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Conventional and Diffusion MR Imaging Features of Ring-

shaped Lateral Ventricular Nodules

ABSTRACT

Objective: The aim of this study is to evaluate the conventional and diffusion MRI findings
of ring-shaped lateral ventricular nodules (RSLVN) along with clinical features.

Materials and Methods: MR images of all patients who underwent contrast-enhanced
brain MRI between 2019 and 2023 were retrospectively evaluated. The number, shape,
maximal diameter, and signal intensity of RSLVNs on T1-weighted (T1W), T2-weighted
(T2W), fluid-attenuated inversion recovery (FLAIR) and diffusion-weighted imaging
(DWI), and contrast-enhancement status were evaluated. Apparent diffusion coefficient
(ADC) values and normalized ADC ratios of nodules were also determined. If follow-up
MRIs were performed, morphological changes of RSLVNs were evaluated.

Results: RSLVN was observed in fifteen (0.51%) of 2920 patients. Multiple RSLVNs were
observed in five patients and therefore a total of 23 RSLVNs were identified in fifteen
patients. Nodules were located on the roof of the lateral ventricle in eight nodules (34.8%),
in the frontal horn in twelve nodules (52.2%), and in the septum pellucidum in three. 6 of
23 RSLVNs (26.1%) were larger than 1 cm. All RSLVNs were isointense on T1W and
T2W, while hyperintense on FLAIR. On DWI, 20 of 23 RSLVNs had isointense signal and
the remaining 3 lesions were hyperintense. The mean ADC value and nADC ratio were
1.42 +£0.29 x 10-3mmz2 and 1.87 + 0.31, respectively.

Conclusions: RSLVNs may be more frequent than previously reported. Their uniform MRI
appearance and typical localizations are distinctive, and they can reach relatively large
sizes. Morphological stability during follow-up and the ADC values of these lesions
suggest a possible benign nature.

Keywords: RSLVN, Neuroimaging, Magnetic Resonance Imaging, Nodule, Lateral
Ventricle.

Halka Sekilli Lateral Ventrikiil Nodiillerinin Konvansiyonel

ve Diffiizyon MR Goriintiileme Ozellikleri

OZET

Amag¢: Bu calismanm amaci halka sekilli lateral ventrikiil nodiillerinin (RSLVN)
konvansiyonel ve difiizyon MR bulgularini klinik 6zellikleriyle birlikte degerlendirmektir.
Gere¢ ve Yontem: 2019-2023 yillar1 arasinda kontrastli beyin MR ¢ekimi bulunan tiim
hastalarm MR goriintiileri retrospektif olarak degerlendirildi. T1 agwrhkh (T1W), T2
agirlikli (T2W), FLAIR ve difiizyon agirlikli goriintiilemede (DAG) RSLVN'lerin sayisi,
sekli, maksimum ¢ap1 ve sinyal yogunlugu ve kontrast tutulum durumu degerlendirildi.
Nodiillerin goriiniir diflizyon katsayisi (ADC) degerleri ve normallestirilmis ADC oranlar1
da belirlendi. Takip MR'lar1 yapildiysa, RSLVN'lerin zaman igerisindeki morfolojik
degisiklikleri degerlendirildi.

Bulgular: Calismaya dahil edilen 2920 hastanin 15'inde (%0,51) RSLVN saptandi. Bes
hastada birden fazla RSLVN go6zlendi ve dolayisiyla on bes hastada toplam 23 RSLVN
tanimlandi. Nodullerin sekizi (%34,8) lateral ventrikiil tavaninda, on iki tanesi (%52,2) 6n
boynuzda, tgl ise septum pellucidum'da yerlesmisti. 23 RSLVN'den 6'si (%26,1) 1 cm'den
bayiktia. Tum RSLVN'ler TIW ve T2W'de izointens, FLAIR sekansinda ise hiperintensti.
DAG'de 23 RSLVN'den 20'sinde izointens sinyal vardi, geri kalan 3 lezyon ise hiperintens
idi. Ortalama ADC degeri ve nADC orani sirasiyla 1,42 + 0,29 x 10-3mm2 ve 1,87 + 0,31
idi.

Sonu¢: RSLVN siklig1 daha once bildirilenden daha sik olabilir. Konvansiyonel MR
goriinimleri ve tipik lokalizasyonlar1 ayirt edicidir ve nispeten biyiikk boyutlara
ulasabilirler. Takip sirasindaki morfolojik stabilite ve bu lezyonlarn ADC degerleri olasi
benign bir dogaya isaret etmektedir.

Anahtar Kelimeler: RSLVN, No6rogoriintiileme, Manyetik Rezonans Goriintiileme, Nodiil,
Lateral Ventrikiil.
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INTRODUCTION

Ring-shaped lateral ventricular nodules
(RSLVNs) are rare lesions attached to the
ependyma located in the body or roof of the lateral
ventricles. They are generally considered to be a
"leave me alone" lesion not associated with clinical
symptoms. However, the exact nature of RSLVNs
is unknown due to the lack of adequate
histopathological data (1,2). Some previous reports
have suggested that RSLVVNs may be a precursor or
variant of subependymoma (3,4).

Various typical imaging findings of
RSLVNs have previously been described on
conventional brain MRI, including T1W, T2W,
FLAIR, and contrast-enhanced sequences (1,2).
However, the extremely rare prevalence of these
lesions raises the question of the reliability of the
available data. Moreover, to our best knowledge,
the apparent diffusion coefficient (ADC) values of
these lesions on diffusion MRI have not been
measured before (1,2,5). The aim of this study was
to evaluate the conventional brain MRI findings of
RSLVNs and to assess the ADC values of these
lesions along with signal intensity characteristics in
diffusion MRI.

MATERIAL AND METHODS

Ethics Approval: This retrospective study
was approved by our institutional ethics committee
(Decision number: 826153) and carried out
according to the requirements of the Declaration of
Helsinki. Informed consent was waived because of
the retrospective nature of the study.

Patient Selection: The MR images of all
patients who underwent contrast-enhanced cranial
MRI in our institution between February 2019 and
June 2023 were retrospectively evaluated. The
exclusion criteria were: a) patients with cranial MRI
examinations not suitable for evaluation due to
motion or other artifacts; b) patients with collapsed
lateral ventricles; ¢) known systemic or primary
brain malignancy; d) history of brain radiotherapy
or systemic chemotherapy.

MRI Protocol: MRI were performed using
a 3 Tesla MR scanner (Ingenia; Philips Healthcare,
Best, Netherlands). In all patients, the brain MRI
protocol included the following sequences: sagittal
turbo spin echo (TSE) T2, axial TSE T2 (repetition
time (TR) 3,000 ms, echo time (TE) 80 ms, field-
of-view (FOV) 185 mm % 230 mm, matrix size 400
x 320, slice thickness=5 mm), axial TSE T1 (TR
520 ms, TE 15 ms, FOV 256 mm x 256 mm,
matrix size 400 x 320, slice thickness 5 mm), axial
fluid attenuation inversion recovery (FLAIR) (TR
11,000 ms, TE 125 ms, inversion time 2500 ms,
FOV 185 mm x 230 mm, matrix size 370 x 260,
slice thickness=5 mm), axial single-shot echo-
planar diffusion weighted imaging (DWI; TR 3200
ms, TE 80 ms, FOV 230 mm, matrix size 256 x
256, slice thickness = 5 mm, b value = 0-1000
mm?/s) and pre- and post-contrast 3D T1 turbo fast

echo (TFE) (TR/TE=26/6.2ms, FOV 24-26 cm,
voxel size 1x1x1 mm® matrix=256 x 256, flip
angle=25°). In addition, 3D Brain VIEW FLAIR
sequence (TR 4800 ms, TE 351 ms, inversion time
1600 ms, FOV 20-24 cm, voxel size 1.5x1.5x1.5
mm?3, matrix size 216 x 180) was also available in
some cases.

MRI Evaluation: MR images were
reviewed by two experienced neuroradiologists
(S.A and B.K., with 14 and 11 years of experience
in neuroimaging, respectively) and any discrepancy
resolved by consensus. MRI evaluation was
performed using a dedicated PACS workstation
(IntelliSpace Portal v7.0; Philips Healthcare, Best,
Netherlands).

RSLVNs were diagnosed as ring-shaped
nodular lesions attached to the lateral ventricular
wall. Following the identification of each lesion,
the number, location, shape and maximal axial
diameter of the RSLVN were evaluated. In
addition, the signal intensity of the ring portion of
the nodules was assessed relative to the surrounding
white matter, and the signal intensity of the core
portion was assessed relative to the cerebrospinal
fluid (CSF) on T1W, T2W and FLAIR images.
Contrast enhancement characteristics of lesions
were also evaluated.

On DWI, firstly, whether the RSLVN has
diffusion restriction and its signal intensity
characteristics (b1000) were visually evaluated. The
ADC value was measured by placing a free-hand
region of interest (ROI) of 5-40 mm? area in the
ring portion of the lesion, avoiding the central core
portion. Furthermore, normalized ADC (nADC)
ratios are calculated as the ratio of the ADC in the
tumor to the ADC in normal appearing contralateral
white matter.

If follow-up MRI examinations were
obtained, morphological changes of RLSVNs over
time were evaluated.

Statistical Analysis: Statistical analyses
were performed using SPSS version 21.0 software
(SPSS Inc., Chicago IL, USA). Percentages (%)
were used for categorical data and median values
were used for continuous data in descriptive
statistics.

RESULTS

A total of 2920 brain MRI examinations
were evaluated and RSLVN was detected in 15
patients (0.51%). The mean age of 15 patients with
RSLVN was 53.6 + 16.07 (range 28-81) and 73.3%
(n=11) of them were female. Brain MRI indications
were headache in six patients, vertigo in two
patients, screening for trauma in two patients,
hemifacial spasm in one patient, meningioma
follow-up in one patient, confusion in one patient,
ICA aneurysm in one patient, and vertebral artery
dissection in one patient.

Ten patients had a single RSLVN, while
three patients had three and two patients had two.
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Figure 1. Three RSLVNs in different locations in a 71-year-old female patient (case 10). TIW (a), T2W (b) and
FLAIR (c) images show two RSLVNSs located in the body of the right lateral ventricle and the frontal horn of the
left lateral ventricle, measuring 13mm and 9mm, respectively. In addition, TIW (a), T2W (b) and FLAIR (c)
images of more inferior sections show another RSLVN in the left lateral ventricle. All identified RSLVNs have
isointense signal on TAW and T2W and hyperintense signal on FLAIR

Therefore, a total of 23 RSLVNs were three nodules (13%) (Figure 1). The mean
identified in fifteen patients. Nodules were located maximum diameter of the RSLVNs was 7.73 mm
on the roof of the lateral ventricle body in eight (range 2-15 mm) and six nodules (26.1%) were
nodules (34,8%), in the frontal horn in twelve larger than 1 cm. Of the 23 RSLVNSs, 9 were
nodules (52.2%), and in the septum pellucidum in lobular in shape, 8 were round, and 6 were oval.

Figure 2. MRI findings of RSLVN located in the left frontal horn in a 63-year-old female patient (case 14). The
peripheral portion of the lesion has hypointense signal on T1W (a) and T2W (b), hyperintense signal on FLAIR
(c), and does not show enhancement on contrast-enhanced T1W image (d). On the other hand, the central portion
of the lesion has the same intensity as the CSF on all sequences. e Measurement of ADC values of RSLVN and
contralateral normal-appearing white matter is performed on grey-scale ADC images. f The lesion is slightly
hyperintense on DWI (b1000). This patient had previously undergone surgery due to sphenoid wing meningioma
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Figure 3. RSLVNs located in the septum
pellicidum (case 8). a,b Axial T2-weighted images
show two RSLVNs, 12 mm and 2 mm in size
respectively, located in the septum pellicidum. c,d
b0 DWI image and color ADC map of the 12 mm
sized RSLVN, which is located more inferiorly.
The mean ADC value of the lesion was measured
as 1.74 x 103mm?

In all of the 23 RSLVNs, the signal intensity
of the ring portion relative to the surrounding white
matter, and the signal intensity of the core portion
relative to CSF was isointense on T1- and T2-
weighted imaging. On FLAIR imaging, all
RSLVNs showed hyperintense signal. Contrast
enhancement was not observed in any of the lesions
on post-contrast T1-weighted imaging. On DWI,
none of RSLVNSs showed true diffusion restriction.
20 of 23 RSLVNs had isointense signal on DWI
(b1000) compared to the adjacent brain
parenchyma. On the other hand, the remaining 3
lesions were hyperintense on DWI (b1000) (Figure
2). The mean ADC of the 15 evaluated RSLVNs
was 1.42 + 0.29 x 10° mm?/s, while the mean
nADC ratio was 1.87 + 0.31 (Figure 3).

No morphological changes were observed in
any of the 16 RSLVNs in 12 patients with follow-
up MRI at a median of 16.5 months. Detailed
clinical and radiological findings are shown in
Table 1.

DISCUSSION

In this study, we report the MRI and clinical
findings of RSLVN in the largest population to
date. Our study reveals that RSLVN is more
common than previously reported. Shimono et al.
reported the prevalence of RSLVN as 0.023%,
while Nakajima et al. reported it as 0.45% (1,2).
The higher prevalence in our study may be due to
the higher awareness of RSLVN thanks to previous
reports and the inclusion of lesions >1 cm. Various
studies on RSLVNs have described them as nodular
lesions commonly smaller than 1 cm (1,2,5,6). On

the other hand, Pontillo et al. reported a giant
RSLVN larger than 2.5 cm causing a mass effect
and showed that these ring-shaped lesions can reach
large sizes (3). In our study, six RSLVNs larger
than 1 cm were observed, the largest of which was
15 mm in size.

Most of the cases diagnosed with RSLVN in
the literature are middle-aged or older individuals,
and it has been observed more frequently in male
patients (1-6). In our study, RSLVN was also
detected in middle-aged and older adults. However,
most of our patients with RSLVN were female
patients (73.3%). The roof of the body of the lateral
ventricle or the frontal horn are reported as the
typical locations of RSVLNS, as in most lesions in
our study (1,2). On the other hand, for the first time,
we observed RSLVNs located in the septum
pellicidum in a patient.

The characteristic appearance of RSLVNs
on conventional MR imaging is that the peripheral
ring portion is isointense on T1W and T2W
compared to the brain parenchyma and does not
show contrast enhancement. On FLAIR imaging,
although  Shimono et al. identified two
exceptionally isointense RSLVNSs, the hyperintense
signal is distinctive. In addition, the core portion of
the RSLVN is expected to be isointense to CSF on
TiWI, T2WI and FLAIR (1,2,5). Conventional
MRI findings in our study confirmed these
characteristic MRI features.

Previous studies and case reports have
revealed that RSVLNs do not show diffusion
restriction and have an isointense signal relative to
the surrounding brain parenchyma on DWI (1-3). In
our study, none of the RSLVNSs showed diffusion
restriction and the vast majority of them were
isointense on DWI. However, unlike previous
studies, 13% (n = 3) of the RLSVNs had
hyperintense signal on DWI. In addition, we
measured the ADC values (absolute ADC and
nADC ratio) of RSLVNs for the first time. These
ADC values of RSLVNs can provide information
about the possible nature of these nodules and serve
as a reference for future studies. ADC values are a
major determinant of tumor cellularity in brain
tumors, and high ADC values are associated with
low cellularity. For gliomas and meningiomas,
absolute ADC values above 0.8-1 x 10° mm?/s
generally indicate low cellularity and low-grade
tumor (7,8). Moreover, since the absolute ADC
values in benign tumors are usually higher than the
normal-appearing white matter, the nADC ratios in
these tumors are above 0.99 (9). Therefore, the high
ADC values and nADC ratios of RSLVNs in our
study support that these lesions are probably of a
benign nature.

Although the exact nature of RSLVNSs is
unknown due to inadequate histopathological data,
five different possibilities have been hypothesized:
a) neuroglial or glioependymal cyst; (b)
inflammatory nodular formation of ependyma
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Table 1. Magnetic resonance imaging and clinical features of patients diagnosed with RSLVN

Case Age/Sex Location Shape Signal Signal Signal Signal ADC NADC Contrast Follow-up
/Diameter intensity intensity intensity intensity value ratio enhancement period
on T1WI on T2WI on FLAIR on DWI
1 38/M Right frontal horn Oval/4 mm Isointense Isointense Hyperintense  Isointense 1.22 1.67 None N/A
Left frontal horn Round/3mm Isointense Isointense Hyperintense  Isointense N/A  N/A None
Roof of left body Round/3mm Isointense Isointense Hyperintense  Isointense N/A N/A None
2 46/F Right frontal horn Oval/ 11mm Isointense Isointense Hyperintense  Isointense 1.02 1.54 None 4 months
3 43/F Right frontal horn Lobular/14mm  Isointense Isointense Hyperintense  Isointense 1.42 191 None 8 months
4 76/F Roof of left body Round/5mm Isointense Isointense Hyperintense  Isointense 1.46 1.71 None 50 months
Right frontal horn Round/4mm Isointense Isointense Hyperintense  Isointense N/A N/A None
5 81/F Roof of right body Lobular/ 9mm  Isointense Isointense Hyperintense  Isointense 1.75 2.36 None 37 months
6 40/F Roof of right body Lobular/ 9mm  Isointense Isointense Hyperintense  Isointense 1.20 1.73 None 5 months
7 66/M Right frontal horn Oval/ 6mm Isointense Isointense Hyperintense  Isointense 1.98 2.4 None 5 months
8 28/F Septum pellucidum Oval/12mm Isointense Isointense Hyperintense  Isointense 181 238 None N/A
Septum pellucidum Round/3mm Isointense Isointense Hyperintense  Isointense N/A N/A None
Septum pellucidum Round/2mm Isointense Isointense Hyperintense  Isointense N/A  N/A None
9 51/M Roof of left body Round/ 5mm Isointense Isointense Hyperintense  Isointense 1.21 1.77 None N/A
10 71/F Roof right body Lobular/13mm  Isointense Isointense Hyperintense  Isointense 1.80 2.19 None 12 months
Left frontal horn Lobular/ 9mm  Isointense Isointense Hyperintense  Isointense N/A N/A None
Roof of left body Lobular/ 7mm  Isointense Isointense Hyperintense  Isointense N/A  N/A None
11 41/F Right frontal horn Lobular/11mm Isointense Isointense Hyperintense  Hyper-intense 1.56 1.91 None 16 months
12 56/M Left frontal horn Lobular/11mm Isointense Isointense Hyperintense  Isointense 1.55 2,03 None 18 months
13 70/F Right frontal horn Oval/ 8mm Isointense Isointense Hyperintense  Isointense 1.12 1.47 None 52 months
Left frontal horn Round/5mm Isointense Isointense Hyperintense  Isointense N/A N/A None
14 63/F Left frontal horn Lobular/15mm Isointense Isointense Hyperintense  Hyper-intense 1.24 1.58 None 17 months
15 34/F Roof of left body Oval/9mm Isointense Isointense Hyperintense  Hyper-intense 11 1.54 None 24 months
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similar to granuloma; (c) astrocytic gliosis reactive
to adjacent subependymal veins; (d) redetachment
of the fused portion of coarctation of the ventricle
frontal horns; (e) variety of subependymoma (1).
The most prominent among these is
subependymoma. Because two recent reports
revealed the histopathological diagnosis of
RLSVNs as subpendymoma (3,4). Moreover,
subependymomas located in the lateral ventricle
may have various clinical and radiological features
resembling RSLVNs. Subependymomas are
intraventricular, usually smaller than 2 cm, lobular,
well-circumscribed, non-enhancing tumors on MR,
which are usually detected incidentally in middle-
aged and elderly adults (10,11). They may be
localized in the body of the lateral ventricle, the
frontal horn, or the septum pellucidum and have a
ring-shaped appearance (3,12). These features are
also commonly observed in RSLVNs in the
literature and in our study (1,2,6). Additionally,
subependymomas can be multiple, like RSLVNs
(12).

The morphological stability of RSLVNs
over time and their lack of association with clinical
symptoms emphasize the possible benign nature of
these lesions. Thus, the optimal management
recommended for RSLVNs with typical clinical and
radiological features is periodic follow-up (5).

Limitations: The main limitations of our
study were the retrospective design and relatively
small sample size. In addition, ADC measurements
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