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Abstract
This study was aimed to investigate the relationship between pineal cyst and headache in children. MR
imaging was performed in 65 pediatric patients with headache and in a control group of 65 children
with a 1.5 T Siemens MR device. The presence of pineal cysts and cyst sizes were noted. True pineal
cysts and cystic transformations were evaluated separately. True pineal cysts were detected in 15 (23%)
patients in the headache group and in 1 (1.5%) patient in the control group. True pineal cysts were
detected in 5 (15.6%) migraine patients and in 10 (30.3%) patients with non-migraine headaches. A
significant correlation was found between non-migraine headaches and pineal cysts (p <0.05) on the
chi-square testing. However, no significant relationship was found between migraine and pineal cyst
on the Fisher’s exact chi-square test. Pineal cystic transformations were detected in 13 (20%) patients
in the headache group, in 13 (20%) patients in the control group. Pineal cystic transformations were
detected in 5 (15.6%) migraine patients and in 8 (24.2%) non-migraine headache patients. There
was no significant relationship between non-migraine headache and pineal cystic transformation and
between migraine and pineal cystic transformation on chi-square testing.
In conclusion, disruption of the circadian release of melatonin may be causally related to headaches.
The knowledge of clinicians that pineal cysts may play a role in headache development, may be of
therapeutic relevance.
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INTRODUCTION
The pineal gland is located in the diencephalon,
behind the third ventricle, and is responsible for
melatonin production.1 Melatonin is a hormone
that has important functions such as regulating
circadian rhythm, immune function and blood
pressure.2 In addition to these, melatonin has
effects on pain threshold and endorphin levels. A
significant correlation has been found between low
melatonin levels and migraine/cluster headache.3-5
Headache is one of the most common
neurological problems in children. Patients who
present to the neurology outpatient clinic with
headaches are frequently referred to radiology
to exclude possible underlying space-occupying
lesions.6 One of the most common pathologies
encountered in MR examinations is pineal cysts,
also known as benign glial cysts, which are
considered as an incidental finding. In children,
the incidence of true pineal cysts was found

to be 10-11% when cysts between 2-5 mm are
considered as cystic transformation of the gland
and a value of 5 mm is considered as the lower
limit of true cysts.7
There are studies demonstrating the relationship
between headache and pineal cysts in adults. In
these studies, the impaired circadian release
of melatonin is postulated to be the reason
that headaches are more common in patients
with pineal cysts.8,9 In this study, we aimed to
investigate the relationship between pineal cyst
and headache in children, since we have not
encountered published research in the pediatric
age group in the literature.
METHOD
Patients, imaging procedures and analysis of data
This prospective study was approved by the
ethics committee of our hospital. MRI was
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performed in 65 pediatric patients who presented
to the neurology outpatient clinic with headache
and in a control group of 65 children without
neurological complaints between November 2018
and February 2020. The control group consisted
of patients free of any neurological/oncological
disease who presented to the general pediatrics
and endocrinology outpatient clinics and were
sent to have an MRI for screening purposes.
The patient and the control groups had a similar
female/male ratio and a similar mean age.
Patients who presented with headache complaints
were classified as migraine and tension/other
headaches.10 The children in the control group had
no headache or any other neurological symptoms.
MR imaging was performed in our hospital
with a 1.5 T Siemens MR device (Magnetom
Aera, Siemens, Erlangen, Germany). The MR
examination included the following sequences:

a. Coronal and axial T2-weighted fast spin echo
(FSE) pulse sequence (TR / TE, 8380 ms / 87
ms; matrix, 150 × 320; slice thickness, 3 mm),
b. Axial fluid-attenuated inversion recovery
(FLAIR) pulse sequence (TR/TE, 7640 ms/ 87
ms; matrix, 132×256; slice thickness, 3 mm),
c. Coronal, axial ve sagittal three dimension (3D)
T1- weighted magnetization-prepared rapid
gradient-echo (MP-RAGE) pulse sequence
(TR/TE, 1500 ms/ 2.58 ms; matrix, 179×224;
slice thickness, 1 mm),
d. Axial diffusion-weighted imaging (DWI) pulse
sequence (TR/TE, 7800 ms/ 86 ms; matrix,
136×136; slice thickness, 3 mm),
e. Axial gradient-echo (GRE) T2* pulse sequence
(TR/TE, 700 ms/25 ms; matrix, 92×256; slice
thickness, 3 mm).
Images were evaluated by a pediatric
radiologist with 12 years of radiology experience.
The presence of pineal cysts and cyst sizes were
noted. Size measurements were made on 3D T1weighted MP-RAGE sequences. True pineal cysts
(having a diameter exceeding 5 mm) and cystic
transformations (having a diameter between 2-5
mm) were evaluated separately.
Statistical analyzes were performed using SPSS
version 16.0 for Windows (SPSS Inc., Chicago,
IL, USA). Numerical values were given as mean
and standard deviation (SD), and categorical
values were given as frequency and percentage.
The relationship between headache/migraine and
pineal cysts was investigated using the Chi-square
test. P <0.05 value was considered as a significant
statistical threshold.
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RESULTS
Sixty-five pediatric patients with headaches and
65 children without neurological complaints were
included in the study. The Female/Male ratio was
33/32 in both patient and control groups. The mean
age was 10.75±3.38 (SD), the median age was 10
(range, 5-16 years) in the patient group and the
mean age was 10.96±2.98 (SD), the median age
was 11 (range, 5-16 years) in the control group. In
the patient group, headache types and number of
patients were listed as following; migraine (32),
tension headache (14) and other headache (19).
True pineal cysts (Figure 1) were detected
in 15 (23%) patients in the headache group and
in 1 (1.5%) patient in the control group. There
was a significant correlation between headaches
and pineal cysts (p <0.05) on chi-square testing.
True pineal cysts were detected in 5 (15.6%)
migraine patients and in 10 (30.3%) patients with
non-migraine headaches. A significant correlation
was found between non-migraine headaches and
pineal cysts (p <0.05) on the chi-square testing.
However, no significant relationship was found
between migraine and pineal cyst on the Fisher’s
exact chi-square test.
Pineal cystic transformations (Figure 2) were
detected in 13 (20%) patients in the headache
group and in 13 (20%) patients in the control
group. There was no significant relationship
between headache and pineal cystic transformation
on chi-square testing (p <0.5). Pineal cystic
transformations were detected in 5 (15.6%)
migraine patients and in 8 (24.2%) non-migraine
headache patients. There was no significant
relationship between non-migraine headache
and pineal cystic transformation on chi-square
testing. Similarly, no significant relationship
was found between migraine and pineal cystic
transformation.
DISCUSSION
Headache is one of the most common neurological
problems in children, and imaging studies are
often used to detect brain masses.6 Pineal cysts
are frequently encountered in MRI examinations
and are usually considered incidental findings.7
However, there are studies in the literature
which have shown a significant relationship
between pineal cysts and headaches in adults.8,9
Despite this, there are no studies examining the
relationship between headache and pineal cysts
in children. In this study, we demonstrate that,
as with adults, there is a significant relationship
between pineal cysts and headache in children.

Figure 1. On MRI, a cystic lesion consistent with true pineal cyst (A) which appears hypointense in T1-weighted
sagittal sequences and (B) hyperintense in T2-weighted axial sequences.

Melatonin, which is secreted from the
pineal gland, can be involved in headache
pathophysiology through various mechanisms.
The main mechanisms are direct anti-inﬂammatory
activity, inhibition of nitric oxide synthase activity,
deactivation of dopamine release, modulation
of GABA/glutamate neurotransmission, and
the melatonin-immune-opioid network.11 It has
been shown that melatonin can increase the pain
threshold by affecting opioid receptor expression
and B-endorphin levels.12 Disorders affecting the
pineal gland may have a role in the development
of headache by disrupting melatonin release. It
has been postulated that patients with pineal cyst,
may have headaches because of reduced melatonin
secretion rather than mass effect.8,9 Our results
also strongly support this hypothesis.
Many studies have shown benefit of melatonin
treatment in migraine, tension headache, cluster
headache, hemicrania continua, and hypnic
headache in children and adults. In these studies,
the efficacy of melatonin treatment for migraine
and cluster headache was evident, but studies

conducted with other types of headaches have been
mostly limited to case series and case reports.13
In a study, performed by Seifert et al. with adult
patients, headache was detected in 51% of patients
with pineal cysts, and it was stated that half of the
headache patients had migraine. In this study, the
authors found a significant relationship between
pineal cysts and migraine as well as headaches in
general.8 In our study, a substantial relationship
was found between non-migranous headache and
pineal cysts, but not between pineal cyst and
migraines. Differences in the migraine diagnostic
criteria for children and adults and the difficulty
of diagnosing migraine in children may explain
this finding. Our study also had a relatively small
number of subjects.
In the study conducted by Lacroix-Boudhrioua
et al., 5 mm was accepted as lower limit for true
pineal cysts. The incidence of pineal cysts was
found to be 10-11% in children. Cysts of 2-5 mm
in diameter were regarded as cystic transformation
of the pineal gland.7 In our study, we divided
the pineal abnormalities similarly into cystic

Figure 2. On MRI, a pineal cystic transformation consistent with true pineal cyst which appears hypointense (A)
in T1-weighted sagittal sequences and (B) in T1-weighted axial sequences.
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transformation and true cysts, and investigated the
relationship between headache and each group. We
noted that there was not a significant relationship
between cystic transformations and headaches
unlike the association between true pineal cysts
and headaches. These results indicate that the
hypothesis suggesting pineal cystic lesions may
impair melatonin release from the pineal gland
could only be asserted by considering cyst size.
There are studies showing reduced melatonin
levels in patients with migraine and cluster
headache.3-5 In addition, disruption of the circadian
release of melatonin has also been thought to be
causally related to headaches.8,9 However, we have
not measured melatonin levels in our patients,
and this is one of the limitations of this study.
In conclusion, headache is one of the most
common neurological problems in children and
it constitutes a substantial portion of presenting
symptoms in a neurology outpatient clinic. The
knowledge of clinicians that pineal cysts may
play a role in headache development, may be
of therapeutic relevance. Further studies on this
subject can clarify headache etiology and enable
a more targeted approach to treatment.
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