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Abstract

Purpose Although high-resolution 3D-imaging has mark-
edly improved the imaging of the pediatric pineal gland,
the prevalences of typical and atypical cysts as well as in
vivo volumes are unknown.

The purpose of this study was to compare the frequency
of typical and atypical cysts using high-resolution 3D-
sequence true fast imaging with steady state precession
(trueFISP) and standard sequences and to directly measure
the pineal volume in a large pediatric population.
Methods In 54 consecutively examined children (age 0—17
years, mean age 5.4%5.6 years, 44% female, 56% male)
the prevalence of typical and atypical cysts (thickened rim,
trabeculations, asymmetry) was determined using trueFISP
(isotropic, 0.8 mm) and standard sequences, 1.5-T, T1-
weighted spin echo (T1-SE), T2-weighted turbo spin echo
(T2-TSE) and fluid attenuated inversion recovery (FLAIR).
Indistinct findings were noted separately. Volumetry was
based on the trueFISP datasets. Solid and cystic compart-
ments were approached separately. The pineal volume was
correlated to gender and age.

Results The detected frequency of pineal cysts was higher
in trueFISP (57.4%) than in standard sequences (T1-SE
7.4%, T2-TSE 14.8%, and FLAIR 13.0%). In trueFISP
66.3% of the detected cysts were classified as atypical
(standard sequences 0%). Indistinct findings were lowest in
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trueFISP. The mean pineal volume was 94.3+159.1 mm?
and no gender related differences were found. Age and vol-
ume showed a moderate correlation (r=0.382) which was
remarkably higher in completely solid glands (r=0.659).
Conclusions TrueFISP imaging improves the detection
of pineal cysts in children. Atypical cysts are frequently
detected as an incidental finding. Volumetric analysis of
the pediatric pineal gland is feasible and reveals enormous
variation. Whereas gender effects are negligible, the pineal
volume in children is dependant on age.

Keywords Pineal gland volume - Pineal cyst -
Magnetic resonance imaging (MRI) - Age - Gender

Introduction

The radiological evaluation of the pineal gland in children
can be problematical if the gland is large or contains com-
plex cysts. Besides neoplasms, physiological variation also
has to be considered. However, the interindividual variation
of the pineal gland in childhood is not exactly known.

For the definition of normal pineal morphology and
morphometry, traditionally autopsy studies have been used
[1-4]. However, up to now adequate autoptical information
does not exist for children. Computed tomography (CT, [5])
and magnetic resonance imaging (MRI) studies [6—11] have
characterized the pineal gland mainly in adults whereas
only sparse information is available for the pediatric pineal
gland.

Most of the cross-sectional imaging studies suffer from
inadequately high slice thickness (4—10 mm) for a structure
with a mean diameter of 6—10 mm in adults. The substantial
impact of the partial volume effect on pineal size measu-
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rements has been explicitly documented by Schmitz et al.
[5]-

To overcome the partial volume effect high-resolution
3D-MRI sequences (1 mm isotropic voxel size or less) have
recently been used to characterize the pineal gland in adults
in more detail [8, 10—12]. Sun et al. [11] defined the nor-
mal pineal size for healthy young Chinese adults (20-30
years). Nolte et al. described atypical pineal cysts (thick
rim, trabeculation, not round/ovoid) as a frequent finding
of high-resolution 3D-MRI in adults [8]. Obviously, adult
values cannot be directly transferred to children. In children
however, exact data on the volume and morphology of the
pineal gland is still lacking.

This study utilized the potentials of high-resolution 3D
sequences with true fast imaging with steady state preces-
sion (trueFISP) for imaging of the pediatric pineal gland. To
demonstrate the superiority of trueFISP imaging, conventio-
nal MRI sequences using T1-weighted spin echo (T1-SE),
T2-weighted turbo spin echo (T2-TSE) and fluid attenuated
inversion recovery (FLAIR) were compared to those obtained
with trueFISP. In a second step the volume and the spectrum
of the microstructure (extent and morphology of cystic chan-
ges) of the pineal gland in children is presented for the first
time. The question whether the high interindividual variation
of pineal volume and microstructure found in adults [8, 12,
13], which is unique for an organ of the central nervous sys-
tem) can also be found in children is also addressed.

Finally, it is unknown which morphological component
(cystic or solid) determines the variability. Consequently,
the 3D data were used to understand which morphologi-
cal parts of the pineal gland contribute in detail to the high
variability. As the underlying causes for the variability are
not well understood, the relationship of gender, age and age-
related factors with the volume and microstructure of the
pineal gland was investigated.

Materials and Methods
Population and Magnetic Resonance Imaging Protocol

The institutional review board (IRB) gave a waiver for
approval for this study. A total of 54 consecutive patients
enrolled for cranial MRI between June 2007 and November
2009 were included in this retrospective study. Exclusion
criteria were suspected pineal mass lesions as well as distor-
tions of the pineal region from adjacent pathologies, intra-
cranial mass lesions or artifacts prohibiting the evaluation
of the pineal gland in any of the sequences.

The MRI scans were performed using two 1.5-T MR
scanners (Siemens Sonata and Avanto, Siemens, Erlangen,
Germany) and the MR sequences for all patients compri-
sed transversal T1-SE (TR/TE 434/11), T2-TSE (TR/TE
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3900/101) and FLAIR (TR/TIUTE 9000/2500/89; 5 mm
slice thickness, 20% gap, field of view 205%230 mm,
matrix 448x304 ), as well as trueFISP (TR/TE 7.1/3.5,
field of view 178 %220 mm, matrix 212x275, slice thick-
ness 800 um). The body height, weight and the diagnosis of
patients were extracted from the medical records.

Evaluation

The datasets were anonymized for the analysis. All images
were evaluated digitally using OsiriX software (www.osi-
rix-viewer.com). Pineal cysts were categorized as atypical
if they were not round to ovoid in shape or displayed aty-
pical microstructural details (trabeculations and thickened
rim more than 2 mm in size). The frequency of typical and
atypical cysts was determined using trueFISP and standard
sequences (1.5-T, T1-SE, T2-TSE, FLAIR). If it was not
clear if the pineal gland contained cysts or not the rating
was classified as indistinct. The volume of the pineal gland
(PGV) was measured by manually defining the pineal bord-
ers on transversal reconstructed trueFISP images (800 um
isotropic voxel size). If cysts were detected in trueFISP the
cyst volume was measured as previously described [8, 9].
Pineal parenchyma volume (PPV) was defined as PGV—cyst
volume. For further statistical analysis the PPV was analy-
zed separately in solid glands (PPV_ ) and cystic glands
(PPV_ o)

To investigate the intrarater variability the volume assess-
ment was repeated with a time gap of 3 weeks. To determine
the interrater variability 10 datasets were assessed by a
second reader unaware of the results of the first evaluation.
If other pathological changes of the pineal gland were pre-
sent they were additionally noted. The head circumference
was measured on transversal T1-weighted images at the
level of the basal ganglia.

Statistics

For statistical analysis SPSS 18.0 (Illinois, USA) was used.
For the intrarater and interrater variability of the volume
measurements the Pearson correlation coefficient (r) was
determined. ANOVA analysis was used to detect disease-
related differences concerning PGV, PPV, cyst volume and
the number of cysts. As the hydrocephalus group constitu-
ted the largest subgroup it was tested separately against the
non-hydrocephalus group for the same parameters using
Student’s t-test. The Student’s t-test was also used to detect
gender differences of PGV, PPV, and cyst volume. The Pear-
son correlation coefficient was computed for the relation of
age, weight, height and head circumference to PPV, PPV_
and cyst volume. For all tests a significance level of 0.05
was used. Descriptive values are given as mean=*standard
deviation if not otherwise specified.
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Fig. 1 Superior delineation of pineal cysts in trueFISP. Magnified
view of the pineal gland a trueFISP, b FLAIR, ¢ T2-TSE, d T1-SE in
a child with an arachnoid cyst (not shown). The pineal cyst is clearly

Results
Population

The study population comprised 54 individuals (5.4%5.6
years, range 0—17 years, median 2.0 years, 44.4% fema-
les and 55.6% males). Diagnoses included hydrocephalus
(55.6%), congenital malformation (13.0%), hemorrhage
(7.4%), other abnormalities (11.1%) and exclusion of
abnormalities (13.0%). Using ANOVA analysis no disease-
related differences of PGV (p=0.586), PPV (p=0.594), cyst
volume (p=0.255) and the number of cysts (p=0.452) were
found.

There were no differences between the largest subgroup,
hydrocephalus and the non-hydrocephalus subgroups
regarding PGV (p=0.721), PPV (p=0.692), cyst volume
(p=0.671) and the number of cysts (p=0.738).

Reliability of Volume Measurements

Concerning the intrarater variability, the mean of the first
assessment was 94.02%+159.00 mm* and of the second
assessment 94.59+159.21 mm?®. The Pearson correlation
coefficient was 1.00 (p<0.05) and the mean difference bet-
ween both readings was 2.63£0.85 mm?.

Fig. 2 Spectrum of pineal
findings. Magnified view of the
pineal gland in trueFISP. The
smallest pineal gland (0.25 mm?,
a) was found in a 2-year-old boy
with Chiari malformation, the
largest solid gland (95 mm?,

b) in a 13-year-old girl with
severe cephalgia and ¢ shows
the largest cystic gland with a
cyst volume of 422 mm? in a 14-
year-old boy with a prolongated
seizure

discernible in trueFISP, FLAIR and T2-TSE were rated indistinct and
no cyst was seen in T1-SE

Concerning the interrater variability there were no
significant differences between the two readers (mean
for reader 1: 164.42+254.46 mm’, mean for reader
2: 163.93+274.65 mm?>, mean difference 16.58 mm’,
p=0.948). The correlation coefficient between both readers
was 0.998 (p<0.05).

Comparison of Imaging Techniques

The trueFISP imaging technique was superior in delinea-
ting pineal microstructure (Fig. 1). Figure 2 illustrates the
spectrum of pineal volumes and cysts in trueFISP. The fre-
quency of pineal cysts was highest in trueFISP (57.5%) in
comparison to FLAIR (13.0%), T2-TSE (14.8%) and T1-
SE (7.4%). The percentage of indistinct findings was lowest
in trueFISP (1.9%) compared to FLAIR and T2-TSE (both
18.5%) and T1-SE (24.1%).

Microstructural details could only be distinguished in
trueFISP with a frequency of atypical components among
all cystic glands of 64.5% (thick rim 29.0%, trabeculation
48.4%, not round/ovoid: 38.8%). More than one cyst was
detectable only in trueFISP (n=5). In six cases the shape
of a small pineal cyst was fusiform (Fig. 3a, b) and in two
cases the inner cyst surface was cleft (Fig. 3c, d).
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Fig. 3 Pineal cysts with extraordinary morphology. Magnified view of
the pineal gland in trueFISP. In a and b the pineal cyst of a 2-year-old
macrocephalic boy shows a fusiform shape reminiscent of the pineal
diverticulum present during the fetal period [23], ¢ and d show an extre-
mely cleft, multicystic gland in a 7-year-old girl with hydrocephalus

Pineal Volume and Gender

In both females and males PGV, PPV and cyst volume dis-
play high interindividual variation (Table 1). The median
PGV, PPV and cyst volume were slightly higher in females
than in males. Due to more extreme values and/or outliers

Table 1 Comparison of pineal characteristics in females and males (mm?)

the corresponding mean values were higher in males, alt-
hough not statistically significant (Table 1). The values for
PPV_ ., were higher in females (mean and median) although
not statistically significant.

Pineal Volume and Age

Table 2 shows the range for the different age groups
(PGV, PPV, cyst volume, PPV_ ., and percentage of cystic
glands).

The correlation between age and PGV/PPV (all glands/
cystic glands/solid glands)/cyst volume is shown in Table 3.
The analysis shows a correlation of moderate strength bet-
ween age and the volume of the pineal gland as a whole
(correlation coefficient 0.382, p=0.004). A similar highly
significant correlation of moderate strength was found for
age and the cyst volume.

A separate analysis of solid and cystic glands show that
PPV_ ., was more strongly positively correlated with age
(r=0.659, p=0.001) than PPVcystic (r=0.419, p=0.019, not
shown in Table 3).

To detect the influence of age-related factors on PGV
the relation of body weight, body height and head circum-
ference on the PGV was analyzed (Table 3). The PGV cor-
related better with body weight than with body height and
head circumference. Cyst volumes revealed an interestingly
high correlation with body weight which was stronger than
with height, head circumference and age.

The correlation with age, height and head circumference
was stronger for solid than for cystic glands and conse-
quently likewise stronger for solid than for solid and cystic
glands together (not shown in Table 3).

Taken together, the data show an increase of pineal
volume with age (especially strong if cystic glands are
excluded) and age-related body parameters.

olid”

Interindividual Variation for Quantification of Solid and
Cystic Components

The mean and median values of the PGV, PPV, cyst volume
and PPV_ . are shown in Table 2. As expected the inter-

solid

individual variability of the PGV was high (SD 169% of

Female Male

Mean+SD Median Mean=+SD Median p-value
PGV 76.6x£81.4 52.5 108.5+201.3 43.6 0.47
PPV 66.2164.9 51.2 74.8%+115.1 40.8 0.74
Cyst volume 17.9£21.9 11.3 59.4£111.9 10.6 0.15
PPV 30.5£28.2 21.8 23.5£27.2 8.2 0.55

solid

The volumetric parameters display large variation. No gender related differences were found

PGV pineal gland volume, PPV pineal parenchyma volume, PPV, pineal parenchyma volume of solid tissue
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Table 2 Comparison of pineal characteristics in the different age groups where the volumetric parameters reflect the growth of the pineal parenchyma as well as the increasing size of cysts

Age (years)

0-17

Pineal

12-17

(n

5-11
(n

2-4

(n

1-2

(n

<1

characteristics

12)

10)

12)

12)

(n=8)
Median

(n=54)
Median
51.2

Mean=+SD

Median
80.8

Mean+SD

Median
58.9

Median Mean+SD
44.5

Mean=+SD

Median
45.1

Mean+SD
7.1+£9.4

Mean+SD

205.0£290.5
137.6+160.3
101.0£155.1

94.7+111.9

69.0£67.2
53.8+£42.7
26.2+30.3

66.6£48.3
55.8£36.7
13.0£13.3

52

52
10.6

94.3+159.1
71.0+£95.3
40.6x£85.6

PGV (mm?)
PPV (mm?)

75.8

82.0£87.6
25.4£31.1

56.3

443

41.3
9.1

48.5

7.8 14.5

15.6

=1)

10.6 (n

10.6

Cyst volume
(mm?)

59.2£34.6

63.4

40.0+£24.1

45.9

14.7 26.5+£27.2 4.0 3.9+2.38 20.4 20.4+17.2 29.0 21.0£16.7
12.5

Cystic glands (%) 57.4

ppvsnlid (mm3)

66.7

50

58.3

83.3

S0l

PGV pineal gland volume, PPV pineal parenchyma volume, PPV, pineal parenchyma volume of solid tissue

the mean PGV, 94.3£159.1 mm?®). In solid glands the
variability was substantial (SD 102% of the mean PPV_ .,
26.5+27.2 mm®) but lower than in cystic glands (SD 150%
of the mean PGchstic’ 144.6+195 mm?, 134%, not shown in
Table 2). Cysts, if present, showed an extreme variation of
210.8% of the mean (40.6£85.6 mm?).

Discussion

The pineal gland is an endocrine gland located in the cen-
ter of the brain. It secretes the hormone melatonin which
regulates the day-night cycle (circadian rhythm) and is con-
sidered the most important transmitter in chronobiology. In
2007 disruption of the day-night cycle (chronodisruption)
was classified as a probable human carcinogen (class 2A) by
the International Agency for Research for Cancer (IARC).

In the last decades cross-sectional imaging methods (CT
and MRI) have dramatically improved the visualization of
the pineal gland but only sparse data still exist concerning
the in vivo microstructure and volume of the pineal gland.

Adequate autopsy studies are not available for children.
In adults reference values have been reported for pineal
weight [3, 12, 14] as well as approximated volumes deri-
ved from the diameters (factor (depending on geometric
model) X length x width x height). Because of shrinking arti-
facts and dehydration during the fixation process histologic
measurements of the pineal microstructure and cysts cannot
be directly transferred to in vivo MRI.

A number of studies have addressed the morphology of
the pineal gland in conventional MRI sequences (T1-SE,
T2-TSE; [7, 15-19]). The pineal gland is usually isointense
to grey matter in T1-weighted and T2-weighted imaging.
The appearance of cysts is dependent on the protein content
and therefore varies from isointense to hyperintense com-
pared to cerebrospinal fluid (CSF) in T1-weighted imaging
[15, 18, 19]. Because the pineal gland lacks a blood-brain
barrier the pineal gland and the cyst wall usually show at
least a partial enhancement [20]. In trueFISP the solid pineal
gland is isointense to brain whereas cysts show CSF-like
signal intensity [8, 9].

This study uses high-resolution 3D MRI (trueFISP) for
the imaging of the pediatric pineal gland for the first time.
In this study the superiority of trueFISP in comparison to
conventional imaging was documented using standard
parameters. The degree of certainty regarding pineal cysts
(lower limit of diameter 2 mm) was substantially better in
trueFISP. The prevalence of pineal cysts was by far higher
in trueFISP than in conventional sequences (57.5% compa-
red to 7.4-14.8%) and the prevalence in children is higher
than the prevalence in adults reported by Nolte et al. [8] in
trueFISP (35%).
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Table 3 Pineal volume parameters in relation to age and age-related body parameters. The Pearson correlation coefficient was calculated for the

pineal gland volume (PGV; n=54), the PGV in solid glands (PPV
height, and head circumference

solid”

n=23) and the cyst volume in cystic glands (n=31) in relation to age, weight,

Correlation Age Weight Height Head circumference
PGV 0.382%* 0.605%* 0.509** 0.378%*

Cyst volume 0.381* 0.760%* 0.648** 0.436*

PPV 0.659%* 0.562%* 0.649%* 0.642%*

solid

PPV_ ., has by far the highest correlation for age and head circumference. The correlation of the height is almost equally high for PPV_ . and
the cyst volume. Interestingly, the cyst volume shows a very strong correlation to body weight

PGV pineal gland volume, PPV pineal parenchyma volume of solid tissue

*significance level of 0.05, **significance level of 0.01

Atypical features of cysts (thick rim, trabeculation, not
round/ovoid) were only detectable in trueFISP (64.5% of
all cysts). A study by Pastel et al. found atypical features in
60% of pineal cysts in children in a very small population
(n=5,[21]). The study by Nolte et al. in adults found a lower
percentage of atypical features (41%, [8]). The question
whether there is a decrease of cysts and of atypical features
with age remains to be elucidated by follow-up studies.

Prior MRI studies based on conventional MRI tended to
recommend a clinical follow-up of typical pineal cysts [22].
The relevance of atypical features in children however, has
not been discussed. The high prevalence of atypical features
in this study as well as in the study in adults by Nolte et al.
[8] does not justify follow-up examinations based on atypi-
cal features only.

Concerning the origin of pineal cysts three theories are
discussed [3, 4, 8, 23-26]:

e Embryological remnant of the pineal diverticulum: the
pineal gland is a result of the fusion and proliferation
of the walls of the pineal diverticulum. If the fusion is
incomplete a cystic cavity remains which is lined by
cells that may differentiate to glial or ependymal cells.

e Residual from chronic ischemic injury: this theory is
based on histological findings of glial-lined cysts contai-
ning a central glial plaque.

e Residual from degeneration or necrosis of pinealocytes:
in cases supporting this theory the central cavity does not
contain glial or ependymal cells.

The results of this study add microstructural information
to this discussion as six cases with a fusiform shape of the
pineal cyst were found the morphological appearance of
which resembles the fetal pineal cavity as presented by Coo-
per [23]. A cleft-like appearance was present in two cases
resembling a central necrosis. It is tempting to interpret
these finding as pineal diverticulum and central necrosis but
as long as histological proof is missing these interpretations
are speculative.

Besides microstructural analysis a direct volumetric ana-
lysis of the pediatric pineal gland was performed for the
first time. This proved that volumetric assessment of the
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pediatric pineal gland is feasible and reliable as documented
by high intrarater and interrater reliability. Consequently,
the method is an appropriate tool for the clinical imaging
of the pineal gland in children (especially for follow-up
examinations).

The volumetric analysis is of special importance for the
clinical follow-up of equivocal pineal findings as pineal con-
trast enhancement is of limited value (the) pineal gland is
one of the circumventricular organs that lack a blood-brain
barrier. The volumetric results reported can help radiologists
to decide whether equivocal findings are within or outside
the range of a clinical population.

A limitation of the study is that it is not based on a healthy
population. For this reason ANOVA testing and additional
t-tests were performed for the largest subgroup, the hydro-
cephalus patients and no indications of a confounding effect
were found.

Putting aside this point, up to now there has been no true
volumetric data available for the pineal gland in children
and for obvious reasons it will be extremely difficult to
gather MRI information of healthy young children in the
future. Prior studies were also based on patients and not on
healthy volunteers [7].

Concerning the range of the pineal volume, only sparse
knowledge exists in adults and even less in children. The
results of most of the respective studies can only be interpre-
ted with caution. Most of the hitherto performed MRI stu-
dies used two-dimensional acquisition with an inadequately
high slice thickness (4 mm or more) that allowed only an
approximation of the pineal volume and did not allow suffi-
cient differentiation of parenchymal and cystic components
[7, 27-31]. Such estimated volumes derived from measu-
rements (length, width and height) in 2D imaging correlate
only weakly with the true volumetric values [11]. The pro-
visional nature of these studies is mirrored by the fact that
the prevalence of pineal cysts in these studies (0.14—4.3%)
is much lower than those reported after autopsy (33—40%,
[2, 12]). However, adequate MRI protocols are extremely
important for the imaging of the pediatric brain [32] and
especially of midbrain architecture [33].
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The alternative to two-dimensional measurements is the
direct volumetric assessment with 3D sequences (using a
voxel size of 1 mm or less). State-of-the art isotropic 3D
sequences, such as constructive interference with steady
state (CISS) or magnetization prepared rapid gradient echo
(MPRAGE) are the current standards for the volume assess-
ment of other small regions of the central nervous system,
such as the hippocampus [34] or the trigeminal nerve [35].
For the pineal gland such sequences have so far been applied
only by Sun et al. [11] in a Chinese population in adults and
not in children.

Pineal volumes in this study ranged from 0.3 mm? to
1440.60 mm® with a mean volume of 94.3+159.1 mm®. In
an MRI study of pediatric patients using 5 mm slice thick-
ness, Sumida et al. [7] found a mean length of 6.1£1.2 mm,
a height of 3.7+0.8 mm and a width of 4.8+ 1.1 mm for the
age group of 2-20 years (n=223) with a calculated mean
volume (0.5xlengthxheightxwidth) of 56.6+£27.6 mm?.
These calculated volumes are discrepant to the results of
this study. It is suspected that differences in the population
partial volume effects as well as suboptimal contrast of the
chosen sequence (T1 spin echo) possibly resulted in a sys-
tematic underestimation of the pineal volume.

Summarizing the issue of the pineal reference range, this
study for the first time reports directly measured volumes
in a pediatric population. It is assumed that this approach
gives the most exact volume measurement of the pineal
gland reported so far in children. Especially in the context
of the increasing number of incidental findings in human
neuroimaging studies [36, 37] the establishment of adequate
reference values is important.

Morphologically, the trueFISP sequence facilitated a
clear differentiation of solid and cystic parts of the pineal
gland. An attempt was therefore made to answer the ques-
tion whether it is the solid parenchyma and/or the cystic
compartments which greatly vary. In this study a substan-
tial but smaller part of the overall variation of the PGV is
secondary to the solid compartments. The major part of the
variation can be traced back to the cystic compartments.
Nevertheless, the high variability of the solid glands is still
unique for an organ of the central nervous system.

The etiology of the high interindividual variability of
the pineal volume is not clear and no relation of the pineal
volume to the underlying disease was found.

Analyzing only the solid glands a strong significant cor-
relation with age (r=0.659) could be found. In other words
in solid glands about 43% (0.659%) of the variance can be
explained by the influence of age but means that the major
part of the variation is still not explained. These results are
similar to the study by Sumida et al. [7] who found signifi-
cantly smaller estimated diameters in children younger than
2 years than in children older than 2 years.

The analysis of age-related body parameters in this study
showed similar correlations for body weight, height and
head circumference. In the literature there are, however
no studies in children regarding this question. In adults, an
autoptic study by Golan et al. found no significant differen-
ces between pineal volume and body height or body weight
in different age groups [13]. In contrast to these findings, the
autoptic study by Rodin and Overall claimed a direct corre-
lation of both pineal size and weight to age [14]. In a recent
MRI study of healthy Chinese individuals between 20 and
30 years Sun et al. [11] used a T1-weighted 3D sequence
and reported moderate correlations between pineal volume
(after eliminating cysts larger than 2 mm) and body height
(r=0.322), body weight (r=0.306) and head circumference
(r=0.306). In the pediatric population in this study the cor-
relation of these body parameters to PPV _ ., was approxi-
mately twofold higher. Apart from differences regarding
the population the use of a strongly T2-weighted sequence
(trueFISP) in this protocol might have played a role:
strongly T2-weighted sequences achieved better contrast
of the pineal gland against the surrounding cerebrospinal
fluid. The superiority is reflected in a study by Nolte et al.
[8] which reported a prevalence of pineal cysts detected in
trueFISP imaging (35%) which equals that of autopsy results
[2, 12]. It is assumed that the superior contrast facilitates a
more exact delineation of the PG and consequently results
in more exact volume measurements.

The influence of gender was minimal in the study repor-
ted here and no significant differences could be detected
regarding PGV, PPV, cyst volume and PPV _ deysiie DUC 1O
outliers in the male group the mean values of PGV, PPV,
cyst volume and PPV, were higher in males but medians
were higher in females whereas PPV_ .. values were almost
equal with a p-value of 0.553. This negligible influence of
gender is in accordance with inconsistent findings in other
(adult) studies: While Tapp and Huxley [4] found heavier
glands in females than in males up to the age of 60 years,
Sun et al. [11] reported significantly larger pineal volumes
in younger healthy men than in women if glands with cysts
of more than 2 mm were eliminated.

An interesting connection of the increasing PPV with
age could be the fact that the pineal parenchyma volume
seems to be correlated with increased melatonin secretion.
Nolte et al. found a correlation between pineal parenchyma
volume and melatonin secretion over 24 h, maximum mela-
tonin levels and the slope of the melatonin secretion over
24 h in 15 healthy males [12]. The finding of this study that
PPV increases with age in children could correspond to the
developing endocrine function of the pineal gland during
the first years of life [38]. Concerning this point it would be
interesting to analyze if the melatonin levels in small chil-
dren parallel the growth of the developing gland. However,
as intraindividual studies in small children are not justifiable
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an animal model would be necessary to further investigate
this issue.

Conclusions

Atypical cysts are a frequent finding in high-resolution ima-
ging of the pediatric pineal gland and are not a sign of malig-
nancy. Pineal volumetry is feasible using trueFISP imaging.
The presented pineal volumes can be used as a compari-
son for the classification of equivocal MRI findings. It has
been shown that the high interindividual variability of the
pineal volume is mainly related to the cystic component and
to a lesser degree to the solid component. Whereas gender
effects on the PGV are negligible, pineal growth in children
is dependant on age.
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