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ARTICLE INFO ABSTRACT
Keywords: Background: Intracranial teratomas or other cystic lesions with atypical imaging manifestations
Teratoma can still be frequently seen clinically. The specific reasons for unusual imaging manifestations

Intracranial cysts
Magnetic resonance imaging
Magnetic resonance tissue characterization

need to be further explored.

Observation(s): A case of adult teratoma in the posterior fossa with unusual imaging manifesta-
tions was reported. The chemical composition of its cystic fluid was quantitatively detected, and
in vitro imaging simulation experiments were performed on some fluid substances with similar
cystic fluid properties to explore the reasons for special imaging manifestations. The content of
inorganic substances and protein in the cystic fluid were both low, with no melanin detected. In
vitro experiments revealed that MR T1 signals could increase with protein content rising and
changes in MR T2 signals presented no obvious correlation with it. CT values increased gradually
with protein concentration rising. The substances with similar viscosity had similar CT values,
whereas substance viscosity showed no significant correlation with changes in MR signals.
Conclusion: The abnormality of imaging manifestations cannot be confirmed as the result of “high
protein content”, nor can it be simply attributed to bleeding. Further research is required for the
impact of the combination of paramagnetic particles and biofluid on imaging.

1. Introduction

Teratoma, a term originating from the Greek word “teras,” meaning “monster,” has been the subject of understanding and research
in the medical field since Johannes Scultetus first reported a case of mature cystic teratoma in 1659 [1]. While past studies have
provided us with a foundation of knowledge about teratomas, there remain uncertainties and challenges in its radiological
manifestations.
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Teratomas consist of tissues from multiple germ layers, and the heterogeneity of these tissues largely contributes to the diversity of
its radiological manifestations [2]. Solid teratomas, with their various admixed tissues and cellular components such as fat and cal-
cium, often present distinctive radiological characteristics which aid in differential diagnosis [3,4]. However, the radiological man-
ifestations of cystic teratomas often resemble other intracranial cystic lesions, such as epidermoid cysts, dermoid cysts, colloid cysts,
and arachnoid cysts, even intracranial hematoma, making the differential diagnosis challenging [5-7].

In light of this, we report a peculiar case of posterior fossa teratoma in an adult. The radiological manifestation of this case defies
traditional understanding. The lesion primarily appears cystic with CT revealing slightly hyperdense, and MRI showing high signal on
T1 and low signal on T2. These characteristics led to a preoperative misdiagnosis of the lesion as either an epidermoid or a colloid cyst.
In response to this unusual radiological presentation, we have analyzed its histological components and conducted in vitro simulation
experiments. Combined with existing literature, we have made preliminary explorations into its possible imaging causes.

The aim of our research is to enhance our understanding of the radiological manifestations of cystic lesions through this peculiar
case of posterior fossa teratoma and to propose new possible diagnostic and differential diagnostic approaches.

1.1. Illustrative cases

Case reports: A 36-year-old female began to have intermittent dizziness and blurred vision without obvious inducement 18 years
ago, accompanied with nausea and vomiting. The symptoms improved after vomiting, and no examination and treatment was given. In
May 2020, the patient began to suffer from posterior occipital tingling, which was aggravated when the emotion was agitated. After a
few minutes, it could subside spontaneously. The symptoms such as dizziness and vomiting appeared more frequently than before. In
September 2021, the patient visited the outpatient department in our hospital. The head CT results showed as follows: irregular high-
density mass shadow in the posterior fossa; the CT value of about 93HU; few bone density shadows seen at the posterior edge (Fig. 1A).

Fig. 1. Axial CT showed as follows: Irregular high-density mass shadows in the posterior fossa, with a CT value of about 93HU; few bones density
shadows visible at the posterior edge, with the compression of adjacent bilateral cerebellar hemispheres and brainstem, and narrowing of the fourth
ventricle (A). MR imaging showed irregular mixed signals distributed across the midline in the medial and posterior cerebellum, with a maximum
diameter of about 50 mm x 41 mm x 51 mm. Line-like septum and complex nodules with a slightly irregular shape were visible inside the cyst, with
the nodule size of about 15 mm x 16 mm x 13 mm (maximum oblique diameter). The brain parenchyma around the lesion was compressed, with
slight narrowing of the fourth ventricle. TIWI (B) of the cystic part was mainly equal or high signals. T2WI (D) and T2 flair (E) both showed low
signals. DWI sequence (F) showed low signals, with no diffusion restriction in mural nodules and septum; multiple patchy low signals and high
signals were visible in the nodular of SWI sequence (C).
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MR showed cystic space-occupying in the posterior fossa, with the consideration of the possibility of atypical dermoid cysts or atypical
colloid cysts (containing calcification and blood vessel protein components, as well as bleeding and colloid ones) were considered
(Fig. 1B, C, 1D, 1E, 1F).

The patient consented to the procedure and underwent surgery in October 2021. The suboccipital posterior median approach was
adopted and the arachnoid-encapsulated cyst visible at the median position of the cerebellum. After the arachnoid was cut open, the
dark green turbid and highly viscous colloid cyst fluid was seen flowing out. The small nodule part located in the median cerebellum
was generally faint yellow, with tooth-like calcification, white hair and fat-like components visible inside it (Fig. 2A and B). The patient
had no the symptoms such as dizziness, headache, vomiting and neurological dysfunction after surgery. The cerebrospinal fluid ex-
amination showed AFP (—) and - HCG (-). The patient reported feeling good after discharge.

Upon pathological evaluation, the internal constituents of the cystic component were observed to be an amalgamation of sheet-like
particulate matter, stained in a powdery pattern, with non-structural matter, and crystalline formations of cholesterol. Notably, no
indications of hemorrhagic foci were observed. Examination of the tumorous nodules revealed the presence of stratified squamous
epithelium, sweat glands, and hair follicle-like skin appendages, with an interspersed stroma consisting of proliferative fibrous con-
nective tissue. These pathological features coalesce to confirm the diagnosis of a mature cystic teratoma. (Fig. 2C and D). Analysis of
proteolipids and inorganic components in cyst fluid in patients with teratoma was carried out, with the quantitative detection of the
melanin content by ELISA. The results showed that the contents of total protein, albumin, globulin, total cholesterol and triglyceride
inside the cyst fluid were 15 g/1, 6.4 g/1, 8.6 g/1, 0.71 mmol/l and 0.3 mmol/], respectively. The highest inorganic content was sodium
(1667 mg/kg), followed by potassium (317 mg/kg), calcium (300 mg/kg), magnesium (104 mg/kg), iron (64 mg/kg) and copper (5.6
mg/kg), respectively (Table 1). Melanin was not detected.

In vitro simulation experiments: Due to the complexity of various biological fluids in the body, the viscous cyst fluid may not
consist of only protein polymers, but carbohydrates such as hyaluronic acid. In order to further confirm whether there is a correlation
of protein concentration and substance viscosity with MR and CT signals, and whether other biological fluid substances may cause
signal changes, some in vitro imaging simulation experiments of fluid substances similar to cyst fluid properties were conducted by us
(Supplement Table 1). The detection results are shown in Fig. 3A-C.

For albumin solutions with concentrations ranging from 15 g/1to 175 g/1, CT signals appeared to increase with the concentration of
protein but the changes were not pronounced (A). Materials with similar viscosity exhibited similar CT values (A). Rising protein
concentration heightened MR T1 signal intensity (B), but showed no clear correlation with MR T2 signal (C). No evident correlation
was observed between material viscosity characteristics and changes in MR T1 and T2 signals (B, C). Interestingly, collagen solution
displayed high signals on both CT and MR T1 and T2 imaging (A, B, C), which can be explained by its relatively lower viscosity and
higher free water content from the high-purity collagen powder dissolved in saline for preparation. The reasons for its high signal on
both CT and MR T1 remain unclear.

2. Discussion

Intracranial mature teratomas are complex tumors with diverse imaging characteristics that can be challenging to distinguish from

Fig. 2. During surgery, the following could be seen: (A) The cyst was encapsulated by the thin arachnoid membrane, and its contents were dark
green viscous jelly-like; (B) The diseased nodular part was faint yellow, with hair (a), tooth-like calcifications (#) and fat like substances visible (*).
Under the light microscope, (C) the substance in the cyst was flaky powder dyed, unstructured substance and cholesterol crystals, with no sign of
bleeding; (D) stratified squamous epithelium, sweat glands and hair follicle skin appendages were visible in the partial tissue of the nodule and the
interstitium was hyperplastic fibrous connective tissue.
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Table 1

Contents of protein, lipid and inorganic substances in cyst fluid.
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Items Results Items Results (mg/kg)
Total protein (TP) 15 g/1 Sodium (Na) 1667
Albumin (ALB) 6.4 g/1 Kalium (K) 317
Globulin (GBL) 8.6 g/1 Calcium (Ca) 300
Prealbumin (PAB) 0.02 g/1 Magnesium (Mg) 104
Total bile acid (TBA) 0.1 pmol/1 Iron (Fe) 64
Total cholesterol (TC) 0.71 mmol/1 Copper (Cu) 5.6
Triglyceride (TG) 0.3 mmol/1 Aluminium (Al) 2.2
HDL-C 0.01 mmol/1 Zinc (Zn) 2.1
LDL-C 0.09 mmol/1 Strontium (Sr) 0.33
Lipoprotein a (LP-a) 0.3 nmol/1 Rubidium (Rb) 0.24
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Fig. 3. The Imaging examination results of different fluids. (GE 64 row 128 slice CT (Optima680) and 3.0T MR (Philips Ingenia) imaging systems
were adopted for scanning.) CT and MR imaging results of different fluid substances are illustrated (refer to labels and Supplement Table 1 for fluid
names and compositions). (A) CT; (B) MR T1WI; (C) MR T2WIL.

other intracranial cystic lesions, including epidermoid cysts, dermoid cysts, arachnoid cysts, and colloid cysts, particularly when
presenting with atypical imaging features such as “white epidermoid cysts” [5-7]. In our case, the patient’s CT scan showed slightly
high density, MR T1 showed slightly high signal, and T2 showed low signal, leading to a preoperative suspicion of an epidermoid or
colloid cyst. However, postoperative pathology revealed a teratoma. Previous literature reports only one case of posterior fossa mature
teratoma, two cases of posterior fossa epidermoid cyst, and two cases of anterior fossa epidermoid cyst with similar imaging features
[8-11]. The specific reasons for these atypical imaging features require further investigation.

Formerly, intracranial cystic lesions such as epidermoid cysts, dermoid cysts, and teratomas were thought to exhibit high-density
signals on CT imaging primarily due to the high protein concentration of the cystic fluid, after excluding factors such as hemorrhage or
calcification [12-15]. Lipper et al. and Timmer et al. reported cystic fluid protein concentrations as high as 173 g/1 and 210 g/1



Table 2

Cyst fluid components and imaging manifestations.

NO. CT T1 T2 Total protein Cholesterol (Chol) Triglyceride (TG) Others General
(TP) (8/D
Ochi et al., 1998 H H H 291 - 32mg/dl - greenish semi-liquid material
[22] (0.36mmol/1) containing debris
Timmer et al., H slightly H 210 336mg/dl (8.7 417mg/dl (4.7 albumin 140 g/1, calcium 150 mg/kg, iron 26 mg/kg, copper 3 a dark brown cyst with highly
1998 [17] H mmol/1) mmol/1) mg/kg, nickel 0.5 mg/kg, and manganese 0.2 mg/kg viscous, toffee-like contents
Kuwabara et al., slightly - - 200 - - calcium 10.6 mg/dl, iron 5.8 mg/dl, magnesium 4.1 mg/dl, turbid dark brown fluid (glittering
1987 [23] H copper 0.3 mg/dl cholesterol crystals)
Lipper et al., 1981 H - - 173 413mg/dl - - -
[16] (10.69mmol/1)
Braun et al., 1982 slightly - - 152 - - - “Crankcase oil"
[15] H
Daugherty et al., Horlso- H H 124 187mg/dl 65mg/dl - semiviscous
2016 [8] (4.84mmol/1) (0.73mmol/1)
Ahmadi Horlso- H H 112 1894mg/dl 808mg/dl - semiviscous
et al.,1994 (49mmol/1) (9.09mmol/1)
[24]
Ahmadi Horlso- H H 104 144mg/dl 8mg/dl hemoglobin 40g/1 (methemoglobin 18%) semiviscous
et al., 1994 (3.72mmol/1) (0.09mmol/1)
[24]
Nagasawa Iso- - - 92 - - - dark brown fluid with cholesterin
et al., 1983 crystals
[25]
Ahmadi et al., - Iso- - 90 90mg/dl 22mg/dl - -
1992 [26] (2.33mmol/1) (0.25mmol/1)
Ahmadi et al., - H - 86 168mg/dl 54mg/dl hemoglobin 30g/1 (methemoglobin 14%) -
1992 [26] (4.34mmol/1) (0.61mmol/1)
Ahmadi et al., - H - 83 176mg/dl 66mg/dl hemoglobin 30g/1 (methemoglobin 15%) -
1992 [26] (4.55mmol/1) (0.74mmol/1)
Hackney et al., - L - 65 270mg/dl 63mg/dl - -
1987 [27] (6.98mmol/1) (0.71mmol/1)
Braun et al., 1982 H - - 55 - - calcium 8.6 mg/dl, iron 180 pg/dl -
[15]
Hackney et al., - L - 54 149mg/dl 50mg/dl - -
1987 [27] (3.85mmol/1) (0.56mmol/1)
Hackney et al., - L - 49 185mg/dl 62mg/dl - -
1987 [27] (4.78mmol/1) (0.70mmol/1)
Hackney et al., - L - 43 228mg/dl 84mg/dl - -
1987 [27] (5.9mmol/1) (0.95mmol/1)
Hackney et al., - L - 41 135mg/dl 42mg/dl - -
1987 [27] (3.49mmol/1) (0.47mmol/1)
Braun et al., 1982 H - - 38 - - calcium 8.6 mg/dl, iron 246 pg/dl xanthochromic fluid
[15]
Gupta et al.,1993 - L L - - - iron 19.63, copper 2.99, magnesium 41.11 pg/g -
[28]
Gupta et al., 1993 - H L - - - iron 18.24, copper 2.80, magnesium 42.21 pg/g -
[28]
Gupta et al.,1993 - Iso- Iso- - - - iron 202, copper 35, magnesium 648 ug/g -
[28]
Isiklar et al., 1995 - H L - - - more than 10% melanotic cells -
[29]
Kim et al., 2000 - H L - - - Melanin ++ solid
[30]

H, high/hyperintensity; L, low/hypointensity; Iso-, isodense/isointensity.

‘v 30 Supny X

[4¥812 (£20T) 6 UoAjoH



Y. Huang et al. Heliyon 9 (2023) e18471

(albumin 140 g/1), displaying a high-density signal on CT imaging [16,17]. However, after reviewing the literature on cystic fluid
components and imaging features (Table 2), it was discovered that a CT high-density signal could occur when the cystic fluid protein
concentration was as low as 38 g/1 or 55 g/1, and the proportion of protein content did not demonstrate a significant correlation with
imaging features [18-21]. In our case, the total protein content of the cystic fluid was only 15 g/1 (albumin 6.4 g/1), yet it still presented
a high-density signal. Consequently, we conducted in vitro simulation experiments using albumin concentrations ranging from 15 g/1
to 175 g/1 for CT scanning, which revealed that although the CT signal intensity appeared to increase with increasing protein con-
centration, the change was insignificant (Fig. 3A). Therefore, it is believed that the high-density signal on CT cannot solely be
attributed to the “high protein content” of the cystic fluid after excluding hemorrhage or calcification.

The composition of intracranial cystic lesions, including epidermoid cysts, dermoid cysts, and teratomas, consists of epithelial
debris, keratin, mucin, cholesterol, and unsaturated fatty acids. Early hypotheses suggested that the high signal intensity of these
lesions on MR T1-weighted imaging was due to a combination of protein, hemorrhage, cholesterol, and other fatty substances [31,32].
However, subsequent studies showed that cholesterol and triglycerides were not responsible for the T1 high signal intensity, and the
low-density lipoprotein signal intensity change was minimal and difficult to detect at concentrations of 0-61g/1 [26,27]. On 1.5T MR
imaging, there is no significant T1 change when the albumin concentration is less than 80g/1 [33]. However, higher concentrations of
proteins (>90g/1) and free hemoglobin can increase the T1 signal intensity of cyst fluid [26].

On MR T2-weighted imaging, the signal intensity of intracranial cystic lesions, including teratomas, can decrease with increasing
protein concentration due to extensive cross-linking between proteins, as well as with increasing viscosity, which mainly reflects water
content [19]. Therefore, high signal intensity on both T1 and T2 images is believed to be caused by the semi-liquid cystic contents with
high protein concentrations [34,22]. In some cases, the high signal intensity on T1-weighted images may be due to the paramagnetic
effect of ferric ion (Fe3+) from intracystic hemorrhage [16,35,36]. If the T1 signal is high and the T2 signal is low, it may be due to
more viscous “taffy-like content,” which combines the characteristics of high protein content and high viscosity, similar to chronic
nasal secretions, or due to the deposition of intracystic hemosiderin, which appears as a brown oily substance [17,37].

Therefore, high viscosity is also a feature often associated with imaging characteristics of these cystic lesions. In our case, although
the cyst fluid protein concentration was only 15g/1, the cyst fluid had high viscosity. Thus, in our simulation experiment (3.0T MR), we
selected substances with similar viscosity to the cyst fluid for imaging, in addition to selecting gradient concentration protein solutions.
The results showed that increasing protein concentration enhanced MR T1 signal intensity, but substance viscosity did not show a clear
correlation with MR signal changes (Fig. 3B-C), and substances with similar viscosity had similar CT values. Therefore, it is not
appropriate to solely attribute anomalous CT and MR imaging features of intracranial cystic lesions to “high protein concentration” or
“high viscosity."

The inorganic components, notably metal ions, within the lesion’s cystic fluid have significant implications for imaging mani-
festations. Our cystic fluid’s analysis revealed that sodium (1667 mg/kg or 72.5 mmol/kg) was the most abundant inorganic substance,
with concentrations exceeding average sodium ion concentration in brain tissue (48 + 1 mmol/] in gray matter, 43 + 3 mmol/kg in
white matter) but lower than that in cerebrospinal fluid (129 + 8 mmol/1 in sulci, 138 + 4 mmol/kg in ventricles) [38]. The contents of
iron, manganese, and other elements were comparatively lower.

Though literature lacks a direct correlation between trace inorganic elements and imaging manifestations, it is crucial to explore
their potential impact. The effects of paramagnetic ions, such as sodium, potassium, iron, and manganese, may be more significant on
MR examination results than anticipated, possibly contributing to our case’s unusual imaging manifestations [39-42]. Nevertheless,
paramagnetic ions’ effect in pure water doesn’t necessarily reflect their behavior when bound to macromolecules, suggesting even at
relatively low concentrations, they may significantly affect relaxation times.

Considering the inherent complexity of biological fluids in vivo, it’s challenging to extrapolate the impacts of metal ions or other
substances on proton relaxation from in vitro studies. Therefore, a thorough analysis of the paramagnetic compounds and molecular
composition of fluids might be necessary for understanding the diverse signal characteristics of the cystic fluid, which cannot be
explained by a single factor.

In addition to the inorganic constituents, the possibility of melanin, given its paramagnetism, is worth exploring. Though no
melanin was detected in our analysis, lesions containing even over 10% melanin may exhibit high T1 signal and low T2 signal [29,30,
43]. However, determining the melanin content that can significantly affect MR signal changes warrants further investigation. The
presence of other biotin-like paramagnetic substances, which could accumulate under pathological conditions, also remains an open
question.

3. Conclusion

In summary, when encountering intracranial cystic lesions with atypical imaging features, it is inadequate to attribute them solely
to factors such as “high protein content”, “high viscosity”, or “bleeding”. The presence of inorganic or organic substances beyond
physiological ranges in pathological conditions and their interactions with proteins and other substances in different ways can lead to
signal changes. Moreover, the potential impact of biomolecules containing paramagnetic substances, such as melanin, on imaging
findings should also be taken into account. Further investigations are required to better understand the effects of the combination of
paramagnetic particles and biological fluids on imaging.

4. Limitations

While we have endeavored to shed light on the unusual imaging manifestations, this study does have certain limitations. Firstly, we
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were unable to identify all constituents of the cystic fluid, preventing a definitive explanation for the atypical imaging outcomes.
Rather, we proposed potential hypotheses based on existing literature and our experimental results, offering a foundation for future
investigations. Our findings, rooted in a single case study, may also limit the generalizability of our conclusions, emphasizing the
necessity of larger, more comprehensive studies. In addition, our simulation model did not accurately mimic the exact viscosity of the
cystic fluid and relied on literature-derived parameters for gradient protein solutions, possibly hindering the precise replication of in
vivo conditions. Consequently, future research is required to delve deeper into the impact of proteins, inorganic ions, and melanin on
imaging presentations to fully grasp the intricate interplay among these components. While these limitations exist, we believe that our
study provides a crucial step towards understanding this complex field.
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