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Abstract

Mayer—Rokitansky—Kuster—Hauser syndrome is a congenital disorder characterized by uterine aplasia and upper vaginal aplasia in women with normal second-
ary sex characteristics and a normal female karyotype. Patients often present to the hospital with the complaint of primary amenorrhea in the presence of normal
pubertal development and secondary sexual characteristics in adolescence. It is stated that the frequency is approximately 1 in every 5000 live female births. In
recent years, neovagina and infertility treatment options have been increasing in the management of these patients. The use of imaging has made the diagnosis
and evaluation of this disease much more efficient. This study aimed to highlight the findings of magnetic resonance due to its high efficiency in diagnosing and
managing Mayer—Rokitansky—Kuster—Hauser syndrome as it is a non-invasive method.

Keywords: MRKH, mullerian agenesis, uterovaginal agenesis, infertility, neovagina

INTRODUCTION

The Mayer—Rokitansky—Kuster—Hauser (MRKH) syndrome is a condition characterized by congenital aplasia or severe hypoplasia of the uterus,
upper vagina, and fallopian tubes, which are tissues originating from the Miillerian duct. It has been found to occur in 1 out of every 4000-
5000 newborns.' It manifests itself with primary amenorrhea in the presence of normal pubertal development and secondary sexual characteristics
due to the normal functioning of the ovaries in adolescent patients. In young women, the MRKH condition has disastrous consequences for fertility
and sexual intercourse.

To facilitate clinical and psychologic input, it is critical that the diagnosis be made swiftly and precisely. Despite the fact that magnetic resonance
(MR) imaging is widely accepted as a valuable modality, there are few publications in the literature, and they focus on a small number of women.?
There are little precise descriptions of what to expect in these conditions. It is a widely known misconception that there is no uterine development
in patients with MRKH syndrome; consequently, if primitive Mullerian structures are present, diagnostic confusion may arise.’ Although ultraso-
nography is the first step in imaging methods, the main role in the diagnosis of patients belongs to MR examination.

History, Embryology, Etiology, and Genetics

This syndrome was named after the research carried out by the German anatomist August Franz Josef Karl Mayer (1829), the Austrian anato-
mist Carl von Rokitansky (1838), the German gynecologist Hermann Kiister (1910), and the Swiss gynecologist Georges Andre Hauser (1961).
Years later, Kiister was the first to report this case by removing the painful uterine remnant. Hauser and Schreiner described uterovaginal agen-
esis in 21 cases with normal karyotype and normal genotype. Schmid-Tannwald and Hauser showed that extragenital findings can be added to
uterovaginal agenesis. In this way, type 2 classification has emerged in the current literature. Type 1 MRKH is 56%-72%, and no additional findings
are observed. Type 2 MRKH is seen at a rate of 28%-44% and has extragenital findings (such as renal and musculoskeletal systems).*

The female reproductive system in humans includes the fallopian tubes, uterus, cervix, and vagina. The paramesonephric ducts (PMDs) are the
source of the upper two-thirds of the vagina, the cervix, the uterus, and the fallopian tube, while the urogenital sinus is the source of the lower third
of the vagina. The uterus, cervix, and upper vagina are formed by fusing the caudal parts of the 2 PMDs, whereas the oviducts are formed from
the upper part of the PMD on the side. Mayer—Rokitansky—Kuster—Hauser syndrome is caused by a state of complete agenesis or partial aplasia of
PMDs that make up the uterus and upper vaginal wall.>¢

Many genetic and environmental factors are considered in the etiology. Based on developmental pathways and linked illnesses, several other poten-
tial genes have been disproven to cause MRKH syndrome.* The presence of WNT4 mutations has been detected in patients with Miillerian aplasia
and virilization. This, however, should be seen as a distinct entity rather than a cause of MRKH syndrome. In addition, it has been discovered that
there are genetic polymorphisms in the WNT9B gene, which plays a role in the development of the genitourinary system and acts upstream of


http://orcid.org/0000-0003-2175-084X
http://orcid.org/0000-0003-4192-6638
mailto:ozlem​kkadi​rhan@​gmail​.com

Kadirhan and Fatihoglu. MRI Findings in Mayer—Rokitansky—Kuster—Hauser Syndrome

WNT4. A recent study investigating male microchimerism as a pos-
sible cause failed to obtain sufficient data to support this conclusion.”®

Clinical Presentation and First Imaging Methods

The most common early MRKH symptoms are primary amenorrhea
in a healthy adolescent female. When physical examination results
consistent with an incomplete or hypoplastic vagina are obtained,
MRKH and complete androgen insensitivity syndrome caused by
an inactivating mutation in the androgen receptor can be considered
among the differential diagnoses. After MRKH is determined, imaging
examinations are very important in determining the extent of abnor-
malities. Some studies have found that most patients have concomitant
anomalies, mainly anomalies of the renal and skeletal systems. Renal
agenesis was the most common concomitant renal anomaly.”’

Ultrasound and magnetic resonance imaging are the 2 most common
imaging studies. Ultrasound is inexpensive and easy to use, but it is
not always successful in detecting underdeveloped Miillerian struc-
tures and ovaries of different localization. It has been found that the
ovaries are outside the typical location in approximately 16%-19% of
patients.'® According to various studies, MRI is the preferred procedure
for detecting uterine abnormalities, including MRKH."" According to
studies, MRI and laparoscopic examinations are highly associated, and
the majority of them are based on bilateral uterine examinations. In
recent articles, it has been understood that MRI can adequately show
the endometrial tissue in the rudimentary uterus. In addition, it has
been found that MRI has sufficient diagnostic power compared to lapa-
roscopy, which is an invasive method.! Briefly, previous research has
demonstrated that MRI is 100% sensitive and specific in the diagnosis
of MRKH syndrome when paired with other diagnostic methods such
as ultrasonography or laparoscopy.'? Accordingly, MRI is the most use-
ful noninvasive method for surgical planning. Sample cases are shown
in Figures 1-3.

Magnetic Resonance Imaging Findings

There is no standard MRI protocol determined in the literature. Axial,
coronal T1-weighted (T1W); axial, coronal, sagittal T2-weighted; and
sometimes fat-printed T2-weighted (T2W) pelvic MRI images were
produced using 1, 1.5, and 3 T multiplanar scanners. Three-dimensional
SPACE arrays, gradient-required echo, and diffusion-weighted images
were also used in some patients. Although intravenous contrast material
was used during imaging in some of the patients, it was observed that
imaging was performed without contrast material in some of them.'?
The presence and degree of development of the vaginal canal can be
assessed by looking at the presence of a low-signal density structure

MAIN POINTS

e Mayer—Rokitansky—Kuster—Hauser (MRKH) syndrome is character-
ized by congenital complete aplasia or severe hypoplasia of tissues
originating from the miiller duct.

¢ Since ovarian function is normal in MRKH, pubertal development and
secondary sexual characteristics are normal, but primary amenorrhea
is present due to Mullerian anomaly.

e More than half of the patients with MRKH are accompanied by gyne-
cological or extragynecological anomalies, and ultrasound alone is
insufficient to detect them.

» Magnetic resonance imaging is the most useful method for detect-
ing underdeveloped Mullerian structures and ovaries and planning

surgery.

Figure 1. Thin rudimentary uterus is seen between bladder and rectum in
postcontrast T1 sequence in the sagittal view (arrow).

between the urethra—bladder neck and rectum in sagittal and axial T2W
and 3D SPACE images. In addition, T2W images of hypointense mus-
cle and fibrous tunica may contrast with T2W images of hyperintense
mucosa and mucus in the vaginal lumen.'* T1-weighted and T2-weighted
images should be used to evaluate the presence, location, volume, and
differentiation of Miillerian buds into layers. On TIW images, uterine
remnants may appear as an elongated or oval solid structure with isoin-
tense to low signal intensities. Potential cavitation within the uterine
buds can be demonstrated by T2W images. The cavitation occurs as a
target pattern with a center region of T2W hyperintense signal intensity
indicating the endometrium, surrounded by intermediate signal intensity
of the junctional zone and medium to high signal intensity of the muscle
layer."”> The ovaries showed isointense to hypointense signal intensity
on TIW images and mixed signal intensity on T2W images with T2
hyperintense ovarian follicles and T2W low signal intensity ovarian
stroma.'® Because of the frequent association of MRKH syndrome with
renal agenesis and pelvic renal ectopia, abdominal sequences are also
obtained to evaluate the renal compartment in all cases."’

The perception in the literature that the uterus is completely agenetic
is incorrect because most patients have a rudimentary uterus.!' Hall-
Craggs et al> showed the presence of a rudimentary uterus in 93% of

Figure 2. Presence of the distal vagina in the axial view in the post-contrast
T1 sequence (arrow).
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Figure 3. Presence of normal ovarian tissue in the unenhanced T2 sagittal
image (arrow).

patients, similar to laparoscopy. However, although the uterine volume
is large, it is understood that its parts such as fundus and ostium cannot
be organized. The number of patients for whom these departments can
be organized is quite limited. It has been shown that the rudimentary
uterus is bilateral in 82%, unilateral in 11%, and agenetic in 8%.In most
patients, it is located in the midline but only in the inferior caudal mar-
gin and laterally in only 1% of the population. In completely agenetic
patients, a thin band with a low signal and difficulty to distinguish was
noted in the uterine trace. In rare cases, the rudimentary uterus has also
been shown to occur in the anterior ovary and inguinal canal. Even
when the ovaries were ectopic, all uteri were instantly connected to
the caudal edge of their matched ovary, and this association remained
constant. Patients with MRKH syndrome may have a large primitive
uterus (range, 0.4-80.2 mL) with an average volume of 6.4 mL, which
can mimic a normal postpartum uterus. The primitive uterus in patients
with MRKH syndrome has varying degrees of layer differentiation
(8% are all uterine layers, 13% are 2-layer, 21% are single-layer).? It
was noted that the rate of selection of the separation of the 3 layers
increased in uteri with a volume greater than 20 mL. However, no mat-
ter how much the volume increased, the cervix could not be observed
in the cases. In addition, it has been shown that the susceptibility to
adenomyosis increases as the uterine volume increases in patients. In
cases where the ovarian volume is more than 80 mL, blood products
indicating that the endometrial tissue is functional were observed.
Circular pelvic pain has also been shown to occur in these cases. The
presence of bilateral ovarian tissue could be demonstrated in 95% of
the patients. In cases where ovarian tissue could not be observed, the
diagnosis of ectopic localization was considered as a priority, since
there was normal sexual development and gonadotropin levels were
sufficient. In the search for ectopic ovarian tissue, first of all, the pelvic
anterior-lateral region, around the pelvic bone and around the anterior
abdominal wall, should be carefully examined. The mean ovarian vol-
ume was observed to be around 10 mL. Vaginal length reaching an
average of 2 cm was detected in 70% of the patients, while only vaginal
dimple was observed in the remaining population.>!!

CONCLUSION

Mayer—Rokitansky—Kuster—-Hauser syndrome is a congenital mal-
formation of normal ovaries with agenesis of their tissues of

26

varying degrees of PMD origin, which may be accompanied by extra-
gynecological abnormalities of varying degrees. Patients with MRKH
are treated for neovagina formation or reproduction with newer
assisted reproductive techniques. Magnetic resonance imaging is a
noninvasive method that helps to provide better preoperative coun-
seling in MRKH patients, and knowing its findings is important in
diagnosis and treatment planning.
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Abstract

Objective: The aim of the study was to investigate the characteristics of meningiomas, which are quite common tumors, in susceptibility-weighted imaging
sequence which is increasingly used in magnetic resonance imaging in daily practice.

Methods: This study included 40 patients with intracranial meningioma between 2011 and 2017. The patients comprised 22 females and 18 males with a mean
age of 47.7 years (range, 28-81 years). Magnetic resonance imaging with susceptibility-weighted imaging sequence and computed tomography were performed
on all patients. The susceptibility score was calculated for each patient via susceptibility-weighted imaging sequence. Accordingly, less than 1/4 of the mass
signal loss 1, 1/4-2/4 signal loss 2, 2/4-3/4 signal loss 3, and 3/4-4/4 signal loss were evaluated as 4 points.

Results: According to the pathologic World Health Organization classification, 21 of the patients (52.5%) had grade 1 (15 transitional, 3 meningothelial, 1 angio-
matous, 1 microcystic, 1 psammomatous), 14 (35%) had grade 2 (all atypical), and 5 (12.5%) had grade 3 (all anaplastic) meningioma. Ten patients (25%) had
calcificationn within the tumor in computed tomography. The median susceptibility score of the patients was 1. When age, tumor size, susceptibility score, and
peripheral edema were compared with pathological grades, age (<0.001) and peripheral edema (0.009) were found to be statistically different.

Conclusions: Although meningiomas have different susceptibility-weighted imaging characteristics, this sequence has the potential to be used routinely in
meningioma evaluation in the near future.

Keywords: AO8—nervous system, computed tomography, magnetic resonance imaging, meningioma, susceptibility weighted imaging

INTRODUCTION

Meningiomas are accounting for 16%-20% of all intracranial tumors.! The incidence increases with age.? It is about 2 times more common in
women.’ Most of the patients who do not have symptoms and are diagnosed incidentally have a stable course.* As the tumor grade increases, the
probability of tumor invasion and malignancy increases.’ Although magnetic resonance imaging (MRI) is the useful imaging modality for the evalu-
ation of meningioma, computed tomography (CT) is also widely used in the initial evaluation.® However, in the diagnosis and follow-up of menin-
gioma, MRI is the examination that should be used in order to evaluate a tumor invasion and to make a differential diagnosis. The diagnosis and
follow-up of meningiomas are performed with high accuracy thanks to advanced MRI techniques that have become more common in recent years.’

One of the advanced MRI applications is the susceptibility weighted imaging (SWI) examination.® Although the major indications of the SWI
sequence were neurovascular and neurodegenerative diseases, they are used successfully in many different diseases.’ The aim of current study was
to evaluate the characteristic findings of meningiomas, which are quite common tumors, in SWI sequence which is increasingly used in daily MRI
practice. We also evaluated the association between histopathologic subtype and susceptibility score.

METHODS

Magnetic resonance images of 40 patients with intracranial meningioma diagnosed between 2011 and 2017 were reviewed retrospectively. Spinal
meningiomas were excluded from this study. Of our patients, 18 (45%) were male and 22 (55%) were female. The mean age of the patients was
47.7 years (range, 28-81 years).

Approval for the study was granted by the local ethics committee (12.02.2019-38/16), and all procedures were applied in accordance with the
Helsinki Declaration. Informed consent was waived because of the retrospective nature of the study.

All MRI examinations were performed on a 1.5-T Magnet (Symphony Tim, Siemens Medical Systems, Germany). Axial and sagittal T1-weighted,
axial fluid-attenuated inversion recovery (FLAIR), and axial T2-weighted images were taken. Susceptibility-weighted imaging sequence was
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Figure 1. A 46-year-old woman was diagnosed with histopathologically WHO grade 3 anaplastic meningioma. Non-contrast axial CT scan (A) shows a
parasagittal falx in meningioma (asterisk) in the left frontal. Axial FLAIR (B), T2 (C), and T1 (D) weighted MRI sequences show left frontal meningioma (asterisk)
and its peripheral vasogenic edema. Post-contrast T1 (E) weighted MRI shows intense enhancement. In SWI sequence (F), the susceptibility score of the lesion is

compatible with 0.

CT, computed tomography; FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging; SWI, susceptibility-weighted imaging; WHO, World

Health Organization.

obtained in all the patients. The susceptibility score was calculated
for each patient from the SWI sequence. Accordingly, less than 1/4 of
the mass signal loss 1, 1/4-2/4 signal loss 2, 2/4-3/4 signal loss 3, and
3/4-4/4 signal loss were evaluated as 4 points. All of the patients were
examined by CT (Emotion 16, Siemens Medical Systems, Germany)
and the presence of calcification on CT images was evaluated. The
images were retrospectively reviewed by two experienced radiologists.
There was an agreement between them for each case. Pathological
records were evaluated retrospectively to determine pathologic grade
and tumor subtype.

For statistical analysis, MedCalc (Medcalc ver.12, Ostend, Belgium)
was used. The chi-square test was performed for the comparison of
categorical variables. The independent samples 7-test was made for
the comparison of continuous variables with normal distribution in the
Kolmogorov—Smirnov and Shapiro—Wilk tests. Mann—Whitney U and
Kruskal-Wallis tests were used to compare the data that did not con-
form to normal distribution according to the normality evaluation with

MAIN POINTS

*  Susceptibility-weighted imaging sequence can be used successfully in
detecting calcifications in meningiomas.

* Susceptibility-weighted imaging of the advanced magnetic resonance
imaging (MRI) applications has the potential to be used routinely in
meningioma evaluation in the near future.

e On susceptibility-weighted imaging, meningiomas have different
imaging characteristics.
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the Kolmogorov—Smirnov and Shaphiro—Wilk tests. A value of P <.05
was accepted as statistically significant.

RESULTS

According to the pathologic World Health Organization (WHO) clas-
sification, 21 of the patients (52.5%) had grade 1 (15 transitional,
3 meningothelial, 1 angiomatous, 1 microcystic, and 1 psammoma-
tous), 14 (35%) had grade 2 (all atypical), and 5 (12.5%) had grade
3 (all anaplastic) meningioma. Ten patients (25%) had calcification
within the tumor in CT. Five patients had punctate, 4 had millimetric,
and 1 had intense calcifications. The size of the lesions was 42 =20 mm.
In 15 patients (37.5%), the tumor was frontal, in 6 patients (15%) it was
parietal, in 5 patients (12.5%), it was temporal, in 4 patients (10%), it
was occipital, in 3 patients (7.5%), it was sphenoid wings, in 3 patients
(7.5%), it was sphenoid wings, 2 patients (5%) had medullopontine
angle, 1 patient (2.5%) had olfactory sulcus, and 1 patient (2.5%) had
ethmoid roof tumor. Twenty-four patients (60%) had peripheral edema
accompanying the tumor.

The susceptibility score was found to be 0 in 9 (22.5%) patients
(Figure 1A-F), 1 in 17 patients (42.5%) (Figure 2A-D), 2 in 10 patients
(25%) (Figure 3A-H), 3 in 3 patients (7.5%) (Figure 4A-F), and 4 in
1 patient (2.5%). When age, tumor size, susceptibility score, and periph-
eral edema were compared with pathological grades, age (Figure 5) and
peripheral edema (Figure 6) were found to be statistically significant,
respectively, with P < .001 and P =.009 (Table 1). When histological
subtypes of grade 1 meningiomas were examined, no significant differ-
ence was found between the transitional subtype and other subtypes in
terms of susceptibility score (P=.262). There was no statistically sig-
nificant difference in the susceptibility scores between the lesions with
calcification on the CT and the lesions without calcification (P=.463).
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Figure 2. A 54-year-old man was diagnosed with histopathologically WHO grade 1 transitional meningioma. T2 (A) and T1 (B) weighted axial MRI show left
frontal meningioma. Post-contrast T1 (C) weighted MRI shows intense enhancement. In SWI sequence (D), the susceptibility score of the lesion is compatible with 1.
MRI, magnetic resonance imaging; SWI, susceptibility-weighted imaging; WHO, World Health Organization.

DISCUSSION

Two previous studies have shown SWI sequence to be a reliable diag-
nostic tool in detecting magnetic susceptibility in meningiomas com-
pared with routine MRI pulse sequences.!*!" However, in these studies
all patients had no correlation of SWI sequence with histopathologic
findings. In a study by Schwyzer et al.'® which included 36 patients, the

susceptibility and diffusion characteristics of meningiomas were com-
pared. In this study, 36% of meningiomas were evaluated as SWI posi-
tive and ADC values were higher in SWI positive group. In our study,
the median susceptibility score was 1 in the grade 1 group and 2 in the
grade 2 and 3 groups. In the study by Adams et al."! CT and SWI were
compared in the detection of calcifications in meningioma. In this study,

Figure 3. A 39-year-old woman was diagnosed with histopathologically WHO grade 3 anaplastic meningioma. Non-contrast axial CT scan (A) shows an
extra-axial hypodense mass (asterisk) in the right temporal. Axial FLAIR (B), coronal T2 (C), sagittalT2 (D), and axial T1 (E) weighted MRI sequences show right
middle cranial fossa meningioma (asterisk) and its peripheral vasogenic edema. Post-contrast T1 (F) weighted MRI shows intense enhancement in the solid
component of the semisolid lesion. In phase image (G) and SWI (H) sequences, the susceptibility score of the lesion is compatible with 2.

CT, computed tomography; FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging; SWI, susceptibility-weighted imaging; WHO, World
Health Organization.
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Figure 4. A 63-year-old woman was diagnosed with histopathologically WHO grade 1 meningothelial meningioma. Non-contrast axial CT scan (A) shows an
extra-axial mass (asterisk) in right orbitofrontal. Axial FLAIR(B), coronal T2 (C), and axial T1 (D) weighted MRI sequences show right anterior cranial fossa
meningioma (asterisk) and its peripheral vasogenic edema. Post-contrast T1 (E) weighted MRI shows intense enhancement of the lesion. In SWI sequence (F), the

susceptibility score of the lesion is compatible with 3.

CT, computed tomography; FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging; SWI, susceptibility weighted imaging; WHO, World

Health Organization.

SWI has been shown to be as successful as CT in detecting calcifica-
tions in meningiomas. In our study, 25% of the patients had calcifica-
tion on the CT and all of these patients had calcification on the SWI
examination.
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Figure 5. The graphic shows the correlation between age and pathological
grade.
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Meningiomas occur in the regions where the arachnoidal cells are
intensively located. Many endogenous and exogenous factors may
predispose to meningiomas. The most common exogenous factor is
the ionizing radiation applied to the scalp region. Meningiomas are
thought to have a role in the etiology of sex hormones because they are
seen more frequently in women, they accelerate their growth during
the Iuteal phase of pregnancy and menstrual cycle, and contain hor-
mone receptors.'? In the current study, the number of our patients of
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Figure 6. The graphic shows the correlation between peripheral edema and
pathological grade.
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Table 1. Comparison of Age, Tumor Size, Susceptibility Score, and Peripheral
Edema According to Pathological Grade

Gradel Grade2 Grade3 P
Age (mean) 41.6 49 69.4 <.001
Tumor size (mm, mean) 37.3 44.6 54.6 410
Susceptibility score (median) 1 2 2 285
Peripheral edema (percentage) 41% 67% 100% .009

the female gender was higher. Meningiomas are usually dura-related,
slow-growing benign tumors. They usually form masses of extra-axial
growth, which are more repellent than neural parenchymal infiltration.
Most meningiomas are located in intracranial, orbital, and intraverte-
bral cavities. Meningioma development has been reported in almost all
other organs, albeit quite rare. The most common location in the intra-
cranial cavity is cerebral convexities, falx, and parasagittal area.'> In our
study, tumors were mostly located in the frontal, parietal, and temporal
regions. Nine types of grade 1 (fibroblastic, meningothelial, transi-
tional, angiomatous, psammomatous, secretory, microcystic, metaplas-
tic, and lymphoplasma-rich), three grade 2 (clear-cell, chordoid, and
atypical) and three grade 3 (rhabdoid, papillary, and anaplastic) menin-
gioma subtypes have been defined in 2016 WHO classification of
meningiomas of histopathological appearance. The recurrence rate was
7%-20% in grade 1 meningiomas, 30%-40% in grade 2 meningiomas,
and 50%-80% in grade 3 meningiomas.’ In our study, 21 of the patients
(52.5%) had grade 1 (15 transitional, 3 meningothelial, 1 angiomatous,
1 microcystic, and 1 psammomatous), 14 (35%) had grade 2 (all atypi-
cal), and 5 (12.5%) had grade 3 (all anaplastic) meningioma.

Meningiomas appear to be iso (~40%) or hyperdense (~60%) extra-
axial masses in CT without contrast. Calcifications can be found in
the tumor (~25%). Contrast-enhanced CT shows intense and homoge-
nous enhancement. The formation of hyperostosis in neighboring bone
(~20%) is an important feature.” Magnetic resonance imaging shows
the whole extension of meningioma, vascular invasion, tumor vascu-
larity, parenchymal edema, and intraosseous invasion, much better and
more detailed than CT. In T1-weighted images, meningioma is mild
hypointense similar to cerebral cortex, and T2-weighted images are
mild hyperintense compared to gray matter. It shows intense enhance-
ment after contrast agent.'*!® The cleft sign defined for differentia-
tion of extra-axial intradural lesions such as meningioma can be said
between the lesion and brain tissue in the presence of cerebro spinal
fluid (CSF), vascular, or hypointense dura. Dural tail is the name given
to dural thickening extending from the sides of the lesion to the periph-
ery and it is seen in 72% of meningiomas.'

Brain edema is not uncommon in meningiomas despite extra-axial
localization.'” Brain edema was found to be vasogenic in electron
microscopy and diffusion-weighted images.'® This finding suggests
that the source of edema is caused by meningioma tissue rather than
brain tissue. Vascular endothelial growth factor is thought to play an
important role in edema formation. Vascular endothelial growth fac-
tor-induced pial vascularity and tumor vascularity are thought to be
associated with peritumoral brain edema.” As a result of proliferation
and prolongation of the meningioma through the arachnoid membrane,
the brain barrier is impaired.” In the current study, the possibility of
peripheral edema increased as the grade increased (P=.009), although
there was no statistically significant relationship between periph-
eral edema and tumor size (P=.258). There are many publications in
the literature showing that there is a relationship between grade and
peripheral edema.?'>* The relationship between tumor size and edema

is controversial. In some studies, no significant relationship was found
between the size of the tumor and the amount of peritumoral edema.?-*
However, there are also studies suggesting that large-sized tumors can
lead to greater brain compressions, resulting in a reduction in venous
return and associated ischemia and secondary peritumoral payment.?*-2

There were several limitations of this study. First, the nature of the
study was retrospective. Second, because of the retrospective nature
of the study, sequence parameters could not be optimized. Finally, this
study had a relatively small sample size.

In conclusion, although meningiomas have different SWI characteris-
tics, this sequence has the potential to be used routinely in meningioma
evaluation in the near future.
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Abstract

Objective: Triple-negative breast cancer comprises a small percentage of all breast cancers. However, they are accountable for a high percentage of the loss
of lives. Being able to predict triple-negative breast cancer by imaging may play a pivotal role in earlier management and the planning of the treatment. We
scrutinized imaging features for 64 patients diagnosed with triple-negative breast cancer on magnetic resonance imaging to define the characteristic findings
in imaging. An additional objective was to define the spectrum of imaging findings concerning triple-negative breast cancer in mammography as well as
ultrasonography.

Methods: In this descriptive study, between 2018 and 2022, 64 patients diagnosed with triple-negative breast cancer and underwent magnetic resonance imaging
were enrolled in our present study. Imaging findings were evaluated based on the (Breast Imaging Reporting and Data System) (BI-RADS) Atlas, fifth edition.
Results: Triple-negative breast cancer was more often localized posteriorly in 29 patients (45%). Fifty-five (86%) of the 64 lesions revealed mass enhancement.
The internal enhancement patterns were mostly in the rim (36%) and heterogeneous pattern (42%). Masses were commonly round/oval-shaped (63.6%) with
irregular margins (51%). It was seen unifocally in 40 (63%) of the patients. The early enhancement was average in 25 (39%) and rapid in 22 (34%) patients, with
washout delay enhancement in 24 of 55 cases. Intratumoral copiously high signal occurred in 22 (34%) and high signal intensity in 20 (31%) on T2-weighted
images. Round/oval-shaped masses with indistinct margins were common findings in mammography and ultrasonography.

Conclusion: Our results show that triple-negative breast cancer is typically seen as a round/oval-shaped mass with irregular margins and rim-heterogeneous
enhancement. Also, triple-negative breast cancer is most commonly related to a very high T2 signal intensity, and they are usually found as unifocal lesions.
Keywords: Breast, carcinoma, magnetic resonance imaging

INTRODUCTION

Breast cancer is one of the complicated morbidities with varied morphological, biological, and molecular characteristics.! Triple-negative breast
cancer (TNBC) comprises approximately 10-20% of all breast cancers that do not express human epidermal growth factor receptor 2 (HER2),
estrogen receptors (ER), or progesterone receptors (PR).>* It is defined by different molecular, histological, and clinical findings inclusive of an
especially negative prognosis. Triple-negative breast cancers and basal-like breast cancers are closely related but are not synonymous or inter-
changeable. Basal-like cancers are frequently related to the high histologic grade, mutation of the TP53 gene, suppressed BRCA1 function, and a
bad prognostic result. These are known as aggressive features.’ Magnetic resonance imaging (MRI) is the most sensitive imaging technique for the
diagnosis of breast cancer and that is why it is specified prior to operation to show the scope of the disease. Magnetic resonance imaging can pro-
vide significant data not only on the shape of the masses but also on the pathology represented by the signal intensity features and on the dynamic
evaluation of contrast medium uptake. Had it been possible to predict TNBC based on MRI features, these findings would provide both pretreat-
ment planning and prognostic information. There have been a few studies on the relationship between TNBC and MRI features.®® The goal of our
work was to define the MRI features of TNBC and to reveal whether the diagnostic abilities of MRI could be used to credibly estimate the status
of TNBC prior to tissue biopsy results becoming obtainable. An additional aim was to describe the characteristics of imaging features regarding
triple-negative cancers on both mammography (MG) and ultrasonography (US).

METHODS

Patients

All TNBCs between May 2012 and December 2016 were reviewed, and 64 (56 invasive ductal carcinomas, 7 metaplastic carcinomas, and 1
invasive lobular carcinoma) patients who received MRI in our institution were taken into this study after informed consents were provided from
all of the participants. Immunohistochemical analysis of ER, PR, and HER2 status had been performed on breast tissue materials attained from
surgery and ER and PR’s status was considered to be negative if the expression was less than 10%. The histopathological preparations were tested
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for HER2 gene expression using a validated dual-probe fluorescence
in situ hybridization. Triple-negative breast cancers are defined by the
lack of the 3 predictive/prognostic markers: ER, PR, and HER2. The
study was approved by the ethics committee of Istanbul University
(Date: July 29, 2022, Decision no: 2022/1296).

Ultrasonography and Mammography

Two radiologists experienced in breast imaging (1 with 7 years and the
other with 4 years of experience) evaluated all images and evaluated
the images according to the BI-RADS (Breast Imaging Reporting and
Data System) Atlas, fifth edition Radiology.’ Ultrasonography (Acuson
Antares; Siemens, Germany) was performed on all patients via a high-
resolution linear probe with a 12 MHz frequency. Women underwent
MG by bilateral 2-view full-field digital MG (Giotto; Bologna, Italy).

Magnetic Resonance Imaging

Studies were exerted at 1.5-T on an MRI unit (Achieva; Philips Medical
Systems, Best, The Netherlands). A dedicated 4-channel phased-array
breast coil was used in the prone position. Each MRI examination
included a T1-weighted (T1-W) sequence (TR [Time of Repetition]/
TE [Time of Excitation]: 495/8 ms; FOV (Field of View), 340 x 400
mm; NEX (Number of Excitation), 2; slice thickness, 2 mm; matrix,
272 x 267) in the axial plane and fat-saturated T2-weighted (T2-W)
images in the axial plane using turbo spin-echo sequence (TR/TE:
4130/118 ms; FOV, 340 x 340mm; NEX, 3; slice thickness, 2 mm,;
matrix, 272 x 224) were performed. In the T1-W turbo field-echo
3-dimensional sequences (TR/TE, 6.8/3.3 ms; NEX, 3; FOV, 340 x
340 mm; matrix, 340 x 338), dynamic images were taken once before
and 5 times following the injection of the contrast agent including
0.1 mmol/kg gadolinium. Lesions of the time-signal intensity curves
were plotted and commented. In patients with multifocal tumors, we
assessed only the index mass in order to perform a statistical analysis of
the correlation between the histological and the MRI findings. Lesions
were divided into 3 categories: focus, mass, and non-mass enhance-
ment. Masses were scrutinized with regard to shape (irregular, round,
or oval), margin (smooth, spiculated, or irregular), and characteristic
features of internal enhancement pattern (heterogeneous, homoge-
neous, or rim enhancement). Non-mass enhancement was described
in terms of distribution (focal, linear, segmental, regional/multiple
regional, or diffuse) and internal enhancement (heterogeneous, homo-
geneous, clumped, or clustered ring). The initial contrast uptake and
late contrast enhancement-time intensity curve images were obtained
by post-processing with MRI software. We evaluated MRI kinetics in
terms of the most suspicious kinetics pattern. Background parenchymal
enhancement obtained with the second contrast-enhanced sequence is
categorized as minimal, mild, moderate, or marked, and also either
symmetric or asymmetric was described. The amount of fibroglandular

MAIN POINTS

e While triple-negative breast cancer constitutes a small percentage
of all breast cancers, it has an enormous contribution to deaths from
breast cancer.

e Certain magnetic resonance imaging findings including round/oval-
shape, rim or heterogeneous enhancement, high signal intensity on
T2-weighted images, and posterior-prepectoral location could direct
the diagnosis to triple-negative breast cancer.

» Triple-negative breast cancer tends to be seen in more dense and het-
erogeneous breasts.
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tissue, the long and short diameters of the tumor, the intensity of mass,
and parenchyma edema on the T2-W image were documented. Skin
retraction-thickening-invasion and nipple retraction-invasion and inva-
sion to pectoral muscle, presence of cyst, and distortion were detected.
The tumor locations were classified as quadrant locations and antero-
posterior localization (1/3 anterior, 1/3 middle, 1/3 posterior, and
extensive). The type of the disecase was categorized as 1 of 3 types.
The unifocal type was described when just 1 single malignant focus
was encountered, the multifocal type was described when more than 1
malignant focus was encountered in the same quadrant, and the mul-
ticentric type was described when more than 1 malignant focus was
revealed in more than 1 quadrant. In multifocal and multicentric cases,
in addition to the index lesion, at least 1 biopsy was performed from
a malignant focus. The biopsy results were exactly compatible with
the analyzed lesion on MRI. The study was conducted in a descriptive
fashion. Mean + standard deviation and median with range data are
presented. The frequencies of the findings of magnetic resonance stud-
ies were also evaluated.

RESULTS

Mammography and US features of an index tumor were documented
in multifocal and multicentric patients. Our study population’s MG
findings are shown in Table 1. Eight mammograms were normal in
TNBC. The most common mammographic finding was mass appear-
ance in 53 (82.7%) patients. Masses without calcification were most
common on 41 (64%) mammograms. Ultrasonography revealed
masses in all patients, including the 8 cancers determined to be occult
on MG. Ultrasonography findings are documented in Table 2. Triple-
negative breast cancer mostly showed masses with round/oval shape
in 37 cases (57.8%) and indistinct margins in 40 (62.5%). Fifty-one
of the TNBCs (79.6%) were hypoechoic and 34 of them (53.1%) had
no posterior acoustic features. The mean age was 47.5 years (range
28-72). The mean size of the tumors was short diameter 2.6 cm (range
0.3-10 cm) and long diameter 3.6 cm (range 0.4-11 cm) (Table 3).
Superior-outer quadrant represented the most common localization in
40 patients (63%). The amount of fibroglandular tissue was type A in 2
(3%), type B in 15 (23%), type C in 28 (44%), and type D in 19 (30%).
Background parenchymal enhancement was minimal in 17 (26%), mild
in 28 (44%), moderate in 12 (19%), and marked in 7 (11%). Triple-
negative breast cancers were located 1/3 posterior in 29 patients (45%),
middle 1/3 segment in 17 (26%), 1/3 anterior in 8 (13%), and both 1/3
posterior and 1/3 middle segment that was classified as extensive in
10 of them (16%). As a result, TNBCs were located posteriorly in 39
of 55 patients (61%). Very high signal intensity was seen in 22 (34%),
high signal intensity in 20 (31%), and hypointense/isointense was
seen in 22 (34%) patients on T2-W images. Parenchyma edema was

Table 1. Mammographic Features in Triple-Negative Breast Cancer

Frequency (Percent)

Mammographic Normal 12
findings Mass only 64
Mass with calcification 19
Calcification 2
Focal asymmetry 3
Mass shape Round/oval 55
Irregular 45
Mass margin Circumscribed 17
Microlobulated 13
Obscured 15
Indistinct 55
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Table 2. Ultrasound Features of Triple-Negative Breast Cancer

Frequency (Percent)

Mass shape Round/oval 58
Irregular 42
Mass margin Circumscribed 9
Indistinct 63
Angular 12
Microlobulated 16
Echo pattern Hypoechoic 80
Complex 12
Isoechoic 8
Posterior acoustic None 53
features Enhancement 31
Shadowing 6
Combined 10

minimal in 12 (19%) and prominent in 32 (50%) patients. Fifty-five
(86%) of the 64 TNBCs revealed as a mass, and the other 9 (14%) had
non-mass enhancement. None of the triple-negative cancers was evalu-
ated as a focus. The 55 TNBCs with mass appearance were frequently
round/oval-shaped (64%) and irregular-shaped (36%). Mass margins
were irregular in 28 (51%), spiculated in 10 (18%), and smooth in 17
(31%) of the masses. The predominant pattern of internal enhance-
ment of mass was founded as rim enhancement which was seen in 20
(36%) of the 55 patients. Heterogeneous enhancement was monitored
in 23 of the 55 cases (42%) and homogeneous enhancement was moni-
tored in 12 of them (22%). All metaplastic cancers appeared as masses
with rim enhancement. Only 1 case of invasive lobular cancer showed

Table 3. Magnetic Resonance Imaging Features of Triple-Negative Breast
Cancer

Frequency (Percent)

Location Anterior 8
Middle 17

Posterior 29

T2 sequence signal Hypoisointense 22
Hyperintense 20

Very hyperintense 22

Mass/non-mass Mass 55
Non-mass 9

Mass shape Round/oval 64
Irregular 36

Mass margin Smooth 31
Spiculated 18

Trregular 51

Mass enhancement Heterogeneous 23
Rim 20

Homogeneous 22

Non-mass enhancement Heterogeneous 56
Clumped 28

Non-mass distribution Diffuse 33
Regional 11

Segmental 55

Early enhancement Slow 27
Medium 39

Fast 34

Delay enhancement Persistent 26
Plateau 36

Washout 38

non-mass enhancement with an internal heterogeneous enhancement of
diffuse distribution. Magnetic resonance imaging showed 4 only one
mass in 40 (63%) of the patients, multifocality in 13 (20%), and mul-
ticentricity in 11 (17%). The most common pattern regarding internal
enhancement was heterogeneous (56%) in the 9 patients with non-mass
enhancement. Three of them reviewed diffuse distribution, 5 of them
showed segmental distribution, and only 1 cancer showed multiple
regional enhancements. Focus, focal, and linear enhancement patterns
were not seen. The early enhancement patterns were mostly medium
in 25 (39%) and fast in 22 (34%) of our patients. The delay enhance-
ment patterns were washout, as observed in 24 (38%), and plateau in
23 (36%). A persistent time—intensity pattern was noted in 17 cases
(Table 3). Skin changes were seen in 20 patients. Skin retraction-thic
kening-invasion were seen in 15, 2, and 3 patients, respectively. No
cyst was seen in 48 patients. Distortion accompanying mass was seen
in 21 patients (33%). Seven patients had nipple retraction and 3 of them
had nipple involvement, and 5 patients had invasion to pectoral muscle
and this finding was visualized only on MRI. Necrosis was seen in 26
(41%) patients. Mean value of Ki-67 was 71 with a range of 5-95. Ki67
was positive in 89% of cases (57 of 64), with a cutoff value of 50%.

DISCUSSION

Triple-negative breast cancers have no targeted treatment that has been
performed effectively. However, they are responsible for a compara-
tively excessive number of deaths related to breast cancer, often due
to aggressive clinical courses.!” Thus, advanced knowledge of this
molecular subtype of breast cancer is required for the proper man-
agement of patients. Imaging features are of paramount importance
because the more we know about the imaging characteristics of molec-
ular subtypes, the better we can predict the course of the disease. On
MG and US, TNBC can mimic lesions with benign morphology.'"3
Triple-negative breast cancer has been found to be an oval/round mass
that is very rarely accompanied by calcification on MG similar to our
findings.”'* On US, they were likely to be hypoechoic or markedly
hypoechoic masses with an irregular or oval/round shape and mostly
circumscribed margins in the literature." Against the circumscribed
margin of these studies on MG and US, our results suggest TNBCs
were mostly oval/round masses but with indistinct margins.”!*!> Due to
dense breast or benign or unclear MG and ultrasound features, TNBC
can be more difficult to diagnose by MG or US.!""131617 In addition to
TNBC, Schrading and Kuhl'® declared that familial breast cancers tend
to occur with benign morphologic features. Magnetic resonance imag-
ing is quite successful in this type of cancer diagnosis compared with
conventional methods because of more evident malign findings.!* Our
results show that TNBCs are more frequently mass lesions, round or
oval-shaped, irregular margin, and rim or heterogeneous enhancement
(Figure 1). Also, MRI findings of TNBC were high signal intensity
on T2-W images (65%) and a unifocal lesion (63%) (Figure 2). These
features were consistent with typical TNBC features previously repor
ted.®7111415 Uematsu et al® have reported that a significantly high signal
in tumors on T2-W was related to TNBC and also considerably related
to necrosis. Twenty-nine (41%) of the TNBC showed necrosis in our
study. Respecting enhancement kinetics, features of different delay
enhancement patterns have been reported,®” and in our study, 74% of
TNBC showed a washout and plateau enhancement pattern. The early
enhancement patterns were medium and fast in 73% of our patients,
which makes facilitating differentiation between benign and malig-
nant tumors difficult. Multifocal and multicentric disease is frequently
encountered in luminal B and HER2 subtypes, compared with luminal
A and TNBC.!*? Preoperative breast MRI may be very helpful in bet-
ter defining the extent of disease for patients of luminal B and HER2

35



Curr Res MRI 2022;1(2): 33-37

Figure 1. Triple-negative breast cancer is in a 45-year-old woman’s right breast. T1-weighted (T1-W) (A) and T2- weighted (T2-W) with fat saturation (B) axial
MR images show a 1.5-cm round mass with an irregular margin in the posterior location (black arrow in A and white arrow in B). Very high signal intensity mass
and prominent peritumoral edema is seen in fat-saturated T2-W axial image. Hyperintense mass (C) is also seen adjacent to the pectoral muscle (black arrow) in the
same sequence at sagittal view. The T1-W subtraction image (D) reveals the mass with rim enhancement (white arrow).

Figure 2. A 43-year-old woman with palpable triple-negative breast cancer of the right breast. T2-weighted with fat saturation image (A) demonstrates a 4.5-cm
hyperintense mass with irregular margin and peritumoral edema in both middle and posterior segments (white arrow). Mass with irregular rim enhancement
(black arrows) is seen on the postcontrast T1-weighted subtraction image (B). Measurements made from the periphery of the lesion showed a type 1 curve and
areas in pink indicate a delayed persistent-type curve following slow early enhancement (C).
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subtypes. Triple-negative breast cancer more commonly showed rim
enhancement on postcontrast MRI and more high intratumoral signal
intensity on T2-W than other tumor subtypes.'® Besides morphologi-
cal and kinetic analyses, location is useful for the diagnosis of TNBC.
Our findings revealed that 67% of TNBC tend to locate in a posterior
or prepectoral region. Breast cancers in familial high-risk women and
BRCA1 mutation carriers were located in the posterior or prepectoral
region of the breast without analyzing the results according to tumor
subtype as observed by Schrading and Kuhl.”* One study showed that
TNBCs were commonly located in the posterior third or prepectoral
region of the breast in accordance with our study.’ Mammography
and US may be insufficient to detect this type of breast cancer. It can
be skipped in MG, especially when combined with dense parenchyma
and may be difficult to visualize deep plans in breasts with a hetero-
geneous background with US. In order to detect this aggressive tumor,
we need to evaluate this region of the breast carefully. Magnetic reso-
nance imaging is superior to MG and US in evaluating the posterior
part of the breast, particularly in dense and heterogeneous parenchyma.
In our study, the amount of fibroglandular tissue was type C and D,
with a total rate of 74% seen in patients with TNBC. One limitation
of this study was that it was a retrospective design. We consider that
in the future MRI will help in the characterization and treatment plan
of the different subtypes of breast cancer and that more studies will be
required.

CONCLUSION

Magnetic resonance imaging findings such as round/oval-shaped, rim
or heterogeneous enhancement, high signal intensity on T2-W images,
and posterior-prepectoral location may be important in diagnosing
TNBC. These findings may allow us to estimate the diagnosis of TNBC
before the histopathological diagnosis. Moreover, because of common
localization and to be seen in more dense and heterogeneous breasts,
TNBC can be diagnosed more easily with MRI.
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Abstract

Objective: The aim of this study was to find out the relationship between dorsal subcutaneous fat tissue thickness and lumbar disc herniation.

Methods: The lumbar magnetic resonance images of 209 were re-interpreted. Of these patients, 107 had disc herniation (herniated group), while 102 of them
had no disc herniation (non-herniated group) in lumbar magnetic resonance images. The dorsal subcutaneous fat tissue thickness was measured for each patient
on lumbar magnetic resonance imaging and the results were compared between these groups. The dorsal subcutaneous fat tissue thickness was measured on
magnetic resonance images at the L4-5 and L5-S1 levels for all the patients included in the study and the measurement results were compared with an indepen-
dent #-test for all groups.

Results: There was no statistically significant difference between herniated and non-herniated groups according to the measurement results of the dorsal subcu-
taneous fat tissue thickness (P = .446). No significant differences were observed within different age groups or within females and males either.

Conclusion: No relationship was found between dorsal subcutaneous fat tissue thickness and lumbar disc herniations according to the results of this study.
Keywords: Disc herniation, adipose tissue, magnetic resonance imaging, lumbosacral region

INTRODUCTION

Balanced body composition is crucial for health and physical activities. Inactivity and body composition-related chronic diseases are accepted as
one of the most important public health problems of the 21st century.! Some authors in the literature claimed that increased body weight might
have biomechanical effects on lumbar spine alignment.? These biomechanical stresses are well known to play a role in vertebral pathologies.** The
alterations of the spinal biomechanics led the authors to investigate the possible relationship between low back pain and body weight.> Optimal
anatomical alignment of the bones and joints renders an effective function of the musculoskeletal system, and disc herniations are one of the most
common problems of the spine, which causes low back pain and decreases the quality of life of the individual. Magnetic resonance (MR) imaging
enables the detection of disc pathologies and explains the underlying cause of the radiculopathies with its excellent soft tissue contrast. There are
some parameters that were claimed to be related to disc pathologies in the literature. Dorsal subcutaneous fat tissue thickness (DSFTT) is one of
the parameters which were studied before using MR images and the investigators tried to find out the relationship between DSFTT, obesity, and
disc degeneration.®” This current study aimed to focus on revealing the relationship between lumbar disc herniations and DSFTT which can easily
be measured on MR images.

METHODS

Patients

This research was designed as a retrospective cross-sectional study. After the approval of this study by the institutional ethics committee (Ethics
Commitee of Erzincan Binali, Yildirim University, Date: 02.11.2022, Session: 04, Number: E-26447783-050.06.04-212526), the lumbar MR
images of 345 patients who had undergone MR examination between January 1, 2022, and January 20, 2022, have been re-interpreted. The patients
who had any disc herniation (disc protrusion or extrusion) in L4-5 or L5-S1 or both these intervertebral disc levels were chosen as the “herniated”
group. The patients who had no disc herniations in any intervertebral disc levels were chosen as the “non-herniated” group and disc bulging was
also included in this category since this pathology is not accepted as a real disc herniation. Patients with any previous lumbar spinal surgery, con-
genital anomalies, scoliosis, vertebral deformities, or malignant lesions on MR images were excluded. Since this study aimed to investigate the
relationship between DSFTT and lumbar disc herniations in skeletally mature individuals, patients under 18 years old were excluded. As a result,
209 MR images, each belonging to a different patient were considered to calculate the statistical results.
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Lumbar Magnetic Resonance Imaging and Interpretation
Magnetic resonance imaging for the lumbar region was handled by
a standard protocol used for disc pathologies. All MR images were
obtained by a 1.5 T MR machine (Magnetom Aera, Siemens, Erlangen,
Germany) and with 32-channel lumber coils. The patients were in the
supine position in the MR machine while the images were acquired.
Sagittal plane T2-weighted images (TR [Time of Repetation]: 4120 ms,
TE [Time of Echo]: 104 ms, average: 2, field of view: 280 mm,
slice thickness: 4 mm, voxel size: 0.9 x 0.9 x 4 mm), sagittal plane
T1-weighted images (TR: 646 ms, TE: 9 ms, average: 2, field of view:
280 mm, slice thickness: 4 mm, voxel size: 0.9 x 0.9 x 4 mm), and axial
plane T2-weighted images (TR: 5070 ms, TE: 88 ms, average: 1, field of
view: 190 mm, slice thickness: 4 mm, voxel size: 0.7 x 0.7 X 4 mm) were
obtained from each patient as a part of a routine lumbar spinal study with
regard to intervertebral disc protocols. All MR images were re-evaluated
by a radiologist with 17 years of experience. A picture archiving and
communication system (Akgiin PACS Viewer v7.5, Akgiin Software,
Ankara, Turkey) was used to analyze the MR images and make mea-
surements in standard digital imaging and medicine formats.

Dorsal Subcutaneous Fat Tissue Thickness Measurement and
Statistical Analysis

The DSFTT measurements were done on MR images at the L4-5
and L5-S1 levels for all the patients included in the study. The thick-
ness of the dorsal subcutaneous fat was measured perpendicularly
to the skin surface in mid-sagittal T1-weighted images (Figure 1).
The average value of these 2 levels was considered in the statisti-
cal calculations. All statistical calculations were achieved using the
Statistical Package for the Social Sciences version 22.0. (IBM SPSS
Corp.; Armonk, NY, USA). The Kolmogorov—Smirnov test was car-
ried out to find out the distribution characteristics of the data and the
association between the DSFTT measurements was compared with
an independent #-test for all groups. To analyze the test results, P
values less than .05 were accepted to indicate statistical significance.

RESULTS

The age and sex distribution of the patients included in this study were
shown in Table 1. There was no significant difference between herni-
ated and non-herniated groups with regard to age (P = .844). There
was no statistically significant difference between herniated and non-
herniated groups’ DSFTT measurements (P = .446).

The data set was also studied to calculate a possible significant differ-
ence between age groups (<40 years and >40 years) and any differ-
ence between females and males with regard to DSFTT measurement

MAIN POINTS

e Low back pain may cause decreased physical function, compromised
life quality, and psychological stress.

e Obesity is recognized as another factor playing a role in low back
pain.

e In the literature, there are researchers indicating the association
between low back pain and disc degeneration both for adolescents and
adults.

e Ahigh correlation between body fat percentage and dorsal subcutane-
ous fat tissue thickness was shown by some investigators.

e The results of this current study indicated no relationship between
dorsal subcutaneous fat tissue thickness and intervertebral disc
herniations

Kizilgoz. Subcutaneous Fat and Disc Herniations

16.95 mm

17.97 mm

Figure 1. The dorsal subcutaneous fat thickness was measured on sagittal
T1-weighted images as shown in the figure.

results. The age groups revealed no significant difference, and the
mean DSFTT value of the males was significantly lower than females
(P <.001) (Table 2).

Table 1. Age and Sex Distribution of Patients

Herniated Non-herniated P
n 107 102
Sex (F/M) 65F/42M 60F/42M
Mean age 43+ 14 43+13 .844
Mean DSFTT (mm) 26.62 +12.96 25.94 +14.23 446

DSFTT, dorsal subcutaneous fat thickness; F, female; M, male.

Table 2. Dorsal Subcutaneous Fat Tissue Thickness Measurements Regarding
Age and Sex

Age <40 Years (n=84)  >40 Years (n=125) P
Mean DSFTT (mm) 38.43 +27.41 38.60 £24.72 948
Sex Female (n=125) Male (n=84)

Mean DSFTT (mm) 42.67 +25.31 32.12+£25.18 <.001

The results in bold represents the statistically significant values

Table 3. Dorsal Subcutaneous Fat Tissue Thickness Measurements of the
Female Group

n Mean Standard Deviation P
Herniated 65 43.02 25.79 769
Non-herniated 60 42.08 24.86
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Table 4. Dorsal Subcutaneous Fat Tissue Thickness Measurements of the
Male Group

n Mean Standard deviation P
Herniated 42 33.31 26.04 420
Non-herniated 42 30.20 23.56

Table 5. Dorsal Subcutaneous Fat Tissue Thickness Measurements of the
Group Younger Than 40 Years

n Mean Standard Deviation P
Herniated 45 41.74 28.32 .074
Non-herniated 39 34.10 25.81

Table 6. Dorsal Subcutaneous Fat Tissue Thickness Measurements of the 40
Years and Older Group

n Mean Standard Deviation P
Herniated 62 37.45 24.64 .553
Non-herniated 63 39.30 24.47

The difference between herniated and non-herniated groups was also
calculated within each gender group and both indicated no signifi-
cant difference (Tables 3 and 4). There was no difference between the
patients younger than 40 years (Table 5) and 40 years or older (Table 6)
either.

DISCUSSION

Low back pain may cause decreased physical function, compromised
life quality, and psychological stress.® Obesity is recognized as another
factor playing a role in low back pain.>!* In the literature, there are
researchers indicating the association between low back pain and disc
degeneration both for adolescents! and adults.'”” A high correlation
between body fat percentage and DSFTT was shown by some inves-
tigators.” Koda et al'® used sonography and MR imaging together to
measure the correlation between sonographic fat tissue thickness and
visceral fat volume. They have found an association between sono-
graphic subcutaneous fat index (fat thickness at the umbilicus level/
height) and subcutaneous fat thickness were significantly correlated
with subcutaneous fat volume measured on MR imaging. Another
study in the literature indicated that subcutaneous fat tissue thickness
at upper lumbar levels has been found to predict severe intervertebral
disc degeneration and Modic changes better than body mass index.!'*
Endorsed from all these data and associations underlined by the
researchers in the literature, this current study tried to find out the pos-
sible relationship between lumbar disc hernias and DSFTT; however,
the results showed no relationship between DSFTT and lumbar disc
herniation.

Due to the mobility of the lumbosacral part of the spine, this segment is
known to be prone to disc herniations. Previous literature has indicated
that the 75% of lumbar flexion occurs at the lumbosacral joint and
15-20% of flexion occurs at the L4-L5 level.'® In this study, L4-L5 and
L5-S1 intervertebral disc levels were used to analyze since a major-
ity (90-95%) of clinically significant compressive radiculopathies are
known to be encountered at these levels.'¢

The study by Okan and Beyhan!” indicated higher DSFTT values
in females than in males. In another study, in which the association
between the body mass index of 149 individuals and lumbar adipose
tissue thickness was evaluated, women’s adipose tissue thickness was
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higher than that of men.'® The results in this current study were similar
to these investigations in the literature. In women, estrogen receptors
are more common and there are fewer androgen receptors in subcu-
taneous adipose tissue. On the other hand, androgen receptors are
more predominant in visceral adipose tissue in men."” Some authors
explained higher DSFTT values in women and claimed that higher
subcutaneous adipose tissue thickness in women may be a result of a
higher prevalence of estrogen receptors in subcutaneous adipose tissue
compared to men.'”

There are some limitations of this study to discuss. First, to better
understand the effect of the amount of axial force on the spine, body
mass index should be verified for each patient and the relationship
between DSFTT and body mass index should also be studied to ana-
lyze the risk factors of the patients for lumbar disc herniation; however,
this study focused on a direct relationship between disc herniations
and DSFTT. Second, all measurements were done by 1 radiologist. It
would be a lot better to measure the DSFTT with more than 1 reviewer
and calculate the intra- and interobserver differences. In addition, disc
herniations were decided by MR images and the herniated group was
planned on the radiological evidence. Re-evaluating the preoperative
MR images of the patients that are known to have undergone lumbar
disc surgery would be better to compare the measurements with the
non-herniated group to support the accuracy of the results of the study.
Despite the limitations, there were also opportunities to increase the
accuracy of the results of this study. In general, lumbar disc herniations
tend to increase through aging. Despite this fact, the insignificance of
the age difference between the herniated and non-herniated groups in
this investigation rendered a better comparison of the statistical results
between these groups.

CONCLUSION

Dorsal subcutaneous fat tissue thickness is easy to measure on MR
images. This parameter is mentioned to be related to obesity and disc
degeneration in the literature. However, the results of this study indi-
cated no relationship between DSFTT and intervertebral disc hernia-
tions. More studies with larger patient groups are needed to show or
rule out this relationship in the literature.
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Abstract

Objective: Non-echo planar diffusion-weighted imaging sequence and fusion imaging are increasingly used in the diagnosis of cholesteatoma. But it is still chal-
lenging to locate cholesteatomas and differentiate from other opacifications. This study aimed to evaluate whether the exact localization of cholesteatomas could
be detected without fusion imaging using diffusion and T2-weighted magnetic resonance images in combination with computed tomography.

Methods: The study included patients with a diagnosis of cholesteatoma and had both temporal bone magnetic resonance imaging and computed tomography
between 2017 and 2021. Presence of cholesteatomas was confirmed in non-echoplanar diffusion-weighted images prior to evaluation. Then, the localization of
the lesion on computed tomography image was classified by detecting the equivalent of the lesion on T2-weighted thin-sliced images. All images were assessed
by 2 independent radiologists. Kappa correlation coefficient was used to evaluate the interobserver agreement.

Results: Eighty-nine patients (49 female, 40 male) were included. The mean age was 39.07 (5-89). Interobserver agreement was moderate to almost perfect
according to localization of cholesteatomas. The x coefficient ranged between 0.48 and 0.83. The highest agreement was detected for the lesions located in the
mesotympanium (x=0.83), external acoustic canal, and mastoid bone. However, a moderate agreement was detected for lesions located in the medial epitym-
panic recess (x=0.49).

Conclusion: Cholesteatomas which are placed in the mesotympanium, external auditory canal, and mastoid bone can be determined with high accuracy without
fusion imaging.

Keywords: Tomography, diffusion, temporal bone, cholesteatoma

INTRODUCTION

Cholesteatomas are defined as the appearance of skin tissue in the inappropriate localizations; they are well-circumscribed non-neoplastic lesions
observed in the temporal bone.! Middle ear cholesteatomas are common pathologies seen as a complication of untreated chronic otitis media, espe-
cially in underdeveloped countries.? While very small cholesteatomas can be detected with non-echo planar diffusion-weighted imaging (non-EPI
DWI), anatomical details cannot be distinguished. Thin-section computed tomography (CT) provides excellent information on anatomical details.”
Therefore, both CT and magnetic resonance imaging (MRI) are generally used in combination.

Diffusion-weighted imaging plays an important role in distinguishing cholesteatomas from other secretions, granulation tissue, scar tissue, and
encephalocele.’ Non-echo planar diffusion-weighted imaging, which is less affected by susceptibility artifacts, has high sensitivity (91%) and
specificity (96%) in detecting cholesteatoma. Non-echo planar diffusion-weighted imaging sequence is superior to EPI DWI sequences in detect-
ing the presence of cholesteatoma and has a higher positive predictive value. Therefore, it is recommended that it should be standardized in cho-
lesteatoma imaging. However, its anatomical resolution is insufficient in a very small area such as the temporal bone.* At that point, thin-section
high-resolution temporal bone CT becomes important. But, CT is still insufficient to distinguish cholesteaomas from other fluids and tissues.> On
the other hand, MRI has the advantage of showing extension into the membranous labyrinth in some cases of cholesteatomas.® Therefore, fusion
imaging combining CT and MRI has been the subject of study in recent years and has begun to be used.** However, fusion imaging has several
limitations: it is cumbersome and requires the use of 2 different imaging modalities per patient. In this study, we aimed to classify cholesteatomas
into anatomical groups by evaluating thin-sliced T2-weighted images and non-EPI DWI and CT scans together and to evaluate the reliability of
localization of the lesions among observers.
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METHODS

Prior to this retrospective study, approval was obtained from the uni-
versity ethics committee. (ID: 2021/0496, date: 10/6/2021). Only
patients having both thin-sliced temporal bone CT and temporal bone
MRI were included to the study. Images with artefacts, without non-
EPI DWI, and thin-section T2 sequences, without thin-section tem-
poral bone scans, were excluded. Two independent observers (with
10 years of experience in neuroradiology and 5 years of experience
in head and neck radiology) evaluated non-EPI DWI, thin-sliced T2,
and thin-sliced CT images for all patients to classify localization of the
cholesteatomas.

Imaging Technique and Diagnosis

For temporal bone CT, acquisition parameters were as follows:
100 mAs, 100 kV, 0.6 s rotation time, 1 mm/rotation (pitch, 0.984),
0.625 mm slice thickness, 2.8 s scan time, field of view of 200 mm and
matrix of 512 x 512.

For temporal bone MRI, T1- and T2-weighted sequences with a 3 mm
slice thickness, 3D-FIESTA sequence with 0.5 mm slice thickness,
fluid-attenuated inversion recovery, and non-EPI diffusion-weighted
sequence (b-value: 1000 s/mm?) were achieved.

Localizations of cholesteatomas were described as external auditory
canal, mastoid bone, periossicular chain, medial, lateral or superior
epitympanic recess, mesotimpanium, hypotimpanium, Prussak’s space,
pars tensa, and pars flaccida (Figure 1). The localization, which was
restricted in favor of cholesteatoma in diffusion MRI, was determined
in thin-section T2 images, and its localization in the CT image was
decided and detailed anatomically (Figures 2, 3, 4).

Statistical Analysis

The Statistical Package for the Social Sciences version 19.0. (IBM
SPSS Corp.; Armonk, NY, USA). Quantitative data were interpreted
using means and SDs and minimum and maximum values. Qualitative
data were interpreted using frequencies, percentages, and ranges.
Interobserver agreement assessed was based on the kappa coefficient
(x). k < 0 is defined as no agreement, between 0.01 and 0.20 as none to
slight, between 0.21 and 0.40 as fair, between 0.41 and 0.60 as moder-
ate, between 0.61 and 0.80 as substantial, and between 0.81 and 1.00 as
almost perfect agreement.®

MAIN POINTS

e While very small cholesteatomas can be detected with non-echo pla-
nar diffusion-weighted imaging (non-EPI DWI), anatomical details
cannot be distinguished. Thin-section computed tomography (CT)
provides excellent information on anatomical details.

e Fusion imaging, combining CT and magnetic resonance imaging
(MRI), has been the subject of studies in recent years and has begun
to be used.

» Fusion software is costly and time consuming. Moreover, it is not
accessible at every center.

e Combined evaluation of high-resolution CT, non-EPI DWI, and
T2-weighted MR can detect not only the presence of cholesteatoma
but also its localization with high accuracy, even without the need for
fusion images for many cholesteatomas.

RESULTS

One hundred thirty medical records were assessed. After initial evalua-
tion, 89 patients [49 (55.05%) female, 40 (44.9%) male] with choleste-
atoma were included the study. All cases were unilateral. There were 44
right- and 45 left-sided cholesteatomas. The mean age was 39.0 + 62.2
(5-89). The most common localization was periossicular chain (n=37,
41.5%) and attic cavity superior (n=26, 29.2%) and the less common
localization was lateral epitympanic recess (n=9, 10.1%). The hearing
loss was noted for 60 patients and facial paralysis for only 1 patient.
Twenty-eight patients had residual recurrent cholesteatoma in the mas-
toidectomy cavity, and these lesions were detected with almost perfect
interobserver agreement (x=0.81).

According to kappa correlation coefficient, interobserver agreement
changed between almost perfect and moderate agreement. The kappa
correlation coefficient was between 0.48 and 0.83 (Table 1).

DISCUSSION

In this study, the localization of cholesteatomas was divided into
anatomical subgroups and evaluated with CT and MR images; the
highest agreement was detected for the lesions located in the meso-
tympanium (x=0.83), external acoustic canal (x=0.81), and mastoid
bone (k=0.80-0.81). However, a moderate agreement was detected
for lesions located in the medial epitympanic recess (x=0.49) and
Prussak’s space (x=0.51).

Non-echo planar diffusion-weighted imaging is very sensitive even for
detecting very small cholesteatomas.” Especially for residual or recur-
rent cholesteatoma, non-EPI DWI parameters are more reliable (91%
sensitivity and 96% specificity), but CT is perfect for anatomic detail >
Therefore, fusion studies were carried out with the idea of benefiting
from the advantages of CT and MRI together. Few studies with a small
patient group reported that fusion imaging is better than only CT or
only MRL*® Fusion software is costly and time consuming. Moreover,
it is not accessible at every center.'” Fusion imaging studies are exper-
imental level studies with a small patient group in the form of case
series.'” In studies conducted with a single observer, reliability was not
evaluated due to interobserver agreement.!" The current study aimed to
investigate how reliably we could detect cholesteatomas without using
fusion imaging with a larger patient group.

Some fusion studies focused on evaluating the presence of cholestea-
toma. In these studies, the authors did not make a classification accord-
ing to lesion localization.* But cholesteatoma localization is extremely
important for surgical planning. There are many guidelines for clas-
sifying and staging cholesteatomas.'? Radiological evaluation is very
important to be able to do this before surgery and to guide surgical
treatment. Therefore, in the current study, we focused on locating the
cholesteatoma rather than detecting its presence.

Plouin-Gaudon et al'? classified cholesteatoma localizations as hypo-
tympanium, epitympanium, mastoid recess, and attical space in their
CT-DWI fusion study with 10 children. However, we performed a
more detailed examination with a larger patient cohort (89 patients and
13 different localizations). The number of patients, the evaluation of
2 observers, and the anatomical detailing increased the reliability of
the current study.

Alzahrani et al" compared the results of CT-DWI fusion imaging and

second-look surgery in 10 patients with residual cholesteatoma and rec-
ommended fusion imaging for the detection of residual cholesteatomas.
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Figure 1. The localization definition examples in temporal bone CT images. (A) Right-sided cholesteatoma in external auditory canal (arrow). (B) Right-sided
cholesteatoma in superior attic recess (arrow). (C) Left-sided pars flaccida cholesteatoma (arrow). (D) Right-sided mastoid air cell cholesteatoma with bony erosion
(arrow). (E) Right-sided cholesteatoma in mastoidectomy cavity (black arrow) and bony erosion in the occipital bone (white arrow). (F) Right-sided cholesteatoma
originating from the lateral epitympanic recess and extending into the external auditory canal (black arrow) and bony destruction in the tegmen tympani

(white arrow). CT, computed tomography.

A

Figure 2. Right-sided millimetric nodular diffusion restriction non-echoplanar diffusion-weighted image (A) and apparent diffusion coefficiency map (B).

(C) On thin-sliced T2-weighted image, the nodular lesion in tympanic cavity, fistulized to inner ear. (D) On coronal CT image, the opacity filling the tympanic
cavity (white arrow) which is not all cholesteatoma when confirmed by MRI and bony destruction in tegmen tympani (black arrow). (E) Cholesteatoma located in
the medial epitympanic recess (white arrow) fistulized into the semicircular canal (black arrow) in the axial CT image corresponding to the thin-section
T2-weighted MR image. CT, computed tomography; MRI, magnetic resonance imaging.
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Figure 3. (A) In the axial CT image, opacifications (arrow) within the mastoid
air cells on the right; it is difficult to distinguish cholesteatoma from other
secretions with only CT. (B) Thin-sliced T2-weighted MR image shows
hypointense secretions (arrow). (C, D) Fusiform-shaped diffusion restriction in
this area (arrows) compatible with cholesteatoma. CT, computed tomography;
MR, magnetic resonance.

Figure 4. (A) Axial CT image, (B) T2-weighted thin-sliced image shows
secretions in the same form as C, D. (C, D) Diffusion restriction (rings).
CT, computed tomography.

Table 1. Interobserver Agreement According to Cholesteatoma Localizations

Cholesteatoma localization K

External auditory canal 0.81
Mastoid air cell 0.80
Mastoid antrum 0.80
Mastoidectomy cavity 0.81
Periossicular chain 0.76
Attic superior 0.66
Medial epitympanic recess 0.48
Lateral epitympanic recess 0.63
Prussak’s space 0.51
Pars tensa 0.67
Pars flaccida 0.72
Mesotympanium 0.83
Hypotympanium 0.79

«, kappa correlation coefficient.

In the current study, residual cholesteatoma was detected in 28 patients
with high accuracy (almost perfect agreement, x=0.81) without the
need of fusion imaging.

Benson et al® reported a fusion study using thin-section T2-weighted
and diffusion sequences instead of fusion studies that always used CT
and diffusion MR images. The authors aimed to remove CT necessity
especially in postoperative and pediatric patients. The authors com-
pared the surgical results with the evaluation of a single neuroradiolo-
gist. The accuracies of unfused DWI and fused DWI-T2 were reported
as 76% and 82%, respectively.® In the current study, all images were
evaluated by 2 experienced radiologist, and also CT-DWI-T2 images
were evaluated in addition to single CT-DWI or T2-DWI fusion
studies. The exact localization of the cholesteatoma was detected by
cross-tabulating the T2 sequence with DWI instead of fusion imaging.
Anatomical details confirmed this localization with CT.

To the best of our knowledge, this is the only study in which interob-
server agreement was evaluated for the largest number of localizations
for cholesteatoma. The lack of comparison with surgical results is a
limitation of the study.

In conclusion, combined evaluation of high-resolution CT, non-EPI
DWI, and T2 weighted MRI can detect not only the presence of cho-
lesteatoma but also its localization with high accuracy, even without
the need for fusion images for many cholesteatomas. However, fusion
imaging may be essential for cholesteatomas placed in medial epitym-
panic recess and Prussak’s space.
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Abstract

Many pediatric and adult cases of acute transverse myelitis secondary to COVID-19 infection have been reported in the literature so far, but vaccine-related
acute transverse myelitis is very rare. In fact, there have been no reported cases in children until now. Vaccination in children is vital both in the prevention of
disease and continuing their social life and education. Hence, we believe that it is essential to follow up and report all of the complications that may occur after
vaccination.
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INTRODUCTION

Acute transverse myelitis (ATM) is an inflammatory disease of the spinal cord characterized by rapid onset of motor weakness, sensory alterations,
and bladder and bowel dysfunction. Rapid diagnosis and treatment are required." Acute transverse myelitis occurs with parainfectious conditions,
demyelinating diseases, spinal cord ischemia, or idiopathic causes. In children, ATM usually occurs after infectious causes, and post-vaccine cases
have been reported rarely. Especially in the last 2 years, many ATM cases secondary to severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) (COVID-19) have been reported in both adults and children during the COVID-19 pandemic. Vaccine-related ATM cases are very rare, even
in adults, and no cases have been reported in children so far. The neurological side effects of the post-COVID-19 vaccine are mostly dizziness, head-
ache, pain, muscle spasms, myalgia, and paresthesia, and less frequently are tremor, dysphonia, diplopia, tinnitus, seizures, and the reaction of herpes
zoster. Guillain—Barre syndrome (GBS), acute disseminated encephalomyelitis, and ATM have been reported much less frequently in databases.?

In this article, a case of ATM, which occurred 15 days after Pfizer-BioNTech COVID-19 vaccine in a pediatric patient with Down syndrome, after
immune response has appeared, was reported. We suppose that it is crucial to report all of the complications of the vaccine due to its approval and
widespread use in children. In particular, as we learn more about the disease, both disease-related and vaccine-related problems will decrease.

CASE PRESENTATION

A 17-year-old boy with Down syndrome was admitted to the pediatric emergency service with sudden onset of back and leg pain, inability to walk,
and inability to urine and defecate in the last 24 hours. There was no history of fever, infection, cough, or trauma. The SARS-CoV-2 reverse tran-
scriptase polymerase chain reaction test (rtPCR) from the throat swab was reported to be negative. The Pfizer-BioNTech COVID-19 vaccine had
been applied 15 days ago. Medical and family histories were unremarkable. He was conscious, oriented, and cooperative, and his cranial nerves
were intact. Deep tendon reflexes were asymmetric positive at the first admission, then were symmetric brisk. Abdominal reflex was positive,
muscle strength was 5/5 in the upper extremity, 4/5 in the lower extremity proximal, 2/5 at the left foot, 3/5 at the right foot, the bladder is dis-
tended, and globe was positive, and there was no stool sensation (Figure 1). The laboratory examination values were, White blood cell (WBC) 7200
(10°/L), Hb 16 (g/dL), thrombocyte 190 000 (10°/L). There was no problem with peripheral blood biochemical parameters (Aspartat aminotrans-
ferase (AST), Alanine aminotransferase (ALT), urea, creatinine, glucose, uric acid, calcium, and magnesium). Serology for Borrelia burgdorferi,
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Figure 1. Clinical progression of the patient.
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Table 1. Laboratory Parameters

Parameter Result Reference Value
WBC (10°/L) 7200 3.84-9.84
Hgb (g/dL) 16 11-14.5
Platelet (10°/L) 190 000 175 000-332 000
Glucose CSF (mg/dL) 71 40-70
Protein CSF (mg/dL) 42 150-450
Cell CSF (/uL) - -
Oligoclonal band CSF - -

1gG index CSF

Glucose serum (mg/dL) 117 60-100
ESR (mm) 14 0-15
CRP (mg/dL) 15 0-5
Vitamin B12 (pg/mL) 106

ANA Positive -
Anti-dsDNA (IU/mL) Negative -

C3 0.9 0.79-1.52
C4 0.3 0.16-0.38
Anti-phospholipid ab 0.7 <10
Anti-SSA (Al) Negative -
Anti-SSB (AI) Negative -
Aquaporin 4 antibody Negative -
MOG ab Negative -
EBV VCA IgM 0.15 0-0.49
CMV IgM 0.21 0-0.84
Borrelia IgM 1.8 <20

ANA, antinuclear antibody; CRP, C-reactive protein; CSF, cerebrospinal fluid; EBV,
Epstein-Barr virus; ESR, Erythrocyte sedimentation rate; SSA, anti—Sjogren’s-syndrome-
related antigen A; SSB, anti—Sjogren’s-syndrome-related antigen B.

cytomegalovirus (CMV), rubella, toxoplasma, Epstein-Barr virus,
Herpes simplex virus type 1 and type 2 (HSV-1 and -2) was negative,
and also antinuclear antibodies, anti-double-stranded DNA, phospho-
lipid antibodies, cardiolipin antibodies was negative. Vitamin B12 106
(pg/mL) supportive treatment was started. Cerebrospinal fluid analy-
sis was normal for protein, glucose levels, and IgG index; no cells or
oligoclonal bands were observed. Serum anti-Myelin oligodendrocyte
glycoprotein (MOG) ab, anti-aquaporin 4 (AQP4) ab, and IgG index
were all negative (Table 1). Electromyelography (EMG) was normal.
Contrast-enhanced brain magnetic resonance imaging (MRI) was nor-
mal, and there was a signal increase in the cord central extending from
L1 and L2 levels to the conus medullaris in spinal MRI (Figure 2). It
was evaluated as ATM with the history, clinical, and MRI findings.
Methylprednisolone 30 mg/kg/day for 5 days by 20 mg/kg for 2 days,
and Intravenous human immunglobulin (IVIG) 2 g/kg over 5 days were
applied, followed by prednisolone 2 mg/kg p.o. His muscle strength,
ability to gaita, and urination gradually improved. The symptoms
appeared on 15th day after the second dose of the vaccine. At first
admission, COVID-19 IgG was 28.6 (positive). Since the patient did
not have a history of recent infection or trauma, it was primarily con-
sidered as a secondary immune reaction to the vaccine.

MAIN POINTS

*  While Infection related Covid-19 diseases are very common, vaccine-
related diseases are reported rarely.

e All of the children should be followed up after vaccination.

e Complications should be reported.
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Figure 2. Brain and spinal magnetic resonance imaging (MRI) of the patient.
(A) Sagittal view of the lumbar spine post-contrast enhancement. T1 shows no
contrast enhancement (red arrows). (B) Short T1 inversion recovery (STIR)
sagittal view of the lumbar spine shows hyperintensity suggesting
demyelination or transverse myelitis in the lower cord and conus medullaris
(red arrows). (C) Sagittal T2-weighted lumbar MRI, the bladder is distended
(white arrow, globe).

DISCUSSION

In this article, the first pediatric ATM case that occurred after 15 days
after the second dose of Pfizer-BioNTech COVID-19 vaccine, which
is an mRNA COVID-19 vaccine, has been reported. Many pediat-
ric and adult cases of ATM secondary to COVID-19 infection have
been reported in the literature so far, but vaccine-related ATM is
very rare. In fact, there have been no reported cases in children until
now. COVID-19-associated ATM may result from abnormal direct
or indirect immune pathways, including angiotensin-converting
enzyme-2-related pathway, trans-synaptic pathway, hematogenous
and lymphatic pathways, or migration of infected immune cells.?
The COVID-19 pandemic, which was first encountered in 2019, still
causes enormous social and economic problems, as well as morbidity
and mortality, despite some precautions (such as masks and isola-
tion) taken all over the world.*> It causes morbidity and mortality
especially in children even if it does not as much as in adults, apart
from educational and social problems. Therefore, it has become cru-
cial for children vaccinated promptly.® During the vaccination period,
similar to other vaccines (influenza vaccine, hepatitis vaccine, dipht
heria-pertussis-tetanus vaccine, polio vaccine), some immune-related
problems may be encountered.” However, we consider that it is sub-
stantial to report complications, especially in children during this
common vaccination period. Adult cases of ATM associated with
post-vaccination have been reported, so the Pfizer-BioNTech vaccine
may be related to a possible disimmunity due to Down syndrome.
Albokhari et al® reported an ATM case following Pfizer-BioNTech
vaccine. Guarnaccia et al’ reported a case of ATM as the first multiple
sclerosis event. At the time of our patient's hospital application, that
is 15 days after the second dose of vaccine, the COVID IgG test was
positive; this was accepted as an indicator of the immune response
to the vaccine. In addition, the absence of any problems in vasculitis
parameters, immune parameters, and infectious parameters strongly
suggests that there is a secondary immune response to the vaccine
in the etiology. We assume that this will be clarified in detail in the
following years. However, we believe that the safety, efficacy, immu-
nogenic effects, and dose adjustment of the vaccines used in children
should be made according to the clinical and genetic characteristics
of the patient. Consequently, vaccination in children is vital both in
the prevention of disease and continuing social life and education.
Hence, we believe that it is essential to follow up and report all of the
complications that may occur after vaccination.
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Abstract

Osgood—Schlatter disease is a tibial tuberosity traction apophysitis caused by recurrent quadriceps femoris muscle tension. It is the most common cause of knee
discomfort in children aged 10-15. It is often benign and self-limiting. The stress on the patellar tendon at its point of insertion is the primary cause of this ail-
ment. It is a self-limiting disorder that affects a lot of teenagers. Although our case is similar to the cases reported in the literature, we aimed to present typical
magnetic resonance imaging findings.

A 17-year-old male adolescent patient was referred to our clinic because of pain and swelling in the left knee. The patient had knee pain lasting for 10 days. The
level of swelling and tenderness was observed in the physical examination. Magnetic resonance imaging examination was performed after a suspicious cortical
irregularity was observed on bidirectional knee radiography. In the magnetic resonance imaging examination, we diagnosed the patient with irregular thickening
of the tuberositas tibiae and intense edema around it. Non-steroidal anti-inflammatory drugs and rest were recommended to the patient.

Osgood—Schlatter disease is a clinical condition that should be differentiated from many diseases such as avulsion fracture due to the difference in treatment
methods.

Keywords: adolescent, knee pain, magnetic resonance imaging, Osgood—Schlatter disease, tendinopathy

INTRODUCTION

Osgood and Schlatter initially described Osgood—Schlatter disease (OSD) in 1903. The patellar tendon’s insertion on the skeletally immature tibial
tubercle causes OSD, which is a traction phenomenon caused by repetitive quadriceps contraction. In youngsters aged 10-15, it is the most common
cause of knee discomfort.! It is a disease that affects children. Affected children typically have a history of pain below the patella at the insertion of
the patellar tendon, which is exacerbated by sports or other activities such as running or jumping but relieved by rest.?

Because of the lack of a specific etiology and thus definition, some physicians may have difficulty distinguishing OSD from tibial tubercle frac-
tures.® In this example, patients presented to the emergency department with complaints of knee pain had an OSD that may be mistaken for a
fracture.

CASE PRESENTATION

A 17-year-old male patient, who has been a basketball player for 5 years, applied to the orthopedics clinic with the complaint of left knee pain. It
was learned that the patient’s pain had been increasing for 10 days. Physical examination revealed swelling and tenderness at the tuberositas tibiae
level. Other examinations and laboratory values were normal. We were consulted for a magnetic resonance imaging (MRI) study due to the cortical
irregularity seen on the radiograph in the proximal tibia. In the MRI examination, fluid intensity in the suprapatellar bursa and intense edematous
signal changes in T2 sequences were observed at the tuberositas tibiae level in the proximal tibia (Figure 1, 2). The patient was recommended non-
steroidal anti-inflammatory drug therapy and rest. In the first follow-up after 3 months, there was a significant regression in his pain, except for
intense physical activity, and in the second follow-up at 6 months, the pain completely disappeared.

DISCUSSION

Osgood—Schlatter disease is a benign, self-limiting condition that commonly affects adolescents who participate in sports. Even though OSD is a
common occurrence, its consequences are rarely seen because it is a self-limiting disorder. In research by Krause et al?, 90% of patients treated with
conservative therapy had all of their symptoms resolved within a year of commencement. When the tibial tubercle apophysis ossifies, it normally
resolves by the time the patient reaches the age of 18. However, in about 10% of individuals, despite all conservative efforts, the symptoms persist
until maturity.*
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Figure 1. In the sagittal T2 image, fluid extending to the suprapatellar plane
and bone edema in the tuberositas tibiae were observed.

As in our patient, OSD is more common in boys than girls and usually
presents with knee involvement.® This is related to the ossification of
the tibia. Anamnesis and physical examination are very important to
explain the etiology. Patients often complain of pain that increases with
exercise. In our case, we saw these complaints in the basketball player.

Radiological findings may be normal, but in most cases, irregularity
in the tibial tubercle, patellar tendon thickening, soft tissue swelling
around the patellar ligament, and infrapatellar fat pad obliteration can
be seen in the lateral radiograph in most cases. In MRI examination,
edematous changes can be observed in T2 sequences and irregularities
in bone structure can be observed in T1 sequences. Magnetic resonance
imaging findings were the same in our case.

Differential diagnosis should include trauma, inflammatory arthrop-
athies such as septic arthritis, rheumatoid arthritis and Reiter’s

MAIN POINTS

e Osgood—Schlatter disease (OSD) is a tibial tuberosity traction apoph-
ysitis caused by repetitive quadriceps femoris muscle tension in ado-
lescents who play sports.

e Although OSD is a common event, its consequences are infrequent as
it is a self-limited disorder.

» History and physical examination are very important to explain the
etiology. Patients often complain of pain that increases with exercise.

e It may be difficult to distinguish OSD from tibial tubercle fractures
by radiography, and at this point, the need to confirm with further
examination arises.

e In OSD, edema changes in T2 sequences and irregularities in bone
structure can be observed in T1 sequences in magnetic resonance
imaging examination.

Figure 2. Bone edema in tuberositas tibiae and increased cortical thickness in
tuberositas tibiae in coronal T2 image.

syndrome, malignancy, patellar subluxation, patellar tendonitis, osteo-
chondritis dissecans, and meniscal diseases. In our patient, we avoided
these diagnoses by means of laboratory values, clinical features, and
radiological findings and diagnosed OSD. It is usually a self-limiting
disease, although it may take several years for the disease to resolve
completely. Patients benefit from medical treatment and activity
restriction. The place of surgery is very limited. In our case, the pain
subsided after 3 months and disappeared after 6 months.
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