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BACKGROUND AND PURPOSE: There is wide discrepancy between common clinical and radiologic
presentations of branchial sinuses arising from the pyriform fossa and the theoretic course of third and
fourth branchial arch anomalies. The purpose of this study was to revisit the clinical presentations and
imaging features of such anomalies in children.

MATERIALS AND METHODS: A retrospective review of institutional and diagnostic imaging data bases
from 1998 to 2008 for reported cases of third and fourth branchial cleft anomalies was conducted.
Clinical presentation, pharyngoscopy results, and imaging features in all the patients were evaluated.
Surgical and histopathology correlation in patients who underwent excision of the tract was also
obtained.

RESULTS: Twenty reported cases described as third or fourth branchial apparatus anomalies were
identified. There were 12 females and 8 males with a mean age of 84.6 months. The most common
presentation was an inflammatory neck mass (18/20, 90%) almost always involving the thyroid gland.
Most lesions were on the left side (16/20, 80%). Pharyngoscopy showed a sinus opening at the
piriform fossa in 18/20 (90%) cases. None of the cases followed the classic theoretic pathway of third
and fourth arch remnants. Histopathology showed tracts lined with pseudostratified squamous epi-
thelium or ciliated columnar epithelium often associated with inflammatory changes in 17 surgically
resected cases.

CONCLUSIONS: Branchial sinuses arising from the pyriform fossa often present with an inflammatory
neck mass involving the thyroid lobe, most often on the left side. Imaging and surgical findings suggest
that they arise from the embryonal thymopharyngeal duct of the third branchial pouch, because they
do not follow the hypothetic course of third or fourth arch fistulas.

ABBREVIATIONS: Adj � adjacent; E � epiglottis; H � hyoid bone; Infl neck mass � inflammatory
neck mass; L � left side; MRI � MR imaging; Noninfl � noninflammatory; Piriform S � piriform
sinus opening; R � right side; SI � signal intensity; TC � thyroid cartilage; TG � thyroid gland;
Thyroid Inv � thyroid gland involvement; US � ultrasonography

Third and fourth branchial anomalies are reported to be
rare, accounting for 3%–10% of all branchial lesions.1,2

They result from failure of obliteration of the third and fourth
branchial remnants and, in theory, may follow a long and tor-
tuous course in the neck and upper mediastinum. However,
there is wide discrepancy between their common clinical and
radiologic presentations and the possible theoretic pathways
of occurrence as could be predicted by the embryology of these
tracts.3,4 Persistence of the thymopharyngeal duct of the third
pouch, frequently passing through or adjacent to the thyroid
gland, most often on the left side, is thought to be the most
suitable embryologic explanation of such sinuses.5

Considerable discrepancy in the definition and description
of these lesions exists between the radiologic and surgical lit-
erature.4-6 At least some lesions may have been misrepresented
in the radiologic literature without adequate supporting evi-
dence from surgical or histopathologic results. These lesions

can present, in theory, as a cleft sinus opening to the skin on
the side of the neck, a cyst disconnected from the skin and
pharyngeal mucosa, a pouch sinus connected to the piriform
fossa or upper esophagus, or a through-and-through fistula
connecting the skin and the pharyngeal mucosa.1 A more de-
tailed illustrative description of the theoretic course of third
and fourth branchial anomalies can be found elsewhere.4,5

However, these anomalies commonly present in children with
recurrent neck abscesses or iatrogenic fistula formation fol-
lowing repeated incision and drainage.

This study retrospectively looks at the clinical presentation
and imaging features in children with anomalies that may have
arisen from the third or fourth branchial apparatus. The need
for standardized nomenclature is emphasized to reduce the
discrepancy between the radiologic and surgical literature of
these lesions.

Materials and Methods
We retrospectively reviewed institutional and diagnostic imaging

data bases of The Hospital for Sick Children, Toronto, from 1998 to

2008, for reported cases of third and fourth branchial cleft anomalies.

The study was approved by the local research ethics board. Electronic

patient records and PACS were used for obtaining details on clinical

presentation, pharyngoscopy results and imaging features in all the

patients with surgical findings, and histopathologic correlation in pa-

tients who underwent excision of the tract. Imaging features of inter-

est included side, site, nature and extent of the neck lesion, evidence of
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neck infection or abscess formation, and thyroid gland involvement.

Surgical notes were analyzed regarding the extent and anatomic rela-

tions of the duct remnant with pathologic correlation in all patients

who underwent surgical excision of the tract.

Results
We identified 20 reported cases described as third or fourth
branchial apparatus anomalies confirmed by pharyngoscopy
and/or surgery and histopathology during the period of 1998 –
2008. There were 12 females and 8 males, with an age range of
9 months to 15 years 11 months (191 months) with a mean age
of 84.6 months. Some of these cases have been included in a
previously published surgical article.5 All except 3 patients had
undergone contrast-enhanced CT study of the neck. Six pa-
tients had gadolinium-enhanced MR imaging, and 11 also had
sonography of the neck. In addition, 1 patient underwent a
barium study of the pharynx and upper esophagus; and an-
other one, a nuclear medicine imaging of the thyroid gland.
The demographics, clinical presentation, imaging, and direct
pharyngoscopy findings are summarized in the Table.

The most common presentation was an inflammatory neck
mass (18/20, 90%), sometimes with abscess (10/20, 50%) and
almost always involving the thyroid gland or remaining in
close proximity to it (20/20, 100%). Most of the lesions were
on the left side (16/20, 80%). Four patients (20%) presented
with a right-sided neck mass. The lesions ranged from a small
inflammatory focus confined to the upper pole of the thyroid
(Fig 1) to large abscesses tracking from the piriform sinus to
the thoracic inlet anterior and medial to the sternocleidomas-
toid muscle (Fig 2). Only 1 case showed the characteristic air
pocket within the thyroid gland (Fig 3A). Two cases were not
seen to be inflamed, both on the right side; and 2 were not
traversing the thyroid lobe but remained in proximity. Many
patients had been referred from outside institutions and had a
history of recurrent neck abscesses for which multiple surgical
procedures had been performed previously, including incision
and drainage or incomplete excision of the mass.

All patients had undergone a direct pharyngoscopy with a

straight blade laryngoscope at the time of the initial incision
and drainage of the neck abscess or before definitive surgical
excision of the tract. Pharyngoscopy showed a unilateral sinus
opening at the piriform fossa, commonly on the left (same
side-of-the-neck lesion) in 14 cases (Fig 3B). Three of the
right-sided lesions had a right piriform sinus pit, and the
fourth right-sided lesion had bilateral piriform fossa sinus open-
ings. The piriform sinus opening could not be demonstrated in 2
patients, and in both patients, the nature of the lesion was con-
firmed by surgery and histopathology. All of the sinus tracts ex-
ited the pharynx at a level caudal to the superior laryngeal nerve.

Surgery for the sinus tracts was performed with almost a
bloodless microbipolar dissection technique, which allowed
excellent surgical visualization and verification of the tract.
Exploration of levels 4 and 5 of the neck was routinely per-
formed after mobilizing the ipsilateral hemithyroid and ex-
ploring the great vessels and very carefully searching for any
tract or remnant extending laterally either superficial or deep
to the great vessels. None were found, and none followed the
theoretic course of a third or fourth arch fistula around the
carotid or subclavian artery/aortic arch. All except 3 patients
had undergone definitive surgical excision, often with ipsilat-
eral thyroid lobectomy; and the others are being evaluated for
possible surgical excision. Histopathology showed evidence of
a tract lined with pseudostratified squamous epithelium or
ciliated columnar epithelium often associated with inflamma-
tory changes and fibrosis along the resected thyroid tissue.
One left-sided intrathyroid cystic lesion showed evidence of a
branchial cleft lining without any duct remnant extending to
the piriform sinus.

Discussion
Anomalies that are thought to arise from third or fourth
branchial remnants are typically found in the neck as a sinus
tract communicating with the piriform sinus of the hypophar-
ynx. In children, they commonly present with recurrent neck
infections or abscesses, most often occurring on the left. There
is considerable discrepancy noted between the usual clinical

Demographics, clinical presentation, pharyngoscopy findings, and imaging

Sl No. Age (mo) Sex Presentation Side Abscess Thyroid Inv Piriform S Imaging
01 60 M Infl neck mass L – � �L CT/MRI
02 108 F Infl neck mass L � � �L US/CT/MRI
03 120 F Noninfl neck mass, cyst R – Adj �R MRI
04 20 F Infl neck mass L � � �L US/CT
05 17 F Infl neck mass L � � �L CT
06 90 M Infl neck mass L � � �L CT/MRI
07 9 M Infl neck mass L – � – CT
08 117 F Noninfl neck mass, cyst R – Adj �R US/CT
09 125 F Infl neck mass L � � �L US/CT
10 127 M Infl neck mass L – � �L CT/MRI
11 50 M Infl neck mass, cyst R – Adj �R US/CT
12 99 M Infl neck mass L � � �L US/CT
13 32 M Infl neck mass L � � �L CT/MRI
14 23 F Infl neck mass L � � �L US/barium
15 182 F Infl neck mass L � � �L CT
16 104 F Infl neck mass L – � �L US/CT
17 31 F Infl neck mass L – � �L CT
18 41 M Infl neck mass L – � �L US/CT
19 145 F Infl neck mass L – � – US/nuclear
20 191 F Infl neck mass R � � �L�R US/CT

� indicates present; –, absent.
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and radiologic presentation and the theoretic embryologic
course of these remnants.4,5

These embryonal pouch remnants often present with re-
current neck infections, mainly on the left side, with associated
thyroiditis or abscess following bouts of upper respiratory in-

fection.3-15 The sinus opening acts as a conduit for the spread
of infection from the pharynx. Eighty percent of the lesions in
the current study were on the left side, in agreement with the
previous reports.3-7 This is perhaps due to the asymmetric
vascular development of these branchial arches.16 Many of

Fig 1. Infective lesion involving the upper pole of left thyroid lobe (arrow) associated with a third/fourth brachial remnant. Contrast-enhanced coronal CT reformation of the neck (A),
contrast-enhanced coronal axial CT scan at the level of the thyroid gland (B), and a sonogram of the left thyroid lobe (C) show the phlegmonous lesion. Pharyngoscopy (not shown) revealed
an opening at the apex of the left piriform sinus.

Fig 2. Extensive left-sided neck infection with abscess (thin black arrow) formation and involvement of the left thyroid lobe (thick arrow). Contrast-enhanced coronal T1 fat-saturated MR
image of the neck (A), contrast-enhanced axial T1 fat-saturated MR image (B), and contrast-enhanced axial CT scan at the level of the thyroid gland (C) demonstrate the lesion well.
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these patients had recurrent neck infections with a history of
multiple occurrences of surgical abscess drainage and antibi-
otic therapy. Infected lesions were often associated with signif-
icant inflammatory adenopathy in the neck (90%).

Only 2 patients in our series presented without infection,
and both anomalies were on the right side, remaining adjacent
to but not traversing the thyroid gland. Direct pharyngoscopic
examination showed a pit or sinus opening in the piriform
fossa in all except the 2 noninfected patients. It has been
claimed that the third pouch remnant will leave a rostral pit
and the fourth pouch will have an apical opening in the piri-
form fossa and that this information can potentially differen-
tiate them.16 However, more recent reports negate this claim
and show that considerable overlap exists.4 All suspected cases
of neck and thyroid infection in children, especially on the left
side, should undergo a direct pharyngoscopic examination,
which could potentially demonstrate the branchial pouch or-
igin of these lesions and hence aid in planning for early defin-
itive surgery. This is especially important because several pub-
lished reports note the presence of significant delay between
the initial clinical presentation and definitive surgery.3-6,17

Evaluation of branchial embryology assists understanding
of the nature of these anomalies. The primitive pharynx has
ectodermal branchial clefts and endodermal branchial
pouches separated by mesenchymal branchial arches.4-6 The
thymus develops from the ventral component, and the infe-
rior parathyroid gland originates from the dorsal component
of the third pouch, whereas the superior parathyroid sprouts
from the dorsal expansion of the caudal pharyngeal complex
of the fourth pouch and the rudimentary fifth pouch.2,3 The
fourth branchial pouch may contribute to thyroid develop-
ment (the ventral portion forms the ultimobranchial body)
and also the thymus gland.7 The lumen of the thymus primor-
dia from the third pouch is initially patent and usually closes
after the fusion of the thymic tissues from either side. Failure
of this lumen to close may result in persistence of the thymo-
pharyngeal duct (Fig 4), thus leading to a branchial sinus in
communication with the pharynx.5 The close proximity of the
duct remnants to the thyroid gland can also be explained by
descent of the thyroid and the thymic glands in the neck at
around the same time (the seventh and eighth weeks of
gestation).6

Although terminology is often used interchangeably in the
radiology literature,18,19 as emphasized by Rea et al,4 it is im-

portant to use standardized nomenclature in the description
of the branchial apparatus anomalies. A “sinus” is a blind-
ending tract. A “branchial cleft sinus” connects to the skin,
whereas a “branchial pouch sinus” connects to the pharynx,
neither of them arising from the mesenchyme of the branchial
arch.4 A “true fistula” is a communication between 2 epitheli-
alized surfaces; a “congenital branchial fistula” should be
present at birth and should communicate between a persistent
pouch and a cleft. Most of the branchial fistulas reported in the
literature are actually pseudofistulas, formed between a pouch
remnant and a skin opening produced following an infection
or a surgical incision, or are just sinuses. There was no true
congenital fistula in our series, as also noted in previous stud-
ies.4,5 One should adhere to strict definitions of these terms in
reporting these lesions to avoid further confusion in the
literature.

None of the cases in the present series followed the classic
description of the course of the third and fourth branchial
remnants found in the literature.4 This was also noted by pre-
vious investigators, and a third or fourth branchial pouch
remnant following the complete classic course passing above
the hypoglossal nerve or winding down around the aortic arch
or subclavian artery is yet to be demonstrated.3-5,17 We suggest
that the explanation for the discrepancy between the theoretic
and observed courses of the branchial anomalies arising from
an opening in the piriform fossa is that they do not arise from
true third or fourth arch fistulas but that they are sinuses aris-
ing from persistence of a patent thymopharyngeal duct. A true
fistula from endodermal mucosa to ectodermal skin would be
expected to follow the more convoluted courses around struc-
tures of the third and fourth arches, but it appears that such
true fistulas across these arches are exceptionally rare, or pos-
sibly nonexistent. In our surgical experience, all lesions arising
from the piriform sinus passed caudal to the superior laryngeal
nerve. This is taken as demonstrating the route of descent of
the thymus from the third pouch down through the fourth
arch into the mediastinum, so it does not indicate that the
anomaly is of fourth-pouch origin as has been suggested
previously.4

A contrast-enhanced CT study has been considered as the
investigation of choice in demonstrating the site and extent of
the lesion. The presence of air within a left-sided infected le-
sion in relation to the thyroid gland is thought to be charac-
teristic of a branchial pouch sinus as the underlying cause;

Fig 3. A, Contrast-enhanced axial CT scan at the level of the thyroid gland shows a small air pocket within the left lobe of the thyroid gland (black arrow), which is thought to be
characteristic of a branchial sinus remnant. B, Pharyngoscopy photograph shows the opening (white arrow) of the branchial pouch sinus in the apex of the pyriform fossa.
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however, this is seen in only a very few cases. MR imaging can
also show the inflammatory lesion but may not be adequate to
demonstrate the presence of air in the lesion. Sonography with
a “trumpet maneuver” may also demonstrate the sinus.19

A barium study of the pharynx is considered essential by
some authors, who suggest that it should be performed after
the acute inflammation is over to reduce the false-negative
results.20,21 However, another study has reported only a 50%
sensitivity for barium examination compared with pharyn-
goscopy.18 In our experience, a barium study is not required to
diagnose these lesions, and all the suspected cases should un-
dergo a rigid pharyngoscopy with a straight blade laryngo-
scope, in an attempt to improve the sensitivity of detecting a
piriform sinus opening. The only case in our series in which a
barium study was available failed to demonstrate the piriform
sinus pit seen on pharyngoscopy.

There were 2 cysts in our series (10%) that failed to show a
pyriform sinus opening and presumably did not have any si-
nuses passing from the pyriform sinus through the thyroid
gland. We postulate that these could be cysts in which the sinus
opening has closed over spontaneously with time, obliterated
by recurrent inflammation, or that the cysts were presumed to
be different from the other lesions that were associated with
sinuses. The lining of these cysts indicates that they arise from

the endoderm of a branchial pouch, but we cannot be certain
whether they arise from the third or fourth pouch. One case
showed bilateral pits, but the inflammatory neck lesion was
unilateral.

Histopathologic demonstration of the sinus tract lined
with squamous or respiratory epithelium in the resected spec-
imen is important for the diagnosis of branchial cleft lesions
and for ensuring complete surgical excision. However due to
chronic inflammation and recurrent scarring, it may not al-
ways be possible to demonstrate it. The presence of inflamma-
tion and fibrosis of the adjacent thyroid tissue can also be seen
quite often.

Conclusions
Lesions frequently described as third or fourth branchial
anomalies typically arise from the piriform sinus of the hypo-
pharynx. They often present with inflammatory neck masses
involving the thyroid lobe, most often on the left side. Imaging
studies, especially contrast-enhanced CT, are important to as-
sess the site, size, and thyroidal involvement of the lesion ac-
curately. However, imaging alone cannot differentiate lesions
of third and fourth branchial remnant origin. A standardized
nomenclature for reporting these diverse lesions should be
used to avoid confusion in the radiology literature. Imaging

Fig 4. Noninfected third branchial cleft cyst on the right side of the neck following the course of the embryonal thymopharyngeal duct (arrows). A, Coronal T2 fat-saturated image. B,
Schematic representation of the course of the thymopharyngeal duct.
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and surgical findings together suggest that branchial anoma-
lies arising from the piriform fossa are sinuses arising from the
embryonal thymopharyngeal duct because they do not follow
the classic and hypothetic course of third or fourth arch fistu-
las. Use of the term “third branchial sinus” is, therefore, most
appropriate for branchial lesions involving the thyroid gland.

References
1. Choi SS, Zalzal GH. Branchial anomalies: a review of 52 cases. Laryngoscope

1995;105:909 –13
2. Ford GR, Balakrishnan A, Evans JN, et al. Branchial cleft and pouch anomalies.

J Laryngol Otol 1992;106:137– 43
3. Liberman M, Kay S, Emil S, et al. Ten years of experience with third and fourth

branchial remnants. J Pediatr Surg 2002;37:685–90
4. Rea PA, Hartley BE, Bailey CM. Third and fourth branchial pouch anomalies.

J Laryngol Otol 2004;118:19 –24
5. James A, Stewart C, Warrick P, et al. Branchial sinus of the piriform fossa:

reappraisal of third and fourth branchial anomalies. Laryngoscope
2007;117:1920 –24

6. Benson MT, Dalen K, Mancuso AA, et al. Congenital anomalies of the
branchial apparatus: embryology and pathologic anatomy. Radiographics
1992;12:943– 60

7. Johnson IJM, Soames JV, Birchall JP. Fourth branchial arch fistula. J Laryngol
Otol 1996;110:391–93

8. Takai SI, Miyauchi A, Matsuzuka F, et al. Internal fistula as a route of infection
in acute suppurative thyroiditis. Lancet 1979;1:751–52

9. Har-El G, Sasaki CT, Prager D, et al. Acute suppurative thyroiditis and the
branchial apparatus. Am J Otolaryngol 1991;12:6 –11

10. Ueda J, Kobayashi K, Kishino B, et al. Routes of infection of acute suppurative
thyroiditis diagnosed by barium examination. Acta Radiol Diagn (Stockh)
1986;27:209 –11

11. Tovi F, Gatot A, Bar-Ziv J, et al. Recurrent suppurative thyroiditis due to
fourth branchial pouch sinus. Int J Pediatr Otorhinolaryngol 1985;9:89 –96

12. Miyauchi A, Matsuzuka F, Kuma K, et al. Piriform sinus fistula: an underlying
abnormality common in patients with acute suppurative thyroiditis. World
J Surg 1990;14:400 – 05

13. Hatabu H, Kasagi K, Yamamoto K, et al. Acute suppurative thyroiditis associ-
ated with piriform sinus fistula: sonographic findings. AJR Am J Roentgenol
1990;155:845– 47

14. Lukaya J, Berdon WE, Enriquez G, et al. Congenital pyriform sinus fistula: a
cause of acute left-sided suppurative thyroiditis and neck abscess in children.
Pediatr Radiol 1990;21:27–29

15. Bar-Ziv J, Slasky BS, Sichel JY, et al. Branchial pouch sinus tract from the
piriform fossa causing acute suppurative thyroiditis, neck abscess, or both:
CT appearance and the use of air as a contrast agent. AJR Am J Roentgenol
1996;167:1596 –72

16. Rosenfeld RM, Biller HF. Fourth branchial pouch sinus: diagnosis and treat-
ment. Otolaryngol Head Neck Surg 1991;105:44 –50

17. Pereira KD, Losh GG, Oliver D, et al. Management of anomalies of the third
and fourth branchial pouches. Int J Pediatr Otorhinolaryngol 2004;68:43–50

18. Park SW, Han MH, Sung MH, et al. Neck infection associated with pyriform
sinus fistula: imaging findings. AJNR Am J Neuroradiol 2000;21:817–22

19. Wang HK, Tiu CM, Chou YH, et al. Imaging studies of pyriform sinus fistula.
Pediatr Radiol 2003;33:328 –33

20. Lin JN, Wang KL. Persistent third branchial apparatus. J Pediatr Surg
1991;26:663– 65

21. Godin MS, Kearns DB, Pransky SM, et al. Fourth branchial pouch sinus: prin-
ciples of diagnosis and management. Laryngoscope 1990;100:174 –78

760 Thomas � AJNR 31 � Apr 2010 � www.ajnr.org


