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along with the growing peripheral nerves and eventu-
ally develop into adult myelin or non-myelin Schwann 
cells, serve as the source of Schwann cell precursors. 
[1] Schwannomas are relatively rare, occurring mainly 
in the head, neck or extremities, with isolated or mul-
tiple lesions. [2] Although they are somewhat frequent 
in the head and neck, where they account for 25–45% of 
schwannomas, schwannomas involving the thyroid are 
exceedingly uncommon, [3] making for less than 0.02% 
of all thyroid tumors. [4] The first case report of primary 
thyroid schwannoma was reported by Delaney and Fry 
in 1964, similar to a benign thyroid nodule. [5] Primary 
thyroid schwannoma has been reported worldwide, most 
of them occurring in the age range of 40–60 years, [6] 
with around 40 cases reported to date. The sonographic 

Introduction
Schwannomas, also known as neuromas, neurinomas, 
or neurilemmomas, are slow-growing, benign tumors 
that may originate from peripheral nerves or nerve root 
sheaths covered by the sheath throughout the body. The 
schwannomas arise from neuronal sheath cells (also 
referred to as Schwann cells). During embryonic devel-
opment, neural crest progenitor cells, which migrate 
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Abstract
Background  To improve the characteristics of primary thyroid schwannomas (PTS) and to provide reference basis for 
clinical diagnosis and treatment.

Methods  PubMed was searched for case reports of PTS up to December 2022 using the search terms “Thyroid nerve 
sheath tumor” or “Thyroid schwannoma” or “Thyroid Neurilemmoma”, respectively. 34 cases were screened.

Results  PTS can occur at any age, nodules averaged 3.9 cm. The most common symptoms were voice change and 
dysphagia. Fine needle aspiration cytology showing spindle-shaped cells should be considered for schwannoma. 
Most cases underwent thyroid lobectomy or nodule removal with a good prognosis. Tissue types with both Antoni 
A and Antoni B features are common. Positive immunohistochemical staining for S-100 protein, CD34 and waveform 
proteins helped confirm the diagnosis.

Conclusions  Positive immunohistochemistry for S-100 and wave proteins helps confirm the diagnosis. Preoperative 
diagnosis is challenging, but pathology and immunohistochemical staining are the gold standard for diagnosis. The 
first choice of treatment is surgical resection of the nodules, the prognosis is good.
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features and clinical signs of primary thyroid nerve 
sheath tumors are close to those of thyroid nodules, mak-
ing them difficult to differentiate from thyroid nodules 
and challenging to diagnose pre-operatively, thereby con-
tributing to improper treatment. In this study, we ana-
lyzed the case characteristics of primary thyroid nerve 
sheath tumors and reviewed the correlation literature to 
improve clinicians’ cognition of primary thyroid nerve 
sheath tumors and to provide a reference for clinical 
diagnosis and treatment. We present this article in accor-
dance with the PRISMA reporting checklist.

Methods
The clinical case reports of PTS published in the PubMed 
database from the time of database creation to December 
2022 were searched using “Thyroid nerve sheath tumor” 
or “Thyroid schwannoma” or “Thyroid neurilemmoma” 
as search terms, respectively, for statistical and summary 
purposes.

To decrease heterogeneity, we used uniform inclusion 
criteria for the retrieved case reports. Senior title sur-
geons set the screening criteria, and junior and mid-level 
surgeons searched the relevant literature and screened.

Inclusion criteria: (1) Basic information presentation 
of the patient is available. (2) with clinical manifestations 
and distribution of lesions. (3) surgical treatment and a 
specific diagnosis of thyroid schwannoma. (4) The lesion 
is located in the thyroid gland or is closely associated 
with the thyroid gland and is difficult to distinguish from 
a thyroid nodule.

Exclusion Criteria: (1) Although the primary lesion was 
located in the neck, it is not closely related to the thyroid 
gland. (2) Cases misdiagnosed as thyroid schwannoma. 
(3) More clinical information was missing.

Results
A total of 34 case reports were included by screening cri-
teria, the results of which are presented in Table 1, Cont 
(1), Cont (2), Cont (3), Cont (4).

Discussion
The pathogenesis of p rimary thyroid schwannoma is 
unclear. It has been shown that thyroid transcription 
factor-1 (TTF-1) is expressed selectively in most nerve 
sheath tumors, especially in the routine variants. On 
this basis, TTF-1 protein and mRNA are exclusively 
expressed in nerve sheath tumors. Abnormal expression 
of TTF-1 in schwannomas provides novel clues to the 
mechanism of schwannoma pathogenesis. [7] Primary 
thyroid schwannomas are one of the rarest subgroups 
of neck schwannomas, and their origin is unknown; it is 
thought that they originate from sensory nerves within 
the thyroid gland or from autonomic innervation of the 
thyroid gland. [8] The nerve source was reported in four 

of the cases counted, three of which originated from the 
recurrent laryngeal nerve and one from the vagus nerve. 
[2, 9–11] Although females were more common in the 
statistical cases (23 females and 11 males), this cannot be 
used to determine sex preference due to the small num-
ber of cases. Primary thyroid schwannomas can occur 
at any age, in statistical cases at 12–87 years of age with 
a mean of 41 years; lesion size ranges from 0.8 to 14 cm 
with a mean size of 3.9 cm.

In most cases, the lesion was located in the right lobe 
of the thyroid, followed by the left lobe, while only one 
case involved the isthmus of the thyroid. [11] Some 
investigators have argued that neurological dissymmetry 
of the thyroid gland may cause multiple occurrences in 
the right lobe. [12] Primary thyroid schwannomas typi-
cally present as isolated, with only one case accumulat-
ing bilateral thyroid glands. [13] The majority of thyroid 
schwannomas patients only experience a painless, slowly 
expanding mass as their only presenting symptom. How-
ever, because of direct nerve invasion or compression of 
nearby tissues, other symptoms may occasionally occur, 
among which voice changes and dysphagia are com-
mon, as well as foreign body sensation in the larynx, [14, 
15] dyspnea, [16, 17] cough, [13, 16] facial flushing and 
fatigue, [18] and numbness in the upper extremities, [19] 
etc. Primary thyroid schwannoma do not interfere with 
the thyroid function, and tests of thyroid function per-
formed before the surgery are all within normal ranges.

The definitive pre-operative diagnosis of thyroid nerve 
sheath tumor was made in only 5 of the cases counted 
(14.3%), and a definitive diagnosis is often challenging 
and requires multiple diagnostic modalities.

The preferred test is ultrasonography (US); the best 
common ultrasound presentation of a thyroid schwan-
noma is a well-defined, regular, hypoechoic, homoge-
neous solid nodule; [20–22] sometimes it can also show 
a heterogeneous, predominantly cystic nodule. [23, 24] It 
can also be a nodule without pressure, with a flat surface 
that moves with swallowing, no signs of posterior ster-
nal extension, and no enlarged lymph nodes palpable on 
the neck or clavicle. [23] Irregular nodule borders have 
also been described in some cases, [9] no calcification. 
[10] They also present as macrocalcifications or micro-
calcifications, which can easily be suspected as malig-
nant tumors. [25] Calcifications in schwannomas are 
extremely rare, which may make the differential diagnosis 
difficult. Thyroid schwannoma with thickened walls and 
abundant internal and external peripheral blood vessels 
may exhibit varying degrees of echogenicity on ultra-
sound depending on the composition of Antoni cells and 
cystic lesions, but often appear hypoechoic similar to or 
lower than muscle tissue. [14, 22] One third of thyroid 
schwannomas have been found to be “target sign” (hyper-
echoic center and hypoechoic periphery) on ultrasound 
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images. [19] Therefore, the “target sign” may be a unique 
ultrasound feature of thyroid schwannomas that can dif-
ferentiate them from other common thyroid nodules. The 
application of multi-modality ultrasound imaging strat-
egies to enhance the diagnosis of thyroid schwannomas 
has also been reported: [19] when a lesion is detected 
by conventional ultrasound, a different imaging modal-
ity, such as ultrasonic elastography (UE), will be applied; 
if the two methods are inconsistent, a contrastenhanced 
ultrasound (CEUS)-guided biopsy will be done, especially 
for bigger nodules.

Computed tomography (CT) scans of thyroid schwan-
nomas usually show a well-defined soft-tissue dense 
mass that is less dense than the muscle, with increased 
density in the area surrounding the tumor owing to neo-
vascularization. [18] CT performance of the mass as het-
erogeneous may indicate malignancy, [26] but benign 
schwannomas are sometimes reported as heteroge-
neous on CT examination. [18] On contrast-enhanced 
CT (CECT), Antoni A-dominant schwannomas tend to 
show solid, highly enhanced, heterogeneous, and hypoin-
tense lesions; Antoni B-dominant schwannomas tend to 
show pseudocystic, with no significant contrast enhance-
ment. Sujita et al. interpreted that areas with better CT 
enhancement corresponded to the hypercellular Antoni 
A region, while areas with poorer enhancement corre-
sponded to the Antoni B region. [18] Magnetic resonance 
imaging (MRI) is better than CT because of its greater 
spatial definition and the absence of exposure to ionizing 
radiation, however, CT is optimal for the assessment of 
calcification.

MRI had 100% specificity and 59% sensitivity for the 
target sign(a hypointense central area with a hyperin-
tense peripheral area on T2-weighted images). [27] MRI 
shows well-defined solid masses, and these lesions show 
low to equal intensity on T1-weighted images and high 
intensity on T2-weighted images, depending on the size 
of the cells. [28] When lesions become small, they are 
usually homogeneous, and as lesion size increases, they 
become heterogeneous. In such cases, imaging features 
of MRI are necessary to prompt further cytological 
examinations to enhance the preoperative diagnosis. [10] 
T2-weighted MRI reveals slightly lower signal intensity in 
the central part of the tumor and higher signal intensity 
in the peripheral part of the tumor. Dumbbell shape and 
features called “Target Markers” on T2-weighted MRI are 
typical features of nerve sheath tumors. [29] On T2WI, 
the hypointense central region of the schwannomas cor-
responds to Antoni A, and the hyperintense peripheral 
region corresponds to Antoni B. Compared to CT, MRI 
can provide a more detailed characterization of the inter-
nal features, such as the cellular structure of the tumor. 
[29]

Another valuable imaging test is technetium TC-99 M. 
Previous cases with TC-99  M thyroid scans have often 
shown cold nodules. [11, 30, 31] Therefore, in the evalu-
ation of cold thyroid nodules, neurogenic tumors should 
be included.

Preoperative examination by Fine Needle Aspiration 
Cytology (FNAC) clearly diagnosed schwannomas in 
only 2 cases, [19, 32] and these 2 cases were performed 
by ultrasound-guided FNAC. The majority of the remain-
ing cases were reported as spindle-shaped cells, and 
some cases were under-sampled, and ultrasound-guided 
FNAC could improve the sampling rate. The relative 
sensitivity of FNAC in diagnosing schwannomas is low, 
ranging from 0 to 40%, and the rate of unsatisfactory 
specimens is 36–50%. [33, 34] Schwannomas are critical 
in the differential diagnosis of thyroid lumps and should 
be considered when FNAC shows spindle-shaped cells. 
For the diagnosis of thyroid schwannomas in cases lack-
ing typical morphological features, lots of spindle-shaped 
cells can enter the differential diagnosis. Microscopically, 
spindle-shaped Schwann cells (Antoni A) and Verocay 
vesicles are visible. [11, 35] This restriction of FNA is 
owing to the histological features of schwannomas, like 
its dense mesenchymal component, hypocellular Antoni 
B area and cystic degeneration. [36]

In recent years, core needle biopsy (CNB) has been 
offered as a supplementary approach to FNA. CNB has 
high diagnostic accuracy for the histological and immu-
nohistochemical features of numerous head and neck 
tumors, particularly nerve sheath tumors, which are less 
aggressive. [37, 38] One of these cases was definitively 
diagnosed as schwannomas by CNB. [39] CNB appears 
to be a safe and least invasive way to diagnose uncertain 
neck masses and avoid needless diagnostic surgery. [39] 
CNB is recommended in international guidelines as a 
diagnostic strategy for neck masses. [40]CNB has higher 
sensitivity, specificity, pretest value and accuracy than 
FNA in identifying malignant tumors, but is still poorer 
than open surgical biopsy.

Surgeons who decide to perform thyroid surgery 
should always request a frozen section prior to the pro-
cedure. On frozen sections, schwannomas are assumed 
to be spindle cell tumors of the thyroid gland. [25, 41] 
Intraoperative frozen section biopsies were performed in 
9 of the statistical cases; unfortunately, none of them had 
a definitive diagnosis of schwannomas, but they did pro-
vide important information, such as spindle cell lesions 
or consideration of benign lesions. Although the diag-
nosis was not definitive, it provided help for the surgical 
approach. Definitive diagnosis ultimately relies on rou-
tine postoperative pathology and immunohistochemical 
staining. Gross view of schwannomas: smooth surface, 
intact envelope, well-defined homogeneous pale white 
nodules, no obvious heterogeneity, no mitotic activity, no 
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necrosis. [2, 16, 24] Histologically, there are five types of 
nerve sheath tumors, namely, common, plexiform, cellu-
lar, epithelioid, and ancient schwannomas. [42] There are 
three subtypes: Antoni A, Antoni B, or a mixture of these 
two sub-types. [18, 43] Antoni A comprises highly cel-
lular areas that may have ordered and densely arranged 
spindle-shaped Chevron cells with distinctive fenestrated 
nuclei. The nuclei present a fenestrated shape, which 
results in bundles of nucleated regions arranged by the 
cytoplasm, called Verocay vesicles. In opposite, Antoni 
B comprises less order and fewer cellular areas that may 
include cystic degeneration. Of the reported cases, 18 
had both Antoni A and Antoni B, 6 had only Antoni A, 
and 1 had only Antoni B.

Positive immunohistochemical staining for S-100 
protein, CD34 and wave proteins helps to confirm the 
diagnosis and helps to differentiate it from other mes-
enchymal tumors. [41] Among the cases counted,100% 
were positive for S-100 protein expression; five cases 
reported positive expression of all waveform proteins; 
four cases were reported for CD34, two positive and 
two negative; [16, 30] another case reported positive for 
fibroblast growth factor receptor 1 (FGFR1), which may 
be informative; recent cases of thyroid schwannomas 
reported a low Ki67 proliferation index, consistent with 
benign tumor characteristics.

The clinical presentation and imaging of thyroid 
schwannomas are similar to those of thyroid nodules. 
The differential diagnosis includes and non-epithelial 

Table 1  Cont (3)
Reference Sex/

Age
Size(cm)/Location Presentation thyroid 

function
Pre-
opera-
tive
FNAC 
Result

Indica-
tion of 
surgery 
or Preop-
erative 
diagnosis

Surgery Intraop-
era-
tive 
frozen 
section

Histo-
logical 
examina-
tion

IHC

Subrama-
niam V, 
et al.,
2010 [43]

F/30 3.5/Right No symptoms Normal Colloid 
goiter

- Right 
hemithy-
roidec-
tomy

- Antoni 
A and 
Antoni B

-

Uri O, et al.,
2009 [30]

F/57 -/Right No symptoms Normal Follicu-
lar cells 
and 
intra-
nuclear 
cyto-
plas-
mic 
inclu-
sion 
out-
side 
the 
nucleus

Suspicious 
malig-
nancy

Total 
thyroid-
ectomy

Malignant 
tumor
of thyroid

- S-100 
protein(+);CD34(-)

De Paoli F, 
et al.,
2005 [14]

F/64 3.2/Right Foreign body 
sensation in 
the throat

Normal non-
diag-
nostic 
(acel-
lular)

Suspicious 
malig-
nancy

Total 
thyroid-
ectomy

- Antoni 
A and 
Antoni B

S-100 protein(+)

Baglaj M, 
et al.,
2004 [52]

F/12 2.5/Left No symptoms Normal Spin-
dle-
shaped 
cells

Thyroid 
spindle 
cell tumor

Left 
hemithy-
roidec-
tomy

- Antoni 
A and 
Antoni B

S-100 protein(+)

Rohaizak 
M, et al.,
2002 [53]

F/24 3.0/Right No symptoms - non-
diag-
nostic 
(acel-
lular)

- Nodule 
Removal

- Antoni A -

Badawi R A, 
et al.,
2002 [54]

F/23 4.0/Left No symptoms Normal non-
diag-
nostic 
(acel-
lular)

- Left 
hemithy-
roidec-
tomy

- Not 
classified

-
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thyroid tumor, malignant thyroid nodules and thyroid 
adenoma. All primary non-epithelial thyroid tumors are 
rare, accounting for 1.0% of all thyroid tumors. [11] The 
differential diagnosis of benign non-epithelial thyroid 
tumors includes lipomas, lymphomas, teratomas, hem-
angiomas, and schwannomas. Imaging, FNAC, CNB and 
intraoperative frozen sections help to improve the preop-
erative diagnosis.

In clinical practice, benign thyroid schwannomas ought 
to be clearly distinguished from malignant ones. The 
vast majority of primary thyroid schwannomas in statis-
tic cases were benign, with only one case of malignancy. 
[17] Malignant schwannomas are an aggressive group of 
tumors that can lead to a fatal outcome with or without 
aggressive adjuvant therapy. [44, 45] Removal by sur-
gery is the first option of therapy. Most cases reported 
in the literature have undergone thyroid lobectomy or 
nodal removal, and all have a good prognosis. However, 
because of the difficulty of preoperative diagnosis, lobec-
tomy of the thyroid gland is necessary, which may lead to 
more complications. [46]

Conclusions
The preoperative diagnosis of primary thyroid schwan-
noma is challenging and requires multiple diagnostic 
modalities. The preferred test is US. CT and MRI pro-
vide some help, but are of limited value. TC-99 M scan 
of the thyroid often shows cold nodules. Ultrasound-
guided FNAC improves the sampling rate, and cytology 
showing spindle or spindle cells should be considered for 
nerve sheath tumors. CNB as a complementary method 
to FNAC, especially for nerve sheath tumors, has higher 
diagnostic accuracy with histological and immunohis-
tochemical features. Intraoperative frozen sections are 
helpful for the surgical approach, but routine postopera-
tive pathology and immunohistochemical staining are the 
gold standard for a definitive diagnosis. Histology with 
both Antoni A and Antoni B is common, and positive 
immunohistochemical staining for S-100 protein, CD34 
and wave protein helps to confirm the diagnosis. thyroid 
lobectomy is necessary due to preoperative diagnostic 
difficulties.
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