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ABSTRACT

Aims And Objectives: Abnormalities in melatonin physiology and circadian rhythm are detected in
patients with autism. Melatonin is produced predominantly in the pineal gland and the amount of melatonin
released is proportional to the pineal gland volume. This study aimed to examine whether the pineal gland
volume in children with autism is different from that in healthy children.

Material and methods: Brain magnetic resonance images (MRI) of 120 paediatric patients with
autism and 82 control paediatric subjects were examined; pineal parenchymal volume (PPV), pineal cyst rate
(PCR), and total pineal gland volume (TPGV) were measured using a multimodality viewer (MMV), but only
the TPGVs were measured using a tumour tracking (TT) method. Measurements were taken by 2 separate
radiologis

Results: The PCR was substantially greater in autistic patients, but the PPV and TPGV according to
MMV and the TPGV according to TT were significantly lower. Additionally, the autistic patient group's PPV
to TPGV ratio was noticeably lower. In both studies, the autism patient group's TPGVs were noticeably lower

than the controls in every age range.

Conclusions: Using two distinct approaches, our study was the first to thoroughly investigate TPGVs
in pediatric autistic individuals. Autism has been found to have high PCR and low PPV-TPGV. Comparable
reference values for pineal gland size in healthy and autistic children ages 2—17 are also provided by this
study.

Keywords: pineal cyst, autism children, , pineal gland volume.
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INTRODUCTON

One percent of the general population suffers from autism spectrum disorder (ASD), a complex
neurodevelopmental disorder that can be congenital or develop during the first three years of life. Restrictive
and repetitive behavior, along with communication and social interaction disorders, are the hallmarks of the

disease [1].

Patients with ASD are found to have abnormalities in their circadian rhythm and melatonin
physiology. There is a correlation between autistic behavior and physiological levels of melatonin and/or
melatonin derivatives, which are typically below average in ASD. It has been reported that differences in the
melatonin production pathway and genetic pathways are the cause of these abnormalities in melatonin
concentrations in children with autism. Children with ASD who received exogenous treatment with melatonin

supplements showed improved nighttime management in relation to their daytime behaviors.

It has been noted that the mean melatonin level is less than half in about 65% of patients with ASD.
Additionally, sleep disturbance is one of the most prevalent symptoms in pediatric ASD patients, with a
prevalence of 50-80% [4], although it is observed in 9-50% of normal children. The pineal gland produces
melatonin, an endogenous neuro-hormone, primarily at night and in the dark. The volume of the pineal gland

determines how much melatonin is released [5].

The pineal gland is a photo-neuro-endocrine gland that emerges from the third ventricle's posterior
wall in the brain's center. Because of its location, it can secrete hormones into the bloodstream and directly

into the cerebrospinal fluid [1].

The quantity and total volume of pinealocytes can be thought of as proportional to the pineal
parenchyma volume (PPV) (corrected pineal volume for people with pineal cysts), which is the portion that
releases melatonin. To get the right result when analyzing the function of this gland, it is also necessary to
take into account pineal cysts, which are quite common but whose effects on pineal function are unknown
[7,8].

AIMS AND OBJECTIVES:

This study aimed to examine whether the total or parenchymal volume of the pineal gland in children with
ASD is different from that in healthy children.

To examine whether there is a difference between patients with ASD and control individuals in terms of the
presence of a pineal gland cyst.

To investigate whether there is a change in pineal gland volume (PGV) based on increasing age groups in
ASD children and normal children.

Finally, in light of the fact that knowing the normal pineal gland volume can help radiologists to identify
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abnormal cases, we also aimed to reveal normal pineal gland volumes in children, which could be used to
compare MRI findings.
MATERIALS AND METHODS

SOURCE OF DATA:

This is retrospective study used data from MVJ medical college and research hospital, Bengaluru on 120
children with a definitive diagnosis of ASD and 82 control pediatric subjects, both of whom were between
the ages of 3 and 16. This study was approved by the Ethics Committee of MV J hospital and research hospital.

The study period was two years starting from July 2022 to June 2024.

METHOD OF COLLECTING DATA:

MRI was performed using a 1.5 Tesla MR scanner and comprised axial T1-weighted dual-echo, axial T2-
weighted single-shot fast-spin echo sequences (SS-FSE), and diffusion-weighted imaging (DWI), succeeded
by a dynamic contrast-enhanced investigation.

Inclusion criteria:

Study population:

The study included patients with an ASD diagnosis who were between the ages of 3 and 16 and who were

listed in the hospital database and who had had brain magnetic resonance imaging (MRI).
Control:

Healthy individuals who had undergone general health checkup.

As the control group, the PGVs of the pediatric patients whose brain MRIs were obtained for different
purposes and found to be normal in comparable age groups were chosen.

Exclusion criteria:

The study excluded patients and control subjects with pineal calcification, as well as those with a history of
brain trauma, surgery, or tumor

Cases of any known structural neurological disease.
Patients who had metallic implants, pacemakers, hearing aids, insulin and medication pumps.
Controls volunteers with first degree (blood relation) relative known to be suffering from psychiatric illness.

Patients already on antipsychotic medication.
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STUDY DESIGN: Hospital based Retrospective study.

EQUIPMENT AND PROTOCOL.:

The imaging was done using a SIEMENS MAGNETOM ESSENZA 1.5 TESLA MRI machine and routine

sequences were obtained.

STATISTICAL ANALYSIS:

The normality of the continuous variables was ascertained using the Shapiro-Wilk test. The Student's t test
was utilized to ascertain the average differences between the ASD patients and the control group because the
data displayed a normal distribution.

Total pineal gland volume (TPGV)-MMV (mm3) and TPGV-TT (mm3) in the patient and control groups

were found to have a linear relationship using Pearson's correlation coefficients.

The in-class correlation coefficient was computed in order to assess the compatibility of the TT and MMV
approaches. The cut-off point for TT and MMV was established, and the area under the two ROC curves was
compared, using receiver operating characteristic (ROC) analysis. The number of patients with cysts and the
gender of the patients by group were analyzed using the c2 test. The statistical significance level was set at

0.05, and the analyses were conducted using the demo versions of MedCalc 16 and SPSS 21.

RESULTS:
PARAMETER ASD (n =120), | Control ( n = | p
mean +/- SD 81), mean
+/-SD
PPV-MMV 90.15 +/-43.00 135.15 +/- | <0.001
41.40
TPGV-MMV 118.10+/- 35.90 154.20+/- 34.90 | <0.001
PCV- MMV 55.8+/- 23.30 56.20+/-26.31 0.941
Number of patients with a | 61 (50.0 %) 22 (24.%) 0.001
pineal cyst(n)
PPV-MMV/TPGV- MMV | 0.76 +/- 0.25 0.90 +/- <0.001
rate

Table 1. parameter comparison among the groups.

ASD- autism spectrum disorder.
PPV — pineal parenchymal volume.
PCV - Pineal gland volume.
TPGV - total pineal gland volume.
MMV- multimodality viewer.
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Parameter ASD Control p
Age (mean =+ | 8.50+4.44 8.82+4.54 0.688*
SD)

Gender, n (%)

Female 26 (21.7) 0.650°

Male 94 (78.3)

Table 2: Age and Gender distribution of cases.

TPGV-MMV TPGV-TT
(mm’) (mm’)
ASD-Age r 0.824 0.791
p <0.001 <0.001
Control-Age r 0.735 0.742
p <0.001 <0.001

Table 3: Analysis of the relationship between total pineal gland volume and age.

I — Pearson’s correlation coefficient,

ASD — autism spectrum disorder,

TPGV — total pineal gland volume,

MMV — multimodality viewer,

TT — tumour tracking

The two study groups had a homogeneous distribution of age and gender (p = 0.650 for gender and p
= 0.688 for age). Despite thefact that thePPV mean was lower in the ASD patients compared to the controls.

The mean pineal cyst volume did not significantly differ between the ASD patient group and the

control group (p < 0.001, p = 0.940, respectively). For both the MMV and TT techniques, the mean TPGV

was lower in the ASD patients than in the control group (p < 0.001 for both).

Patients with ASD had a lower average PPV-MMV/TPGV-MMYV ratio than the control group (p <
0.001). Patients with ASD had a higher incidence of pineal cysts than those in the control group (p = 0.001).
According to both measurement methods, the mean TPGV volume was statistically significantly lower for
ASD patients across all age groups than for the control group.

For both techniques, a positive, strong linear relationship between age and TPGV was observed for
both the control group and the ASD patient group. The TPGV rose in tandem with the patients' ages.

In terms of calculating the TPGV, there was a high degree of agreement between the TT and MMV
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approaches (intra class correlation [95% CI] 0.961; range: 0.948-0.970). The cut-off point for differentiating

between ASD patients and healthy control subjects was < 125 mm3, as per the TPGV-MMV technigque. A
53.33% of patients with ASD were detected, whereas 87.80% of children were found to be healthy. The

MMV technique indicated that the TPGV's overall discrimination performance was 74.2%.

Using the TPGV-TT technique, the cut-off point to distinguish between patients with ASD and
healthy patients was < 150 mm3. The detection rate of children who were healthy was 70.73%, whereas the
detection rate of patients with ASD was 62.5%. The TPGV-TT technique's overall discrimination
performance was 71.3%.

This value, though, lacked statistical significance. Regarding separating patients with ASD from

healthy people, there was no difference in the TPGV measurements between the two approaches (p = 0.056).

MRI:

The 1.5 Tesla scanner was used for all MRI studies without the use of contrast. To define the pineal
gland, we used the quadrigeminal cistern, the posterior portion of the third ventricle, the corpus callosum,
and the upper colliculus as anatomical landmarks.

The pineal glands' volume was mainly marked and measured in the sagittal planes, and the results
were corroborated in the axial and coronal planes. The volume analysis program was used to volumetry the
pineal gland and pineal cysts, and e Portal software was used to perform 3-dimensional (3-D) volumetric
analysis on a workstation. This program contains two distinct volume measurement tools: a tumor tracking
tool and a multimodality viewer (MMV).

Only total PGVs were measured in T1-weighted sequences using the TT method because it is
technically challenging to differentiate between a pineal cyst and the parenchyma using TT. Given that pineal
cysts lack pinealocytes, the PPV was computed by deducting the cyst's volume from the total pineal volume.
All volumetric data were presented as means + standard deviation (SD) in cubic millimeters from two separate
measurements separated by one week. The average was used to arrive at the final value.

The PPV was computed by deducting the cyst's volume from the total pineal volume, taking into
account that pineal cysts are devoid of pinealocytes. All volumetric data were presented as means + standard

deviation (SD) in cubic millimeters from two distinct measurements separated by one week. The average was
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used to arrive at the final value.

3-D Brainview T1W, TSE (turbo spin echo) T2W-coronal, TSE T2W-axial, TIWIR (inversion
recovery)-coronal, and Flair-SPIR (spectral pre-saturation with inversion recovery)-axial were the sequences
of the study protocol images used in the volumetric measurements. DICOM was the file format. The slices
ranged in thickness from 1 to 3 mm. The following parameters made up the study protocol for 3-D structural
T1-weighted gradient echo sequences: acquired voxel size = 0.99 x 1.0 x 1.0 mm; 1.0 mm sagittal slice
thickness without inter-slice gap; flip angle = 90°; field of view = 240 x 240 mm; repetition time = 600 ms;

echo time = 29 ms.

The following were specifics of the TSE (turbo spin echo) T2-weighted sequence parameters: Size of
acquisition voxel = 0.70 x 0.82 x 3.0 mm; thickness of sagittal slice without inter-slice = 3.0 mm gap;

repetition time = 4.2 ms; echo time = 103 ms; f lip angle = 90°; field of view = 240 x 240 mm.

REPRESENTATIVE CASES

Eigure 1: A Pineal gland volume of a 12 -year-old male patient measured using the tumour tracking method
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Eigure 2- axial image for pineal gland volum estimation.

Figure 3: A Pineal gland volume of a 14 year-old male patient measured using the tumour tracking method
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DISCUSSION

Our MMV and TT measures showed that patients with ASD had a lower TPGV than the control group

(p < 0.001).

Additionally, it was discovered that the ASD patients had a poorer PPV-MMV/TPGV-MMYV ratio

than the control group (p < 0.001 for both).

According to both measurement methods, the mean TPGV volume was statistically substantially
lower for ASD patients across all age categories than for the control group.
For both approaches, a positive, robust linear connection between age and TPGV was seen for both the control
group and the ASD patient group. The TPGV rose in tandem with the patients' ages
In terms of calculating the TPGV, there was a high degree of agreement between the TT and MMV
approaches (intraclass correlation [95% Cl] 0.961; range: 0.948-0.970).
The cut-off point for differentiating between ASD patients and healthy control subjects was < 125 mm3, as

per the TPGV-MMYV approach.

53.33% of patients with ASD were detected, whilst 87.80% of children were found to be healthy. The
MMV method indicated that the TPGV's overall discrimination performance was 74.2%. Using the TPGV-
TT approach, the cut-off point to distinguish between patients with ASD and healthy patients was < 150
mma3. The detection percentage of children who were healthy was 70.73%, but the detection rate of patients
with ASD was 62.5%. The TPGV-TT technique's total discrimination performance was 71.3%.

This value, though, lacked statistical significance.

Regarding separating patients with ASD from healthy people, there was no change in the TPGV

readings between the two approaches (p = 0.056).

Our evaluations utilizing MMV and TT showed that patients with ASD had a lower TPGV than the
control group (p < 0.001). Additionally, the PPV and Additionally, it was discovered that the ASD patients

had a poorer PPV-MMV/TPGV-MMV ratio than the control group (p < 0.001 for both).

René Descartes described the pineal gland as the "organ of the psychophysiological control” or the

"seat of the soul" in the 16th century [9].
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The production of melatonin at night and serotonin and N-N-dimethyltryptamine during the day is controlled

by the pineal gland, with the rhythm of the circadian cycle [10]. Melatonin is well-known for its ability to
regulate the circadian rhythm, but it also has anti-inflammatory, potent antioxidant, and synaptic plasticity
and immune response regulation capabilities [11,12].

The pineal gland is located between the dorsal habenular commissure and the posterior commissure on the
sagittal line. It is solid, pinecone-shaped, reddish-gray in color, and is roughly 5-9 mm in length and 1-5 mm
in breadth [9,13].

The geographic location of the clithe and the activity of the light stimulus determine the size of the pineal
gland in animals [14]. Follicles, pinealocytes, and glial tissue make up the pineal gland. The astrocytes
predominate in the glial tissue, while the pinealocytes constitute the pineal parenchyma [15]. The amount of
melatonin released rises in direct proportion to the PPV. Pinealocytes are the only cells found in the PPV.
The gland's secretory functions are more dysfunctional when there are more parenchymal calcifications,
gliosis, and cysts [16].

Physiological melatonin and/or melatonin derivative levels are typically below normal in ASD, and they are
linked to autistic behavior. This may be brought on by anomalies in the melatonin-related genes in ASD.
Melatonin supplementation dramatically reduces sleep delay and length of sleep in individuals with ASD [17,
18]. According to Maruani et al. [19], patients with ASD had lower pineal gland volume and early-morning
melatonin levels than the controls. A different investigation discovered a linear correlation between the PPV
and human melatonin plasma concentrations [16]. Similar variations in 24-hour melatonin levels per pineal

tissue volume were seen in that study [16].

Characterizing the pineal gland's secretory capability is made easier by looking at the correlation
between MRI volume and melatonin levels. This is particularly evident in conditions like schizophrenia,
Parkinson's disease, sleep disorders, and aging that involve a disrupted circadian melatonin rhythm [20-22].
Using both the MMV and TT techniques, we discovered that the TPGV in patients with ASD was low, in
line with the literature. An increase in total brain volume and cerebellar aberration were among the anomalies

found in a brain imaging investigation of autistic people [23].

PGV has been the subject of numerous thorough radiological investigations in both normal and aberrant
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cases. Mild anesthesia can be used to relax autistic children during noninvasive imaging procedures such

brain MRIs [24].

According to a thorough investigation on pineal volume in young, healthy individuals, the real pineal volume
in healthy adults was 94.2 + 40.65 mm, while the mean pineal volume in male adults without cysts was 89.21
+ 28.78 mma3 [3,25]. According to a statistically significant study, the age group aged 31-40 had the highest
mean pineal volume (158.34 + 43.17 mm3), followed by the 41-50 age group (109.90 + 37.50 mm3), the
under-30 age group (131.47 = 41.42 mm3), and the over-50 age group (109.90 + 37.50 mma3).

This is prevalent in computed tomography and autopsy, occurring in over 66% of instances. There is debate

on how pineal calcifications affect melatonin secretion.

Kunz et al. [30] discovered a link between non-calcified pineal tissue and 24-hour sulphatoxymelatonin, but
no correlation between the degree of calcification and 24-hour sulphatoxymelatonin. We excluded patients
with calcification from our study because of this contentious circumstance.lt was discovered that the
frequency of pineal cysts was 2.6% in adults and 0.6% in children [31]. Using 3-T MR, pineal cysts can be
accidentally found. Additionally, PGV tends to rise as people age [32].

In our study, patients with ASD had a considerably greater rate of pineal cysts (50% vs. 25.6%), although
there was no difference in cyst volumes between the ASD and control groups (p = 0.001, p = 0.940,

respectively). In children with ASD, we also found that the pineal volume grew with age.

Limitation of the study:

. There are several restrictions on this study. First, because we were unable to enroll patients with pineal
calcification, the study population was small.

Second, we did not take into account the connection between PGV and melatonin; instead, the study solely
comprised a volumetric analysis. But we also assessed the volume of parenchyma linked to direct melatonin
release.

. Thirdly, patients' use of antipsychotic medications was not taken into account. Lastly, although we did include
patients with pineal cysts, it was helpful to evaluate the amount and presence of cysts between the people in

the control group and those with ASD.
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CONCLUSION:

Using two distinct measuring techniques (MMV and TT), autistic children's total and parenchymal pineal
gland volumes were considerably smaller than those of normal children. We discovered that children with
ASD had a much greater incidence of pineal cysts than did the healthy controls. We demonstrated that age

affects the pineal volume in both healthy and ASD children.

The typical distribution rate for the volumes of normal pineal glands in children with autism and healthy
children between the ages of 2 and 17 is also provided by this study. We think that greater explanation and
research into the anomalous findings we found in ASD are necessary; in the future, more thorough and in-

depth research will yield useful insights regarding the pathophysiology of ASD patients.
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