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Abstract

Objective: Contrast refers to the difference in signal strength in magnetic resonance imaging (MRI) that makes it possible to distinguish between different tis-
sues. Contrast agents used in MRI can highlight the differences between tissues and organs, and reveal the differences between normal and pathological tissues.
Gadolinium (Gd)-based contrast agents (GBCAs) are widely used in MRI to increase image contrast and enhance image quality.

Methods: GBCA usage data from January 1, 2020 to December 31, 2023 was obtained from hospital medical records. In terms of clinical characteristics, the total
number of MRI examinations, the number of MRI examinations performed using GBCA, the number of MRI examinations performed without using GBCA, the
type of GBCA used, the number of boxes prescribed, and the contrast volumes used were evaluated.

Results: A total of 167295 MRI examinations were performed, with 9.8% (16430/167295) of these were taken using GBCA. The total number of patients who
underwent contrast-enhanced MRI examination is 16 109. While the average age of the patients who underwent MRI examination was 52 years, it was deter-
mined that 57% of the patients were female and 43% were male. The number of GBCA boxes prescribed was 2394 in 2020, 3900 boxes in 2021, 4137 boxes in
2022, and 4956 boxes in 2023.

Conclusion: The use of GBCA in MRI increases the reliability and quality of diagnosis, and in our study, its use in our clinic is increasing over the years. To
improve patient safety, we recommend that clinicians ensure that their use of GBCA is likely to add clinically meaningful information to imaging by making an
individual risk benefit assessment for the patient. Our study will be useful for the radiologists to better understand new trends in contrast-enhanced MRI.
Keywords: MRI, gadolinium, contrast agents

INTRODUCTION

Magnetic resonance imaging (MRI) is a non-invasive and frequently used imaging method that creates diagnostic images using radiofrequency.
According to 2023 Organization for Economic Co-operation and Development (OECD) data, the number of MRIs performed per thousand people
has the highest value among OECD countries in Tiirkiye.> In MRI, contrast refers to the difference in signal intensity that allows tissues to be
separated from each other. Contrast agents applied using various methods (intravenous, oral, etc.) to increase this contrast can reveal the differences
between normal and pathological tissues by highlighting the differences between tissues and organs.’ Gadolinium-based contrast agents (GBCAs)
are widely used in MRI to increase image contrast and improve image quality. The first GBCA, gadopentetate dimeglumine, was introduced for
clinical use in 1988. The use of GBCAs has expanded the scope of application of MRI and allowed for more specific diagnoses. In the United
States, GBCAs are used in 30%-45% of the approximately 40 million MRI examinations performed each year.* The use of these compounds is
increasing day by day, and studies are continuing to develop new contrast agents.

Gd* is a heavy metal with 7 unpaired electrons and is highly toxic in its free ionic form, and can disrupt calcium-mediated signaling pathways.
Therefore, in order to form a stable complex, it must be bound with a suitable ligand. All GBCAs consist of a Gd*" with paramagnetic properties
tightly bound to a chelating ligand. They are divided into macrocyclic/linear and ionic/nonionic agents according to ligand structure (Table 1).*
Macrocyclic GBCAs have higher stability.” Most GBCAs are excreted renally. The choice of GBCA in clinical practice often depends on sev-
eral variables, such as local protocols, physician expertise, patient expectations, financial constraints, molecule stability, and adverse effects.®
Gadolinium-based contrast agents are administered intravenously. The approved standard dose of GBCA during a single imaging session is 0.1
mmol/kg.”

Gadolinium-based contrast agents are generally considered safe. However, following their application, mild adverse reactions such as nausea, vom-
iting, pain at the injection site, headache, and dizziness may occur. Additionally, disorders such as hypersensitivity reactions, nephrogenic systemic
fibrosis, and gadolinium deposition disease have been reported. Gadolinium may accumulate in the brain and extracranial organs (bone, kidney,
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Table 1. Gadolinium-Based Contrast Agents

Active Ingredient Trade Name

Structure

Gadoterate meglumine (Gd-DOTA)

Clariscan
Gadobutrol (Gd-DO3A-butrol) Gadovist

Gadodiamide (Gd-DTPA-BMA)

Gadopentetate dimeglumine (Gd-DTPA) Magnevist
Emaray

Gadobenat dimeglumine (Gd-BOPTA)

Gadoxetic acid disodium Primovist

Gadoversetamide (Gd-DTPA-BMEA) Optimark

Dotarem (withdrawn from the Turkish market)

Omniscan (withdrawn from the Turkish market)

MultiHance (withdrawn from the Turkish market)

Macrocyclic ionic

Macrocyclic nonionic
Linear nonionic
Linear ionic

Linear ionic
Linear ionic
Linear nonionic

skin, and lymph nodes). The health effects of these accumulations have
not yet been fully determined. More research and long-term follow-up
are needed.'* Regarding the prevention of gadolinium accumulation,
especially in the brain, it has been recommended that GBCAs should
be used only when medically necessary, the recommended dose should
not be exceeded, and repeated applications should be avoided except
for clinical indications.® In addition, in recent years, there have been
suspicions that these substances may have genotoxic and cytotoxic
effects, and studies on this subject are continuing.’ It seems that their
use should be approached with caution in clinical applications. During
their use, it is necessary to evaluate the individual risk-benefit for the
patient to ensure that there is a high probability of adding clinically
meaningful information to the imaging.

Like all other biomedical products, the use of GBCA carries risks for
patient health. There are studies in the literature evaluating the effective-
ness, safety, and use of GBCAs. However, there are no studies reflect-
ing real-life clinical data regarding the use of GBCAs in Tiirkiye. Our
aim in this study is to determine the usage trends of GBCAs, which are
frequently used in practice, in radiology clinics between 2020 and 2023.
The findings we obtain from this study will guide the use of GBCAs.

MATERIAL AND METHODS

This study was approved by the Erzincan Mengiicek Gazi Training and
Research Hospital institutional ethics committee (Number: 2024-13/3,
Session: 3, Date: 13.03.2024) and the ethics committee has waived the
need for informed consent due to the methodology of the study.

Study Design
Our study was conducted retrospectively in the radiology clinic of a
tertiary hospital. Gadolinium-based contrast agent usage data from

MAIN POINTS

* Gadolinium (Gd)-based contrast agents (GBCAs) are widely used in
MRI to increase image contrast and improve image quality.

* A total of 167295 MRI examinations were performed in our
clinic between January 1, 2020 and December 31, 2023, and 9.8%
(16430/167295) of them were performed using GBCA.

e The total number of patients who underwent contrast-enhanced MRI
examinations was 16 109. While the average age of the patients who
underwent MRI examinations was 52, it was determined that 57% of
the patients were female and 43% were male.

e The use of GBCA in MRI increases the reliability and quality of diag-
nosis, and in our study, its use in our clinic has been increasing over
the years. Our study will be useful for radiologists to better understand
new trends in contrast-enhanced magnetic resonance.
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January 1, 2020 to December 31, 2023 was obtained from hospital
medical records.

Evaluated Variables

The research included patients from all age groups. Age and gender
data were obtained for demographic characteristics. In terms of clini-
cal characteristics, the total number of MRI examinations, the number
of MRI examinations performed using GBCA, the number of MRI
examinations performed without using GBCA, the type of GBCA used,
the number of boxes prescribed, and the contrast volumes used were
evaluated.

Statistical Analysis

Data were evaluated with the SPSS 20 program (IBM SPSS Corp.;
Armonk, NY, USA). The Kolmogorov—Smirnov test was applied to
determine whether the numerical values were normally distributed.
Normally distributed data are presented as mean =+ standard deviation.
Categorical data are expressed as number (n) and percentage (%).

RESULTS

Magnetic resonance imaging examinations were performed on a total
of 16109 patients between January 1, 2020 and December 31, 2023.
While the average age of the patients who underwent MRI examina-
tions was 52, it was determined that 57% of the patients were female
and 43% were male.

A total of 167295 MRI examinations were performed between January
1, 2020 and December 31, 2023. Of these, 9.8% (16430/167295) were
conducted using GBCA. The number and ratio of contrast-enhanced
and non-contrast MRI examinations by year are presented in detail in
Table 2. The number of contrast-enhanced examinations and patients
by year is presented in detail in Table 3.

Of the 2394 boxes of GBCA prescribed in 2020, 7% were Gadodiamide
(Omniscan), 37% were Gadoterate meglumine (Dotarem), and 56%
were Gadobutrol (Gadovist). Of the 3900 boxes of GBCA prescribed
in 2021, 25% were Gadoterate meglumine (Clariscan) and 75% were

Table 2. Number of MRI Examinations by Years
Contrast-enhanced MRI Non-contrast MRI

Total

Year Examination (%) Examination (%) Examination (%)
2020 3545 (8.5) 38223 (91.5) 41768 (100)
2021 4479 (10) 40275 (90) 44754 (100)
2022 3842 (7.6) 46448 (92.4) 50290 (100)
2023 4564 (14.9) 25919 (85.1) 30483 (100)
Total 16430 (9.8) 150865 (90.2) 167295 (100)

MRI, magnetic resonance imaging.
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Table 3. Number of Contrast Examinations and Number of Patients MRI
Examination by Years

Year Contrast-enhanced MRI Examination (n) Patient (n)
2020 3545 3462
2021 4479 4398
2022 3842 3770
2023 4564 4479
Total 16.430 16.109

MRI, magnetic resonance imaging.

Gadobutrol (Gadovist). Ofthe 4137 boxes of GBCA prescribed in 2022,
25% were Gadoterate meglumine (Clariscan), 8% were Gadoterate
meglumine (Dotarem), and 67% were Gadobutrol (Gadovist). In 2023,
20% of the total 4956 boxes of GBCA prescribed were Gadoterate
meglumine (Clariscan) and 80% were Gadobutrol (Gadovist).

DISCUSSION

Macrocyclic ionic/nonionic and linear nonionic GBCAs were pre-
ferred in GBCA prescriptions. Guerbet Pharmaceuticals announced
that Dotarem was withdrawn from the Turkish market on November
22,2022. It has been observed that Dotarem had been preferred in MRI
contrast agent prescriptions until that date.

The European Medicines Agency (EMA) suspended the license or
restricted the use of some linear compounds, and later the US Food and
Drug Administration announced that linear agents accumulate more
in the brain than macrocyclic agents.!!" In 2017, the EMA allowed
the use of the linear agents gadoxetic acid and gadobenate dimeglu-
mine for limited indications (liver imaging), while suspending the use
license of gadodiamide, gadopentate dimeglumine, and gadoverset-
amide. It has been reported that macrocyclic agents can continue to be
used at the lowest dose that will provide optimal contrast and will not
reduce diagnostic accuracy.'®'?

In Europe, GBCAs are used properly for a variety of indications,
demonstrating a significant improvement in diagnostic confidence.
Following GBCA usage, it was established that GBCAs have a favor-
able safety profile, with findings for each agent employed being com-
parable (Clariscan, Dotarem (gadoteric acid), Gadovist (gadobutrol),
and ProHance (gadoteridol))."

In a European-based, multicenter, prospective study evaluating the use
patterns of macrocyclic GBCAs in MRI of the central nervous system,
gadoterate meglumine (Clariscan) was used in 66% (503) of cases,
gadoterate meglumine (Dotarem) was used in 20% (160), gadobutrol
(Gadovist) was used in 13% (97), and gadoteridol (ProHance) was used
in 1% of the examinations.®

In a study evaluating the clinical use of the macrocyclic gadolinium-
based contrast agent gadoterate meglumine (Clariscan) in 6 university
hospitals in Korea, 1376 patients were included in the study during
the evaluation period. The average volume of Clariscan used was 0.26
mL/kg. When MRI examinations were classified according to body
regions, 69% included the nervous system, 13.6% the musculoskel-
etal system, and 4.9% the reproductive system. There were 14 adverse
events in 10 patients, and Clariscan was generally well tolerated.'

In a prospective multicenter study in Europe, 2118 patients from 8 cen-
ters in 5 European countries were evaluated. Gadoterate meglumine

(Clariscan) was used in 71.4% of the patients, gadoterate meglumine
(Dotarem) in 16.8%, gadobutrol (Gadovist) in 11.2%, and gadoteridol
(ProHance) in 0.6%. Most MRI examinations were performed for indi-
cations related to the central nervous system (46.2%). Adverse events
were observed in 4 patients (0.19%).'

In conclusion, the use of GBCAs in MRI increases the reliability and
quality of diagnosis, and in our study, its use in our clinic has been
increasing over the years. In a non-comparative analysis with previ-
ous studies, no significant diagnostic difference was observed between
GBCAs used in MRI in our clinic. To enhance patient safety, we advise
clinicians to restrict the amount of GBCA administered, enhance
patient education during GBCA administration, meticulously maintain
institutional records of the volume and frequency of agents adminis-
tered, and implement institutional outcome reviews and monitoring to
detect gadolinium accumulation in patients receiving multiple doses.
Our study will be useful for radiologists to better understand new
trends in contrast-enhanced magnetic resonance.
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Abstract

Objective: The purpose of this study was to assess the morphological parameters of the temporomandibular joint (TMJ) using magnetic resonance imaging in
patients without TMJ pathologies. The findings of this investigation are expected to serve as reference values for clinical diagnosis and scientific research on
temporomandibular disorders.

Methods: Magnetic resonance imaging images of 41 adult patients were examined. The condyle and glenoid fossa measurements were made in the sagittal
plane. They were grouped by age, gender, and side, and statistical analysis was performed using the quantific anatomical values measured on magnetic resonance
(MR) images.

Results: No statistical difference was observed between gender groups regarding all parameters. There was a significant, negative, low-level correlation between
age and anterior condylar angle (ACoA) measurements on the left side. Considering the side comparisons, higher Glenoid Fossa Width (GFW) values (P=.030)
were measured on the left side than on the right side. A significant, negative, low-level correlation between age and ACoA measurements was observed.
Conclusion: The correlation between age and ACoA measurements and GFW difference between different sides of the TMJ were the positive findings to be
mentioned for his investigation. The morphological analyses focused on this anatomical region still need to be confirmed by the measurements performed on
larger populations, since there are not many articles reporting specific results on this subject.

Keywords: Temporomandibular joint, anatomy, radiology, magnetic resonance imaging

INTRODUCTION

The temporomandibular joint (TMJ) is located between the fossa mandibularis and tuberculum articulare in the temporal bone and the caput man-
dibularis of the mandible. It is the only movable joint among the bones that make up the skull skeleton. There is an oval-shaped discus articularis
between the joint surfaces. The discus articularis surrounds the joint surfaces all around and is adhered to the joint capsule. Temporomandibular
joint is a synovial joint classified as a ginglymoarthrodial joint due to its surface shape and biaxial movements, rotational movement within the gle-
noid fossa, and translational movement along the articular process when opening the mouth.' Temporomandibular joint is one of the rarely encoun-
tered joints in the human body covered with fibrocartilage instead of hyaline cartilage.? It is thought that there is a certain correlation between
the morphology of the TMJ and the functional loading from chewing forces.® The size and shape of the articular disc and condyle were found to
be substantially correlated with the onset of TMD in earlier research. In particular, the articular disc’s size and morphology tightly correlate with
the disc’s anterior displacement, and the condyle’s size and morphology strongly correlate with the development of osteoarthritis.* There may be
changes in TMJ morphology with aging, and differences between genders may occur.

Various imaging methods have been used to evaluate the morphology of the TMJ, such as panoramic radiography, computed tomography (CT),
magnetic resonance imaging (MRI), cone beam computed tomography (CBCT), and ultrasound.>” Magnetic resonance imaging is the most pre-
ferred imaging modality due to its high resolution of soft tissue and cartilage. Additionally, by using magnetic resonance, it has the advantage of
being a non-ionizing radiation imaging procedure compared to CT.}

Temporomandibular disorders (TMDs) are the most common diseases in the mouth, teeth, and jaw area.’ The aim of this study is to provide infor-
mation to the literature by investigating the morphological properties of TMJ components with regard to age and gender groups using MR images.
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MATERIAL AND METHODS

Patients

Our Institutional Ethics Committee approved this retrospective cross-
sectional study. Since it was a retrospective study, informed consent
was not required. This study has been approved by the Institutional
Ethics Commitee of Clinical Researches Erzincan Binali Yildirim
University non-invasive clinical research ethics committee (Number:
348349 2024-04/02, Session: 03, Date: 21.03.2024).

After ethics committee approval, all patients in a certain period of
time (August 1, 2020 to December 31, 2023) over the age of 18 who
underwent MRI examination for TMJ were included in the study. In
the image archives, patients with bone damage such as osteoarthritis,
traumatic arthritis, and infectious arthritis, and patients whose MR
images cannot be reached in the medical records and image archives
were excluded. Patients whose MR images were not suitable for evalu-
ation due to artifacts or technical deficiencies (n=2), and patients under
the age of 18 (n=2) were not included in the study. Patients with non-
contrast MRI examinations with indications such as muscle diseases,
intra-articular deformities, disc dislocations, intra-articular inflamma-
tory diseases, and mandibular hypomobilities were studied. Following
exclusions, 41 patients were re-interpreted regarding the morphologi-
cal properties of the TMJ.

Magnetic Resonance Imaging

All temporomandibular MR images were obtained using T2-weighted
coronal, T2-weighted sagittal, and T1-weighted sagittal planes. Sagittal
plane T1-weighted closed-mouth images were used for morphologi-
cal assessments. The imaging parameters were as follows: field of
view (FOV): 140 mm, time of repetition (TR): 643 ms, time of echo
(TE): 17, slice thickness: 2.5 mm, voxel size: 0.5 x 0.5 x 2.5 mm for
T1-weighted MR images.

Measurement Technique

We assessed the anterior—posterior length of condyles (AP
LENGTHCo) in the sagittal plane MR images. AP LENGTHCo was
measured as the interval between the most anterior and the poste-
rior-most point of the condyle. The anterior condylar angle (ACoA)
was assessed in the sagittal view as well and measured as the angle
between the neck and head of the condyle using the anterior edges of
these structures. Sagittal planes were also used for the articular fossa
measurements. Glenoid Fossa Width (GFW) was determined as the
distance between the post-glenoid process and the vertex of the joint
eminence. The distance between the highest point of the fossa and
the line between the post-glenoid process and the articular eminence
vertex was considered for the assessment of the Glenoid Fossa Depth
(GFD) in the study (Figure 1).

MAIN POINTS

e Previous studies revealed that the size and morphology of the mandib-
ular condyle strongly related to temporomandibular dislocation onset.

* No significant statistical difference was found between male and
female groups regarding the APLENGHTCo, GFW, GFD, ACoA
measurements.

* A significant, negative, low level correlation between age and ACoA
measurements was revealed on the left temporomandibular joint.

e Higher GFW values were measured for the left temporomandibular
joint compared to the right side.
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Figure 1. Measurement technique of the morphological parameters. The
interval between the most anterior and posterior edges of the mandibular
condyle as APLengthCo (A). ACoA was measured from the anterior edge, as
the angle formed between the head and the neck of the mandibular condyle
(B). GFW was determined as the distance between the post-glenoid process
and the vertex of the joint eminence (C). The interval between the highest
point of the fossa and the line between the post-glenoid process and the
articular eminence vertex was considered as GFD (D). All measurements were
performed on the sagittal MR images.

Statistical Analysis
Statistical analyses were performed using SPSS version 22.0 software
program for Windows (IBM SPSS Corp.; Armonk, NY, USA). The per-
centage, frequency, mean, standard deviation, median, minimum, and
maximum values were taken into account to be used or presented for
descriptive statistics.

Glenoid fossa width, GFD, and APLENGHTCo values showed normal
distribution in the Shapiro—Wilk Test. Therefore, parametric test proce-
dures were used for comparisons regarding age and gender differences.
In this context, the independent samples #-test was used to determine
the relationship between the parameters. In order to perform the statis-
tics regarding the ACoA, non-parametric tests were applied to indicate
these relationships due to the data distribution characteristics. Thus,
Mann—Whitney U and Spearman’s rho correlation tests were carried
out for this parameter and related statistical calculations.

The results were evaluated within the 95% CI, and a P < .05 was con-
sidered to indicate statistical significance.

RESULTS

There were 41 MRI images re-interpreted to reveal the morphologi-
cal properties of the TMJ in this research (the mean age was 39.45 +
14.02). Thirty-one (75.6%) of them were females, and 10 (24.4%) were
males in the study group (Table 1).

No significant statistical difference was found between male and
female groups regarding the APLENGHTCo, GFW, GFD, and ACoA
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Table 1. The Measurement Results of the Morphological Parameters Regarding Sexes

Female Male Total
Parameter Min Max Mean SD Min Max Mean SD Min Max Mean SD
APLengthCo 2,73 10,27 6,03 1,60 3,50 7,83 5,35 1,33 2,73 10,27 5,86 1,56
ACoA 107,50 159,63 142,36 10,25 113,55 156,04 141,04 11,00 107,50 159,63 142,04 10,38
GFW 10,54 19,89 15,38 1,90 11,28 18,41 14,90 1,57 10,54 19,89 15,26 1,82
GFD 1,36 6,83 3,71 1,03 1,28 6,09 3,68 1,10 1,28 6,83 3,71 1,04

Min, Minimum value; Max, Maximum value; SD, Standart deviation; APLengthCo, Anteroposterior condyle length; ACoA, Anterior condyle angle; GFW, Glenoid fossa width; GFD,

Glenoid fossa depth.

measurements. Age was another aspect studied in this research, and
a significant, negative, low-level correlation between age and ACoA
measurements on the left side.

In the comparison of the right and left sides for all of the measured
parameters of the patients, a statistically significant difference for
GFW value (P=.030) was observed, with higher GFW values mea-
sured on the left side compared to the right side for this parameter.
APLENGHTCo, GFD, and ACoA values indicated no difference
between the measurements on the left and the right sides.

DISCUSSION

This study focused on the versatility of the morphological features of
the temporomandibular joint according to gender and age. According
to the research results, no statistically significant differences were
found when APLENGTHCo and GFD parameters were evaluated in
terms of age, gender, and side. A significant, negative, low-level cor-
relation was found between age and the left ACoA. When evaluated by
side, it was seen that the GFW value of the left side was higher than
on the right side.

The TMJ is one of the most significant and unique joints in the human
body regarding its biomechanical features, but especially consider-
ing the cartilaginous content of this articulation. Understanding the
anatomy of the TMJ is essential for distinguishing anatomical varia-
tions and pathological conditions.! Morphological variations of the
components of the TMJ are significant in understanding the TMJ’s
normalcy, function, and potential pathological conditions, as well as
offering suitable management and treatment.'" Several studies have
been undertaken to investigate the relationship between morphological
and morphometric variations of the TMJ and their associations with
pathological alterations based on gender and age.'>'* The inclination
of the articular eminence can affect the range of condyle excursion
movement.® Patients with accentuated articular eminences had broader
condyle—disc movement during function, which can increase the risk
of elongating the posterior ligament and causing disc problems.!> The
articular eminence shape and inclination have also been identified as
predisposing variables for disc dislocations."

Even though the cortical borders of the bone can be visualized clearly
by CT, MR images were chosen to perform the measurements in this
study. The tendency of clinicians and surgeons to choose MRI instead
of CT, due to the ability for detailed soft tissue imaging and visual-
ization of the articular cartilage along with other bony compartments,
provided a larger patient pool and data to study with a higher number
of patients to measure.

In numerous reports mentioning temporomandibular dislocation, the
morphological properties were revealed to be significantly associated
with structural changes within the TMJ. Research shows that there is a

relationship between condyle size and disc displacement. It is thought
that the risk of developing TMD is higher in individuals with small
condyle sizes.'

According to APLENGHTCo measurements, Coombs et al (n=22) and
de Pontes (n=186) found that males had higher values than females in
their study results, with both researchers using MR images to obtain
data.'”!® Regarding the studies using CBCT, Yasa et al (n=400) and
Al-koshab et al (n=200) found higher APLENGHTCo measurement
results in males parallel to those MRI studies.!** In this current study,
no significant statistical difference was found between males and
females.

Derwich et al (n=210) performed GFD and GFW measurements using
CBCT; however, the researchers did not evaluated the results in terms
of gender. The average GFD was 9.8 mm and the average GFW was
20.5 mm according to their study results.?! In this current research,
GFD and GFW were evaluated and analyzed regarding age, gender,
and different sides. The final results of this study indicated that only
the left GFW values were higher than the right side, and no other dif-
ferences were observed regarding these parameters in terms of age and
gender.

There are few studies in the literature on ACoA measurements and the
data distribution of this parameter concerning age and gender.

In the literature, ACoA measurements were mentioned in Torres et al’s
study; however, the study compared the patients with and without
temporomandibular disc dislocations and did not address gender com-
parisons in normal individuals.? There was a significant, negative,
low-level correlation on the left side between age and ACoA measure-
ments in this current study presented to the literature.

Before analyzing the study results of this current research, readers
should be aware of some limitations in planning, the study process,
and considering the data pool of this investigation. First of all, the
measurement data were examined based on a single reviewer’s mea-
surements, without considering intraobserver agreement. Having two
or more reviewers would help compare results from different review-
ers and identify interobserver differences. This would also be benefi-
cial for the accuracy of the study results. The sample size of the study
was relatively small, as the data were obtained from a single health
center. A larger sample size, including different institutions or vari-
ous geographical regions, would be better and may influence the study
results. To maximize the study population, MR images were chosen
as clinicians prefer this modality more than other imaging procedures
to examine the joint and the articular disc simultaneously. However,
CT images would be more effective to measure the bony morphology,
which has been investigated in this research. The data obtained by
radiological measurements on MR images could not be verified with a
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gold standard, such as surgical outcomes, and may not reflect accurate
results as measurements performed in cadaveric studies. This situation
can be considered another limitation of this study.

There is limited literature on the morphological analyses of the tem-
poromandibular joint and its relationships with age and gender. This
investigation found a significant, negative, low-level correlation
between age and ACoA measurements. Additionally, both temporo-
mandibular joints of each individual were compared with each other
regarding the morphological parameters, and higher GFW values were
measured on the left side compared to the right side for this anatomical
approach.
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Abstract

Objective: The aim of this study was to assess the effectiveness of dynamic contrast-enhanced (DCE) MRI perfusion parameters and signal intensity—time curves
in distinguishing between benign and malignant soft tissue tumors.

Methods: The study included 51 patients with soft tissue tumors who underwent DCE MRI at 3.0 T. Among these patients, 30 had benign tumors, while 21
had malignant tumors. Perfusion parameters such as k-trans, kep, Ve, and iAUC were measured. Calculations were performed at the most contrast-enhanced
areas of the lesions using circular regions of interest measuring 0.2-0.4 cm?. The findings were illustrated using signal intensity—time (SIT) curves, which were
categorized into 5 types for evaluation.

Results: In the benign group, 19 out of 30 lesions (63.3%) showed contrast enhancement patterns corresponding to type 1-2 SIT curves, and 11 out of 30 lesions
(36.7%) exhibited patterns corresponding to type 3-4-5 SIT curves. In contrast, all 21 malignant lesions (100%) displayed type 3-4-5 patterns. Mean values of
K-trans (P <.001), Ve (P=.004), and iAUC (P <.001) were significantly higher in malignant lesions compared to benign ones. There was no significant difference
in Kep values between the 2 groups (P=.628).

Conclusion: The perfusion parameters K-trans, Ve, and iAUC, along with the contrast enhancement patterns observed in DCE MRI, can aid in differentiating
between benign and malignant soft tissue tumors.

Keywords: Dynamic contrast-enhanced MRI, soft tissue tumors, MRI perfusion

INTRODUCTION

Magnetic resonance imaging (MRI) is a widely used imaging method in the investigation of soft tissue tumors due to its superiority in soft tissue
contrast."? Morphological features of tumors, such as size, extension, and relationship with vascular structures can be evaluated with conventional
MRI sequences. Administration of paramagnetic contrast material can support the evaluation of these features.'® These agents pass from the intra-
vascular space to the extravascular space, thus enabling both the detection and characterization of tumors by MRI.”

Contrast-enhanced MRI can be applied statically and dynamically. In static contrast MRI, a tissue signal is obtained at a random time point fol-
lowing the injection of contrast material. In contrast to static contrast-enhanced MRI, dynamic contrast-enhanced (DCE) MRI samples the MR
signal at multiple time points following the injection of contrast medium. This gives information about the area’s enhancement over time. These
enhancement characteristics show tissue vascularity and perfusion, which may be associated with tumor angiogenesis.'*

Differentiating benign and malignant soft tissue tumors is important for patient management and treatment planning. Making this distinction
prevents unnecessary surgery in benign lesions. With developing MRI technology, it is becoming a candidate for a non-invasive method in the dif-
ferential diagnosis of benign and malignant soft tissue tumors. There are some publications showing that perfusion MRI parameters can be used to
differentiate benign and malignant tumors.”!2

The aim of this study was to assess the effectiveness of DCE-MRI perfusion parameters and signal intensity—time curves in differentiating benign
and malignant soft tissue tumors.

MATERIAL AND METHODS

Patient Selection

This retrospective study received approval from Gazi University ethics committee with decision number: 513, and informed consent was waived.
Sixty-four patients who underwent DCE-MRI between January 2011 and November 2014 with the diagnosis of soft tissue tumors were evaluated.
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Patient data were collected from the hospital medical recording and
data system. Patients with soft tissue tumors that were histopathologi-
cally confirmed or diagnosed through clinical and radiological follow-
ups were included in this study. Patients whose DCE-MRI was not
performed with the appropriate technique and whose images not suit-
able for evaluation were excluded from the study.

MRI Technique

All cases were examined by a 3.0 T MR system (Magnetom Verio,
Siemens, Erlangen, Germany), with body coils or superficial coils
depending on the localization of the lesion. Before the administration
of the contrast agent, the standard TIW and T2W SE sequence images
were acquired, and then DCE-MRI was performed.

For the DCE-MRYI, all cases were administered gadopentetate dimeglu-
mine (Magnevist, Bayer-Schering, Berlin, Germany) 0.1 mmol/kg
intravenously. Following the administration of the intravenous con-
trast agent, 15 mL of physiological saline solution was given at the
same rate. Dynamic contrast-enhanced-MRI sequencing started simul-
taneously with the administration of the IV contrast media injection.
Dynamic contrast-enhanced-MRI was performed using 3-dimensional
fat-suppressed TIW GRE (VIBE — Volumetric Interpolated Breath-
hold Examination) sequences. The following parameters were used for
the TIW VIBE sequences: TR: 4.29, TE: 1.47, NEX: 1, flip angle: 9°,
FOV: 280 mm, matrix: 183 x 288, and slice thickness: 4 mm. Images
were acquired in 35 consecutive sequences, each lasting 10-15 seconds
and covering all lesions on the axial plane.

The computations were performed at the highest contrast-enhanced
areas of the lesions using circular region of interests (ROIs) of 0.2-0.4
cm? The results were demonstrated by the signal intensity—time (SIT)
curves. Signal intensity—time curves were evaluated in 5 categories.!!

Type 1:  No contrast enhancement.

Type 2:  Slow contrast enhancement.

Type 3: Plato phase following the rapid enhancement at the
beginning.

Type 4: Wash-out phase following the rapid enhancement at the
beginning.

Type 5: Increasingly contrast enhancement following the initial rapid
enhancement.

The following DCE-MRI perfusion parameters were K-trans (volume
transfer constant), kep (transfer rate constant, which is the reflux of
contrast agent from the extravascular extracellular space to the plasma
compartment), Ve (fractional volume of the extravascular extracel-
lular space), and iAUC (the initial area under the contrast uptake
curve) values computed at the highest contrast-enhanced areas of the

MAIN POINTS

e This study evaluates the effectiveness of dynamic contrast-enhanced
(DCE) MRI perfusion parameters and signal intensity—time (SIT)
curves in differentiating benign and malignant soft tissue tumors.

e Significant differences in K-trans, Ve, and iAUC values were found
between benign and malignant tumors, with higher values observed in
malignant tumors, aiding in their differentiation.

*  DCE MRI provides useful quantitative parameters and SIT curves for
distinguishing between benign and malignant soft tissue lesions.
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lesions using circular ROI of 0.2-0.4 cm?. Simultaneously, circular
ROI were placed in the arteries and muscles to compute the perfusion
parameters.

Statistical Analysis

The statistical tests were performed in SPSSversion 20(IBM SPSS
Corp.; Armonk, NY, USA). Primarily, descriptive analyses were uti-
lized. The Shapiro—Wilk normality test was used to determine whether
the data followed a normal distribution. For continuous variables,
descriptive statistics were presented as mean + SD or as median values
(minimum-maximum). Categorical variables were expressed as num-
bers of observations and percentages (%). The Mann—Whitney U test
was used to evaluate the differences between the benign and malignant
lesion groups. The cut-off points for the parameters were determined
by receiver operating characteristic (ROC) analysis to assess the values
of the TIW dynamic perfusion MRI parameters useful for the differ-
ential diagnosis of benign and malignant lesions. Using these cut-off
points of the parameters, the values for sensitivity and specificity, as
well as the positive predictive values (PPV) and negative predictive
values (NPV) were determined according to Youden’s index. To evalu-
ate whether the k-trans, kep, Ve, and iAUC values were determinants
for the differential diagnosis of malignant and benign lesions, the areas
under the curve were calculated by ROC analysis. If the value of the
area under the curve was found to be significant, the best cut-off point
was calculated using Youden’s index. In addition, the sensitivity, speci-
ficity, and reliability values, as well as the positive and negative pre-
dictive values were calculated for this point. P < .05 was considered
statistically significant.

RESULTS

A total of 51 cases were included in the study, comprising 24 (47.1%)
female and 27 (52.9%) male patients. The patients’ ages ranged 12-84
years, with a mean age of 42.2 + 19.5. Of the cases, 30 (58.8%) were
diagnosed with benign soft tissue tumors, 16 (31.4%) with malignant
tumors, and 5 (9.8%) were diagnosed with intermediate—borderline
soft tissue tumors. The diagnoses were made histopathologically in 34
patients and through clinical and radiological follow-up findings in 17
patients. Intermediate-borderline tumors were included in the malig-
nant tumors group. Finally, 30 (58.8%) cases with benign soft tissue
lesions and 21 (41.2%) malignant tumor cases, making up a total of
51 cases, were included in our study. Histopathological subtypes of
tumors are presented in Table 1.

No statistically significant differences were found in age, gender, and
the mean dimension of the lesions between the malignant and benign
soft tissue lesion groups (P > .05). The comparisons of the benign and
malignant cases in terms of age, gender, and the mean dimension of the
lesions are presented in Table 2.

The distribution of the SIT curve categories is detailed in Table 3.
Nineteen (63.3%) lesions demonstrated contrast enhancement patterns
of types 1 and 2; however, 11 (36.7%) cases demonstrated type 3, 4,
and 5 SIT curve categories out of the 30 benign lesions. On the other
hand, all 21 (100%) malignant soft tissue tumors showed type 3, 4, and
5 contrast agent enhancement patterns. Therefore, the NPVs of type 1
and 2 SIT curve patterns were found to be 100% in diagnosing malig-
nant lesions.

The distributions of the perfusion parameters, computed from T1W
dynamic perfusion MRI, in benign and malignant lesion groups are
presented in Table 4.
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Table 1. Histopathological Subtypes of Tumors

Histopathological Subtypes n
Benign (n=30)
Lipoma

Hemangioma

Schwannoma

Neurofibroma

Myxoma

Myoepithelioma

Giant cell tumor of tendon sheet
Elastofibroma dorsi

—_ — = = = W W O ®©

Pigmented villonodular synovitis
Tumor-like structures
Intramuscular hematoma

Crural abscess

Focal synovitis

Epidermal-type keratinous cyst

—_ = e e

Myositis ossificans

Malignant (n=16)

Malignant mesenchymal tumor

Synovial sarcoma

Liposarcoma

Leiomyosarcoma

Undifferentiated pleomorphic sarcoma
Pleomorphic malignant fibrous histiocytoma
Malignant giant cell tumor

W o= = NN NN W

Metastasis
intermediate—borderline (n=>5)
Desmoid tumor 3
Fibromatosis

Angiomatous fibrous histiocytoma 1

The K-trans and iAUC values of malignant soft tissue lesions were
found to be significantly higher statistically compared to those of the
benign lesions (P <.001). Similarly, Ve values of the malignant tumors
were found to be statistically significantly higher compared to those
of the benign lesions (P < .05). There was no significant difference
between malignant and benign lesion groups in terms of Kep values (P
>.05) (Figure 1).

Table 2. The Demographic Characteristics of the Patients and the Lesion
Dimensions by Group

Benign (n=30) Malignant (n=21) P

Age 41+ 17 (18-82) 44 +£23 (13-84) .674
Gender 14/16 13/8 288
(male/female)

Mean dimension (cm)
Data: mean + standard deviation.

7.7+4.7(1.7-20) 9.0£4.9(2.5-24) 224

Table 3. Distributions in the Benign and Malignant Lesion Groups According
to the SIT Curve Categories

Type of the SIT Curves

Benign (n=30)

Malignant (n=21)

Type 1 9 (30.0%)

Type 2 10 (33.3%) -
Type 3 6 (20.0%) 4 (19.0%)
Type 4 - 4 (19.0%)
Type 5 5(16.7%) 13 (62.0%)

Receiver operating characteristic curve analysis demonstrated that when
the cut-off point of k-trans was determined to be 0.111, the sensitivity
was found to be 85.7%, the specificity was 73.3%, PPV was 69.2%,
and NPV was 88.0% for differentiating between benign and malignant
lesions. When the cut-off point for Ve was determined to be 0.406, the
sensitivity was found to be 76.2%, the specificity was 70.0%, PPV was
64.0%, and NPV was 80.8% for differentiating between benign and
malignant lesions. When the cut-off point for i4UC was determined to
be 10.606, the sensitivity, specificity, PPV, and NPV were found to be
similar to the values found for k-trans as 85.7%, 73.3%, 69.2%, and
88.0%, respectively (Figures 2 and 3).

There were significant differences between SIT curve types and the
values of k-trans, Ve, and iAUC (P < .001). In terms of the k-trans,
Ve, and iAUC values, no differences were found between the type 1
and 2 SIT curves representing the benign lesions, whereas individual
differences with statistical significance were noted between the type
1 curve and each of the type 3, type 4, and type 5 curve representing
the malignant lesions (P < .05). In addition, the Type 2 SIT curve was
observed to be significantly higher in the benign group and the type 5
curves representing the malignant lesions in terms of k-trans, Ve, and
iAUC values (P < .05). However, in terms of k-trans, Ve, and iAUC
values, no significant differences were detected between the Type 2
SIT curves and type 3 and 4 SIT curves representing the malignant
lesions (P > .05).

DISCUSSION

Dynamic contrast-enhanced MRI is based on the PWI technique,
reflecting the functional condition of the tumoral vasculature indi-
rectly. The pathological basis of perfusion is associated with the num-
ber of vessels in the tumor tissue and their functional modifications.
In malignant tumors, the contrast agent diffuses into the extracellular
space swiftly, and a fast staining of the tumor, as well as its wash-
out, is observed. In contrast, in benign tumors, the vascular intensity
is relatively lower and the infusion effect of the contrast agent is not
significant. Used by Tofts, the two-compartment kinetic model (micro-
vascular and extravascular interstitium) is commonly used during the
DCE-MRI. The acquired results are analyzed, and the K-trans, kep,
Ve, and iAUC values, which are the vascular function parameters, are
found.”®

Table 4. The Comparison of the Quantitative Perfusion Parameters at T1W Dynamic Perfusion MRI in Benign and Malignant Lesion Groups

Benign (n=30) 95% CI Malignant (n=16) 95% CI P
K-trans 0.107 £ 0.120 0.062-0.151 0.250 +0.192 0.163-0.397 .000*
Kep 2.633+3.718 1.244-4.021 0.826 + 0.939 0.398-1.253 .628
Ve 0.294+0.294 0.184-0.403 0.515+0.205 0.422-0.608 .004*
IUAC 8.096+9.008 4.732-11.459 18.874 £9.469 14.563-23.184 .000*
Data: nean + standard deviation.
*P<.05.
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Rel. Enhancement

Figure 1. A 20-year-old-woman with a painful and locked knee. A soft tissue lesion with lobulated contours is present at the supracondylar level in the knee joint
space posteromedially (A). The lesion demonstrates a type 3 curve (B), which is characterized by initial fast contrast enhancement followed by a plateau phase. On
the parametric perfusion mapping of the lesion (C), K-trans, Kep, Ve, and iAUC values of 0.162, 0.239, 0.678, and 24.971, respectively, have been obtained. The
k-trans, Ve, and iAUC values of this lesion have been found to be higher than the cut-off points for the differential diagnosis of benign and malignant lesions. The

lesion has been diagnosed with pigmented villonodular synovitis histopathologically.

Costa et al’ compared the diagnostic efficacy of proton MRI spectros-
copy and DCE perfusion MRI investigations in 55 musculoskeletal
tumor cases, consisting of 27 malignant and 28 benign cases. This
study reported robust associations of the type 1-2 curves with benign
lesions and of the Type 4 curves with malignant lesions. In addition, it
was noted that Type 3 curves were not useful in differentiating benign
and malignant lesions. In our study, all the lesions with Type 1 and 2

SIT curve patterns were in the benign group. We believe that this pat-
tern is a reliable indicator of benign lesions. Similar to the above-men-
tioned study, the SIT curve Type 3 pattern was found in the benign and
malignant groups at similar rates (20.0% and 19.0%, respectively) in
our study. The Type 5 curve pattern was identified in 62% of the malig-
nant cases and in 16% of the benign cases in our study, this pattern was
found to be an important finding in the diagnosis of malignancies and

Figure 2. An 84-year-old male with a diagnosis of squamous cell malignant tumor of the lung with a mass located behind the femur. The lesion, with irregularly
lobulated contours, is observed in the subcutaneous fat tissue of the right thigh posteriosuperiorly (A). The lesion demonstrates a type 4 curve, which is
characterized by initial fast contrast enhancement followed by a wash-out phase (B). On the parametric perfusion mapping of the lesion (C), k-trans, kep, Ve, and
iAUC values of 1.286, 2.769, 0.480, and 29.639 have been obtained, respectively. The k-trans, Ve, and iAUC values of this lesion have been found to be
significantly higher than the cut-off points of these parameters for the differential diagnosis of benign and malignant lesions. The lesion has been diagnosed with
metastasizing malignant neoplasm of the lung histopathologically.

Rel. Enhancement

5 [
Time (min)

Figure 3. A 41-year-old male with a soft tissue mass in the left elbow. The soft tissue mass, with irregularly lobulated contours, is present in the left elbow
posteriorly in the skin and subcutaneous tissue (A). The lesion demonstrates a Type 5 curve (B). On the parametric perfusion mapping of the lesion (C), the
following k-trans, kep, Ve, and iAUC values of 0.583, 1.495, 0.509, and 24.183 have been obtained. The k-trans, Ve, and iAUC values of this lesion have been
found to be significantly higher than the cut-off points for the differential diagnosis of benign and malignant lesions. A high-grade malignant mesenchymal tumor
has been the histopathological diagnosis.
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in deciding biopsy procedures. However, it is not considered to be a
reliable indicator individually when used alone.

Van Rijswijk et al'' reported that the demonstration of a plateau or
wash-out phase following early and intense contrast enhancement (SIT
curves Type 3 and 4) in soft tissue tumors supported the diagnosis of
malignant tumors. Van der Woude et al'® found that SIT curve typing
had 86% sensitivity and 81% specificity for differentiating malignant
from benign tumors from each other by demonstrating the progression
of contrast enhancement. However, they did not observe a statistically
significant difference using this method for the differential diagnosis
of bone tumors. In our study, all of the 4 cases with SIT curve Type 4
patterns were in the malignant group, whereas the Type 3 pattern was
found at similar rates in both the benign and malignant lesion groups
(20.0% and 19.0%, respectively) in our study. The Type 3 pattern was
not found to be reliable for differential diagnosis.

The study by Yao et al'?> compared the microvascular intensities using
DCE-MRI in 26 histopathologically proven rectal cancer cases. They cal-
culated the following parameters: k-trans, kep, and Ve. They found that
the values of these parameters were significantly higher in the tumoral
tissue compared to those values found in the normal rectal wall. The
study reported that k-trans values were positively correlated with Duke
and TNM stagings, serosal involvement, and lymphatic metastases to a
moderate to high extent; however, kep values were reported to demon-
strate a moderate degree of correlation. No correlations were found with
the Ve values. In our study as well, the k-trans values were observed to be
significantly higher in the malignant lesion group of soft tissue tumors.

A study by Jackson et al'* compared histopathologically proven pros-
tate cancer lesions in 18 patients by DCE-MRI pharmacokinetic param-
eters and T2W image findings, aiming to identify a malignant lesion
located at each pixel. The sensitivity and specificity of DCE-MRI to
diagnose the lesions were found to be 50% and 85%, respectively. For
the T2W images, the sensitivity was 21% and the specificity was 8§9%.
When the authors compared the DCE-MRI parameters, namely, the
k-trans, kep, and Ve values found for the cancer tissue in the prostate
gland, they found these values significantly higher compared to those
obtained in the benign peripheral zone. Finally, the authors reported
that DCE-MRI was superior to the T2W section images in determining
the locations of the lesions in prostate cancers.

Ma et al'® investigated the efficacy of the TIW imaging by dynamic
perfusion MRI in a total of 44 breast lesions. Of these lesions, 30 were
malignant lesions. The authors reported that k-trans, kep, and iAUC
values were found to be statistically significantly different in differ-
entiating malignant and benign lesions from each other, while the Ve
values were not statistically significant. The non-significantly differ-
ent Ve values, representing the contrast agent percentages in the tis-
sue spaces, were associated with the increased k-trans and kep values
due to the increased neovascular permeability in the malignant lesions.
Therefore, according to the “Ve=k-trans/kep” formula, they explained
that the Ve values did not show any differentiation. In contrast to the
findings of the study described above, Ve values in our study were
found to be statistically significantly different in differentiating malig-
nant and benign lesions. We believe that this result may be associated
with the statistically significantly different k-trans values and with the
non-significant differences found with the kep values.

In 36 breast cancer cases, Li et al'* compared the pathological response
to the first cycle of neoadjuvant chemotherapy by comparing the
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tumor sizes, DCE-MRI, apparent diffusion coefficient (ADC) values
acquired by the diffusion-weighted imaging (DWI) and the kep/ADC
ratios. Consequently, they reported that the kep/ADC ratio was more
statistically significant. They reported that the area under the curve
(AUC) for the kep/ADC was 0.88, superior to kep (AUC: 0.76) and
ADC (AUC: 0.82) values in predicting the pathological response after
chemotherapy. They suggested that the combined use of DCE-MRI
and DWI might be beneficial in evaluating the response to chemo-
therapy and in assessing treatment results during follow-ups in cases
with breast cancer. On the other hand, in our study, the kep parameter
was not found to be useful in differentiating benign and malignant
soft tissue lesions from each other. We suggest that this finding might
be associated with the heterogeneous microvascular intensity found in
soft tissue tumors.

Baik et al'® investigated the efficacy of the tissue permeability fac-
tor acquired by the DCE-MRI in differentiating between benign and
malignant pulmonary lesions in 30 cases of pulmonary lesions. They
evaluated the k-trans, kep, and Ve parameters as the tissue perme-
ability factors. Their study reported that the perfusion parameter of
k-trans acquired by the DCE-MRI might be beneficial in determin-
ing whether the pulmonary nodules or masses were benign or malig-
nant. Similarly, in the differential diagnosis, our study determined
the k-trans value to be the most beneficial parameter together with
the iAUC values.

The limitations of our study might include the relatively insufficient
number of cases and their variabilities, as well as the unavailability of
the histopathological diagnoses for some cases. Perfusion parameters
may be affected by tumor grade. The lack of tumor stages is another
limitation of this study. We conclude that further studies should be
conducted with larger sample sizes and more variable cases to better
demonstrate the efficacy of the DCE-MRI perfusion parameters in dif-
ferentiating malignant from benign soft tissue tumors.

In conclusion, our study showed that the quantitative perfusion param-
eters and the contrast-enhanced curve types acquired by the DCE-
MRI provided useful contributions to the diagnosis in determining
whether the soft tissue lesions were benign or malignant. We suggest
that further studies in broader patient groups with more diagnostic
variability should be conducted to better demonstrate the efficacy of
this technique in the malignant versus benign differentiation of soft
tissue tumors.
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Abstract

Objective: This study aimed to compare the diagnostic effectiveness and precision of non-contrast magnetic resonance angiography (MRA) with the most reli-
able digital subtraction angiography (DSA) findings in imaging the cervical segment of the carotid arteries.

Methods: From January 2012 to April 2018, a retrospective evaluation was conducted on the images of 23 patients who had undergone DSA and non-contrast
MRA for the carotid arteries in the neck. The evaluation was based on data retrieved from the local database. The stenosis rates were categorized as follows:
normal, stenosis less than 50%, stenosis between 50% and 69%, stenosis equal to or greater than 70%, and total occlusion.

Results: Out of the 23 participants who were included in the study, 13 (56.5%) were female and 10 (43.5%) were male. The average age of the patients was 58.5,
with a range of 29 to 84 and a median value of 60. The non-contrast MRA examination had a sensitivity of 78%, specificity of 97%, positive predictive value of
88%, negative predictive value of 95%, and diagnostic accuracy of 93% for detecting significant stenosis (>50%) in the internal carotid artery (ICA), as deter-
mined by the gold standard DSA. The non-contrast MRA had a sensitivity of 86%, specificity of 100%, positive predictive value of 100%, negative predictive
value of 98%, and a diagnostic accuracy rate of 98%.

Conclusion: Non-contrast MRA imaging is a secure technique for identifying atherosclerotic carotid artery disease with a high level of accuracy and precision.
Keywords: Digital subtraction angiography, extracranial carotid arteries, non-contrast MR angiography

INTRODUCTION

Cerebrovascular disease, such as strokes, is a leading cause of mortality in developed nations. The occurrence results from either hemodynamic or,
more commonly, atheroembolic mechanisms, which are caused by atherosclerotic plaques of the carotid bifurcation in approximately 15%-20%
of cases.! Given that plaques in the extracranial carotid arteries are responsible for 25% of ischemic cerebrovascular events that result in chronic
neurological deficiencies, it is crucial to prioritize the treatment of these abnormalities.? Options for treatment consist of endarterectomy or percu-
taneous transluminal carotid angioplasty and stenting, which is a radiological procedure performed by interventional means. Medical interventions
for mitigating risk factors are also encompassed. Accurate and precise measurement of the extent of stenosis is crucial in selecting the suitable
treatment.?

Digital subtraction angiography (DSA) is considered the most reliable method for imaging the carotid arteries. However, noninvasive imaging
techniques like magnetic resonance angiography (MRA), computed tomographic angiography (CTA), and color Doppler ultrasonography (CDUS)
also have a significant role in evaluating the carotid arteries.*

Color Doppler ultrasonography, a readily available and minimally invasive procedure, is frequently employed as the initial diagnostic imaging
technique for screening carotid artery stenosis. However, the outcome is greatly influenced by the user’s level of expertise and proficiency. Digital
subtraction angiography, which is considered the standard for determining the severity of narrowing in blood vessels and the characteristics of
plaque, is not universally applicable to all patients due to the associated hazards and expenses. Currently, non-invasive techniques such as CTA
and MRA are becoming more commonly utilized for diagnosing carotid stenosis, replacing the need for invasive DSA.> Computed tomographic
angiography is the primary diagnostic technique for imaging blood vessels in cases of sudden stroke.’ Nevertheless, it is important to note that the
procedure involves ionizing radiation, and the intravenous contrast material utilized can cause allergic reactions and have nephrotoxicity effects.
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Furthermore, MRA is both noninvasive and spared from ionizing
radiation. Currently, the most common method for imaging the carotid
arteries is through the use of contrast-enhanced MRA. This involves
injecting gadolinium-based contrast agents via an intravenous route.
Magnetic resonance imaging contrast agents have minimal adverse
effects; however, they can induce nephrogenic systemic fibrosis in indi-
viduals with renal insufficiency. The awareness of this potential side
effect and the existence of patients who are unable to undergo contrast
administration for various reasons have resulted in a growing inter-
est in non-contrast MRA in recent times. The prevailing non-contrast
MRA technique that is frequently utilized is known as “time-of-flight”
(TOF) angiography.* The primary constraints of MRA are motion arti-
facts caused by patient noncompliance and intolerance in individuals
experiencing acute stroke. Furthermore, it is contraindicated in patients
with pacemakers and certain magnetic devices.>®

The purpose of this study was to compare the results of non-con-
trast MRA and DSA, which is considered the most reliable method
in our center, for imaging the cervical segments of carotid arteries.
Additionally, we aimed to assess the diagnostic efficiency and accuracy
of the non-contrast MRA technique.

MATERIAL AND METHODS

The study was initiated with the approval of the Ankara University
Faculty of Medicine Clinical Research Ethics Committee (Date: 2014,
Decision No: 06-355-18). All patients provided written informed con-
sent for the publication of this article using their data.

A retrospective analysis was conducted on 29 patients who underwent
both DSA and non-contrast MRA scans for carotid arteries at our hos-
pital between January 2012 and April 2018. Initially, 4 patients were
excluded from the study because more than 1 year had passed between
the 2 examinations. In addition, we excluded 2 patients from the study
because their images were affected by motion artifacts in MRA and
artifacts caused by stents in the carotid arteries. For the remaining 23
cases, the carotid arteries in the neck were divided into the right and left
common carotid artery (CCA), internal carotid artery (ICA), and exter-
nal carotid artery (ECA). These arteries were then assessed individually
using both methods from the PACS database. An experienced radiolo-
gist evaluated the existing images without knowledge of the patients’
clinical data. The DSA images were evaluated separately from the ini-
tial evaluation, which took place 4 weeks after the MRA images were
evaluated initially. Subsequently, this assessment procedure was reiter-
ated once again at 4-week intervals. Stenosis rates were determined
using the North American Symptomatic Carotid Endarterectomy Trial
(NASCET) criteria and categorized as “normal,” “<50% stenosis,”
“50%-69% stenosis,” “>70% stenosis,” and total occlusion.

MAIN POINTS

¢ Non-invasive non-contrast MRA can be used as an alternative to DSA,
an invasive method, for diagnosing atherosclerotic carotid artery dis-
ease, even though DSA is considered the gold standard.

¢ Non-contrast MRA can be utilized as an adjunct imaging technique
in patients with impaired renal function, particularly when CDUS is
insufficient in visualizing the carotid arteries. This method does not
necessitate the use of nephrotoxic agents.

e Non-contrast MRA is more useful in populations that are averse to
ionizing radiation.
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All non-contrast MRA examinations were obtained with the time
of flight (TOF) angiography technique. Fifteen of these scans were
conducted using a 3.0 T magnetic resonance imaging (MRI) scan-
ner (Siemens Magnetom Verio, Erlangen, Germany), while 8 were
performed using a 1.5 T MRI scanner (Siemens Magnetom Aera,
Erlangen, Germany). The acquisition parameters in the axial 3D TOF
MRA examination performed with a 3.0 T device were determined as
TR 21 ms, TE 3.6 ms, deviation angle 25 degrees, slice thickness 1
mm, matrix 384 x 312, FOV 20 x 16 cm. The acquisition parameters
in the axial 3D TOF MRA examination performed with a 1.5 T device
were determined as TR 24 ms, TE 7.2 ms, deviation angle 20 degrees,
section thickness 0.8-1 mm, matrix 512 x 512, FOV 20 x 16 cm.

The DSA techniques were executed using an Artis Zee (Siemens
Healthcare, Erlangen, Germany) angiography device. The patients
underwent the procedure without the administration of sedation.
Following the application of povidone-iodine solution for local field
sterilization, the femoral artery was utilized as the access route after the
application of dressing and local anesthesia. Following the puncture
using the Seldinger method, a 5-French sheath was inserted into the
femoral artery. The pigtail angiography catheter was inserted through
the sheath and used to visualize the aortic arch and its branches. The
carotid artery exits were identified based on the images, and subse-
quently, a Simmons type II catheter was used to selectively catheter-
ize the carotid arteries after replacing the catheter. Next, conventional
images of the carotid arteries were acquired in anteroposterior, lateral,
and oblique orientations for both the right and left sides. During the
examination, the patient received a suitable dose of nonionic contrast
material based on their weight, with a maximum limit of 100 mL, using
an automatic pump injector.

The stenoses were assessed on both DSA and MRA images using the
NASCET criteria (stenosis=[1 -—minimal residual lumen/distal vascu-
lar lumen diameter] x 100%). During the DSA method, the degree of
stenosis in the carotid arteries was assessed by measuring the percent-
age of narrowing. This measurement was taken from all projections
that provided a clear view of the carotid arteries without any overlap-
ping blood vessels. The most severe narrowing of the artery was cho-
sen, and its representation was recorded. The main datasets of 3D TOF
and maximum intensity projection (MIP) images were examined. The
degree of stenosis in the carotid arteries was assessed using sagittal
and coronal MIP images, and the most severe degree of stenosis was
recorded. When the presence of occlusion was suspected in 3D TOF
MIP images, the potential occurrence of slow flow was ruled out by
assessing 2D TOF images. If there was no detected blood flow in the
expected pathway beyond the examined artery, the vessel was classi-
fied as totally obstructed. The assessment of the image was conducted
using the Syngo MR software (Siemens Medical Solutions, Erlangen,
Germany) on a workstation.

The gold standard for detecting carotid artery stenosis was accepted
as DSA. Sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated for the non-
contrast MRA examination. Furthermore, observer agreement was
assessed using the kappa correlation test. The provided informa-
tion includes the mean + SD for numerical variables, the minimum
and maximum values (min-max), and the number and percentage
values for categorical variables. The relationship between the fea-
tures was analyzed at the qualitative measurement level using either
Fisher’s exact test or Pearson’s chi-square test. The statistical analy-
sis was conducted using the SPSS 25.0 software (IBM SPSS Corp.;



Armonk, NY, USA). Statistical significance was determined by a
P-value threshold of less than .05.

RESULTS

Out of the total of 23 participants who were part of the research, 13
(56.5%) were female and 10 (43.5%) were male. The average age of
the patients was determined to be 58.5, with a range of 29 to 84 and a
median value of 60.

The stenosis rates detected in the first and second evaluations using
both examination methods of the carotid arteries examined in the cases
are shown in Tables 1 and 2, respectively.

When the cases with and without significant stenosis (over 50%)
compared to NASCET in both ICAs in non-contrast MRA and DSA
examinations are evaluated, the findings are shown in the tables below
(Tables 3 and 4). The sensitivity was 78%, specificity 97%, positive
predictive value 88%, negative predictive value 95%, and diagnostic
accuracy 93% for detecting significant stenosis (>50%) of ICA for non-
enhanced MRA examination according to the gold standard DSA.

When the cases with and without critical stenosis (over 70%) according
to NASCET in both ICAs in non-contrast MRA and DSA examina-
tions are evaluated, the findings are shown in the tables below (Tables 5
and 6). The sensitivity was 86%, specificity 100%, positive predictive
value 100%, negative predictive value 98%, and diagnostic accuracy
98% for detecting critical stenosis (>70%) of ICA for non-enhanced
MRA examination according to the gold standard DSA.

There was no significant stenosis in the right CCA and ECA, and there
was | case with significant stenosis in the left CCA and ECA.
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The agreement and kappa values between the results of the first and
second evaluation of the carotid arteries according to the kappa agree-
ment analysis are shown in the table below (Table 7). Accordingly, it
was determined that the agreement between the 2 measurement sets
was significant.

DISCUSSION

Cerebrovascular events are a leading cause of mortality in devel-
oped nations. Ischemic strokes account for about 85% of all strokes.
Extracranial carotid atherosclerosis accounts for 20% of these cases.”®
Given that atherosclerotic plaques in the extracranial carotid arteries
are responsible for 25% of ischemic cerebrovascular events result-
ing in permanent neurological deficits, it is crucial to prioritize the
treatment of these lesions.? Based on data from the Framingham heart
study,’ it was found that 7% of women and 9% of men aged 66-93
had carotid stenosis with a degree of more than 50%. Another study
found that even carotid plaques that were subclinical and hemody-
namically stable in individuals aged 45-64 were indicative of future
cerebrovascular events. The NASCET study'® found a correlation
between the severity of stenosis and the likelihood of stroke develop-
ment in symptomatic patients. The annual risk of ipsilateral stroke
is 4.4% in cases where carotid stenosis is between 50 and 69% and
the patient is treated conservatively. However, this risk increases to
13% in patients with stenosis above 70%. For patients without symp-
toms, the likelihood of having a stroke within a year is less than 1%
when receiving aggressive medical treatment, provided that the nar-
rowing of the blood vessels is greater than 50%. These studies indi-
cate that it is necessary to use diagnostic methods to screen patients
with risk factors for asymptomatic atherosclerotic carotid disease,
as treatment can effectively reduce the risk of stroke. Therefore, by
promptly identifying and treating the condition, the patient’s yearly

Table 1. Right and Left CCA, ICA, ECA Stenosis Rates in First Measurement (%)

Right CCA Right ICA Right ECA Left CCA Left ICA Left ECA
Patient No Age/Gender MRA DSA MRA DSA MRA DSA MRA DSA MRA DSA MRA DSA
1 29/F N N N N N N 100 100 100 100 100 100
2 77/M N N <50 <50 N N N N >70 >70 N N
3 47/M N N <50 N N N N N <50 N N N
4 60/F N N <50 50-69 <50 <50 N N 100 100 <50 <50
5 80/F N N N N N N N N N N N N
6 34/M N N <50 <50 N N N N <50 <50 N N
7 70/F N N N N N N N N <50 <50 N N
8 66/M <50 <50 <50 <50 <50 <50 <50 <50 50-69 <50 N N
9 43/F N N N N N N N N N N N N
10 72/F <50 <50 N N N N N N N N N N
11 64/M N N N N <50 <50 N N >70 >70 N N
12 50/F N N N N N N N N N N N N
13 60/M <50 <50 <50 50-69 N N <50 <50 N N N N
14 70/M N N <50 <50 N N N N >70 >70 N N
15 44/F N N N N N N N N N N N N
16 50/F N N N N N N N N N N N N
17 84/M N N >70 >70 N N <50 <50 <50 <50 <50 N
18 62/F N N N N <50 <50 N N N N N N
19 78/F N N N N <50 50-69 <50 <50 N N N N
20 52/M N N N N N N N N N N N N
21 50/F N N N N N N N N N N N N
22 34/F N N N N N N N N N N N N
23 70/M N N 50-69 >70 <50 <50 <50 <50 <50 <50 <50 <50

CCA, common carotid artery; ECA, external carotid artery; F, female; ICA, internal carotid artery; M, male.
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Table 2. Right and Left CCA, ICA, ECA Stenosis Rates in Second Measurement (%)

Right CCA Right ICA Right ECA Left CCA Left ICA Left ECA
Patient No Age/Gender MRA DSA MRA DSA MRA DSA MRA DSA MRA DSA MRA DSA
1 29/F N N N N N N 100 100 100 100 100 100
2 77M N N <50 <50 N N N N >70 >70 N N
3 47/M N N N N N N N N N N N N
4 60/F N N <50 50-69 <50 <50 N N 100 100 <50 <50
5 80/F N N N N N N N N N N N N
6 34/M N N <50 <50 N N N N <50 <50 N N
7 70/F N N N N N N N N <50 <50 N N
8 66/M <50 <50 <50 <50 <50 <50 <50 <50 50-69 <50 N N
9 43/F N N N N N N N N N N N N
10 72/F <50 <50 N N N N N N N N N N
1 64/M N N N N <50 <50 N N >70 >70 N N
12 50/F N N N N N N N N N N N N
13 60/M <50 <50 <50 50-69 N N <50 <50 N N N N
14 70/M N N <50 <50 N N N N >70 >70 N N
15 44/F N N N N N N N N N N N N
16 50/F N N N N N N N N N N N N
17 84/M N N >70 >70 N N <50 <50 <50 <50 <50 N
18 62/F N N N N <50 <50 N N N N N N
19 78/F N N N N <50 50-69 <50 <50 N N N N
20 52/M N N N N N N N N N N N N
21 S0/F N N N N N N N N N N N N
22 34/F N N N N N N N N N N N N
23 70/M N N 50-69 >70 <50 <50 <50 <50 <50 <50 <50 <50

CCA, common carotid artery; ECA, external carotid artery; F, female; ICA, internal carotid artery; M, male.

likelihood of experiencing a stroke can be diminished. Treatment
options encompass surgical endarterectomy, percutaneous translu-
minal carotid angioplasty, and stenting, which is an interventional
radiological procedure. Additionally, medical treatments targeting
risk factors are also considered. Furthermore, obtaining precise and
accurate measurements of the extent of stenosis is crucial in deter-
mining the most suitable course of treatment." Medical treatment is
adequate for stenosis below 50%. However, for stenosis ranging from
50% to 69%, it is recommended to undergo medical treatment and
have follow-up appointments every 6 months. In cases where there
is a narrowing of 70% or more in the carotid artery and the patient
is experiencing symptoms, surgical endarterectomy or percutaneous
transluminal carotid angioplasty and stenting procedures are per-
formed (Figures 1-4). However, surgical treatment is not appropriate
in cases of occlusion.'?

Digital subtraction angiography is still considered the gold standard
for imaging the carotid arteries. However, DSA, which is an invasive

method, has disadvantages such as containing ionizing radiation, the
use of nephrotoxic agents, limited imaging projection, and a rela-
tively high complication rate if not performed by qualified person-
nel. Embolism from a plaque potentially causing a cerebrovascular
accident is one of its well-proven complications. The ACAS study
reported a 1.2% risk of neurological deficit or death after DSA, while
the NASCET study reported a 0.7% risk of permanent neurologi-
cal deficit or death associated with selective angiography. The high
complication rate limits its use as a screening test. In contrast, nei-
ther MRA nor CDUS carries the risk of complications at these rates.
In addition, besides being noninvasive, they do not contain ionizing
radiation. Currently, MRA imaging of the extracranial carotid arter-
ies is mostly performed as contrast-enhanced angiography after the
intravenous injection of gadolinium-based contrast agents. MR con-
trast agents have very few side effects, but they can cause nephro-
genic systemic fibrosis in patients with renal failure. The fact that this
possible side effect is now better known and the presence of patients
who cannot receive contrast for other reasons has led to an increased

Table 3. Cases With and Without Significant Stenosis in MRA and DSA
Examinations in the Right ICA

Table 4. Cases With and Without Significant Stenosis in MRA and DSA
Examinations in the Left ICA

DSA DSA
There is Significant No Significant There is Significant No Significant
Narrowness Narrowing Total Narrowness Narrowing Total

MRA  There is significant 2 0 2 MRA  There is significant 5 1 6

narrowness narrowness

No significant 2 19 21 No significant 0 17 17

narrowing narrowing

Total 4 19 23 Total 5 18 23

DSA, digital subtraction angiography; ICA, internal carotid artery; MRA, magnetic reso-
nance angiography.

DSA, digital subtraction angiography; ICA, internal carotid artery; MRA, magnetic reso-
nance angiography.
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Table 5. Cases With and Without Critical Stenosis in MRA and DSA
Examinations of the Right ICA

Table 7. According to Kappa Analysis, Agreement Between the Results of the
First and Second Evaluation of the Carotid Arteries and Kappa Values

DSA
There is Critical No Critical
Stenosis Stenosis Total
MRA There is critical 1 0 1
stenosis
No critical stenosis 1 21 22
Total 2 21 23

DSA, digital subtraction angiography; ICA, internal carotid artery; MRA, magnetic reso-
nance angiography.

interest in non-contrast MRA in recent years.*!*>!* The most important
difference of non-contrast MRA from RDUS, which is a cheaper and
easily accessible noninvasive method, is that it is not user dependent.
However, the most important disadvantage of TOF MRA, which is
the most widely used non-contrast MRA method in carotid artery
imaging today, is signal loss. Signal loss occurs due to the phase
shift that develops due to the disruption of normal laminar flow in
the vessel (turbulent flow pattern occurs near the stenotic plaque)
and overstates the existing stenosis.'>!® This may lead to incorrect
diagnosis and treatment of the patient. In one of our patients in this
study, left ICA stenosis was overestimated with TOF MRA, and the
stenosis rate of less than 50% was measured between 50 and 69%.
In addition, right ICA stenosis was underestimated by TOF MRA in
3 of our patients. While stenosis was between 50 and 69% in 2 of
them, it was measured as less than 50%, and in one of them, the true
stenosis rate was measured between 50 and 69%. In the last case, if
the patient had not undergone DSA examination, surgical or interven-
tional radiological treatment, which was actually indicated, would
have been delayed.

In order for non-contrast MRA to be a diagnostic test that can be used
in screening, the sensitivity, specificity rates, and positive and negative
predictive values in detecting pathology should be known and at an
acceptable level.

Chappell et al'® stated that noninvasive test combinations do not
increase sensitivity and specificity but increase the cost. The sensitiv-
ity values of all modalities in detecting stenosis between 50 and 69%
were found to be significantly lower than their sensitivities in detect-
ing stenosis between 70 and 99%. Therefore, they emphasized that it
is difficult to detect moderate (50-69%) stenosis (since all modalities
have low sensitivity values), but their diagnosis is important (because
some patients in this group benefit from carotid endarterectomy). In our
study, it was observed that the sensitivity and specificity values, which
were found to be higher in stenosis above 70%, were consistent with
the literature.

Table 6. Cases With and Without Critical Stenosis on MRA and DSA
Examinations of the Left ICA

DSA
There is Critical No Critical
Stenosis Stenosis Total
MRA There is critical 5 0 5
stenosis
No critical stenosis 0 18 18
Total 5 18 23

DSA, digital subtraction angiography; ICA, internal carotid artery; MRA, magnetic reso-
nance angiography.

Carotid Artery Kappa Value P

Right CCA 1.000 <.001
Right ICA 0.916 <.001
Right ECA 1.000 <.001
Left CCA 1.000 <.001
Left ICA 0916 <.001
Left ECA 1.000 <.001

CCA, common carotid artery; ECA, external carotid artery; ICA, internal carotid artery.

Wardlaw et al'* stated that the sensitivity of non-contrast MRA was
88% and the specificity was 84% in cases of critical stenosis of 70%
and above. In stenosis of 50%-69%, the sensitivity of non-contrast
MRA was 37%, and the specificity was 91%. In our study, the sensitiv-
ity was 86% and the specificity was 100% in detecting critical stenosis
(>70%) of the ICA for non-contrast MRA examination. At this point,
although our sensitivity values were similar to those in the study by
Chappell et al and Wardlaw et al, our specificity values were slightly
higher.

The utilization of a 3 T MRI system to acquire the majority of our 3D
TOF MRA images represents a noteworthy advantage in our study. The
limitations commonly discussed in the literature regarding 1.5 T MRI
systems have been mostly eliminated. 3D TOF MRA benefits at 3 T
MRI systems from both an improved signal-to-noise ratio (SNR) and
longer T1 relaxation times in the cerebral parenchyma. This leads to
enhanced saturation of stationary spins and improved contrast between

Figure 1. A 64-year-old male patient. He was admitted to our hospital with
the complaint of abrupt onset of right upper and lower extremity weakness 3
months ago. He has a history of surgery due to hypertension, diabetes, and
nephrolithiasis, and his creatinine value was found to be 1.4 in laboratory tests.
The patient underwent carotid and vertebral artery RDUS, neck TOF MRA,
and carotid DSA procedures in our unit, and then the patient was treated
endovascularly. (A) A critical stenosis of over 70% is seen in the left ICA in
the TOF MRA coronal MIP image (white arrow). (B) On DSA examination,
more than 70% critical stenosis is observed in the left proximal ICA

(black star).
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Figure 2. An 84-year-old male patient. He was admitted to our hospital with
the complaint of weakness in the left upper extremity that developed 1 week
ago. He has a history of hypertension, smoking, and an operation due to benign
prostatic hyperplasia, and creatinine value was found to be 1.2 in laboratory
tests. The patient underwent neck TOF MRA, and carotid DSA procedures in
our unit. (A) On TOF MRA coronal-oblique MIP image, critical stenosis of
over 70% (white arrow) in the right ICA and less than 50% stenosis in the left
ICA (white star). (B) A critical stenosis of over 70% is observed in the
proximal right ICA on DSA examination (black arrow). (C) Less than 50%
stenosis is observed in the proximal left ICA on DSA examination (black star).

vessels and the background. High-spatial-resolution TOF MRA at 3.0-T
systems offers improved capacity for diagnosis to investigate cerebro-
vascular disease.!”! In our study, we aimed to compare the results of

o

TOF MRA obtained from 3.0 T MRI and 1.5 T MRI systems. However,
due to the insufficient number of patients in our study, we were unable
to establish a statistically significant comparison. Therefore, we plan
to conduct more comprehensive studies in the future to make this
comparison.

We hope that our study will contribute to further research on compari-
sons between non-contrast MRA and DSA, which are used as imaging
modalities to determine the treatment and prognosis of atherosclerotic
carotid artery diseases.

There are limitations when assessing vascular structures in TOF MRA.
Initially, it is important to note that patient movement, particularly dur-
ing activities such as swallowing and pulsation, can have a detrimental
effect on the quality of MRI images. Another issue arises in situations
that disrupt the laminar flow of blood. After a severe obstruction in
the blood vessel, the flow of blood becomes turbulent instead of lami-
nar, resulting in a “signal void.” Due to the possibility of a signal void
appearing in both cases of true complete occlusion and slow blood flow
distal to severe stenosis, TOF MRA is not a dependable method for
distinguishing between these 2 conditions. A further limitation arises
from the signal void caused by the ‘in-plane’ flow that takes place in
tortuous blood vessels that are not perpendicular to the imaging plane.
In this situation, the extent of stenosis can be overestimated. Our study
did not include any patients with tortuous carotid vascular structures.
Obtaining the most precise outcome can potentially be achieved by
conducting measurements in various planes. A comparable issue can
arise during CDUS examinations when assessing tortuous vessels.
Tortuous vessels without stenosis exhibit a notable rise in peak systolic
velocities.'®!” Although there are several limitations, the ability to com-
bine TOF MRA with CDUS is a significant advantage, particularly for
patients with renal failure or an allergy to contrast material.

Figure 3. A 70-year-old male patient. He was admitted to our hospital with the complaint of dizziness. While investigating the etiology of vertigo, carotid stenosis
was detected in CDUS. In laboratory tests, the creatinine value was found to be 1.2. The patient underwent neck TOF MRA, and carotid DSA procedures in our
unit. (A-B) TOF MRA sagittal-oblique MIP images show 50%-69% stenosis (white arrows) in the right ICA proximal part and less than 50% stenosis (white stars)
in the left ICA proximal. (C) On DSA examination, a critical stenosis of over 70% is observed in the right proximal ICA (black arrow). (D) In DSA examination,

less than 50% stenosis is detected in the left proximal ICA (black star).
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Figure 4. A 70-year-old male patient. He was examined in our hospital for right hemiparesis. He has a history of hypertension and diabetes, and a creatinine value
of 1.3 in laboratory tests. The patient underwent neck TOF MRA, and carotid DSA procedures in our unit. (A) TOF MRA coronal-oblique MIP images show
near-total critical stenosis in the left ICA proximal part (white arrow). (B—C) In DSA examination, near-total critical stenosis is observed in the proximal left ICA

on anterior-posterior and lateral views (black arrows).

The biggest reason for these discrepancies is the low number of patients
and the low rate of patients with significant stenosis, which are the
most important limitations of our retrospective study. This reduces sta-
tistical significance and causes “selection” BIAS. Nevertheless, despite
the limited sample size, we are still eager to present the significant find-
ings from this study as a preliminary report to the literature. In addition,
we could not determine the efficacy of non-contrast MRA in imaging
these arteries, as there were not enough patients with critical stenosis in
CCA and ECA. Another limitation is that we did not compare the non-
contrast MRA findings with 3D rotational DSA images.

CONCLUSION

Non-contrast MRA, which does not contain ionizing radiation and does
not require nephrotoxic agents in patients with impaired renal function,
can be used as an additional imaging method in cases where CDUS is
insufficient in imaging the carotid arteries. Sometimes, it can be used
safely in combination with CDUS to increase the accuracy of diagnosis
with high sensitivity and specificity.
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Abstract

Cerebral venous thrombosis is the obstruction of cranial venous pathways, including thrombosis in the cortical, dural, and deep cerebral veins. It constitutes
0.5%-1% of all strokes and is usually seen in young people. It is slightly more common in young women due to pregnancy, puerperium, and oral contraceptive
use. Patients usually present with headaches or focal neurological deficits. Intradural venous sinus cysts are congenital and very rare pathologies. They are usu-
ally asymptomatic and detected incidentally. However, large cysts may be symptomatic when they disrupt the venous flow. Common symptoms are headaches
and syncope. In this case, we present our 41-year-old female patient with complaints of headache, syncope, dizziness, ringing in the ears, and sleep disturbances
that have been going on for 1 month. The patient’s complete blood count revealed a normal hematocrit, hemoglobin, and red blood cell count. After clinical and
laboratory exclusion of other differential diagnoses in the case, a magnetic resonance imaging (MRI) venography examination was requested with the prelimi-
nary diagnosis of dural sinus vein thrombosis. In the magnetic resonance venography examination performed in our case, an unenhanced 7 mm-diameter area
was observed in the contrast-enhanced series. The diagnosis was primarily considered as cerebral venous sinus thrombosis. Our patient’s complaints of severe
headache, dizziness, and syncope were also consistent with our initial diagnosis. However, our patient did not benefit from the anticoagulant treatment given. For
this reason, we turned to alternative diagnoses and performed a contrast-enhanced MRI. Our diagnosis changed to intradural venous sinus cyst after constrast-
enhanced MRI examination.

Keywords: Arachnoid, cysts, dural sinuses, MRI

INTRODUCTION

Intradural venous sinus cysts are congenital and very rare pathologies.! They are usually asymptomatic and detected incidentally. However, large
cysts may be symptomatic when they disrupt the venous flow. Common symptoms are headache and syncope.? Similar to other cystic lesions in the
body, these lesions measure 0-30 Hounsfield Unit (HU) on brain computed tomography (CT) and appear isodense with cerebrospinal fluid. They
are observed as intraluminal filling defects on contrast-enhanced examinations. Intradural venous sinus cysts appear isointense with cerebrospinal
fluid in all sequences on MRI, that is, hypointense on T1-weighted and Fluid Attenuated Inversion Recovery (FLAIR) images and hyperintense
on T2-weighted images.? Differential diagnoses include adipose tissue, arachnoid granulations, aeroceles, and cerebral venous sinus thrombosis.>*
Fat tissue is easily distinguished on CT and magnetic resonance (MR) images. Arachnoid granulations can be visualized inside the sinuses. These
lesions appear as polypoidal structures in the sinus walls. Although aeroceles can be mistaken for cysts in appearance, a close examination reveals
CT intensities of less than 50 HU that appear as signal gaps on all MR sequences.?

CASE PRESENTATION

A 41-year-old female patient complained of severe headache, dizziness, and ringing in the ears for 1 month. The patient’s complete blood count
revealed a normal hematocrit, hemoglobin, and RBC count. After clinical and laboratory exclusion of other differential diagnoses in the case, an
MRI venography examination was requested with the preliminary diagnosis of dural sinus vein thrombosis. On MR venography, a lesion thought
to be a thrombus was seen in the left transverse sinuses (Figure 1). Thereupon, the patient was hospitalized, and anticoagulant was started. Our
patient used anticoagulants; however, she applied to us again with the same complaints. In the tests performed, no problems were found in terms
of anticoagulants and thrombophilia. The patient underwent a contrast-enhanced MRI the next day. And an unenhanced 7 mm-diameter area was
observed in the contrast-enhanced series in the left transverse sinus (Figure 2). It was later found out that it was a cyst located in the left transverse
sinus. Written informed consent was obtained from patient who participated in this study.

DISCUSSION
Intradural venous sinus cysts are congenital and very rare pathologies.' They are usually asymptomatic and detected incidentally. However, large
cysts may be symptomatic when they disrupt the venous flow. Common symptoms are headache and syncope.? Similar to other cystic lesions
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Figure 1. In the magnetic resonance venography image, a hypointense lesion
(red circle) is seen in the left transverse sinus.

in the body, these lesions measure 0-30 HU on brain CT and appear
isodense with cerebrospinal fluid. They are observed as intraluminal
filling defects on contrast-enhanced examinations. Intradural venous
sinus cysts appear isointense with cerebrospinal fluid in all sequences
on MRI, that is, hypointense on T1-weighted and FLAIR images, and
hyperintense on T2-weighted images (Table 1).2

Differential diagnoses include adipose tissue, arachnoid granula-
tions, aeroceles, and cerebral venous sinus thrombosis.* Fat tissue
is easily distinguished on CT and MR images. Arachnoid granula-
tions can be visualized inside the sinuses. These lesions appear as
polypoidal structures in the sinus walls. Although aeroceles can be
mistaken for cysts in appearance, a close examination reveals CT
intensities of less than 50 HU that appear as signal gaps on all MR
sequences (Table 2).?

Cerebral venous sinus thrombosis is diagnosed primarily by suspecting
the clinical situation and showing thrombosis radiologically. Cerebral
venous sinus thrombosis is seen in the superior sagittal and transverse

Table 1. Summary Table of Intradural Venous Sinus Cysts

Etiology Clearly unknown

Incidence Very rare

Gender ratio Not known

Age predilection Not known

Risk factors Not known

Treatment They may yet require conservative or surgical
management in symptomatic patients.

Prognosis

Findings on imaging 0-30 HU is measured on cranial computed tomography
and is isodense with cerebrospinal fluid. Intradural
venous sinus cysts appear isointense with cerebrospinal
fluid in all sequences on MRI.

MRI, magnetic resonance imaging.

sinus thrombosis most frequently. Severe headache, which is the most
important complaint of increased intracranial pressure, is seen in 90%
of cases.’

Although CT and MR venography are the preferred techniques for
imaging cerebral venous sinus thrombosis, currently the most basic
diagnostic methods are cranial MRI and MR venography. In the MR
venography examination performed in our case, an unenhanced 7 mm-
diameter area was observed in the contrast-enhanced series. The diag-
nosis was primarily considered to be cerebral venous sinus thrombosis.
Our patient’s complaints of severe headache, dizziness, and syncope
were also consistent with our initial diagnosis. However, our patient
did not benefit from the anticoagulant treatment given. For this reason,
we turned to alternative diagnoses and performed a contrast-enhanced
MRI. Our diagnosis changed to intradural venous sinus cyst after con-
trast-enhanced MRI examination.

Similar symptoms in intradural venous sinus cysts and cerebral venous
sinus thrombosis were the main factors that misled us. Even though,
MR venography is the best method for the diagnosis of cerebral venous
sinus thrombosis, this technique can fail to differentiate thrombosis
from dural venous sinus cysts. In these kinds of situations, a contrast-
enhanced MRI scan can aid to confirm diagnosis.

In conclusion, dural venous sinus cysts are very rare and can be
confused with thrombosis by revealing similar symptoms. Contrast-
enhanced MRI scans can be the key for differential diagnosis.

Teaching Point
Intradural venous sinus cysts are congenital and very rare pathologies.
They are usually asymptomatic and detected incidentally. However,

Figure 2. In the axial T2WI (A), a hyperintense lesion is seen in the left transverse sinus. The lesion shows no enhancement on pre- (B) and post-contrast (C)

T1WIs. TIWI, T1-weighted image; T2WI, T2-weighted image.
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Table 2. Differential Diagnosis Table for Intradural Venous Sinus Cysts

CT

MRI

Intradural venous
sinus cysts

Adipose tissue

Arachnoid
granulations

Aeroceles

Cerebral venous
sinus thrombosis

0-30 HU is measured
on cranial CT and is
isodense with CSF.
Higher HU values—
fat density

These lesions appear
as polypoidal
structures in the sinus
walls.

They appear as CT
intensities of less than
50 HU.

Filling defect is visible
in the sinus with
contrast CT.

Intradural venous sinus cysts
appear isointense with CSF in all
sequences on MRI.

Signal loss in fat-saturated
sequences, hyperintense on both
T1WI and T2WI

Signal characteristics are
generally those of CSF.

They appear as signal gaps in all
MR sequences.

It is isointense on T1 sequences
and hypointense on T2 sequences
throughout the acute phase. It
becomes hyperintense on T1
sequences during the subacute
phase.

CSF, cerebrospinal fluid; CT, computed tomography; MRI, magnetic resonance imaging;

T1WI, T1-weighted image; T2WI, T2-weighted image.

large cysts may be symptomatic when they disrupt the venous flow.
Common symptoms are headaches and syncope. Contrast-enhanced

MRI scans can be the key for differential diagnosis.
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Abstract

Various clinical conditions such as encephalitis, spontaneous intracranial hypotension, childbirth, trauma, use of antipsychotic and chemotherapeutic drugs, and
subarachnoid hemorrhage may cause high-signal lesions in the splenium of the corpus callosum on diffusion-weighted imaging, which are referred to as cytotoxic
lesions of the corpus callosum. In this article, we aimed to present the cytotoxic lesions of the corpus callosum, which were detected incidentally in patients who
underwent brain magnetic resonance imaging for different reasons in our center.

Keywords: Corpus callosum, cytotoxic lesion, MRI, neuroimaging

INTRODUCTION

Cytotoxic lesions of the corpus callosum (CLOCCs) are clinical-radiological conditions characterized by a specific magnetic resonance imag-
ing (MRI) pattern. Causes of CLOCCs include various entities such as drug therapy, malignancy, infection, subarachnoid hemorrhage, metabolic
disorders, trauma, spontaneous intracranial hypotension, and the early postpartum period.'** Since CLOCCs are secondary lesions associated with
various clinical conditions, it is important for radiologists to know their causes in order to guide treatment.

In general, MRI shows a round lesion in the mid-splenium of the corpus callosum that is hyperintense on T2-weighted (T2W)/fluid-attenuated
inversion recovery (FLAIR) sequences. Lesions show no enhancement on contrast-enhanced (CE) T1-weighted images (T1WTI). The most impor-
tant imaging finding is the restricted diffusion in diffusion-weighted imaging (DWI). In CLOCCs, the CC can be affected in 3 different patterns:
1) a round/oval lesion in the center of the splenium; 2) a lesion extending from the mid-splenium to either side with commissural fibers; and 3) a
lesion extending from the splenium to the body of the CC.* We report here 5 cases of CLOCCs with different causes.

CASE PRESENTATION

Case 1

A 50-year-old man with orthostatic headache presented with severe headache and nausea. On physical examination, he was conscious and oriented,
and no deficits in muscle strength and dizziness were observed. The patient underwent cranial MRI (Figures 1A-G) and magnetic resonance venog-
raphy (MRV) (Figure 1H). MRI revealed a subdural hematoma (SDH) in the right hemisphere, subdural effusion in the left hemisphere, thinning of
the lateral ventricles, 5 mm displacement of the cerebellar tonsils caudally at the level of the foramen magnum, and narrowing of the mamillopon-
tine space (3 mm) (Figures 1 A-E). There was a well-circumscribed, round-shaped non-enhancing lesion in the splenium of the CC (Figures1 A-E),
which was hyperintense on T2ZW/FLAIR sequences and was accompanied by marked restricted diffusion (Figures 1F and G). Post-contrast MRI
images revealed leptomeningeal enhancement of the brain (Figures 1D and E). In addition, cortical veins, superior and inferior sagittal sinuses, and
sinus rectus were prominent on the cranial MRV (Figure 1H). The findings were consistent with the diagnosis of intracranial hypotension. Lumbar
epidural blood patch treatment was performed with 25 mL of autologous venous blood at the L4-L5 intervertebral level, and burr-hole evacuation
was performed for SDH. After the procedures, the orthostatic headache improved, and the patient was discharged.

Case 2

A 19-year-old female applied to the emergency department of our institution with confusion after falling off a horse. The values of laboratory tests,
including a hemogram, renal and liver function tests, and a serum electrolyte analysis, were within normal limits. The patients brain computed
tomography revealed linear hemorrhagic densities in the subcortical white matter of both frontal lobes (Figure 2). An oval-shaped T2W/FLAIR
hyperintense lesion (Figure 3A) with restricted diffusion on DWI (Figures 3B and C) was observed in the splenium of the CC. Multiple hemor-
rhagic foci were detected in bilateral periventricular and subcortical white matter on susceptibility-weighted imaging (SWI) images (Figures 3D-F).
Findings were consistent with posttraumatic diffuse axonal injury and CLOCCs. The patient received levetiracetam, cefazolin, haloperidol, and
mannitol treatment for 4 days. The patient’s consciousness improved after the treatment, and she was discharged on the fifth day.
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Figure 1. T2-weighted axial image (A) shows a subdural hematoma in the right hemisphere (red arrow) and subdural effusion in the left hemisphere (blue arrow).
Axial T2-weighted (B) and fluid-attenuated inversion recovery (C) images demonstrate a round focal hyperintense lesion in the mid-splenium of the corpus
callosum (circles). Axial (D) and sagittal (E) contrast-enhanced T1-weighted images show a lack of lesion enhancement but diffuse leptomeningeal enhancement.
The lesion reveals restricted diffusion with a hyperintense signal on the diffusion weighted image (F, circle) and hypointensity on the apparent diffusion coefficient
map (G, circle). Axial images (B-D) show thinning of the lateral ventricles. There is a caudal displacement in the cerebellar tonsils on the sagittal contrast-
enhanced T1-weighted image (E). Enlargement of the cortical veins, superior and inferior sagittal sinuses, and sinus rectus was observed in cranial magnetic

resonance venography (H).

Case 3

A 30-year-old female presented with headache and bilateral tem-
porary visual impairment episodes lasting for 1 week on the 20th
day of the postpartum period. She had no history of neurological
disease or hypertension. No abnormality was observed in neuro-
logical and ophthalmological examinations. Complete blood count
parameters and blood biochemical tests, including thyroid hormone
and cholesterol levels, were normal. Although mean ambulatory
blood pressure measurements were normal, spot-high values were
detected in the range of 160-170/100-110 mm Hg. Mild proteinuria
was detected in the patient’s urinalysis. Based on clinical and labora-
tory findings, it was diagnosed as late-onset preeclampsia. There was
an ovoid T2W/FLAIR hyperintense splenial lesion (Figures 4A and
B) showing restricted diffusion with markedly low apparent diffu-
sion coefficient (ADC) values on MRI (Figures 4C and D). Clinical
symptoms resolved within a week, and a control MRI performed 3
weeks later showed the complete disappearance of the callosal lesion
(Figures 4E-H).

MAIN POINTS

e The corpus callosum is a special region of the brain that is sensitive to
trauma, drugs, and inflammatory processes due to the large number of
excitatory amino acid receptors, cytokine receptors, and drug recep-
tors it contains.

« Diffusion-weighted images and T2-weighted/fluid-attenuated inver-
sion recovery magnetic resonance imaging sequences are crucial for
diagnosis as they can identify cytotoxic lesions of the corpus callosum
(CLOCCs), which lack a mass effect and do not enhance with contrast
medium.

*  Knowing the causes of CLOCCs and evaluating the patient with a
clinical history will facilitate the radiologist in the differential diagno-
sis of conditions that have a similar appearance.

Case 4

A 26-year-old male patient who had bipolar disorder was admitted to
the emergency department with a psychotic attack. At presentation,
blood pressure was 160/90 mm Hg, and his pulse rate was 90 beats/
min.He was under treatment with olanzapine and a brain MRI was per-
formed to rule out organic causes. On MRI, there was a round hyper-
intense lesion on T2W and FLAIR sequences in the mid-splenium of
CC (Figures 5A and B). The lesion showed restricted diffusion with a
hyperintense signal on the DWI (C) and a hypointense signal on the
ADC map (D). The patient’s clinical condition was evaluated as olan-
zapine-induced mania. After sedation with a combination of lorazepam
and haloperidol, he was referred to the psychiatric department to re-
evaluate the use of olanzapine.

Case 5

A 24-year-old female patient developed blurred vision and diplopia
while being followed up in the infectious diseases department with
encephalitis. In cerebrospinal fluid analysis, no abnormal finding
was detected except the low protein value (8 mg/dl). Then the patient
underwent a brain MRI. On the MRI, although visual pathways, pitu-
itary gland, and primary motor cortex were in normal appearance,

Figure 2. Subcortical linear hemorrhagic densities are shown in both frontal
lobes on axial computed tomography images (A-C, circles).
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Figure 3. There is a round-shaped hyperintense focal lesion on the T2-weighted image (A, circle) in the mid-splenium of the corpus callosum with restricted
diffusion, showing a hyperintense signal on the diffusion-weighted image (B, circle) and a hypointense signal on the apparent diffusion coefficient map (C, circle).
SWI images (D-F, circles) show multiple hemorrhagic foci in periventricular and subcortical white matter.

there was a round-shaped lesion in the mid-splenium of the CC, which
was hyperintense on T2W/FLAIR sequences (Figures 6A and B) and
was accompanied by restricted diffusion on DWI images (Figures 6C
and D). The MRI findings were consistent with CLOCCs. The patient
received antibiotics (ceftriaxone and vancomycin) and supportive
treatment. Her visual complaints improved within 72 hours following

the therapy. Written informed consent was obtained from the patients
who agreed to take part in the study.

DISCUSSION
CLOCC:s take place in the literature with various expressions such
as “mild encephalopathy with reversible splenial lesions (MERS),”

Figure 4. Magnetic resonance image reveals an oval-shaped T2-weighted/fluid-attenuated inversion recovery hyperintense focal lesion in the mid-splenium of the
corpus callosum (A-B, circle) with restricted diffusion showing a hyperintense signal on diffusion-weighted imaging (C, circle) and a hypointense signal on the
apparent diffusion coefficient map (D, circle). Third-week follow-up magnetic resonance imaging with T2-weighted imaging (E), fluid-attenuated inversion
recovery (F), diffusion-weighted imaging (G), and apparent diffusion coefficient mapping (H) reveal the complete disappearance of the callosal lesion.
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Figure 5. Magnetic resonance imaging shows a round lesion in the mid-
splenium of the corpus callosum, which is hyperintense on T2-weighted (A,
circle) and fluid-attenuated inversion recovery (B, circle) images. The lesion
reveals restricted diffusion with a hyperintense signal on diffusion-weighted
imaging (C, circle) and a hypointense signal on the apparent diffusion
coefficient map (D, circle).

“reversible splenial lesion syndrome,” and “clinically silent lesions
in the splenium of the corpus callosum.”®® However, splenial lesions
of the CC may not always be accompanied by encephalopathy and
are not always completely reversible. It has been reported in the lit-
erature that restricted diffusion in the splenium of the CC can lead
to gliosis.!

Recent studies have shown that these callosal lesions with significant
diffusion restriction are caused by cytotoxic edema.’ Trauma, infec-
tion, and inflammation activate macrophages and release inflammatory
cytokines such as IL-1 and IL-6, initiating the cascade that leads to
cytokinopathy. Interleukin 1-stimulated astrocytes secrete glutamate
and increase its extracellular level by blocking its reuptake. With a
stimulating effect on N-methyl-p-aspartate receptors, o-amino-3-
hydroxy-5-methyl-4-isoxazole propionic acid receptors, sodium—
potassium pumps, and aquaporins, glutamate causes the trapping of
water molecules inside neurons.>’ This condition results in intracel-
lular edema and restricted diffusion on ADC maps. The splenium of
the CC is vulnerable to cytokinopathy. Compared with other brain
areas, the neurons and oligodendrocytes of the corpus callosum have
a higher density of cytokine receptors, glutamate and other excitatory
amino acid receptors, and drug receptors.'” Therefore, when cytokin-
opathy occurs, there is a tendency for cytotoxic edema to present in
the splenium of the CC. In this case series, we reported 5 patients with
different histories and conditions, each showing a similar lesion in the
splenium of the CC.

Mirzayeva et al. Cytotoxic Lesions of the CC

Figure 6. T2-weighted (A, circle) and fluid-attenuated inversion recovery (B,
circle) axial images reveal a hyperintense round lesion in the splenium of the
corpus callosum. The lesion shows restricted diffusion with a high signal on
diffusion-weighted imaging (C, circle) and a low signal on the apparent
diffusion coefficient (D, circle).

The use of antiepileptic and antipsychotic drugs has an important
role in the development of CLOCCs.!? One of them is olanzapine, an
atypical antipsychotic used by 1 patient in our series who had bipo-
lar disorder. Kaino K. et al previously reported the pathophysiological
mechanism of the splenial lesion resulting from the use of olanzapine
for bipolar disease."* Olanzapine toxicity leads to intramyelinic edema
and increased inflammatory cytokines; thus, hyperosmolar hypergly-
cemic state and neuroleptic malignant syndrome occur, which cause
CLOCC:s.

Although rare, CC lesions associated with postpartum late-onset pre-
eclampsia have been reported in the literature.!*!> As a result of hor-
monal and metabolic changes throughout pregnancy, vascular tone
regulation may be affected during parturition and may lead to the for-
mation of CLOCCs.'® However, the pathogenesis of this condition is
still not well understood.

It is crucial to differentiate CLOCCs from demyelination, infarction,
posterior reversible encephalopathy syndrome (PRES), trauma, and
tumors to avoid the wrong and unnecessary treatment. Each of these
conditions tends to be asymmetric compared to CLOCCs, which are
usually symmetric. Patients with multiple sclerosis typically have ovoid
lesions perpendicular to the ventricular axis located in the pericallosal
white matter. In PRES, the posterior circulation is typically affected, and
MRI usually shows vasogenic edema in the bilateral parietooccipital
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regions without restricted diffusion or pathological enhancement.
Multifocal vasospasm segments in the anterior, middle, and posterior
cerebral arteries on MRA images may be helpful in differentiating PRES
syndrome from CLOCCs."” Entities including lymphoma and glioma
may affect the same regions but show a more aggressive appearance
with pathological contrast enhancement and vasogenic or infiltrative
edema in the surrounding tissue. In addition, necrotic and hemorrhagic
components are quite common in glioblastomas.

To summarize, the splenium of the CC is susceptible to trauma, infec-
tion, intracranial hypotension, and drug use due to the large number of
receptors it contains. If there is a well-circumscribed, round, or oval-
shaped isolated lesion in the splenium of the CC that restricts diffusion
but does not enhance and is not accompanied by edema in the sur-
rounding parenchyma, CLOCCs should be considered first in the dif-
ferential diagnosis. In conclusion, knowing the clinical conditions that
may lead to CLOCCs and being familiar with typical MRI findings are
very important in making the differential diagnosis from other diseases
and giving appropriate treatment.
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Abstract

Vertebral artery fenestration (VAF) is a rare congenital vascular anomaly that is discovered by incidental during imaging studies of patients who do not exhibit
associated symptoms or who have intracerebral hemorrhage as a result of concurrent artery aneurysm or arteriovenous malformations. During catheter angiog-
raphy, VAF may be mistakenly identified as dissection, hypoplasia, or stenosis. This case report describes a left VAF that was incidentally discovered during
magnetic resonance angiography (MRA) utilizing the time-of-flight method.
Keywords: Magnetic resonance angiography, Vertebral artery, Fenestration

INTRODUCTION

Vertebral artery fenestration (VAF) is an uncommon congenital vascular anomaly that can occur extracranially or intracranially. It is defined by a
localized split of the vertebral artery (VA) into two parallel channels that subsequently reunite back to a single arterial lumen.' Based on autopsy
and angiographic studies, the incidence of VAF is estimated to be between 0.23% and 1.95%.2 It is critical to distinguish between the terms “dupli-
cation” and “fenestration,” which are sometimes, though wrongly, used synonymously. A VA with 2 sources, a varied trajectory, and a variable level
of fusion in the neck is referred to as duplication. In contrast, fenestration, sometimes known as “partial non-fusion,” refers to a single-origin vein
containing 2 parallel sections somewhere along its path.?

Computed tomography angiography probably has greater sensitivity for dissection diagnosis than MRA or ultrasound relative to conventional
angiography.* Although VAF is not a diagnostic problem in and of itself, proper VAF diagnosis is critical for several reasons. On imaging, VAF may
resemble vertebral artery dissection (VAD), a diagnosis linked with substantial morbidity and even fatality. Vertebral artery dissection imaging find-
ings include vascular stenosis/occlusion, pseudoaneurysm, intimal flap, and double lumen; however, the presence of a double lumen has also been
reported in VAF. Failure to distinguish between VAF and VAD may result in higher morbidity from unnecessary treatment, such as anticoagulation,
follow-up imaging, and anxiety in patients with VAF who are incorrectly diagnosed with VAD.!¢

In this case report, we aimed to present a case of left VAF in a 22-year-old male patient, which was detected incidentally on magnetic resonance
angiography (MRA) obtained using the time-of-flight technique.

CASE PRESENTATION

A 22-year-old male patient complaining of right-sided headache that had not responded to nonsteroidal anti-inflammatory drug treatment for 2
weeks was admitted to our hospital. The patient had no comorbidities, no history of trauma, and laboratory findings were normal. In the MRA
examination performed using the time-of-flight technique to exclude possible intracranial vascular malformation, the left VA was divided into 2
parts in the V4 segment and was observed to be fenestrated at this level, rejoining just before forming the basilar artery (Figure 1).

Consent for publication: The patient signed the required consent documents.On the form, the signer granted permission for patient images and
other clinical data to be published in the journal. The patient was aware that all efforts would be made to keep her identity a secret and that neither
her name nor initials would be published.
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Figure 1. (A, B) In the axial and coronal MRA image, the left VA is divided into 2 parts (red arrows). (C) The maximum intensity projection image shows that the
left VA was divided into 2 parts in the V4 segment and was observed to be fenestrated at this level, and rejoining just before forming the basilar artery (blue arrow).

DISCUSSION

The persistence of anastomotic vascular pathways in embryos results
in fenestrations. The plexiform anastomoses between the cervical inter-
segmental arteries that emerge from the aorta give rise to the vertebral
arteries during pregnancy.>’® Vertebral artery fenestration can be seen
in the intracranial or extracranial segment of the VA. The extracranial
region of the upper cervical level is where it is most prevalent,’ but the
VA’s V1 segmental fenestration is incredibly uncommon; in 2013, Gard
et al'® described the first case worldwide.

The clinical significance in this case is the possibility that fenestration
of the VA in segment V4 may be confused with VAD. On the other
hand, dissections are acquired flaws in the vessel’s intima that lead
to intramural hematomas that might obstruct or narrow the damaged
channel. Dissections may occur spontaneously, after trauma, in people
with underlying connective tissue illnesses, or in cases when there are
hereditary or environmental risk factors.! According to current guide-
lines, patients diagnosed with VAD should receive antithrombotic
therapy, which includes anticoagulant or antiplatelet medications, for
3-6 months. Arterial dissections are usually monitored radiographically
over time because they might proceed from focal artery narrowings to
frank occlusions or the development of pseudoaneurysms and possible
aneurysmal rupture.'"'> The prognosis for VAD includes the possibility
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of major disabling deficits and even death in some patients. Incorrect
diagnosis of VAD may lead to unnecessary treatment and follow-up
imaging risks."

D’Sa et al' determined that 9% of patients with intracranial and extra-
cranial VAF had intracranial aneurysms in their study. This is higher
than the reported incidence of unruptured intracranial aneurysm in the
general population, which is 3.6%-6%."* Therefore, it is recommended
that identification of VAF on imaging be given greater attention to
aneurysms in the same patients.

Herein, the authors present a case of intradural left VAF found inci-
dentally in a man who complained of headache. Fenestrations are an
important anatomical variant to appreciate in order to prevent any
iatrogenic injuries while caring for patients undergoing endovascular
and invasive intracranial interventions. The significance of this case
is that it increases our knowledge of uncommon anatomical varia-
tions of VA. In this instance, medical professionals can identify the
lesions and provide the right treatment to prevent iatrogenic injury.
Additionally, this case increases the differential diagnostic spectrum
of VAD.
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Abstract

In this case report, a patient with apical hypertrophic cardiomyopathy (AHCM) who presented to the emergency department with chest pain is presented. The
symptoms, clinical findings, diagnostic methods, differential diagnosis, and treatment options for apical hypertrophic cardiomyopathy are briefly described. An
uncommon type of hypertrophic cardiomyopathy, AHCM typically affects the left ventricle’s apex.

Keywords: Cardiomyopathy, hypertrophic cardiomyopathy, magnetic resonance imaging

INTRODUCTION
Apical hypertrophic cardiomyopathy usually affects the apical region of the left ventricle and is morphologically divided into 3 categories: diffuse,
focal, and mixed type with interventricular septum hypertrophy. However, this classification is not widely used in clinical practice.

CASE PRESENTATION

A 46-year-old man with no previously known chronic disease presented with chills, tremor in the hands, and chest pain. There was no familial his-
tory of sudden cardiac death. Vital findings and physical examination were unremarkable. The electrocardiogram showed deep T negativity in the
anterior precordial leads. Laboratory values showed a troponin value of 12 ng/L. On transthoracic echocardiogram, left ventricular ejection fraction
was 30%, apex was akinetic, and left ventricular hypertrophy was present. The patient was evaluated with digital subtraction angiography, and no
stenosis was detected. The patient was then evaluated with cardiac contrast MRG. Myocardial hypertrophy was observed in the apical septum and
left ventricular free wall adjacent to the apex. The apex was relatively thin, and delayed intraventricular contrast evacuation in the apical region was
detected in dynamic series. Mid-wall contrast enhancement was present in the apical septum and free wall adjacent to the apex of the left ventricle
in late contrast series. The findings were evaluated as AHCMP. The patient was followed up in the cardiology service, and saneloc (50 mg) and
panto (40 mg) were started as treatment. An implanted cardiac defibrillator (ICD) was planned for the patient whose risk ratio was above 0.6 in
cardiomyopathy risk calculation. Since this case report is retrospective, the need for a consent form was waived.

DISCUSSION

Apical hypertrophic cardiomyopathy is most commonly diagnosed in the middle-age group and is more frequently observed in people of Asian
ethnicity.! The prevalence of hypertrophic cardiomyopathies in the general population ranges from 0.02% to 0.2%. The incidence of apical hyper-
trophy is at 1%-2% of all hypertrophied cardiomyopathies compared to 25% in Japan. It is known to affect men more than women.? Although
autosomal dominant (OD) inheritance has been observed in certain cases of AHCM, the condition is mostly sporadic.® In genetically inherited
cases, it is known that the alpha cardiac actin gene has a sarcoma mutation called E101K.* Patients with AHCM may present with chest pain,
dyspnea, palpitations, syncope, atrial fibrillation, myocardial infarction, ventricular rhythm disorders, and heart failure, or may be asymptomatic.
The primary diagnostic method for AHCM is a transthoracic echocardiogram. In addition to ECG, multislice spiral CT, left ventriculography, and
cardiac magnetic resonance imaging are alternative diagnostic methods.* Although transthoracic echocardiogram is the first diagnostic test, the
gold standard in diagnosis is cardiac MRI, as stated in various case reports. The cardiac MRI images of apical hypertrophic cardiomyopathy are
similar to those of hypertrophied cardiomyopathies. Apical hypertrophic cardiomyopathy holds only the apex. The wall thickness is diagnosed
by an intervention septum of 15 mm, a free wall of 10 mm, and mid-wall contrast in late-phase gadolinium images. The traditional appearance of
the left ventricle is a configuration resembling a spade or ace-of-spades symbol. A patient with chest pain considered to have apical hypertrophic
cardiomyopathy does not need a routine coronary CT scan to rule out other diagnoses. Because of its high spatial resolution, multi-detector com-
puted tomography has recently emerged as a new technique for assessing the morphology and function of the heart. Multi-layered reconstructions
allow measurement of heart function as well as myocardial thickness. Cardiac CT can be used to evaluate anatomy in the presence of suboptimal
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Figure 2. Late-phase gadolinium contrast-enhanced images showed
gadolinium uptake in areas of the myocardium with hypertrophy, confirming a
diagnosis of focal hypertrophic cardiomyopathy.

echocardiographic images and contraindications of cardium MRI. In
this case, the definitive diagnosis was made by cardiac MRI (Figures 1
and 2). As in this case, the most common ECG finding of AHCM is
negative T waves in the precordial leads, followed by left ventricular
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Figure 1. Cine images showed thickening of the apex and interventricular
septum surrounding the apex, along with a focal area in the left ventricular free
wall. The end-diastolic interventricular septum diameter was 25 mm, and the
left ventricular free wall diameter was 21 mm and increased.

hypertrophy (Figure 3). Differential diagnoses may include left ven-
tricular neoplasms, coronary artery disease, endomyocardial fibrosis,

and left ventricular apical thrombus. Antiarrhythmic agents such as
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Figure 3. Common T negativity and left ventricular hypertrophy on ECG.
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verapamil, beta-blockers, procainamide, and amiodarone are among
the medications used to treat AHCM, which usually has a benign
course. Implanted cardiac defibrillators, alcohol septal ablation, and
apical myomectomy may be treatment options in high-risk patients.
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