their further enlargement [12].
The rapid growth of a cyst is generally connected with
certain clinical manifestation. It also creates a suspicion
of malignant process. There is also the possibility of the
presence of certain rare complications, none of which
were found in the group of children analyzed by us. The
bleeding to the cyst lumen [20], development of papillo-
ma of the choroid plexus [27], rapid rupture of the cyst
with resulting aseptic cerebrospinal meningitis [13], or
even sudden death of the patient were described [18].

The MRI follow-up of the pineal cysts made by us
demonstrated no significant differences in their size, ex-
cept for one case. However, numerous other studies did

Fig. 2 A, B Preoperative and
C, D postoperative MR sagittal
and axial images of the patient
with a pineal cyst (arrow). The
cyst was totally removed using
the supracerebellar-infratentori-
al approach



indicate the increase in pineal cysts during the pubes-
cence [24], even though there is a growth arrest of the
pineal gland throughout childhood [25]. Therefore, most
authorities advocate monitoring the pineal cysts for
many years, especially in this period [26, 29, 33]. Ac-
cording to Fetell et al. if the lesion is enlarging, MRI 
follow-up examination should be performed every
2–3 months [6].

Large pineal cysts cause different constellations of
symptoms [17]. For this reason, their diagnosis in chil-
dren is not straightforward and differs from diagnosis in
adults. In children, it is especially important to obtain an
accurate medical history from the parents or custodians,
as well as careful physical examination of the child. For
instance, the headache, one of the most common symp-
toms of pineal cysts, are difficult to evaluate objectively
even in adults, and—to make matters worse—headaches
are found in 67–82% of 15-year children [16]. Compar-
ing the clinical symptoms in children with symptoms de-
scribed by other authors in adults, we did not notice any
significant differences [5, 17, 31, 33]. Most often they
were mild to moderate headaches, vertigo, visual distur-
bances, neurological symptoms, and in 2 cases, Pari-
naud’s symptom.

We did not find hydrocephalus, which is relatively
frequent in adult patients [17]. Some authors make spec-
ulations about the connection between hydrocephalus
and headaches [6]. In our opinion, the headache is
caused by the disturbances of the CSF flow through the
cerebral aqueduct.

We have found signs of mass and disturbances of the
CSF flow through the cerebral aqueduct, with the pres-
ence of gliosis (areas of elevated signal level in the vi-
cinity of the cerebral aqueduct) in about half of the
cases. According to another theory, the cause of the
headaches is the pressure of the pineal cyst on the vein
of Galen [29]. Perhaps the truth lies between the two
and all hypotheses are true. This may be corroborated
by the fact that removing the cyst alleviates the symp-
toms [6].

The imaging of cyst lesions within the pineal gland
encounters many problems. On MRI, small cysts may be
difficult to discriminate from calcification [15]. Calcifi-
cation often accompanying the cyst does not show as
characteristic signal areas on MR; therefore, for the
small cysts found on MRI, comparative analysis with CT
is needed [11].

Substantial difficulties still exist in the differential
diagnosis of pineal cysts and malignant lesions. The di-
agnosis of nonneoplastic pineal cysts cannot be based
on a single diagnostic criterion [7, 21, 29, 33]. For in-
stance, it is not certain whether the MRI signal of the
cystic component of a low-grade astrocytoma is always
more hyperintense than pineal cysts [6]. Furthermore,
according to Engel et al. signal characteristics of pineo-
cytomas are very similar to glial pineal cysts [4].

Fleege et al. have proved that in spite of using double
evaluation criteria (imaging and clinical), the incorrect
neoplasm diagnosis was made in 14 out of 19 symp-
tomatic pineal cysts [7].

In the opinion of Fetell et al., the evaluation of the
protein content in the cyst fluid could enable the discrim-
ination of such lesions [6]. Unfortunately, no authors
have verified this hypothesis. Moreover, in normal con-
ditions, after contrast material administration, the pineal
gland tissue is enhanced [24, 26]. However, after the
pressing of the parenchyma by the cyst, the effect may
be weakened and as a result, this fact might mean inter-
pretation as a neoplastic lesion [6]. In the group of chil-
dren analyzed by us, the enhancing of the cyst wall was
present in half of the cases.

The surgery was performed in 7 of our children in
connection with the progress of symptoms or the in-
crease in cyst observed on MRI. In 5 cases the ventricles
were not or only slightly dilated and therefore an open
cyst resection using the infratentorial supracerebellar ap-
proach was performed [8]. Alternative solutions are the
occipital transtentorial, the transcallosal, and the trans-
ventricular approaches [33]. We did not experience any
postoperative complications. In cases of pineal cysts
with hydrocephalus, the most often used form of man-
agement is the endoscopic resection of the pineal cysts,
stereotactically or free-hand [17]. Because in one of our
children a significant widening of the ventricles had
been observed, we first performed an endoscopic fenes-
tration of the cyst. The rapid regrowth of the cyst in-
duced us to the open classic surgery as above. The cyst
has proven to be neoplastic.

In the histological examinations, a pineal cyst was
diagnosed in 5 cases and a pineocytoma in 2. On the
basis of our experience and the data of other authors, it
is important for the confirmation of the diagnosis to
provide the largest fragment of the lesion possible [6, 7,
11]. A macroscopic observation of the cyst during the
surgery is also of great importance, especially the ap-
pearance of the fluid. In benign lesions the fluid is fre-
quently clear, while in astrocytomas the liquid is brown
[6]. In the material obtained by us, the content of the
pineal cyst was light yellow, water-clear fluid, even in
pineocytomas.

The markers of pineal tumors have been sought for
many years. One of them is melatonin. However, there
are contradictory reports in the world literature on this
topic [1, 3, 22, 32].

Our investigation indicated a normal or only slightly
depressed melatonin level in all analyzed children, ex-
cept those with pineocytomas. In children with pineocy-
toma the increase of melatonin secretion at night was ob-
served. We suppose that excessive secretion of melatonin
may exist in true pineal tumors like pineocytomas, while
in lesions causing destruction or compression of the pi-
neal gland, low values of melatonin are found.
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In conclusion, the authors suggest the observation of
the pineal cysts for many years, even if the majority of
them are clinically benign. If the cyst shows growth on
successive MR images or a progression of the clinical
symptoms is observed, surgery is indicated. Searching

for other new markers of the neoplastic processes is also
necessary to facilitate screening tests, formulation of di-
agnosis, and monitoring of the treatment. In the authors’
opinion, one of the markers discriminating benign and
neoplastic lesions may be melatonin.
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