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A B S T R A C T   

Herein, we present a clinical case of a successfully staged treatment for a patient with giant hypervascular extra- 
intracranial metastasis of locally advanced stage IVa T3bN1aM1 (skull) papillary thyroid cancer. To treat the 
patient, we used tactics that included preoperative endovascular embolization and total microsurgical metastasis 
removal with simultaneous cranioplasty using an individual stereolithographic titanium three-dimensional 
implant, followed by total thyroidectomy, radiotherapy, and pharmacotherapy (131I radioiodine and suppres-
sive therapies). 

The patient was diagnosed with papillary cancer after total skull metastasis removal and obtaining path 
histological and immunohistochemical biopsy material analysis results. 

Giant hypervascular mass removal is associated with a high risk of intraoperative massive bleeding, unpre-
dictable course of surgical intervention, and consequently, high probability of developing adverse postoperative 
complications. 

These cases are described in isolated reports, making this article relevant. 
The study describes a case when correctly planned tactics allowed operating the patient totally, safely, and 

with minimal blood loss and suggests the examination tactics in cranial hypervascular tumor patients.   

1. Introduction and literature review 

Various studies estimated that 20% of all cancer patients have brain 
metastases [1–3]. Note that not all cancer treatment protocols include 
brain magnetic resonance imaging (MRI) as a routine screening; there-
fore, the true incidence is likely to be higher because such estimates are 
limited to patients for whom the treatment is considered [4]. Although 
almost any type of cancer can metastasize to the brain, the most com-
mon metastases occur in lung cancer (20–56%), breast cancer (5–20%), 
and melanoma (7–16%) [1,3–6]. 

Thyroid cancer (TC) is of particular significance and is the most 
common endocrine malignancy. TCs are divided into four major histo-
logical subtypes: papillary, follicular, medullary, and anaplastic. Papil-
lary thyroid cancer (PTC) is the most common subtype, followed by 

follicular thyroid cancer (FTC). PTC and FTC are both well- 
differentiated thyroid cancer (DTC), accounting for 90% of all TCs 
[7–9]. Despite a relatively favorable prognosis in patients with DTC, 
5–23% of patients have distant metastases, which worsens their prog-
nosis despite adequate therapy [7,9,10]. Bone is the first most common 
site of distant FTC metastases and the second most frequent site of PTC 
metastases [10]. Bone FTC metastases most commonly occur in long 
bones such as the femur and flat bones such as the iliac bone and ster-
num, whereas PTC most commonly metastasizes to the ribs, vertebrae, 
and sternum. Both FTC and PTC metastases to the skull bones are 
extremely rare and account for only 2.5% of all bone metastases. The 
majority of cranial bone TC metastases are caused by FTC, followed by 
PTC [9,11–13]. Cranial DTC metastases can occur in patients aged 
18–70 years [11,14]. Cranial PTC metastases occur in patients aged 

Abbreviations: TC, thyroid cancer; MRI, magnetic resonance imaging; CT, computed tomography; CTA, computed tomography angiography; PTC, papillary 
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35–73 years (mean, 53.5) [15]. The average period from thyroid car-
cinoma diagnosis to cranial bone metastasis is 23.3 years [11]. With 
regard to anatomic and topographic location, cranial vault TC metas-
tases are most often diagnosed in frontal and parieto-occipital regions 
[14,16–24]. 

Usually, TC skull metastases are a slowly growing soft painless mass 
that can be palpated under the scalp. The tumor manifests itself by 
reaching a large size and causing symptoms, such as increased intra-
cranial pressure, dislocation syndrome, focal and general cerebral 
neurological symptoms, cerebral membrane irritation, signs of dural 
sinus compression, seizures, cosmetic defect, and sometimes scalp ul-
ceration or bleeding [9,11,14,16,21,25,26]. 

The main treatment technique of this pathology is total or nearly 
total thyroidectomy and removal as many metastatic foci as possible. 
Removal of TC skull metastases is a difficult task for a surgeon as it is 
accompanied by massive blood loss and unpredictable surgery course 
due to hypervascular mass [9,21]. 

Gamma knife surgery is applied as an alternative therapy for TC skull 
bone metastases [27]. A fractionated stereotactic radiation technique is 
used for patients with metastatic cranial lesions near vital structures or 
in previously irradiated field. 

Literature has few data on PTC skull metastases, and our surgical 
techniques will be presented for the first time, making this article 
relevant. 

This study presents a case of surgical treatment for a giant hyper-
vascular extra-intracranial papillary TC metastasis with preoperative 
tumor embolization and simultaneous cranioplasty with a customized 
stereolithographic three-dimensional (3D) titanium implant. 

2. Case report 

A 55-year-old female visited the clinic with complaints of a large 
painless mass on the left side of her head, which first manifested 4 years 
before presentation. She finally visited due to progressive impairment of 
movement in her right extremities, characterized by clumsiness, and 
numbness. She also noted signs of increased intracranial pressure. 

MRI + Gd and computed tomography (CT) angiogram showed a 
giant (105 × 102 × 75 mm) hypervascular extra cerebral mass lesion 
with extra-intracranial growth, destruction of frontal, temporal, and 
parietal bones on the left, brain compression, and 10-mm right-sided 
axial shift. The mass lesion is abundantly vascularized from the super-
ficial temporal artery (STA), a. meningea media, middle cerebral artery 
(MCA), hypertrophied facial artery, and angular artery (Figs. 1 and 2). 

Pre-embolization angiography shows a giant hypervascular tumor in 
the left frontal temporal and parietal regions with the most pronounced 
feeders from the left external carotid artery territory, left STA, left facial, 
and angular arteries, to a lesser extent from the recruited branches in the 

Fig. 1. A — Preoperative axial T2-weighted/FLAIR imaging. B — Preoperative axial T2-weighted imaging with gadolinium. C — Preoperative coronal short tau 
inversion recovery imaging. D — Preoperative sagittal T2-weighted/TSE imaging. E — Preoperative three-dimensional CTA reconstruction. A giant (105 × 102 × 75 
mm) hypervascular extracerebral mass lesion with extra-intracranial growth, cerebral compression, and 10-mm right-sided axial shift. 

Fig. 2. Three-dimensional CT reconstruction. Left-sided frontal, temporal, and 
parietal bone destruction. 
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left MCA; the right external carotid artery territory has enhanced 
contrast (Fig. 3). 

The following examinations were performed: thoracic cavity, 

abdominal cavity, retroperitoneal space, and pelvic cavity CT to detect 
primary tumor focus. No pathological mass lesions were revealed. 

Given the neuroimaging data, the fact of damaged cranial vault and 

Fig. 3. A–C, Pre-embolization angiography. A giant (105 × 102 × 75 mm) hypervascular mass lesion with feeders from recruited branches of the left middle cerebral 
artery, a. meningea media (A), feeders from the left external carotid artery territory (B), and left superficial temporal artery (C). 

Fig. 4. Postembolization angiography. Tumor vascular tree was sub-totally embolized. Cerebral arteries are permeable. The shadow of detachable microcoil from a 
meningea media (yellow arrow). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

Fig. 5. Intraoperative photography. Giant (10 × 10 cm) left-sided frontotemporoparietal mass lesion (A). The tumor is separated from the soft tissue (B). Cranio-
plasty with a titanium individual stereolithographic 3D implant (C). 
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skull base bones, and internal organ CT data, the differential diagnosis 
between meningosarcoma and metastasis of cancer without primary 
focus was made. 

Based on tumor peculiarities, namely, its hypervascular nature with 
the presence of large feeders from the external and internal carotid ar-
teries, the following surgical techniques were suggested: 

Stage 1: X-ray endovascular embolization of large tumor feeders to 
devascularize the tumor. 

Stage 2: Surgical tumor removal with simultaneous cranioplasty with 
an individual stereolithographic 3D titanium implant. 

The first stage involved X-ray endovascular tumor embolization. The 
tumor vascular tree was sequentially embolized from large feeders 
(bearing nsPVA V400EP, V600EP, and V800EP embolization particle). A 
detachable micro coil (axium of 6 × 20 mm) was placed in a. meningea 

media, from where the large feeders originated. About 90% of tumor 
vascular tree in the control angiogram series were embolized; the ce-
rebral arteries were permeable (Fig. 4). 

The second stage involved total surgical tumor removal. The tumor 
was first separated from MCA branches and large veins and orbital roof 
periosteum and was thus devascularized to the maximum extent. Then, 
the tumor node was fragmented and removed. The tumor was intimately 
fused with the cortex. The cranial dura mater was destroyed. Cranio-
plasty was performed with a previously prepared periosteal pedicle flap. 
Bone grafting with a titanium implant was performed based on an in-
dividual stereolithographic 3D model. Intraoperative blood loss was 
1200 ml. Hemotransfusion was performed intraoperatively (Fig. 5). The 
blood loss was associated with partially preserved tumor blood supply at 
the base of the middle cranial fossa. This group of vessels was excluded 

Fig. 6. A — three-dimensional CT reconstruction. Cranioplasty with a titanium individual stereolithographic 3D implant. B — postoperative axial computed to-
mography. The tumor is completely removed. There is no hemorrhagic component. 

Fig. 7. Pathomorphological and immunohistochemical tumor examination. A — Hematoxylin-eosin, ×100. B — Hematoxylin-eosin, ×200. C — Hematoxylin-eosin, 
×400. D — Immunohistochemical expression of pancytokeratin, ×400. E — Immunohistochemical expression of thyroglobulin, ×400. F — Immunohistochemical 
expression of TTF-1, ×400. 
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by the diathermocoagulation after the subtotal removal of the main 
tumor node. 

Control series of CT scans show total tumor removal without evi-
dence of hemorrhagic component, the signs of pneumocephalus. Bone 
defect was closed with a titanium implant prepared preoperatively using 
a stereolithographic 3D skull model (Fig. 6). 

2.1. Histopathological evaluation 

Histological examination showed tumor growth, consisting of 
different-sized follicle-like structures, filled with pink colloid-like con-
tent and solid areas with a small amount of stroma and foci of hemor-
rhages in the bones and dura mater (Fig. 7A, B). Tumor cells are 
medium-sized with a small amount of eosinophilic cytoplasm. The cell 
nuclei are round, different in size, with nuclear membrane irregularities, 
presence of longitudinal grooves, isolated small nuclei, and brightened 
central part of the nucleus (Fig. 7C). 

Immunohistochemical study revealed expression of pancytokeratin 
(Fig. 7D), vimentin, thyroglobulin (Fig. 7E), TTF-1 (Fig. 7F), and Pax8 
by tumor cells; no reaction with S100; and low proliferative activity 
(Ki67 expression in 4% of cells). 

Based on morphological examination, metastasis of follicular variant 
of papillary TC (ICD-O 8340/3) was performed. 

Based on the histological conclusion, the patient underwent targeted 
thyroid gland examination. According to CT findings, a thyroid gland 
mass lesion was detected (Fig. 8). 

Radical surgical intervention, an extended thyroidectomy with pre- 
thyroid muscle invasion removal and modified bilateral neck dissec-
tion, was performed. An expression of histological examination 
confirmed the papillary cancer. The final conclusion of pathohisto-
logical and immunohistochemical examinations was follicular variant of 
papillary TC. One month postoperatively, in the hypothyroidism setting 
(TSH = 55 µIU/mL), 131I radioiodine therapy was performed with a 
course dose of 200 mCi, followed by 1-year suppressive levothyroxine 
therapy to achieve the target TSH level of 0.2–0.4 µIU/ml. Subsequently, 
a replacement dosing therapy was performed [28–30]. 

The patient was discharged in satisfactory condition with improved 
neurological symptoms (Karnofsky performance status of 80 vs. 60 
before the therapy). 

Continuous screening (determining stimulated thyroglobulin level 
and thyroid sonography) showed no recurrence within 1 year. 

3. Discussion 

TC is the most common endocrine malignancy, with PTC as the most 

common subtype, followed by FTC. Distant metastases are diagnosed in 
5–23% of patients with [7,9,10]. Cranial bone metastases are extremely 
rare and comprise 2.5% of all TC bone metastases [9,11–13]. 

Soft painless mass is increasingly observed as skull TC metastases, 
which can manifest by increased intracranial pressure, dislocation syn-
drome, focal and general cerebral neurological symptoms, cerebral 
membrane irritation, signs of dural sinus compression, seizures, 
cosmetic defect, sometimes scalp ulceration, and bleeding 
[9,11,14,16,21,25]. 

Given the tumor hypervascularization, surgical removal bears a high 
risk of significant blood loss and various postoperative complications 
due to unpredictable surgical course. Hence, our surgical techniques 
were based on reducing tumor blood flow volume to ensure subsequent 
total and safest possible mass lesion removal. Preoperative endovascular 
embolization is a safe and efficient method before the surgical thyroid 
metastasis removal. 

Preoperative endovascular embolization can significantly reduce 
intraoperative blood loss and improve microsurgical technique, making 
surgical removal safer. 

4. Conclusion 

In our clinical case, the surgical treatment technique of a giant 
hypervascular metastasis of papillary TC allowed tumor removal radi-
cally and safely, which demonstrates its effectiveness. After the staged 
tumor “preparation,” it was removed atraumatically, without significant 
blood loss and all preserved local anatomical structures, which made it 
possible to avoid numerous postoperative complications. Simultaneous 
cranioplasty with an individual stereolithographic 3D titanium implant 
was performed, which allowed prevention of postoperative complica-
tions associated with the presence of a large skull defect and cosmetic 
defects in the patient. 

We believe that if a patient has a cranial bones mass, not only the 
thoracic cavity, abdominal cavity, abdominal space, and small pelvis 
organs should be examined, but also a comprehensive thyroid gland 
examination, namely, thyroid hormone level determination, sono-
graphic thyroid gland examination, and thyroid gland CT, should be 
performed in order to rule out cranial bone metastasis. 

Therefore, the above-mentioned methods, as well as recommenda-
tions for the examination of such patients, may be useful and applicable 
for the management of patients with TC in the future. 
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