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PROTON MR SPECTROSCOPY OF THE
FORAMEN OF MONRO REGION IN PATIENTS
WITH TUBEROUS SCLEROSIS COMPLEX

Arnolfo de Carvalho-Neto', Isac Bruck? Sérgio A. Antoniuk?, Edson Marchiori’, Emerson L. Gasparetto’

Abstract — Purpose: To evaluate with TH-magnetic resonance spectroscopy (MRS) the metabolites rations of the
foramen of Monro’s region in patients with tuberous sclerosis complex (TSC).  Method: Twelve patients with
TSC and an age and gender-matched control group underwent MR imaging at a 1.5T scanner, and TH-MRS at
the foramen of Monro level with a multivoxel acquisition. Similar volumes of interest were selected in each
side of the foramen of Monro and in the basal ganglia (lentiform nuclei). The obtained N-acetylaspartate
(NAA), creatine (Cr) and choline (Cho) peak amplitude values and ratios were studied. The statistical analysis
was performed and p<0.05 was considered statically significant. Results: There was no significant difference
between the NAA/Cr and Cho/Cr ratios near to the foramen of Monro and basal ganglia of the TSC patients
compared with the controls (p>0.05).  Conclusion: The NAA/Cr and Cho/Cr ratios near to the foramen of
Monro and basal ganglia of TSC patients are similar to the rations obtained in the control group.

KEY WORDS: tuberous sclerosis complex, magnetic resonance imaging, proton spectroscopy.

Espectroscopia de prétons por RM da regido do forame de Monro em pacientes com complexo esclerose
tuberosa

Resumo — Objetivo: Avaliar através de espectroscopia de prétons as relagdes dos metabélitos da regido do
forame de Monro em pacientes com complexo esclerose tuberosa (CET). Método: Doze pacientes com CET
e um grupo controle pareado por sexo e idade realizaram RM em aparelho de 1,5T, e a espectroscopia de
prétons foi obtida ao nivel do forame de Monro com aquisicao multi-voxel. Volumes de interesse similares
foram posicionados em cada lado do forame de Monro e nos ganglios da base (ntcleos lentiformes). Os
valores das relagdes e amplitudes de pico do N-acetilaspartato (NAA), creatina (Cr) e colina (Cho) foram
estudados. A analise estatistica foi realizada e valores de p<0,05 foram considerados estatisticamente
significativos. Resultados: Nao houve diferenca significativa entre as relacbes NAA/Cr e Cho/Cr na
regidao do forame de Monro e nos ganglios da base dos pacientes com CET comparados com os controles
(p>0,05).  Conclusdo: As relagdes NAA/Cr e Cho/Cr na regiao do forame de Monro e nos ganglios da base de
pacientes com CET sao semelhantes aquelas obtidas no grupo controle.

PALAVRAS-CHAVE: complexo esclerose tuberosa, imagem por ressonancia magnética, espectroscopia de

prétons.

Tuberous sclerosis complex (TSC) is an autosomal dom-
inant disease with incidence of 1:10000 in North Ameri-
ca. It is characterized by hamartomatous benign tumors in
multiple organs™. Central nervous system (CNS) involve-
ment in TSC invariably presents with cortical tubers, sub-
ependymal glial nodules, white matter hamartomas and
subependymal giant cell astrocytoma (SGCA). Neurolog-
ical manifestations range from slight or even inexistent
to extremely severe symptoms. The most common neu-

rological finding is seizure, however other manifestations
such as mental retardation in different degrees and ob-
structive hydrocephaly secondary to the SGCA growth
are frequently seen"”.

Imaging techniques, especially brain MR imaging and
CT, are well established for the diagnosis and follow up
of TSC patients*®. In addition, advanced MR imaging tech-
niques, such as proton magnetic resonance spectroscopy
(TH-MRS), which allow non-invasive biochemical evalua-
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tion of the brain, have been studied in TSC patients. Re-
duced N-acetylaspartate/creatinine (NAA/Cr) ratio in the
cortical tubers has been reported’”, reflecting the pres-
ence of immature neurons and glia, or gliosis.

One of the most important complications in patients
with TSC is the growth of SGCA near to the foramen of
Monro. Several studies have proposed that these tumors
could arise from subependymal nodules™". In a previous
report, the TH-MRS of a proven SGCA showed high cho-
line (Cho/Cr) (1.60) and low NAA/Cr (0.93) ratios, similar
to other brain neoplasms®™. The authors suggested the 1H-
MRS might be a valuable tool for early detection of neo-
plastic transformation in subependymal nodules arising
near to the foramen of Monro in TSC patients. However,
no other studies assessed the TH-MRS features in this re-
gion, trying to define wherever the presence of non-neo-
plastic subependymal nodules and/or calcifications, fre-
quently seen near to the foramen of Monro, could limit
the use of the TH-MRS for the follow up of TSC patients.

We aimed to study the foramen of Monro’s region of
TSC patients with TH-MRS, trying to assess if there is any
difference on the metabolites ratios comparing patients
with and without non-neoplastic nodules in this area and
healthy controls. We hypothesize that the metabolites
ratios in patients with TSC and non-neoplastic subepen-
dymal nodules will be different from those cases without
nodules, as well as from the healthy controls. As a result,
we believe that these ratios seen in patients with non-
neoplastic nodules could be used in the follow-up of TSC
patients, aiming early diagnosis of SGCA.

METHOD

Studied population

Twelve patients with TSC (9 females and 3 males; mean age
11.8 years, standard deviation (SD) 2.88) were prospectively re-
cruited. All subjects had TSC diagnosed by standard criteria®.
An age and gender paired control group composed of fifteen
healthy volunteers (11 females and 4 males; mean age 11.3 years,
SD 2.74) was also selected. The control group was recruited after
a complete clinical history and detailed physical and neurolog-
ical examinations, aiming to exclude CNS diseases. The patients
and their parents received information regarding the purpos-
es of the study, answered a clinical protocol, and signed the in-
formed consent. The study was approved by the Institutional
Review Board of our hospital.

All TSC patients underwent brain CT scan with standard
technique as a routine follow-up. Two independent radiologists
evaluated these exams and compared with previous CT scans
trying to define alterations in the size, enlargement or contrast
enhancement of the lesions near to the foramen of Monro. No

patients had clinical or imaging evidence of SGCA.
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MR imaging protocol

All patients underwent MR imaging at a 1.5T scanner (GE
Healthcare, Milwaukee, Wis, USA). Morphologic evaluation was
performed and the following sequences were obtained: fluid at-
tenuation inversion recovery (FLAIR) (repetition time (TR)=8800
ms; echo time (TE)=95 ms; inversion time (T1)=2200 ms; sec-
tion thickness=5 mm), spin echo T1 weighted (TR=500 ms, TE=9
ms; section thickness=5 mm) and gradient echo T2* weighted
(TR=400 ms, TE=15 ms, flip angle=20; section thickness=5 mm)

in the axial plane.

TH-MRS acquisition

Before the TH-MRS image acquisition, to achieve magnetic
field homogenization, the magnet was automatically shimmed
on the water signal of the volume of interest (VOI) to a line
width of about 8 Hz. The proton MR spectroscopy was per-
formed in the axial plan at the foramen of Monro level, with a
multivoxel acquisition using a point-resolved spectroscopy se-
quence technique. The TH-MRS parameters were the following:
section thickness=10 mm, TR=1000 ms, TE=144 ms, FOV=18 cm,
matrix=18x18, NEX=1 and 16 x 16 phase encoding steps.

TH-MRS post-processing

The TH-MRS data sets were transferred to a workstation
and processed with the spectroscopy analysis software Func-
tool 2 (GE Healthcare, Milwaukee, Wis, USA). The post-process-
ing procedure consisted of the following steps: zero filling, fil-
tering (Hanning), 2D fast Fourier transformation, frequency shift
correction, baseline correction and phase correction with con-
stant phase angle.

In both TSC patients and controls, similar VOIs (10x10x10
mm®) were selected in each side of the foramen of Monro. In
addition, VOIs were defined bilaterally in the basal ganglia (len-
tiform nuclei). As these regions were not affect by the disease
and their metabolites concentration are constant with age, we
used them as internal control.

To perform the metabolite quantification, the three major
resonances in the spectra (N-acetylaspartate [NAA] at 2.02 ppm,
creatine [Cr] at 3.03 ppm and choline [Cho] at 3.23 ppm) were
curve-fitted, and peak amplitude values were obtained from all
voxels. The NAA, Cho and Cr peak amplitude values were used
to calculate metabolite signal ratios of NAA/Cr and Cho/Cr.

TH-MRS and MR imaging analysis

Based on the CT scans and conventional MR images, the fol-
lowing morphologic abnormalities were assessed: calcification
and/or subependymal nodules near to the foramen of Monro,
cortical tubers and subependymal nodules in other locations. In
addition, the quality of the spectra was evaluated, considering

the base line and the peak width patterns.
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Table. Comparison of the NAA/Cr and Cho/Cr ratios in TSC patients (n=12) and control

group (n=15).

Tuberous sclerosis complex: foramen of Monro

TH-MRS ratio TSC patients Control group p value
(MeantSD) (MeanztSD)
Right foramen of Monro
NAA/Cr 1.29+0.54 1.60£0.59 0.1877
Cho/Cr 1.26+0.39 1.671£0.69 0.2416
Left foramen of Monro
NAA/Cr 1.3510.61 1.5910.38 0.4945
Cho/Cr 1.34+0.50 1.61£0.48 0.4350
Right basal ganglia
NAA/Cr 1.79+0.48 1.96+0.45 0.6256
Cho/Cr 1.16+0.28 1.23+029 0.9611
Left basal ganglia
NAA/Cr 1.60+0.54 1.95+0.35 0.3798
Cho/Cr 1.16£0.33 1.26+0.29 0.8836

Carvalho-Neto et al.

Statistical analysis

The statistical analysis was performed using the software
STATA, version 8 (Stata corporation, Texas, USA). The NAA/Cr
and Cho/Cr rations were analyzed through a non-parametric
Mann-Whitney test. In addition, a chi-squared test was used for
categorical variables. Values of p<0.05 were considered stati-
cally significant.

RESULTS

Regarding the conventional MR imaging findings, sev-
en TSC patients (58.3%) had areas of low signal intensi-
ty on T2*-weighted images near to the foramen of Mon-
ro (4 unilateral and 3 bilateral), suggesting the presence
of calcifications. In four patients, six subependymal nod-
ules (ranging from 8 to 12 mm) were seen in this region.
All TSC patients had cortical tubers (ranging from 20 to
39) and subependymal nodules other than near to the fo-
ramen of Monro (ranging from 3 to 12).

The TH-MRS spectra were considered of low quality
near to the foramen of Monro in five TSC patients. There
was a positive relation between the presence of calcifica-
tion near to the foramen of Monro and low quality spec-
tra (p=0.0214).

There was no significant difference between the NAA/
Cr and Cho/Cr ratios near to the foramen of Monro and
basal ganglia of the TSC patients (n=12) compared with the
controls (n=15) (Table). Even when excluded the spectra
considered as low quality (n=5), comparing the remaining
7 cases with the controls, no significant differences were
seen for both ratios (p>0.05).

In addition, we evaluated the NAA/Cr and Cho/Cr ra-
tios obtained near of the foramen of Monro only in TSC
patients (n=12), comparing the ratios in areas with (n=18)
or without subependymal nodules (n=6), and no signif-
icant difference (p>0.05) was demonstrated in both ra-
tios (Figure).

Cho

Figure. (A) FLAIR sequence at the level of the foramen of Monro shows cortical tubers (arrowhead) and subependymal nod-
ules (arrow) in the temporal horns of the lateral ventricles and at the left foramen of Monro region. The selected volumes of
interest are shown at the right and left foramen of Monro region. TH-MRS obtained at the right (B) and left (C) foramen of

Monro region.
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DISCUSSION

In this study, we have demonstrated that the NAA/Cr
and Cho/Cr ratios near to the foramen of Monro of TSC
patients are similar to the healthy controls. Even when
excluding spectra with low quality, probably related to
calcifications in this region, no significant difference was
demonstrated. In addition, we found similar NAA/Cr and
Cho/Cr ratios near to the foramen of Monro of TSC pa-
tients when comparing cases with or without subepen-
dymal nodules in this region. The NAA/Cr and Cho/Cr
ratios demonstrated in this series can be used as reference
values for the follow up of TSC patients, aiming early di-
agnosis of SGCA, which could present with high Cho/Cr
and low NAA/Cr ratios on the TH-MRS".

The neoplastic degeneration of subependymal nod-
ules in patients with TSC is a well-known complication.
The diagnostic definition of SGCA is not based only on
histological findings because they are similar to the other
subependymal nodules and cortical tubers™®. As a result,
previous studies have investigated the MR imaging find-
ings that could be associated with neoplastic degenera-
tion of the subependymal nodules. Significant changes in
the size or the pattern of contrast enhancement of the
lesions were suggested as determinant imaging factors™®.
In addition, the association of conventional and advanced
MR imaging techniques, such as TH-MRS, could allow even
earlier diagnosis of SGCA.

TH-MRS of brain enables noninvasive quantification
of metabolites in vivo™. The most intense signal in the
proton MR spectrum of brain originates from the N-ace-
tyl groups, mainly N-acetylaspartate. Less intense signals
arise from creatine plus phosphocreatine and choline-
containing compounds. NAA is identified exclusively in
neurons and neuronal processes in the mature brain and
can be used as a neuronal marker. Decreased NAA is ob-
served in areas of neuronal loss or dysfunction. Cr, which
is more concentrated in glia than neurons, is relatively
homogeneously distributed in normal brain and can be
used as an internal standard in this circumstance. Cho is
a component of phosphoglyceride and is therefore a ma-
jor constituent of cell membranes. The Cho can increase
in conditions associated with increased cell membrane

turnover, such as neoplasms”®'".

Several authors have studied the TH-MRS features
of cortical tubers in patients with TSC. In most of the
cases they have found reduced NAA/Cr ratio, reflecting
the presence of immature neurons and glia, or gliosis’®.
Mukonoweshuro et al.? studied 26 TSC patients with
TH-MRS and demonstrated low NAA/Cr and NAA/Cho
ratios in the cortical tubers compared with normal-ap-
pearing brain areas. Mizuno et al’ evaluated the TH-MRS
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features in four patients with TSC and observed decreased
NAA/Cr and increased myoinositol/Cr ratios. Sener® re-
ported reduced NAA/Cr ratio and increased Cho/Cr ra-
tio in a cortical tuber. A control study performed seven
months later, however, showed reduced NAA /Cr ratio and
a slightly increased Cho/Cr ratio. None of these studies
investigated the metabolites ratios in the subependymal
nodules near to the foramen of Monro.

As far as we know, only two studies assessed the TH-
MRS findings of subependymal nodules in TSC patients.
Tarasow et al.” found reduced NAA/Cr and slight in-
creased Cho/Cr ratios, but the exact location of the nod-
ule was not mentioned. A recent study reported a case of
TSC presenting with a 15 mm nodule at the left foramen of
Monro®. The lesion had heterogeneous signal on T1and T2-
weighted images, and strong enhancement after contrast
administration. The TH-MRS (multi-voxel PRESS, TE=144ms)
showed high Cho/Cr and low NAA/Cr ratios in the le-
sion, compared with the contralateral foramen of Monro
region (Cho/Cr=1.6 vs. 1.29 and NAA/Cr=0.93 vs. 1.56). The
diagnosis of SGCA was defined through histological ex-
amination, and the authors suggested that TH-MRS could
be a valuable tool for the early detection of neoplastic
transformation of subependymal nodules in TSC patients.

However, no previous studies investigated if the non-
neoplastic subependymal nodules and calcifications, fre-
quently seen in the region near to the foramen of Monro
of TSC patients, could limit the use of the TH-MRS as a
follow up technique. In this series, the NAA/Cr and Cho/
Cr ratios near to the foramen of Monro of TSC patients
were similar to the controls. Even when excluding spectra
with low quality, related to presence of calcifications, or
when comparing cases with or without non-neoplastic
subependymal nodules in this region, no significant dif-
ference was demonstrated.

Limitations of this study were related to the small
number of patients investigated, as the TSC is a quite
common syndrome. However, we only included patients
able to undergo the MRI without sedation, excluding
cases younger than six years old or with severe mental
retardation. In addition, we had no histological diagnosis
in the patients with non-neoplastic subependymal nod-
ules, although those nodules did not fill the literature
diagnostic criteria for SGCA. Moreover, we had several
technical limitations, as the applications for acquisition
and post-processing of 1-H-MRS have improved signifi-
cantly during the progress of the study. However, aiming
a methodological standardization of our data, we decided
to study all the patients in the same MR scanner. Also, we
have studied long echo time (144 ms) TH-MRS, and my-
inositol peak, which was not evaluated because it is better
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demonstrated with short echo TH-MRS, could be helpful
in predicting malignant transformation to SCGA. Finally,
because the size of the analyzed 1H-MRS VOI (10x10x10
mm’), one can argue that small lesions can be missed, what
could explain the absence of difference of the ratios be-
tween foramina with or without nodules. In addition, we
did not account for the effect of volume averaging with
CSF and normal brain in subcentimiter nodules. However,
the non-homogeneity of this region related to the bone
and air of the skull base and sphenoid sinus not allowed
smaller voxels, as we tried to use a technique compatible
with daily practice without sedation.

In conclusion, the NAA/Cr and Cho/Cr ratios near to
the foramen of Monro and basal ganglia of TSC patients
are similar to the rations obtained in the same regions
of the control group. Even when excluded the spectra of
low quality, mainly related to calcifications in this area,
or when comparing foramina with and without non-neo-
plastic subependymal nodules, no significant differences
were seen for both rations. The NAA/Cr and Cho/Cr ra-
tios obtained with TH-MRS are reproducible and robust.
Therefore this imaging technique can potentially be used
for screening and follow-up of TSC patients, and the ra-
tios demonstrated in this series can be used as reference
values, aiming early diagnosis of neoplastic degeneration
of subependymal nodules. Further TH-MRS studies must
be conduced with long term follow-up of non-neoplastic
lesions near to the foramen of Monro, in order to define
the real potential of this technique for early diagnosis of
SGCA in patients with TSC.
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