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Abstract
BACKGROUND
[bookmark: OLE_LINK505][bookmark: OLE_LINK506]Ectopic thyroid is defined as a rare developmental anomaly where thyroid tissues are atypically found in locations other than its normal anatomical position: Anterolateral to the second, third, and fourth tracheal cartilages. An intemperate descent or a migration failure of the thyroid anlage results in sub-diaphragmatic thyroid ectopia, a sparse clinical entity.

CASE SUMMARY
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]This case portrays a 63-year-old female patient presenting with chronic abdominal discomfort at a local hospital whereby a computed tomography (CT) scan revealed a well-defined mass in the hepatic entrance. For further examination, the patient underwent a CT scan with contrast, magnetic resonance imaging (MRI), and CT-angiography (CTA) at our department. The CT scan showed a well-defined and high attenuated mass measuring 43 mm × 38 mm in the hepatic entrance with calcification. The CTA revealed an additional finding: Blood supply to the mass from the right hepatic artery. MRI of the upper abdomen demonstrated a mass with mixed signal intensity on T1 and T2 weighted images in the hepatic entrance. The patient underwent surgery with resection of the mass which was sent for histopathology. Ectopic thyroid at the level of porta hepatis with nodules was the definitive diagnosis since histopathological report revealed presence of thyroid tissue in the resected liver mass.

CONCLUSION
This case delivers a rare insight of pre-operative radiological imaging of an ectopic thyroid located in the liver. These findings can aid in narrowing down potential differential diagnosis when managing a patient with those subsequent findings.
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[bookmark: OLE_LINK502][bookmark: OLE_LINK503][bookmark: OLE_LINK504]Core Tip: Thyroid ectopia specifically at the porta hepatis level is quite a rare clinical entity without any conclusive protocol for radiological diagnosis. This paper reviews the limited corresponding literature as well as the presentation of a clinical case in order to help physicians alongside radiologists to minimize misinterpretations and misdiagnosis of ectopic thyroid. This paper will hopefully contribute to the spectrum of information by portraying computed tomography, magnetic resonance imaging, computed tomography angiography, and histopathology amongst a plethora of other data that will contribute in the optimization of the prevalence in conjunction with the management of thyroid ectopia.


INTRODUCTION
Ectopic thyroid is a rare developmental anomaly defined as the atypical presence of thyroid tissues in locations other than its normal anatomical position of being anterolateral to the second, third, and fourth tracheal cartilages[1]. Statistically, it is prevalent in 1 per 100000-300000 persons and it has been reported that 1 in 4000-8000 patients suffering from thyroid disease have this condition[2].
The thyroid gland is embryonically the premier endocrine gland that develops on the 24th day of gestation[3]. It is made up of two distinct types of cells, namely, thyroid follicular cells, responsible for the production of thyroid hormones, and parafollicular or C cells that produce calcitonin[4]. According to several reports, a consensual hypothesis for the formation of sub-diaphragmatic thyroid ectopia is the failure of migration or the intemperate descent of the thyroid anlage[3,5,6]. Other studies have shown that abdominal ectopic thyroid may also be due to the common embryologic origin from the foregut endoderm shared by the thyroid as well as the gastro-intestinal tract, the pancreas, and the liver[7,8]. Clinical literature pertaining to abdominal thyroid ectopia is limited, which can be explained by the fact that the majority of patients with this condition are mostly asymptomatic and may present as an incidental finding or as an emergency. Clinicians may also misdiagnose an ectopic thyroid as a neoplasm of adjacent tissues or lipoma or cyst[9]. This case highlights the imaging features of ectopic thyroid in the liver by presenting the subsequent imaging observations made in computed tomography (CT), magnetic resonance imaging (MRI), and CT-angiography (CTA). This report is aimed to optimize the clinician’s as well as the radiologist’s diagnostic prospect when encountering thyroid ectopia.

CASE PRESENTATION
Chief complaints
A 63-year-old Chinese woman presented to our department after the discovery of a mass in the hepatic portal entrance on a CT scan at a local hospital.

History of present illness
The patient initially visited the local hospital with complaints of chronic intermittent abdominal discomfort. A CT scan of the gallbladder, liver, pancreas, and spleen was consequently performed. A mass in the hepatic portal entrance was noted and the case was referred to our hospital for further investigation. Physical examination was unremarkable, preliminary blood tests and tumor markers were within normal limits. The patient had no known liver diseases. For additional work-up, the patient underwent CT with contrast, MRI, and CTA at our department.

Laboratory examinations
Histopathological report concluded that the mass resected from the liver lobe consisted of thyroid and liver tissue as portrayed in Figure 1A-C. Immunohistochemical studies for thyroid transcription factor 1 and thyroglobulin were both positive as shown in Figure 1D and E.

Imaging examinations
A non-enhanced CT scan revealed a well-circumscribed, heterogeneous and high attenuation mass in comparison to the liver parenchyma with calcification. A contrast- enhanced CT scan of the abdomen and pelvic area revealed a group of high density (compared to the surrounding liver parenchyma) nodules with exhibition of well-defined borders in the hepatic entrance with calcification and an expansive size of 43 mm × 38 mm. The lesion was greatly enhanced in the arterial phase and there was prolonged enhancement in the venous phase with decreasing attenuation, as shown in Figure 2.
On CTA, in the hepatic entrance, a mass with low attenuation alongside calcification in the middle was observed. In the arterial phase, the mass was supplied by a blood vessel branching from the right hepatic artery as shown in Figure 3.
MRI of the upper abdomen demonstrated subsequent enhancement in the hepatic entrance with mixed signal intensity in the observed mass on both T1 and T2 weighted images. The mass was demarcated from the surface of the liver and there was diminished signal intensity in the arterial phase and in the venous phase, as shown in Figure 4.

FINAL DIAGNOSIS
On the basis of the above findings, a definitive diagnosis of ectopic thyroid in the porta hepatis with nodules was established. 

TREATMENT
The patient underwent surgery with resection of multiple nodules in the hepatic entrance. The surgical intervention revealed a single mass with a clear surface membrane measuring 30 mm in the hepatic entrance. The mass was interlinked with the right hepatic artery, the right branch of hepatic portal vein, and the common hepatic duct. Blood supply was observed from the right hepatic artery. The resected mass was sent for a histopathological study bearing the results mentioned above.

OUTCOME AND FOLLOW-UP
Postoperatively, the patient had an uneventful recovery. A one-year follow-up showed that the patient’s thyroid function was within normal limits.

DISCUSSION
Lingual thyroid is the most common type of ectopic thyroid, accounting for almost 90% of reported cases[6]. While reviewing the English literature available when this paper was being written, occurrences of ectopic thyroid in other distant locations (though very rare in incidence) were documented, which consist of the following sites: The mediastinum[10], heart[11], ascending aorta[12], thymus[13], esophagus[14], duodenum[15], gallbladder[5], stomach bed[16], pancreas[17], mesentery of the small intestine[18], porta hepatis[1], adrenal gland[19], ovary[20], fallopian tube[21], uterus[22], and vagina[23].
The prevalence of ectopic thyroid is approximately 1 per 100000-300000 persons[24]. Ma et al[17] reported a predominance of the clinical entity in women as early as the 30th week of gestation to 76 years of age. The first case of ectopic thyroid was reported in 1869 by Hickman[25] and up to present, only 700 cases approximately have been documented worldwide, which makes this pathologic developmental condition a rarity. The occurrence of thyroid tissue in the liver has been explained as an arrest of migration[6] of the thyroid from the common embryologic origin: The foregut endoderm[9]. Additionally, excessive descent of the thyroglossal duct remnants has also been suggested for the aberrant development of ectopic thyroid in distant locations[26] such as the gallbladder[5], stomach bed[16], porta hepatis[1], and adrenal gland[19].
From a genetic perspective, mutations in regulatory genes also play a vital role during thyroid embryonic development[4,27]. A mutation in transcription factors such as FOXE1, PAX8, NKX2-1, and TITF-1 may be involved in thyroid dysgenesis[2,28].
At present, true prevalence of ectopic thyroid cannot be evaluated due to the fact that most patients are asymptomatic and the majority of cases are incidental findings. For symptomatic patients, clinical management usually depends on the age of the patient, thyroid function tests (TFT), severity of the symptoms, histopathological examinations, size of the mass, and complications of the ectopic mass (ulceration, bleeding, cystic degeneration, or malignancy)[10,29-32]. For intra-abdominal thyroid, the symptoms may vary from abdominal pain to diarrhea, and generalized weakness due to a porta hepatis mass[33]. This case report contributes to this statement by presenting a patient with an initial chief complaint of chronic abdominal discomfort, which is a non-specific symptom. However, the assortment of tests and procedures identified the cause to be secondary to a mass within the liver consistent with thyroid ectopia in the porta hepatis. Detection for thyroid ectopia in formerly asymptomatic patients is mostly possible when demands for thyroid hormones increase, e.g., during pregnancy/puberty (physiologic conditions) and trauma/infections (pathologic conditions)[3]. Hence, individuals having ectopic thyroid often suffer from hypothyroidism (33%-62% of patients[34]) while hyperthyroidism is rare[6].
Malignant transformation is relatively sparse (< 1%) and appears with distinct histotypes: Mixed follicular and papillary, follicular, papillary, medullary, and Hurthle cell[29].
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]When a differential diagnosis of thyroid ectopia is considered in a patient, it is important to perform a TFT to assess the serum levels of T3, T4, TSH, and thyroglobulin in order to evaluate the thyroid status of the patient. Positive staining results for thyroid transcription factor-1 (TTF-1) and thyroglobulin (TGB) are histopathologically suggestive of thyroid tissue[17]. The case documented in this report correlates with the results of the aforementioned reference with strong expression for TTF-1 and TGB altogether.
Ultrasound is the first imaging modality favored in the initial assessment of a case suspected to be an ectopic thyroid[17]. It is non-invasive, available in many health institutions, cost-effective, and quick and does not expose the patient to ionizing radiation, hence accessible to a wide array of patients[3]. The sensitivity is further improved by the incorporation of color Doppler that aids in showing hypervascularity through peripheral or internal color flow signals[35]. From literature study, a hyperechoic mass[17] or heterogeneous mass[8,29] is usually observed. B-flow imaging (BFI) is an innovative ultrasound modality that offers direct visualization of blood reflectors compared to Doppler technology and is adequate in the analysis of complex hemodynamics. BFI technique is beneficial to identify twinkling sign patterns for the analysis of thyroid nodules[36-38].
CT is the second mode of imaging for diagnostic workup as it delineates the mass from other anatomic locations, which is helpful in a pre-surgical evaluation[10,31,35]. Contrast CT usually shows an intensely enhancing mass as compared to non-enhanced CT that basically demonstrates high attenuation (due to the intrinsic iodine content) in relation to surrounding tissues[3,6,17]. The masses in the porta hepatis portray solid or semi-solid masses with cystic lesions[1,5,39] with a well circumscribed border and calcifications[1].
CTA provides valuable input in determining vascularization patterns and can also be used for pre-operative embolization in order to minimize risk of hemorrhage during a surgical procedure[40].
Notably, MRI is another radiological approach that helps in localizing ectopic tissue and provides a detailed picture of the mass in contrast to the tissues surrounding it. Presentations of thyroid ectopia on MRI are, however, not uniform[1,5,41] as they depend on the gelatinous material[42]. 
According to a plethora of literature, it has been shown that radionuclide imaging is also a useful diagnostic tool when ectopy is considered as a differential diagnosis[3,6,17,24]. Thyroid scintigraphy consisting of technetium-99m pertechnetate (Tc-99m), iodine-131 (I-131), and I-123 can be used to identify ectopic thyroid tissue and to detect other locations having thyroid tissue in case of dual ectopia, and furthermore can also show the presence or absence of thyroid in its normal anatomical location, which is essential for pre-operative assessment. Tc-99m is usually preferred[3,29] as it yields better quality of image, delivers a lower radiation dose, and is cheaper compared to I-131. Also, it is widely accessible; waiting time post-administration is lesser and it can safely be used in children. However, it should be emphasized that due to the radiation burden on a patient, scintigraphy should be considered only if the normal thyroid is not visualized on ultrasound or in cases of hypothyroidism[43].
Additionally, fine needle aspiration cytology is a valuable diagnostic tool for differentiation between a malignant and benign lesion prior to surgery[6]. Last but not least, immunohistochemistry showing positive staining for TTF-1 and TGB is important for diagnosis of thyroid ectopia.
The most appropriate management of this entity has not yet been established; however, a mass in the porta hepatis may also be suggestive of fibroma, lymphoma, lipoma, hemangioma, dermoid cyst, lymphangioma, squamous cell carcinoma, and a variety of complications such as bleeding, cystic degeneration, or malignancy. Hence, surgical excision is recommended[9,17].
We searched the PubMed database for articles published up to the year 2018 (when the patient was first admitted). The search had the following keywords: “Ectopic thyroid” and “porta hepatis”, altogether. There were a total of 11 retrieved articles, out of which only 5 had proper radiological imaging description of cases in the porta hepatis. These findings have been tabulated (Table 1) for a better comparison. The present case has the same findings as most cases except for that reported by Strohschneider et al[39]. However, presentations on MRI were not mentioned as it was either not widespread during the 1990s or mostly because presentations on MRI are not uniform, showing low to high signal intensity on either T1 or T2 weighted imaging depending on the gelatinous material content, hence making it the least used imaging modality in thyroid ectopia. Apart from CT images that have been rightfully displayed in ectopic thyroid papers, the authors advocate a novel imaging modality for thyroid ectopia: CTA. We believe that CTA will play its part in narrowing down the differential diagnosis amongst a plethora of other hepatic clinical abnormalities based on abnormal hepatic arterial circulation (as shown in Figure 3). Hence, CTA can preferentially be advised as a radiological work-up as compared to MRI and will consequently reduce time consumption, human resources in a clinical setting, and most importantly, the financial burden on a patient. This report is the only one that has altogether documented the CT, CTA, and MRI findings of thyroid ectopia. The authors believe that it will help in lessening the differential diagnosis whereby conditions such as fibroma, lymphoma, lipoma, hemangioma, dermoid cyst, lymphangioma, and squamous cell carcinoma are considered. This will lead to a better representation of incidence of ectopic thyroid cases in the liver as well as minimize misdiagnosis and hopefully facilitate the selection process for patients who have to undergo scintigraphy and eventually surgical resection.

CONCLUSION
The objective of this case report with literature review is to help clinicians with a preliminary identification and diagnosis as well as a consideration for a differential diagnosis of ectopic thyroid in a patient presenting with a mass in the porta hepatis. The rarity of this case in clinical set-ups and academic literature has led to many misinterpretations of thyroid ectopia. The authors believe that this paper will hopefully provide them with the necessary spectrum of information, more specifically radiological insights, of this pathology in order to send for the proper laboratory work-up and to use the appropriate imaging modalities so as to optimize treatment and management of ectopic thyroid in the porta hepatis in symptomatic as well as asymptomatic patients.
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Figure Legends
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[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Figure 1 Histopathology examination. A: Hematoxylin-eosin (H&E) staining revealed ectopic thyroid tissue within the liver tissue. Normal liver tissue was seen at the top section of the microphotograph (40 × magnification); B: H&E staining showing ectopic thyroid tissue within the liver with follicles of varying size with liver tissue in the upper top section (100 × magnification); C: H&E staining showing thyroid nodule hypertrophy with follicles of varying size (400 × magnification); D: Confirmation of thyroid tissue by immunoreactivity for thyroglobulin (400 × magnification); E: Confirmation of thyroid tissue by immunoreactivity for thyroid transcription factor 1 (400 × magnification).
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[bookmark: OLE_LINK49]Figure 2 Abdominal axial computed tomography scan findings. A: Non-enhanced computed tomography (CT) showed a heterogeneous and well-circumscribed and high-density mass with calcification (black arrow); B and C: Contrast-enhanced CT showed a group of high density nodules with exhibition of well-defined borders in the hepatic entrance with calcification (black arrow) and an expansive size of 43 mm × 38 mm, as well as an intensely enhancing mass in the arterial phase with decreasing intensity in the venous phase.
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Figure 3 Axial computed tomography angiography findings. Widened image thickness construct in arterial phase depicting the right hepatic artery supplying the lesion (orange arrow).
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[bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52]Figure 4 Axial magnetic resonance imaging findings. A: In-phase T1-weighted imaging showing a low signal intensity well-circumscribed lesion in the portal entrance (orange arrow) with a high signal intensity spot (black arrow); B: T2-weighted imaging; C: Arterial phase of contrast-enhanced magnetic resonance imaging (DCE-MRI); D: Hepatic phase of DCE-MRI depicting mixed signal intensity (orange arrows).

Table 1 Review of published literature showing radiological imaging of ectopic thyroid in the porta hepatis
	Ref.
	Radiological imaging findings

	Strohschneider et al[39]
	Unenhanced CT: Hyperdense, well-defined mass in comparison to the normal parenchyma

	Jamshidi et al[33]
	Contrast-enhanced CT: Hyperdense appearance compared to normal liver parenchyma

	Ghanem et al[1]
	Unenhanced CT: Inhomogeneous, slightly attenuated, lobulated, well-circumscribed, isodense and hypodense mass compared to the liver tissue with some calcifications. Contrast-enhanced CT: Inhomogeneous contrast enhancement

	Salam et al[8]
	Contrast-enhanced CT: Mass adjacent to the portal vein enhanced in the arterial phase and washed out in the portal phase

	Fernandez et al[9]
	Contrast-enhanced CT: Heterogeneously enhancing mass

	Present case
	Non-enhanced CT: Heterogenous, well-circumscribed, high density mass compared to liver parenchyma with calcification. Contrast-enhanced CT: Well-circumscribed, intensely enhancing mass in the arterial phase with decreasing intensity in the venous phase alongside calcification

	
	CT Angiography (widened image thickness construct): Right hepatic artery supplying the lesion shown clearly in arterial phase

	
	MRI: Well-demarcated mass with enhancement on T1 and T2 weighted imaging with mixed signal intensity. Diminished signal intensity in both arterial and venous phases


CT: Computed tomography; MRI: Magnetic resonance imaging.
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