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Abstract. Branchial cysts are relatively rare lesions with 
lymphoid tissue in the underlying epithelium of the cyst wall. 
The present study describes the case of a branchial cyst with 
keratinization and calcification that occurred in the right 
submandibular region, along with a review of the literature. 
A 49‑year‑old female patient presented with a complaint of 
swelling in the right submandibular region. Computed tomog‑
raphy revealed a well‑defined, cystic lesion located anterior to 
the sternocleidomastoid muscle, outside the hyoid bone, and in 
front of the submandibular gland. The cystic cavity presented an 
opaque image suggestive of calcification. Magnetic resonance 
imaging showed high‑intensity lesions on both T2‑weighted 
and short‑τ inversion recovery images on the anterior margin of 
the right sternocleidomastoid muscle, just below the platysma 
muscle, with a clear demarcation from the surrounding tissue, 
and posterior compression and flattening of the submandibular 
gland. Cystectomy was performed under general anesthesia, 
and histopathological examination confirmed the diagnosis of 
branchial cyst with keratinized and calcified substances. The 
patient recovered well and had no complications or recurrence 
at ~2‑year follow‑up. This case highlights the rare occurrence 
of a branchial cyst containing calcification in the cystic cavity 
and provides a literature review of the factors contributing to 
the calcification.

Introduction

Branchial cysts are relatively uncommon lesions, accounting 
for approximately 1% of neck masses (1). Since Ascherson's 
report  (2) in 1832 that branchial cysts are caused by the 
remnants of branchiogenic organs, there have been ongoing 
debates regarding the etiology. There are two major theo‑
ries regarding the etiology of branchial cysts: the branchial 
arch‑derived theory, wherein the cysts are thought to arise 

from remnants of embryonic branchial organs (3), and the 
glandular epithelial theory, wherein the glandular epithelium 
that has strayed into the lymphoid tissue may have become 
cystic (4). Nonetheless, there is still no established theory. 
Histopathologically, a branchial cyst typically presents as a 
cyst wall covered with squamous epithelium, lymphoid tissue, 
and lymphoid follicles with germinal centers found under the 
epithelium (4), and complete surgical resection is the first‑line 
treatment for branchial cysts (5).

Branchial cysts often occur above the neck at the anterior 
margin of the sternocleidomastoid muscle (5), but there have 
also been reports of cysts in the oral cavity, including in the 
tongue, oral floor, soft palate, buccal mucosa (6), and parotid 
gland  (7). Onset has been reported in both the young and 
old (8‑11), with the most common age reported to be in the 
20‑30s (8‑10,12). Some reports indicate that there is no gender 
difference (13), but branchial cysts are slightly more common 
in women (8‑12). Furthermore, while some reports indicate 
that there is no difference in incidence between left and right 
sides of the body (9,10), other reports indicate that it is more 
common on the left side (12). Branchial cysts are not a progres‑
sive disease, but in most cases, they cause cosmetic problems 
and recurrent infections and do not spontaneously remit, thus 
requiring treatment  (14,15). Although rare, squamous cell 
carcinoma may arise from the epithelium of this cyst (16).

Although there are numerous reports of branchial cysts in 
literature, to the best of our knowledge, there have been no 
reports of calcification in the cystic cavity of branchial cysts. 
We believe that the presence of calcification in branchial cysts 
is an extremely rare occurrence. Therefore, herein, we describe 
a unique case of branchial cyst of the submandibular region 
with calcification, along with a review of the literature on the 
factors contributing to calcification.

Case report

A 49‑year‑old woman presented to our department with a 
complaint of swelling in the right submandibular region. The 
patient initially became aware of a mass in the same loca‑
tion 9 years prior but opted out of active treatment and was 
instead placed under observation. However, the swelling had 
increased several months before the first visit to our depart‑
ment, prompting a thorough examination.

The patient's medical and family history was unremarkable. 
Upon physical examination, an elastic and soft cyst with no 
tenderness measuring 24x37 mm that was clearly demarcated 
from the surroundings was found in the right submandibular 
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region (Fig. 1). A panoramic radiograph further revealed a 
cystic lesion with a well‑circumscribed border in the same 
region and a crescent‑shaped radiopaque finding in the base 
of the lesion (Fig. 2).

Computed tomography showed well‑circumscribed 
cystic lesions with similar density to soft tissue. The lesion 
was located anterior to the sternocleidomastoid muscle, 
outside the hyoid bone, and in front of the submandibular 
gland. A high‑density image of calcification was observed at 
the bottom of the lesion (Fig. 3). Ultrasonography revealed 
that the inside of the hypoechoic region was uniform and 
surrounded by a hyperechoic region that appeared to be a 
single layer of the cyst wall. Fine‑needle aspiration of the 
cyst contents yielded pale yellow and serous fluid, which 
microscopic examination identified to have cholesterol crys‑
tals. On magnetic resonance imaging, high‑intensity lesions 
were visualized on both T2‑weighted images and short‑τ 
inversion recovery images on the anterior margin of the 
right sternocleidomastoid muscle just below the platysma 
muscle, with a clear demarcation from the surroundings The 
submandibular gland was compressed posteriorly and flat‑
tened (Fig. 4).

Cystectomy was performed under general anesthesia and 
an incision was made approximately 20 mm below the lower 
edge of the right lower jaw to reveal an encapsulated cystic 
lesion located below the platysma muscle. The cystic lesion 
had no adhesions and was relatively easy to remove (Fig. 5). 

Figure 1. Photograph of the facial findings at the first visit. Swelling was 
observed in the submandibular region, which was characterized to be elastic 
and soft, with a clear demarcation from the surroundings and no tenderness 
(arrows).

Figure 2. Cystic lesion with a well‑circumscribed border in right subman‑
dibular region, and a crescent‑shaped radiopaque finding in the lower base of 
the lesion on panoramic X‑ray image.

Figure 4. MRI images. (A)  Axial sections. (B)  Coronal sections. MRI 
images demonstrated high‑intensity lesions with a clear demarcation from 
the surroundings at the anterior margin of the right sternocleidomastoid 
muscle, just below the platysma muscle, and the submandibular gland was 
compressed posteriorly and flattened. MRI, magnetic resonance imaging.

Figure 5. The specimen had a soft, smooth surface with a pale red coating.

Figure 3. CT image. (A) Axial sections. (B) Coronal sections. The boundary 
was clear, and the density was similar to that of soft tissue, and a radiopacity 
was observed within the cyst.
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Histopathological examination confirmed the diagnosis of 
branchial cyst. Some areas showed cysts lined with stratified 
squamous epithelium and keratinization, while lymphoid 
tissue containing lymphoid follicles was found just below the 
epithelial lining. Additionally, keratinization and calcified 
granules were observed inside the cyst cavity (Fig. 6). The 
patient has been under observation for approximately 2 years 
since the operation through follow‑ups and has experienced no 
complications or recurrence. The patient currently remains in 
good postoperative condition.

Discussion

From a histopathological standpoint, branchial cysts are 
known by different names, such as lymph epithelial cysts or 
lateral cervical cysts, depending on the site of occurrence. 
The term branchial cyst has prevailed since the report by 
Ascherson, which suggested its origin from branchiogenic 
organs (2). However, in 1949, King considered the pathogenic 
basis of the etiology to be uncertain and reexamined the 
cyst from a histopathological and anatomical perspective 
and proposed the name lateral lymphoepithelial cyst  (17). 
Since then, cases published in the literature have referred 
to these cysts as branchial cyst, lymphoepithelial cyst, or 
lateral cervical cyst, although they essentially have the same 
pathology. Branchial cysts are also observed in the oral cavity 
and the neck; however, their incidence is rare (18). Gold first 
described oral lymphoepithelial cysts as ‘branchial cleft cysts’ 
in 1962 (19). Bhaskar described branchial cysts in the oral 
cavity as ‘lymphoepithelial cysts’ in 1966 (20).

Bailey classified the cysts into four types according to site 
of occurrence (21). Type I is the most superficial, with lesions 
along the anterior margin of the sternocleidomastoid muscle. 
Type II is the most common, located along the anterior margin 
of the sternocleidomastoid muscle, lateral to the carotid space 
and posterior to the submandibular gland. Type III is a lesion 
with an inward extension between the internal and external 
carotid arteries toward the lateral pharyngeal wall. Lastly, 
type IV is a lesion located inside the carotid artery gap and 

covered with columnar epithelium. In the present case, the cyst 
was located just below the platysma muscle and in front of the 
submandibular gland at the anterior margin of the sternoclei‑
domastoid muscle, and it was classified as type I.

After the report of von Ascherson that branchial cysts 
were caused by the remnants of the branchiogenic organs, the 
pattern of cyst development has been roughly divided into the 
theory that it is a remnant of the branchial organs during the 
embryonic period (3) and that the glandular epithelium that 
has invaded the lymphoid tissue has become cystic (4).

The histopathological features of the branchial cyst 
comprise a cyst wall covered with squamous epithelium, 
and lymphoid tissue and lymphoid follicles with germinal 
centers under the epithelium (4). Regauer et al described this 
cystic epithelium as the respiratory epithelium in childhood, 
transitional‑type pseudostratified epithelium in adolescence, 
and stratified squamous epithelium in adulthood (22). They 
reported changes in cytokeratin expression associated with 
such metaplasia. Based on these findings, the origin of the 
development was defined as the invasion of the residual epithe‑
lium of the second arch, and the gradual transformation of the 
respiratory epithelium into transitional‑type pseudostratified 
epithelium, non‑keratinized stratified squamous epithelium, 
and keratinized stratified squamous epithelium.

These cysts are said to be almost non‑recurrent, if 
completely removed. The recurrence rate is high at 20% when 
the branchial cyst is removed after intervention, and low at 3% 
when cystectomy is performed without any intervention (23). 
Olsen et al reported a case of recurrence in which only the cyst 
was removed close to the submandibular gland; in such cases, 
the cyst and the submandibular gland should be removed at 
the same time (24). In our case, the cyst excluded the posterior 
submandibular gland and was not exposed after cyst removal; 
therefore, it was preserved. Currently, the postoperative course 
provided good outcomes without recurrence; however, we 
believe that sufficient follow‑up is required in future.

Calcification in the cystic cavity can be categorized as 
metastatic calcification when accompanied by systemic 
electrolyte abnormalities, and dystrophic calcification 

Figure 6. Histopathological image of the cyst lined with stratified squamous epithelium with keratinization in some parts. Lymphoid tissue containing 
lymphoid follicles was found just below the epithelial lining. Keratin and calcified grains were observed inside the cystic cavity. Hematoxylin and eosin 
staining; magnification, A: x100, B: x100.
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when there is no systemic electrolyte abnormalities (25). In 
the present case, the patient had no history of any disease 
resulting in abnormal serum calcium levels. Dystrophic 
calcification can be explained by a review of biochemical 
events in cell death. Loss of control of intracellular Ca2+ 
balance opens membrane calcium channels, leading to an 
increase in intracellular calcium concentration. Calcium is 
normally regulated in the cytosol, endoplasmic reticulum, 
and mitochondria, each of which has a Ca2+‑ATPase 
membrane pump. Elevated intracellular calcium concentra‑
tions activate calpain and cleave mitochondrial and other 
plasma membrane Na+/Ca2+ exchangers, leading to reduced 
Ca2+ efflux and reduced Ca2+ re‑uptake by the endoplasmic 
reticulum. Thus, calcium excess is an expected sequela of 
cell death. Dystrophic calcification is most prominent in 
the mitochondria and is initially visible histologically as 
basophilic plaques of dead cells. As calcium salt deposi‑
tion progresses, entire cells and even extracellular tissues 
become calcified. Dystrophic calcification occurs around 
necrotic and inflammatory tissues at sites of local tissue 
damage and is caused by calcium accumulation (25).

In the present case, chronic inflammation of the cyst wall 
may have caused the cells of the cyst wall to peel off into the 
cyst cavity or the cyst wall may have undergone orthokeratotic 
hyperkeratosis, causing keratinocytes to peel off into the cyst. 
Furthermore, tissue scattered as keratinized material to form 
a nucleus that over time, deposited and calcified calcium, 
resulting in dystrophic calcification. Yoon et al described the 
concepts of metastatic calcification and dystrophic calcifica‑
tion, as well as two other causes of calcification in tumors: 
a component of the tumor, and calcification of the material 
secreted by neoplastic cells

26). The possibility of calcification of the material secreted 
by neoplastic cells was considered but ruled out because the 
cyst wall comprised squamous epithelium on histopathological 
examination. There have been no reports of calcification of the 
material in branchial cysts, and it is necessary to accumulate 
more cases in the future to investigate the causes of calcifi‑
cation and to further examine the pathological significance 
of calcification. In addition, in the case of a disease with a 
non‑novel name but with extremely rare clinical manifesta‑
tions, as in the case of the autopsy, pathological investigations, 
such as additional immunostaining, would be necessary to 
elucidate the etiology of the disease. Therefore, it is important 
to collaborate closely with the pathology department in such 
cases.

For the histopathological diagnosis of branchial cysts, 
HE staining alone is sufficient. However, HE staining is not 
sufficient to find the cause of calcification, necessitating an 
immunohistological search; this is a limitation of this report. 
In future, it will be necessary to establish a system that allows 
for close collaboration with the pathology department such that 
sufficient histopathological examination can be performed in 
cases with rare clinical findings in addition to cases for which 
clinical diagnosis is difficult.

In conclusion, we reported a rare case of branchial cyst 
containing calcification in the cystic cavity and discussed 
the factors contributing to the calcification in the literature. 
The findings of this study are useful for enhancing the 
understanding of the pathophysiology of branchial cyst with 

calcification, and for facilitating accurate diagnosis and effec‑
tive treatment and management of such cases.
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