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4Radiological Assessment and Its 
Roles in Head and Neck Surgical 
Oncology
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Giacomo Contro, Samuele Frasconi, 
Matteo Todisco, and Giacomo Spinato

4.1	� Introduction of Head 
and Neck Squamous Cell 
Carcinoma

Cancers of the head and neck are the sixth most 
frequent cancer worldwide and are associated 
with significant morbidity. Head and neck squa-
mous cell carcinoma (HNSCC) represents the 
most common malignancy, arising from the 
mucosal epithelium in the oral cavity, pharynx, 
and larynx [1]. The reported incidence rate in 
2008 was 6.8%. From 1990 to 2017, incidence 
rates for larynx and nasopharyngeal cancers 
decreased, whereas they increased for other pha-
ryngeal cancers and lip/oral cavity cancers [2]. 
Geographical variations of incidence rates of 
HNSCC are related to differences in genetic sus-
ceptibility and socio-economic status. In devel-

oping countries, such as India and China, 
exposure to carcinogenic air pollutants and par-
ticulate matter is an important risk factor. 
However, high-risk factors are represented by 
tobacco consumption (i.e. smoking and betel nut 
chewing), alcohol, and presence of infectious 
agents. Persistent infections with human papillo-
mavirus (HPV) and Epstein–Barr virus (EBV) 
are known aetiological risk factors for HNSCC 
arising from the oropharynx and nasopharynx, 
respectively. HPV infection is an increasing risk 
factor (mainly transmitted by oral sex), particu-
larly for oropharyngeal cancer, most often asso-
ciated with HPV-16 (secondly HPV-18) [3–6]. In 
the USA, the cases of HPV-associated oropha-
ryngeal cancers exceed the number of cervix can-
cers [2].

HNSCC is locally invasive, tends to spread to 
regional lymph nodes, and has a propensity for 
perineural spread. A substantial percentage of 
HNSCC has nodal involvement at initial presen-
tation, and lymphadenopathy may represent the 
initial complaint. Moreover, lymphadenopathy is 
an important prognostic indicator in HNSCC, 
and for this reason, all of the cervical lymph node 
chains should be evaluated when the primary 
tumour is imaged [7, 8]. Perineural spread (PNS) 
is typically retrograde, from the primary site 
toward the skull base. PNS is a negative prognos-
tic factor, and its presence is an indication for 
adjuvant radiation therapy [9]. HNSCC can 
metastasize by hematogenous routes, usually in 
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advanced disease. The lungs are the most com-
mon sites of distant metastases from head and 
neck cancer followed by bone and liver [10]. 
Patients with HNSCC have an increased risk of 
second primary malignancies, predominantly 
involving the upper aerodigestive tract, but there 
is also a high incidence of second primary lung 
cancers. A higher percentage of second primary 
malignancies are metachronous (i.e. identified at 
least 6 months after identification of the primary 
tumour) than synchronous. Following the suc-
cessful therapy of the primary tumour, second 
primary tumour has a reported annual incidence 
of 3–7% [11, 12].

4.1.1	� Clinical Presentation 
and Assessment of Head 
and Neck Malignancy

HNSCC is a cancer of adults, more frequent in 
male than in women, with a median age at diag-
nosis of 66  years for HPV-negative HNSCC, 
53 years for HPV-positive HNSCC, and 50 years 
for EBV-positive HNSCC [6, 13, 14]. The clini-
cal presentation depends on the anatomical site 
of the primary tumour and tumour extension. 
Early recognition and diagnosis may improve the 
survival rate, which depends on the stage of dis-
ease and clinical status of the patient. The diag-
nosis of HNSCC must be established by 
histologic examination of tissue biopsy [15]. In 
the setting of oropharyngeal tumour and unknown 
primary tumour, HPV testing is mandatory as 
HPV status is a determinant factor in the current 
staging [6, 16]. Multiple techniques are available 
for the determination of HPV status, and cur-
rently the cheaper and more reliable test is the 
identification of the upregulation of a cyclin-
dependent kinase inhibitor, known as p16 [17].

After the histological diagnosis, the second 
step to determine the adequate treatment strategy 
is the tumour staging. In the American Joint 
Committee on Cancer (AJCC)/Union for 
International Cancer Control (UICC) cancer stag-
ing manuals, staging is described by the primary 
tumour, nodal disease, and distant (metastatic) 
spread, designing the TNM system. Oncologists 

designate a final clinical stage, termed cTNM, 
after combining information from the physical 
examination, histological evaluation, radiology 
findings, sentinel node biopsy, and other diagnos-
tic tests. After tumour resection, the pathological 
examination enables to provide the pTNM. The 
cTNM or pTNM may be combined with addi-
tional specific factors. In an ideal staging system, 
each stage group should provide a specific prog-
nosis and accurate outcome prediction, meaning 
that patients in the same group should have simi-
lar survival rates [18].

Currently, both HNSCC stage and HPV status 
are recognized as the major determinants of 
HNSCC prognosis. The 8th edition of the Cancer 
Staging Manual contains three important 
changes: addition of depth of invasion (DOI) to 
tumour staging in oral cavity cancers, addition of 
extracapsular nodal extension (ENE) to nodal 
staging in non-viral HNSCC, and codification of 
a novel staging system for HPV-positive 
HNSCC.  Staging of nasopharyngeal carcinoma 
remains strictly based on anatomy, without incor-
poration of viral or environmental aetiology. The 
staging evaluation includes complete head and 
neck clinical examination and cross-sectional 
imaging. In fact, clinical examination, with direct 
inspection and endoscopy as required, permits to 
visualize the mucosa of the upper aerodigestive 
tract; however, submucosal and deeper tumours 
cannot be seen. Cross-sectional imaging allows 
to establish the extent of locoregional disease, to 
detect bony invasion and perineural or perivascu-
lar spread, to assess lymph node metastases, to 
rule out distant metastatic disease, and to exclude 
a second primary tumour [18, 19].

In the treatment planning, there are three 
points to rule out: evaluating the extension and 
the boundaries of the tumour, detecting potential 
infiltration of adjacent structures (e.g. vessels, 
cranial nerves), and differentiating between 
tumour infiltration and inflammatory reaction of 
surrounding tissue. Imaging is not only funda-
mental in the planning therapy, but also a crucial 
tool in the follow-up of patients under therapy, to 
evaluate response to treatment, and to detect 
recurrences before it becomes clinically evident. 
Treatment is generally multimodal, consisting of 
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surgery resection, radiotherapy, and chemother-
apy. Pathological features indicative of increased 
risk of recurrence include extranodal extension, 
close or involved surgical margins, or perineural 
invasion [20].

4.1.2	� Cross-Sectional Imaging 
of Head and Neck Tumours

Imaging modalities available include computed 
tomography (CT), magnetic resonance imaging 
(MRI), ultrasound (US), and positron emission 
tomography/computed tomography (PET/CT). 
When staging HNSCC, the tumour sites, avail-
ability of the imaging modality, patient compli-
ance to the imaging evaluation, and possible 
contraindications should be considered. Imaging 
examinations should be performed with intrave-
nous contrast medium, and its related contraindi-
cations must be taken into account. A well-known 
contraindication of MRI is the presence of ferro-
magnetic devices, due to the magnetic field that 
can displace implants, affect the function of 
devices, and cause tissue heating [11].

CT is usually the first imaging modality used 
for the staging process, thanks to its wide avail-
ability, reproducibility, and high space resolu-
tion. CT can provide information on primary 
tumour extent, cervical lymph node metastasis, 
and bone involvement with short scan times. 
However, low soft-tissue resolution will not 
always enable the visualization of exact lesion 
boundaries, particularly in the context of sur-
rounding soft tissues with similar attenuation. 
Visualization of vestibule mucosa can be 
improved using the ‘puffed-cheek manoeuvre’, 
resulting in dilatation of the vestibule with air 
and separation of the mucosal surfaces [11, 21].

However, CT can have limitations in the oral 
region, due to the metal artefacts from dental 
amalgams and beam hardening from adjacent 
mandible and maxilla. However, many advances 
have contributed to reducing metal artefacts. 
New software algorithms including iterative 
metal artefact reduction (IMAR) have contrib-
uted to improved metal artefact reduction. Dual-
energy CT with various supplementary 

reconstructions may gain a relevant role in the 
imaging evaluation, thanks to various supple-
mentary reconstructions for artefact reduction 
and improvement of soft-tissue contrast [20, 22].

MRI offers a superior soft-tissue contrast 
compared to CT, providing a better delineation of 
soft-tissue invasion. MRI is the preferred staging 
tool for nasopharyngeal carcinoma, enabling the 
detection of skull base infiltration (T3) or intra-
cranial extension of disease (T4) [23, 24]. MRI is 
often used for the study of oral cavity and oro-
pharynx, due to the high soft-tissue contrast 
enabling the detection of small primary tonsillar 
tumours and evaluating the deep extent of an 
infiltrative lesion when planning surgical resec-
tion or intensity-modulated radiation therapy 
[21]. In the larynx, CT is the preferred imaging 
modality, due to MRI motion artefact in this ana-
tomic district. MRI may be reserved for cases of 
uncertain cartilage invasion (T4a) [25]. Nodal 
disease can be evaluated with CT, MR, and US, 
as described subsequently.

In PET/CT examination, it is important to 
know that different tissues have variable degrees 
of normal FDG uptake, particularly muscles, 
brown fat, salivary and lymphoid tissue, and 
recent biopsy sites. These all serve as potential 
false-positive pitfalls in PET imaging. A potential 
false-negative finding is the absence of uptake in a 
predominantly cystic node. Correlation with neck 
CT imaging will allow correct identification of 
cystic nodal metastases. US has a limited role in 
HNSCC, mainly reserved for interrogation of 
nodes that are equivocal on other imaging modali-
ties, and particularly when a positive finding, such 
as a contralateral node, might significantly alter 
staging and management. US can also serve as an 
imaging guidance for fine needle aspiration [7].

4.2	� Preoperative Imaging 
Evaluation

Cross-sectional imaging has a fundamental role in 
the preoperative tumour evaluation. Together with 
clinical and histological examination, imaging 
provides information required for the tumour 
staging. In the treatment planning, preoperative 
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imaging is fundamental to evaluate particular 
spread or tumour extension: perineural tumour 
spread, carotid involvement, invasion of preverte-
bral space, and bone or cartilage invasion. Lymph 
node evaluation is discussed separately.

4.2.1	� Perineural Tumour Spread

In head and neck tumours, perineural spread 
(PNS) represents an important route of spread, 
extending along the nerves. PNS is common in 
adenoid cystic carcinoma, HNSCC, and salivary 
duct carcinoma. Currently, PNS is considered an 
independent prognostic indicator, associated with 
a nearly threefold increase in  local recurrence 
and approximately 30% decrease in 5-year sur-
vival rate. In almost 50% of patients, PNS can be 
asymptomatic. The most commonly involved 
nerves are the trigeminal and facial nerves. 
Typically, perineural spread is retrograde toward 
the skull base; however, antegrade spread can 
also occur from branch points. The high soft-
tissue contrast resolution makes MRI the optimal 
imaging modality for the detection of direct signs 
of PNS along a nerve: contrast enhancement and 
enlargement (Fig.  4.1). Nerve enlargement can 
lead to obliteration of the perineural fat tissue at 

foraminal openings or fissures. Further involve-
ment can result in bone changes, such as foram-
ina/fissure widening and bone erosion, better 
evaluated on CT. Muscle denervation changes are 
indirect signs of PNS.  In the acute or subacute 
phase of denervation, muscle oedema and 
increased enhancement are typical findings. 
Chronic denervation results in fatty replacement 
and muscle atrophy. Differential diagnoses of 
PNS in case of nerve enlargement or enhance-
ment are primary nerve tumours and inflamma-
tory and infectious conditions. In case of bone 
changes, differential diagnoses are radionecrosis 
and odontogenic infections [26, 27].

4.2.2	� Carotid Artery Involvement

Carotid space, often referred to as the retrostyloid 
compartment of the parapharyngeal space, is an 
important landmark in treatment planning. Besides 
the carotid arteries (i.e. common carotid and inter-
nal carotid arteries, and a portion of the external 
carotid artery and the internal jugular vein), the 
nerve structures contained in the carotid space 
should be kept in mind: cranial nerves IX, X, XI, 
and XII; cervical sympathetic trunk; and ansa cer-
vicalis, a part of the cervical plexus. Preoperative 

a b

Fig. 4.1  Perineural spread. (a) Enlargement of inferior alveolar nerve and its canal (white arrow). (b) Auriculotemporal 
nerve enlargement from squamous cell carcinoma of the skin (white arrow)
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evaluation of direct invasion of carotid space has 
staging and treatment implications, identifying 
patients with poor prognosis. Moreover, also a 
metastatic lymph node can invade the carotid 
artery. According to the 8th AJCC, in case of oro-
pharyngeal non-HPV-associated squamous cell 
carcinoma, encasement of the carotid artery 
upstages the lesion to T4b disease. Hence, involve-
ment of carotid sheath is a critical issue in tumour 
resectability, and there are three possible settings: 
unresectable tumour, resectable tumour with lim-
ited ‘collateral damage’ and morbidity, and resect-
able tumour requiring extensive complicated 
surgery with related quality-of-life issues.

Radiological criteria of carotid involvement in 
literature are carotid encasement defined as more 
than 270° of circumferential contact of the 
tumour with the vessel (Fig. 4.2), obliteration of 
the fat between the lymph node/primary tumour 
and the carotid artery, deformation of the carotid 
artery, and length of contact between the carotid 
artery and tumour mass. Several studies have 
been conducted to classify carotid invasion on 
preoperative imaging including US, MRI, and 
CT. Currently, MRI can be considered the most 
sensitive imaging modality to detect carotid 
encasement [28, 29].

4.2.3	� Invasion of Prevertebral 
Space

Prevertebral space involvement is associated with 
poor outcomes, due to the high rate of adenopa-
thy (in particular retropharyngeal nodes) and 
local recurrence, and even hematogenous metas-

tases are increased. Tumour fixation to the longus 
colli/capitis muscle complex implies an incom-
plete surgical resection; hence, detection of this 
extension is fundamental to define tumour resect-
ability. MRI provides higher soft-tissue contrast 
and more anatomic detail than CT, visualizing 
the preservation of the retropharyngeal fat planes 
[30, 31].

4.2.4	� Bone and Cartilage Invasion

Bone and cartilage invasion is a decision-making 
information in the planning treatment, in particu-
lar for oral and laryngeal cancer, respectively. In 
the setting of oral cancer, preoperative evaluation 
of mandibular invasion is critical for planning the 
type of mandibular resection. The common route 
of spread is along the buccal cortices, where a 
wide bone invasion may be detectable even in a 
clinical examination. However, imaging is the 
appropriate tool to detect bone invasion, specify-
ing the extension of involvement. Bone involve-
ment can vary from superficial cortical to deep 
cortical to marrow invasion and mandibular canal 
involvement. CT is generally considered superior 
for detection of bone invasion, in particular for 
early cortical erosion. However, MRI permits the 
identification of marrow invasion and has a high 
negative predictive value, demonstrating also 
marrow replacement without grossly visible cor-
tical breakthrough. Hence, CT and MRI result to 
be complementary imaging modalities for the 
evaluation of bone invasion (Fig. 4.3) [32, 33].

Also, in the setting of laryngeal cancer, CT 
has a primary role in the detection of cartilage 
invasion. Classical criteria of tumour invasion of 
the thyroid cartilage are erosion, lysis, and trans-
mural extralaryngeal tumour spread. 
Extralaryngeal spread can be considered in case 
of substitution by tumour tissue on the outside of 
the membrane/cartilage, or obliteration of fat tis-
sue between the extralaryngeal structure and 
laryngeal components. In case of subtle cartilage 
invasion, CT alone may result to be insufficient, 
and MRI can be useful for excluding cartilage 
invasion. Moreover, there is an increasing role of 
dual-energy CT [25, 34].Fig. 4.2  Carotid artery encasement by the tumour
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a b

Fig. 4.3  Mandibular bone invasion (white arrow) from squamous cell carcinoma of the head and neck. (a) CT scan. (b) 
MR T2w image

4.3	� Imaging Highlights of Head 
and Neck Anatomy

Head and neck anatomy is complex, and on 
cross-sectional imaging, various anatomical 
spaces are defined by the presence of fascial 
planes. However, the main anatomic subdivision 
concerns the aerodigestive tract, defining the oral 
cavity, the three regions of pharynx (i.e. naso-
pharynx, oropharynx, and hypopharynx), and the 
larynx. The definition of these portions is useful 
from a clinical point of view because malignan-
cies such as HNSCC tend to differ in presenta-
tion, routes of spread, and clinical management.

4.3.1	� Oral Cavity

The oral cavity is the most ventral portion of the 
aerodigestive tract and is separated from the oro-
pharynx by the circumvallate papillae, the ante-
rior tonsillar pillars, and a line connecting the 
upper margins of the tonsillar pillars along the 
soft palate. The oral cavity includes the oral 

tongue (anterior two-thirds of the tongue), floor 
of the mouth (FOM), lips (inner mucosal surface 
of the lips), gingivobuccal and buccomasseteric 
regions, and adjacent portions of the maxilla and 
mandible. The tongue consists of two symmetric 
halves, divided by a midline septum, and it is 
composed of muscular tissue distinguished in 
intrinsic and extrinsic muscles. The extrinsic 
muscles provide attachment of the tongue to the 
hyoid bone, mandible, and styloid process, and 
they are represented by genioglossus, hyoglos-
sus, styloglossus muscles, and palatoglossus. The 
FOM is a U-shaped structure where the mylohy-
oid muscles represent the primary supporting 
structure. Additional support structures are 
represented by the paired paramedian geniohyoid 
muscles and the anterior bellies of digastric 
muscles.

The retromolar trigone (RMT) is an important 
landmark of tumour spread. It is defined as a tri-
angular area of mucosa posterior to the lower and 
upper third molars covering the anterior surface 
of the lower ascending ramus of the mandible. It 
is located at the crossroads of buccal, masticator, 
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and parapharyngeal spaces. Squamous cell carci-
nomas at this site are frequently diagnosed at an 
advanced stage, are prone to bone invasion, and 
tend to have a poor prognosis.

The pterygomandibular raphe, a thick fascial 
band between the hamulus of the medial ptery-
goid plate, and the posterior border of the mylo-
hyoid ridge of the mandible may represent the 
route of spread of RMT lesions. The pterygo-
mandibular raphe is also defined as the line of 
attachment for the buccinator and superior pha-
ryngeal constrictor muscles at the junction of the 
oropharynx and oral cavity. The glosso-
mylohyoid gap is another pathway of spread. It is 
identified between the mylohyoid and the lateral 
glossal muscle group (i.e. hyoglossus, styloglos-
sus, and palatoglossus muscles) and provides a 
communication between the sublingual and sub-
mandibular spaces [21, 32].

4.3.2	� Nasopharynx

The nasopharynx is the cranial section of the 
pharynx, extending from the skull base to the 
level of the hard palate. The lateral walls are 
formed and supported by the margins of the supe-
rior constrictor muscle and the pharyngobasilar 
fascia. The nasopharynx is in communication 
with the middle ear via the Eustachian tube. Next 
to the opening structure of the Eustachian tube 
(torus tubarius), there is the fossa of Rosenmüller, 
a common site of origin of nasopharyngeal can-
cer. The pathway of access for the Eustachian 
tube and levator veli palatini muscle through the 
pharyngobasilar fascia is represented by the sinus 
of Morgagni.

The anatomy of the central skull base is a fun-
damental knowledge to understand the pathways 
of perineural spread. It should be reminded that 
in the region of Meckel’s cave, the trigeminal 
nerve (V) forms three branches: the ophthalmic 
nerve (V1) extends through the superior orbital 
fissure; the maxillary nerve (V2) extends through 
the foramen rotundum into the pterygopalatine 
fossa where it branches into the infraorbital nerve 
and palatine nerves; and the mandibular nerve 
(V3) exits through the foramen ovale. An impor-
tant landmark is represented by the pterygopala-

tine fossa, containing fat, branches of the 
maxillary nerve, pterygopalatine ganglion, and 
small vessels. The foramen rotundum and the 
vidian canal enter the pterygopalatine fossa [24].

Sinus of Morgagni may represent the route of 
spread for cancer to the parapharyngeal space 
and skull base. Perineural spread along the man-
dibular nerve (V3) can cause an intracranial 
extension. Further intracranial spread may 
involve the cavernous sinus, Meckel’s cave, and 
prepontine cistern. Anterior tumour extension 
may involve sinonasal cavities and pterygopala-
tine fossa, allowing perineural spread. Tumour 
extension into the carotid space may permit peri-
neural spread in cranial nerves IX to XI. The ret-
ropharyngeal nodes are the primary nodal 
drainage in nasopharynx [35].

4.3.3	� Oropharynx

The oropharynx is posterior to the oral cavity and 
includes the tongue base, palatine tonsils, poste-
rior tonsillar pillars, soft palate, and constrictor 
muscles. Bilaterally, the tonsillar fossa, contain-
ing the palatine tonsil, is delimited by the anterior 
tonsillar pillar made up by the palatoglossus 
muscle, and the posterior pillar formed by the 
palatopharyngeus muscle. The mucosa and the 
musculature are surrounded by the visceral fas-
cia. Posterior tumour extension can cause disrup-
tion of the visceral fascia and invasion of longus 
capitis and colli muscles and the vertebrae. 
Lateral tumour extension may invade the para-
pharyngeal space and the carotid space [32].

4.3.4	� Hypopharynx

The hypopharynx or laryngopharynx, which 
extends from the level of the hyoid bone to the 
upper margin of the cricopharyngeus muscle, is 
at the lower level of the cricoid cartilage. The 
post-cricoid region is the anterior wall of the 
hypopharynx. The posterior wall of the hypo-
pharynx represents the continuation of the poste-
rior wall of the oropharynx. The lateral recesses 
of the hypopharynx are defined by the pyriform 
sinuses, which in most caudal portions are located 
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at the level of the true vocal cords. The medial 
wall of the pyriform sinus is formed by the lateral 
surface of the aryepiglottic fold. Squamous cell 
carcinoma of hypopharynx commonly arises in 
the pyriform sinus [25, 36].

4.3.5	� Larynx

The larynx can be distinguished in three portions: 
supraglottic larynx, glottis, and subglottic larynx. 
The supraglottic larynx extends from the tip of 
the epiglottis to the level of the laryngeal ventri-
cle. The glottis includes the anterior and posterior 
commissure at the level of the true vocal folds. 
The subglottic larynx extends below the glottis to 
the level of the lower margin of the cricoid carti-
lage. The hyaline cartilaginous structures 

included in the larynx are the thyroid cartilage, 
cricoid cartilage, arytenoid cartilage, and cornic-
ulate cartilage. The cricoid, thyroid, and aryte-
noid cartilages are all hyaline cartilages, and 
there are various degrees of ossification. Cartilage 
evaluation may be difficult due to the common 
asymmetric ossification. Ossified areas tend to be 
more sensitive to cancer invasion in comparison 
with cartilaginous areas. The epiglottis consists 
of yellow elastic fibrocartilage and seldom calci-
fies. The epiglottis has a laryngeal surface and a 
lingual surface, with a superior portion extending 
above the level of the hyoid bone although con-
sidered supraglottic. The larynx is delimited 
anteriorly by thyrohyoid membrane. A common 
route of tumour spread from the larynx is through 
areas of weakness via the thyrohyoid membrane 
(Fig. 4.4). Another route of extralaryngeal spread 

a

c

b

Fig. 4.4  Laryngeal cancer T4: invasion of tissue beyond the larynx with involvement of strap muscles (white arrows). 
(a) CT scan. (b) High-resolution DWI. (c) 3D T1w post-contrast
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is via the inferior pharyngeal constrictor muscle. 
Submucosal extension may permit the extrala-
ryngeal extension via the cricothyroid membrane 
[25, 34].

4.4	� The AJCC Head and Neck 
Tumour Classification 
Changes

The 8th edition of the AJCC has introduced 
changes that reflect new advances in the knowl-
edge of pathophysiology of these cancers. 
Moreover, in response to growing evidence of 
prognostic relevance, additional criteria have 
been added: the depth of invasion and extranodal 
extension [7, 18, 23]. Subsequently, the major 
changes are summarized.

4.4.1	� Oral Cavity Squamous Cell 
Carcinoma

In the 8th edition of the AJCC staging system, 
tumours arising from the external dry lip are 
considered cutaneous carcinomas. Tumours 
arising from the inner lip, which is a wet muco-
sal surface, are still considered to be oral cavity 

tumours. Oral cancers are typically asymptom-
atic and painless at an early stage; thus, intra-
oral lesions can be diagnosed at advanced stage. 
The most commonly affected sites are the floor 
of the mouth and the lateral and ventral aspects 
of the tongue with less frequent involvement of 
the retromolar trigone (RMT), buccal mucosa, 
maxillary and mandibular gingiva, and mucosal 
lining of the hard palate. Intraoral lesions tend 
to be diagnosed at a more advanced stage. Oral 
cavity tumour staging has undergone a substan-
tial alteration, with removal of the criterion of 
extrinsic muscle invasion for T4 category, 
which is most relevant for oral tongue malig-
nancies. This is a criterion that was frequently 
determined by radiologic evaluation since 
pathologists often have difficulty distinguish-
ing extrinsic from intrinsic muscle invasion. 
The depth of invasion (DOI) is a new patho-
logic criterion for determining T status, accord-
ing to the recognition of its prognostic 
significance. This pathologic measurement, at 
surgical resection, is different from the total 
thickness of the tumour (Fig.  4.5). The accu-
racy of CT and MRI for determining the depth 
of invasion and therefore permitting more accu-
rate preoperative tumour staging for oral cavity 
lesions remains to be proven.

a b

Fig. 4.5  Tongue cancer. (a) T3 lesion with DOI of 13 mm. (b) T2 lesion with DOI of 10 mm
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4.4.2	� Oropharyngeal Squamous 
Cell Carcinoma

It has been stated that an oropharyngeal squa-
mous cell carcinoma (OPSCC) that demonstrates 
the positivity HPV status (i.e. p16 positive at 
immunohistochemistry test) shows a better prog-
nosis than p16 negative, which is often associated 
with tobacco and alcohol (Fig. 4.5). The AJCC7 
designated stage III disease when one metastatic 
OPSCC node is identified and stage IV disease 
for more than one node or a node larger than 
3 cm. HPV-mediated OPSCC has a tendency to 
present with multiple or large nodes, and such 
cases, with the prior staging system, were fre-
quently designated as stage IV despite an overall 
survival rate of around 90%. The AJCC8 pro-
posed a new staging system for HPV-associated 
OPSCC, stating that all ipsilateral nodal diseases 
are to be designated as N1, bilateral or contralat-
eral nodes are to be designated as N2, and nodes 
that are larger than 6 cm are to be designated as 
N3. Stage I is determined by T1–2 and N0–1, 
stage II by T1–2 and N2 or T3 and N0–2, and 
stage III by T4 or N3. Stage IV is reserved for 
patients with metastatic disease. Thus, patients 
with a small primary tumour and multiple ipsilat-
eral nodes would now be staged as T1N1, stage 
I.  With AJCC8 staging, up to 80% of patients 
with HPV-associated OPSCC will be stage I with 
a 90% 5-year overall survival. A small percent-
age of patents will have metastatic disease and be 
stage IV with a 20% 5-year overall survival rate. 
In case of tumour resection, nodal evaluation in 
the pTNM system diverges from the clinical 
nodal system, with N1 being defined by the pres-
ence of four or fewer positive nodes and N2 being 
defined as the presence of more than four malig-
nant nodes, removing the N3. However, at many 
institutions, OPSCC remains to be treated with 
definitive chemoradiation therapy, which obvi-
ates this somewhat confusing pathologic nodal 
category. Hence, for radiologists, the HPV status 
of OPSCC is a fundamental information.

The only modification to the T category that 
occurs in HPV-associated OPSCC is that T4 is 
not separated into two categories (Fig. 4.6). T4 is 
described as tumour invading the larynx, extrin-

sic muscles of the tongue, medial pterygoid, hard 
palate or mandible, or beyond.

4.4.3	� Nasopharyngeal Squamous 
Cell Carcinoma

In nasopharyngeal cancer, clinical presentation 
depends on tumour size and extent as well as cer-
vical nodal metastasis. Metastatic adenopathy is 
often the initial complaint, and it is independent 
of tumour size. A serous otitis media can occur 
due to Eustachian tube obstruction. Advanced 
lesions may present with neurologic signs sec-
ondary to perineural spread or invasion of the 
skull base. Involvement of the cavernous sinus 
may produce neuropathies of cranial nerves III, 
IV, V, or VI. Posterior spread to the carotid sheath 
may lead to the involvement of cranial nerves IX, 
X, or XI or sympathetic chain.

Even if NPC is often related to EBV, currently 
there is not a separate staging system for non-
EBV- and EBV-associated NPC.  According to 
the prognosis, the involvement of the pterygoid 
muscles, previously categorized as T4, has now 
been reduced to T2. The infiltration is catego-
rized as T4 when a tumour is more extended, in 
particular lateral to the lateral pterygoid and into 
the parotid gland. The terms masticator space and 

Fig. 4.6  Carcinoma of the tonsil, oropharynx, p16+, T3 
lesion with max diameter of 43 mm. T2w image

L. Bertana et al.



95

infratemporal fossa, which were part of the 
AJCC7 terminology, have been removed and 
replaced with specifically named soft-tissue 
structures to simplify and clarify staging. In 
AJCC8, the nodes in levels IV and VB are desig-
nated N3 disease. Also, nodal masses larger than 
6 cm are in N3 category with removal of the prior 
subgroups. In AJCC8, N3 now determines a 
prognostic stage grouping of IVA, rather than 
IVB.

4.4.4	� Non-HPV Oropharyngeal 
Squamous Cell Carcinoma

The 8th edition of AJCC has introduced a modifi-
cation in N designation in case of metastatic 
nodes of non-HPV oropharyngeal cancers, and 
no changes in T designation. Whereas the criteria 
of N1–N3 are foundationally unchanged, in com-
parison to AJCC7, an additional clinical criterion 
of extranodal extension (ENE) has been added, 
which determines N3b status. New pathologic 
nodal table also incorporates pathologic 
ENE. Pathologic ENE is described as 2 mm or 
less for microscopic ENE or more than 2 mm for 
major ENE. In literature, the radiological defini-
tion includes different features, such as indistinct 
nodal margins, irregular nodal capsular enhance-
ment, interruption in the nodal capsule, or infil-
tration into the perinodal fat or into adjacent 
muscle.

4.4.5	� Unknown Primary Tumours

An unknown primary tumour is defined as 
HNSCC detected from fine needle aspiration of a 
nodal mass in the absence of a clinically evident 
primary source. Most of these cases are from 
HPV-related tumour. In adult patients, a new 
neck mass must be first of all suspicious for car-
cinoma (commonly primary oropharyngeal 
tumour), and a FNA should be performed. If p16 
is positive and no oropharyngeal primary is 
clearly found at cross-sectional imaging or ton-
sillectomy, then HPV in situ hybridization is rec-
ommended because p16 can be positive in 

non-HPV-related, non-oropharyngeal tumours, 
including up to 30% of skin cancers.

4.4.6	� Tumour Types Without 
Changes from the 7th Edition 
of AJCC

For all non-HPV, there are no changes to the T 
designation. There are no changes to the T desig-
nation also for salivary neoplasms, and to nasal 
cavity and paranasal sinus tumours. Criteria for 
T4b cancers remain, i.e. the vascular encasement 
and invasion, prevertebral space invasion, and 
invasion of mediastinal structures.

4.5	� Lymph Nodes

4.5.1	� Introduction

The assessment of lymph node metastasis in head 
and neck oncology is a critical prognostic factor 
in terms of treatment planning and patient sur-
vival. Metastasis can arise from primary head and 
neck squamous cell carcinoma (HNSCC), thy-
roid gland, skin, or distant sites like melanoma, 
or breast, lung, or gastrointestinal carcinomas. 
The presence of cervical nodal metastasis may 
affect the choice of treatment as well as the 
patient prognosis. With a single lymph node 
metastasis from HNSCC of the head and neck, a 
patient’s 5-year survival rate is estimated at 50%, 
which is reduced to 33% in the presence of 
contralateral lymph node involvement. More 
than 50% of advanced stages of HNSCC as T3–
T4 show ipsilateral nodal metastasis, whereas 
2–35% have bilateral or contralateral nodal 
metastasis [37]. For these reasons, detecting cer-
vical lymph node metastasis is an essential step 
in predicting patient prognosis and evaluating 
treatment options. Treatment options in cases of 
cervical lymph node metastasis include selective, 
radical, or modified neck dissection and co-
adjuvant radiotherapy and/or chemotherapy 
depending on the histologic findings of the nodes.

Imaging has a central role in the diagnosis and 
follow-up of cervical lymphadenopathies. The 
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American Joint Committee on Cancer has stated 
that clinical staging should include physical 
examination as well as results of the imaging 
modalities. The National Comprehensive Cancer 
Network (NCCN) guidelines recommend the use 
of CT and MR with contrast medium for the ini-
tial staging in patients with HNSCC [38]. 
However, clinical criteria alone are not suffi-
ciently accurate in the identification of nodal 
metastasis. The detection rate of nodal involve-
ment with palpation has an accuracy rate of 70% 
[39, 40]. Furthermore, deep-seated nodes such as 
the retropharyngeal type can be properly evalu-
ated exclusively with the support of imaging 
modalities.

Radiologic evaluation of head-neck nodes has 
shown to identify metastasis in 7–19% of patients 
with a negative clinical evaluation. In case of 
positive imaging results, even in the presence of 
low pretest likelihood for potential nodal metas-
tasis, the risk of positive nodal metastasis remains 
very high (estimated at >20%) [41] and so elec-
tive neck dissection should be performed in all 
cases when positive radiologic findings for poten-
tial nodal metastasis are present. Different imag-
ing modalities exist for identifying cervical nodal 
metastasis, including ultrasound (US), computer 
tomography (CT), magnetic resonance (MR), 
and CT/positron emission tomography (PET).

Currently, the use of preoperative MR or CT 
imaging is an essential part of the workup. Both 
modalities have demonstrated good diagnostic 
performance in detecting head-neck nodal metas-
tasis, even if no significant diagnostic accuracy 
had been found in comparison with the other 
modalities. CT and MR should be preferred to 
the other imaging modalities in the assessment of 
primary radiologic staging, as it has the advan-
tage of being able to evaluate both primary 
tumour ‘T’ and nodal involvement ‘N’ [42, 43] 
and for nodal surveillance especially in patients 
with an advanced tumour, when the site of the 
primary tumour also requires surveillance of the 
deep-seated lymph node as in the case of the 
nasopharyngeal SCC and when neck dissection is 
performed. PET is an expensive exam, is gener-
ally less available, and does not provide any bet-
ter sensitivity and specificity in the detection of 

nodal metastasis. It therefore should not be used 
in routine nodal surveillance.

The lack of ionizing radiation and the relative 
low cost of US mean that this method can be used 
more frequently than CT and MR.  US demon-
strates similar sensitivity and specificity to other 
modalities and can be used with concomitant 
real-time-guided fine needle aspiration 
(US-FNA); however, deep-seated lymph nodes 
cannot be identified with this method (Fig. 4.7). 
US should be considered as the modality of 
choice in the follow-up of the cervical lymph 
nodes in patients with a low-grade HNSCC, such 
as T1–2 N0 of the lips, when a ‘watchful waiting’ 
policy is adopted. Furthermore, in the case of 
positive or inconclusive US findings, US-FNA 
should be used due to the high correlation 
between positive cytology results and histologic 
positive findings for nodal metastasis [41].

4.5.2	� Radiologic Criteria 
for Assessment of Head-Neck 
Lymph Nodes

The radiological evaluation of the neck lymph 
nodes is based on the criteria that identify abnor-
mal lymph nodes in imaging: characteristics that 
increase the level of suspicion of the presence of 

Fig. 4.7  Right single Rouviere nodal metastasis with 
central necrosis from oropharynx carcinoma
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intranodal metastases and that help the radiolo-
gist to discriminate these lymph nodes from 
hyperplastic ones. It is based on five main fea-
tures: clustering, morphology, inhomogeneity, 
size, and pattern of spread.

4.5.2.1	� Clustering
Clustered lymphadenopathy is recognized as 
groups of >3 contiguous enlarged lymph nodes 
with the loss of fat tissue planes between them. 
This clustering appearance, particularly evident 
in HNSCC, is associated with a poorer prognosis 
than isolated lymph node metastasis. This feature 
can increase the level of suspicion when the size 
of nodes is borderline [44]. In the presence of 
reactive adenopathy secondary to infectious pro-
cess, surgery, or radiation, the detection accuracy 
is reduced for clustering.

4.5.2.2	� Morphology
A normal lymph node appearance is a reniform 
shape with smooth well-defined margins. 
Abnormal lymph nodes are defined on imaging 
as nodes with altered shape and margins. A reni-
form or oblong shape is more representative of 
normal nodes, whereas lymph nodes with spheri-
cal appearance suggest the presence of an expan-
sive process and are more associated with 
metastases (Fig. 4.8).

To classify a round lymph node on imaging, 
the criterion of a long-to-short axis is used, and a 

ratio of less than 2 is more correlated with metas-
tases. To correctly calculate the long-to-short 
axis with CT and MR, it is not correct to measure 
the lymph nodes only on the axial plane. This is 
because it would not identify the real major axis 
of the lymph nodes that in the neck-head area is 
almost always oriented on a cranio-caudal direc-
tion. It is therefore recommended that multipla-
nar reconstructions (MPR) be used in order to 
correctly identify the major and minor axis. 
Benign hyperplastic adenopathies, even if they 
are enlarged in terms of the size criteria, usually 
maintain a long-to-short axis greater than 2. 
Shape is important but is not the only aspect to 
include in the evaluation of suspicious nodes. 
Roundness alone does not necessarily imply the 
presence of intranodal metastasis and must be 
considered with respect to all other worrisome 
features, above all if the lymph node level 
involved can be traced back to primary neoplasia 
(sentinel node). This criterion can be helpful in 
increasing the level of suspicion in case of 
enlarged lymph nodes, such as in SCC of the 
tongue where it is not uncommon to find intrano-
dal metastases in sub-centimetric lymph node at 
level III.  Intranodal metastasis proliferation can 
replace normal fatty hila; however, this can also 
be present in infectious processes and in chronic 
inflammatory lymphadenopathies. In addition, 
fatty hila may be so thin that it is indistinguish-
able at CT and MRI (if less than 3 mm) from an 

a b

Fig. 4.8  Multiple lymphadenopathies (a, b) with round morphology and intranodal inhomogeneity, due to necrosis and 
extranodal extension (ENE+)
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initial central necrosis area. In cases where there 
is doubt, US can be used as a second tool in con-
junction with cytology.

In the pathological lymph node, the subcapsu-
lar proliferation of metastatic foci causes an 
alteration of the node margins that can change 
from smooth and regular to thick, irregular, 
blurred, or indistinct. The CT is more accurate 
than other methods for the evaluation of extrano-
dal diffusion; however, both CT and MR are valid 
methods for this evaluation. Irregular or ill-
defined margins on CT and MR are features that 
significantly improve the detection of cervical 
lymph node metastases. The extranodal exten-
sion (ENE) represents the most important prog-
nostic factor in terms of survival, operability, and 
comorbidity, with the exception of tumours asso-
ciated with HPV infection. Only unquestionable 
clinical evidence is to be used for clinical 
staging.

The guiding principle is to assign ENE nega-
tive if there are doubts in a particular case in 
order to avoid stage migration, with the concept 
that whenever there is a doubt, the lesser stage 
should be chosen. Only clear evidence of gross 
ENE on clinical examination supported by strong 
radiographic evidence permits classification of 

disease as ENEc [45]. Extracapsular spread is 
microscopically present in 25% of nodes that do 
not meet the size criteria for suspicion, enlarged 
lymph nodes smaller than 3 cm are demonstrated 
to have an incidence of 60% extracapsular spread, 
whereas nodes larger than 3  cm have an inci-
dence of 74% [37]. Imaging findings of extracap-
sular spread are indistinct or blurred margins, fat 
stranding, and loss of fat planes between the 
lymph node and the surrounding anatomical 
structure. Pathological lymph nodes can infiltrate 
adjacent structures such as vessels, nerves, mus-
cles, skin, and bone. CT and MR have been 
shown to have low sensitivity (65–80%) but high 
specificity (86–93%) for the detection of ENE 
(Fig.  4.9) [45]. Arterial invasion influences the 
surgical options and can lead to dangerous com-
plications (pseudoaneurysms, vascular occlu-
sions). Identification of arterial encasement >di 
270° on CT or MR is associated with increased 
likelihood of arterial invasion with a sensitivity 
and specificity [46].

4.5.2.3	� Inhomogeneity
Metastatic lymph nodes have a heterogeneous 
structure represented by a portion of the healthy 
lymph node and part of the tumour process. Very 

a

b

c

Fig. 4.9  Nodal metastasis with ENE+. (a, b) Loss of fatty plane with infiltration of SCM muscle and thrombosis of 
jugular vein. (c) Loss of fatty plane with infiltration of platysma muscle
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a b

Fig. 4.10  Nodal metastasis from oropharynx carcinoma with round shape and central necrosis. (a) T2w image. (b) 3D 
T1w post-contrast image

often, metastatic lymph nodes of the head and 
neck region can present phenomena of central 
necrosis and cystic appearance, calcifications, or 
hyper-enhancement. Regardless of nodal size, 
the presence of intranodal necrosis (Fig.  4.10) 
should be considered pathologic and is reported 
to be present in one-third of all metastatic nodes 
[47].

Cases of cystic lymph nodes are more likely to 
have oropharyngeal (HPV-associated HNSCC) 
or thyroid (papillary carcinoma) origin. Calcified 
lymph nodes are most commonly present with 
thyroid carcinoma; other causes of nodal calcifi-
cation are mucinous adenocarcinoma, treated 
lymphoma, treated or untreated HNSCC, and 
tuberculosis. Intranodal necrosis may be differ-
entiated in US as a cystic ill-defined echolucent 
area within the nodes, the most common form of 
intranodal necrosis, and coagulation necrosis as 
an echogenic focus within lymph nodes but not 
continuous with the surrounding fat and that does 
not produce acoustic shadowing [48]. With CT, 
necrosis is identified as a focus of hypodensity 
with water attenuation density (10–25 HU) with 
an enhancing post-contrast rim. With MR, 
necrotic areas are defined as a focus of intranodal 
high signal intensity on T2-weighted imaging 
that corresponds to an intranodal nonenhancing 
area in contrast-enhanced T1-weighted imaging. 
Calcifications are better identified on US as punc-
tuated echogenic foci with acoustic shadowing 

and on CT as hyperdense foci on pre-contrast 
scan.

Another aspect of inhomogeneity is vascu-
lar alterations that occur in metastatic lymph 
nodes. With CT and MR, metastatic adenopa-
thy can show an increased vascularity, espe-
cially with specific histologic entities as 
thyroid carcinoma or melanoma, but it should 
be noted that a variety of conditions can dem-
onstrate lymph node enhancement as infec-
tious conditions or post-chemoradiotherapy. 
Doppler US is a very accurate method to detect 
vascular nodal anomalies; normal lymph nodes 
demonstrate hilar vascularity, while metastatic 
nodes show mixed vascularity both from hilum 
and from periphery. The presence of pericapsu-
lar vessels is a common appearance of meta-
static nodes, and it is related to tumour 
infiltration in which tumour cells produce 
tumour angiogenic factor (TAF). Usually, reac-
tive lymphadenopathy shows hilar vascularity 
or absent vascularity.

With US, it is also possible to distinguish dif-
ferent internal textures of lymph nodes reflect-
ing in a different echogenicity. They are defined 
as hypo- or hyperechogenicity in contrast to the 
echogenicity of the surrounding muscle struc-
tures. Laterocervical lymph node metastases 
can be both hypoechogenic (lymphoma, 
HNSCC) and hyperechogenic (thyroid carci-
noma, HNSCC).
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4.5.2.4	� Size
The classification according to the size of lymph 
nodes in the neck-head region can be confusing; 
in the literature, there are different studies on the 
cut-off of the laterocervical lymph nodes. 
However, the 10  mm shot-axis cut-off for the 
lymph node levels I–VII and the 8 mm short-axis 
cut-off for the remaining lymph nodes (retropha-
ryngeal, nuchal, etc.) show a higher sensitivity 
[49, 50]. Due to the low specificity of this param-
eter, reactive lymph nodes (as ones secondary to 
infections) may show an increase in size, particu-
larly in submandibular, upper jugular lymph 
nodes and in younger patients. Consequently, this 

parameter should be evaluated by looking for 
other ancillary signs.

4.5.2.5	� Lymphatic Drainage
When suspicious nodes were located in the drain-
age pathway of the primary tumour, radiographic 
suspicion increased. Cervical lymph nodes 
should be classified on the basis of the system 
devised by the American Head and Neck Society 
and the American Academy of Otolaryngology-
Head and Neck Surgery (Table 4.1).

In the majority of head and neck cancers 
(66.7%), the jugulodigastric node represents the 
sentinel node by way of internal jugular and deep 

Table 4.1  Classification of nodal levels and drainage sites

Nodal levels Landmarks Drainage sites
I: IA—submental nodes, 
IB—submandibular 
nodes

Above the hyoid, below the mylohyoid 
muscle, anterior to the posterior edge of the 
submandibular gland
 �� IA: Between the medial margins of the 

anterior bellies of the digastric
 �� IB: Posterior and lateral to the medial 

edge of the anterior belly of the digastric

Nose and paranasal sinuses, lips, anterior 
oral cavity

II: upper jugular—IIA: 
upper internal jugular 
nodes, IIB: upper spinal 
accessory nodes

Below the skull base, above the hyoid, 
anterior to the posterior edge of the SCM, 
posterior to the posterior edge of the 
submandibular gland
 �� IIA: Posterior to the internal jugular 

vein/attached to the vein
 �� IIB: Posterior to the internal jugular 

vein/separate from the vein

Posterior oral cavity, oropharynx, 
supraglottic larynx, parotid gland

III: Mid-jugular Below the lower body of the hyoid bone, 
above the lower margin of the cricoid, 
anterior to the posterior edge of the SCM, 
lateral to the medial margin of the common 
carotid artery/internal carotid artery

Hypopharynx, glottic, subglottic

IV: Lower jugular Below the lower margin of the cricoid, 
above the clavicle, anterior and medial to 
the posterior edge of the SCM, lateral to 
the common carotid artery

Cervical oesophagus, subglottic, thyroid

V: VA, VB Below the skull base, above the clavicle, 
anterior to the anterior edge of the 
trapezius, posterior to the posterior edge of 
the SCM
 �� VA: Above the lower margin of the 

cricoid
 �� VB: Below the lower margin of the 

cricoid

Skin carcinomas of the occipital scalp or 
neck, nasopharynx

VI Below the hyoid, above the top of the 
manubrium, medial to the common carotid 
arteries/internal carotid arteries

Cervical oesophagus, subglottic, thyroid

VII Below the top of the manubrium, medial to 
the left and right common carotid arteries

Cervical oesophagus, subglottic, thyroid
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cervical lymphatic drainage. The first point of 
afferent drainage from the face, mouth, pharynx, 
and tonsils, the jugulodigastric node is the highest 
of the level II nodes and is located adjacent to the 
angle of the mandible. This node is commonly 
affected by tumours from the oral cavity and oro-
pharynx. Tongue-based tumours, in some 
instances, can bypass the jugulodigastric and other 
level II nodes and spread directly to an ipsilateral 
low level III or IV node called the jugulo-omohyoid 
node. Thus, in the setting of tongue carcinoma, 
this node is another example of a sentinel node.

4.6	� Advanced Imaging

4.6.1	� Elastography

Ultrasound elastography provides information 
about the stiffness of the tissue by measuring the 
degree of strain on the tissue. Metastatic lymph 
nodes show an increase of stiffness and the level 
of suspicion for malignancy increases as the tis-
sue hardens. During real-time ultrasound elastog-
raphy, stiff components of 50% to less than 90% 
and 90% or greater of target lesion represent the 
class of suspicious for malignancy [51]. 
Ultrasound elastography showed an accuracy of 
83.3%, sensitivity of 82.4%, and specificity of 
84.6%; it should be helpful for detecting nodal 
metastasis of head and neck and can be safely 
used as a support technique to improve diagnos-
tic performance of ultrasound of head-neck 
lymph nodes [52].

4.6.2	� DWI-MRI

Diffusion-weighted MRI (DW-MRI) is a func-
tional technique that measures the motion of 
water molecules in the extracellular, extravascu-
lar space, based on Brownian motion. In meta-
static nodes, the microstructural changes such as 
the decreased extracellular space, increased cel-
lularity, and higher nuclear-to-cytoplasmic ratio 
result in limited motion of water molecules and 
are represented as an area of hyperintensity on 
DWI and low signal intensity on the correspond-

ing ADC map. DWI is a promising imaging tech-
nique to detect early metastatic lymph nodes. 
Vandecaveye et al. [53] showed that apparent dif-
fusion coefficient (ADC) had 84% sensitivity and 
94% specificity on a 1.5-T system, and Barchetti 
et al. [54] showed the ADC values of 97% sensi-
tivity and 93% specificity on a 3-T system, in 
contrast to Lim et al. [55] who found no differ-
ences in ADC values between small metastatic 
and benign lymph nodes. Currently, DWI can be 
used as an additional tool in the detection of path-
ological lymph nodes and can be useful in ‘uncer-
tain’ cases.

4.7	� Preoperative Imaging 
for Thyroid Cancer Surgery

The success of thyroid cancer surgery relies on 
accurate preoperative imaging evaluation, which 
allows complete resection of the primary tumour 
and pathological lymph nodes. Ultrasound is still 
the most important imaging modality in the eval-
uation of thyroid cancer and should be used to 
evaluate both the primary cancer and all cervical 
lymph node compartments. Affected lymph 
nodes may be diagnosed according to size, shape, 
echogenicity, vascular pattern, loss of hilar struc-
ture, and presence of calcifications. Ultrasound-
guided fine needle aspiration of affected lymph 
nodes can help in planning surgical radicality. 
Cross-sectional imaging may be considered in 
selected scenarios to better evaluate tumour inva-
sion and/or inferiorly or posteriorly located 
lymph nodes. Functional imaging with positron 
emission tomography (PET) or PET/CT may 
have a selected role in patients affected by recur-
rent cancer with positive tumour markers and 
negative morphological imaging evaluation.

4.7.1	� Introduction

The overall survival rates of thyroid cancer are 
high for most subtypes, exceeding 90%, though 
the risk of recurrence has been reported to be as 
high as 35% [56]. The majority of recurrent can-
cers are identified within the first 5  years after 
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diagnosis, representing persistent disease rather 
than recurrent one [57]. It is well known that the 
surgical radicality may be achieved through an 
accurate preoperative imaging evaluation, ensur-
ing complete clearance of the primary tumour as 
well as pathological lymph node compartments. 
As stated in the Revised American Thyroid 
Association Management Guidelines for Patients 
with Thyroid Nodules and Differentiated Thyroid 
Cancer, ultrasound is the first-line imaging choice 
in the evaluation of thyroid cancer [58]. 

Furthermore, cross-sectional imaging has a role 
in selected scenarios to better evaluate tumour 
invasion and/or inferiorly or posteriorly located 
lymph nodes.

4.7.2	� Preoperative Imaging 
Examination

According to the last update of TNM staging sys-
tem (Table 4.2a–c), an accurate preoperative eval-

Table 4.2  Staging classification of thyroid malignancy: (a) differentiated thyroid carcinoma, (b) anaplastic thyroid 
carcinoma, and (c) medullary thyroid carcinoma

AJCC 
stage

Age Stage (a) Differentiated thyroid cancer

I Younger 
than 
55 years

Any T
Any N
M0

Any size with or without spread to lymph nodes (any N) and no distant 
metastasis (M0)

OR
55 years or 
older

T1
N0 or NX
M0

Any small tumour (<2 cm) with no spread to lymph nodes (N0) and no 
metastasis (M0)

OR
55 years or 
older

T2
N0 or NX
M0

The cancer is larger than 2 cm across but no larger than 4 cm and confined 
to the thyroid (T2)
It has not spread to nearby lymph nodes (N0) or to distant sites (M0)

II Younger 
than 
55 years

Any T
Any N
M1

Any tumour (any T) with any metastasis (M1) regardless of whether it has 
spread to the lymph nodes (any N)

OR
55 years or 
older

T1
N1
M0

The cancer is no larger than 2 cm across and confined to the thyroid (T1) 
with spread to nearby lymph nodes (N1) and no metastasis (M0)

OR
55 years or 
older

T2
N1
M0

The cancer is larger than 2 cm across but no larger than 4 cm and confined 
to the thyroid with spread to nearby lymph nodes (N1) and no distant 
metastasis (M0)

OR
55 years or 
older

T3a or T3b
Any N
M0

The cancer is larger than 4 cm but confined to the thyroid (T3a) or it has 
grown into the strap muscles around the thyroid (T3b), regardless of 
whether it has spread to the lymph nodes (any N). It has not spread to 
distant sites (M0)

III 55 years or 
older

T1/2/3
N1a
M0

Any localized tumour (T1, T2, or T3) that has spread to the central 
compartment of lymph nodes (N1a) but has not metastasized (M0)

IVA 55 years or 
older

T4a
Any N
M0

The tumour has spread beyond the thyroid to nearby soft tissues, larynx, 
trachea, oesophagus, or recurrent laryngeal nerve, regardless of whether it 
has spread to the lymph nodes (any N). It has not spread to distant sites (M0)

IVB 55 years or 
older

T4b
Any N
M0

Tumour that has spread beyond nearby structures (T4b), regardless of 
spread to lymph nodes (any N), but no distant spread (M0)

IVC 55 years or 
older

Any T
Any N
M1

The cancer is of any size (any T) and might or might not have spread to 
nearby lymph nodes (any N)
It has spread to other parts of the body, such as distant lymph nodes, 
internal organs, and bones (M1)
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Table 4.2  (continued)

AJCC stage Stage (b) Anaplastic thyroid cancer
IVA T1, T2 or 

T3a
N0 or NX
M0

The cancer is of any size but confined to the thyroid (T1, T2, or T3a)
It has not spread to nearby lymph nodes (N0) or to distant sites (M0)

IVB T1, T2, or 
T3a
N1
M0

The cancer is of any size but confined to the thyroid (T1, T2, or T3a). It has 
spread to nearby lymph nodes (N1)
It has not spread to distant sites (M0)

OR
T3b
Any N
M0

The cancer is of any size and has grown into the strap muscles around the 
thyroid (T3b)
It might or might not have spread to nearby lymph nodes (any N). It has not 
spread to distant sites (M0)

OR
T4
Any N
M0

The cancer is of any size and has grown extensively beyond the thyroid 
gland into nearby soft tissues of the neck or back toward the spine or into 
nearby large blood vessels
It might or might not have spread to nearby lymph nodes (any N). It has not 
spread to distant sites (M0)

IVC Any T
Any N
M1

The cancer is of any size (any T) and might or might not have spread to 
nearby lymph nodes (any N)
It has spread to other parts of the body, such as distant lymph nodes, 
internal organs, and bones (M1)

AJCC stage Stage (c) Medullary thyroid cancer
I T1

N0
M0

The cancer is 2 cm or smaller and confined to the thyroid (T1). It has not 
spread to nearby lymph nodes (N0) or to distant sites (M0)

II T2
N0
M0

The cancer is larger than 2 cm but no more than 4 cm across and confined 
to the thyroid (T2). It has not spread to nearby lymph nodes (N0) or to 
distant sites (M0)

OR
T3
N0
M0

The cancer is larger than 4 cm and confined to the thyroid or any size and 
growing outside of the thyroid but not involving nearby structures (T3). It 
has not spread to nearby lymph nodes (N0) or to distant sites (M0)

III T1, T2, or 
T3
N1a
M0

The cancer is of any size and might be growing outside of the thyroid but 
not involving nearby structures (T1, T2, T3). It has spread to lymph nodes 
in the neck (pretracheal, paratracheal, prelaryngeal, or upper mediastinal) 
(N1a) but not to other lymph nodes or to distant sites (M0)

IVA T4a
Any N
M0

The cancer is of any size and has grown beyond the thyroid gland into 
nearby tissues of the neck, such as the larynx (voice box), trachea 
(windpipe), oesophagus (tube connecting the throat to the stomach), or 
nerve to the larynx (T4a)
It might or might not have spread to nearby lymph nodes (any N). It has not 
spread to distant sites (M0)

OR
T1, T2, or 
T3
N1b
M0

The cancer is of any size and might be growing outside of the thyroid but 
not involving nearby structures (T1, T2, T3)
It has spread to certain lymph nodes in the neck such as cervical or jugular 
nodes (N1b). It has not spread to distant sites (M0)

IVB T4b
Any N
M0

The cancer is of any size and has grown either back toward the spine or into 
nearby large blood vessels (T4b)
It might or might not have spread to nearby lymph nodes (any N). It has not 
spread to distant sites (M0)

IVC Any T
Any N
M1

The cancer is of any size and might have grown into nearby structures (any 
T)
It might or might not have spread to nearby lymph nodes (any N). It has 
spread to distant sites such as the liver, lung, bone, or brain (M1)
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uation is mandatory for planning the best treatment. 
The aims of preoperative sonographic assessment 
in patients affected by or with suspected thyroid 
cancer are to evaluate the primary tumour and to 
detect pathological lymph nodes in the central 
(level 6: pretracheal, right paratracheal, and left 
paratracheal), lateral (levels 2, 3, and 4: jugular), 
and posterior (level 5: posterior to sternocleido-
mastoid muscle) neck compartments, ensuring a 
compartment-oriented surgical resection.

4.7.3	� Ultrasound Evaluation 
of Primary Tumour

Most of the thyroid nodules are incidental findings 
discovered by imaging studies unrelated to the thy-
roidal gland [59]; being found in up to 68% of nor-
mal population, most of them are asymptomatic, 
showing benign appearance, and will never develop 
into a cancer. The aim of a first-line ultrasound 
evaluation of thyroid nodules is to differentiate 
benign nodules from suspicious or malignant ones 
requiring further management; about that, fine nee-
dle aspiration (FNA) plays a pivotal role in this pro-
cess, but it needs to be performed in a selective 
way, rather than systematic procedure, regardless 
of the nodule size or appearance [60]. It is manda-
tory to evaluate the primary tumour assessing size, 
location, margins, multifocality, and local invasion 
(Fig. 4.11). Further, it is important to report pos-
tero-medially located tumour beside the recurrent 
laryngeal nerve may affect patient preoperative 
evaluation and surgical approach. Local invasion of 
strap muscles is quite common and usually does 

not affect resection strategy significantly; neverthe-
less, visceral or vascular invasion, sonographically 
depicted by a blurry or indistinct deep margin, may 
require cross-sectional evaluation and surgical 
approach changes. Furthermore, additional tumour 
foci must be evaluated, since contralateral lesions 
may result in the need to exclude positive contralat-
eral lymph nodes [61, 62].

4.7.4	� Risk Stratification Systems

Thyroid gland ultrasound evaluation of the risk 
of malignancy plays a central role in patients 
with nodules, with the aim of selecting lesions 
that should have a fine needle aspiration (FNA) 
performed. According to the key role of thyroid 
US in the management of patients affected by 
nodules, several associations, such as the 
European Thyroid Association, the Korean 
Society of Thyroid Radiology, the American 
Thyroid Association, the American Association 
of Clinical Endocrinologists, the American 
College of Endocrinology, and the Italian 
Associazione Medici Endocrinologi, have issued 
recommendations for US risk stratification of 
thyroid nodules [63, 64]. Two of the most used 
ultrasound-based classification systems for thy-
roid nodules are the American College of 
Radiology (ACR) TIRADS and European (EU) 
TIRADS. In 2015, an American committee con-
vened by the ACR presented a system for 
approaching the thyroid nodules and the proper 
lexicon for reporting. The white paper was titled 
ACR Thyroid Imaging, Reporting and Data 
System (ACR TI-RADS) [65, 66].

The ACR-TIRADS is a scoring system, based 
on the US features of a given nodule, according to 
its composition, echogenicity, shape, margin, and 
echogenic foci; the higher the score, the greater 
the risk of malignancy, which would imply 
performing FNA for a better characterization of 
the lesion. Based on literature evidences and on 
the American Association of Clinical 
Endocrinologists, American Thyroid Association, 
and Korean guidelines, the European Thyroid 
Association (ETA) states guidelines and a risk 
stratification system, establishing a US lexicon, a 

Fig. 4.11  Effaced fatty tissue in the tracheoesophageal 
groove where the recurrent laryngeal nerve courses
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report template, and definitions of benign and 
low-, intermediate-, and high-risk nodules, with 
the estimated risks of malignancy in each category, 
which was named European Thyroid Imaging and 
Reporting Data System (EU-TIRADS) [67]. 
Recommendations for biopsy or US follow-up are 
based on the nodule’s TI-RADS level and its max-
imum diameter. Both the EU-TIRADS and ACR-
TIRADS are practical and useful classification 
systems recently developed. They share common 

characteristics, but also some differences; catego-
rization differences are shown in Table  4.3, and 
different managements are described in Table 4.3. 
Both systems also recommend checking cervical 
lymph nodes, especially in the intermediate- and 
high-risk nodule, and perform FNA in the pres-
ence of suspicion feature, such as round shape, 
loss of echogenic hilum, peripheral disorganized 
flow, heterogeneity, and gland-like echogenicity 
within the node.

Table 4.3  Ultrasound characteristic for TIRADS classification of thyroid nodules

Category US score Cancer risk
ACR-TIRADS 1: Benign 0 points 0.3%
ACR-TIRADS 1: Not suspicious 2 points 1.5%
ACR-TIRADS 1: Mildly 
suspicious

3 points 4.8%

ACR-TIRADS 1: Moderately 
suspicious

4 to 6 points 9.1%

ACR-TIRADS 1: Highly 
suspicious

7 points or more 35%

Category US features Cancer risk
EU-TIRADS 1: Normal No nodules –
EU-TIRADS 2: Benign Colloidal cyst, entirely spongiform nodule Close to 0%
EU -TIRADS 3: Low risk Ovoid, smooth, iso/hyperechoic, no features of high 

suspicion
2–4%

EU-TIRADS 4: Intermediate 
risk

Ovoid, smooth, mildly hypoechoic, no features of 
high suspicion

6–17%

EU-TIRADS 5: High risk At least one of the following features of high 
suspicion:
 �� •  Non-oval/round shape
 �� •  Irregular margin
 �� •  Microcalcifications
 �� •  Markedly hypoechoic

26–87%

Classification ACR-TIRADS EU-TIRADS
Normal gland – EU-TIRADS 1
Benign (cystic/spongiform) TR1 EU-TIRADS 2
Not suspicious (mixed cystic/
solid)

TR2 –

Mildly suspicious/low risk TR3 EU-TIRADS 3
Moderately suspicious/
intermediate risk

TR4 EU-TIRADS 4

Highly suspicious/high risk TR5 EU-TIRADS 5
TIRADS 1 No F/U-no FNA –
TIRADS 2 No F/U-no FNA No FNA unless 

compressive
TIRADS 3 F/U ≥ 1.5 cm

FNA ≥2.5 cm
FNA >2 cm

TIRADS 4 F/U ≥1.0 cm
FNA ≥1.5 cm

FNA >1.5 cm

TIRADS 5 F/U ≥0.5 cm
FNA ≥1.0 cm

FNA >1.0 cm
F/U or FNA <1.0 cm
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A recent published article compared in a pro-
spective way five of the most used classification 
systems (ACR, ATA, AACE/ACE/AME, 
EU-TIRADS, and K-TIRADS), demonstrating 
that all of them have a very reliable discrimina-
tory capacity, reducing the number of unneces-
sary biopsies, being particularly higher in the 
case of ACR. The article stated that ACR showed 
a better overall performance, classifying half of 
the biopsies as unnecessary, with a false-negative 
rate of 2% [68]. Another recent study published 
in 2018 assessed the interobserver variability of 
the classification systems AAC/ACE/AME, 
ACR, ATA, EU-TIRADS, and K-TIRADS and 
the interobserver concordance in the indication 
of FNA biopsy. When selecting the nodules for 
which FNA biopsy has to be performed, the 
interobserver agreement is substantial to almost 
perfect [69].

Another recent study in 2018 was conducted 
to evaluate the temporal stability of initial risk 
calculated with five systems and determine 
whether the risk class increase during the follow-
up is indicative of malignancy. It was demon-
strated that benign nodules tend to stay stable in 
time, and changes that require biopsies are rare. 
Development of new nodules is frequent, but few 
of them (less than 5%) are classified as a high 
risk. So, this means that benign nodules could be 
followed in a secure way with less intense sur-
veillance protocols [70].

Finally, the ACR-TIRADS and EU-TIRADS 
are very good and useful systems of malignancy 
risk stratification. Due to the differences between 
both categorization systems, it is recommended 
to use one of them and clearly specify the used 
one in the radiological report to avoid confusion 
and allow a proper patient management.

4.8	� Ultrasound Findings 
in Benign and Malignant 
Lymph Nodes

Metastatic papillary thyroid carcinoma (PTC) 
affects central and lateral lymph nodes in up to 
70% of cases [71]. Pathological lymph node 
involvement may be observed upon the first 

examination or in follow-up evaluation in cases 
of recurrence. Ultrasound is approved to be the 
first-line imaging modality for lymph node 
assessment in both scenarios [72]. The sensitivity 
of ultrasound in detecting abnormal lymph nodes 
varies widely in the literature, ranging from 25% 
to 60% for the central neck and from 70% to 95% 
for the lateral neck [73]; further, the specificity of 
ultrasonography in detecting PTC-affected 
lymph nodes is high, ranging from 80% to 95% 
in both the central and lateral neck [74]. As the 
neck compartments have multiple lymph nodes 
(100–200), any of which could increase its 
dimension related to benign or malignant disease, 
it is crucial to know the ultrasound findings that 
help to distinguish benign lymph nodes from 
malignant. The evaluation of lymph nodes for 
assessing the presence of malignancy must be 
competent to identify the features of a benign 
lymph node. Enlarged nodes can be the expres-
sion of a benign reactive or malignant process. 
Benign lymph nodes usually are oval in morphol-
ogy, with a hyperechoic central hilum and unipo-
lar vascularization at colour Doppler examination. 
Lack of the hilum may represent a sign of tumour 
invasion. Nevertheless, the hilum may not always 
be easily identified by ultrasonography in a 
benign lymph node; the specificity for predicting 
the presence of cancer when the hilum is not dis-
played is 29% according to Lebolleux et al. [75].

Lymph node location is another important fac-
tor when searching for potential metastatic 
involvement. As previously stated, cervical 
lymph nodes are grouped into six levels. When 
lymph node dissections are performed, patholog-
ical lymph nodes related to thyroid cancer are 
most frequently identified in ipsilateral level 6 
(prevalence 50–70%), followed by ipsilateral lev-
els 2, 3, and 4 (prevalence 30–45%) [76]. In the 
presence of primary tumours <1 cm, contralateral 
level 6 is less commonly affected (prevalence 
5–25%), and contralateral levels 2, 3, and 4 are 
rarely affected (prevalence 5–14%) [77]. 
Although the size of lymph nodes >1 cm in maxi-
mum diameter has typically been considered 
more likely related to tumour invasion, many 
benign or reactive nodes will exceed this size 
while remaining fusiform in shape. Conversely, 
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malignant lymph nodes have the tendency to 
become rounded in shape, and this helps to dis-
tinguish them from benign nodes (Fig. 4.11). The 
shortest diameter of the lymph node can be a fea-
ture that helps in predicting the likelihood of 
tumour involvement. So, comparing the long and 
short axes of the lymph node (Solbiati index), a 
ratio below 2.0 becomes suspicious for the pres-
ence of malignant involvement [78].

Just as with thyroid nodules, microcalcifica-
tions are a highly specific feature; a lymph node 
containing microcalcifications in a patient 
affected by PTC or MTC should be suspected to 
be positive for malignant involvement. The echo-
genicity is another key feature that can also be 
useful for detecting metastatic lymph nodes. 
Benign lymph nodes typically are uniformly 
hypoechoic with hyperechoic central hilar struc-
ture; however, lymph nodes affected by malignant 
process may appear hyperechoic, exhibit the 
same echogenicity of the primary tumour, or 
even exhibit cystic changes to the point of total 
cystic replacement with complex structure.

The last but not least feature helping in dif-
ferentiating malignant from benign lymph nodes 
is the peripheral and disorganized vascularity. 
The vascular flow of a lymph node can be 
assessed by the conventional colour and power 
Doppler or by the recently developed imaging 
technique named superb microvascular imaging 
(SMI), which aims to visualize low-velocity and 
small-diameter blood vessel flow [79].

Benign lymph nodes exhibit typical unipolar 
vascularization in the hilum, while tumour inva-
sion stops this flow [80], showing peripheral and 
disordered flow pattern throughout the node.

4.9	� Ultrasound in Presurgical 
Planning

4.9.1	� Preoperative Ultrasound Role 
in Malignant Cytology

Mapping of bilateral lymph node compartments 
by using ultrasound should be performed rou-
tinely in the scenario of cytologic evidence of 
carcinoma (positive fine needle aspiration), for 

ensuring a surgical radicality of the primary 
tumour as well as a compartment-oriented surgi-
cal resection of affected lymph nodes. Surgeons 
may decide to repeat the US evaluation immedi-
ately prior to resection in order to have an ana-
tomic map. After the FNA confirmation of 
malignancy of the primary thyroid lesion, FNA 
of lymph nodes which present suspicious fea-
tures at US examination should be performed to 
provide strong justification for adding lymph 
node resection to initial surgery. Preoperative 
ultrasound may provide insight into the need for 
further imaging prior to surgery. The US finding 
of an indistinct margin between the thyroid lesion 
and nearby structures may prompt cross-sectional 
imaging. Furthermore, adenopathy in levels 6 
and 4 requires cross-sectional imaging of sub-
sternal or infraclavicular located lymph nodes 
that may be difficult to assess by 
ultrasonography.

4.9.2	� Preoperative Ultrasound Role 
in Indeterminate or 
Suspicious Cytology

Subcategories of indeterminate cytology include 
‘atypia of undetermined significance’ or ‘follicu-
lar lesion of undetermined significance’ (malig-
nancy risk 5–15%), ‘follicular neoplasm’ or 
‘suspicious for follicular neoplasm’ (malignancy 
risk 15–30%), and ‘suspicious for malignancy’ 
(malignancy risk 60–75%) [81]. Although a great 
number of these patients undergo surgical resec-
tion, the majority of lesions classified as indeter-
minate are ultimately diagnosed as benign [82]. 
There are several studies exploring the utility of 
ultrasound to predict the risk of malignancy in 
patients presenting indeterminate FNA cytology 
lesion. Hypoechogenicity, increased vascularity, 
irregular margins, microcalcifications, and taller-
than-wide shape are all features related to an 
increased risk of malignancy [58]. These ultra-
sound features may be used to predict malig-
nancy risk in FNA cytology indeterminate 
nodules [83].

Ultrasound evaluation of the central and lat-
eral lymph node compartments may help the cli-
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nician in the presurgical planning for cytologically 
indeterminate lesions. When abnormal central 
(level 6) or lateral lymph nodes (levels 2, 3, and 
4) are identified, FNA cytology should be per-
formed on at least one of these nodes. Further, to 
find thyroid cells within suspected lymph nodes, 
confirm the diagnosis of metastatic thyroid can-
cer, altering significantly the surgical manage-
ment of the patient with indeterminate thyroid 
cytology.

4.10	� Ultrasound in Revision 
Surgery

Ultrasound is an important imaging modality for 
thyroid cancer follow-up and facilitating the 
detection, localization, and planning of revision 
surgery in the setting of recurrent/persistent dis-
ease. In this scenario, post-surgical inflamma-
tion, scarring, and inflammatory adenopathy 
represent known limitations, advising a 6-month 
time interval after surgery in order to favour the 
resolution of alterations resulting from the surgi-
cal manipulation of the neck compartments. 
There are some exceptions arising from incom-
plete surgery and/or insufficient compartment-
oriented nodal resection in the initial surgery. 
Follow-up examination of thyroid cancer patients 
should be annually performed [58]. Suspicious 
lymph nodes should be subjected to FNA cytol-
ogy in the case where further surgery is planned 
and lymph nodes exceed 8 mm in diameter.

The scenario of suspected persistent or recur-
rent thyroid malignancy needs FNA cytology of 
any tissue or abnormal adenopathy located in the 
central neck compartment and/or thyroid bed. A 
cytologic diagnosis would justify a high-risk 
revision surgery. US abnormal and anatomically 
hazardous lymph nodes represent exception to 
these rules, recommending revision surgery 
regardless of FNA cytology. In this setting, to 
perform serum thyroglobulin aids clinical 
decision-making. In thyroid cancer surveillance, 
it is mandatory to bear in mind any US findings 
of the primary pathology, surgical report, and 
TNM staging; in fact, ipsilateral lymph node 
recurrences occur in up to 25% of patients with 
primary diagnosis of positive lymph nodes. In 

patients affected by locally invasive malignancy, 
the main concern is the risk of local recurrence, 
requiring the support of cross-sectional imaging.

4.11	� Cross-Sectional Imaging

Ultrasound is the first-line modality for an accu-
rate presurgical thyroid and cervical lymph node 
examination because it is highly available, is 
time-saving, ensures detailed high-resolution 
findings, is ionizing radiation free, and aids the 
characterization of indeterminate nodules guid-
ing fine needle aspiration procedure [84]. Some 
US limitations, such as the assessment of deep 
structures and nearby acoustically shielded by 
air/and or bone, limits the use of cross sectional 
imaging in preoperative thyroid cancer evalua-
tion. Other circumstances in which computed 
tomography (CT) or magnetic resonance imaging 
(MRI) may play an additional role include (1) 
presence of an invasive primary tumour, (2) pres-
ence of a bulky primary tumour or nodal disease 
partially investigated with ultrasonography, and 
(3) clinical settings suspected for advanced dis-
ease (e.g. vocal cord paralysis, progressive dys-
phagia, or respiratory symptoms). On the other 
hand, the increased use of CT and MRI implies a 
great number of thyroid incidentalomas, becom-
ing a growing problem. The decision to include 
thyroid nodule in CT or MR report is difficult in 
the absence of signs of extrathyroidal extension, 
because there are no clear findings that allow a 
reliable identification of malignant lesions [85]. 
Some studies have reported added value perform-
ing diffusion-weighted imaging because benign 
nodules have a higher apparent diffusion coeffi-
cient value, even if actually the preferred modal-
ity for workup is still ultrasound [86].

4.11.1	� Cross-Sectional Imaging 
Evaluation of the Primary 
Tumour

Ultrasound features of the thyroid malignancy 
suggestive for local invasion and/or mediastinal 
involvement necessarily require cross-sectional 
imaging. Chest CT aids in determining the caudal 

L. Bertana et al.



109

extent of the disease and the involvement of great 
vessels and tracheobronchial structures. These 
findings influence surgical planning by implying 
the need for sternotomy and/or tracheal resec-
tion/reconstruction. The CT of neck structures 
with contrast medium is useful in defining the 
involvement of nearby structures in the setting of 
extrathyroidal extension. Hence, the support of 
cross-sectional imaging is recommended in pre-
operative evaluation of clinically suspected sce-
nario, though preoperative screening for distant 
metastasis is actually not performed for differen-
tiated thyroid cancers [83].

Further, communication with the clinician 
plays an important role before performing a con-
trast CT scan, because the free iodine load due to 
contrast medium administration interferes with 
thyroidal iodine uptake for at least 6–8  weeks 
[87], resulting in not being able to use diagnostic 
thyroid scintigraphy and/or radioiodine ablation 
for 2–6 months depending on the institution [88]. 
Conversely, MRI contrast (gadolinium chelate) 
does not interfere with iodine thyroidal uptake, 
offering a better contrast resolution and better tis-
sue differentiation.

Except in cases of patients affected by ana-
plastic carcinoma, the routine treatment for thy-
roid carcinoma includes total or near-total thyroid 
resection, central lymphadenectomy, and possi-
ble radioiodine ablation [83]. Surgical approach 
limited to lobectomy may be reserved for solitary 
malignancy less than 10  mm; conversely, com-
plete thyroid gland resection and radioiodine 
ablation are preferred in the presence of small 
multifocal tumours. However, the diagnosis of 
multifocal tumour cannot be based on CT or MRI 
approach; therefore, presurgical imaging evalua-
tion starts with ultrasound to identify multifocal 
disease and pathological nodes, continuing with 
CT and/or MRI if extrathyroidal extension is sus-
pected. The assessment of local invasion, accord-
ing to the AJCC/UICC tumour (T) staging, 
accounts for four groups of structures: the airway 
and nerves centrally, the carotid arteries laterally, 
the prevertebral space posteriorly, and the medi-
astinum inferiorly. MRI and CT have similar 
accuracy for predicting local invasion of the 
oesophagus, trachea/larynx, and RLN [89]. The 

main CT/MRI sign suggestive for tracheal and 
oesophageal involvement is a circumferential 
≥180° contact or irregular wall or lumen or intra-
luminal mass, though it is more difficult to evalu-
ate the oesophageal parietal lining because it is 
generally not distended with air and is more com-
pressible than the trachea [88, 89].

Another important sign of extrathyroid exten-
sion is represented by effaced fatty tissue in the 
tracheoesophageal groove where the recurrent 
laryngeal nerve courses (Fig. 4.11) (RLN), pre-
dicting a possible nerve involvement [90]. 
Further, dysfunction of vocal cord, highlighted 
by a dilated right laryngeal ventricle and antero-
medial positioning of the right arytenoid carti-
lage, may represent an imaging sign or RLN 
invasion.

Extrathyroidal extension to vascular and pre-
vertebral space results in T4b disease (Table 4.1). 
Generally, these findings are better appreciated 
on cross-sectional imaging and preclude the 
patient from curative surgery. A study published 
by Seo et al. reported that encasement of 180 or 
more degree of the common carotid artery and 
internal jugular vein is a specific sign of vascular 
involvement, although vascular compression or 
effaced fatty tissue is a further criterion to keep in 
mind [88].

MRI prevertebral muscle evaluation may 
detect effaced retropharyngeal fat plane and/or 
T2 intensity change and/or enhancement as 
possible signs of muscle invasion. Further, 
detecting anomalous anatomic structures at 
cross-sectional imaging is an important step in 
the planning of primary surgery; an example is 
the presence of non-recurrent inferior laryngeal 
nerve (NRILN). A radiologist could suggest 
this anatomic variant when there is an aberrant 
right SCA [50].

4.11.2	� Cross-Sectional Imaging 
in the Assessment of Cervical 
Lymph Nodes

The most common thyroid malignancy affecting 
lymph nodes is papillary and medullary subtype, 
whereas local invasion and distant metastases to 
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the bone and lung are more common in follicular 
carcinoma, which rarely affects lymph nodes. 
Cross-sectional CT or MR imaging may be used 
as a complementary examination to obtain a 
complete nodal evaluation when clinical and/or 
US raises suspicion of extensive nodal involve-
ment. Indeed, the limited ultrasound evaluation 
of deep and/or acoustically shielded structures 
represents the strongest indication to use cross-
sectional imaging in presurgical assessment. The 
American Thyroid Association has recently pub-
lished the evidence that the prognostic value of 
nodal involvement in papillary thyroid carcinoma 
is related to the size and number of affected nodes 
and that extranodal extension is an independent 
factor of poor outcome [91]. Pathology speci-
mens often demonstrate extracapsular extension 
in affected large nodes (>3 cm). Affected nodes 
located in the inferior aspects of level 4 and 6 on 
US in patients with thyroid malignancy may take 
advantage from cross-sectional imaging of the 
lower neck/upper chest to assess mediastinal 
lymph nodes, such as the deep tracheoesophageal 
groove and infraclavicular space (Fig.  4.12), 
resulting in altered surgical approach.

In a patient affected by a nodal mass, the pres-
ence of cystic components, calcification, protein-
aceous (thyroglobulin results in high T1 signal) 
or haemorrhagic content, and intense enhance-
ment must suggest a thyroid primary [92].

Therefore, it is mandatory not to define all 
cystic lesions of the neck as congenital cysts, 
especially in young adults, but to consider them 
as suspected secondary lesions of thyroid malig-
nancy until proven otherwise. Nodal staging is 

better performed if the radiologist is aware of the 
common sites of lymph node involvement. The 
most frequent level involved with thyroid malig-
nancy is the central compartment (level IV) and 
lateral nodal stations (levels II–IV) [93]. 
Prelaryngeal lymph node is the highest central 
compartment lymph node and its involvement in 
patients affected by papillary thyroid cancer is 
predictive of advanced nodal disease. The TNM 
staging system, according to the American Joint 
Committee on Cancer (AJCC)/Union for 
International Cancer Control (UICC), classified 
nodal stage as N1a if level VI pretracheal, para-
tracheal, and Delphian nodes are affected and 
N1b if there is malignancy involvement of unilat-
eral/bilateral cervical nodes or superior mediasti-
nal nodes (level VII) (Table 4.1). N1b stage may 
preclude curative surgery or change operative 
approach; therefore, cross-sectional imaging may 
be indicated if there are US predictors of medias-
tinal involvement such as lateral nodes or thyroid 
malignancy greater than 1.5  cm [93]. Not less 
important, regarding nodal involvement, is the 
detection of skip nodal metastasis, occurring in 
up to 21% of cases of MTC [94].

4.11.3	� Cross-Sectional Imaging 
Assessment in Revision 
Surgery

In previously treated patients, cross-sectional 
imaging should be taken into account in those 
suffering from dysphagia, respiratory symptoms, 
hoarseness, or vocal cord paralysis for assess-
ment of invasive central neck disease. Recurrent 
or residual differentiated thyroid tumours have to 
be suspected according to serum thyroglobulin 
level increase; in this setting, a neck US and/or 
131I or 123I whole-body imaging are suggested. 
When the latter results to be negative (50–80% of 
patients), a progression with dedifferentiated thy-
roid cancer has to be excluded [91]. In such a sce-
nario, MRI or PET/CT has a role in detecting 
recurrent disease. MRI can be readily performed 
in suspected thyroid recurrence, even if it is not 
dedifferentiated, because it does not require 
iodinated contrast and allows to identify nodal 

Fig. 4.12  Cross-sectional imaging of the lower neck and 
upper chest to assess mediastinal lymph nodes, such as the 
deep tracheoesophageal groove and infraclavicular space
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involvement with high protein content from col-
loid, thyroglobulin, and haemoglobin products 
[94]. In the setting of prior lateral and central 
neck dissection, it becomes mandatory to care-
fully exclude the retropharyngeal nodal disease 
[94].

PET/CT has usually limited sensitivity in the 
detection of differentiated thyroid tumour, but it 
shows the tendency for FDG uptake according to 
the tumour progressive dedifferentiation and a 
more aggressive behaviour [94].

4.12	� The Post-treatment Role 
of Radiology

Follow-up imaging in patients with a history of 
head and neck cancer is essential to assess 
response to treatment, although it is often diffi-
cult to interpret because of anatomic changes in 
the post-surgery and radiotherapy setting. 
Anatomic changes in the head and neck region 
are due to two types of complications; post-
surgical complications include wound infection, 
abscess, fistula, flap necrosis, haematoma, chy-
lous fistula, and seroma; postradiotherapy 
changes include mucosal necrosis, osteoradione-
crosis, radiation-induced vasculopathy, radiation 
pneumonitis, radiation lung fibrosis, radiation-
induced brain necrosis, and radiation-induced 
neoplasms.

Various imaging modalities, such as radiogra-
phy, fluoroscopy, endoscopy, ultrasonography 
(US), computed tomography (CT), magnetic res-
onance imaging (MRI), single photon emission 
CT (SPECT), and dual-modality imaging with 
2-(fluorine 18)-fluoro-2-deoxy-d-glucose (FDG) 
positron emission tomography (PET) with CT 
(PET/CT), are used to evaluate the post-treatment 
status in patients treated for head and neck cancer 
[95, 96].

In the literature, combined PET and CT imag-
ing has been reported as a highly sensitive tech-
nique for detecting head and neck cancer 
recurrence in the post-treatment setting [96, 97], 
although PET can produce a high number of false 
positives if used too early from the start of radia-
tion therapy (within 3 months of the start of treat-

ment), because of post-radiation inflammation 
[98, 99].

Therefore, it is seen that MRI in diffusion 
sequences is a more useful tool at an early stage 
to differentiate tumour recurrence from normal 
post-treatment changes [98, 100, 101]. Resection 
of the neoplasm to be defined as curative must 
require extensive local excision with all-nega-
tive surgical margins; however, given the ana-
tomic complexity of the head and neck, complex 
reconstructive techniques are often required to 
close the surgical defect, which can thus be clas-
sified into three types of flap reconstruction [95, 
102, 103].

Local flap reconstruction involves reposition-
ing by sliding the adjacent tissue. Pedicle flap 
reconstruction is performed by rotation of donor 
tissue to cover a defect, using the original vascu-
lar pedicle. Free flap reconstructive technique 
involves the transfer of vascularized tissue from 
local vessels, with anastomosis to the tissue 
defect using microvascular techniques. The more 
common types of free flaps used in the head and 
neck region are the rectus abdominis myocutane-
ous free flap, radial forearm free flap, lateral arm 
flap, anterior lateral thigh flap, iliac crest flap, 
and fibula free flap. The most frequently used 
pedicle flaps are the pectoralis major flap, latis-
simus dorsi flap, deltopectoral flap, trapezius 
flap, and platysma flap 105]. Myocutaneous flaps 
are initially depicted as a mass with soft-tissue 
attenuation and soft-tissue intensity, representing 
muscle [95, 102, 104]. They will gradually 
develop innervation atrophy, resulting in volume 
loss and fat replacement of the muscle [95, 102, 
105].

An important radiologic sign to evaluate after 
reconstructive surgical treatment is the presence of 
clear boundaries between the flap and adjacent 
normal structures as an indication of benignity, 
especially at the upper and lower margins of the 
flap, where local recurrence most commonly 
occurs [95, 102, 105]. Imaging is essential for the 
evaluation of potential tumour recurrence deep 
within the reconstruction flap, as it often cannot be 
inspected or palpated clinically. Neoplastic recur-
rence typically recurs within the first 2 years after 
treatment. The most common sites of tumour 
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recurrence are at the soft-tissue level of the surgi-
cal bed and at the margins of the surgical site.

CT shows the recurrence as a slightly hyper-
attenuated infiltrating mass in a muscle-like man-
ner. Therefore, if a suspicious mass has less 
attenuation than muscle, it is unlikely to be a neo-
plasm and it is often related to post-treatment 
oedema [95]. The main CT and MR imaging 
finding after neck dissection is the absence of 
resected tissues with cervical lymph nodes, 
which is more easily identified in patients 
undergoing radical neck dissection or a modified 
radical neck dissection [95]. Another imaging 
finding commonly seen after neck dissection is 
an area of soft-tissue attenuation surrounding the 
carotid sheath completely on CT [95, 103].

On MRI, this post-operative area shows low-
to-intermediate signal intensity on T1- and 
T2-weighted MRI images, a result of scar fibro-
sis. The fat planes often become obliterated, 
making it more difficult to identify lymph node 
recurrence [103]. Typical findings of early radio-
therapy reactions visible on CT and MRI are 
thickening of the skin and platysma, cross-linking 
of subcutaneous fat, oedema and fluid in the ret-
ropharyngeal space, increased volume of the 
major salivary glands, thickening and increased 
volume of the pharyngeal walls, and thickening 
of the structures of the larynx. Consequences of 
radiation therapy include atrophy of the salivary 
glands and thickening of the pharyngeal constric-
tor muscle, platysma, and skin [95, 103].

In the evaluation of tumour recurrence, MRI 
demonstrates that the tumour recurs as an infil-
trating mass with intermediate-to-high 
T1-weighted signal intensity and T2-weighted 
signal intensity [95, 103, 105]. It is often diffi-
cult to make a differential diagnosis between 
neoplastic recurrence and a vascularized scar, 
i.e. early fibrosis, because such a scar appears 
as a soft-tissue mass with indefinite margins 
and enhancement as well as tumour recurrence 
on both CT and MRI [103]. In contrast, fibrosis 
produces retraction and decreased signal inten-
sity on T2-weighted MRI images [106, 107]. 
The best technique for evaluating suspected 
tumour recurrence is to signal on diffusion-
weighted MRI images with a decreased value 

for the apparent diffusion coefficient (ADC). 
The use of ADC has been reported to result in 
high sensitivity and specificity, with almost no 
overlap between tumour and nontumour tissue 
[100]. This low value of ADC is thought to be 
caused by the restriction of proton movement in 
the extravascular extracellular space secondary 
to tumour hypercellularity. On the other hand, 
necrosis, inflammation, and submucosal fibro-
sis after treatment show elevated values for 
ADC, a finding that correlates with increased 
interstitial space and low cell density [96, 98, 
101].

Similarly to its use at the primary tumour site, 
diffusion-weighted MRI imaging is useful in 
characterizing persistently enlarged lymph nodes 
after treatment. In particular, lymph node recur-
rences or metastases have high signal intensity 
with a decreased value for ADC on diffusion-
weighted MRI images [100].
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