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TRANSCRANIAL SONOGRAPHY IN THE EVALUATION OF
PINEAL LESIONS: TWO-YEAR FOLLOW UP STUDY
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Darko Bedek, Zlatko Trkanjec and Vida Demarin
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SUMMARY - We have recently reported that transcranial sonography (T'CS) is a method competitive to
magnetic resonance neuroimaging (MRI) in the evaluation of pineal gland lesions. The aim of the present
is study was to assess the usefulness of T'CS in a larger patient sample during a two-year follow up.
"Tiventy patients with incidental pineal gland cyst (PGC) detected by MRI scan of the brain and 40
healthy controls without any previous documented data on a disease related to pineal gland were evaluated
by TCS and compared with MRI scans. There were no statistically significant differences in PGC size
measured by TCS by two observers (p=0.475), PGC size measured by TCS and MRI (first observer,
p=0.453; and second observer, p=0.425), size of the pineal gland measured by TCS and MRI in control
group (first observer, p=0.497; and second observer, p=0.370), and pineal gland size measured by TCS
by two observers in control group (p=0.473). Study results suggested TCS to be a suitable method in
the evaluation of pineal gland lesions. Although its resolution cannot match the MRI resolution, its
repeatability and accuracy might add to its practical value. We suggest that the repeat MRI scan of such
lesions might be replaced by clinical and 'T'CS follow up.
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Introduction

Pineal gland abnormalities with a reported preva-
lence of 0.6% to 5.8% are common and often asympto-
matic findings in neuroimaging reports'~. Both magnetic
resonance imaging (MRI) and computed tomography
(CT) scans have been demonstrated to have high sen-
sitivity in detection; however, findings may often be
atypical and non-pathognomonic. Therefore, definitive
diagnosis of the lesions can only be established by his-
topathologic analysis®*3.

Transcranial sonography ('T'CS) displays brain paren-
chyma echogenicity through the intact skull. It is a non-
invasive, bed-side neuroimaging technique based on
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high-resolution ultrasound systems and phase array sec-
tor transducers. Although spatial resolution is lower than
with other imaging modalities, the possibility of B-mode
TCS to record brain parenchyma has been widely ne-
glected. In combination with Doppler signal or power-
based transcranial sonography, it generates intravascu-
lar color signals from the amplitude of the echo signal
and enables evaluation of the cerebrovascular state of
the patient as well'*'7. Transcranial sonography has
proved reliable and sensitive in detecting basal ganglia
abnormalities, e.g., hyperechogenic nigral substance in
Parkinson’s disease, disrupted midline brainstem raphe
in patients with unipolar depression, and lenticular nu-
cleus in atypical parkinsonian syndromes'®%. Also, TCS
has proved to be reliable in evaluation of the ventricular
system of the brain®.

Our study group has recently reported that TCS is a
neuroimaging method competitive to MRI in the eval-
uation of pineal gland lesions, especially in adult age®.
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The aim of the present study was to determine the use-
fulness of TCS in a larger patient sample during a two-
year follow up.

Subjects and Methods

Patients

The study included 20 patients with incidental pin-
eal gland cyst (PGC) detected by MRI scan and 40
healthy controls with no previously documented data
on a disease related to pineal gland. Informed consent
was obtained before entering the study. All patients
underwent complete neurological or neuropediatric ex-
amination performed by two independent physicians
blinded for the results of the other. Reasons for admis-
sion to our department included chronic headache in
six patients, partial complex seizures in three patients,
absence seizures in two patients, grand mal seizures in
one patient, and headache and dizziness in eight pa-
tients. Inclusion criteria also included transcranial in-
solability with appropriate bilateral temporal bone win-
dows. None of the patients had a history of symptoms
specifically referable to PGC (signs of increased intrac-
ranial pressure, cerebrospinal fluid obstruction, or brain-
stem and cerebellar compression)®2°, All patients re-
ceived optimal medical treatment if needed. For each
patient, two sets of cranial MR images of the brainwere
reviewed. The latest available cranial MR images with-
in 3 months were used to examine the region of inter-
est. Fifteen patients were re-evaluated by TCS and MRI
two years after the initial examination. Three patients
underwent surgical treatment.

Methods

TCS was performed blindly for the results of MRI
scan, freehandedly, using the Aloka ProSound SSD-5500
device. The measurement was done twice by independ-
ent physicians blinded for the results of the other and
for the results of MRI scans. The insonation was done
through both temporal “bone windows” on intact skull
with a 2 MHz sector transducer. The penetration depth
was 14 cm and gain image was adopted individually.
Upon identification of the butterfly-shaped structure of
mesencephalic brainstem, the probe was tilted by 10
degrees up and the ventricular system was shown as
anechoic, surrounded by a thin hyperechogenic margin.
The distance between the two hyperechogenic margins
was calculated as the diameter of the 3" ventricle. Echo-
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genicity of the pineal gland was observed in the dorsal
part of the 3" ventricle along diencephalic line. Although
even a small change in angulation is likely to result in
change of the value, two orthogonal direction measure-
ments in the axial line on MRI scan were considered to
match the semi-axial TCS results. The maximal width
in laterolateral and anteroposterior line was measured.
PGC was defined as every hypoechogenic area within
hyperechogenic gland matrix or hypoechoic lesion with
or without the septum surrounded by a thin echoic wall.
Also, we performed quantitative measurement of nor-
mal gland area by encircling it and presenting it in cm?.

MRI imaging was done with an Elscint Prestige 2T
device equipped with a standard circular polarized coil.
Scans are recorded in the sagittal, coronal and axial line
with 5-mm slice thickness. Since T'CS records were done
in axial line, the measurement of PGC in two orthogo-
nal directions in the same line on MRI scan was consid-
ered to match TCS results. The inclusion criteria on
MRI scan included round or ovoid area of signal abnor-
mality in the pineal recess, hypointense to white mat-
ter on T1-weighted images and isointense with cere-
brospinal fluid on T2-weighted images. The lesion was
internally homogeneous on T2-weighted images and no
lobularity of the margin was present®.

Statistics

The statistical package SPSS for Windows (version
6) was used on data analysis. For descriptive statistics,
the continuous numeric variables were shown as mean
values, standard deviations, minimum and maximum
values. The difference between groups was calculated
using the one-way analysis of variance (ANOVA), with
the significance level set to p<0.05. Multiple regres-
sion analysis was used to isolate the significantly corre-
lated sets of values.

Results

Control scans of 20 males and 20 females, mean age
29.4 (SD, 12.1) years, revealed a pea-like, uniformly
hyperechogenic structure superior to mesencephalic
line. The mean size of the gland detected by MRI was
6.73(£0.68) x 5.17(%£0.64) mm. The mean TCS size
was 6.71(%£0.71) x4.91(%=0.64) mm (first observer) and
6.59(%+0.69) x4.78(%0.71) mm (second observer).

The median size of the gland area on TCS was 0.27
cm?. In eight controls we found small hypoechogenic
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Fig. 1. An 18-year-old female patient with pineal cyst recorded
on transcramial sonography.

irregularities (less than 2 mm) within the gland matrix,
which were not considered pathologic. The mean age of
our patients was 19.6 (SD, 10.1) years and the cyst size
on 'T'CS scan varied from 3.5x5 mm to 17x10 mm in di-
ameter. PGC characteristics on the most recent MRI
scan and TCS are shown in Table 1. No statistically sig-
nificant differences were found between PGC size meas-
ured by TCS by first and second observer (p=0.475),
PGC size measured by TCS and MRI (first observer,
p=0.453; and second observer, p=0.425), size of the
pineal gland measured by TCS and MRI in control group
(first observer, p=0.497; and second observer, p=0.370)
or pineal gland size measured by TCS by first and sec-
ond observer in control group (p=0.473).

The mean 3" ventricle diameter was 8.2 (7.3-9.1)
mm and 8.0 (6.9-9.2) mm in the control group and PGC
patients, respectively, which was not significantly dif-
ferent. The follow up imaging performed in 15 patients
after two years did not demonstrate any difference in
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Fig. 3. Large septated pineal cyst on transcranial sonography.
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Fig. 2. Hypoechogenic cyst mass in a 10-year-old patient.

the size of lesions, thus confirming the diagnosis of be-
nign PGC>1%12. Meanwhile, three patients underwent
surgical treatment and the diagnosis was verified by
specimen histopathology. Control MRI and TCS scans
performed after surgical treatment showed complete
cyst delineation in each patient.

Discussion

Our findings showed the usefulness of TCS in the
detection of pineal gland lesions. We confirmed that
'T'CS findings corresponded to the findings of MRI both
in the detection of PGC and pineal gland itself. Fur-
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Fig. 4. The same lesion on magnetic resonance image.
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thermore, T'CS proved to be a useful and reliable neu- With further development of diagnostic tools for neu-
roimaging technique in long term follow up of PGC. Also,  roimaging, the rate of incidental detection of pineal cysts
the method showed high inter-observer reliability. in asymptomatic subjects has increased. The great

Table 1. Data on transcranial sonography (TCS) and magnetic resonance imaging (MRI) findings in patients with pineal gland cyst

Case  Age Sex TCS size  MRIsize  MRI TCS
no. (yrs) (M/F) (mm)* (mm) shape findings
1 28 M 7.2x5.9 7.9x6.1 ovoid cyst hypoechogenic cyst mass
2 8 F 8.3x8.8 8.0x9.0 small septated hypoechogenic septated cyst
ovoid cyst

largerly hypoechogenic separated
3 17 F 14.8x11.0  17.0x10.0  ovoid cyst with cyst with uniform hyperechogenic
thin wall and septum  cyst wall and communication with
third ventricle

4 33 F 12.0x8.0 12.0x7.5 lobulated cystic mass  hyperechogenic gland with
multifocal hypoechogenic areas
F 10.8x6.2 9.0x6.1 ovoid cyst poor insonation due to restlessness
M 5.9x3.5 5.0x3.5 small ovoid cyst small hypoechogenic sidewise
located oval cyst
7 21 F 5.6x9.9 6.0x8.6 round partly septated hyperechogenic matrix with small
cyst hypoechogenic areas
8 16 M 11.6x7.8 11.1x7.8 large homogeneous hyperechogenic gland with
cystic mass increased width
@ 9 17 F 4.9x7.0 5.2x7.0 sidewise located oval  hypoechogenic uniform eccentric
cyst lesion
10 9 F 12.0x9.8 12.0x9.0 ovoid cyst with large hypoechogenic cyst with
peripheral marked hyperechogenic wall
calcifications
11 15 M 10.8x9.1 12.0x11.0  large septated cyst hypoechogenic septated cyst
12 12 M 10.2x7.4 11.0x7.0 oval cyst with thin wall uniformly hypoechogenic cyst mass
13 40 F 10.6x9.6 11.0x9.0 round septated cyst trigonal hypoechogenicity within
hyperechogenic gland matrix
14 28 M 8.5x7.2 9.1x7.9 ovoid cyst small central hypoechogenic area
within gland area
15 19 F 6.2x4.0 6.0x4.0 small ovoid cyst small hypoechogenic oval cyst
16 31 F 8.5x5.3 8.4x5.0 round partly septated hypoechogenic septated cyst
cyst
17 18 M 11.1x9.2 13.2x9.2 large septated cyst hyperechogenic gland with
multifocal hypoechogenic areas
18 29 M 7.2x6.9 8.3x7.0 small ovoid cyst small hypoechogenic oval cyst
19 9 M 6.6x6.2 7.0x6.1 round cystic mass hyperechogenic gland with
increased width
20 21 F 9.6x8.8 9.5x8.6 lobulated cystic mass  hyperechogenic gland with
multifocal hypoechogenic areas
* mean size calculated by two independent physicians
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majority of these findings reveal no clinical symptoms
but some patients may develop signs of intracranial hy-
pertension or tectal dysfunction with compression and
distortion of the adjacent nervous structures®. MRI scan
of a cystic configuration in the pineal region is usually
associated with non-neoplastic pineal lesions rather than
a tumor, however, the analysis does not allow for cystic
pineal tumors to be distinguished from benign glial cysts
with certainty. Because of the common occurrence of
cystic formations in the pineal region on MRI brain im-
aging, it seems to be important to establish differential
diagnosis and decide whether these patients need neu-
rosurgical intervention, especially if definite clinical
symptoms exist. The documented characteristics of
benign pineal cyst on MRI scan include dimension less
or equal to 20 mm, absence of expansive effect, a signal
similar to that of cerebrospinal fluid, and absence of cyst
growth. The true nature of the entity can only be dis-
closed by performing histopathologic analysis®. At this
point, it is doubtful whether T'CS can help in this dis-
crimination between benign and malignant lesions but
this study has shown that T'CS is a method competitive
to MRI in the detection of morphological abnormalities
of the pineal region. On T2-weighted images, this le-
sion was identified as a high-intensity area with smooth
margins and was homogeneous in nature, which was
shown on TCS scan as hypoechogenic with echogenici-
ty similar to that within the ventricular system. Cystic
hypoechogenicity on TCS was often surrounded by hy-
perechoic gland wall as the result of the gland calcifica-
tion. The degree of calcification in the pineal region in-
variably increases with age and corpora aranacea or brain
sand is a constant feature of older age brain. Therefore,
on TCS the pineal cystic lesions may vary from hypo- to
hyperechogenic with anechoic areas as the result of cyst
size and compression by the residual pineal tissue.

Although being variably visualized on 'TCS and hy-
perechogenicity can mimic small hypoechogenic lesion
within it, the increased width and enlarged encircled
area of the pineal region in laterolateral and/or antero-
posterior projection seems to be a constant feature. Com-
paring MRI and TCS scans of major hypoechoic lesions
revealed better morphology evaluation on 'T'CS, and the
septum of cavum or communication with ventricular
system can be easily recorded on TCS. Also, in hypoe-
chogenic lesions the uniform cyst wall with maximum
thickness of about 2 mm seems to match the criteria for
the differential diagnosis between pineal cyst and pin-
eocytoma on MRI scan'.
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The main limiting factor for this method is the need
of appropriate temporal bone windows. Previous reports
show that around 10% of individuals might be found in-
eligible for this approach.

In conclusion, our results suggest that TCS is a neu-
roimaging method competitive to MRI in the evalua-
tion of pineal gland lesions, especially in adult age. We
suggest that repeat MRI scans or control scans after sur-
gical treatment of such lesions might be replaced by clin-
ical and 'TCS follow up.

TCS is an easy bedside method of two-dimensional
black and white brain imaging with spatial resolution
lower than other imaging modalities but with the abili-
ty to display echogenic changes of pineal lesions. Addi-
tional efforts are needed to evaluate the utility of this
approach.
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Sazetak

TRANSKRANIJSKA SONOGRAFIJA U PROCJENI OSTECENJA PINEALNE ZLIJEZDE
M. Budisié, J. Bosnjak, A. Lovrencic-Huzjan, M. Strineka, R. Bene, D. AZman, D. Bedek, 7. Trkanjec 1 V. Demarin

Nasa prethodna studija je pokazala da je transkranijska sonografija (TCS) mozdanog parenhima kompetitivna metodi
magnetske rezonancije (MRI) u procjeni pinealne zlijezde. Cilj ove studije bio je pokazati moguénosti T'CS u biljezenju
signala pinealne zlijezde i njene cisti¢ne morfologije te pokazati korelaciju sa snimkama MRI na ve¢em broju bolesnika kroz
dvije godine praéenja. U studiju je bilo uklju¢eno 20 bolesnika s novootkrivenom cistom pinealne zlijezde na MRI i 40
kontrolnih osoba. Snimanje T'CS je provelo dvoje neovisnih istrazivaca na uredaju Aloka SSD-5500 i bez uvida u rezultate
MRI. Pinealna cista je oznacena kao svaka hipoehogena struktura unutar hiperehogene zone Zljezdanog tkiva ili hipoehogena
lezija sa septumom ili bez njega, okruzena tankom ehogenom linijom. Sirine zlijezde i lezije su izmjerene u latero-lateralnoj
i antero-posteriornoj projekciji te usporedene s rezultatima snimaka MRI. Podaci su obradeni analizom ANOVA. Rezultati
nisu pokazali statisti¢ki znacajnu razliku izmedu rezultata dvoje istrazivaca na T'CS (p=0,475), veli¢ine ciste mjerene pomocu
TCS 1 MRI (prvi istraziva¢, p=0,453; drugi istraziva¢, p=0,425) i veli¢ine pinealne Zlijezde mjerene pomocu T'CS u kontrolnoj
skupini (p=0,473). Rezultati studije pokazuju moguénosti TCS u otkrivanju pinealne regije uz dobru korelaciju s rezultatima
MRI i znacajnu podudarnost u rezultatima izmedu dvoje neovisnih ispitivaca. T'CS se pokazala kao metoda kompetitivna
metodi MRI u evaluaciji pinealnih cista, te ukazuje na moguénost pracenja bolesnika klinickim pregledom i pomoc¢u T'CS.

Kljué¢ne rijeci: Pinealne ciste — djagnostika; Pinealna Zlijezda — djagnostika; Bolesti mozga — djagnostika; Ultrazvuk —

Doppler — transkranijski
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