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introduction

High‑resolution ultrasonography (USG) is the most sensitive 
imaging modality available for examination of  the thyroid 
gland and associated abnormalities. Ultrasound scanning is 
non‑invasive, widely available, less expensive, and does not use 
any ionizing radiation. Further, real time ultrasound imaging 
helps to guide diagnostic and therapeutic interventional 
procedures in cases of  thyroid disease. The major limitation 
of  ultrasound in thyroid imaging is that it cannot determine 
thyroid function, i.e., whether the thyroid gland is underactive, 
overactive or normal in function; for which a blood test or 
radioactive isotope uptake test is generally required.[1,2]

indications oF tHyroid ultrasound

Indications for thyroid USG, following the American 
Association of  Clinical Endocrinologists (AACE) 
and Associazione Medici Endocrinologi (AME) 
recommendations,[3] are as follows:

1. To confirm presence of  a thyroid nodule when physical 
examination is equivocal.

2. To characterize a thyroid nodule(s), i.e. to measure the 
dimensions accurately and to identify internal structure 
and vascularization.

3. To differentiate between benign and malignant thyroid 
masses, based on their sonographic appearance.

4. To differentiate between thyroid nodules and other 
cervical masses like lymphadenopathy, thyroglossal cyst 
and cystic hygroma.

5. To evaluate diffuse changes in thyroid parenchyma.
6. To detect post‑operative residual or recurrent tumor 

in thyroid bed or metastases to neck lymph nodes.
7. To screen high risk patients for thyroid malignancy like 

patients with history of  familial thyroid cancer, multiple 
endocrine neoplasia (MEN) type II and irradiated neck 
in childhood.

8. To guide diagnostic (FNA cytology/biopsy) and 
therapeutic interventional procedures.

ultrasound examination tecHniQue

All patients are examined in supine position with 
hyperextended neck, using a high frequency linear‑array 
transducer (7‑15 MHz) that provides adequate penetration 
and high resolution image. Scanning is done both in 
transverse and longitudinal planes. Real time imaging of  
thyroid lesions is performed using both gray‑scale and 
color Doppler techniques. The imaging characteristics of  
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a mass (viz. location, size, shape, margins, echogenicity, 
contents and vascular pattern) should be identified. Fine 
needle aspiration (FNA) biopsy should be suggested to the 
referring physician if  required.[4,5]

normal anatomy

The normal thyroid gland [Figure 1a] consists of  two lobes 
and a bridging isthmus. Thyroid size, shape and volume 
varies with age and sex. Normal thyroid lobe dimensions are: 
18‑20 mm longitudinal and 8‑9 mm antero‑posterior (AP) 
diameter in newborn; 25 mm longitudinal and 12‑15 mm 
AP diameter at one year age; and 40‑60 mm longitudinal 
and 13‑18 mm AP diameter in adult population. The limits 
of  normal thyroid volume (excluding isthmus, unless its 
thickness is >3 mm) are 10‑15 ml for females and 12‑18 ml 
for males. The relationships with surrounding structures 
are: sterno‑cleido‑mastoid and strap muscles anteriorly; 
trachea/esophagus and longus colli muscles posteriorly; 
and common carotid arteries and jugular veins bilaterally.[6]

Color and power Doppler ultrasound (US) are useful to 
evaluate vascularity of  the thyroid gland and focal masses. 
Thyroid gland is a highly vascular structure supplied by 
superior and inferior thyroid arteries. The thyroid arteries 
can be visualized on color Doppler examination [Figure 1b], 
while the flow parameters from these vessels can be measured 
by spectral Doppler examination. Normally, a low resistance 
flow with high peak systolic velocity (PSV) is detected 
in these vessels on spectral Doppler analysis [Figure 1c]. 
The normal PSV in intra thyroid arteries ranges between 
15‑30 cm/second, but it can rise in certain pathologies (like 
Graves’ disease) to over 100 cm/sec.[6]

congenital and developmental 
anomalies oF tHyroid gland

The thyroid gland primordium develops from median 
eminence in the floor of  primitive pharynx (a point later 
known as foramen cecum at the base of  tongue) during 
4th week of  gestation. From foramen cecum, the primitive 
primordium descends through anterior midline portion of  
the neck to reach its final position below thyroid cartilage by 
7th week of  gestation. During this descent, the developing 
thyroid gland retains an attachment to the pharynx by a 
narrow epithelial stalk known as thyroglossal duct. This 
duct usually becomes obliterated by 8th‑10th week of  
gestation. Thyroid hormone synthesis normally begins at 
about 11th week of  gestation.[7‑9]

Occassionally, rests of  thyroid tissue may remain along the 
course of  thyroglossal duct, giving rise to an additional 
thyroid lobe, the pyramidal lobe, attached to distal end of  

the thyroglossal duct and left side of  isthmus (seen in 50% 
of  population). Persistence of  thyroglossal duct results in 
formation of  thyroglossal cyst [Figure 2], which clinically 
presents as midline neck swelling or lump, usually found 
at level of  hyoid bone or thyroid cartilage. On ultrasound, 
the cyst appears as a well‑defined anechoic to hypoechoic 
lesion with posterior acoustic enhancement. Internal 
echoes may be seen within the cyst due to hemorrhage 
or infection. Ectopic thyroid represents an arrest in usual 
descent of  part or all of  the thyroid tissue along the normal 
pathway. Ectopic thyroid gland develops most commonly 
at sublingual (midline at foramen cecum), suprahyoid or 
infrahyoid position. USG shows presence of  an ectopic 
thyroid tissue and the normal thyroid gland may or may 
not be present at normal position. Ectopic thyroid may be 
easily detected on CT and radionuclide scans. Congenital 
agenesis or hypoplasia (unilobar type or of  isthmus) of  the 
thyroid gland may occur due to developmental failure of  all 
or part of  thyroid gland. On USG, agenesis of  isthmus is 
characterized by absence of  isthmus with the lateral lobes 
positioned independently on either side of  the trachea.[7‑9]

diseases oF tHyroid gland

The incidence of  all thyroid diseases is higher in females 
than in males. Nodular thyroid disease is the most common 
cause of  thyroid enlargement. Majority of  patients with 
thyroid disease present with midline neck swelling, 
occasionally causing dysphagia and hoarseness of  voice. 
Broadly the thyroid diseases are classified into three 
categories: (i) benign thyroid masses, (ii) malignant tumors 
of  thyroid gland, and (iii) diffuse thyroid enlargement.[1]

tHyroid nodule(s)

Nodularity within thyroid is the norm. The incidence and 
development of  nodules correlate directly with age of  the 
patient and is regarded as a part of  normal maturation 
process of  the thyroid gland. The incidence of  thyroid 
nodules is very high on USG, ranging from 50% to 70%. 
Thyroid cancer accounts for less than 7% cases.[5,10] Although 
there is some overlap between ultrasound appearance of  
benign and malignant nodules, certain USG features are 
helpful in differentiating the two.

The most common cause of  benign thyroid nodule is 
nodular hyperplasia. Thyroid adenomas are other common 
benign neoplasms of  thyroid that are mostly solitary 
but may also develop as a part of  multinodular masses. 
Iso‑or hyper‑echogenicity of  the thyroid nodule in 
conjunction with a spongiform appearance is the most 
reliable criterion for benignity of  the nodule on gray‑scale 
ultrasound [Figures 3 and 4]. Other features like nodule 
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size <1 cm, width > length, presence of  hypoechoic 
halo around the nodule (fibrous capsule or compressed 
thyroid tissue) and coarse/curvilinear calcification are 

less specific but may be useful ancillary signs.[1,5] “Ring 
down” or “comet‑tail” artifact or sign is typical of  benign 
cystic colloid nodule [Figure 5].[11] Perinodular flow or 
spoke‑and‑wheel‑like appearance of  vessels on color 
Doppler examination is characteristic of  a benign thyroid 
nodule [Figures 3 and 4]. However, this flow pattern may 
also be seen in thyroid malignancy. A complete avascular 
nodule is very unlikely to be malignant.[1,10]

Histologically, malignant tumors of  the thyroid are classified as 
papillary carcinoma (60‑80%), follicular carcinoma (20‑25%), 
medullary carcinoma (4‑5%), anaplastic carcinoma (3‑10%), 
lymphoma (5%) and metastases.[12] The overall sensitivity 
of  thyroid ultrasound for diagnosing a malignant nodule 
is 83.3%.[5] USG features predictive of  malignant nodules 
include presence of  microcalcifications (<2 mm), local 
invasion, lymph node metastases, marked hypoechogenicity, 
irregular margins, solid composition, absence of  a hypoechoic 
halo around the nodule, size >1 cm, taller‑than‑wide‑shape, 
and an intra nodular vascularity.[10] Multiplicity of  the nodule 
is not an indicator of  benignity. The incidence of  malignancy 
is same in solitary nodules as it is in multiple nodules. 
Interval growth of  nodules is a non‑specific characteristic. 
Microcalcifications are most commonly found in papillary and 

Figure 1: Normal thyroid gland. (a) Gray scale ultrasound, transverse scan showing normal thyroid anatomy, (b) Arterial vascularization of the thyroid 
gland. On color Doppler, the inferior thyroid artery (arrow) is seen, (c) Blood flow pattern in normal thyroid gland. On spectral display, a low resistance flow 
with a high peak systolic velocity is obtained

cba

Figure 2: Thyroglossal cyst in a patient who presented with midline neck 
swelling. Ultrasound neck (a) shows a well‑defined anechoic cystic lesion 
with multiple low level internal echoes (asterisk) and posterior acoustic 
enhancement. Multiple low level internal echoes within the cyst may be due 
to hemorrhage or infection. X‑ray neck lateral view (b) of the same patient 
shows large, soft tissue/cystic midline swelling (white arrow)

a b

Figure  3: Benign thyroid adenoma in a 42‑year‑old female patient. 
Transverse gray‑scale ultrasound neck (a) shows  a large well circumscribed 
oval shaped (width>length), hyperechoic nodule in a thyroid lobe. The lesion 
has slight heterogeneous appearance due to presence of few tiny cystic 
spaces/clefts. A thin, hypoechoic capsule (arrow) is noted peripherally. Color 
Doppler image (b) demonstrates both central and peripheral vascularity with 
characteristic “spoke‑and‑wheel‑like” appearance

a b

Figure  4: Follicular adenoma thyroid in a 40‑year‑old female patient. 
Transverse gray‑scale ultrasound neck (a) shows a large well circumscribed 
heterogeneous thyroid nodule with multiple internal cystic spaces giving 
characteristic “spongiform appearance” to the lesion. Color Doppler 
sonogram (b) demonstrates both central and peripheral vascularity. 
[Reproduced with permission from Indian Journal of Endocrinology and 
Metabolism.]

a b
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medullary carcinoma thyroid and in their metastases (lymph 
node or hepatic). On USG, microcalcifications appear 
as punctuate hyperechoic foci with or without posterior 
acoustic shadowing. Rarely, microcalcifications can be 
found in follicular and anaplastic thyroid carcinomas and 
certain benign lesions like follicular adenoma, multinodular 
goitre and Hashimoto’s thyroiditis.[10,12] Local invasion of  
adjacent structures and metastases to regional cervical lymph 
nodes are highly specific signs of  thyroid malignancy. They 
occur more frequently in medullary carcinoma (50% cases) 
than papillary carcinoma (40% cases). Although patients 
with thyroid carcinoma may present with multiple level 
nodal disease, the anterolateral group (level II, III and IV) 
have greatest risk of  metastatic disease. US neck plays an 
integral role in the management of  cervical metastases 
from thyroid carcinoma (ranging from selective removal 
to a comprehensive neck dissection) by evaluating nodal 
metastases with respect to node level.[13] Anaplastic thyroid 
carcinoma and lymphoma are highly aggressive tumors, early 
and extensive local invasion is common with these tumors. 
Lymph node metastasis is rare in follicular thyroid carcinoma, 
even in highly invasive cases.[5,10,12] The most common pattern 
of  vascularity in thyroid malignancy is marked intrinsic 
hyper vascularity. On color Doppler examination, more 
flow is demonstrated in the central portion of  the tumor 
than in the surrounding thyroid parenchyma [Figure 6]. 
Increased vascularity with distortion of  sinus fat is seen 
within the metastatic lymph nodes. Thyroid lymphomas 
are hypo‑vascular with chaotic vessels; however, neck vessel 
encasement may be present.[1,10]

Metastases to the thyroid gland are infrequent. The main 
primary tumors spreading to the thyroid gland are malignant 
melanoma (39% of  cases), breast carcinoma (21% of  cases) 
and renal cell carcinoma (10% of  cases). Sonographically,  
metastases present as a solitary or multiple hypoechoic 
homogeneous mass(es) without calcification.[5,10,12]

Thyroid nodule(s) with suspicious USG features should 
be investigated further with FNA biopsy. Moreover, the 
work‑up of  asymptomatic thyroid nodules (incidentilomas) 
must be weighed against high prevalence of  benign 
thyroid nodules and low mortality rate from small thyroid 
carcinomas.

diFFuse tHyroid diseases

The common conditions that present as diffuse 
enlargement of  the thyroid gland include multinodular 
goitre, Hashimoto’s (lymphocytic) thyroiditis, de‑Quervain’s 
subacute thyroiditis and Graves’ disease. The sonographic 
features of  these processes may be similar but they have 
different biochemical profile and clinical presentations. 
Hence, in these conditions, ultrasound findings should 
be viewed in relation to clinical and biochemical status of  
the patient.

Multinodular goitre (MNG) is the commonest cause of  
diffuse asymmetric enlargement of  the thyroid gland. Females 
between 35‑50 years of  age are most commonly affected. 
Histologically, colloid [Figure 7] or adenomatous [Figure 8] 
form of  MNG is common. The ultrasound diagnosis 
rests on the finding of  multiple nodules within a diffusely 
enlarged gland. A diffusely enlarged thyroid gland with 
multiple nodules of  similar US appearance and with no 
normal intervening parenchyma is highly suggestive of  
benignity, thereby making FNA biopsy unnecessary.[10] 
Most of  the nodules are iso‑or hyper‑echoic in nature; 
when enlarged provide heterogeneous echo pattern to the 
gland. These goitrous nodules often undergo degenerative 
changes that correspond to their USG appearances: 
cystic degeneration gives anechoic appearance to the 
nodule, hemorrhage or infection within the cyst is seen as 
moving internal echoes/septations, colloidal degeneration 
produces comet‑tail artifact, while dystrophic calcification 
is often course or curvilinear. Vascular compression due 
to follicular hyperplasia leads to focal ischemia, necrosis 

Figure 6: Malignant thyroid nodule. Hürthle cell (follicular) carcinoma in a 
60‑year‑old woman. Transverse sonogram (a) of right lobe of the thyroid 
shows a partially cystic tumor with solid internal nodule (arrow) and thick 
walls. Color Doppler sonogram (b) depicts increased vascularity in solid 
parts of the tumor (arrow)

ba

Figure 5: Benign cystic colloid nodule in a 55‑year‑old female patient. 
Transverse sonogram neck (a) reveals a well‑circumscribed right‑sided 
cystic nodule with solid peripheral component and ‘ring down’ artifact 
(thin arrow). The lesion demonstrates a thin hypoechoic rim (thick arrows) 
and posterior acoustic enhancement. Color Doppler image (b) demonstrates 
vascularity in the solid peripheral component. (Reproduced with permission 
from Indian Journal of Endocrinology and Metabolism)

a b
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and inflammatory change. The assessment of  nodule 
vascularity is very useful in differentiating MNG from 
multifocal carcinoma. Nodule with intrinsic vascularity and 
other features of  malignancy can be targeted for biopsy, in 
preference to other nodules.[10,11]

Graves’ disease (thyrotoxicosis) is an autoimmune disease 
characterized by thyrotoxicosis. Females between 20 and 
50 years are most commonly affected. On gray‑scale USG, 
thyroid is diffusely enlarged (2‑3 times its normal size), 
hypoechoic and heterogeneous. Color flow imaging reveals a 
spectacular “thyroid inferno” with marked hyper vascularity. 
This pattern demonstrates extensive intra‑thyroid flow both 
in systole and diastole. In contrast to Hashimoto’s thyroiditis, 
return of  normal thyroid appearance is possible at the time 
of  remission. The ultrasound picture of  Graves’ disease 
may be indistinguishable from Hashimoto’s thyroiditis and 
de Quervain’s thyroiditis; however, clinical picture varies 
significantly between these three conditions.[14,15]

Hashimoto’s thyroiditis (chronic lymphocytic thyroiditis) is 
an autoimmune disorder leading to destruction of  the gland 

and hypothyroidism. It occurs predominantly in females 
over 40 years of  age. Painless, diffuse enlargement of  thyroid 
gland is the most common clinical presentation. Clinically, 
Hashimoto’s thyroiditis may present with formation of  
goitre with or without disturbance of  thyroid function. 
Children with hypothyroidism usually have growth failure 
and delayed puberty. Diagnosis of  Hashimoto’s thyroiditis 
is confirmed by demonstration of  serum thyroid antibodies 
and antithyroglobulin antibodies. The characteristic US 
appearance [Figures 9 and 10] is focal or diffuse glandular 
enlargement with coarse, heterogeneous and hypoechoic 
parenchymal echo pattern. Presence of  multiple discrete 
hypoechoic micronodules (1‑6 mm size) is strongly suggestive 
of  chronic thyroiditis. Fine echogenic fibrous septae may 
produce a pseudolobulated appearance of  the parenchyma. 
Color Doppler may demonstrate slight to markedly increased 
vascularity of  the thyroid parenchyma. Increased vascularity 
seems to be associated with hypothyroidism, likely due 
to trophic stimulation of  thyroid‑stimulating hormone. 
Small atrophic gland represents end stage Hashimoto’s 
thyroiditis. Occasionally, nodular form of  Hashimoto’s 
thyroiditis may occur; within a sonographic background 
of  diffuse Hashimoto’s thyroiditis or within normal thyroid 
parenchyma. Both benign and malignant nodules are known 
to co‑exist within a background of  diffuse Hashimoto’s 
thyroiditis; on ultrasound, hyperechoic nodules are more 
likely to be benign, whereas hypoechoic nodules are more 
likely to be malignant [Figures 11 and 12]. However, a 
PET scan or FNAC may be required to differentiate them. 
The abnormal thyroid ultrasound picture in Hashimoto’s 
thyroiditis never improves and remains unchanged for rest 
of  the patient’s life. Hashimoto’s thyroiditis is associated 
with an increased risk of  thyroid malignancies like follicular 
or papillary carcinoma and lymphoma.[13,16‑18] Moreover, 
in patients of  Hashimoto’s thyroiditis, USG examination 
may reveal presence of  perithyroidal satellite lymph 
nodes, especially the “Delphian” node just cephalad to 
the isthmus [Figure 13]. These perithyroidal lymph nodes 
are extremely useful in diagnosis of  the thyroiditis when 
correlated with USG, clinical and laboratory findings. 

Figure 7: Colloid multinodular goitre in a 50‑year‑old female patient. Transverse (a) and longitudinal (b) gray‑scale ultrasound neck images reveal enlarged 
thyroid gland having multiple hyperechoic colloid nodules with internal cystic areas (arrows) showing ‘ring down’ sign. Color Doppler image (c) shows 
increased peripheral vascularity, with some intra goitrous vascularity

cbba

Figure  8: Adenomatous multinodular goitre in a 48‑year‑old patient 
with thyrotoxicosis. Transverse gray‑scale ultrasound neck (a) shows 
diffuse enlargement of thyroid gland with multiple small (~5 mm size) 
echogenic nodules involving both the lobes and isthmus (arrows), with 
no normal‑appearing intervening parenchyma. Color Doppler sonogram 
(b) demonstrates diffusely increased parenchymal vascularity. FNA biopsy 
confirmed the diagnosis of adenomatous multinodular goitre. However, it 
should be noted that FNA biopsy is not likely to be necessary in a diffusely 
enlarged thyroid gland with multiple nodules of similar US appearance and 
no normal intervening parenchyma

ba
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However, it should be kept in mind that these lymph nodes 
may also correspond to underlying malignant processes, 
like thyroid malignancy and lymphoma, in patients with 
Hashimoto’s thyroiditis. In doubtful cases, FNA biopsy may 
be required to differentiate between benign (reactionary/
inflammatory origin) and malignant lymph nodes.[19]

De Quervain’s thyroiditis (subacute granulomatous 
thyroiditis) characteristically presents with painful swelling 

in lower neck, fever and constitutional symptoms, 
typically following a viral illness. There may be features 
of  thyrotoxicosis or hypothyroidism depending on phase 
of  the illness. Initially there is thyrotoxicosis, followed by 
hypothyroidism. USG examination shows characteristic focal 
hypoechoic areas (map like) and enlargement of  one or both 
thyroid lobes. Level VI chain lymph nodes (pre‑tracheal, 

Figure 9: Focal Hashimoto’s thyroiditis in a 35‑year‑old female patient, who presented with features of hypothyroidism and had anti‑thyroid antibodies 
positive for the disease. Transverse gray‑scale ultrasound neck (a) demonstrates ill‑defined heterogeneous hypoechoic areas localized to postero‑inferior 
aspect of thyroid lobes bilaterally (arrows). Longitudinal scan (b) left lobe thyroid (of same patient) clearly depicts the abnormal area which also shows 
increased vascularity on color Doppler sonogram (c)

cba

Figure 11: Nodular Hashimoto’s thyroiditis (multiple echogenic nodules in 
sonographic background of diffuse Hashimoto’s thyroiditis) in a 40‑year‑old 
female patient, who presented with hypothyroidism and had anti‑thyroid 
antibodies positive for the disease. Transverse (a) and longitudinal 
(b) ultrasound neck images show diffusely enlarged and hypoechoic thyroid 
gland, with linear echogenic fibrous septae (arrowheads), and multiple small 
and discrete echogenic parenchymal nodules (arrows). Note, perinodular 
hypoechoic halo associated with few nodules in image b. Color Doppler 
imaging demonstrated increased parenchymal vascularity (image not 
shown). FNAC proved Hashimoto’s thyroiditis

ba

Figure 13: Diffuse Hashimoto’s thyroiditis (with cervical lymphadenopathy) in 
a 37‑year‑old female patient, who presented with features of hypothyroidism 
and anti‑thyroid antibodies positive for the disease. Transverse (a) and 
longitudinal (b) gray‑scale ultrasound neck images demonstrate the 
sonographic features of diffuse Hashimoto’s thyroiditis, associated with a 
cervical lymph node just cephalad to the isthmus (the “Delphian” lymph node) 
(arrow). FNAC of the node revealed reactionary/inflammatory changes. The 
lymph node may be confused with thyroid isthmus nodule

ba

Figure 10: Diffuse Hashimoto’s thyroiditis in a 35‑year‑old female patient, 
who presented with features of hypothyroidism and had anti‑thyroid 
antibodies positive for the disease. Transverse gray‑scale ultrasound neck 
(a) demonstrates diffuse enlargement of thyroid gland with heterogeneous 
echotexture. Multiple tiny and discrete hypoechoic nodules (micronodules, 
arrows) and few linear echogenic septae (arrowhead) are also noted. 
Color Doppler sonogram (b) demonstrates mildly increased parenchymal 
vascularity

ba

Figure 12: Nodular Hashimoto’s thyroiditis (multiple hypoechoic nodules 
in sonographic background of diffuse Hashimoto’s thyroiditis) in a 37‑year‑
old male patient who presented with hypothyroidism and had anti‑thyroid 
antibodies positive for the disease. Transverse gray‑scale ultrasound neck 
(a) shows diffusely enlarged thyroid gland with multiple (>5) small and 
discrete hypoechoic nodules involving both the lobes and isthmus (arrows). 
Color Doppler image (b) demonstrates diffusely increased parenchymal 
vascularity. It should be noted that both benign and malignant nodules 
can co‑exist within Hashimoto’s thyroiditis; hence, FNAC may be required 
to differentiate them 

ba

[Downloaded free from http://www.ijem.in on Friday, March 04, 2016, IP: 81.240.105.113]



Chaudhary and Bano: Thyroid ultrasound

Indian Journal of Endocrinology and Metabolism / Mar-Apr 2013 / Vol 17 | Issue 2 225

the preferential site of  thyroid drainage) are found to 
be enlarged in majority of  patients.[19] Color Doppler 
sonography shows decrease or absent blood flow within 
abnormal map‑like hypoechoic areas. Complete recovery is 
characteristic and occurs in weeks to months. In recovery 
phase, thyroid appearance returns to normal.[14,20]

Acute thyroiditis (suppurative/infectious thyroiditis) 
is rare and occurs due to suppurative infection of  the 
thyroid. In children and adults, the most common cause is 
infection of  pyriform sinus fistula (a congenital branchial 
pouch abnormality). In elderly, long standing goitre 
and degeneration in thyroid malignancy are risk factors. 
Clinically, patient presents with acute onset fever, thyroid 
pain, asymmetric swelling of  the gland (predominantly left 
sided) and regional lymphadenopathy (level VI cervical 
chain lymph nodes). On USG [Figure 14], the involved 
lobe appears heterogeneous and hypoechoic. Abscess 
and cyst formation may be seen. Rarely, retropharyngeal 
abscess, tracheal obstruction, jugular vein thrombosis and 
mediastinitis may complicate acute thyroiditis.[14]

Riedel’s thyroiditis (chronic fibrous thyroiditis/invasive 
fibrous thyroiditis) is the rarest type of  inflammatory 
thyroid disease. The thyroid gland is gradually replaced by 
fibrous connective tissue and becomes extremely hard. It 
may encase the adjacent vessels or may compress, displace 
or deform shape of  the trachea. On ultrasound, Riedel’s 
thyroiditis may present as a diffuse hypoechoic process with 
ill‑defined margins and marked fibrosis.[14,21]

diagnostic pitFalls

Major diagnostic pitfalls of  thyroid ultrasound include
i Cystic components of  thyroid malignancies may be 

mistaken for benign cyst or cystic degeneration in a 
benign nodule. A careful ultrasound assessment to 
demonstrate solid component with vascularity or solid 
excrescence with microcalcifications will be of  help in 
differentiating these lesions.

ii Cystic or calcified lymph node metastases adjacent to 

the thyroid gland may be mistaken for benign nodule 
in multinodular thyroid disease. Incomplete rim of  
thyroid parenchyma around the mass and lack of  
movement of  the mass with the thyroid gland during 
swallowing favors extrathyroid lymph nodal metastasis. 
Cystic metastatic nodes are more common in papillary 
carcinoma thyroid, while calcified metastatic nodes 
are found both in papillary and medullary carcinoma 
thyroid.

iii Diffusely infiltrative hyper vascular thyroid carcinoma 
like papillary or follicular carcinoma may be mistaken 
for autoimmune thyroid disease (such as Graves’ 
disease or Hashimoto’s thyroiditis); similarly multifocal 
carcinoma may be mistaken for benign multinodular 
goitre. As described earlier, diffuse thyroid enlargement 
with multiple nodules of  similar US appearance and 
with no normal intervening parenchyma is highly 
suggestive of  benignity. US features that suggest 
malignancy include irregular or nodular enlargement of  
the thyroid gland, local invasion and nodal metastases. 
Co‑existing autoimmune thyroid disease and thyroid 
carcinoma can further complicate the situation.[5,10,12]

tHerapeutic application

US‑guided percutaneous ethanol injection (EPI) is used for 
sclerosation of  autonomous and toxic thyroid adenomas. 
Post‑injection follow‑up ultrasound scan demonstrates 
significant reduction in nodule size on gray‑scale imaging, 
and marked reduction or complete absence of  intra nodular 
flow on color and power Doppler examination.[22] Periodic 
neck ultrasound is the most sensitive method for detecting 
recurrence of  thyroid carcinomas after thyroidectomy.[23]

advanced ultrasound tecHniQues in 
tHyroid imaging

Ultrasound elastography is a dynamic technique that 
estimates stiffness of  tissues by measuring the degree 
of  distortion under external pressure. Thyroid gland 
elastography is used to study hardness/elasticity of  the 
thyroid nodule to differentiate malignant from benign 
lesions. A benign nodule is softer and deforms more 
easily, whereas the malignant nodule is harder and 
deforms less when compressed by ultrasound probe. 
The elastography technique utilizes external compression 
to differentiate malignant thyroid nodules from benign 
lesions. It determines the amount of  tissue displacement at 
various depths, by assessing the ultrasound signals reflected 
from the tissues before and after compression. Dedicated 
software then provides an accurate measurement of  tissue 
distortion and displays it visually as an elastographic 

Figure 14: Acute thyroiditis in a 12‑year‑old female patient, who presented 
with acute onset fever, neck pain and swelling. Transverse gray‑scale 
ultrasound neck (a) shows bilaterally enlarged thyroid lobes with 
heterogeneous echo pattern. Color Doppler sonogram (b) demonstrates  
increased parenchymal vascularity in both lobes of the thyroid
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image. The elastographic image (elastogram) displayed 
over the B‑mode image in a color scale, indicates local 
tissue elasticity as (i) very soft in blue color for tissue with 
greatest elastic strain and (ii) very hard in red color for 
tissue with no strain. Real‑time shear elastography is a latest 
technique; that characterizes and quantifies tissue stiffness 
better than conventional elastography.[24,25] Cystic lesions 
and calcified nodules are excluded from US elastographic 
evaluation. US elastography helps in characterizing a 
cytologically indeterminate nodule as malignant or benign 
with high accuracy that is almost comparable to FNAC 
and obviates the need of  unnecessary FNA examination. 
The major limitation of  US elastography is that it cannot 
assess the lesions which are not surrounded by adequate 
normal tissue.[2,26]

Contrast‑enhanced ultrasound (CE‑US) is a newly developed 
technique that helps in characterizing a thyroid nodule. On 
CE‑US, enhancement patterns are different in benign and 
malignant lesions. Ring enhancement is predictive of  benign 
lesions, whereas heterogeneous enhancement is helpful 
for detecting malignant lesions. However, overlapping 
findings seem to limit the potential of  this technique in 
the characterization of  thyroid nodules.[27] Use of  specific 
contrast (e.g. Sono Vue) and pulse inversion harmonic 
imaging further improves the efficacy of  ultrasound in 
diagnosing a malignant thyroid nodule.[2,3]

current status oF us elastograpHy 
and ce‑usg in cHaracterisation oF 
tHyroid nodules

Several studies have been conducted to evaluate the role 
of  ultrasound using elastography and contrast agent in the 
characterisation of  thyroid nodules.

A study (done on 23 thyroid nodules) was conducted 
by FS Ferrari et al. in 2008, to differentiate benign from 
malignant thyroid nodule, using both elastography and 
CE‑US. Elastography yielded a sensitivity of  88%, specificity 
of  78%, positive predictive value (PPV) of  71%, negative 
predictive value (NPV) of  91% and diagnostic accuracy (DA) 
of  82%; and CE‑US yielded a sensitivity of  100%, specificity 
of  71%, PPV of  69%, NPV 100% and DA of  83%.[28]

Another study (sample size 90) was done by Y Hong 
et al. in 2009 to evaluate the diagnostic utility of  real‑time 
ultrasound elastography in differentiating benign from 
malignant thyroid nodules. According to this study, 
elastography yielded a sensitivity of  88%, specificity of  
90%, PPV of  81% and NPV 93%.[29]

A recent study (done on 703 thyroid nodules) published by 

Moon et al. in 2012 evaluated the diagnostic performance 
of  gray‑scale US and elastography in differentiating solid 
thyroid nodules. According to the study, the sensitivity 
and NPV for differentiating benign from malignant 
thyroid nodules on gray scale US are 91% and 94.7% 
respectively, and on US elastography are 65.4% and 
79.1% respectively. They concluded that elastography 
alone or in combination with gray scale US is not a useful 
tool in differentiating benign from malignant thyroid 
nodules.[30]

Another study (sample size 72) has been done recently by 
M Giusti et al. in 2012, in which they have evaluated the 
role of  ultrasound, elastography and CE‑US in screening 
of  thyroid nodules. They found that the ultrasound score 
showed high specificity and PPV when compared with 
elastography and CE‑US. Both elastography and CE‑US 
were expensive, time consuming and of  limited utility in 
selecting patients for thyroidectomy.[31]

In short, some studies show very high sensitivity and 
specificity of  US elastography; in the range of  85‑90%. 
On the contrary, there are studies which show its sensitivity 
as low as 65% and less (compare from the sensitivity of  
gray‑scale US which is in the range of  90 to 95%).

Thus, although elastography and CE‑US appear promising 
imaging techniques, they need to be standardized. At 
present, they seem to be expensive, time consuming and 
of  limited utility in selecting patients for surgery. Larger 
prospective studies are needed to establish the diagnostic 
accuracy and cost effectiveness of  these techniques over 
conventional gray scale and color Doppler imaging.

conclusion

High‑resolution USG has improved in the past few years 
and has become a very valuable diagnostic tool in the 
evaluation of  thyroid diseases. Recent advances in thyroid 
ultrasound have further improved the diagnostic accuracy. 
It is the imaging modality of  choice for evaluating thyroid 
masses in children and pregnant females. Real time USG also 
helps to guide the diagnostic and therapeutic interventional 
procedures in various thyroid diseases.
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