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Introduction

Primary thyroid lymphoma (PTL) is a rare malignant disease 
originating from the thyroid. Its incidence is less than 5% 
of all malignant thyroid diseases, and less than 2% are extra-
nodal lymphoma (1). PTL is most often characterized 
by a rapidly growing neck lump in a short period of time 
as the first symptom. The literature on PTL involving 
adjacent tissues is relatively rare, and the literature on the 
invasion of the internal jugular vein is even more rare. The 
available literature most often reports on the encirclement 
of the internal jugular vein, with little direct evidence of 
the invasion of the lumen (2-4). We report on 3 cases of 
aggressive PTL, all of which invaded the internal jugular 
vein, and a tumor thrombus formed. The pathological type 
of all 3 cases was diffuse large B-cell lymphoma (DLBCL). 
Contrast-enhanced ultrasonography (CEUS) was performed 
in all cases. The internal jugular vein thrombus in case 3 was 
confirmed to be a tumor thrombus by ultrasound-guided 
fine-needle aspiration biopsy (FNAB). To our knowledge, 
this is the first report of PTL invading the internal jugular 
vein with a tumor thrombus confirmed by an ultrasound-
guided pathological puncture. We present the features of 
conventional ultrasound (US) and CEUS for PTL invasion 
of the internal jugular vein. Further, this study demonstrates 
that chemotherapy can also be used to treat an internal 
jugular vein tumor thrombus caused by PTL.

Case presentation

All procedures performed in this study were in accordance 

with the ethical standards of the Ethics Committee of 
West China Hospital and with the Helsinki Declaration (as 
revised in 2013). Written informed consent was provided 
by the patients for the publication of this case report and 
accompanying images. A copy of the written consent is 
available for review by the editorial office of this journal.

Case 1

A 79-year-old female was admitted to our hospital in 
December 2018 due to a neck mass and pain. She had an 
elevated thyroglobulin (Tg) level—Tg was 1,242.00 μg/L 
(normal range: 3.5–77 μg/L). A US performed in January 
2019 revealed several marked hypoechoic nodules in the 
left lobe of the thyroid. The larger one was located in the 
upper part with a size of about 42 mm × 19 mm × 31 mm. 
The right lobe of the thyroid was almost occupied by a very 
low-echo nodule with a size of about 116 mm × 94 mm × 
50 mm. The US of these nodules showed that they were 
heterogeneous hypoechoic masses with ill-defined margins, 
and they were wider than they were long. These nodules did 
not contain calcifications, liquefaction, posterior acoustic 
enhancement (PAE), or a peripheral hypoechoic halo. 
Color Doppler ultrasound (CDU) of these nodules revealed 
short strips of blood flow signals, and they were classified 
as grade 2 according to Adler grade classifications (5).  
The lymph nodes in the right cervical zones III and IV 
were enlarged. These thyroid nodules were classified as 
Thyroid Imaging Reporting and Data Systems (TIRADS) 
5 according to the American College of Radiology  
(ACR-TIRADS) (6). Hypoechoic filling was detected in the 
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lumen of the right internal jugular vein (RIJV). For these 
thyroid nodules, the contrast agent entered in a centripetal 
way and presented as heterogeneous hypo-enhancement. 
A CEUS of this RIJV embolus showed no enhancement in 
the center of the embolus but partial enhancement in the 
periphery, which suggested the possibility of the formation 
of RIJV thrombosis and tumor thrombus. Thrombosis 
is avascular and is not enhanced after contrast injection, 
whereas tumor thrombus involves malignant vascularity that 
is enhanced after the contrast agent enters microcirculation. 
In January 2019, contrast-enhanced CT of the neck revealed 
a mass of soft tissue density shadow at the bilateral thyroid 
lobes and isthmus with heterogeneous enhancement. The 
CT images showed a filling defect occluding the lumen of 
RIJV, and there was a mass compressing the trachea and 
narrowing of the tracheal lumen. FNAB and US-guided 
core needle biopsy (CNB) (18G) were performed for 
bilateral thyroid nodules. Immunohistochemistry (IHC) 

staining showed lymphocytic hyperplasia, mainly medium to 
medium-to-large lymphocytes, and plasma cells with CD20 
(+), CD79a (+), CD3 (−), CD10 (−), BCL-6 (+, 30%), mum-
1 (+), BCL-2 (+, 70–80%), C-MYC (−, 10–20%), and Ki-67 
(+, >80%). Gene rearrangement showed low amplification 
peaks of IgH and IgK. Flow cytometry detected abnormally 
expressed B lymphocytes. Combined with the above 
results, the diagnosis was considered DLBCL with high 
proliferative activity (Figure 1A-1F).

The patient was treated with the R-CHOP (rituximab 
plus cyclophosphamide, doxorubicin, vincristine, and 
prednisone) regimen. After 4 months (May 2019), the 
enhanced CT of the neck was reviewed. Compared with 
the previous time, the mass was significantly smaller, and 
the thrombus was partially absorbed. A positron emission 
tomography-computed tomography (PET-CT) examination 
was performed in November 2021. After chemotherapy, the 
patient showed no signs of tumor recurrence throughout 
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Figure 1 US, CEUS, and enhanced CT images of the neck in case 1. (A) A longitudinal image of US of the right thyroid gland shows an 
11cm, irregular shaped, heterogeneous hypoechoic mass, replacing the entire right lobe of the thyroid, with dotted line-like blood flow 
signals. (B) For this mass, the contrast agent entered in a centripetal way and presented as hypo-enhancement and was heterogeneous. (C) 
The right internal jugular vein was filled with weak echoes, and some of the blood flow signals in the lumen were filled with defects. (D) 
CEUS shows that the internal jugular vein emboli presented no enhancement (thick arrow) in the central area but partial enhancement in 
the periphery (thin arrows). (E) Contrast-enhanced axial scan of the neck on CT revealed heterogenous soft tissue opacities occupying the 
bilateral thyroid lobes and isthmus, compressing the trachea and causing tracheal stenosis (January 2019). (F) CT shows that the thyroid 
lymphoma went into complete remission following treatment with chemotherapy (June 2022). US, ultrasound; CEUS, contrast-enhanced 
ultrasonography; CT, computed tomography.
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Figure 2 US and CEUS images of the thyroid and internal jugular vein tumor thrombus in case 2. (A) The transverse image of 
ultrasonography of the left thyroid gland showed a 7.8 cm, irregular-shaped, heterogeneous hypoechoic mass. (B) CEUS shows that the 
thyroid nodules presented low enhancement, heterogeneous enhancement, and concentric enhancement. (C) Color Doppler images of the 
LIJV. The LIJV was thickened, and hypoechoic mass filling was detected in the lumen. (D) LIJV angiography, the thickened segment of the 
left internal jugular vein showed heterogeneously high enhancement (thick arrow). Above the thickened segment, no enhancement (thin 
arrows) was shown. US, ultrasound; CEUS, contrast-enhanced ultrasonography; LIJV, left internal jugular vein.

their body. In June 2022, the contrast-enhanced CT images 
of the neck of the patient demonstrated that the thyroid 
lymphoma was indeed in complete remission (CR) after she 
received chemotherapy. In contrast to before treatment, 
the patient’s RIJV tumor thrombus shrunk significantly, but 
there might have been some necrotic tissue remaining. The 
cervical and supraclavicular lymph nodes were not enlarged 
on CT images.

Case 2

An 89-year-old female was admitted to West China Hospital 
in September 2019 because of a lump in her neck. The 
patient’s thyroid function was normal. An US examination 
showed that the reduced echogenicity of the thyroid 
parenchyma was heterogeneous. A hypoechoic nodule with 
a size of 78 mm × 40 mm × 75 mm was found in the left 
lobe, the isthmus, and the right lower lobe of the thyroid, 
with a shape that was wider than it was long, with a well-
defined margin. Its internal echo was heterogeneous. No 
calcification, liquefaction, peripheral hypoechoic halo, or 
PAE was detected in this nodule. The patient’s thyroid 
capsule was involved. A CDU showed that the Adler blood 
supply grading of this nodule was 1, and the arterial spectrum 
could be detected inside. Peak systolic velocity (PSV) was 
25.1 cm/s, end diastolic velocity (EDV) was 3.35 cm/s, and 
the resistive index (RI) was 0.87. Lymph node enlargement 
was observed in the left cervical zone III. This thyroid nodule 
was classified as TIRADS 5 according to ACR-TIRADS 
classification. The left internal jugular vein (LIJV) was 
thickened, with a maximum inner diameter of about 22 mm, 
and hypoechoic filling was detected in part of the lumen. 

Dot-line blood flow signals were detected in the lumen 
of the thickened segment of the LIJV. For these thyroid 
nodules, the contrast agent entered in a centripetal way and 
presented with hypo-enhancement and heterogeneity. After 
injection of the contrast agent, the thickened segment of the 
LIJV showed heterogeneous hyperenhancement, and there 
was no enhancement above the thickened segment, which 
suggested tumor thrombus formation (Figure 2A-2D). The 
contrast agent could not pass through the LIJV blocked by 
the tumor thrombus, and there was no enhancement above 
the thickened vessel. Thyroid nodules underwent US-guided 
FNAB and CNB. The pathological findings showed large 
cells with irregular nuclear contours, vesicular chromatin, 
and several nucleoli. After IHC staining, the majority of these 
neoplastic cells were positive for CD20, Ki67 (+, ~50%), a 
small amount of CD3 (+) cells in the background, CD30 (−), 
CK (−), CD34 (−), STAT6 (−), Desmin (−), SMA (−), S-100 (−), 
EMA (−), and β-C (−), which indicated B-cell tumors. Due 
to the patient’s old age, she and her family decided to delay 
treatment, which meant that this patient was considered lost 
to follow-up.

Case 3

A 79-year-old male was admitted to our hospital in August 
2020 with a mass in his neck. His thyroid function tests 
were normal. His US showed hypoechoic and heterogenous 
thyroid parenchyma. There were multiple hypoechoic 
nodules in the thyroid. The size of the larger nodule on 
the right was about 82 mm × 58 mm × 41 mm, and the 
size of the larger nodule on the left was about 23 mm ×  
12 mm × 10 mm. These nodules were wider than they were 
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Figure 3 US, CEUS, and pathology images of thyroid nodules and RIJV tumor thrombus in case 3. (A) The longitudinal sonogram of 
the left lobe showed heterogeneous hypo-echogenicity with posterior acoustic enhancement. (B) CEUS showed that the thyroid nodules 
presented low enhancement, heterogeneous enhancement, and concentric enhancement. (C) An isoechoic mass (arrow) filling was found 
in the lumen of the right internal jugular vein, and a blood flow signal filling defect was observed. (D) The CEUS image revealed hypo-
enhanced emboli (arrows) of RIJV with centripetal heterogeneity. (E) Ultrasound-guided FNAB of the right internal jugular vein tumor 
thrombus. (F) Pathological examination of the thyroid nodule showed diffuse proliferation of moderately large atypical lymphoid cells (HE 
staining, ×200). (G) Atypical lymphoid cells showed expression of CD20 (CD20 immunostaining, ×200). (H) A small amount of atypical 
lymphoid cells that were large and had irregular nuclear contours, vesicular chromatin, and one or more nucleoli were found under the 
pathological microscope of the RIJV emboli (HE staining, ×200). US, ultrasound; CEUS, contrast-enhanced ultrasonography; RIJV, right 
internal jugular vein; FNAB, fine-needle aspiration biopsy; HE, hematoxylin and eosin.

long, with ill-defined margins, heterogeneous internal 
echogenicity, and PAE. No calcification, liquefaction, or 
peripheral hypoechoic halo was detected in any of them. 
The CDU showed that the Adler blood supply grading 
of these nodules was 2. The patient’s thyroid capsule was 
involved, the nodule wrapped around the right common 
carotid artery, and there was no obvious abnormality in 
bilateral cervical lymph nodes. These thyroid nodules 
were classified as TIRADS 5 according to ACR-TIRADS 
classification. In the lumen of the RIJV, an isoechoic mass 
with a size of about 29 mm × 12 mm × 15 mm was detected. 
From the linear blood flow signal at the inner part of the 
mass, the arterial pulse spectrum was detected, and PSV 
was 30.9 cm/s, EDV was 6.01 cm/s, and RI was 0.81. For 
these thyroid nodules, the contrast agent entered in a 
centripetal way and presented with hypo-enhancement and 
heterogeneity. As for CEUS, the emboli presented as hypo-
enhanced, with a centripetal heterogeneous pattern. This 
suggested that the emboli were tumor thrombus. Under US 
guidance, CNB was performed for the right thyroid lobe 
nodules, and FNAB was performed for the RIJV emboli. 

The pathologic specimen from CNB revealed a diffuse 
proliferation of atypical intermediate to large atypical 
lymphoid cells. Immunophenotype detected follicular 
epithelial cells PCK (+) lymphocytes showed CD20 (+), 
CD3 (−), CD10 (+), BCL-6 (+), MUM-1 (+), BCL-2 (−), 
C-MYC (+, 70%), Ki-67/MIB-1 (+, >90%), CD79a (+), 
CD19 (+), and CD38 (+, few). Flow cytometry detected 
light chain-restricted expression of the B lymphocyte 
population. Gene rearrangement detection showed IgH 
and IgK clonal amplification peaks but no gamma T cell 
receptor (TCRG) clonal amplification peaks. Combined 
with the above results, the diagnosis was aggressive 
B-cell lymphoma, consistent with DLBCL, which was of 
germinal center B-cell origin (per Hans classification) and 
had high tumor cell proliferation activity. Pathological 
examination of the embolus revealed some swollen vascular 
endothelial cells and very few atypical lymphoid cells that 
were large and had irregular nuclear contours, vesicular 
chromatin, and one or more nucleoli (Figure 3A-3H). The 
patient received the R-CHOP regimen and achieved CR in  
June 2021.
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Discussion

PTL is a rare malignant disease originating from the 
thyroid, with an incidence of less than 5% of thyroid 
malignancies and less than 2% of extra-nodal lymphoma (1).  
The most common feature of PTL is a neck mass that 
grows rapidly over a short period of time as the first 
symptom. Most pathological types of PTL are non-
Hodgkin lymphoma derived from B cells, of which marginal 
zone lymphoma and DLBCL are the main types. DLBCL is 
more invasive than marginal zone lymphoma, and the 5-year 
survival rate of DLBCL is lower than that of marginal zone 
lymphoma. DLBCL is mainly treated with radiotherapy and 
chemotherapy, and marginal zone lymphoma is primarily 
treated with radiotherapy (7).

US is usually the initial modality for the diagnosis 
of thyroid lesions.  The masses were shown to be 
heterogeneous and hypoechoic on US images in all 3 cases 
reported here. These hypoechoic areas corresponded to 
lymphoepithelial lesions of PTL (8). CEUS can assess the 
sequence, intensity, and hemodynamic characteristics of 
vascular perfusion in thyroid nodules, thereby providing 
a real-time characterization of the nodule following an 
intravenous bolus of microbubble contrast agent (9,10). 
Previous literature has reported that low enhancement, 
heterogeneous enhancement, and peripheral irregular 
enhancement patterns of thyroid nodules suggest 
malignancy (10-14). However, the diagnostic accuracy of 
malignant tumors can be improved by combing the internal 
enhancement pattern and the slow wash-in and wash-out 
curve that is slower than that of normal thyroid tissue.

CEUS also enables the distinction between thrombosis 
and tumor thrombus, such as malignant and non-malignant 
emboli in the portal vein, inferior vena cava, and renal veins 
(15,16). Thrombosis is avascular and does not enhance after 
the contrast injection, whereas tumor thrombus involves 
malignant vascularity that is enhanced after the contrast 
agent enters microcirculation. The no-perfusion area of 
the embolus may indicate thrombosis. Another possibility 
is that the tumor thrombus grows too fast, with the 
pathological basis that the tumor thrombus has no sufficient 
blood supply and is necrotic; therefore, the contrast 
agent does not enter the tumor thrombus. The emboli in 
case 1 showed peripheral enhancement, suggesting the 
possibility of tumor thrombus. There was no perfusion area 
in the middle part of the tumor thrombus, which could 
suggest necrosis. The tumor thrombus gradually shrank 
during chemotherapy. A frank thrombotic obstruction 

demonstrates no contrast enhancement, whereas a tumor 
thrombus shows enhancement of the obstructing filling 
material, as reported in case 2. Further, the contrast agent 
cannot pass through the LIJV blocked by the tumor 
thrombus; therefore, no enhancement is shown above the 
thickened vessel. The emboli of case 3 presented as hypo-
enhanced with the centripetal heterogeneous pattern, which 
is similar to the enhancement pattern of thyroid lymphoma.

FNAB and CNB are common preoperative diagnostic 
tools for PTL. In contrast to surgery, they are less 
invasive (8,17,18). The initial diagnostic method for 
thyroid lymphoma should consist of FNAB with the use 
of additional techniques, such as the cell block technique, 
CNB, flow cytometry, and IHC staining for improved 
diagnostic accuracy (19,20).

PTL may invade adjacent structures around the thyroid, 
such as muscle, the esophagus, the trachea, and large vessels 
in the neck. There are only a few reports in the related 
imaging literature, and only one article has specified the 
invasion into the lumen of the RIJV. Hu et al. (3) reported 
DLBCL involving the RIJV and adjacent muscles. In this 
case, only image data from US and CDU were available, 
and no other preoperative data confirmed the nature of the 
embolus. The postoperative pathological diagnosis of the 
mass was DLBCL, and the surgery included thyroidectomy 
and resection of part of the RIJV and adjacent muscles. 
Compared to chemotherapy, surgery incurs more trauma and 
has the potential for complications. Kim et al. (2) reported 
cases in which the PTL lesions were closely adjacent to the 
LIJV and common carotid artery, but they did not clearly 
indicate the luminal interior of the invading vessel (Table 1).

This  i s  the  f i r s t  report  on the  US and CEUS 
characteristics of PTL invading the internal jugular vein 
(IJV) with tumor thrombus formed. We report 3 cases of 
PTL invasion into the IJV. The patients had long history 
of Hashimoto’s thyroiditis and presented with neck masses. 
The US features for the majority of previously reported 
PTL were homogeneous hypoechoic masses that rarely 
invaded adjacent structures (8). Our cases were quite 
different from these findings. The masses in our cases 
were shown to be heterogeneous and hypoechoic on US 
images in all 3 cases. This is similar to the aggressive PTL 
echogenicity already reported by Hu et al. (2,3). Echogenic 
heterogeneity of the lesion may be a feature of aggressive 
PTL. US images of case 3 showed that these masses had 
PAE. The masses of all cases were wider than they were 
tall, with echogenic strands and the absence of calcification 
and a peripheral halo. For the thyroid lesions in the above 
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cases, the contrast agent entered in a centripetal way and 
presented with hypo-enhancement and heterogeneity. This 
is similar to the enhancement characteristics of malignant 
thyroid lesions reported in the existing literature. All 3 
cases received FNAB and/or CNB for thyroid masses, and 
pathology was confirmed as DLBCL. This is consistent 
with the previous literature on lymphomas that invade 
peripheral tissues related to the type of pathology, both 
of which are DLBCL. The enhancement characteristics 
of the IJV emboli of cases were different after contrast 
agent injection. This may be related to the cause and stage 
of tumor thrombus formation. The mechanism of tumor 
thrombus formation is not well understood and requires 
observations and summaries of more cases. We performed 
FNAB on the RIJV embolus in case 3 under US guidance, 
and a very small amount of atypical lymphoid cells were 
found under the pathological microscope. This is the first 
report of PTL invading the IJV in which a tumor thrombus 
formed, which was confirmed by an ultrasound-guided 
pathological puncture.

Aggressive PTL can invade inside the lumen of the IJV, 
and cases 1 and 3 in this study achieved CR after regular 
chemotherapy. This suggests that regular chemotherapy 
is still effective in treating aggressive PTL that invades 
the IJV. US-guided FNAB and/or CNB were performed 
on the neck mass in the 3 patients, and we performed the 
associated pathological diagnosis using the puncture sample 
to avoid diagnostic surgery. In addition, we performed 
FNAB on the IJV thrombus in case 3 and confirmed it to 
be a tumor thrombus, which clarified the extent of PTL 
invasion.

US and CEUS can be used to diagnose PTL and can also 
be used to assess the invasion of PTL to surrounding tissues, 
lymph nodes, and vessels in the neck. US-guided FNAB 
and CNB for neck masses in 3 cases and FNAB for IJV 
emboli incurred no serious complications, which avoids the 
risks and complications associated with diagnostic surgery. 
Regular chemotherapy is still effective for aggressive PTL 
invading the IJV to form tumor thrombus, which can avoid 
IJV removal or embolectomy. Among the invading IJV 
disease, PTL should also be considered in clinical diagnosis 
and treatment. The rational use of US, CEUS, FNA, and 
CNB is helpful for the early diagnosis of PTL and guidance 
for subsequent treatment.
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