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Summary

Background: Thyroid nodules are a common
medical problem, but whether fine-needle aspira-
tion cytology (FNAC) is mandated for smaller
non-palpable nodules, is controversial.
Aim: To evaluate whether ultrasonographic features
of thyroid nodules are associated with histological
malignancy, and to identify useful criteria for
clinical decision-making.
Design: Prospective observational study.
Methods: From January 1991 to September 2004,
5198 patients were referred to our hospital for
ultrasound evaluation of thyroid nodules. Overall,
7455 nodules (diameters from 6 to 100mm) were
examined; 2865 (38.4%) were <10mm in diameter.
All patients with suspicious or malignant cytology
underwent surgery.
Results: Of the 349 nodules undergoing surgery,
284 were malignant. The prevalence of cancer was
slightly higher in nodules 510mm in diameter vs.

those <10mm (5.5% vs. 3.0%, p<0.01).
However, histological type and local aggressive-
ness were largely independent of nodule size.
Microcalcifications (72.2% vs. 28.7%; p<0.001;
OR 6.4, 95%CI 4.9–8.4), blurred margins (52.8%
vs. 18.8%; p<0.001; OR 4.8, 95%CI 3.8–6.1),
solid hypoechoic appearance (80.6% vs. 52.4%;
p<0.001; OR 3.8, 95%CI 2.8–5.1), size 510mm
(77.4% vs. 64.9%; p<0.001; OR 1.9, 95%CI
1.4–2.5) and intranodular vascular pattern type 2
(61.6% vs. 49.7%; p<0.001; OR 1.6, 95%CI
1.2–2.0) were all significantly more frequent in
malignant than in benign nodules. These associa-
tions were similar when large and small nodules
were analysed separately.
Discussion: No single parameter, including nodule
size, satisfactorily identifies a subset of patients to be
electively investigated by FNAC, although several
may be useful in this regard.

Introduction

Thyroid nodules are a common medical problem.1

Although they are traditionally found as palpable

masses at neck examination in patients with

or without suspected thyroid disease, the apparent

prevalence of non-palpable thyroid nodules

(i.e. <1 cm in diameter) in the general population

has recently increased, probably as a consequence

of the increasing application of ultrasound.2–5

One or more additional non-palpable thyroid

nodules may be found in about 50% of patients

with a clinically palpable solitary nodule, but they

are also incidentally detected by imaging studies

performed for various reasons.5

The prevalence of such lesions appears to be high

in the general population and to increase in areas

with iodine deficiency; some authors report that up
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to 70% of nodules of <1 cm in size are found among
individuals with no history of thyroid disease.6

In addition, nodular thyroid disease is more
common in the elderly, a population subgroup that
is steadily increasing.7

Fine-needle aspiration cytology (FNAC) is
considered the most reliable test for the diagnosis
of thyroid nodules.8 FNAC is recommended
for palpable nodules, but the indication for this
procedure in non-palpable nodules is a matter
of controversy;5 some clinicians recommend
ultrasonography-guided FNAC (US-FNAC),9,10

whereas others consider that a clinical follow-up
(neck palpation) is sufficient in absence of history
of familiar thyroid cancer or head/neck irradiation.5

Such uncertainty mostly results from our limited
knowledge of the prevalence of cancer in non-
palpable nodules (so-called ‘microcarcinomas‘),9,11

and their clinical behaviour. Although in most
reports incidentally-discovered carcinomas of
the thyroid gland follow an indolent course,12,13

in a few, a significant number of microcarcinomas
are associated with extracapsular growth and nodal
or distant metastases.14–16

We aimed to evaluate the predictive value
of ultrasound findings in the diagnosis of malignant
thyroid nodules, and to identify features that might
be useful for making practical decisions about their
management.

Methods

From January 1991 to September 2004, 5198
patients with thyroid nodules were referred for
US-FNAC in our hospital. Overall, 7455 nodules
were examined, of which 2865 (38.4%) were <1 cm
in diameter.

The nodules had been diagnosed by ultrasound
investigation of the neck region performed for
various reasons (Table 1). No patient included in
this series had a previous diagnosis of thyroid
malignancy. The study was conducted according
to the principles of the Helsinki declaration and
the guidelines of the institutional ethical committee.

Ultrasound investigations used an ultraso-
nographic scanner (Siemens Elegra or ATL 5000)
equipped with a 10–12MHz linear transducer for
morphological studies and a 4.7MHz transducer for
colour-Doppler evaluation. Examinations were con-
ducted and recorded by two skilled sonographers
according to a standard procedure. The following
ultrasound parameters were assessed in all nodules:
(i) nodule size (maximum diameter as evaluated by
sagittal and transverse scans); (ii) echographic
structure (solid, mixed or cystic); (iii) echogenicity
(iso-, hyper- or hypoechoic); (iv) presence/absence

of calcification; (v) lesion margins well-defined or

blurred; (vi) vascular pattern (along the maximum

diameter of the nodule: type 0, absence of flow

signals; type 1, vascular images in peripheral

position; type 2, intranodular flow with multiple

vascular images).
Totally echo-free nodules (anechoic) were

assumed to be cystic, and were not considered

further in this study; complex (cystic and solid)

nodules were assumed to be mixed nodules, and

FNAC sampling was directed to the solid portion of

the lesion. FNAC was performed in all patients with

solitary nodules with diameter 56mm, while in

patients with more than one nodule, FNAC was

performed on all nodules 510mm in diameter and/

or up to four nodules of 6–10mm each. Two skilled

endocrinologists performed all the FNAC using

25-gauge needles and capillarity action, using a

freehand technique. Cytological specimens were

smeared according to the Papanicolaou technique,

and evaluated by experienced cytopathologists.

When the smear was inadequate (<6 clusters with

510 cells each),17 FNAC was repeated once; only

technically satisfactory results were considered.
Adequate cytological material was classified as

benign (colloid nodules, lymphocytic thyroiditis,

cystic goitres), malignant (papillary carcinoma,

medullary carcinoma, anaplastic carcinoma) or

suspicious (including follicular or Hurthle cell

neoplasms). Cases with benign cytology (or repeated

inadequate smears) underwent clinical and ultra-

sound control after 6 months; in case of nodule

growth and/or changes in ultrasound features,

a second (third) US-FNAC was performed to rule

out overlooked malignancies. All patients with

suspicious or malignant cytology underwent

surgery. Total thyroidectomy with removal of level

Table 1 Reasons for ultrasound investigation of the

neck region

Indication n

During carotid duplex examination,

cervical scan

862

High-risk patients after radiation exposure 15

Check-up for distant metastasis 9

Check-up for cervical adenopathy 95

Associated palpable nodules 615

Homogeneous goitre 873

Multinodular goitre 746

Hyperthyroidism 738

Hypothyroidism 1044

Follow-up after partial thyroidectomy 151

Questionable indications (obesity, anxiety) 50

Total 5198
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VI lymph nodes was performed on all patients when
a histological diagnosis of cancer was confirmed;
in the presence of nodal metastasis, the surgeon
performed a radical lymph node dissection ipsilat-
eral to the nodule. The surgical samples were cut
before fixation for macroscopic examination.
Evaluation used multiple 5mm slices of the whole
thyroid gland to accurately define the dimensions
of malignant lesions and their multifocality. The
diagnosis of cancer was based on the final
histological diagnosis on surgical specimens and
carcinomas were staged according to TNM
(Tumour, Node, Metastasis) classification.18

Neoplastic lesions outside the nodule examined
by FNAC were considered incidental and not
included in the analysis.

Statistical analysis

The size of the study was powered to detect an odds
ratio of 1.5 in the prevalence of malignant lesions
between large and small thyroid nodules (diameter
510 vs. <10mm). A total of 5600 nodules (with a
ratio of large to small nodules of 2:1, according to
literature data) was requested for a two-group �2 test
with a p¼0.05 two-sided significance level, to
achieve 80% statistical power.

Clinical, ultrasound, cytological and histological
findings were separately recorded and blind-
processed for statistical evaluation. Comparison of
frequency distributions used the �2 test. Univariate
and multivariate (logistic regression analysis) odds
ratios (OR) with 95%CIs were calculated to assess
the relationships between ultrasound criteria and
histological outcomes.

The diagnostic value of ultrasound criteria was
also assessed in terms of sensitivity, specificity,
likelihood ratio, positive/negative predictive value
and efficiency.19

Results

After a second round of FNAC, 703 patients
(1320/7455 nodules, 17.7%) still had inadequate
cytological specimens, and were excluded from
further analysis. Inadequate samples were signifi-
cantly more common for ‘small nodules’ (<10mm in
diameter) than for ’large nodules’ (diameter
510mm) (26.1% vs. 12.5%, p<0.001).

Thus a total of 6135 nodules with valid cytologi-
cal specimens were obtained from 4495 patients
(3118 females, 1377 males). A single nodule
was examined in 3144 patients; two, three, four or
five were biopsied in 1118, 182, 46 and 5 patients,
respectively. Nodule size (as evaluated
by ultrasound) ranged from 6 to 100mm

(mean� SD 15.5� 9.0mm); 4015 were classified
as large nodules and the remaining 2120 as small.

Cytological and histological features

FNAC showed suspicious or overtly malignant

results in 349 nodules (5.7%); all underwent
surgery. One additional nodule with benign cytol-

ogy was surgically removed because of a size
increase over a six-month follow-up period.

A diagnosis of carcinoma was histologically con-
firmed in 284 (4.6%): 242 papillary, 37 follicular

and 5 medullary. The remaining 66 were all
adenomatous, except the one with benign cytology,
which showed only hyperplasia. The prevalence

of cancer was lower in small vs. large nodules
(3.0% vs. 5.5%, p<0.001). However, follicular and

medullary histotypes were more common in small
than in large nodules (20.8 and 1.9% vs. 6.7 and

1.2%, respectively, p¼ 0.01).
Malignant features at histological examination

were slightly more frequent in nodules from multi-
nodular goitres (147/2770, 5.3%) than in solitary

nodules (137/3365, 4.1%) at univariate analysis,
with borderline statistical significance (p¼ 0.022).

Neoplastic lesions were not related to sex (5.0% in
males, 4.5% in females; p¼NS).

Ultrasound investigations

The relationships between ultrasound findings and

cytological and histological features are shown in
Table 2. Microcalcifications were more common in

histologically-confirmed malignant lesions than
in benign nodules (72.2% vs. 28.7%; p<0.001;

OR 6.4, 95%CI 4.9–8.4), as were blurred margins
(52.8% vs. 18.8%; p<0.001; OR 4.8, 95%CI
3.8–6.1), solid hypoechoic appearance (80.6% vs.

52.4%; p<0.001; OR 3.8, 95%CI 2.8–5.1), nodule
size 510mm (77.4% vs. 64.9%; p<0.001; OR 1.9,

95%CI 1.4–2.5) and intranodular vascular pattern
type 2 (61.6% vs. 49.7%; p<0.001; OR 1.6, 95%CI

1.2–2.0). Under logistic regression analysis, size and
all the above ultrasound criteria were significantly

associated with a histological diagnosis of malig-
nancy (Table 3). These associations of ultrasound
features with malignancy remained similar when

large and small nodules were analysed separately.
The analysis also showed that age, gender and

number of lesions were not significant predictors
of cancer.
The predictive value of ultrasound features is

summarized in Table 4. No single parameter,
including nodule size, satisfactorily identified a
subset of patients to be electively investigated by

FNAC; some 9–22% of histologically confirmed
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carcinomas would be missed, depending on the
parameter.

According to our results, the best compromise
between risk of missing carcinomas of potential
clinical aggressiveness and the need to avoid
unnecessary procedures is probably to use FNAC
on nodules with at least one of: microcalcifications,
blurred margins or hypoechoic pattern.

TNM staging

Local extension of thyroid neoplasia with extra-

capsular growth (pT4 at TNM staging) was present

in 26/284 carcinomas (9.2%), whereas nodal

involvement was found in 67 (23.6%). Preliminary

ultrasound evaluation predicted extracapsular

growth in 7/26 carcinomas (26.9%) and nodal

Table 2 Ultrasound findings by size and cytological and histological diagnosis in thyroid nodules

Size Total Cytological diagnosis Histological diagnosis

Benign Suspicious Malignant Adenoma Cancer

Total 6135 5786 (94.3%) 127 (2.1%) 222 (3.6%) 65 (1.1%) 284 (4.6%)

Hyperechoic

All 1006 986 (98.0%) 18 (1.8%) 2 (0.2%) 16 (1.5%) 4 (0.4%)

Large 600 588 (98.0%) 11 (1.9%) 1 (0.1%) 9 (1.5%) 3 (0.5%)

Small 406 398 (98.1%) 7 (1.7%) 1 (0.2%) 7 (1.7%) 1 (0.2%)

Isoechoic

All 1831 1765 (96.3%) 27 (1.5%) 39 (2.2%) 15 (0.8%) 51 (2.8%)

Large 1440 1389 (96.5%) 19 (1.3%) 32 (2.2%) 11 (0.8%) 40 (2.7%)

Small 391 376 (96.2%) 8 (2.0%) 7 (1.8%) 4 (1.0%) 11 (2.8%)

Hypoechoic

All 3298 3035 (92.0%) 82 (2.5%) 181 (5.5%) 34 (1.0%) 229 (7.0%)

Large 1975 1778 (90.0%) 58 (2.9%) 139 (7.1%) 20 (1.0%) 177 (9.0%)

Small 1323 1257 (95.0%) 24 (1.8%) 42 (3.2%) 14 (1.1%) 52 (3.9%)

Calcification absent

All 4249 4131 (97.2%) 59 (1.4%) 59 (1.4%) 39 (0.9%) 79 (1.9%)

Large 3047 2966 (97.3%) 35 (1.1%) 46 (1.6%) 22 (0.7%) 59 (2.0%)

Small 1202 1165 (96.9%) 24 (2.0%) 13 (1.1%) 17 (1.4%) 20 (1.7%)

Calcification present

All 1886 1655 (87.8%) 68 (3.6%) 163 (8.6%) 26 (1.4%) 205 (10.8%)

Large 968 789 (81.5%) 53 (5.5%) 126 (13.0%) 18 (1.9%) 161 (16.6%)

Small 918 866 (94.3%) 15 (1.6%) 37 (4.1%) 8 (0.9%) 44 (4.8%)

Margins defined

All 4880 4698 (96.3%) 82 (1.7%) 100 (2.0%) 48 (1.0%) 134 (2.7%)

Large 3377 3244 (96.1%) 58 (1.7%) 75 (2.2%) 29 (0.9%) 104 (3.0%)

Small 1503 1454 (96.7%) 24 (1.6%) 25 (1.7%) 19 (1.3%) 30 (2.0%)

Margins blurred

All 1255 1088 (86.7%) 45 (3.6%) 122 (9.7%) 17 (1.4%) 150 (11.9%)

Large 638 511 (80.1%) 30 (4.7%) 97 (15.2%) 11 (1.7%) 116 (18.2%)

Small 617 577 (93.5%) 15 (2.4%) 25 (4.1%) 6 (1.0%) 34 (5.5%)

Vascularity type 0

All 1667 1581 (94.8%) 41 (2.4%) 45 (2.6%) 28 (1.7%) 58 (3.5%)

Large 997 940 (94.3%) 26 (1.5%) 31 (4.2%) 15 (1.5%) 42 (4.2%)

Small 670 641 (95.7%) 15 (2.2%) 14 (2.1%) 13 (1.9%) 16 (2.4%)

Vascularity type 1

All 1348 1274 (94.5%) 33 (2.4%) 41 (3.1%) 23 (1.7%) 51 (3.8%)

Large 865 810 (93.6%) 20 (2.3%) 35 (4.1%) 14 (1.7%) 41 (4.7%)

Small 483 464 (96.1%) 13 (2.7%) 6 (1.2%) 9 (1.9%) 10 (2.0%)

Vascularity type 2

All 3120 2931 (93.9%) 53 (1.7%) 136 (4.4%) 14 (0.5%) 175 (5.6%)

Large 2153 2005 (93.1%) 42 (2.0%) 106 (4.9%) 11 (0.5%) 137 (6.4%)

Small 967 926 (95.8%) 11 (1.1%) 30þ (3.1%) 3 (0.3%) 38 (3.9%)

Large 510mm; small, <10mm.
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involvement in 7/67 (10.4%). Surprisingly, the size

of carcinoma nodules was not significantly asso-

ciated with the occurrence of extracapsular growth

(large nodules 10.5%, small nodules 4.9%; p¼NS)

or lymph-node metastasis (large nodules 23.6%,

small nodules 25.0%; p¼NS).

Discussion

Prevalence and clinical relevance of
cancer lesions according to nodule size

The overall percentage of malignancy in our series is

lower (4.6%) than previously reported in studies
of smaller size, but similar to that recently observed

by Lin et al.20 in a very large series of 420000

patients (3.6%). This suggests that we have not
missed very many malignant nodules.

The frequency of histologically malignant lesions

was slightly less in small than in large nodules, but

clinically relevant in absolute terms. Follicular and

medullary carcinomas, (histological types with a less
favourable prognosis) were more frequent in small

nodules. Extracapsular growth and nodal involve-

ment at surgical staging were similar in small and
large nodules.

The discrepancy between the low prevalence of

clinically evident thyroid neoplasia compared with

the high rate of cancers under 10–15mm at

autopsy21 prompts many physicians to believe that

in most cases occult thyroid cancer has no clinical

relevance. In addition, several reports have sug-

gested that incidentally discovered thyroid papillary

carcinomas follow an indolent course.12,13,16,22 On

the other hand, other studies support our finding that

evidence of extrathyroidal spread and/or nodal

metastasis is equally common in large and small

nodules,14–16 and that no valid dimensional

cut-off for neoplastic aggressive behaviour can be

identified.

Ultrasonographic findings as predictors
of nodule malignancy

Many studies have investigated whether the ultra-

sonographic characteristics of thyroid nodules are

useful indicators of histological malignancy.

Overall, these investigations suggest a few ultra-

sonographic features that are significantly more

frequent in malignant than in benign thyroid

nodules, and some have tried to define a set of

characteristics that identify nodules at higher risk

of malignancy.
There is almost unanimous agreement that the

presence of microcalcifications within a nodule

is associated with thyroid cancer. Recently, two

retrospective studies with 799 and 1475 nodules,

respectively, have suggested that this is the only

ultrasonographic finding predicting histological

malignancy.7,23 Our data also indicate that intrinsic

microcalcification is the strongest criterion for

cancer (multivariate OR 10.8).
Blurred margins, hypoechoic pattern and intra-

nodular vascular flow have also been associated

with malignant lesions in some (but not all)

investigations.9,10,16,23–27 Our results confirm the

Table 3 Multivariate predictors of histological

malignancy

Predictors OR (95%CI) Wald statistic

Microcalcifications 10.8 (8.1–14.5) p<0.0001

Blurred margins 8.3 (6.2–11.1) p<0.0001

Size 510mm 3.9 (2.9–5.4) p<0.0001

Hypoechoic 3.6 (2.6–4.9) p<0.0001

Type 2 vascularity 1.6 (1.2–2.1) p<0.0001

Single nodule 1.0 (0.8–1.3) NS

Age 1.0 (0.9–1.0) NS

Gender (male) 1.0 (0.8–1.3) NS

Table 4 Diagnostic value of ultrasound findings for the detection of malignant thyroid nodules

Finding Sensitivity Specificity PPV NPV LR Test

efficiency

FNAC

done (%)

Missed

carcinomas (%)

Missed patients

(per 1000)

a. Size 510mm 77 35 5.4 97 1.18 37 65 19 10

b. Hypoechoic 81 47 7.0 98 1.53 49 53 19 9

c. Blurred margins 53 81 11.9 97 2.79 80 19 47 22

d. Calcification 72 71 10.8 98 2.48 71 29 28 13

e. Vascularity type 2 62 50 5.6 96 1.24 51 50 38 18

At least one of (c� e)þ b 79 61 8.8 98 2.03 62 39 23 10

At least two of (a� d) 93 43 7.4 99.2 1.63 46 57 7.4 3.4

At least one of (b� d) 98 27 6.1 99.6 1.34 30 73 2.1 0.9

PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio.
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predictive value of these features, with a stronger

association (OR 8.3) for blurred margins.

Decision-making

This large series of thyroid nodules prospectively

investigated by US-FNAC for potential malignancy

clearly indicates that nodule size is only a weak

predictor of histological malignancy, as suggested

by us a few years ago in a interim analysis of a

subset of the present data26 and subsequently

confirmed by other authors.10,25 Consequently,

the decision to proceed to FNAC simply because

a nodule is ‘palpable‘, or 410mm, cannot be

considered a proper strategy.
In terms of risk to benefit ratio for the individual

patient, US-FNAC should be probably considered

not only for palpable nodules, but also for nodules

<10mm in diameter, taking into account the

prevalence of malignant lesions in small nodules,

the frequency of nodal metastasis, extracapsular

growth and aggressive histological types found in

microcarcinomas and the limited incidence of

minor side-effects related to the procedure.

However, cost considerations have always been

important and have recently become even more

relevant in many countries.
Papini et al.10 suggest that FNAC on non-palpable

nodules characterized by a hypoechoic appearance

and at least one of three additional ultrasound

features (intranodular vascular images, blurred

margins and microcalcifications) would miss only

13% of carcinomas, but perform FNAC only in 31%

of patients. The same criteria applied to our

series would require FNAC in 39%, but miss 23%

of carcinomas. However, we prospectively

included nodules of any size, whereas Papini

selected non-palpable nodules;10 in this respect,

our data may be a more relevant test-bed for

ultrasound criteria.
According to our results, the best compromise is

probably to use FNAC on nodules with at least one

of: microcalcifications, blurred margins or hypo-

echoic pattern. Compared to the strategy of using

FNAC only on nodules 510mm, this strategy

requires a similar number of procedures but reduces

the percentage of missed carcinomas from 20%

to 2%.
If economical and/or organizational reasons

restrict the number of FNACs that can be done,

then including those nodules with at least two of:

(size 510mm, hypoechoic pattern, blurred margins

and microcalcifications) would limit the number

of procedures to 57%, and missed carcinomas to

about 7%.

Study limitations

Our percentage of non-diagnostic specimens at
US-FNAC was 26% in small nodules, about twice
that in large nodules; similarly high percentages
of inadequate cytology have been previously
reported for nodules <10mm.5,10,11 It is unclear
whether (and how) this difference in diagnostic
evaluation between small and large nodules affects
the interpretation of our data, since follow-up was
limited to a 6 months in all patients. However,
we do not think that our main finding of a rather
high prevalence of malignant lesions in small
nodules is invalidated by this limitation.

Conclusions

The prevalence of malignant lesions in thyroid
nodules referred for US-FNAC is not substantially
different in nodules above 1 cm vs. below 1 cm
in size. Histological type and local aggressiveness
are not more favourable in ‘microcarcinomas’ than
in larger thyroid cancers. A cost-effective approach
to the use of FNAC should not depend solely upon
nodule size; specific ultrasound patterns (microcal-
cifications, blurred margins and hypoechoic appear-
ance) appear to be useful indicators.
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