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Abstract
Thyroid nodules are common in clinical practice. They may be solitary within a “normal”
thyroid gland or dominant within a multinodular goiter. The incidence of thyroid nodules has
been on the rise in recent decades, mainly due to the wider use of neck imaging. Therefore, the
incidental finding of a thyroid nodule in an asymptomatic patient is not rare. The differential
diagnosis of a thyroid nodule is crucial, as malignancy necessitates surgery, while strict patient
follow-up is necessary in the case of benignity. Fine-Needle Aspiration biopsy is considered
to be the “gold standard” in the selection of patients for surgery. Ultrasonography (US) can
be used to determine changes in the size of nodules during follow-up or to detect recurrent
lesions in patients suspected for thyroid malignancy, although there are no specific US findings that suggest malignancy. Surgery is mandatory in cytologically malignant nodules or in
cases suspicious for malignancy. The definite diagnosis and consequent therapy is based on
the histological findings after surgery. In this review we present an approach to thyroid nodules in five distinct steps, from the clinical or incidental finding of a nodule to the suggested
treatment baselines.
Key words: FNA, goiter, thyroid adenoma, thyroid carcinoma, thyroid malignancy, Thyroid
nodule

THE THYROID NODULE
Epidemiology
A thyroid nodule is a discrete lesion within the
thyroid gland that is palpably and/or sonographically
distinct from the surrounding thyroid parenchyma. A
solitary thyroid nodule exists within a thyroid gland
of normal dimensions and morphology, whereas a
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dominant thyroid nodule exists within a diffuse or
multinodular goiter.1
Thyroid nodules come to clinical attention when
noted by the patient or as an incidental finding during
routine physical examination or during a radiologic
procedure, such as carotid ultrasonography (US) or
neck computed tomography (CT). Several disorders
may be the cause of a thyroid nodule. The majority
of thyroid nodules are asymptomatic. Their clinical
importance is primarily related to the need to exclude
a thyroid malignancy.2-6
Thyroid nodules are very common, with an estimated prevalence of approximately 4% by palpation
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(5% in women and 1% in men living in iodine-sufficient regions).6,7 A thyroid nodule larger than 1
cm in diameter is usually palpable. However, the
detection of a nodule by palpation also depends
on its location within the thyroid, on the structure
of the patient’s neck and on the experience of the
examiner.8,9 In the Framingham Study, clinically
apparent thyroid nodules were present in 6.4% of
the women and 1.6% of the men who participated,
with an estimated annual incidence, by palpation,
of 0.001.6 The lifetime risk of developing a thyroid
nodule is reported to be 15%.6 Nevertheless, only 5%
of the clinically apparent thyroid nodules are malignant. Thyroid carcinoma annual incidence is 1-2 per
100,000 population, which accounts for 90% of the
malignancies of the entire endocrine system, 1% of
total human malignancies and 0.5% of total deaths
from malignancies.10,11 Although thyroid malignant
tumors are not usually aggressive, thyroid malignancies are responsible for more deaths than all other
malignancies of the endocrine system.11
Due to the wide use of US, the prevalence of
thyroid nodules has increased to within a range of
20% to 67% in randomly selected populations, with
a higher frequency in women and the elderly. This
means that a thyroid nodule found incidentally in an
asymptomatic patient (thyroid incidentaloma) is not
rare.12-15 Moreover, in patients with a clinically palpable nodule the US may identify additional nodules
in 20-48% of subjects.15 Thus, the use of US alters
the primary evaluation of thyroid nodularity based
on palpation.8 In addition, the prevalence of thyroid
nodules in patients with no history of thyroid disease
was 37-57% in surveys based on autopsy.16,17
Thyroid nodules are more frequent in women,
in iodine deficient regions, in older ages17,18 and in
patients with a history of head or neck irradiation
in childhood, which was extensively used in the past
for the treatment of acne, tonsillitis, adenoiditis and
thymus gland enlargement.19
Thyroid nodules constitute a diagnostic challenge mainly because of the need to exclude thyroid
malignancy. It is also necessary to exclude nodulary
hyperfunction (autonomous adenoma or toxic multinodular goiter).
Risk factors that increase the probability of ma-

lignancy of a thyroid nodule are age under 30 or over
60 years,20-22 male sex (8% versus 4% in female),20,23,24
history of head and neck irradiation in childhood21,25
and family history of medullary thyroid carcinoma
(MTC) or multiple endocrine neoplasia (MEN)
type 2.26
Thyroid carcinoma clinically presents as a solitary
or dominant nodule in the majority of cases. Nonetheless, most thyroid nodules are not malignant. In
a study of patients who underwent surgery without
previous fine-needle aspiration biopsy (FNA), 6.5%
of the excised nodules were carcinomas.4 In another
study, thyroid carcinomas were found in 5% of 2327
patients presenting with nodule(s).27 Differentiated
thyroid carcinomas [papillary (PTC) and follicular
(FTC)] constitute 90% of all thyroid malignancies.
Younger patients (under 40) with PTC have better
prognosis with a 25-year mortality less than 2% after
surgical excision.28 However, approximately 15% of
differentiated thyroid carcinomas may be more aggressive and can metastasize regionally or distantly.
Invasion of the thyroid capsule is related to increased
long-term mortality.29 Anaplastic thyroid carcinoma
(ATC), MTC and thyroid lymphoma have higher
mortality, but they are less frequent than the differentiated thyroid carcinomas.29
With regard to the incidence of thyroid nodules in
Graves’ disease, a prospective study of 245 patients
indicated that 35% of them had thyroid nodules and
at least 3.3% had thyroid malignancy, most of which
were micropapillary carcinomas (one of eight carcinomas was palpable). In other words, 9.2% of thyroid
nodules were malignant compared to approximately
5%27 of thyroid nodules without coexistent Graves’
disease. The authors did not recommend routine US
in patients with Graves’ disease. They noted that the
risk of malignancy was higher in patients over 45, regardless of the duration or severity of hyperthyroidism
or goiter size. Stimulating TSH-receptor antibodies
does not seem to induce nodule/carcinoma formation or a change in the biologic behavior of thyroid
malignancies in patients with Graves’ disease.30
As regards cost-effectiveness, it has been reported
that the patients’ visit to an endocrinologist before
undergoing imaging evaluation contributes to decreasing the diagnostic cost and increasing diagnostic

Thyroid nodules – Stepwise diagnosis and management

103

efficacy.31

presenting with a nodule.1,38,57,58

With regard to goitrous multinodularity, some
studies suggested that the frequency of carcinoma
in multinodular goiters is about half of that found in
solitary nodules.32,33 Other studies, however, indicated
that goitrous multinodularity should no longer be
considered as an indicator of benign disease and that
the nodules within a multinodular goiter should be
valued as the solitary nodules in an otherwise normal
gland.34-37 According to the European Thyroid Cancer
Taskforce, the risk of malignancy is similar among
hypofunctioning solitary nodules and multinodular
goiter.38

In the case of low serum TSH, a radionuclide
thyroid scintigraphy (SC) (99Tc or 123I) should be
obtained to document whether the nodule is functioning (hot) or not. Functioning nodules rarely harbor
malignancy. Hence, in the event of a functioning
nodule, some authors suggest that no additional cytological evaluation is necessary. If overt or subclinical
hyperthyroidism is present, additional evaluation of
the hyperthyroidism is required.1

Differential Diagnosis
The differential diagnosis of the thyroid nodule
is detailed in Table 1.1,3,39-53
STEPWISE MANAGEMENT
Step 1: Physical examination
Although thyroid nodules have an estimated
prevalence of about 4% by palpation,6 the accuracy
of clinical diagnosis of thyroid malignancy is low.
Nonetheless, some patients with high clinical suspicion of malignancy need surgical treatment whatever
the FNA result may be; those with lower degrees of
clinical suspicion and malignant or uncertain FNA
result should also undergo surgery.54 Clinical indications of malignancy may be: the size of the nodule
(more suspicious if greater than 4 cm to palpation),23
gradual increase of the nodule’s size (especially when
the subject is under suppressive treatment with thyroxin), hardness and firmness of a nodule, cervical
lymphadenopathy, distant metastases, hoarseness
(vocal cord paralysis), dysphagia, obstruction, local pain, Horner’s syndrome.2,38 Sudden increase in
the nodule’s size is more indicative of haemorrhage
inside the nodule, therefore surgical excision is not
recommended.55,56
Step 2: Laboratory investigation
Thyroid Stimulating Hormone (TSH) Antithyroid antibodies
The majority of patients with begnin or malignant
thyroid nodule(s) are euthyroid. Despite this, serum
TSH measurement is recommended in all patients

In cases of normal or high serum TSH, diagnostic
thyroid US should be performed.1 Even if the TSH
is high, FNA is recommended as the rate of malignancy in nodules within thyroid glands with Hashimoto’s thyroiditis (high TSH) is similar to nodules
within thyroid glands without Hashimoto’s thyroiditis
(normal TSH). If TSH is high, antithyroid antibodies (anti-TPO, anti-TG) should also be obtained to
confirm the diagnosis of Hashimoto’s thyroiditis.59,60
Apart from thyroiditis, the contribution of antithyroid
antibodies to the differential diagnosis of thyroid
nodules is poor.38
It has recently been reported that the risk of malignancy in a thyroid nodule increases proportionally
to serum TSH concentrations at presentation, even
within the normal range, and thus TSH was proposed
as a novel independent predictor of the presence of
thyroid malignancy.61
Calcitonin
The routine calcitonin measurement as a means to
improve the preoperative diagnosis of MTC in nodular thyroid diseases remains controversial.58,62 Some
authors reported that calcitonin evaluation detects
MTC in cases where other procedures such as FNA
cytology failed, thus allowing early radical surgery.
They therefore suggest that calcitonin measurement
should become a routine part of the diagnostic evaluation of nodular thyroid diseases.63-67 Others report
that there is no absolute threshold value for basal
calcitonin to discriminate thyroid MTC nodules
from nodules of other etiology. Therefore, calcitonin
measurement in every patient with nodular thyroid
disease usually gives false-positive results and may
not be cost-effective.68 The calcitonin measurement
is proposed by 5% of the members of the American
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Table 1. Differential diagnosis of a “thyroid” nodule
Α Thyroidal neoplastic lesions
Ι Benign

1 Dominant portion of multinodular goiter
2 Adenoma
• Colloid
• Follicular
• Fetal
• Embryonal
• Hürthle cell
• Teratoma
• Lipoma
• Haemangioma
ΙΙ Malignant

1 Papillary carcinoma
2 Follicular carcinoma
3 Hürthle cell carcinoma
4 Medullary carcinoma
5 Anaplastic carcinoma
6 Thyroid lymphoma
7 Fibrosarcoma
8 Haemangioendothelioma
9 Histiocytoma
10 Teratoma
11 Metastatic carcinoma

Thyroid Association during the assessment of a solitary
thyroid nodule compared to 43% of the members of
the European Thyroid Association.69
Thyroglobulin
Routine measurement of serum thyroglobulin for
initial evaluation of thyroid nodules is not recommended. Serum thyroglobulin may be increased in
many thyroid diseases and is considered an insensitive
and non-specific test for thyroid malignancies.1,70
Step 3: Thyroid imaging
Ultrasonography (US)
US was first used to diagnose thyroid nodules in
1967 by Fujimoto.71 Current methods of US permit
real-time identification of structures as small as 2
mm in diameter, thereby allowing the visualization of
very small nodules. Doppler techniques can be added
to differentiate cystic and vascular structures.72 It is
more accurate than palpation in identifying solitary

Β Thyroidal non-neoplastic lesions

1 Cysts
• Thyroid
• Thyroglossal
2 Agenesis of a thyroid lobe
3 Focal thyroiditis
• Hashimoto
• De Quervain
• Acute
4 Postsurgical remnant hyperplasia
5 Postradioiodine remnant hyperplasia
6 Granulomatosis
• Sarcoidosis
• Tuberculosis
• Histiocytosis X
C Nonthyroidal lesions

1 Parathyroid cyst or adenoma
2 Inflammatory or neoplastic node
3 Aneurysm
4 Cele of bronchus
5 Laryngocele

or dominant nodules within a multinodular goiter and
it approaches the frequency of thyroid nodules found
in autopsy studies.6,13,14,17 Among the advantages of
US are the following: low cost, rapid investigation,
acquisition of dynamic pictures, possibility of performing guided biopsies, easy accessibility and non-ionizing nature of the imaging. The high echogenicity of
thyroid tissue and the superficial site of the thyroid
gland allow the use of high-frequency transducers to
yield high resolution.73,74
US is considered to be more sensitive than the
physical examination and SC in detecting thyroid
nodules.9 US provides more structural, albeit less
functional items of information than the thyroid
SC.9,75,76 Furthermore, approximately 20-25% of the
lesions thought to be solitary on SC were found to
be multinodular on US.76 Similarly, almost 50% of
the patients referred for a solitary nodule on physical
examination were found to have multiple nodules on
US.37 Compared to cervical computed tomography
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(CT), the ability of US to detect small nodules makes
it the procedure of choice in evaluating suspected intrinsic thyroid abnormalities. On the other hand, CT
appears to be advantageous in detecting substernal
thyroid extension and confirming thyroiditis. Both
US and CT lack histological specificity, thus cannot
differentiate malignant from benign nodules.77
US allows determination of thyroid lobes size
and nodule size, echo structure (diffuse, uninodular or multinodular), echogenicity (iso-, hyper- or
hypoechoic structures) and evaluation of adjoining
neck structures. A solid thyroid nodule may be isoechoic, hypoechoic or hyperechoic compared to the
surrounding thyroid tissue.74,75 Haemorrhage within
a nodule changes the US pattern. A clot within the
nodule may be hyperechoic and part of the nodule
may be hypoechoic after liquefaction of the clot so
that it looks cystic; this is a sonographically mixed
nodule. A mixed nodule may also result from cystic
degeneration of a solid nodule. On the other hand,
a true simple thyroid cyst is an echo-free lesion with
echoic amplification behind it. It is spherical and lined
by a thin layer of cells without internal structure. Over
time, colloidal or cell aggregations may be created
inside the thyroid cysts, which provide a more echoic
pattern. Thus, it is rather difficult to differentiate a
thyroid cyst with such internal aggregations from a
thyroid nodule with cystic degeneration and both are
sometimes considered as “cystic” nodules. For this
reason, the probability of malignancy of a “cystic”
nodule differs widely. Some studies have shown
very low incidence of malignancy in cystic nodules
(0.5-3%),41,78-80 whereas others have shown a similar
incidence to that of sonographically solid nodules. In
cystic nodules, most of the cysts in patients with carcinoma measure 2 to 4 cm in diameter. The carcinoma
was found within the cystic cavity, which appears to
originate from the necrosis of the tumor.81-83 Hence,
it is recommended that all “cystic” thyroid nodules be
assessed to exclude underlying malignancy. This cannot be predicted from the cyst’s clinical characteristics
or the patient’s demographic data.81,84,85 Cystic nodules
that clinically disappear after evacuation by FNA are
usually benign.86 Cystic nodules larger than 2 cm in
diameter, nodules with haemorrhagic content and
nodules that reappear after evacuating FNA are more
suspicious for malignancy.80,87 In these reappearing
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nodules, FNA should be repeated or, alternatively,
the patient should undergo thyroidectomy.81,82,84
Several studies have been designed in order to
evaluate whether US can be used in the differentiation of benign and malignant thyroid nodules. US
findings diagnostic of malignancy do not exist. Nevertheless, helpful US parameters in clinical decision
are:38,73,74,88-90
1) Echogenicity: Although most malignancies tend
to be hypoechoic, benign nodules may be hypoechoic
too. Yet, the intensity of echoes is considered very
useful in making the US diagnosis: the rate of malignancy is considered extremely low in both hyperechoic
and echo-free lesions. In a 401-patient study, 62% of
malignancies were hypoechoic nodules.76 In another
132-patient study in which ultrasound-guided FNA
(US-FNA) was performed, none of the 14 malignancies was hyperechoic.91
2) Peripheral “halo”: It is only indicative of an
intermediate, more hypoechoic region between the
nodule and the surrounding thyroid tissue. It may be
a capsule, compressed or atrophic thyroid tissue, local
inflammation or edema. When it is splitting, irregular
or absent, the nodule is considered by some authors
as suspicious for malignancy.76
3) Calcifications: They can be amorphous, globular,
nodular or linear and may occur in both adenomas
and carcinomas without having specific diagnostic
value, except for psammomatous calcifications, which
are considered by some authors as a pathognomonic
finding of PTC and by a small percentage of MTC.92
Although their relation to malignancy seems to be
controversial,93 the presence of intrinsic microcalcification seems the most statistically reliable criterion on
which increased suspicion for malignancy in thyroid
nodules is based.92,94,95
4) Cervical lymph node metastatic lesions: Lymph
nodes with metastasis from thyroid malignancy tend
to become rounded and bulging and lose their hilar
echoes as their structure becomes disrupted.73
5) Vascular flow and velocity: Colour Doppler
can display the vascular flow and velocity. The use of
Doppler flow analysis may improve the cancer predictive value of a thyroid lesion. Intranodular blood flow
can be detected in a greater percentage of malignant
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nodules, although no study has been able to show a
specific flow pattern for malignancy.74,88,89,96,97
Thyroid US is used by 34% and 59% of the members of the American Thyroid Association in the
assessment of a solitary thyroid nodule and nontoxic multinodular goiter, respectively, compared
to 80% and 84% of the members of the European
Thyroid Association.69,98 The wider use of US has
resulted in perceptions of an “epidemic” of thyroid
incidentalomas, which are incidentally found thyroid
nodules in asymptomatic patients. These nodules
may be discovered during carotid artery imaging,
US evaluation for hyperparathyroidism or during
US for other palpable thyroid abnormalities.15 In a
series of 259 patients, malignancy was identified in
5.8% of US-FNA for thyroid incidentalomas greater
than 1 cm, a prevalence similar to the one detected
in a group with palpable thyroid nodules, and thus
US-FNA is recommended in non-palpable thyroid
nodules greater than 1 cm.93
Scintigraphy (SC)
SC utilizes one of the radioisotopes of iodine
(usually 123I) or technetium-99 pertechnetate (99Tc).
Normal thyroid follicular cells absorb both isotopes,
but only radioiodine is organified and stored (as
thyroglobulin) in the lumen of thyroid follicles. 99
Nonetheless, 99Tc is considered to be the radiopharmaceutical of choice for thyroid SC, due to its lower
cost, good availability, lower radiation dose to the
thyroid, good quality images within 20-30 minutes
(123I needs 24 hours) and no need of T3 administration as a TSH suppressive hormone.100,101
SC provides functional rather than morphological
information, contrary to US. Its use is recommended
in patients with suppressed TSH to document whether
a nodule is functioning or not.1,76,102 According to its
uptake, a nodule is considered functioning or “hot”
(i.e. has tracer uptake greater than the surrounding
normal thyroid), isofunctioning or “warm” (i.e. has
tracer uptake equal to the surrounding thyroid),
non-functioning or “cold” (i.e. has uptake less than
the surrounding thyroid tissue).1
Functioning nodules account for 5-10% of palpable
nodules, but thyroid malignancy is only a minority
among them103-106 and, when it occurs, it usually be-

haves less aggressively.107
On the other hand, most benign and malignant
nodules have less uptake than the surrounding thyroid
tissue (“cold” nodules). Three to eight per cent of
thyroid nodules absorb 99Tc, but not 123I. They may
appear hot or warm on 99Tc SC and cold on late
(24 hours) 123I or 131I SC.99,100,108,109 This is known as
the “trapping-only phenomenon”. Although such
nodules carry a risk of malignancy, they are usually
benign.108-114 Therefore, it is recommended by some
authors that patients with hot or warm nodules on
99
Tc SC undergo 123I SC,110,115 especially if serum TSH
is not suppressed.109
SC has several limitations. Firstly, it has limited
value in selecting patients for surgery because of its low
specificity. In a study, only one-half of excised thyroid
malignancies appeared cold on SC.103 Secondly, due to
the fact that it is a two-dimensional technique, there
is superimposition of abnormal nodular tissue and
normal thyroid tissue.9 On account of such superimposition, small non-functioning nodules may appear
warm rather than cold.103 Finally, if the production of
thyroid hormone by a functioning nodule is insufficient
to suppress TSH secretion, the functioning nodule
may appear warm rather than hot.100,101
The role of SC in the routine evaluation of all patients with thyroid nodules is questionable according
to some cost-effectiveness studies.5,116 Nonetheless,
23% of the members of the American Thyroid Association and 66% of the members of the European
Thyroid Association routinely use SC to evaluate
patients with solitary thyroid nodules.69
Positron Emission Tomography (PET)
Most PET imaging studies in head and neck malignancies are performed using the radiotracer 18fluorodeoxyglucose (18-FDG).117 Its use is increasing,
but there is much controversy about its cost-effectiveness.118 It is usually employed in patients with
metastatic disease. It offers valuable information in
localizing a primary tumor in patients with neck nodal
metastases from an unknown primary malignancy
and in the detection of recurrent disease. After thyroidectomy, FDG-PET has proven useful in patients
with clinical or serological evidence of recurrent or
metastatic thyroid carcinomas but negative whole
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body radioiodine SC. PET reveals metastatic disease
in up to 90% of these patients, thereby providing a
rational basis for further studies and therapy.117
Occasionally, incidental intense FDG uptake is
observed in the thyroid gland on whole body PET
studies performed for other indications (PET incidentalomas). The prevalence of PET thyroid incidentalomas is 1.2-2.2%.118,119 Although diffuse FDG
uptake usually indicates thyroiditis, focal high uptake
carries a risk of thyroid malignancy in about 15-30%
of the cases. Therefore, thyroid PET incidentalomas
should be further evaluated by FNA or undergo
surgery.118,119
Step 4: Cytology
Fine-Needle Aspiration biopsy (FNA)
Any solitary or dominant thyroid nodule larger
than 1 cm should be submitted to cytology, unless
proven to be hyperfunctioning (low-suppressed TSH).
Micronodules (smaller than 1cm) carry a very low risk
of morbidity even if malignant and should be submitted to cytology only in the event of suspicious finding
at US (solid hypoechoic with microcalcifications) or
personal history.38
Several methods have been used to obtain groups
of cells or tissue from thyroid nodules. The most
prevalent method is FNA, which is considered to
be the most accurate and cost-effective in the pre
operative investigation of thyroid nodules.120 FNA
is an invasive method, whose simplicity and safety
justify its use for “selective” surgery and is considered
the “gold standard” in the management of thyroid
nodules.1,38
FNA is usually performed without local anesthesia and the patient does not require any previous
preparation. The patient’s neck should be extended.
Aseptic conditions are necessary to prevent bacteria
from seeding into the thyroid.45,121 The nodule is
initially fixed between the index and middle finger
of the aspirator. A 23- to 27-gauge needle can be
employed, but a 25-gauge needle is usually used. The
needle is attached to a 10-ml syringe, which may be
lodged in a holder for facilitating the application of
continuous or discontinuous suction by repetitively
moving through the nodule. The aspirated material
is smeared directly on glass slides, fixed, stained and
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interpreted by a cytopathologist.122,123 The procedure
should be repeated 4-6 times obtaining material from
different sites of the nodule. By this means, the probability of a diagnostic result and a more representative
specimen is increased. A final report can generally
be rendered within 24 hours.123
Expertise at every level of the procedure is critical
for obtaining good results. A skilful aspirator is a prerequisite as well as an experienced cytopathologist.122
In medical centers with long-standing experience,
diagnostic (adequate) biopsies obtained from solid
nodules range from 90 to 97%.5,87,124-131 It is more
difficult to achieve a diagnostic biopsy from a cystic
or mixed nodule.81,131
It has been reported that, although FNA is guided
by palpation (conventional or non-US- or palpationguided FNA) in 87% of cases in North America and
Europe,69 the US-FNA is becoming increasingly
popular. During this procedure, US guidance is used
instead of palpation, which seems to enhance the
value of FNA diagnostic accuracy.132-134 US helps
direct the needle tip to the desired site, avoiding vessels in close vicinity to the nodule or areas of central
necrosis, which often yield nondiagnostic specimens.135
Nonetheless, it is not suggested that US-FNA be
routinely used, because most clinically detected and
palpable thyroid nodules may be aspirated directly
without US guidance, thereby contributing to lower
cost.76,136 Although there are no specific guidelines, it
is suggested that US-FNA be performed in:2,34,93,132,135-137
1) nonpalpable nodules larger than 1cm (they have
the same risk of malignancy as palpable of the same
size), 2) nodules palpable but smaller than 1.5 cm, 3)
deeply found nodules (to avoid pleura’s puncture), 4)
nodules in close vicinity to blood vessels, 5) cystic or
mixed nodules, especially if a previous conventional
FNA was nondiagnostic, 6) nodules after a nondiagnostic conventional FNA, 7) coexistent nonpalpable
lymphadenopathy.
• FNA complications
FNA is generally a very safe procedure. Clinically
important complications after FNA have rarely been
reported. Haematoma formation is rare, albeit the
most commonly encountered complication. Massive
intrathyroid haemorrhage producing acute upper
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airway obstruction occurs very rarely. The former
resolves in days, whereas the latter requires surgical
treatment.50,138,139 Doppler US can be used to identify
and avoid puncturing blood vessels near the nodule(s).
In this way, haematoma formation is avoided and the
quality of the specimens is improved.96
Local metastasis of thyroid malignancies from
needle track seeding during FNA is a rare, albeit
possible, complication of thyroid FNA. Although the
appropriate FNA technique can reduce the potential
of needle track seeding, its occurrence is an unavoidable complication of FNA evaluation of thyroid malignancies.140-142 Extrusion of the tumor parenchyma
through the capsular interruption in follicular thyroid
adenomas143 and vascular proliferation50,144 after FNA
have also been described.
Ischemic necrosis associated with infarction, despite its rarity, may cause diagnostic problems. FNA
yielding necrotic debris may result in false negative
results in repeat aspiration and post-FNA infarction
may obscure the nature of a neoplasm evaluated
by FNA, making histological confirmation difficult.121,145,146
Pneumothorax, thyrotoxicosis, infection induced
by needle-track seeding and inflammatory reactions
after FNA have rarely been reported.45,121,123,145,147
• Evaluation of FNA results
The results of cytological examination of samples
obtained by FNA or Fine-Needle Capillary (FNC)
biopsy can traditionally be categorized in four classes,
as below:1,5
1. Benign (70%), includeing mainly macrofollicular
or “colloid” adenomas, the dominant portion of
multinodular goiters and Hashimoto’s thyroiditis.
2. Suspicious or indeterminate (10%), including follicular and Hürthle cell neoplasms (microfollicular
or cellular adenomas).
3. Malignant (4%), including primary and metastatic
thyroid malignancies.
4. Nondiagnostic (inadequate) smears (16%).
FNA is limited by nondiagnostic smears and indeterminate results.120 Ten to twenty per cent of all speci-
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mens remain nondiagnostic.5,120,132,134 Nondiagnostic
biopsies are those that fail to meet specified criteria
for adequacy. Although the criteria for considering
a specimen diagnostic vary among institutions148,149
an accepted definition includes 6 or more groups of
10 to 20 well-preserved follicular epithelial cells per
group on at least 2 slides.148 The repetition of FNA
on initially nondiagnostic cases produced diagnostic
results in more than half of the cases.2,148
Approximately 10% of all FNA biopsies are considered indeterminate or suspicious because of overlapping cytological features.58,150 In particular, FTC and
Hürthle cell carcinoma (HCC) cannot be distinguished
cytologically from follicular and Hürthle-cell adenomas, respectively, after FNA.120,151,152 These nodules
are classified as carcinomas if capsular or vascular
invasion are found histologically after surgery.
Fine-Needle Capillary biopsy (FNC)
FNC is an alternative to FNA technique. In FNC a
fine needle without the application of syringe suction
for negative pressure is used. The cells are detached
by the cutting edge of the needle and are conducted
into the lumen by capillary force. The sample is
expelled on a glass slide, which is smeared, fixed,
stained and submitted for cytological interpretation
exactly as in FNA.153,154
FNC offers a series of advantages. Trauma to
cells and tissues is reduced without aspiration. Less
blood in the samples results in higher quality cytological smears. The needle is handled by the wrist
and fingertips (by contrast with FNA, in which the
syringe holder is handled by the shoulder) allowing
more precise puncture. Finally, FNC causes less pain
than FNA.155
FNC is considered by some authors to provide
qualitatively superior smears154,156 On the other hand,
some authors found no statistical difference in the
diagnostic capability of the two methods.153 Until
further experience clarifies sampling superiority of
FNA or FNC, performing combined FNA and FNC
would improve the quality and quantity of the material obtained.156
Large-Needle Aspiration biopsy (LNA)
LNA is similar to FNA, the main difference being
the use of a larger needle for aspiration. A 21-gauge
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needle is usually preferred. The sample is expelled
into a tube instead of a glass slide. Finally the sample
is processed for histological rather than cytological
interpretation.123,157,158

lier success of FNA. Another disadvantage of CNB
is that only one or two cores (from one or two sites)
are usually obtained and thus the risk of sampling
error is higher than that of FNA.84,161,162

More cellular material is aspirated with LNA,
but the specimens are usually bloodier, which may
interfere with the cytological interpretation.159 More
over, it is more painful compared to FNA and more
traumatic to cells and tissues. It may provide qualitatively superior smears compared to FNA, but it is
not diagnostic in a greater number of cases.159 LNA
is recommended by some authors as a repeat biopsy
method for nodules that remain nondiagnostic after
a repeat FNA. It can retrieve a diagnostic specimen
in more than 80% of the nodules reinvestigated
compared to 50-60% for repeat FNA.157

There is much controversy over the distinct role
and efficacy of CNB in the management of thyroid
nodules. Some authors have reported that CNB shows
no advantage over FNA and it is also less acceptable
by patients.163 Others consider that the two methods
may be complementary and suggest that combined
FNA and CNB should more accurately diagnose
thyroid carcinomas.129,161 Finally, some authors consider that US-guided CNB is of high diagnostic yield
and accuracy and it frequently obviates surgery in
patients whose findings after FNA are recurrently
nondiagnostic.162

Core-Needle Βiopsy (CNB)
Thyroid core of tissue for histological interpretation may also be obtained by CNB, using TruCut or
Vim-Silverman needles. Local lidocaine anesthesia
is necessary.84,160 CNB provides a larger tissue sample
that retains its cellular architecture and may enable a
more precise histological diagnosis, but it is not used
in the routine assessment of thyroid nodules. This is
due to the perceived risk of complications (mainly
postbiopsy haematomas and pain) as well as the ear-

Step 5: Therapeutic approach (Figure 1)
The therapeutic decision should be based upon
the cytological result always in conjunction with the
clinical and US findings.
Benign cytology
Even if the cytological interpretation indicates
a benign nodule, all patients whose nodules are of
clinically high suspicion for malignancy require surgical treatment.54

Figure 1. From FNA cytology to treatment guidelines.
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In cases of low clinical suspicion for malignancy
and benign cytological results, the patients need a
strict follow-up at 6 to18 month intervals because of
the non-negligible false-negative rate of 5% in FNA
due to sampling error.1,54,133 Benign thyroid nodules
may slowly increase in size. Although an increase in
nodule volume by itself is not a reliable predictor of
malignancy,164 in any case of nodule enlargement there
is an indication for repeating FNA.1,165 Therefore, it
is recommended that serial US be used in the followup of thyroid nodules to confirm clinically significant
changes in size. One reasonable definition of enlargement is an increase of 20% in nodule diameter with
a minimum increase in two or more dimensions of at
least 2mm. Repeat FNA should be reserved for these
nodules. The false-negative rate for benign thyroid
nodules on the repeat FNA is low.1,166
The effectiveness of medical treatment of benign
nodule(s) with L-thyroxine at TSH suppressive doses
remains controversial. It has been used for years to
prevent or reduce growth of thyroid nodules.62,167
Generally, there is a trend towards a reduction in
volume of more than 50% of benign thyroid nodules,
albeit without achieving statistical significance.167
Some studies have reported that L-thyroxine suppressive therapy results in reduction in nodule volume, especially in small ones,168-171 whereas others
do not support this finding and suggest that patients
with cytologically benign nodules are best followed
without thyroxine treatment.165,172 Moreover, in a
10-year retrospective analysis, 13% of histologically
(after surgery) proved PTCs had previously shown
a decrease in size during suppressive L-thyroxine
therapy.173 Furthermore, significant adverse events
should be considered, such as aggravation of angina
in patients with coronary heart disease, atrial fibrillation and bone mass decrease, which are encountered
especially in older patients.174-178 Therefore, suppressive therapy is not routinely recommended,1 but only
after careful risk-benefit assessment.62 It seems that
young healthy patients with relatively small thyroid
nodules could benefit the most.58 In cases of nodule
enlargement despite suppressive therapy, it is advised
that suppressive therapy stop and the patient undergo
surgery to exclude carcinoma.165
Moreover, it has been reported that US-guided
ethanol sclerotherapy is a safe and effective tool for
the therapy of benign thyroid cystic or mixed nodules,
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although repeated injections may be painful and
there is always doubt about the benign or malignant
nature of nodules even after a benign cytological
result.179-181
In addition, interstitial laser photocoagulation
(ILP) has recently been proposed as an alternative
therapeutic procedure for the ablation of cytologically benign nodules causing cosmetic and/or pressure symptoms.182-186 Under sterile conditions and
continuous US-guidance, a laser fiber is positioned
in the thyroid nodule through the lumen of a spinal
needle (21 or 22 gauge) and preceded by local anesthesia. Patients are treated with an output power
of 2.5–3.5 W, dependent on the pretreatment nodule
volume and the position of the nodule. There is a
trend towards reducing the energy delivered (Joule/
ml of nodule volume).187 It is reported to be a safe
and effective procedure performed on an outpatient
basis.182-186,188 ILP approximately halves thyroid nodule
volume within one month with concomitant symptom
relief.182-186,188 The nodule volume reduction is comparable to that obtained following percutaneous ethanol
injection,180,181 and the only side effect reported has
been slight discomfort and moderate pain for a few
days.184 The result seems not to be further improved
after repeated sessions of ILP and therefore repeated
sessions should be limited to selected patients with
either larger nodules or to those with limited nodule
reduction after the first session.188
Malignant cytology
Surgical resection in order to achieve local disease
control remains the cornerstone of primary treatment
for most thyroid malignancies, and is often followed
by adjuvant radioiodine treatment for the papillary
and follicular types of disease. Thyroid hormone suppressive therapy is used, as there is evidence which
suggests that suppression of TSH prevents disease
recurrence in patients with PTC, whereas treatment
for progressive metastatic disease is often of limited
benefit.189
Surgery for thyroid cancer should be performed
by experienced surgeons involved in multidisciplinary
teams, trained specifically in thyroid cancer surgery
and performing a large number of thyroid cancer
operations annually, including both primary as well
as reoperative cases.38
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In cases of PTC, it is recommended that the patient undergo extensive initial surgery such as total
thyroidectomy (removal of all visible thyroid tissue) or
near-total thyroidectomy (a small amount of thyroid
tissue adjacent to the recurrent laryngeal nerve is left),
if the carcinoma is more than 1cm in size, multicentric, locally invasive, regionally metastatic, distantly
metastatic, of poorly differentiated histotypes or if the
age of the patient is over 40 or under 25 at the time
of diagnosis.38,190-193 This aggressive approach seems
to decrease tumor recurrence and overall mortality
and, if performed by an experienced surgeon, the risk
of adverse events (hypoparathyroidism and recurrent
laryngeal nerve injury) is minimal.191,194
In the case of an intrathyroidal papillary carcinoma
smaller than 1cm in size without cervical nodal or
distant metastases and without history of previous
radiation exposure, thyroid lobectomy alone may be
sufficient,1,38 although rates of recurrence are reduced
by total or near-total thyroidectomy even among these
low-risk patients.192,195
Although microscopic neck lymph node metastases
are present at the time of diagnosis in 20–90% of
patients with PTC,196 extensive lymph node dissection remains controversial. Some authors consider
that bilateral central node dissection may result in
better survival and a lower recurrence rate and that
proper surgical technique and strategy can positively
influence the survival of patients with PTC carcinoma.197,198 Other authors believe that it offers no
advantage and may increase morbidity in patients
with PTC.196 As non-visible affected nodes seem to
respond to postoperative radioiodine ablation, preventive dissection may not improve long-term survival
rates for these patients.197 Therefore, it is suggested
that node dissection be considered for patients with
macroscopically affected nodes or with lymph nodes
detected in preoperative high-quality US.196,199
Initial surgery can be selectively supplemented
with postoperative radioiodine (131I) remnant ablation in an attempt to reduce locoregional recurrence
risk.200 Ablation destroys residual thyroid tissue after
thyroidectomy. The value, however, of postoperative
radioiodine in preventing either nodal recurrence or
cancer death in patients with PTC (and FTC) remains
controversial because of its favorable prognosis and
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the risk of leukaemia from the radioiodine. Moreover,
no randomized control trials have been performed
to examine this issue.196,201,202 Retrospective studies
have reported that ablation may be associated with
significant reduction in recurrence and long-term
specific mortality,190,191,201,203 especially for carcinomas
that are larger than 1.5cm, multicentric, locally invasive, regionally metastatic or after incomplete tumor
resection.190,200 In low-risk patients as defined by score
systems MACIS (distant Metastasis, Age, Completeness of resection, local Invasion and Size) or AMES
(patient Age, Metastases, Extent of resection, tumor
Size) or TNM (Tumor-Node-Metastasis), remnant
ablation seems not to have substantially improved
the already excellent outcome of PTC patients after
near-total thyroidectomy and conservative nodal excision.192,195,200 The optimal dose of radioiodine remains
uncertain, but repeated 30 mCi have been considered
adequate for most thyroid remnant ablations,204 while
it has been suggested that low radioiodine doses (29
to 50 mCi) were as effective as high doses (51 to 200
mCi) in controlling tumor recurrence.190 Alternatively,
it has been reported that US-guided percutaneous
ethanol injection is an efficient treatment for patients
with limited cervical nodal metastases from PTC who
are not amenable to further surgical or radioiodine
therapy.205
Finally, as well-differentiated thyroid carcinomas
express TSH-receptors on the cell membrane, longterm L-thyroxine therapy following initial therapy,
which aims at the suppression of TSH, appears justified. The benefit of suppressive therapy seems to
be evident in high-risk patients, whereas it remains
controversial in low-risk patients,206,207 especially
considering the adverse effects of TSH suppression,
as described above.174-178 Thus, initial TSH suppression below 0.1 mU/L is recommended for high-risk
patients with thyroid carcinoma, while maintenance
of the TSH slightly below the lower limit of normal
(0.1–0.5 mU/L) is appropriate for low-risk patients.1,38
The use of T3 has no place in the long-term treatment
of thyroid cancer patients.38
In the case of MTC, the patient can be cured
strictly by complete resection of the thyroid tumor
and neck metastases. Therefore, total thyroidectomy
with central and complete bilateral neck dissection
should be performed routinely in all patients with
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sporadic or familal MTC, even in those with small
thyroid tumors, because nodal metastases seem to
increase the risk of cause-specific mortality and the
number of lymph node metastases is considered to
adversely affect the biological cure after surgery.196,208
A contralateral neck dissection may be avoided only
in cases of sporadic disease with unilateral involvement of the thyroid gland and absence of central and
ipsilateral neck involvement.208 Postoperative radiotherapy is reported to optimise tumor control.209 After
surgery, the patient should receive L-thyroxine at a
dose sufficient to achieve euthyroidism. A suppressive
dose is of no value, as C-cells are not TSH-responsive. Similarly, radioiodine ablation as an adjunct to
surgery is of no value in the management of MTC,
as the tumor cells do not absorb iodine.210
For patients with MTC and residual or recurrent
disease after primary surgery or for those with distant metastases, chemotherapy has usually resulted
in partial responses. When a combination of drugs
was used, the responses achieved were superior to
those achieved with single-agent chemotherapy.211
In families with hereditary MTC, early preclinical
diagnosis and intervention based on genetic testing
might prevent poor disease outcome.189
In the case of ATC, an aggressive attempt at maximal tumor debulking followed by adjuvant chemotherapy and radiotherapy has been found to be of
some value in patients with localized ATC, but it
usually appears to be of limited benefit. On the other
hand, there is no effective therapy for advanced or
metastatic ATC and the disease is uniformly fatal.
The outlook for patients with ATC remains grim and
novel treatments are needed.47,189,212
Lymphoma of the thyroid may constitute a primary
disease or may involve the gland as part of a systemic
disease. Primary thyroid lymphoma is nearly always of
the non-Hodgkin’s type and it is not usually suspected
before surgery or FNA.47 It is strongly associated with
previously diagnosed Hashimoto’s thyroitis, which
means that it usually arises in a patient with preexisting Hashimoto’s thyroiditis.213 The role of surgery is
limited and, apart from debulking, aggressive surgical
resections are not recommended.214 Radiotherapy
alone is recommended for disease limited to the
thyroid with or without cervical lymphadenopathy

S.A. Polyzos ET AL

and small tumor volume. Results for patients with
mediastinal extensions were unsatisfactory and the
addition of combination chemotherapy is indicated
in these patients.47,215
Indeterminate or suspicious cytology
In the case of suspicious or indeterminate FNA
results, most authors suggest that the patient should
undergo lobectomy (as an initial approach), near-total
or total thyroidectomy because of the possibility of
capsular or vascular invasion and the uncertain natural
history of these nodules.43,151,152,216 Ten to twenty per
cent of all excised suspicious biopsies are carcinomas,
while the rest (80-90%) are adenomas. In the case of
an adenoma, replacement therapy with L-thyroxine
should be administered. In the case of FTC or HCC,
the therapeutic recommendations are the same as
described above for PTC (malignant cytology). If
lobectomy was the initial approach, the patient should
undergo complete thyroidectomy.217,218 If the lymph
nodes are suspected for metastasis, although this is
rare in FTC, they should be dissected as well, as it
may adversely affect cause-specific mortality.196,219
During the last decade, many studies have searched
for predictors of malignancy for indeterminate cytology to avoid unnecessary thyroidectomy. It has been
reported that among those patients, clinical findings
associated with a malignant nodule were: diameter
larger than 3 cm, fixation of the mass and young
age.220-222 Therefore, strict follow-up every 6 months
(with US and repeat FNA, if necessary) may be more
appropriate for older patients with small, mobile, indeterminate nodules or those at high risk for surgery.
In such individuals, surgery is rendered unavoidable
if the nodule enlarges.221,222 At immunohistochemical
level, the most promising predictors seem to be the
detection of galectin-3 and the HBME-1 monoclonal
antibody, which both have been strongly related to
malignant thyroid cells.223,224
Single Hürthle cells can also be found in Hashimoto’s thyroiditis and in degenerating adenomas.
However, thyroidectomy is not recommended in
these patients.58,225
Non-diagnostic biopsies
Nondiagnostic biopsies need to be repeated and,
if they were conducted using the conventional FNA,
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LNA157 or US-FNA is the next logical step,226 because
it is suggested that US-FNA allows a more precise
and adequate sampling and is associated with a lower
rate of false-negative results.132 Nevertheless, some
nodules, particularly the cystic, continue to yield
nondiagnostic cytological results despite repeated
biopsies. As they may be associated with a high probability of thyroid malignancy, meticulous follow-up or
surgical excision is required.1,85,134,227 Surgery should
be strongly recommended if the cytologically nondiagnostic nodule is solid.1
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