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Introduction
Midline neck masses in children typically appear in the superficial infrahyoid 

region/medial triangle of the anterior neck, which is bounded superiorly by the 
body of the hyoid bone, laterally by the medial borders of the sternocleidomastoid 
muscles and inferiorly by the sternal notch. The few contents of this area include 
the infra-hyoid strap musculature, anterior jugular veins, anterior lymphatic 
system and thyroid gland. The vast majority of masses in this region are sequelae 
of anomalous embryologic development and are unrelated to the normal structures 
that compose its contents. 
Differential Diagnosis

A retrospective review of 445 children with neck masses found that over one 
half of all lesions were congenital.1 Thyroglossal duct cysts (TGDC) and dermoid 
cysts (DC) were the only congenital masses presenting in the midline in this 
review. Epidermoid cysts (epidermal inclusion cysts- EIC), which are clinically 
similar to but embryologically distinct from DC, can also be located in the anterior 
midline neck. Anterior lymph nodes that are infected, inflamed or infiltrated with 
malignancy must also be considered. Normal anatomical structures such as the 
hyoid bone, thyroid notch and thyroid gland should also be included. Rarely, a 
thyroid mass of the isthmus or pyramidal lobe may present exactly in the midline. 
Even though vascular malformations, plunging ranulae, laryngoceles and lipomas 
occur in the same anatomical vicinity, they are almost never isolated to the midline 
neck and are therefore beyond the scope of this discussion. Similarly, branchial 
anomalies may approximate the midline but are almost always lateralized and will 
therefore be omitted from this differential. 
Thyroglossal Duct Cyst 

At the end of the third week of embryogenesis, the thyroid gland appears 
as a proliferation of cells at the tuberculum impar on the floor of the pharynx.2 
These cells descend between the first and second branchial arches to the eventual 
location of the thyroid gland in the neck with the tract beginning to degenerate by 
the end of the sixth week. The hyoid bone develops in the mesoderm of the second 
and third branchial arches, placing the tract anterior to the hyoid bone. Changes in 
the configuration of the hyoid bone from ovoid in the embryo to crescentic in the 
adult, likely due to pull from the strap muscles, displace the hyoid bone inferiorly, 
thus indenting the tract.3 This leads the tract to hook around the inferior border 
of the hyoid bone and lie in the concavity of its posterior surface before arching 
inferiorly to lie anterior to the thyrohyoid membrane. hen involution fails to 
occur or does so incompletely, ducts or cysts may persist at any point along the 
course of the thyroid’s descent. 
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Dermoid Cyst and Epidermoid Cyst (Epidermal Inclusion Cyst)
Dermoid and epidermoid cysts of the head and neck are surgically managed 

in the same manner and may represent the same entity. Distinguishing between 
the two is therefore purely for academic purposes and does not have any clinical 
relevance. New and Erich (1937)4 classified three types of dermoid cysts and 
included epidermal inclusion cyst as a subtype of dermoid cyst. According to 
them, the first type is congenital in nature, teratoma-like, and most frequently 
found in the ovary and testicle. The second type is the acquired implantation 
dermoid, caused by trauma and found on exposed parts of the body. The third type 
is the congenital-inclusion dermoid cyst, which develops along lines of embryonic 
fusion and is commonly found in the midline neck.5 Congenital-inclusion dermoid 
cysts have been sub-classified based on location, with groups 3 and 4 being the 
most relevant to this discussion.4 Group 3 cysts are found in the submental triangle 
or floor of mouth at the fusion of the first and second branchial arches, whereas 
group 4 lesions can be found either at the mid-dorsal (sub-occipital) or mid-ventral 
(suprasternal or pre-thyroidal) fusion lines. Other authors have differentiated 
between dermoid and epidermoid cyts based on the fact that while both are lined 
by ectodermally-derived squamous epithelium, only dermoid cysts additionally 
contain skin appendages (apocrine and sebaceous glands, hair follicles).6 
Lymph Node Pathology

Lymphatic drainage of the anterior neck occurs via both superficial 
(subplatysmal nodes related to the anterior jugular veins) and deep systems 
(prelaryngeal, pretracheal, perithyroid, and paratracheal nodes).7 Benign lymphoid 
hyperplasia, viral lymphadenitis or supparative lymphadenopathy involving a 
node from these systems can all present as a midline neck mass. Lymphoma or 
metastastic carcinoma (i.e. thyroid) should be considered, but are unlikely to be 
identified as an isolated midline lesion. 
Additional Considerations
Ectopic Thyroid

Even though only 10  of ectopic thyroid tissue is located in the neck, 
the majority of patients (75 ) will not have additional functional thyroid 
tissue elsewhere.8 Despite the rarity of this entity, 58  of surveyed pediatric 
otolaryngologists and general surgeons have encountered ectopic thyroid in the 
neck (either pathologically or on a pre-operative scan).9 Efforts must therefore be 
made to rule out ectopic thyroid pre-operatively or to at least detect hypothyroidism 
postoperatively to reduce the risk of myxedema. Unfortunately, a 1-2  incidence 
of ectopic thyroid misdiagnosed as a thyroglossal duct cyst has been cited in the 
literature, making prevention of postoperative hypothyroidism critical.10 
Thyroid Carcinoma Arising From Thyroglossal Duct Cyst

As many as 62  of TGDC contain normal thyroid tissue within the cyst wall 
on histological section.11 Given the potential presence of normal thyroid tissue, one 
must in turn question the risk of malignant transformation in TGDC. This risk has 
repeatedly been cited in the literature to be 1 , with papillary carcinoma accounting 
for 80  of reported cases.12-14 A retrospective review of 741 Sistrunk procedures 
revealed a carcinoma prevalence of 0.7 .15 The age range of patients with cancer in 
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this study was 17 to 60 years (mean age 40 years). A review of the literature to exam-
ine the prevalence of carcinoma developing within TGDC in children identified only 
22 cases worldwide.16 ith 9  of the approximately 250 cases of TGDC carcinoma 
ever reported occurring in children, the likelihood of a pediatric otolaryngologist en-
countering a thyroglossal duct carcinoma can be extrapolated to be roughly 0.06 .
Workup
Physical Examination

Patients with midline neck masses should be evaluated for signs of infection 
because most of these masses can become infected and antibiotics are the initial 
treatment of choice regardless of underlying pathology. Pathological lymph nodes 
are usually more mobile than congenital cysts. TGDC typically elevate with tongue 
protrusion due to their attachment to the tongue base. DC should be attached to, 
and move with, the overlying skin. Unfortunately, physical examination alone is 
usually insufficient for differentiating between these lesions, given its diagnostic 
accuracy of 70  for TGDC and 55  for DC.1

Laboratory Investigations
Although some authors have advocated for the use of pre-Sistrunk thyroid 

function tests (TFT) to identify ectopic thyroid tissue (with the belief that 
hypothyroidism is more likely to signify an ectopic thyroid gland), a wide range of 
thyroid function has been noted in these children, making interpretation difficult. 
10,17 Moreover, the inadvertent removal of an ectopic thyroid in a euthyroid 
patient (who did not have functional thyroid tissue elsewhere) has been reported, 
further complicating the interpretation of results.18 Thus, TFT alone should not be 
considered an effective screening tool for ectopic thyroid tissue in the workup of 
midline neck masses. Postoperative TFT, however, can be used to prevent delay in 
diagnosis of an iatrogenic hypothyroid state. 
Imaging

Pre-operative imaging for pediatric midline neck masses serves multiple pur-
poses: 1) It helps to differentiate between normal anatomy and pathology  2) It ensures 
the presence of an orthotopic thyroid gland which greatly decreases the chances of an 
ectopic thyroid gland being the only functional thyroid tissue  3) It helps to differenti-
ate between lymph nodes and cystic structures  4) It may differentiate between TGDC 
and DC to help with the consenting process and surgical time allotment. 

Ultrasonography is recommended for the evaluation of pediatric midline 
neck masses. Even though CT and MRI can provide some of the same information, 
there are concerns regarding unnecessary irradiation with the former and cost and 
sedation with the latter. Moreover, ultrasonography is the most commonly used 
radiographic technique for the evaluation of thyroid pathology (i.e. calcifications 
heighten concern for malignancy), and therefore is a logical means for confirming 
the presence of an orthotopic gland. Furthermore, ultrasound can usually differ-
entiate between normal anatomy, lymph nodes and cysts, and may be able to dif-
ferentiate between TGDC and DC. Until recently, ultrasound has not been shown 
to consistently differentiate between TGDC and DC. For example, Sidell and Sha-
piro retrospectively analyzed 40 children who underwent surgery for a midline 
neck mass and found that ultrasound had a positive predictive value (PP ) of 50  
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with a specificity of 20  for TGDC.21 The ability of ultrasound to differentiate 
between TGDC and DC was recently reassessed using a retrospective review of 91 
patients at The Hospital for Sick Children.22 Fourteen different ultrasound features 
were evaluated for correlation with surgical pathology. TGDC were significantly 
more likely than DC to have the following features: 1) Smaller distance from base 
of tongue, 2) Tract, 3) Irregular wall, 4) Ill-defined margin, 5) Internal septae, 6) 
Solid components, 7) Intralesional Doppler flow. Three clinically reliable ultra-
sound variables were independently able to discriminate between TGDC and DC 
and a predictive model was fashioned whereby each variable was scored as 0 or 1, 
with a total score calculated (Septae  Irregular wall  Solid components  TGDC 
score or SIST’ score). They proposed a scoring system whereby 0  suggestive of 
DC  1  suggestive of TGDC  2  highly suggestive of TGDC. The robustness of 
this model was supported by multiple logistic regression analysis, and a prospec-
tive evaluation is underway to further evaluate its clinical applicability. 

ith regard to assuring the presence of a normal thyroid gland in orthotopic 
location, some authors have advocated routine pre-operative radionucleotide uptake 
scanning, while others have stated that it need not be part of the workup9,10,19 20. The 
low incidence of ectopic thyroid in the neck misdiagnosed as a thyroglossal duct cyst 
(1-2 ) combined with cost containment pressures and risks due to radionucleotide 
scanning seem to outweigh any potential benefit.10 Moreover, ultrasound can be used 
to obtain similar information and may potentially aid in the diagnosis of the mass itself. 
Surgery
Techniques

The surgical approach to pediatric midline neck masses is dependent upon 
the predicted pathology. Enlarged lymph nodes are usually observed or treated 
with antibiotics unless malignancy is suspected which warrants excisional biopsy. 
Cosmetically deforming or infection-prone DC warrant simple excision.6 TGDC, 
however, require more extensive surgery to reduce recurrence rates (approach 50  
with simple excision).19 In 1920, Sistrunk published a technique of removing TGDC 
in continuity with the central portion of the hyoid bone and a core of tongue base 
tissue including the foramen cecum (located along a line of dissection 45 degrees 
supero-posterior to the hyoid bone).23 His later modification in 1928 advocated 
for the submucosal removal of the foramen cecum (as opposed to his original 
description whereby the oropharynx was entered).24 This remains the procedure of 
choice due to its recurrence rate of 6.6  according to a 2008 metanalysis.25

Preoperative physical examination and ultrasound cannot confirm the 
diagnosis with absolute certainty, making it difficult to determine which surgery 
to perform. Since misdiagnosis and resultant inadequate surgery have the largest 
impact on recurrence rates, some authors encourage the uniform use of a Sistrunk 
procedure for all midline neck cysts.26-29 Others have proposed intra-operative 
sectioning as a means of determining the extent of dissection required.19 The senior 
author (EP) prefers making a small skin incision only large enough to remove 
a dermoid cyst and raising subplatysmal flaps. Then, a 25-gauge needle is used 
to create a fine puncture in the cyst (large enough to extrude contents but small 
enough to prevent leakage)- keratinaceous debris signifies DC necessitating only 
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simple excision, whereas mucoid material signifies TGDC necessitating widening 
of the incision and a Sistrunk procedure. 

At our institution, the first attempt at surgical resection resembles the 
approach used by most for revision cases. The rationale for this is based on Sade 
and Rosen’s early histological analysis that revealed the presence of branching 
ductules within TGDC that are not usually evident grossly.30 In brief, the fascia 
is peeled off the medial edges of the strap muscles bilaterally and is removed en 
bloc along with the contents of the midline anterior neck down to and including 
the pyramidal lobe of the thyroid gland. Maddalozzo (2010) described the 
importance of dissecting the posterior hyoid space (defined as the cavity between 
the posterior border of the hyoid bone and the thyrohyoid membrane) and reported 
a recurrence of rate of only 1.05  using this technique.31 This step makes sense 
embryologically given that the TGDC tract hooks around the inferior border of 
the hyoid bone and lies in the concavity of its posterior surface before arching 
inferiorly. The hyoid bone, thyroid notch and cricoid cartilage are then palpated 
to confirm unequivocally that the structure the surgeon believes to be the hyoid 
bone is in fact the hyoid bone. Care is taken not to cauterize posterolateral to the 
hyoid bone to avoid injury to the hypoglossal nerves. After dividing the hyoid 
bone bilaterally, it is helpful for the right-handed surgeon to place his/her left index 
finger into the mouth to push the tongue base inferiorly to facilitate resection of 
the tongue base musculature through the neck incision. This should be performed 
immediately following division of the hyoid bone because further dissection of 
the posterior hyoid space anterosuperiorly carries the dissection too far anteriorly, 
leading to premature truncation of the tract(s). The tongue musculature is sutured 
back together as the wound is closed, and a small drain is left in place overnight.
Revision Cases for TGDC

Even when a Sistrunk operation is correctly performed for TGDC, recurrence 
remains a possibility. Additional factors that may predispose to recurrence include 
age less than 2 years, prior infection, presence of multiple cysts and prior surgery.32 
Irrespective of the reason for the initial failure, revision cases often require a 
more aggressive approach. Isaacson (2001) supported a central neck dissection 
for revision cases, whereby the infrahyoid strap muscles and investing fascia 
are divided horizontally from sternocleidomastoid to sternocleidomastoid, and 
the contents of the central neck are carried cephalad from a pretracheal plane 
of dissection.33 The final specimen then includes the central neck contents, any 
residual midline hyoid, as well as a generous cuff of tongue base musculature and 
scar. Resection of the strap muscles is rarely needed if ever at all. Perkins (2006) 
described a suture-guided transhyoid pharyngotomy to more specifically target 
residual epithelial elements superior to the hyoid bone, citing a success rate of 
100  in 8 revision cases.34 Using this technique, a suture is passed through the 
neck, the recurrent cyst and the foramen cecum into the pharynx via a 20-gauge 
spinal needle to define the path of dissection. 
Thyroglossal Duct Carcinoma

Given the rarity of thyroglossal duct carcinoma, management remains con-
troversial. Patients with a confirmed thyroglossal duct carcinoma should undergo 
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further evaluation of the orthotopic thyroid gland given that there is a 25  inci-
dence of synchronous carcinoma in the thyroid gland.35 Interestingly, there was 
not a significant impact on overall survival with the addition of subsequent thy-
roidectomy in these patients. In 22 pediatric cases of thyroglossal duct carcinoma, 
none of the 12 thyroidectomy specimens revealed carcinoma on pathology.16 Risk 
factors that favor a second stage thyroidectomy include the presence of concerning 
ultrasound features such as calcification, tumor size greater than 4 cm, soft tissue 
extension and distant metastases.35 Extrapolation of guidelines for well-differen-
tiated carcinoma of the thyroid gland itself suggest that neck dissection should be 
reserved for clinically or radiographically evident nodal disease, and the need for 
radioactive iodine should be based on pathological findings.36 
Complications

Even though the midline neck does not appear to have many structures that 
can be injured, complications following resection of midline neck masses can be 
disastrous. Seroma, local wound infection, and stitch abscess have been reported 
in approximately 29  of patients following Sistrunk procedure.37 Hematoma or ab-
scess requiring re-operation, airway injury, or neurovascular injury have also rarely 
been reported.38 ootten 39 described the repair of 4 larynges of patients (age range 
1.5 to 7 years) who inadvertently underwent resection of the middle third of the 
thyroid cartilage during Sistrunk procedures at other institutions.39 Even though all 
4 patients were decannulated following double stage laryngotracheoplasty, stenting, 
and tracheotomy, voice outcomes were poor in 3 of 4 children. This series highlights 
the importance of intra-operative palpation to unequivocally confirm the location 
of the hyoid bone, thyroid notch and cricoid cartilage prior to division of the hyoid 
bone. Neurovascular injury is less commonly encountered, however, special care 
must be taken in the fibrosed field of revision cases to protect the contents of the 
carotid sheath, the superior laryngeal nerves, and the hypoglossal nerves. Recurrence 
of thyroglossal duct cyst is a complication that has already been discussed above. 
Resection of dermoid cysts and lymph nodes usually have fewer complications due 
to the more limited nature of the dissection.
Proposed Algorithm For Management of Midline Neck Masses

Based on the information above, we propose the following algorithm for 
management of pediatric midline neck masses. The first step is to determine 
whether or not the lesion is infected. If infected, we suggest treatment with a 
macrolide antibiotic to cover both typical and atypical mycobacteria. A neck mass 
in the absence of infection should be imaged using ultrasound. Normal anatomy 
can be differentiated from lymph nodes (large proportion of mass has vascular 
flow) or cystic masses, which may have a small degree of vascular flow if they are 
TGDC. Persistent lymph nodes may warrant excisional biopsy. The management 
of thyroid masses is beyond the scope of this discussion. Detection of a cystic mass 
warrants confirmation that the thyroid gland is in its normal orthotopic location. 
If it is not, then a radioiodine uptake scan is recommended. Ultrasound features 
and SIST score may be used for preoperatively planning consent and length of 
surgery. Intraoperatively, a small incision is made in the mass to look for keratin, 
the presence of which dictates simple excision of the cyst itself. Absence of keratin 
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warrants confirmation of the thyroid gland in its orthotopic location followed by 
Sistrunk procedure with or without postoperative TFT. 
Conclusion

The differential diagnosis for anterior midline neck masses in children is rela-
tively narrow, with congenital TGDC and DC accounting for the majority of cases. 
Accurate pre-operative diagnosis, however, remains challenging and surgery must 
be carefully planned with contingency plans in mind. Using the algorithm and surgi-
cal technique described (Figure 1), recurrence rates can be kept at a minimum. 
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