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Abstract
Objectives: This study aimed to investigate the prevalence and clinical significance of solitary thyroid nodules in
patients who underwent thyroid surgery.

Methods: A retrospective review was performed of the case notes of all adult patients who underwent thyroid
surgery from January 2003 to December 2009. All patients with solitary thyroid nodules identified by
ultrasonography were included.

Results: In total, 225 patients underwent thyroid surgery. The prevalence of solitary thyroid nodules was 27.1 per
cent (61 out of 225 patients). Seventy-two per cent of patients were women and the mean age at presentation was
52± 16 years. In all, 75.4 per cent of solitary nodules had neoplastic pathology and the malignancy rate was 34.4
per cent. The sensitivity and specificity of fine needle aspiration cytology for neoplasm detection were 73.9 per cent
and 80.0 per cent, respectively. There was no association between the various ultrasonography parameters and
malignancy risk (p> 0.05).

Conclusion: Solitary thyroid nodules should be investigated thoroughly with a high index of suspicion because
there is a high probability (34.0 per cent) of malignancy.
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Introduction
Thyroid nodules are common: they are detectable in 10
per cent of women and 2 per cent of men.1 A prospect-
ive study in North America found asymptomatic
thyroid nodules in 67 per cent of their study population
upon ultrasonography.2 A similar study conducted in
Germany found thyroid nodules in 20 per cent of the
population aged 20–79 years. The prevalence rises
with increasing age up to 52 per cent for women and
29 per cent for men aged 70–74 years.3 The high
prevalence of thyroid nodules means that rational evi-
dence-based management strategies are required to
identify patients with a significant malignancy risk.
These strategies need to be applicable to a wide spec-
trum of clinical presentations, ranging from small,
sub-centimetre nodules to large, growing symptomatic
nodules.4

The incidence of malignancy in thyroid nodules
varies between 5 per cent and 15 per cent, and
depends on age, sex, radiation exposure, family history
and other factors.1,5,6 In the period 1971–1995, the
annual UK incidence was reported as 2.3 per 100 000
women and 0.9 per 100 000 men, with approximately
900 new cases and 250 deaths resulting from thyroid
cancer every year recorded in England and Wales.7

This has increased to an annual incidence to 6 per
100 000 women and 2 per 100 000 men, with approxi-
mately 2654 new cases in the UK in 2010.8 Patients with
solitary nodules have a significantly higher incidence of
thyroid carcinoma compared with those with multinodu-
lar goitre.9 A truly solitary thyroid nodule in a patient
under 30 years of age has a 10–20 per cent chance of
malignancy, rising to 20–40 per cent in elderly men.10

This study aimed to investigate the prevalence of
solitary thyroid nodules in patients who underwent
thyroid surgery and the clinical significance of these
nodules. The value of demographic and sonographic
features of solitary nodules in predicting the malig-
nancy risk was also determined and the malignancy
rate in our case series was compared with that of
other centres.

Materials and methods
A retrospective review of the case notes of all adult
patients aged between 18 and 75 years who underwent
thyroid surgery from January 2003 until December
2009 was performed. Patients with solitary nodules were
identified based on their medical notes and pre-operative
ultrasonography. All patients with solitary thyroid
nodules who had had pre-operative ultrasonography and
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fine needle aspiration cytology (FNAC) were included in
the study. A nodule was considered solitary if no other
nodules in the gland were identified by ultrasonography.
The presence of other nodules, irrespective of size,
excluded patients from the study. Sonographic features
and cytology and histology data were recorded and ana-
lysed. All FNAC was performed by experienced radiolo-
gists with cytology technicians in attendance to ensure
uniform sample preparation. An assessment of cellularity
was not made at the time of aspiration.

Statistical analysis

Datawas analysed using Prism statistical software version
3.02 (GraphPad, Groningen, the Netherlands). The
malignancy risk was stratified according to ultrasono-
graphy and FNAC findings. To compare the malignancy
risk according to clinical factors, Fisher’s exact test was
used for discrete variables and the Mann–Whitney U
test was used for continuous variables. A p value of
less than 0.05 was considered statistically significant.

Ethical considerations

All patient reviews, data collection and analyses were
carried out in accordance with appropriate institutional
and hospital audit department regulations and approval.

Results
A total of 225 patients underwent thyroid surgery. Of
the 76 clinically palpable solitary thyroid nodules, 15
were excluded because more than one nodule was iden-
tified by ultrasonography. The prevalence of ‘true’ soli-
tary thyroid nodules was 27.1 per cent (61 out of 225
patients); affected patients had a mean± standard devi-
ation (SD) age of 52± 16 years (women, 52.1± 16.5
years; men, 51.4± 14.1 years). Forty-four out of 61
patients (72.1 per cent) were women. No patient
reported exposure to childhood head and neck irradi-
ation or a family history of thyroid medullary carcinoma.
In 30 patients nodules were in the right lobe, in 26 they
were in the left node and in the remaining 5 they were in
the isthmus. These locations correlated with the ultrason-
ography locations for the nodules and no other nodules
were detected in pathology specimens, thus confirming
that the nodules removed were those detected by ultra-
sonography. The maximum nodule diameter ranged
from 0.7 cm to 6.2 cm (median± SD, 3.5± 1.26).
During the study, FNAC findings were not classified

according to the British Thyroid Association Thy classi-
fication. Instead, results were recorded in a descriptive
manner and subsequently classified into five categories:
insufficient material for diagnosis, benign or colloid
nodule, atypia, neoplasm and malignant (Table I).
Of the 61 study patients, 5 had non-diagnostic

FNAC findings; 3 of these were found to have malig-
nant pathology at surgery. Twenty-eight of the 61
patients had neoplastic FNAC (Table II). Seven of the
nine samples showing atypia had neoplastic pathology.
Therefore, the atypia category was combined with the

neoplastic and malignant categories when calculating
FNAC sensitivity and specificity values.
The sensitivity and specificity for detecting thyroid

neoplasms were 73.9 per cent and 80.0 per cent,
respectively, with a positive predictive value of 91.2
per cent for all thyroid neoplasms. The false negative
rate for all FNAC for neoplasms was 42.0 per cent
(8 out of 19). The sensitivity and specificity of FNAC
for detecting thyroid malignancies was 38.1 per cent
and 95.0 per cent, respectively, with a positive predictive
value of 80.0 per cent. The false negative rate for all
FNAC for malignancies was 10.5 per cent (2 out of 19).
The malignancy rate in patients with a truly solitary

nodule in our patient population was 34.4 per cent,
with a mean age at diagnosis of 53± 15 years and a
female-to-male ratio of 2:1. There was no association
between age or maximum nodule dimension with malig-
nancy (p= 0.68 and p= 0.33, respectively). A thyroid
nodule measuring more than 4 cm on its longest axis
was seen in a third of patients with malignancy and in
27.5 per cent of patients with benign pathology. Most
patients (56.0 per cent) had nodules measuring
2–3.9 cm in length. Hypo-echoism was seen in 6 out
of 21 (28.6 per cent) patients with malignancy and 62.0
per cent of the malignant solitary nodules had increased
vascularity. Four out of 21 patients (19.0 per cent) with
malignant pathology had a nodule with a sonographic
solid mass appearance and in 19.0 per cent the nodules
were cystic or had undergone cystic degeneration.
Hypo-echoism or a solid mass appearance was not

TABLE I

FNAC RESULTS AND PATHOLOGY FINDINGS

Cytology
findings

Non-
neoplastic

Neoplastic Total

Benign Malignant

Non-diagnostic 1 1 3 5
Benign 11 6 2 19
Atypia 2 4 3 9
Neoplasm 1 12 5 18
Malignant 0 2 8 10
Total 15 25 21 61

TABLE II

HISTOLOGICAL DIAGNOSIS IN 61 PATIENTS WITH
SOLITARY THYROID NODULE

Diagnosis Patients (n (%)

Non-neoplastic
– Colloid nodule 12 (19.7)
– Hashimoto’s thyroiditis 2 (3.3)
– Benign hyperplastic nodule 1 (1.6)
Neoplastic, benign
– Follicular adenoma 23 (37.7)
– Oncocytic adenoma 2 (3.3)
Neoplastic, malignant
–Papillary carcinoma 10 (16.4)
–Follicular carcinoma 9 (14.8)
–Medullary carcinoma 1 (1.6)
–Oncocytic carcinoma 1 (1.6)
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associated with malignancy risk (p= 0.76 and p= 0.78,
respectively). The malignancy risk for solitary thyroid
nodules showing microcalcification was also assessed.
Microcalcification was seen in the nodules of only eight
(13.1 per cent) patients upon ultrasonography and there
was no association with malignancy (p= 0.43).

Discussion
The management of differentiated thyroid cancer varies
amongst European and North American countries. This
reflects different clinical practices, as well as pathogen-
esis factors such as obesity and iodine diet supplemen-
tation, which influence the presentation and the
management strategy.11 The British Thyroid Associ-
ation and American Thyroid Association have therefore
set out guidelines based on the best evidence for man-
aging thyroid nodules and differentiated thyroid cancer
to minimise bias and differences in opinion.5,12,13

Because thyroid gland nodules are so common (with
an incidence of 2.0–13.7 per cent), the major challenge
remains assessing which nodules require surgical exci-
sion and which can be followed conservatively.14

The incidence of malignancy in solitary thyroid
nodules is reported to range from 10.2 to 21.0 per
cent.9,15–20 In our case series, 34.4 per cent of solitary
thyroid nodules were confirmed as malignant by histo-
pathological analysis. This figure assumes that all soli-
tary nodules in this series were detected and that the
standard departmental practice of operating on all soli-
tary nodules was followed. The authors acknowledge
that this figure may be higher than the true percentage
of solitary thyroid nodules because cases in which
surgery was not performed were not included. The
malignancy rate of 34.4 per cent is much higher than
in previous reported series. There are no obvious pre-
disposing factors in the Scottish Highland population
that might influence the rate of differentiated thyroid
cancer, although the area was affected by fall-out
from the Chernobyl incident. In this series, case selec-
tion was more rigorous than in other series because all
nodules were truly solitary, with some less than a centi-
metre in size. Other case series of solitary thyroid
nodules have included patients with sub-centimetre
nodules (less than cm in diameter) in addition to the
dominant nodule. Thus, these glands could be termed
‘oligo-nodular’. Despite the perceived lack of clinical
significance of sub-centimetre nodules, their presence
may indicate that the underlying disease process is
more likely to be hyperplastic than neoplastic.
In other respects, our case series reports similar

findings to many others. Two-thirds of patients with
thyroid malignancy were women. A rise in differen-
tiated thyroid malignancy in women was observed in
a recent population study in the USA.21 Other studies
have demonstrated similar findings of rapidly increas-
ing papillary carcinoma rates in women.9,21 Most of
our patients had a papillary carcinoma (52.0 per
cent), with follicular carcinoma being the next most
common diagnosis (38.0 per cent).

Published guidelines and current practice are that
nodules larger than 1 cm are investigated because
they have more potential to be malignant. Nodules
less than 1 cm should only be evaluated if there are sus-
picious ultrasonography findings, a history of head and
neck irradiation, or thyroid malignancy in one or more
first-degree relatives.12 Polyzos et al. found a higher
malignancy risk for thyroid nodules with a maximum
diameter of 4.5 cm or greater upon ultrasonography.22

Mazzaferri and Sipos found that thyroid nodules meas-
uring 5 mm or smaller have a high rate of false positive
ultrasonography findings and often yield inadequate
FNAC findings.23 However, following cytological ana-
lysis of their patients Gul et al. reported the malignancy
rate of sub-centimetre nodules to be significantly
higher than of nodules greater than 1 cm.24 The
American Thyroid Association guidelines suggest
that nodules that grow by at least 50 per cent in
volume or by at least 20 per cent in one dimension
should be considered for fine needle aspiration
(FNA) or surgical excision, but only if they exceed
5 mm.12 It is argued that the prognosis of malignant
tumours of less than 5 mm is so good that attempts to
diagnose and treat all small thyroid cancers to prevent
rare malignant outcomes may cause more harm than
good.12 In our case series, the smallest solitary
nodule sampled with papillary carcinoma measured
only 8 mm in its longest axis. At our institution,
thyroid ultrasonography is performed by experienced
radiologists and if any suspicious features are seen,
the radiologist will perform FNAC under ultrasound
guidance. When aspirating such small nodules, there
is a high probability of obtaining insufficient cytology
samples for diagnosis, especially for inexperienced
ultrasonographers. This may cause unnecessary
anxiety in patients.
Various sonographic features are reported to be asso-

ciated with an increased malignancy risk. These include
microcalcification, absence of a peripheral halo, irregu-
lar borders, echogenicity and intra-nodular hypervascu-
larity. Irregular margins, intra-nodular vascular spots
and microcalcification were shown to be independent
risk factors for malignancy.25 The malignancy incidence
for solitary calcified thyroid nodules is reported to be 2.5
times higher than for nodules without calcification; they
have a relative malignancy risk of 22.8 compared with
multiple non-calcified thyroid nodules.26 A combination
of these features might have a high predictive value for
local malignancy and metastasis to regional cervical
lymph nodes.23,24,27 Additionally, ultrasound-guided
aspirates of suspicious cervical lymph nodes can be ana-
lysed for the presence of thyroglobulin. This was shown
to be a highly sensitive method for detecting regional
thyroid cancer metastases, even in the presence of anti-
thyroglobulin antibodies or undetectable serum thyro-
globulin.28–31 Using the authorised ultrasonography
report, we found in our case series that none of the pre-
viously described sonographic features had a significant
predictive value for differentiating malignant from

SOLITARY THYROID NODULE MALIGNANCY RATE 679

https://doi.org/10.1017/S0022215115000882 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215115000882


benign solitary thyroid nodules (p> 0.05), despite a
high proportion of malignant solitary nodules having
increased vascularity.
The sensitivity of thyroid FNAC for thyroid malig-

nancy ranges from 65 per cent to 98 per cent, with a
specificity of 72–100 per cent and reported false nega-
tive rates of 1–11 per cent.32–35 Although ultrasound-
guided FNAC has a low false negative rate, Bashier
et al. reported a low positive predictive value for fol-
licular neoplasm with FNAC (44 per cent).17 In the
current study, FNAC accurately detected follicular neo-
plasms in 91.1 per cent (34 out of 37) of cases. The
false negative rate for all malignancy types was 10.5
per cent. The reasons for false negative results (i.e.
inadequate smears or missed sampling of the lesion)
in our series were similar to those of other reported
series.36–38 In our case series, 8.0 per cent of patients
had a non-diagnostic sample, probably related to
sample adequacy not being assessed at the time of
FNAC. There was also a high proportion of follicular
carcinomas relative to papillary carcinomas. FNAC
cannot distinguish between benign and malignant fol-
licular lesions; tissue diagnosis is almost always
required. Reported false positive results range from
less than 1.0 per cent to 7.7 per cent.33,35 In our
series, false positive results were 20 per cent for neopla-
sia but 0 per cent for malignancy. Factors leading to
over-diagnosis include the presence of benign mimics
of neoplasia, degenerative changes in the sample and
over-interpretation of scanty material.

• The reported malignancy incidence for
solitary thyroid nodules is 10.2–21.0 per cent

• In this series, 34.4 per cent of solitary thyroid
nodules were histopathologically malignant

• There was rigorous selection for truly solitary
nodules, some less than a centimetre

• True solitary nodules should be managed
with great suspicion of malignancy

The indeterminate or atypical category has always been
the most challenging diagnostic category for thyroid
FNAC. This category includes hyperplastic nodules as
well as benign and malignant follicular lesions. Few if
any cytological criteria allow a reliable distinction
between benign and malignant follicular lesions.39

Malignancy risk in the indeterminate category is
reported to range from 15 per cent to 20 per cent and
has been associated with microfollicular cytology,
nodules larger than 4 cm, nodule fixation and male
sex.40,41 The current study demonstrated that 29.6 per
cent (8 out of 27) of indeterminate or atypical cytologic-
al diagnoses correlate with malignancy. In view of this,
surgery is recommended for this patient group, especial-
ly for those with suspicious radiological findings.
A precise correlation between cytology and histology

findings was achieved in only 34.0 per cent of patients in

this series. Difficulties in distinguishing between benign
and malignant follicular lesions accounted for the largest
group of diagnostic mismatches. Molecular profiling
and several potential immunohistochemical markers of
thyroid malignancy have been recently studied for distin-
guishing malignant from benign follicular neoplasms
and therefore avoiding unnecessary surgery.42–49

Microarray technology and cluster analysis have also
emerged as potential predictors of malignancy.50 This
technology is still at an experimental phase and is
limited by its high cost, low availability and lack of val-
idation. However, a confident cytological diagnosis of
malignancy is highly specific. Thus, despite its limita-
tions, thyroid FNAC remains an important screening
tool for thyroid nodule management.

Conclusion
Thyroid nodule management remains a clinical chal-
lenge despite guidelines. Clinically, solitary thyroid
nodules should be investigated thoroughly with a
high index of suspicion because there is at least a
10–20 per cent probability of malignancy. We have
shown a higher rate of malignancy than in other pub-
lished series but our cases are truly solitary nodules
based upon ultrasonography and histopathological
examination, rather than oligo-nodular glands.
Therefore, a truly solitary nodule should be viewed
with greater suspicion and surgery is strongly recom-
mended. Thyroid lobectomy with isthmusectomy for
follicular neoplasms and total thyroidectomy for papil-
lary carcinomas remain the standard treatments. At
present, the role of ultrasound-guided FNA for sub-
centimetre solitary nodules remains uncertain.
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