Volume 2 | Issue 3 | December 2023 EISSN 2822-2318

Official Journal of Turkish Society of Magnetic Resonance

CR

Current Research in MRI

Comparison of Volume Measurements on Magnetic Resonance Imaging
and Cadaveric Sections of the Lentiform Nucleus and Its Importance in

Functional Neurosurgery Procedures
Selim Kayaci, Fatma Beyazal Celiker, Orhan Bas, Semih Diyarbakln
Mehmet Faik Ozveren

Breast Imaging with Diffusion-Weighted Magnetic Resonance Imaging:
Evaluating-Apparent Diffusion Coefficient Values and Biomarker

Expression in Benign and Malignant Lesions
Diizgin Can Senbil, Esra Bilici, TanerKosetirk, Tirkhun Cetin

Magnetic Resonance Imaging Examination for the Detection of Cranial
Complications in Pediatric Patients with

Post-Coronavirus Disease 2019 Infection
Omer Kazcl

Ratio of Incidentally Detected Brain Tumors in Diffusion.Magnetic
Resonance Imaging Scans Performed in the Emergency Department on

the Suspicion of Acute Stroke
Eren Tobcu, Erdal Karavas, Ozlem Celik Aydin, Bilgin Topcu

The Role of Multiparametric Scrotal Magnetic Resonance Imaging in
the Histological Differentiation of Germ Cell Neoplasia In Situ-Related
Testicular Germ Cell Tumors: Can Seminomatous and Mixed-Non-

Seminomatous Germ Cell Tumors Be Separated?
Serdar Aslan, Uluhan Eryiiriik, Ural Oguz, ismet Mira¢ Cakir

AVES

curremr.com

ssssssssss

OF MAGNETIC RESONANCE



Current Research in

Editor in Chief

Mecit Kantarci

Department of Radiology, Erzincan Binali Yildirim University, Faculty of Medicine; Atatiirk University,

Faculty of Medicine, Erzincan, Erzurum, Turkey

Editors
Abdominal Radiology

Aytekin Oto

The University of Chicago, Department of
Radiology, Chief Physician, Head of the Faculty
Practice Plan and Dean for Clinical Affairs,
Chicago, USA

Murat Danac1
Department of Radiology, Ondokuz Mayis
University, Faculty of Medicine, Samsun, Turkey

Breast Radiology

Serap Giiltekin
Department of Radiology, Gazi University, Faculty
of Medicine, Ankara, Turkey

Cardiac Radiology

Memduh Dursun
Department of Radiology, Istanbul University,
Istanbul Faculty of Medicine, Istanbul, Turkey

Cihan Duran

Department of Diagnostic and Interventional
Imaging, The University of Texas, McGovern
Medical School, Texas, USA

Emergency Radiology

Mehmet Ruhi Onur
Department of Radiology, Hacettepe University
Faculty of Medicine Hospital, Ankara, Turkey

Engineer Group

Esin Oztiirk Isik

Biomedical Engineering, Bogazigi University,
Istanbul, Turkey

Head & Neck Radiology

Nafi Aygiin
Department of Radiology, Johns Hopkins University
School of Medicine, Baltimore, Maryland, USA

Hatice Giil Hatipoglu

Department of Radiology, Health Science
University, Gulhane Faculty of Medicine, Ankara
Bilkent City Hospital, Ankara, Turkey

Musculoskeletal Radiology

Nil Tokgoz
Department of Radiology, Gazi University, Faculty
of Medicine, Ankara, Turkey

(TMRD

TORK MANYETIK
REZONANS DERNES|
TURKISH SOCIETY

OF MAGNETIC RESONANCE

Neuroradiology Radiology
Alpay Alkan

Department of Radiology, Bezmialem Vakif
University, Faculty of Medicine, Istanbul, Turkey

Pediatric Radiology

Korgiin Koral
Department of Radiology, University of Texas
Southwestern Medical Center, Dallas, TX, USA

Siireyya Burcu Gorkem
Department of Pediatric Radiology, Adana State
Hospital, Adana, Turkey

Thorax Radiology

Polat Kosucu
Department of Radiology, Karadeniz Teknik
University, Faculty of Medicine, Trabzon, Turkey

Biostatistical Consultant
Sonay Aydin

Department of Radiology, Erzincan Binali Yildirim
University, Faculty of Medicine, Erzincan, Turkey

Founder
ibrahim KARA

General Manager
Ali SAHIN

Finance Coordinator
Elif YILDIZ CELiK

Journal Managers
Deniz KAYA

Irmak BERBEROGLU
Arzu ARI

Gokhan CIMEN
Alara ERGIN
irem OZMEN
Derya AZER
Beril TEKAY
Nisanur ATICI

Project Coordinators

Dogan ORUC

Sinem Fehime KOZ

Publications Coordinators

Contact

Address: Biylkdere Cad. 199/6 34394
Mecidiyekdy, Sisli, istanbul, Turkey
Phone: +90212217 17 00

E-mail: info@avesyayincilik.com


http://orcid.org/0000-0002-1043-6719
http://orcid.org/0000-0003-4325-2489
http://orcid.org/0000-0001-7785-6139
http://orcid.org/0000-0001-6349-3998
http://orcid.org/0000-0001-9244-3949
http://orcid.org/0000-0002-3376-3210
http://orcid.org/0000-0003-1732-7862
http://orcid.org/0000-0002-8997-878X
http://orcid.org/0000-0003-4631-0533
http://orcid.org/0000-0002-4231-3983
http://orcid.org/0000-0003-2812-1528
http://orcid.org/0000-0002-3002-1641
http://orcid.org/0000-0002-8695-300X
http://orcid.org/0000-0001-8949-6476
http://orcid.org/0000-0002-8381-7600
http://orcid.org/0000-0002-3812-6333

Current Research in

About the Current Research in MRI

Current Research in MRI is a peer reviewed, open access, on-
line-only journal published by the Turkish Society of Magnetic
Resonance.

Current Research in MRI is a triannual journal that is published
in English in April, August, and December.

Indexing
Current Research in MRI is covered in the following indexing
database;

« EBSCO

All content published in the journal is permanently archived in
Portico.

Aims, Scope, and Audience

Current Research in MRI aims to publish studies of the highest
scientific and clinical value. It also encourages the submission of
high-quality research in the field of radiology.

Current Research in MRI covers a wide range of topics related
to radiology.

Current Research in MRI publishes original articles, reviews,
case reports, and letters to the editor that are prepared in accor-
dance with ethical guidelines.

(TMRD

TORK MANYETIK
REZONANS DERNES|
TURKISH SOCIETY

OF MAGNETIC RESONANCE

The target audience of the journal includes healthcare profes-
sionals, physicians, and researchers who are interested in or
working in the field of radiology.

You can reach the current version of the instructions to authors
at https://curremr.com/EN

Editor in Chief: Mecit Kantarci

Address: Department of Radiology, Erzincan Binali Yildirim
University School of Medicine, Erzincan, Turkey

E-mail: akkanrad@hotmail.com

Publisher: Turkish Society of Magnetic Resonance
Address: Konak Mah. 858. Sok. No: 2 Cakiroglu Is Han1 Kat: 5
Daire: 55 Konak / Izmir, Turkey

Publishing Services: AVES

Address: Biiyiikderece Cad., 199/6 34394 Sisli, Istanbul, Turkey
Phone: +90 212 217 17 00

E-mail: info@avesyayincilik.com

Webpage: www.avesyayincilik.com



Current Research in CT™zD

REZONANS DERNES|
TURKISH SOCIETY
OF MAGNETIC RESONANCE

CONTENTS
ORIGINAL ARTICLES
41  Comparison of Volume Measurements on Magnetic Resonance Imaging and Cadaveric Sections of the Lentiform Nucleus

50

55

59

63

70

72

and Its Importance in Functional Neurosurgery Procedures
Selim Kayaci, Fatma Beyazal Celiker, Orhan Bas, Semih Diyarbakir, Mehmet Faik Ozveren

Breast Imaging with Diffusion-Weighted Magnetic Resonance Imaging: Evaluating Apparent Diffusion Coefficient Values

and Biomarker Expression in Benign and Malignant Lesions
Diizgiin Can Senbil, Esra Bilici, Taner Kosetiirk, Tirkhun Cetin

Magnetic Resonance Imaging Examination for the Detection of Cranial Complications in Pediatric Patients with

Post-Coronavirus Disease 2019 Infection
Omer Kazci

Ratio of Incidentally Detected Brain Tumors in Diffusion Magnetic Resonance Imaging Scans Performed in the

Emergency Department on the Suspicion of Acute Stroke
Eren Tobcu, Erdal Karavas, Ozlem Celik Aydin, Bilgin Topgu

The Role of Multiparametric Scrotal Magnetic Resonance Imaging in the Histological Differentiation of Germ Cell
Neoplasia In Situ-Related Testicular Germ Cell Tumors: Can Seminomatous and Mixed-Non-Seminomatous Germ Cell
Tumors Be Separated?

Serdar Aslan, Uluhan Eryiiriik, Ural Oguz, Ismet Mirag Cakir

LETTER TO THE EDITOR

Spontaneous Intracystic and Subdural Hemorrhage of an Arachnoid Cyst: A Case Report with Baseline Imaging
of an Intact Cyst

Muhsin Ozgiin Oztiirk, Zeynep Betiil Deve

REVIEWER LIST

Acknowledgement of Reviewers



Current Research in MRI Original Article

Comparison of Volume Measurements on Magnetic Resonance
Imaging and Cadaveric Sections of the Lentiform Nucleus and
Its Importance in Functional Neurosurgery Procedures

Selim Kayac1'®, Fatma Beyazal Celiker?®, Orhan Bas’®, Semih Diyarbakir*®, Mehmet Faik Ozveren®

"Department of Neurosurgery, Erzincan Binali Yildirim University, Faculty of Medicine, Erzincan, Turkey
“Department of Radiology, Recep Tayyip Erdogan University, Faculty of Medicine, Rize, Turkey
SDepartment of Anatomy, Samsun University, Faculty of Medicine, Samsun, Turkey

‘Department of Anatomy, Erzincan Binali Yildirim University, Faculty of Medicine, Erzincan, Turkey
SDepartment of Neurosurgery, Anadolu Hospital, Kiitahya, Turkey

Cite this article as: Kayac1 S, Beyazal Celiker F, Bas O, Diyarbakir S, Ozveren MF. Comparison of volume measurements on magnetic
resonance imaging and cadaveric sections of the lentiform nucleus and its importance in the functional neurosurgery procedures. Current
Research in MRI 2023;2(3):41-49.

Corresponding author: Selim Kayaci, e-mail: selim_kayaci@hotmail.com
Received: July 24, 2023 Accepted: September 03, 2023 Publication Date: October 10, 2023
DOI:10.5152/CurrResMRI1.2023.23066

Content of this journal is licensed under a Creative Commons
caremm Attribution-NonCommercial 4.0 International License.

ABSTRACT

Objective: Functional neurosurgery is one of the fastest-growing areas of neurosurgery. However, complications are encountered that are not negligible during
the operations. In this study, we measure and compare the volume of the lentiform nucleus using magnetic resonance imaging (MRI) and anatomical sections.
Methods: Thirteen adult brain cadavers were used in this study. First, 2-mm-thick MRI sections were obtained, and the volume of the lentiform nuclei was mea-
sured on the obtained images. Then, agar-embedded brain specimens were cut into 4-mm-thick coronal sections using a microtome. The sections were scanned,
and the volume of the lentiform nuclei was calculated using image processing software. The MRI-based and anatomical section-based metrics were compared.
Results: The mean right and left lentiform nucleus volumes on MRI were 5821.4 + 590.5 mm® and 5781.8 + 723.5 mm?, respectively. The corresponding mean
volumes calculated from the cadaveric sections were 5503.4 + 595.5 mm?® and 5332.3 + 599.7 mm?, respectively. There was no significant difference between
the volume calculated from MRI and that obtained from the cadaveric section (P < .001). On MRI, the volumes of the right and left lentiform nuclei were not
significantly different (P=.681). Similarly, the volumes of the right and left lentiform nuclei measured from cadaveric sections were not significantly different
(P=.069).

Conclusion: This study showed a correlation between the measurement of the lentiform nucleus volume based on MRI and that calculated from anatomical sec-
tions. Our findings support the reliability of using MRI for stereotactic functional neurosurgical procedures.

Keywords: Anatomy, functional neurosurgery, lentiform nucleus, magnetic resonance imaging, stereology

INTRODUCTION

The lentiform nucleus (also referred to as the nucleus lentiformis) is a large, cone-shaped mass of gray matter that forms the central nucleus of the
cerebral hemisphere, the convex base of which consists of the putamen and the apical part of the globus pallidus. The lentiform nucleus is divided
into two parts. The inner part is called the globus pallidus, and the outer part is called the putamen. Globus pallidus appears lighter than the putamen
because it contains a large amount of myelinated nerve fibers. The lentiform nucleus is bounded by the anterior limb of the internal capsule from
the caudate nucleus and the posterior limb of the internal capsule from the thalamus.!'The putamen is believed to play an additional role in memory
formation, specifically muscle memory. For example, activities such as learning to ride a bicycle involve the use of putaminal nuclei. Globus pal-
lidus, on the other hand, is involved in the execution of fine movements and preventing abnormal movements.'

The putamen and globus pallidus are more enriched in mitochondria, vascular nutrition, neurotransmitters, and chemical content compared to the
other areas of the brain. Therefore, these have higher metabolic activity, leading to a higher rate of utilization of glucose and oxygen. Due to this
feature, the lentiform nucleus is more vulnerable to systemic and metabolic disorders.?

Pathologies affecting the putamen and globus pallidum can lead to Parkinson’s disease (PD) and other movement disorders. It is relatively easy to
describe the clinical manifestations of the involvement of the internal capsule. However, it is relatively difficult to distinguish the patterns of clini-
cal presentation resulting from the involvement of the putamen and globus pallidus.? Girround et al described two clinical syndromes occurring
due to brain involvement limited to the lentiform nucleus: (i) behavioral disorder due to infarction of the globus pallidus and cognitive function
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disorders and (ii) motor (dystonia) and cognitive dysfunction due to the
involvement of the putamen.* Bhatia and Marsden published a series
of 240 patients with focal lesions in the basal ganglia. Dytonia and
abulia (loss of the ability to make conscious decisions and move) were
found to be the most common motor abnormalities with lentiform and
caudate nuclei lesions in this investigation. Other behavioral problems
are also common in lesions of the specified nucleus.’

Similarly, concomitant involvement of the putamen, caudate nucleus,
thalamus, and parietal cortex may cause acute and subacute posthe-
miplegic focal dystonia or hemidystonia.® However, in most cases, the
involvement of the internal capsule is due to the enlargement of the
lesion, which affects the neighboring structures. Other motor disorders
such as unilateral chorea,” hemichorea—hemibalismus, asterixis- acute
motor stereotypes,® acute focal dystonias, and subacute parkinsonism,’
have been reported after unilateral lesions of the lentiform nucleus.
Globus pallidus lesions can cause behavioral and speech disorders. In
most cases, motor disturbances may occur several months or years after
the onset of the acute lesion.*

According to the published literature, putaminal lesions typically occur
after head trauma. Ischemic stroke due to pure lesions of the putamen
has rarely been reported.* Putaminal infarct usually progresses to adja-
cent tissues, creating a wider clinical picture.*

Apart from ischemic or hemorrhagic strokes and trauma, some neu-
rodegenerative diseases can cause serious neurological pictures by
affecting the basal nuclei. Among these, the best known are Wilson’s
disease,'® Hallervorden—Spatz disease,!' and Fahr’s syndrome.'?

Radiological methods are used for the diagnosis of both ischemic and
hemorrhagic strokes as well as post-traumatic lesions in the brain,
including basal nuclei. Although computed tomography is a practi-
cal and inexpensive method, it may not adequately demonstrate the
changes in brain tissue, especially ischemic changes. Magnetic reso-
nance imaging (MRI) is much more sensitive to brain parenchymal
changes and is superior in terms of showing tissue-level changes.

Stereotactic surgery is an important minimally invasive neurosurgi-
cal method. It involves the localization of anatomical targets in the
brain using an external, three-dimensional (3D) reference system.
Stereotactic surgery allows access to deep-seated and small lesions
without extensive craniotomy and damage to normal brain tissue. The
value of stereotactic biopsy in neuro-oncology is undisputed, as it

MAIN POINTS

* Functional neurosurgery is one of the fastest growing areas of neuro-
surgery. However, complications are encountered which are not negli-
gible during the operations.

* Among these complications, the inability to place the system properly
(malposition) is related to the inability to accurately localize the target
anatomical point.

e Therefore, in this study, we calculated and compared the volumes of
lentiform nuclei stereologically by first making radiological and then
anatomical sections in cadaveric specimens.

e This study shows a correlation between measurement of lentiform
nucleus volume based on MRI and those calculated from anatomical
sections. Our findings support the reliability of functional neurosurgi-
cal procedures using MRI and stereotactic method.
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enables sampling of the required tissue without damaging the normal
tissues, enabling accurate diagnosis and treatment. Although there are
nuanced differences in the applied systems, the main underlying prin-
ciple is always the same, i.c., accessing the target tissue by stereotac-
tic methods based on geometric planning using radiological imaging
(without direct visual access).

However, there are some pertinent unresolved issues related to the
localization of the basal nuclei with stereotactic methods using cranial
MRI. To what extent is it possible to accurately detect these target tis-
sues anatomically? To understand this, it is instructive to compare the
morphometric measurements of basal nuclei in cadaveric specimens
with the morphometric measurements made in cranial MR images.

Functional neurosurgery and deep brain stimulation (DBS) are prob-
ably one of the fastest-growing areas of neurosurgery. Although these
procedures (ablative or nonablative) are minimally invasive, they have
many complications and side effects, such as infection, system mal-
function, intracerebral hemorrhage, skull fracture, skin erosion, and
foreign body reaction.”!” Among these complications, the inability to
properly place the system (malposition) is related to the inability to
accurately localize the target anatomical point. Therefore, in this study,
we calculated and compared the volumes of lentiform nuclei stereolog-
ically by making radiological and then anatomical sections in cadaveric
specimens and evaluated the results in terms of functional neurosurgi-
cal procedures.

Many published studies have measured brain basal nuclei volumes
using MRI or CT. In most of these studies, volume changes in basal
nuclei were performed for comparison in some disease states.'s!
However, there are no in-depth studies involving the calculation of the
lentiform nucleus volume in cadaver samples. In particular, we could
not find any study that compared lentiform nucleus volumes by mea-
suring them first in MRI and then in cadaver samples and emphasizing
the importance of this in terms of functional neurosurgical procedures.
In this respect, we believe that our study makes an important contribu-
tion to contemporary literature.

Purpose: To measure and compare the volume of the lentiform nucleus
using MRI and the anatomical sections.

METHODS

This study was approved by the Clinical Ethics Committee of Recep
Tayyip Erdogan University (approval no. 2022/173, dated October 6,
2022). The study was conducted using brain specimens removed by
autopsy from 15 adult human cadavers. The age, sex, and disease status
of the cadavers were unknown. These cadaver specimens were approx-
imately 10 years old and were fixed in 10% formaldehyde. Two of the
cadaver samples were excluded from the study because they were not
of suitable quality. For the remaining 13 cadaver specimens, firstly,
MRI images were obtained (section thickness: 2 mm; intervals of 1
mm) (Figure 1). These specimens were then embedded in agar. Then, 4
mm-thick sections were prepared with a microtome.

Magnetic Resonance Imaging Procedure

Imaging of the cadavers was performed using a 36-channel 1.5T MRI
device (Discovery MR 750w, GEM-70, General Electric Company,
USA). Turbo spin echo (T1 FLAIR) images with a section thickness of
2 mm were obtained in the coronal plane using a head coil (Figure 2).
Imaging parameters were as follows: repetition time (TR): 2310; time
to echo (TE): 8.1/Ef, EC: 1/135.7 kHz; inversion time (TI): 974; Head
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Figure 1. Obtaining TSE (T1 FLAIR) images with a section thickness of 2
mm by skipping 1 cm by segmentation method on coronal plane MRI. FLAIR,
fluid-attenuated inversion recovery; MRI, magnetic resonance imaging; TSE,
turbo spin echo.

24/FL: a; field-of-view (FOV): 24 x 21.6, 2.00 thk/1.00 sp, 60/06:25,
and 320 x 224/2.00 number of excitations (NEX). The number of sec-
tions on which the lentiform nucleus appeared on MR images was
calculated. Onis 2.5 [Onis Free Edition 2.5 Download—Onis.exe]
and Image J (https://imagej.net/Downloads) software were then used
to calculate the lentiform nucleus volume from the MR images. Onis
2.5 is an analytical program that rapidly converts images into DICOM
format serially (Figure 3). Image J software is used for image analysis,
processing, and surface area calculation in clinical and scientific stud-
ies (Figure 4).

Preparation of Cadaver Specimens

Agar (Trypticase Soy Agar, Merck) was prepared for the detection
of the samples. For this process, 1.5% powdered agar was mixed in
distilled water to prepare a solution. The solution was dissolved in a
boiling water bath. Subsequently, it was sterilized in an autoclave at
121°C and then cooled to 50°C. The samples were placed in plastic
boxes. The agar was poured so that it overflowed 2 cm at the edges
of the samples. It was left to freeze for 6 hours at room temperature.
A Bosch MAS9454M bslicing machine was used for cutting the
cadaver specimens. Then, 4 mm-thick coronal sections were prepared
(Figure 5). Sections thinner than 4 mm could not be obtained because
they led to sample fragmentation. The obtained sections were scanned

Figure 2. Sections in which lentiform nuclei are seen in the frontal plane in a sample cadaver on MRI. MRI, magnetic resonance imaging.
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Figure 3. Evaluation of MR image in Onis 2.5 analysis program. MR, magnetic resonance.

using a scanner (Xerox, Workcentre 7428, USA), and the images were
uploaded to a desktop computer (HP, ProDesk 600, G2, MT, USA)
(Figure 6). The total number of sections obtained from each cadaver
and the number of sections with lentiform nuclei were noted (Table 1).
The Image J image program was used to set the scale and calculate the
surface area on these images (Figure 7).

Calculation of Volume According to the Cavalieri Principle

The volumes of the lentiform nuclei were calculated using the Cavalieri
principle and the planimetry technique on MRIs and cadaver cross-
sectional images. For volume calculations, the surface areas of the len-
tiform nuclei on the MRIs converted to Cadaver and DICOM formats

File Edt Image Process Analyze Plugins Window Help
aof@ ol ~<lLl:kNAla|o|@A) s | s ||~ | >
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Figure 4. Evaluation of MR image in J image analysis program. MR,
magnetic resonance.
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were calculated by the planimetry method using the Image J program
(Figure 4). Each measurement was performed in a blinded fashion by
the same researcher at least three times, and the average values were
taken. The volumes of the lentiform nuclei were calculated by enter-
ing the sum of the surface areas in the following formula, based on the
literature.?>?*

V=tx YA

where t represents the thickness of the successive sections and Y A
represents the total surface area of the thalamus found in the section

' 114 :
]

-~ it

Figure S. Sectioning 4 mm thick in a cadaver sample.
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Figure 6. The appearance of lentiform nuclei for the fifth cadaver on coronal plane.

images. All data were entered into a pre-prepared Microsoft Excel automatically performed. The volumes of the lentiform nuclei in each
spreadsheet containing the above formula, and the calculation was cerebral hemisphere were calculated separately.

Table 1. Sections Numbers of MRI and Cadaveric Specimens (n=13)

The Total The Total The Number of The Number of The Number of The Number of
Section Section Sections of the Right  Sections of the Left  Sections of the Right  Sections of the Left
Number on Number on Lentiform Nucleus Lentiform Nucleus Lentiform Nucleus on Lentiform Nucleus

Cadaver No. MRI Cadaver on MR on MR Cadaver on Cadaver

1 58 42 14 13 9 9

2 56 38 12 13 8 8

3 55 38 14 13 8 9

4 51 36 11 11 7 7

5 52 37 12 13 9 9

6 54 36 12 12 7 8

7 52 35 11 11 7 7

8 50 36 12 13 6 7

9 59 39 15 15 8 9

10 60 36 14 14 9 10

11 45 37 12 13 8 8

12 60 37 14 15 8 7

13 58 41 13 12 9 9
Mean 54.61 37.53 12.69 12.92 7.84 8.23
Minimum-maximum 45-60 36-42 11-15 11-15 6-9 7-10
Total number 710 488 166 168 103 107

MRI, magnetic resonance imaging; n, number of cadavers.
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Figure 7. Calculation of the surface area of lentiform nuclei in cadaveric
sections with image J program.

Statistical Analysis

Results are presented as mean + standard deviation, or median (max-
min) for continuous variables. Comparisons between right- and left-
sided measurements were made using the paired r-test. First, the
relationship between MRI, and cadaver measurements was examined
using the Pearson correlation coefficient, and the results were presented
as r(P). Then, reliability analysis was performed using a two-way
mixed effects model in which human effects were considered random
and measurement effects were fixed. The model was used to calculate
the Absolute Agreement Intra-Class Correlation Coefficient (ICC). P
values < .05 were considered statistically significant. Statistical analy-
ses were performed using IBM SPSS v 19 software (IBM Software,
NY, USA).

RESULTS

The total number of MRI and anatomical sections of each cadaver and
the number of sections in which the lentiform nuclei were seen are
shown in Table 1. In MRI, the total number of cadaver sections was
710; the mean number of sections was 54.61 (range: 45-60); the total

Table 3. Volume of the Lentiform Nuclei with Different Measurement
Techniques (MRI and Cadaveric Section)

Measurement Technique

Cadaveric Section MRI r(p)”
Right lentiform nucleus 5503.4 £595.5 5821.4 +590.5 .95 (<.001
5504.0 (4336.0-6532.0)  6019.0 (4820.0-6755.0)
Left lentiform nucleus 5332.3+599.7 5781.8 +£723.5 .89 (<.001)
5212.0 (3940.0-6444.0)  5745.0 (4232.0-7064.0)
P .069 681

MRI, magnetic resonance imaging.

*Paired samples test for right and left. ““Correlation between cadaver and MRI sections.

number of sections with the right lentiform nuclei was 166; the average
was 12.69 (range: 11-15); and the total number of sections with the
left lentiform nuclei was 168; the mean was 12.92 (range: 11-15). The
total number of sections obtained from cadaver specimens was 488,
mean 37.53 (range: 36-42); the total number of sections with the right
lentiform nuclei was 103, mean 7.84 (range: 6-9). The total number
of sections with the left lentiform nuclei was 107, mean 8.23 (range:
7-10). The mean volumes of the right and left lentiform nuclei on MRI
were 5821.4 £ 590.5 mm® (range: 4820-6755) and 5781.8 + 723.5 mm?
(range: 4232-7064), respectively. In cadaveric specimens, the right, and
the left lentiform nucleus volumes were 5503.4 + 595.5 mm? (range:
4336-6532) and 5332.3 + 599.7 mm? (range: 3940-6444), respectively
(Table 2). For the right lentiform nucleus, there was a statistically sig-
nificant agreement between the two measurement techniques (P <.001;
ICC p=0.619). Similarly, for the left lentiform nucleus, the agreement
between the two measurement techniques was statistically significant
(P<.001; ICC p=0.714) (Table 3).

DISCUSSION

In this study, we measured the lentiform nucleus volumes in coronal
sections of 13 human cadaver brains using a 1.5T MRI device. Then,
the lentiform nucleus volumes were measured in the anatomical cor-
onal sections of the same cadaver samples using a microtome. The
results obtained with the 2 methods were compared, and the impor-
tance of these results in terms of functional neurosurgical procedures
was investigated.

Table 2. MRI and Cadaver Lentiform Nucleus Volumes (mm?) (n=13)

MRI Cadaver Sections
Cadaver No. Right Left Right Left
1 5605.0 5413.0 5396.0 5040.0
2 5279.0 5362.0 4824.0 5212.0
3 6755.0 6692.0 6532.0 6444.0
4 6053.0 5745.0 5924.0 5532.0
5 4872.0 5132.0 4828.0 4976.0
6 6019.0 5553.0 5420.0 5164.0
7 5969.0 5581.0 5844.0 5100.0
8 6034.0 6062.0 5632.0 5684.0
9 6288.0 6408.0 5908.0 6004.0
10 4820.0 4232.0 4336.0 3940.0
11 6516.0 7064.0 6116.0 5644.0
12 6044.0 6108.0 5504.0 5532.0
13 5424.0 5812.0 5280.0 5048.0
Mean + SD 5821.4+590.5 5781.8 +£723.5 5503.4 +£595.5 5332.3 +£599.7
Medyan 6019.0 5745.0 5504.0 5212.0

Minimum—maximum 4820.0-6755.0

4232.0-7064.0

4336.0-6536.0 3940.0-6444.0

MRI, magnetic resonance imaging; n, number of cadavers.
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Understanding the brain structures in 3D and performing volumetric
measurements is of great importance for the correct diagnosis and
treatment of brain diseases. Two-dimensional tools (for example, anat-
omy books) or traditional 3D tools (e.g., plastic models) are not suffi-
cient to understand the 3D structures of the brain. For this purpose, the
availability of high-resolution MRI methods is important. MRI-based
volume measurement is now increasingly used to investigate neuro-
anatomical structures in patients with neurological and psychiatric
disorders such as PD, schizophrenia, Alzheimer’s disease (AD), and
epilepsy.?%

Automated segmentation methods using MRI have been described in
many studies. Calmon and Roberts reported a segmentation method
for lateral ventricles on coronal plane MRI.?® Stokking et al developed
morphology-based brain segmentation using T1-weighted MRI for
fully automated segmentation.”” Webb et al reported an automatic par-
titioning method for the detection of hippocampal atrophy.?® Each of
these methods is based on the fragmentation of the target object in each
MRI, obtained in different indexes.

Wang et al published a study of 1000 patients (age range, 18-70 years)
to investigate various diseases related to the lentiform nucleus in the
Chinese population. The patients were divided into 5 age groups (18-
30, 31-40, 41-50, 51-60, and 61-80). Each group consisted of 100 men
and 100 women. All volunteers underwent MRI examination using a
T1-weighted 3D magnetization-prepared rapid acquisition gradient
echo array. The relationship of the lentiform nucleus volume with age
and sex was analyzed. The mean left and right putamen volumes were
4811.59 + 588.99 mm’® and 4763.11 + 587.59 mm?®, respectively, and
the volume of the left putamen was greater than that of the right puta-
men. The mean left and right globus pallidus volumes were 1591.31
+226.81 mm?® and 1627.28 + 235.06 mm’, respectively, and the right
globus pallidus volume was larger. The mean volumes of the left and
right putamen and left and right globus pallidus in men were 4962.72
+ 598.49 mm’, 4909.83 + 600.54 mm?, 1623.24 + 234.16 mm’, and
1663.18 + 243.56 mm?, respectively. In women, these measurements
were 4663.65 + 540.49 mm?, 4619.28 + 537.59 mm?, 1560.00 + 215.04
mm?, and 1592.09 + 221.06 mm?, respectively. The putamen and glo-
bus pallidus volumes were larger in men. The volumes of the left and
right putamen, as well as the left and right globus pallidus, showed
a decrease with age. The lentiform nucleus volume was found to be
larger in men than in women. In addition, the lentiform nucleus vol-
umes were found to decrease with aging.'®

Ertekin et al measured and compared the lentiform nucleus volumes in
healthy people and people with PD using both volumetric and semiau-
tomatic segmentation methods. In the control group (healthy people),
the mean lentiform nucleus volume calculated by the point counting
method using a control object in MRI was 7.52 + 1.14 cm®. In the PD
group, the corresponding mean value was significantly smaller (6.40 +
1.55 cm?, P < .05). Based on the semiautomatic segmentation results,
the mean lentiform nucleus volume in patients with PD (6.52 + 1.38
cm®) was also significantly smaller than that in healthy humans (7.43 +
0.87 cm?; P <.05)."”

Derrek et al conducted a study enrolling 706 patients with AD and 639
young healthy volunteers to investigate the relationship between the
lentiform nucleus volume and genome-wide. They measured the vol-
ume by taking 58 images with the segmentation method ina 1.5T MRI.
In patients with AD, the lentiform nucleus volume was 6422.2 + 723.9
mm?® on the left and 6450.9 + 686.9 mm? on the right, and they found a

strong correlation between the two. In healthy young people, the cor-
responding volume measurements were 6554.4 + 744.8 mm? on the left
and 6729.5 + 765.4 mm? on the right, with a strong correlation between
the left and right lentiform nucleus volumes. Although the lentiform
nuclei of patients with AD were smaller than those of healthy individu-
als, the difference was not statistically significant.?’

In his doctoral thesis, Ekiz compared the volume ratio of the basal
nuclei to the whole brain on the left and right sides in individuals aged
20-40 years. The mean volumes of the right and left globus pallidus
in women were 1471 + 161.7 mm?® and 1447.4 + 157.7 mm’, respec-
tively. The corresponding values in men were 1611.1 = 119.0 mm? and
1571.7 £ 120.4 mm?, respectively. The right and left putamen volumes
in women were 4056.0 + 328.5 mm?® and 4343 + 417.1 mm’, respec-
tively. The corresponding values in men were 4504 + 278.9 mm?® and
4817.5 £ 380.0 mm?, respectively.”!

The main aim of the present study was to compare the total volume
measurement values in MRI sections with those obtained with ana-
tomical sections of cadaver samples prepared using a microtome. The
mean lentiform nucleus volume measurements on MRI were 5821.4 +
590.5 mm?® on the right and 5781.8 + 723.5 mm? on the left. The cor-
responding measurements in cadaveric specimens were 5503.4 + 595.5
mm?® and 5332.3 + 599.7 mm?, respectively (Table 2). On comparing
the measurements in MRI and cadaver samples, there was no signifi-
cant difference between the right and left lentiform nucleus volumes,
and there was a significant correlation between the two sides in this
respect (Table 3).

Comparing the MRI-based volume measurements, these values are
smaller than the values reported by Wang, Ertekin, Derrek, and Ekiz.
This is likely attributable to the shrinking of the cadaver samples due to
their storage in formaldehyde for 10 years, as seen in previous studies.?

Since information regarding the cadaver samples’ age, race, and dis-
case status was not available, it was impossible to make comparisons as
in the previous studies. In any case, the purpose of our study was not to
make comparisons between age, sex, and diseased and healthy groups.

On reviewing the literature, we found a comprehensive study that
measured and compared the volumes of the thalamus by first using the
segmentation technique in MRI and then making sections on cadavers
using the planimetry technique.** However, we did not find a similar
in-depth study involving the lentiform nucleus volume measurements
in cadaver samples. Only Siiriicii et al measured the dimensions of
the lentiform nucleus in the horizontal and coronal planes in 3D CT
in a human cadaveric brain but did not calculate the volume values.?'
Chung et al measured the dimensions of the lentiform nucleus in the
horizontal and coronal planes at 0.04 mm intervals in a female cadav-
eric brain with 3T MRI and diffusion tensor MRI methods, but they did
not measure volume either.*

In this study, the number of 2-mm sections obtained on MRI was higher
than the number of anatomical sections obtained using a microtome.
This was due to section fragmentation while attempting to prepare
2-mm-thick sections in cadaver samples with a microtome. Therefore,
we prepared 4-mm-thick sections. The total number of sections on MRI
was 710; the total number of sections showing the lentiform nucleus
was 166 on the right side and 168 on the left side (Table 1). The total
number of sections obtained by cutting cadaver specimens with a
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microtome was 488; the total number of sections showing the lentiform
nucleus was 103 on the right and 107 on the left (Table 1). There was
no significant difference between the right and left sides with respect
to the number of sections obtained with the MRI and microtome. The
anatomical and functional asymmetry between the right and left hemi-
spheres of the human brain is well documented. This asymmetry has
been reported between the volumes of the right and left basal nuclei.?
In addition, there may be measurement differences due to differences
in the position of cadavers during MRI and superimposition during
imaging.”

Various stereological methods have been developed for the volumetric
analysis of structures in the cadaveric brain. The Cavalieri method is
one of the most reliable and frequently used methods. It is a highly
sensitive and unbiased method for quantitative measurements.*** In
this method, parallel and equal-thickness portions of a body are taken,
and the volume is calculated based on the total number of cross-sec-
tional areas and the section thickness. Computed tomography, MRI, or
ultrasonography cross-sectional imaging can be used to calculate the
volume of an object using the Cavalieri principle.”® Due to these prop-
erties, the Cavalieri method was used for volumetric measurements
of cadaver samples in this study. In this study, 13 adult cadaver brain
samples were examined. The samples were segmented on 1.5T MR
devices, and after measuring the lentiform nucleus volumes, cadaver
sections were prepared, and the lentiform nucleus volumes were com-
pared stereologically.

Importance of This Study

Functional neurosurgical procedures, including ablative procedures and
nonablative procedures (such as DBS), have many complications and
side effects. These can be classified into 5 main groups: (i) Relatively
rare natural side effects that may develop after the application of the
system. These include unresponsiveness to DBS, stimulation-induced
dyskinesia and dystonia, speech disorder, axial symptoms (gait distur-
bance, festination, freezing), ocular disorders (ocular deviation and eye
opening apraxia), and psychiatric disorders (depression, anxiety, apa-
thy, aggressive behavior, manic episodes, and impulse control disor-
der). (ii) Natural complications of the surgical procedure. These include
infection, system malfunction, intracerebral hemorrhage, skull frac-
ture, skin erosion, and foreign body reactions.'*!7 (iii) Complications
due to the surgical technique applied and the inadequacy of the system
(electrode breakage, etc.). These are related to the experience or work-
ing methods of the surgical center.'* (iv) Factors related to the opera-
tor’s skill and experience: e.g., system malposition resulting in the
inability to accurately localize the target anatomical point. (v) Wrong
patient selection. These interventional methods are applied to patients
who are resistant to medical treatment in the mid-advanced stage of the
disease. Additional clinical improvement may not be observed if these
interventional methods are applied in the early stages and in patients
who respond positively to medical treatment. Among these complica-
tions, the inability to place the system properly prevents the accurate
localization of the target point. From this perspective, our results are
important.

Study Limitations

Some limitations of this study should be considered while interpret-
ing the results: (i) The age and sex of the cadaver specimens were
unknown. However, this was not a significant handicap, considering
the purpose of this study. (ii) The history of any ischemic, traumatic,
or neurodegenerative disease in the cadaver samples was not available.
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(iii) The samples used were not fresh cadaver samples. After the post-
mortem examination, the cadavers were stored in formaldehyde for 10
years. This may have led to a progressive shrinking of samples over
time, resulting in relatively smaller measurement values. However, the
volume measurements obtained in previous studies using MRI were
not significantly different from those in this study. (iv) Attempts to pre-
pare 3-mm-thick sections with a microtome led to section fragmenta-
tion. Therefore, 4 mm-thick anatomical sections were prepared, while
the MRI sections were 4 mm thick. Although this did not affect the total
volume values of the lentiform nuclei, it can be seen as a limitation of
this study. (v) The MRI device used in this study was 1.5 Tesla. The
use of an MRI device with a higher resolution would have provided
better images. For example, it would be possible to better distinguish
between the putamen and the globus pallidus on a higher-resolution
MRI device. However, only the 1.5T MRI device was available at our
institution.

According to the results we obtained from this study, a significant cor-
relation was found between the lentiform nucleus volumes measured
using the MRI method and the volume measurements obtained by mak-
ing anatomical sections. Our findings support the reliability of the DBS
procedure performed using MRI with stereotactic guidance.
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ABSTRACT

Objective: In the literature, apparent diffusion coefficient values are known to be able to discriminate between benign and malignant breast lesions. We aim to
evaluate the most efficient b-value to discriminate between benign and malignant lesions and also to reveal the potential relationships between diffusion-weighted
imaging and apparent diffusion coefficient values and biomarker expression.

Methods: We retrospectively evaluated the magnetic resonance imaging and pathological data of 60 breast lesions, categorized as BI-RADS 4, 5, and 6. Signal
intensity values obtained from diffusion-weighted imaging at BO, B1000 and apparent diffusion coefficient values were recorded. A possible correlation between
apparent diffusion coefficient values and tumor grade, receptor expression (that of estrogen receptor, progesterone receptor, and human epidermal growth factor
receptor 2), and Ki-67 score was investigated.

Results: Twenty-two (36.6%) lesions were malignant, and 38 (63.4%) lesions were benign. Mean apparent diffusion coefficient values of malignant lesions were
significantly lower than that of benign lesions (187 £ 215 x 107 and 625 + 118 x 10°° mm?/s, respectively). We detected lower apparent diffusion coefficient
values in estrogen receptor- and progesterone receptor-negative tumors, also lower apparent diffusion coefficient values were correlated with higher Ki-67 index
(P < .05). We cannot find any significant relationship between apparent diffusion coefficient values and human epidermal growth factor receptor 2 expression
(P>.05). We showed that signal intensity values obtained at B1000 were more efficient than those obtained at B0 in differentiating benign and malignant lesions.
Apparent diffusion coefficient values obtained from ipsilateral, pathologically proven metastatic lymph nodes were significantly lower from contralateral lymph
nodes.

Conclusion: Apparent diffusion coefficient values can be used effectively to predict breast malignancy, estrogen receptor/progesterone receptor negativity, and
Ki-67 index. Diffusion-weighted imaging obtained at B1000 is more effective in predicting malignancy compared to BO.

Keywords: ADC, biomarkers, breast cancer, DWI

INTRODUCTION

Breast cancer is a relatively common and potentially life-threatening disease that affects millions of women worldwide.! Early detection and
accurate diagnosis are crucial in improving patient outcomes and reducing mortality rates. Over the years, imaging techniques have played a pivotal
role in the diagnosis and management of breast cancer, enabling health-care professionals to detect lesions earlier, assess their characteristics, and
guide treatment decisions.

Conventional imaging techniques, such as mammography (MG) and ultrasound (US), have long been the mainstay for breast cancer screening
and evaluation. Mammography is widely used due to its ability to detect microcalcifications and architectural distortions associated with early-
stage breast cancer. However, it has certain limitations, particularly in women with dense breast tissue, where the sensitivity of mammography
may be reduced.? Ultrasound, on the other hand, is valuable for differentiating solid masses from cysts and guiding targeted biopsies. Despite their
effectiveness, these techniques may not provide sufficient information for precise characterization of breast lesions, especially when it comes to
distinguishing between benign and malignant cases®.

In recent years, diffusion-weighted imaging (DWI) has emerged as a promising modality for breast imaging. Diffusion-weighted imaging uti-
lizes the random motion of water molecules within tissues to generate contrast and provide insights into tissue microstructure. It is based on the
measurement of the apparent diffusion coefficient (ADC), which reflects the degree of water molecule diffusion within the tissue. By measuring
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ADC values, DWI can offer valuable information about tissue cellular-
ity, organization, and vascularity, which are essential in differentiating
benign and malignant lesions.*

Diffusion-weighted imaging is a noninvasive technique, requires no
ionizing radiation exposure, and does not require the administration of
contrast medium. The short examination time, especially when using
parallel imaging, is an additional advantage, as is the ability to assess
the tumor completely. Furthermore, both conventional morphologic and
physiologic assessments can be made during the same examination.®

Single-shot or multishot echo-planar imaging (EPI) is regarded as
baseline techniques for DWI acquisition. On high b-values, cancers are
typically hyperintense given adequate baseline T2 signal. As the basic
DWI sequence is T2-weighted, lesions with higher water content will
show a high signal on low b-value images and may retain a (relatively)
high signal on high b-value images. Consequently, a high signal on
high b-values images may be due to a very high T2 signal or true dif-
fusion restriction with little signal decrease of a moderately high T2
signal.®

The ability of DWI to discriminate between benign and malignant
breast lesions has been investigated extensively, and DWI has shown
promising results. Malignant breast lesions generally exhibit lower
ADC values due to their higher cellularity and restricted water dif-
fusion.” On the other hand, benign lesions, such as fibroadenomas or
cysts, tend to have higher ADC values due to their lower cellularity and
increased water diffusion.®

However, the role of DWI signal intensity (SI) values and the optimal
selection of b-values in DWI for breast imaging remain as the areas
of ongoing research. B-values represent the strength and timing of
diffusion-sensitizing gradients used in DWI magnetic resonance imag-
ing (DW-MRI). Different b-values can influence the sensitivity and
specificity of DWI-MRI in detecting and characterizing breast lesions.
Therefore, determining the most efficient b-value for discriminating

MAIN POINTS

* ADC values can be used effectively to predict breast malignancy, ER/
PR receptor negativity and Ki-67 index. DWI obtained in B1000 is
more effective in predicting malignancy compared to BO.

*  DWI has been shown to have the ability to distinguish between benign
and malignant breast lesions. Malignant breast lesions usually exhibit
lower ADC values due to their higher cellularity and restricted water
diffusion. On the other hand, benign lesions tend to have higher ADC
values due to their lower cellularity and increased water diffusion.

e Of the 60 lesions, 22 (36.6%) were malignant and 38 (63.4%) were
benign. The mean ADC values of malignant lesions were signifi-
cantly lower than those of benign lesions (187 £ 215 x 10 and 625 +
118 x 10 mm?/s ,respectively).

* Lower ADC values were observed in ER and PR negative tumors,
and there was a positive correlation between lower ADC values and
higher Ki-67 index.

« DWI with optimal b-values and ADC value analysis holds great prom-
ise as a valuable imaging technique in the evaluation of breast lesions.
By providing non-invasive information about tumor characteristics,
including malignancy, receptor expression, and proliferative activity,
DWI can aid in clinical decision-making and contribute to improved
patient management in breast cancer.
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between benign and malignant lesions is essential for improving the
accuracy and diagnostic performance of DWI.°

Furthermore, beyond the discrimination between benign and malignant
lesions, DWI has the potential to provide valuable insights into the
molecular characteristics of breast tumors.'’ The correlation between
ADC values and biomarker expression, such as that of estrogen recep-
tor (ER), progesterone receptor (PR), human epidermal growth factor
receptor 2 (HER-2), and the proliferation marker Ki-67, has been of
great interest."! Understanding these relationships can aid in predicting
tumor aggressiveness, assessing treatment response, and personalizing
therapeutic strategies.

In this study, we aimed to evaluate the most efficient b-value in dis-
criminating between benign and malignant breast lesions using DWI.
Additionally, we aimed to investigate the potential relationships
between DWI and ADC values and biomarker expression, including
that of ER, PR, HER-2, and Ki-67. The findings from this research
will contribute to the growing body of knowledge regarding the utility
of DWL

METHODS

Our study was a retrospective study and included patients who applied
to our clinic between January 2022 and June 2022. Our study was
approved by the Erzincan Binali Yildirim University Ethics Committee
(Ethics committee approval number: EBYU-KAEK-2023-4/21
E-1845473.11. ED.28465). A retrospective analysis was performed
on MRI images and pathological data from 60 breast lesions classi-
fied as BI-RADS 4, 5, and 6. Patients reported as BI-RADS 4, 5, and
6 in the breast MRI report were included in the study. Inappropriate
image quality was chosen as an exclusion criterion. Five patients were
excluded from the study and 60 patients were included in the study.

Breast MRI examinations were performed with a 1.5-T whole-body
imaging system (MAGNETOM Aera, Siemens, Erlangen, Germany).
The patients were scanned in the prone position with the breast sus-
pended in a 16-channel breast coil. Precontrast transverse acquisi-
tions were performed using a T1-weighted fast spin echo sequence
and transverse T2 -weighted fast spin echo short-tau inversion recov-
ery (STIR) imaging, while precontrast sagittal acquisitions were per-
formed using a T2-weighted fast spin echo sequence imaging with fat
suppression. Diffusion-weighted images were acquired with fat satura-
tion using axial echo planar imaging (EPI) sequences at b-1000 s/mm?
before contrast administration. Sagittal pre- and postcontrast dynamic
imaging was performed using a 3D multiphase fast gradient echo pulse
sequence. Additionally, transverse postcontrast T1-weighted images
were acquired using the fast spoiled gradient-recalled echo sequence
in the same manner as it was used to acquire the precontrast images,
without a change in the patient’s position. Subtraction images were cre-
ated. The patients were given a bolus intravenous injection of gadolin-
ium contrast (0.2 mmol/kg). Both morphological features and kinetic
characteristics of the lesions were examined. Region of interest (ROI)
values were made using circular ROIL.

Then a possible correlation between ADC values and tumor grade,
receptor expression (that of ER, PR, and HER-2), and Ki-67 score was
investigated. ADC values from histologically diagnosed axillary lymph
nodes were also analyzed.

All assessments were made by a single radiologist with 5 years of
experience.
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Statistical Analysis

Data were analyzed using the Statistical Package for the Social
Sciences Statistics for Windows, version 20.0, software (IBM SPSS
Corp., Armonk, NY,, USA). Normal distribution of the data was evalu-
ated with the Kolmogorov—Smirnov test. Numerical variables with
normal distribution were shown as mean + standard deviation values.
Student’s #-test was used to analyze the difference between mean ADC
values of the groups. Spearman’s and Pearson’s correlation analyses
were applied to define possible correlations between the ADC values
and pathological parameters. Logistic regression analysis was applied
to define the diagnostic efficacy of the DWI SI values.

RESULTS

Of the 60 lesions, 22 (36.6%) were malignant and 38 (63.4%) were
benign. The malignant group consisted of 6 cases (27.2%) of ductal
carcinoma in situ, 10 cases (45.4%) of invasive ductal carcinoma, 5
cases (22.7%) of invasive lobular carcinoma, and 1 case (4.5%) of
B-cell lymphoma. The benign group consisted of 22 cases (57.8%) of
fibroadenoma, 7 cases (18.4%) of sclerosing adenosis, 5 cases (13.1%)
of benign phyllode tumor, and 4 cases (10.5%) of usual ductal hyper-
plasia. The mean ADC values of malignant lesions were significantly
lower than those of benign lesions (187 + 215 x 107 and 625 + 118 x
107 mm?/s, respectively). The results are shown in Table 1.

There were 3 ER-negative and 7 PR-negative tumors, and ADC val-
ues of these receptor-negative tumors were lower (187 = 215 x 10°¢
mm?s) . The level of the Ki-67 proliferation index was available for
23 patients. The mean value was 12.36 + 21.68%. A Ki-67 value of
25% was used as the threshold for discriminating between tumors with
low Ki-67 expression (<25%) and high Ki-67 expression (>25%). And
these tumors had a high Ki-67 expression (>25%). Ki-67 proliferation
index was evaluated in 23 lesions; 12/23 had high and 11/23 had low
index. Tumors with low expression of Ki-67 had higher ADC values
than tumors with high expression of Ki-67 (187 + 215 x 107 and 625
+ 118 x 107® mm?/s, respectively; P < .005). It was observed that there
was a positive correlation between them.

Lower ADC values were observed in ER- and PR-negative tumors, and
there was a positive correlation between lower ADC values and higher
Ki-67 index (P < .05). However, no significant relationship between ADC
values and HER-2 expression was found. Diffusion-weighted imaging SI
values obtained at 5=1000 demonstrated higher efficiency in differentiat-
ing between benign and malignant lesions compared to b=0 (P <.05).

Furthermore, ADC values obtained from ipsilateral metastatic lymph
nodes were significantly lower than (ADC values 187 + 215 x 107%)
those from contralateral lymph nodes (P < .05).

Table 1. Lesion Characterization

Total Percent
Malignant group 32 36.6
Ductal carcinoma in situ 6 27.2
Invasive ductal carcinoma 10 45.4
Invasive lobular carcinoma 5 22.7
B-cell lymphoma 1 4.5
Benign group 38 64.4
Fibroadenoma 22 57.8
Sclerosing adenosis 7 18.4
Benign phyllode tumor 5 13.1
Usual ductal hyperplasia 4 10.5
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Table 2. Estrogen Receptor (ER), Progesterone Receptor (PR), and c-erbB2
Amplification Characteristics of the Lesions

ER PR c-erbB2
Pathological Diagnosis + - + - + -
Ductal carcinoma in situ 6 0 5 1 4 2
Invasive ductal carcinoma 8 2 6 4 5 5
Invasive lobular carcinoma 4 1 3 2 2 3
B-cell lymphoma 1 0 1 0 0 1
Total 19 3 15 7 11 1

Twenty-one of 60 (35.5%) patients had histopathologically proven
metastatic axillary lymph nodes on MR images; 39/60 (65%) patients
did not have any pathological axillary lymph node.

Estrogen receptor (ER), progesterone receptor (PR), and c-erbB2
amplification characteristics of lesions are shown in Table 2.

Case examples can be seen in Figures 1-3.

DISCUSSION

Our findings demonstrated that ADC values obtained from DWI can
serve as an effective tool in predicting breast malignancy, as evidenced
by the significantly lower mean ADC values observed in malignant
lesions compared to benign lesions. These results are consistent with
previous studies like Razek et al’s study that have reported lower ADC
values in malignant breast tumors due to their higher cellularity and
restricted water diffusion.’ Therefore, ADC values derived from DWI
can provide valuable information for differentiating between benign
and malignant breast lesions.

Figure 1. Contrast enhanced axial image (a), DWI (b), and ADC map (c) of a
benign lesion (fibradenoma).

Figure 2. Contrast-enhanced axial image (A), DWI (B), and ADC map (C) of
a malignant lesion (DIS). Apparent diffusion coefficient value of the lesion at
B1000 is 143 x 10°°. ADC, apparent diffusion coefficient; DIS, I added wrong
figures, I need to delete and the rights. dissemination in space; DWI,
diffusion-weighted imaging.



Figure 3. Contrast-enhanced axial image (A), and ADC map (B) of a
histologically proven malignant axillary lymph node (invasive ductal
carcinoma metastasis). Apparent diffusion coefficient value at B1000 is 810 x
10~¢. ADC, apparent diffusion coefficient.

Furthermore, Kim et al’s study shows similar results to our study;
our study revealed important associations between ADC values and
biomarker expression. Lower ADC values were observed in ER- and
PR-negative tumors, suggesting a potential link between decreased
water diffusion and nonexistence of hormone receptor.'

Additionally, Surov et al’s study shows similar results to our study;
we found that lower ADC values correlated with a higher Ki-67 index,
indicating a potential relationship between limited water diffusion and
increased tumor proliferation. These findings highlight the potential
of DWI and of ADC values as noninvasive biomarkers for predicting
tumor grade and assessing the aggressiveness of breast cancer.!

Regarding the selection of b-values, our study demonstrated that SI
values obtained at b1000 were more efficient than those obtained at
BO in differentiating benign and malignant lesions. This suggests that
higher b-values may provide more accurate information to detect and
characterize breast lesions, similar to the results of the Kuroki et al’s
study.'*

Our study revealed that ADC values in axillary lymph nodes ipsilat-
eral, pathologically proven metastatic lymph nodes were significantly
lower than in contralateral normal lymph nodes, as in the study of
Fornasa et al."

Guo et al’s study shows similar results to our study that the ADC is use-
ful in differentiating benign from malignant breast lesions.'®

Breast cancer is now a significant cause of worldwide morbidity and
mortality. Further, the increasing rate of breast cancer continues to be
a major area of concern for both clinicians and researchers. Increased
awareness in the affected population leads to more frequent physi-
cal examinations and diagnostic imaging procedures; thus, it can
be expected to result in an earlier diagnosis and hence improved
prognosis.'

The results of this study indicate that ADC values can effectively
predict breast malignancy, ER and PR negativity, and Ki-67 index.

Senbil et al. Breast Imaging with Diffusion-Weighted MRI

Diffusion-weighted images obtained at 5=1000 provides higher effi-
ciency in predicting malignancy compared to 5=0. Axillary metastatic
lymph nodes exhibit lower ADC values compared to contralateral
normal lymph nodes. Lower ADC values were observed in ER- and
PR-negative tumors, suggesting a potential link between decreased
water diffusion and nonexistence of hormone receptor. Additionally,
lower ADC values were correlated with a higher Ki-67 index, indi-
cating a potential association between restricted water diffusion and
increased tumor proliferation. Optimizing the selection of b-values in
DWI protocols can improve the diagnostic performance and reliability
of this imaging modality for breast cancer evaluation.

These findings and the findings in the literature highlight the poten-
tial of DWI and ADC values in improving the characterization and
assessment of breast lesions, aiding in treatment planning and patient
management.

Study Limitations

The main limitations of our study were the retrospective design and the
relatively small sample size. Further large-scale prospective studies are
warranted to validate our findings and explore additional correlations
between DWI-MRI, biomarker expression, and clinical outcomes.
Also, the fact that MR measurements were made by the same radiolo-
gist is a limitation.
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Abstract

Objective: Coronavirus disease 2019, caused by the novel coronavirus severe acute respiratory syndrome coronavirus 2, has affected millions of people world-
wide since its emergence in late 2019. Although children generally experience milder symptoms compared to adults, there have been reports of severe cases and
post-infectious complications, including neurological manifestations. This article discusses the role of magnetic resonance imaging in detecting cranial complica-
tions in pediatric patients with a history of coronavirus disease 2019 infection.

Methods: In our study, we retrospectively scanned the images of 246 pediatric patients who had coronavirus disease 2019 between April 2020 and June 2022
and then underwent cranial magnetic resonance imaging with diverse complaints at a tertiary healthcare center. Pathologies that were identified were classified
and recorded as final data.

Results: In a study of 246 pediatric coronavirus disease 2019 patients, neurological complications were relatively rare. Most children experience mild or asymp-
tomatic cases. Serious complications such as multisystem inflammatory syndrome in children developed in 8 patients (3%), acute disseminated encephalomy-
elitis developed in 10 patients (4%), a cerebral vascular infarct developed in 20 patients (8%), non-specific T2 Weight imaging and Fluid attenuated Inversion
Recovery(T2WI -Flair) hyperintensity developed in 120 patients (48.6%), and meningoencephalitis developed in 10 patients (4%).

Conclusion: Of the patients examined in our study, 67.8% exhibited pathology. T2WI and FLAIR sequences revealed non-specific hyperintensity foci as the
most prevalent pathology. Further research is needed to determine the optimal timing and indications for magnetic resonance imaging in this population, as well
as the correlation between magnetic resonance imaging findings and long-term neurological outcomes.

Keywords: Complications, magnetic resonance imaging, post-COVID-19, stroke, T2WI hyperintensity

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has
had a significant global impact on public health and healthcare systems since its emergence in late 2019. While the majority of COVID-19
cases have been reported in adults, children, and adolescents are not immune to the infection, and they can also experience both acute and
long-term complications.!*Although pediatric patients with COVID-19 generally exhibit milder symptoms compared to adults, emerging
evidence suggests that some children may develop post-acute sequelaec of SARS-CoV-2 infection or “long COVID,” with symptoms per-
sisting for months after the acute phase of the infection." Among these complications, neurological manifestations have been increasingly
recognized, including meningoencephalitis, acute disseminated encephalomyelitis (ADEM), Guillain—Barré syndrome (GBS), and acute
flaccid myelitis.?

Magnetic resonance imaging (MRI) is a non-invasive, radiation-free imaging modality that has been widely employed to detect and characterize
various neurological complications in both adult and pediatric patients with COVID-19.* In particular, MRI has proven to be a valuable tool for
detecting inflammatory and ischemic changes, white matter abnormalities, and other cerebral lesions in patients with neurological manifestations
of COVID-19.°

In this article, we aim to provide an overview of the role of MRI in detecting and characterizing cranial complications in pediatric patients with a
post-COVID-19 infection. We will discuss the various MRI findings associated with different neurological complications as well as the potential
mechanisms underlying these abnormalities. Furthermore, we will explore the clinical implications of these findings and the challenges of differ-
entiating between primary COVID-19-related neurological complications and those resulting from other etiologies.
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METHODS

In our study, we retrospectively scanned the images of 246 pediatric
patients who had COVID-19 between April 2020 and June 2022 and
then underwent cranial MRI with diverse complaints at a tertiary health-
care center. Since our study was retrospective, we did not obtain ethi-
cal approval. After recovering from COVID-19, we included patients
between the ages of 1 and 17 who presented with diverse complaints.
Our study excluded patients with congenital diseases, tumors, epilepsy,
hydrocephalus, etc. Pathologies that were identified were classified and
recorded as final data.

Magnetic Resonance Imaging Protocol

A cranial MRI scan taken with a 1.5-T (Magnetom Aera, Siemens
Healthineers, Erlangen, Germany) MR machine is a non-invasive imag-
ing test that uses a powerful magnetic field and radio waves to produce
detailed images of the brain and surrounding structures. The techni-
cal parameters for a typical cranial MRI may include a magnetic field
strength of 1.5 Tesla and various sequence types such as T1-weighted,
T2-weighted, Fluid atteniation inversion recovery (FLAIR), Diffusion
Weighted Imaging (DWI), and Gradient echo sequences (GRE). The
slice thickness is typically 3 mm or less, and the matrix size is usually
256 x 256 or higher. The field of view is typically 22-24 ¢cm, and the
scan time can range from 15 to 30 minutes for a routine cranial MRI.
The repetition time (TR) and echo time (TE) may vary depending on
the sequence type and specific imaging parameters but typically range
from 2000 to 6000 ms for TR and 80-150 ms for TE. The flip angle may
vary from 90° to 180°.

Statistical Analysis

Descriptive analyses were performed to summarize the data collected
in the study. For categorical variables, frequency tables were used to
present the distribution of the different categories, while for continuous
variables, such as age, the mean and standard deviation (+SD) were
calculated, along with the minimum (min) and maximum (max) values
observed.

RESULTS

In a study of 246 pediatric COVID-19 patients, 100 of the scanned
images were of females and 146 were of males. The patients were
between 1 and 17 years old. The mean age was 9.87 + 4.69 (min:
1; max: 17). The mean age of girls is 105 (min: 1-max: 17). The
mean age of boys is 95 (min:1-max:17). Serious complications
such as multisystem inflammatory syndrome in children (MIS-
C) (Figure 1) developed in 8 patients (3%), ADEM developed in
10 patients (Figure 2) (4%), cerebrovascular infarct (Figure 3)
developed in 20 patients (8%), non-specific T2 Weight and Fluid
Attenuation Inversion Recovery(T2WI-FLAIR) hyperintensity
(Figure 4) developed in 120 patients (48%, 6%), and meningoen-
cephalitis (Figure 5) developed in 10 patients (4%). The defined
data are shown in Table 1.

MAIN POINTS

¢ Classification of cranial complications after Covid 19 infection in
pediatric patients by MRI

* Detection of the most common neurological finding after covid in
pediatric patients

e Classification of neurological complications after covid in pediatric
patients by age and gender
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Figure 1. Left periventricular hyperintense lesion in an 8-year-old child with
MIS-C after COVID was observed on frontal subcortical (indicated by an
arrow). (A) Coronal T2WI, (B) axial T2WI, and (C) FLAIR sequences.
MIS-C, multisystem inflammatory syndrome in children; COVID, coronavirus
disease.

Figure 2. A 11-year-old girl was diagnosed with acut disseminated
encephalomyelitiss (ADEM). She had hyperintense plaque formations in the
periventricular white matter and the centrum semiovale. (A) T2 Weight
Imaging T2WI and (B) Fluid atteniation recovery FLAIR scans.

DISCUSSION

The COVID-19 pandemic has had significant and wide-ranging effects
on global health, with numerous complications and sequelae identi-
fied in both adult and pediatric populations. Children, while generally
experiencing milder symptoms during the acute phase of the infection,
are not immune to the post-acute sequelae of the SARS-CoV-2 infec-
tion.?> As a result, it is crucial to investigate the potential complica-
tions and long-term effects of COVID-19 in pediatric patients. One
area of particular concern is the potential for cranial complications,
which can have significant impacts on cognitive, emotional, and physi-
cal development. Magnetic resonance imaging examinations have been

Figure 3. Fourteen days after COVID, a 15-year-old male patient developed
an infarct in the right Middle Cerebral Artery (MCA) irrigation area. (A)
Diffusion weighted imaging (DWI) and (B) apparent diffussion coefficient
(ADC). COVID, coronavirus disease.
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Figure 4. On the MRI of a 17-year-old female patient with headache after
COVID, a few non-specific (A) T2 Weight and Fluid Attenuation Inversion
Recovery (T2WI (B) FLAIR) hyperintense foci located posteriorly in the
periventricular white matter and centrum semiovale observed 2 months after
COVID. COVID, coronavirus disease; MRI, magnetic resonance imaging.

Figure 5. A 4-year-old boy patient with meningoencephalitis after COVID
(indicated by an arrow) (A) On the post-contrast T1 Weight Imaging (T1WI)
axial image cranial MRI, dural thickening and meningeal enhancement were
observed at the right back parietal level. (B) On the axial Fluid Attenuation
Inversion Recovery (FLAIR) image, cortical-subcortical edema is observed.
(C) Increased enhancement of the meninges and dura is observed on sagittal
T1WI sagital image. COVID, coronavirus disease; MRI, magnetic resonance
imaging.

proposed as a valuable tool for detecting these complications in pedi-
atric patients. Severe acute respiratory syndrome coronavirus 2 can
potentially invade the nervous system, including the brain, either via
the bloodstream or by crossing the nasal cavity and entering the olfac-
tory nerve, which connects directly to the brain. The virus has been
found in brain tissue and cerebrospinal fluid in some cases, but not con-
sistently. The body’s immune response to the virus can lead to a state of
systemic inflammation. When this inflammation involves the brain and
nervous system, it can potentially result in various neurological com-
plications. This mechanism is supported by the observation that many
people with severe COVID-19 have high levels of inflammatory mark-
ers in their blood, even if the virus cannot be detected in their nervous
system. Coronavirus disease 2019 can lead to a state of increased blood

Table 1. Distribution of Neurocranial Pathologies

n Y%
ADEM (acute disseminated encephalomyelitis) 10 4
Encephalitis 10
Infarct 20 8
MIS-C (multisystem inflammatory syndrome in children) 8 32
Non-specific T2WI-FLAIR hyperintensity 120 48,6
Normal 78 32,2
Total 246 100,0

clotting, which can result in strokes even in young, healthy individu-
als. This increased clotting can potentially lead to other neurological
complications as well if it affects blood flow to the brain. After the
acute phase of COVID-19, some individuals may experience a post-
infectious autoimmune reaction, where the immune system mistakenly
attacks the body’s own tissues instead of the virus. This is thought to
be the mechanism behind some cases of GBS following COVID-19.
Emerging research suggests that the virus might trigger neurodegenera-
tive processes in the brain leading to symptoms similar to Parkinson’s
disease or Alzheimer’s disease. However, much more research is
needed to confirm and understand these potential effects. It is important
to note that these mechanisms are not mutually exclusive and could all
contribute to the neurological complications observed in different indi-
viduals. In fact, individual variations in factors like genetics, immune
response, and viral load could potentially explain why different people
experience different neurological complications following COVID-19.

Magnetic resonance imaging has been widely recognized as a non-
invasive and highly effective imaging modality for detecting and
diagnosing various neurological disorders.® A growing body of evi-
dence suggests that COVID-19 can lead to neurological complications
in both adults and children, including encephalopathy, seizures, and
cerebrovascular accidents.”® As such, the use of MRI to assess the risk
of cranial complications in pediatric patients with a post-COVID-19
infection is a logical and well-supported approach.

Recent studies have reported various neurological complications in
pediatric patients with COVID-19, such as ADEM, acute necrotizing
encephalopathy, and GBS.’ In addition, the MIS-C associated with
COVID-19 can also present with neurological symptoms. These condi-
tions may cause significant morbidity and long-term sequelae, making
early detection and intervention crucial. Magnetic resonance imag-
ing has also been instrumental in the diagnosis of MIS-C, a condition
that can present with encephalopathy, seizures, and focal neurological
deficits.!” A case report by LaRovere et al described the use of MRI in
diagnosing a pediatric patient with MIS-C and encephalopathy, high-
lighting the importance of MRI in the early detection of cranial compli-
cations in such patients.'? In another case report published by Karavas
et al, they described a rare case of COVID-19-associated acute necrotic
encephalopathy in a 2-year-old child."

In another study by Lindan et al,® MRI findings in 50 pediatric patients
with post-acute sequelae of SARS-CoV-2 infection were assessed. The
study reported that 60% of the patients exhibited abnormal findings,
including white matter hyperintensities, leptomeningeal enhancement,
and punctate ischemic lesions. These findings underscore the impor-
tance of MRI in detecting subtle cranial complications in pediatric
patients with post-infection. Another study by Abdel-Mannan et al'3
evaluated 27 pediatric patients with neurological complications associ-
ated with COVID-19. Of these, 67% showed abnormalities on brain
MRYI, including leptomeningeal enhancement, myelitis, and encephali-
tis. Furthermore, the study found a correlation between the severity of
neurological manifestations and extraabnormalities.

In another study by Gaur et al, the authors identified several MRI fea-
tures that were associated with neurological complications in children
with COVID-19, including intracranial hemorrhage, white matter
abnormalities, and brainstem lesions.®

In our study, we examined patients who had recovered from 246
COVID-19 cases and subsequently underwent cranial MRI for various
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complaints. Pathology was identified in 67.8% of patients. Compared
to the studies mentioned in the preceding paragraph, the patient popula-
tion in our study was larger, and the diversity and pathology detection
rates were greater and more inclusive. The age spectrum of patients
was kept broad.

Our research has a number of limitations. As with any descriptive
study, increasing the population size yields more accurate results. Only
the pediatric population was evaluated; adult patients were not studied.
One of the study’s limitations is that it did not evaluate patients aged
0-1 years, and the number of patients aged 1-7 years is relatively low
compared to other age groups.

Of the patients examined in our study, 67% exhibited pathology. The
T2WI and FLAIR sequences revealed non-specific hyperintense foci as
the most prevalent pathology. Further research is needed to determine
the optimal timing and indications for MRI in this population, as well
as the correlation between MRI findings and long-term neurological
outcomes.

Ethics Committee Approval: Ethical approval was not required as it was a
retrospective study and the data were collected from the data pool.

Informed Consent: Since the data were collected from the data pool, patient
consent was not obtained.
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Abstract

Objective: The aim of the study was to analyze the incidence of newly diagnosed brain tumors in diffusion magnetic resonance imaging (MRI) scans conducted
in the emergency department of a tertiary care hospital.

Methods: In this retrospective study, we analyzed diffusion MRI examinations retrospectively with the preliminary diagnosis of acute stroke in the emergency
department of a tertiary care hospital in Balikesir in June 2023 and July 2023. We identified patients with brain tumors on diffusion MRI images and performed
basic statistical analysis.

Results: Among 1544 patients, 121 patients were diagnosed with acute intracranial infarction (54 females and 67 males, median age: 71), and intracranial tumors
were identified in 10 patients (5 females and 5 males, median age: 59.4). Further imaging methods were used to characterize the tumors. Intracranial tumors of
3 patients were diagnosed as metastasis, and the masses of 2 patients were pathologically diagnosed as glioblastoma multiforme. The masses of 3 patients were
diagnosed with meningioma after radiological examinations. A cystic mass was observed at the level of the fourth ventricle in 1 patient, and a porencephalic cyst
was diagnosed in the left frontal cortex in 1 patient.

Conclusion: Diffusion-weighted imaging (DWI) is the first-line radiological imaging method with computed tomography for the evaluation of stroke patients in
emergency departments. Therefore, we think that it is crucial to report other radiological findings besides acute stroke on DWI images and to guide the physician
about advanced radiological methods for characterization of lesions.

Keywords: Diffusion MRI, acute stroke, brain tumor

INTRODUCTION

Although there has been a decrease in the occurrence of ischemic strokes in recent decades, it continues to be the primary cause of mortality and
morbidity in Western countries.! Magnetic resonance imaging (MRI) is considered the most effective modality for the detection of early signs
of cerebral ischemia.? Diffusion-weighted imaging (DWI) is a widely utilized MRI technique that is commonly performed for the evaluation of
patients affected by stroke.* The DWI technique has the capability to detect ischemic areas shortly after their initiation.* Acute arterial ischemic
stroke (AIS) can be observed on DWI as a hyperintense signal after a few minutes. This is accompanied by a decrease in the apparent diffusion
coefficient (ADC).?

The term “brain tumor” encompasses a wide range of cancers that originate from various cells within the brain (known as primary tumors) or
from tumors that have spread to the brain from other parts of the body (known as metastatic tumors). Primary brain tumors encompass a variety of
histologic types that exhibit diverse gross and molecular characteristics. These tumors are categorized according to the World Health Organization
classification of tumors of the central nervous system (CNS).° Brain and other CN'S tumors rank as the eighth most prevalent form of cancer among
adults aged 40 and above.” The incidence of nonmalignant brain and other CN'S tumors in adults aged 20 and above is 22.38 per 100000, indicating
that the majority of diagnosed tumors in this age group are nonmalignant, while the incidence of malignant brain and other CNS tumors is relatively
low in this particular age group, with an age-adjusted incidence rate of 8.5 per 100000.7* In this retrospective study we analyzed the incidence of
newly diagnosed brain tumors in diffusion MRI scans conducted in the emergency department of a tertiary care hospital in Turkey.
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METHODS

In this retrospective study, we analyzed diffusion MRI examinations
(GE 1.5T, 60 cm, SIGNA™ Creator/Explorer, China, 2017) with the
preliminary diagnosis of acute stroke in the emergency department of a
tertiary care hospital in Balikesir in June 2023 and July 2023. Patients
between the ages of 19 and 99 who presented to the emergency depart-
ment were included in the study. We only utilized 2 b values (0 and
1000 s/mm?) for DWI in this system. The typical imaging parameters
were echo time=118, 128 x 128 matrix, 260 x 260 field of view, and
7 mm section thickness. We identified patients with brain tumors on
diffusion MRI images and performed basis statistical analysis. The
medical histories of identified patients were scanned using the hospital
data processing system and the national medical patient registry sys-
tem. Patients with known primary malignancy or intracranial tumors
were excluded from the study. This research has been approved by the
ethical committee of Erzincan Binali Yildirim University-kaek-2023-
09-01-14572389.E1359002 (date: September 7, 2023), and the study
was conducted in accordance with the Declaration of Helsinki.

RESULTS

The MRI images of a total of 1553 patients who underwent diffusion
MRI for suspected acute stroke in the emergency department in June
and July were analyzed retrospectively. A total of 9 patients with a
primary malignancy or known intracranial mass were excluded from
the study. Of 1544 patients, 841 were female and 703 were male; the
mean age was 59.9. The demographic data of the patients are shown
in Table 1. Among 1544 patients, 121 patients were diagnosed with
acute intracranial infarction (54 females and 67 males, median age:
71), and intracranial tumors were identified in 10 patients (5 females
and 5 males, median age: 59.4), and further imaging techniques were
used to characterize the tumors.

On the basis of contrast-enhanced MRI examinations for tumor charac-
terization on 3 patients diagnosed with tumors on diffusion MRI images,
it was considered that the masses were predominantly compatible with
metastasis (Figure 1). In the radiological imaging methods performed
for primary tumor localization research, 2 of these patients were diag-
nosed with lung cancer and 1 with colon cancer. These diagnoses were
then confirmed pathologically. On CT and MR images acquired after
diffusion MRI, the masses of 2 patients primarily exhibited primary
glial tumor characteristics (Figure 2). The patients underwent surgery,
and their pathology results were reported as GBM.

Three patients with extra-axial mass on diffusion MR images were
diagnosed with meningioma (Figure 3) with CT and MRI exami-
nations performed after diffusion MR, and elective operation was

MAIN POINTS

» Stroke continues to be one of the primary causes of mortality and mor-
bidity in Western countries.

« Diffusion-weighted imaging (DWI) is a widely utilized magnetic reso-
nance imaging technique that is commonly performed for the evalua-
tion of patients affected by stroke.

e The incidence of brain and other central nervous system tumors in
adults aged 20 and above is 31 per 100 000.

e It is crucial to report other radiological findings (especially tumors)
besides acute stroke on DWI images and to guide the physician about
advanced radiological methods for characterization of lesions.
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Table 1. Patient Demographics

Demographics n Mean Age
Number of diffusion-weighted images analyzed 1553 59.9
Female 846 59.7
Male 706 60.1
Number of patients with acute intracranial infarct 121 71
Female 54 71.8
Male 67 70.4
Number of patients with intracranial mass 10 59.4
Female 5 65.2
Male 5 53.6

planned by neurosurgery team. One patient had a simple cystic mass
at the level of the fourth ventricle. The patient was sent to another cen-
ter for surgery, but the patient’s medical records could not be accessed
afterward. One patient had a cystic mass reaching 5 cm in diameter
in the left frontotemporal region, and a porencephalic cyst was diag-
nosed in conventional MRI imaging performed after diffusion MRI
(Figure 4).

DISCUSSION

The initial clinical application of DWI was in brain tumors. Le Bihan
et al’ published an article in 1986 describing intravoxel incoherent
motion imaging, which incorporated diffusion imaging using a spin
echo sequence and a 0.5 Tesla magnet. The ADC values were higher
(hyperintense) in brain metastases according to low-grade astrocyto-
mas. Moseley et al'® published the first article on the use of DWI to
detect acute cerebral ischemia in cats in 1990. Warach et al'! reported

Figure 1. A 70-year-old man with intra-axial gray matter lesion in right
parietal lobe. There’s a focal diffusion restriction in the posterior aspect of the
lesion (A, B) (arrows). Moderate perilesional vasogenic edema is seen (B, C)
(arrows). Thorax CT reveals a large mass (arrow) in the upper lobe of left lung
(D); pathology results confirm lung cancer in this patient. CT, computed
tomography.



Tobcu et al. Ratio of Incidentally Detected Brain Tumors in Diffusion MRI Scans

Figure 2. In diffusion-weighted and ADC MR images of a 44-year-old man, a
large left temporal cystic/solid lesion with mass effect and compression of the
left cerebral peduncle was detected. Solid and hemorrhagic elements on
anterior margin (C) (arrow), which do not exhibit restricted diffusion (A, B).
Moderate vasogenic edema more pronounced anteriorly. Pathology results
confirm GBM in this patient. ADC, apparent diffusion coefficient; GBM,
glioblastoma multiforme; MR, magnetic resonance.

Figure 3. In diffusion-weighted and ADC MR images of a 77-year-old
woman, a well-defined extra-axial mass at the right infratentorial region,
measuring 5.8 cm x 4.6 cm was detected (A, B). It has a broad base to the
dura. The mass also demonstrates homogeneous contrast enhancement (C, D).
ADC, apparent diffusion coefficient; MR, magnetic resonance.

Figure 4. A large porencephalic cyst was detected in the frontotemporal
region in diffusion-weighted MR images and ADC map of a 21-year-old man
(A, B). Encephalic volume loss in left frontotemporal lobes evidenced by
hydrocephalus ex vacuo (C) (arrow). ADC, apparent diffusion coefficient; MR,
magnetic resonance.

the first clinical implementation of DWI using a 1.5 T scanner to iden-
tify patients with acute stroke in 1992.

The DWTI is the most effective technique for detecting ischemic changes
within the first few hours following the onset of a stroke.!>'* It has
been shown to be superior to CT at the acute stage (sensitivity 96.6%
vs. 46.9%) and conventional MRI (accuracy 97.5% vs. 64.9%).!5:!¢
Therefore, DWI is the first-line radiological imaging method with CT
for the evaluation of stroke patients in emergency departments.

Brain tumor patients may present with acute neurologic symptoms that
mimic stroke. It is crucial to differentiate brain tumors from strokes
as early as possible in order to avoid inappropriate treatments such as
thrombolytic therapy, which carries a risk of hemorrhage, and to not
delay the brain tumor’s management. Magnetic resonance imaging is
essential for the initial diagnosis, planning, and monitoring of brain
tumors.!” Using the T2-weighted images, fluid-attenuated inversion
recovery, DWI, ADC, and T1-weighted images pre- and post-contrast
MRI sequences, brain neoplasms can be readily distinguished from
AIS." Brain neoplasms may appear as an ovoid or round-enhancing
lesion that is surrounded by vasogenic edema, which are characteris-
tics not observed within the first few hours following the onset of a
stroke.>!” However, when brain tumors are small, they may not exhibit
all of these characteristics, making it difficult to distinguish them from
infarct lesions, especially when they are seen as tumors with restricted
diffusion on DWI. Variable signal intensities are exhibited by DWI for
both primary and secondary tumors. Cellular density has an inverse
proportion with ADC. Consequently, the ADC value of high-grade
gliomas is less than that of low-grade gliomas. Similarly, lymphoma
typically has a low ADC due to its high cellularity.'”-"°

In our study, we observed acute intracranial infarction in 121 patients
out of 1544 DWI examinations obtained from the emergency depart-
ment under suspicion of acute stroke, while 10 patients were diagnosed
with intracranial mass. Upon further clinical and radiological evalua-
tion of 3 patients suspected of having brain metastasis, lung cancer was
identified in 2 patients and colon cancer in 1 patient. Three patients
were diagnosed with meningioma, while 2 patients were diagnosed
with GBM. A patient had a porencephalic cyst in the left frontotem-
poral region. In addition, a patient diagnosed with a cyst in the fourth
ventricle was referred to another tertiary care hospital for surgery due
to compression of the roof of the fourth ventricle.

Our study has several limitations. First, we do not have the pathology
results of all patients because in our study, among the patients in whom
amass was detected, there were patients who did not have an indication
for surgery. These patients were subjected to routine clinical and radio-
logical follow-up. Second, we did not investigate age-related variables
among patients with infarction and mass detected on diffusion MRI.

In conclusion, while DWI is the first imaging modality used in the
evaluation of patients with suspected acute stroke in emergency depart-
ment, we think that it is crucial to report other radiological findings
besides acute stroke on DWI images and to guide the physician about
advanced radiological methods for characterization of lesions.

Ethics Committee Approval: Ethics committee approval was received for this
study from the ethics committee of Erzincan Binali Yildirim University (Date:
September 7, 2023, Number: kaek-2023-09-01-14572389.E1359002).

Informed Consent: Written informed consent was obtained from patients who
participated in this study.
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Abstract

Objective: The aim was to examine the efficacy of multiparametric magnetic resonance imaging (mp-MRI) in the histological differentiation of germ cell neo-
plasia in situ (GCNIS)-related testicular germ cell tumors (TGCTs).

Methods: We retrospectively included 58 patients with histologically proven GCNIS-related TGCTs, who underwent mp-MRI between November 2019 and
June 2022. The signal characteristics of the tumors on T2-weighted imaging were recorded. The mean apparent diffusion coefficient (ADC) values were calcu-
lated. Time signal intensity curves were generated, and semiquantitative parameters were calculated. The presence of a septal enhancement pattern within the
tumor was noted. Receiver operating characteristic curve analysis was performed to assess the diagnostic performance of the parameters.

Results: Histopathological examination revealed that 24 of the cases were seminomas, and 10 were non-seminomatous GCT (NSGCTs). The incidence of
hypointense signals was notably higher for seminomas (P <.001). The mean ADC values of the seminomas were lower than NSGCTs (0.645 + 0.11 and 0.879 +
0.061, respectively, P <.001). The optimal ADC cutoff value was 0.779 x 10~ mm?/s. No differences were observed between the 2 groups for semiquantitative
parameters (P=.16-.83). However, the septal enhancement pattern was more frequent in seminomas (P=.002).

Conclusion: Values of ADC measured in mp-MRI can be used as a reliable preoperative method in the histological differentiation of GCNIS-related TGCTs.
Also, the septal enhancement pattern can be helpful in distinguishing between seminoma and NSGCT.

Keywords: Germ cell neoplasia in situ-related testicular germ cell tumors, magnetic resonance imaging, apparent diffusion coefficient, dynamic contrast-
enhanced imaging, differential diagnosis

INTRODUCTION

Testicular cancer (TC) represents approximately 1% of male neoplasms.! However, it represents the most common type of cancer in the male
demographic aged 15-35 years, contributing to approximately 10%-14% of cancer cases in this age group.'? It is estimated by the American Cancer
Society that in 2022, 9910 men will develop TC, and 460 men will die from this disease.> Most TCs are testicular germ cell tumors (TGCTs)
originating from the germinal epithelium of the seminiferous tubules.*> The TGCTs are divided into 2 groups: germ cell neoplasia in situ (GCNIS)-
related TGCTs and non-GCNIS-related TGCTs. The GCNIS-related TGCTs are also divided into 3 groups: seminomas, mixed-non-seminomatous
GCT (NSGCT), and burned-out GCTs. Seminomas and mixed-NSGCT constitute the majority of GCNIS-related TGCTs.® The general morphol-
ogy and histological features of these 2 broad tumor groups differ from each other, and it is emphasized that this situation is related to imaging
features.”!*

Radical orchiectomy is the preferred therapeutic approach for cases of TGCTs associated with GCNIS and should be carried out promptly unless
clinical circumstances necessitate immediate chemotherapy.!! In these cases, a noninvasive imaging modality would be of great benefit to help
predict the histological characteristics of GCNIS-related TGCTs preoperatively.

Currently, ultrasonography (US) is accepted as the first choice for the diagnostic imaging of testicular masses.'>'* However, changes in echo-
genicity may not be specific, and reliable characterization of testicular masses is not always possible.'s"?
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Recently, it has been shown that magnetic resonance imaging (MRI)
shows high diagnostic performance for both morphological evaluation
and tissue characterization in testicular masses.*'*!>171° The benefits of
this technique encompass concurrent multi-plane imaging of both tes-
tes and paratesticular areas, providing high contrast and spatial resolu-
tion, offering satisfactory anatomical and functional information, with
no radiation exposure, and exhibiting reduced reliance on the operator
when contrasted with US.!*1820 Previous studies showed that conven-
tional MRI features of GCNIS-related TGCTs are closely related to
histological features and that diffusion-weighted images (DWIs) and
dynamic contrast-enhanced (DCE) images play an important role in the
characterization of scrotal masses.’”'-'%?!22 However, all of these stud-
ies separately compared the MRI features of GCNIS-related TGCTs
with histological features.

To the best of our knowledge, there is no study that correlates multi-
parametric magnetic resonance imaging (mp-MRI) findings with his-
tological features. Our aim in this study is to investigate the efficacy
of mp-MRI in distinguishing between seminoma and mixed-NSGCT.

METHODS

Approval for this retrospective study was granted by the Institutional
Ethics Committee (Ethics Committee number: KAEK-108, date:
March 18, 2021, Giresun University). Given its retrospective nature,
necessity for informed consent was waived.

Study Population

A search of our institutional electronic medical database was per-
formed to identify patients who met the specified inclusion criteria for
the period spanning from November 2019 to June 2022: patients who
(1) had histopathological evidence of GCNIS-related TGCTs after radi-
cal orchiectomy and (2) underwent an mp-MRI scan. The exclusion
criteria included (1) unsatisfactory image quality and (2) mainly hem-
orrhagic and/or necrotic tumors. In the case of bilateral tumors, each
tumor was evaluated separately. The final study population comprised
30 patients with 34 tumors. The mean time between the MRI examina-
tion and radical orchiectomy was 2.7 days. Patient selection is shown
in Figure 1.

Magnetic Resonance Imaging Protocol

All MRI examinations were carried out using a 1.5-T MRI sys-
tem (Magnetom Symphony, Siemens Medical Solutions, Erlangen,
Germany) with a circular surface coil. Patients were examined in a
supine position, with the testicles placed equidistant from the coil, uti-
lizing a cloth placed beneath them, and with the penis resting on the
lower abdominal wall. The MRI protocol consisted of the following

MAIN POINTS

e Accurate characterization of testicular masses during the preoperative
period is very important.

e Multiparametric magnetic resonance imaging can be used as a reliable
preoperative method in the histological differentiation of germ cell
neoplasia in situ-related testicular germ cell tumors.

¢ Reduced apparent diffusion coefficient values, low signal on
T2-weighted imaging, and a septal enhancement pattern with high
intensity in contrast to the tumor are imaging characteristics indica-
tive of seminomas.

e Dynamic contrast-enhanced images have no proven role in the semin
oma-non-seminomatous germ cell tumor distinction.
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sequences: unenhanced axial T1-weighted image (T1-WI), 3 planes
(axial, coronal, and sagittal) T2-WI, axial DWI with b-values of 0, 400,
and 800 s/mm? DCE images with 3-dimensional (3D) high temporal
resolution. Gadopentetate dimeglumine (Gadovist, 0.2 mL per kilo-
gram of body weight; Bayer Healthcare, Berlin, Germany) was intro-
duced at a rate of 2 mL per second utilizing a power injector, succeeded
by a subsequent infusion of 20 mL of normal saline. After IV contrast
material injection, axial DCE images were obtained in 7 postcontrast
phases with no interval between them. Also, coronal DCE images were
obtained after injection. Table 1 details the technical parameters of the
MRI sequences.

Magnetic Resonance Image Analysis

The MR images of 30 patients with 34 GCNIS-related TGCTs were
transferred to a picture archiving communication system (PACS). The
MRI data were interpreted in consensus by 2 radiologists (board-certi-
fied urogenital radiologist with >10 years of experience and a general
radiologist with 8 years of experience, respectively). All radiologists
were blinded to the histological data of the patients. Signal character-
istics of the tumors on T2-WI were recorded, and the longest diameter
(LD) was measured.

The DWI was evaluated with reference to axial T2-WI. Apparent dif-
fusion coefficient (ADC) maps—were generated based on the high
b-value DWI. For quantitative analysis, a circular region of interest
(ROI) was defined as wide as possible within the tumor. The ROIs were
meticulously drawn to omit artifacts and regions with hemorrhaging
and/or necrosis, assisted by T1-WI, T2-WI, and DCE images. Tumor
presence on ADC maps was defined as areas with low signal intensity
(SI). Three measurements were made on the ADC maps, and the aver-
age was taken.

The enhancement patterns of tumors were evaluated on the maxi-
mum enhanced image and classified as heterogeneous or homo-
geneous. In addition, it was recorded whether there was a septal
enhancement pattern within the tumor. The ROIs were placed in
areas of tumors that showed maximum enhancement with care and
with the aid of the corresponding T1- and T2-WI to exclude areas
of hemorrhage and necrosis. Time SI (TSI) curves of the measured
MRI signal for each ROI in arbitrary units plotted against time in
seconds were compiled. The enhancement pattern was classified into
1 of 3 types according to the shape of the TSI curves: type I, a linear
increase in enhancement over the entire dynamic period; type II, an
initial upstroke followed by a plateau or mild-gradually increased;
and type III, an initial upstroke followed by gradual washout. The
TSI curves of all tumors were recorded. In addition, the measured
SI from tumors (S, (i=0, 1, .., 7)) were normalized according to the
formula (S, - S,) /S, with the help of precontrast SI (S,). The follow-
ing parameters first described by Tsili et al® were calculated using
normalized measurements:

. Peak enhancement (PE) is described as the maximum Si of the
tumor.

o Time to peak (TTP) is described as the time to reach the maxi-
mum Si of the tumor.

. Wash-in rate (WIR) is described as the maximum slope of tumor
enhancement before TTP and calculated by the following for-
mula; WIR =max S, (PE) - S,,/ max t,— t, ,

. Wash-out rate (WOR) is described as maxSi (PE) — S7, i.e., the
difference between the maximum signal and the signal at the last
time point.
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Patients who underwent scrotal MRI
between November 2019 — June
2022 with scrotal mass (n = 58)

Included

e Histolopathological
evidence of GCNIS-
related TGCTs after
radical orchiectomy

* mp-MRI protocol with
includes DWI and DCE
images

Excluded

e Poor image quality of
conventional, DWI and
DCE images (n = 9)

e Mainly hemorrhagic or
necrotic tumor (n = 19)

Eligible patients
(n = 30, with 34 tumors)
e Four patient with bilateral tumor

Seminoma
(n =24, 70.5%)

Figure 1. Flowchart of patient selection.

Mixed-NSGCT
(n = 10, 29.5%)

DCE, dynamic contrast-enhanced images; DWI, diffusion-weighted images; GCNIS, germ cell neoplasia in situ; MRI, magnetic resonance imaging;

TGCT, testicular germ cell tumor.

Standard of Reference

A standard procedure of radical orchiectomy was performed for all
tumors, with evaluation carried out by a pathologist possessing 15
years of expertise in the field of uropathology. The World Health
Organization-2016 classification of TGCTs was used to classify the
tumors. The pathologist was blinded to the mp-MRI findings during
the evaluation.

Statistical Analysis

Statistical analyses were conducted using IBM Statistical Package for
the Social Sciences Statistics software, version 25 (IBM SPSS Corp.,
Armonk, NY, USA). The assessment of data normality was carried
out with the Kolmogorov—Smirnov test, and for normally distributed
quantitative data, mean values were presented along with their cor-
responding SDs. Categorical variables were presented as numbers
and percentages. The Mann—Whitney U-test was used to compare the
mean values of ADC, PE, TTP, WIR, and WOR, and the LD between
seminomas and mixed-NSGCTs. Receiver operating characteristic

(ROC) curve analysis was performed to assess the diagnostic perfor-
mance of parameters displaying distinct mean values between the 2
tumor groups. Statistical calculations were performed using 95% Cls.
A P-value < .05 was considered statistically significant.

RESULTS

The study included 30 patients with 34 GCNIS-related TGCTs (mean
+ SD, 35.2 + 14.6 years; range, 26-89). In the study, 4 patients had
bilateral tumors. Of the 34 GCNIS-related TGCTs, 24 (70.5%) were
seminomas, and 10 (29.5%) were mixed-NSGCTs. Of the 10 mixed-
NSGCTs, 4 (40%) were embryonal carcinoma and postpubertal tera-
toma, 2 (20%) were embryonal carcinoma, 2 (20%) were postpubertal
yolk sac tumor, embryonal carcinoma, and postpubertal teratoma, and
2 (20%) were postpubertal yolk sac tumor and embryonal carcinoma.

The LDs were measured as 4.3 2.4 cm and 3.6 + 2.1 cm in seminoma
and mixed-NSGCT cases, respectively. There was no significant differ-

ence between the 2 groups (P=.467). Twenty-four (20 seminomas and
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Table 1. Technical Details of Multiparametric Magnetic Resonance Imaging
Scanning Parameters

T2-WI T1-WI DWI DCE
Imaging planes Axial, coronal, Axial Axial Axial

sagittal
Fat saturation - - - Fat-sat
Sequence TSE GRE EPI 3D GRE
TE (ms) 100 15 110 4.1
TR (ms) 4000 500 4000 9
Flip angle (degrees) 90 90 90 35
NEX 2 1 12 1
FOV (cm) 24 24 24 22
Slice thickness 3 3 3 3
Matrix size 180 x 256 240 x 270 180 x 256 256 x 256
b value (s/mm?) - - 0, 400, 800 -
Temporal resolution (s) - - - 45
Number of - - - 7

acquisitions

DWI sequences included ADC map calculation.

ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced images; DWI, diffu-
sion-weighted images; EPI, Echo planar imaging; Fat-sat, fat saturated; FOV, field of view;
GRE, Gradient recall echo; NEX, number of excitation; TE, time to echo; TR, time to rep-
etition; TSE, Turbo spin echo; T1-WI, T1-weighted images; T2-WI, T2-weighted images.

4 mixed-NSGCTs) of the tumors were hypointense and 10 (4 semino-
mas and 6 mixed-NSGCTs) were isointense on T2-WI. Hypointense
signal on T2-WI was statistically significant for seminomas compared
to mixed-NSGCT (P <.001).

ADC (10-3 mm?/s
g 8

g

=

Time ()

Figure 2. Right testicular seminoma in a 23-year-old man. (A) Sagittal
T2-weighted image shows hypointense right testicular mass (white arrows).
Tumor septa are also seen as hypointense bands (black arrows). (B) Axial ADC
map (b=800 s/mm?) shows tumor’s restricted diffusion. The mean ADC values
of tumor (circular ROIs) were 0.49 x 107> mm?/s. (C) Axial DCE image at
early phase (180 seconds) shows heterogeneous tumor enhancement. Septal
enhancement (arrows) more than the remaining tumoral tissue. (D) TSI curve
shows early tumor enhancement, followed by gradual washout in the delayed
phase (type I1I).

ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced images;
ROJ, region of interest; TSI, time signal intensity.
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On DWI, all tumors showed restricted diffusion compared to normal
testicular parenchyma (Figures 2, 3 and 4). The mean ADC values of
the seminomas were statistically significantly lower than those of the
mixed-NSGCTs (0.645 + 0.11 and 0.879 + 0.061, respectively, P <
.001). Figure 5 clearly shows the difference between ADC value box
plots for seminoma and mixed-NSGCTs. In the ROC curve analysis
for ADC values, the area under the curve for the differentiation of
seminoma and mixed-NSGCT was 0.983 (Figure 6). The optimal ADC
cutoff point that simultaneously maximized sensitivity (91.6%), speci-
ficity (100%), and accuracy (94.1%) was 0.779 x 1073 mm?/s.

All tumors showed a type III TSI curve (Figures 2D, 3D, and 4D).
In 14 (58.3%) of 24 seminomas, more intensely enhanced septa were
observed compared to solid tumor areas (Figure 2C and 3C), whereas
no enhanced septa was observed in any of the mixed-NSGCTs
(Figure 4C) (P=.002). Table 2 presents the mean values of PE, TTP,
WIR, and WOR for seminoma and mixed-NSGCT. There was no sig-
nificant difference between the 2 groups for PE, TTP, WIR, and WOR
(P=.21, .83, .31, and .16, respectively).

DISCUSSION

The results of our study showed that the measurement of ADC values,
based on high b-value DWI, can largely distinguish between semino-
mas and mixed-NSGCTs since the cutoff value of 0.779 x 107 mm?/s
is used. Our results are similar to those previously reported in the lit-
erature.”!%»24 In addition, in our study, DCE images showed the pres-
ence of septa with more intense enhancement compared to tumor tissue
in most of the seminoma (58.3%), but this finding was not observed

.0
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Time (s)

Figure 3. Left testicular seminoma in a 55-year-old man. (A) Sagittal
T2-weighted image shows large hypointense left testicular mass (arrows),
replacing the ipsilateral testis. (B) Axial ADC map (b=800 s/mm?) shows
tumor’s restricted diffusion. The mean ADC values of tumor (circular ROIs)
were 0.53 x 1073 mm?s. (C) Axial DCE image at early phase (180 seconds)
shows heterogeneous tumor enhancement. Septal enhancement (arrows) more
than the remaining tumoral tissue. (D) TSI curve is typical of malignancy
(type III).

ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced images;
ROI, region of interest; TSI, time signal intensity.
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Figure 4. Left mixed-NSGCT (postpubertal type yolk sac, embryonal
carcinoma, and postpubertal type teratoma) in a 31-year-old man. (A) Coronal
T2-weighted image shows large heterogenous hypointense left testicular mass
(arrows). (B) Axial ADC map (b=800 s/mm?) shows the tumor appears
slightly hypointense compared to the contralateral testis (star) and has mild
restricted diffusion. The mean ADC values (circular ROIs) of the tumor were
1.07 x 1073 mm?/s. (C) Axial DCE image in the early phase (180 seconds)
shows nonhomogeneous circumferential tumor enhancement (arrows). Septal
enhancement is absent. (D) TSI curve is typical of malignancy (type III).
ADC, apparent diffusion coefficient; DCE, dynamic contrast-enhanced images;
NSGCT, non-seminomatous germ cell tumor; ROI, region of interest; TSI,
time signal intensity.

in mixed-NSGCTs. This result is also similar to those previously
reported by Tsili et al,’ and the septal contrast enhancement pattern
on DCE images suggests that it can be used to differentiate between
seminoma and mixed-NSGCT. Also, we revealed that the majority of
seminomas had a hypointense signal on T2-WI, and the presence of a
hypointense signal on T2-WI was higher in seminomas compared to
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Figure 5. Box plots showing differences of ADC values between seminomas
and mixed-NSGCT.
ADC, apparent diffusion coefficient; NSGCT, non-seminomatous germ cell tumor.
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Figure 6. Receiver operating characteristic curve demonstrating the diagnostic
performance of ADC values in differentiating seminomas from mixed-NSGCT.
ADC, apparent diffusion coefficient; NSGCT, non-seminomatous germ cell
tumor; ROC, receiver operating characteristic curve.

mixed-NSGCTs (P <.001). This result was in parallel with studies that
showed a close relationship between morphological imaging param-
eters and histological features of GCNIS-related TGCTs.”#

As is known, radical orchiectomy is the preferred method for the treat-
ment of GCNIS-related TGCTs and should be performed without delay.
Nonetheless, in situations involving extensive disease and/or metasta-
ses that pose an immediate threat to life, emergency chemotherapy is
warranted. Orchiectomy may be postponed until clinical stabilization
has been attained.' It is very important to perform the histological char-
acterization of GCNIS-related TGCTs with a non-invasive method in
these cases.

More recently, morphological MRI sequences were found to be closely
related to the histological features of GCNIS-related TGCTs.™!” Tsili
et al® reported that 19 of 21 TGCTs were correctly classified preop-
eratively as seminoma or mixed-NSGCT in their study based on mor-
phological MRI features. In our study, we showed that the T2-WI
hypointense signal characteristic was identified with seminomas and
was higher than mixed-NSGCTs (P < .001), similar to Tsili et al.® We
think that this is due to the histological features of seminomas, which

Table 2. Mean Values of Relative Time Signal Intensity Parameters for
Seminomas and Mixed-Non-Seminomatous Germ Cell Tumor

Mixed-NSGCT (n=10) P

TSI Parameter Seminoma (n=24)

PE 2.18 £ 0.87 3.08+0.98 21
TTP 4.18 £0.68 421+0.75 .83
WIR 1.96 + 0.64 2.02+0.88 31
WOR 0.18 +£0.58 0.11£0.51 .16

NSGCT, non-seminomatous germ cell tumor; PE, peak enhancement; TSI, time signal
intensity; TTP, time to peak; WIR, wash-in rate; WOR, wash-out rate.
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consist of a uniform population of large cells arranged in the lobules
and cords. On the other hand, we think that mixed-NSGCTs have a
more heterogeneous appearance compared to seminomas in morpho-
logical MRI parameters, due to the fact that they represent a large group
consisting of different tumors and the higher frequency of necrosis.>”?

In our study, we performed ADC measurements based on high b-value
DWI to distinguish between seminoma and mixed-NSGCT. Our
results showed that ADC values were lower in seminomas compared
to mixed-NSGCTs (0.645 + 0.11 and 0.879 + 0.061, respectively,
P < .001). In addition, our results showed that seminoma-mixed-
NSGCT discrimination can be made with high sensitivity, specificity,
and accuracy when 0.779 x 107 mm?/s is used as the optimal ADC
cutoff value. Tsili et al® reported that the ADC values of seminomas
were lower than those of mixed-NSGCT (0.59 £ 0.009 and 0.90 +
0.33, respectively, P < .001) and showed that a seminoma-mixed-
NSGCT distinction is possible with an optimal cutoff point of 0.68
x 107 mm?/s for ADC values. Our results were similar to those pre-
viously reported in the literature. The diffusion restriction and low
ADC values seen in seminomas are interpreted as secondary to the
restriction of the mobility of water molecules due to histological fea-
tures, such as the presence of large cells with abundant cytoplasm
and large nuclei surrounded by fibrous trabeculae and accompanying
lymphocyte infiltrates, plasma cells, eosinophils, and granulomatous
reactions.>%1°

While measuring ADC values in our study, we used a circular ROI by
avoiding areas of necrosis and hemorrhage, and we took the average
value by making 3 measurements from different areas of the tumor.
There are limited studies in the literature regarding ROI-drawing tech-
niques in the differentiation of GCNIS-related TGCTs. In the study of
Tsili et al,' the use of multiple and circular ROIs and the calculation
of the mean ADC value have been presented as the most useful meth-
ods in the histological characterization of GCNIS-related TGCT. It has
been reported that the use of circular and multiple ROIs and obtain-
ing average ADC values give more appropriate and accurate results in
studies conducted for the differentiation of different testicular tumor
groups for ADC measurement.?*?¢ The results previously reported in
the literature are similar to our study and show the accuracy of the
ADC measurement results used in our study. We think that it is impor-
tant to use multiple and circular ROIs when measuring ADC values to
prevent possible false results due to the frequent occurrence of necrosis
and hemorrhage, especially in mixed-NSGCTs, in the differentiation of
GCNIS-related TGCTs.

In our study, a type III TSI curve was seen in DCE images in both
seminoma and mixed-NSGCT cases. As is known, lesions with a type
III TSI curve have a high PPV for the diagnosis of malignancy.'$2!272
Previous studies by Tsili et al®?? reported that testicular tumors had a
type III TSI curve. The type III TSI curve seen in tumors is thought
to result from increased angiogenesis of the tumor, increased intra-
tumoral arteriovenous shunts, and highly permeable vascular struc-
tures.?’32 Further studies are needed to determine the utility of the type
III TSI curve in distinguishing testicular tumors from benign processes.
However, we believe that the TSI curves have no benefit for the histo-
logical differentiation of GCNIS-related TGCTs.

In our study, we also calculated 4 parameters from the TSI curves:
PE, TTP, WIR, and WOR. We found that none of these parameters
was statistically significant in the distinction between seminoma and
mixed-NSGCT (P=.21, .83, .31, and .16, respectively). In previous
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studies, Tsili et al’ reported that PE, TTP, WIR, and WOR parameters
did not differ in the distinction between seminoma and mixed-NSGCT
(P=.18, .63, .32, and .18, respectively), which is similar to our results.
Tsili et al?!' reported in another study that only the relative maximum
time (representing TTP) differed significantly between benign and
malignant tumors (P < .001). As commonly recognized, tumor vas-
cularity exhibits several characteristics linked to malignancies, such
as spatial heterogeneity, disorganized structure, arteriovenous shunts,
elevated vascular tortuosity and vasodilation, and the existence of
inadequately developed fragile vessels featuring heightened perme-
ability owing to the existence of large endothelial space cells.”?’? We
think that DCE images can be used in the differentiation of benign and
malignant testicular masses because they are based on vascular pat-
terns; however, they are not suitable for histological differentiation of
GCNIS-related TGCTs because both seminomas and mixed-NSGCTs
share the abovementioned features. However, we think that the septal
contrast enhancement pattern, which we detected only in seminomas
in our study, may help DCE images to distinguish between seminoma
and mixed-NSGCT.

This study has some limitations. First, although it is the largest patient
group in the literature to the best of our knowledge, it is a retrospective
study conducted with a relatively small group of patients. In addition,
mixed-NSGCTs represent a highly heterogeneous group, and the mp-
MRI features of different histological subtypes may differ. Therefore,
we think that multicenter studies with large patient populations are
needed to perform histological characterization of GCNIS-related
TGCTs in the preoperative period. Second, in our study, we did not use
the whole tumor volume ROI for ADC measurements; we measured
from 3 different points and averaged them. Although the whole tumor
volume ROI is considered a reliable method, it is time-consuming
and difficult to use in routine clinical practice. Third, MRI data were
interpreted in consensus by the 2 radiologists; therefore, interobserver
reliability was not assessed. Finally, we consider it possible that our
findings could exhibit variations between and within scanners. This
variability can be attributed to the significant differences in ADC mea-
surements stemming from diverse factors, such as the types of coils,
imagers, suppliers, and magnetic field strengths used for MRI. Despite
these limitations, our study is the first to evaluate the histological dif-
ferentiation of GCNIS-related TGCTs preoperatively using mp-MRI.
We think that it will be a pioneer among the studies to be done on this
subject.

Our study shows that mp-MRI including morphological images and
ADC values, can be used as a reliable preoperative method in the histo-
logical differentiation of GCNIS-related TGCTs. The semiquantitative
parameters obtained from DCE images have proven to be not spe-
cific enough to allow histological characterization of GCNIS-related
TGCTs. Only the septal enhancement pattern on DCE images can
be helpful in distinguishing between seminoma and mixed-NSGCT.
Although histopathological examination remains the gold standard
for the characterization of GCNIS-related TGCTs, larger prospective
studies will help demonstrate the potential role of mp-MRI as a non-
invasive method as an aid in the histological differentiation of these
tumors.
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Dear Editor,

I hope this letter finds you well. I am writing to present to you a recent medical event that we have encountered and found significant. This case
involves a rare intracranial hemorrhage associated with an arachnoid cyst (AC).

Arachnoid cysts are benign fluid accumulations that develop between the inner and outer layers of the arachnoid in the cerebrospinal axis.' They
usually form during childhood and are often detected incidentally. However, approximately 5% of cases can lead to symptoms, including head-
aches, dizziness, vomiting, cognitive impairment, and, rarely, sensory-motor symptoms.® On rare occasions, these cysts can become complicated,
resulting in intracystic and/or subdural hemorrhages.'"

In this letter, we present the case of a 70-year-old male patient who
experienced a rare event. The patient’s history revealed the presence of
a Galassi type 3 AC, measuring 7 * 5 x 5 c¢m, in the left middle cranial
fossa on computerized tomography (CT) and magnetic resonance imag-
ing conducted within the past year (Figure 1, 2). This cyst triggered a
spontaneous intracystic subacute hemorrhage, which subsequently led
to an associated subacute subdural hematoma and the patient’s current
symptoms. The patient had no history of trauma at the time of presenta-
tion. Following a cranial CT scan, a 39-mm-thick subacute subdural
hematoma was detected in the left frontotemporoparietal extra-axial

Figure 2. Magnetic resonance images of the patient a year ago: (A) Axial
Fluid attenuated inversion recovery (FLAIR): left-sided intracranial Galassi

Figure 1. Computed tomography images of the patient a year ago: (A) Axial type 3 arachnoid cyst (red arrow). (B) Axial T2-weighted magnetic resonance
computed tomography: left-sided incidental 7 X 5 x 5 cm Galassi type 3 imaging: left-sided intracranial Galassi type 3 arachnoid cyst (black arrow).
arachnoid cyst (white arrow). (B) Coronal computed tomography: incidental (C) T2-weighted coronal magnetic resonance imaging: left-sided intracranial
left-sided 7 x 5 x 5 cm Galassi type 3 arachnoid cyst (white arrow) displaces Galassi type 3 arachnoid cyst (black arrow), which displaces temporal lobes

temporal lobes significantly and parietal and frontal lobes mildly. significantly and parietal and frontal lobes mildly.
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Figure 3. Computed tomography images at the time of admission: (A) Axial
computed tomography: subacute subdural hemorrhage (red arrow) and
accompanying intracystic subacute hemorrhage (black arrow), right-sided shift
of midline structures (blue arrow) (B) Coronal computed tomography:
subfalcian herniation to the right (yellow arrow) and accompanying intracystic
subacute hemorrhage (black arrow).

space (Figure 3). Furthermore, the intracystic fluid within the AC
appeared isodense compared to gray matter.

Considering the rapid progression of the patient’s symptoms and the
displacement of brain structures, a burrhole craniostomy was per-
formed on the same day. A follow-up CT scan conducted 2 days later
did not reveal any acute/subacute bleeding, but moderate subdural effu-
sion was observed (Figure 4).

Figure 4. Postoperative computed tomography images after burrhole
craniostomy: (A) Axial computed tomography: moderate subdural hypodense
collection (red arrow) and post-operative extra-axial pneumocephalus (white
arrow). (B) Coronal computed tomography: The border of arachnoid cyst
adjacent to the subdural collection (white arrow).

According to recent reports, only 57 cases of spontaneous rupture and
32 cases of spontaneous intracystic hemorrhage have been documented
in the literature, and around half of the patients with spontaneous intra-
cystic hemorrhage were in childhood.>? Spontaneous subacute or acute
intracystic hemorrhage with an imaging study prior to the hemorrhagic
event is exceptionally rare, with only a few cases.!

This case highlights a rare complication of ACs and underscores the
importance of prompt medical intervention. Given the potential for
spontaneous rupture of blood vessels within and around the cyst,
patients with such cysts must be evaluated and treated promptly.® In
this case, having access to the patient’s previous imaging allowed for a
rapid diagnosis and, consequently, prompt treatment.

In conclusion, this rare case presentation aims to raise awareness
regarding spontaneous intracystic and subdural hemorrhages associ-
ated with ACs and to encourage further research in the diagnosis and
treatment of such cases.
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