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Contribution of high-resolution ultrasonography in the
differential diagnosis of benign from malignant thyroid nodules

ABSTRACT

The purpose of this study was to investigate the value of "high-resolution ultrasonography" in the
differential diagnosis of benign from malignant thyroid nodules. The study included ultrasonogra-
phy examination of 77 patients with thyroid nodules, who underwent thyroidectomy. The histolog-
ical findings were subsequently compared with pre-operative sonographic findings. Thirty patients
had malignant nodules and 47 patients had benign nodules. The sonographic features that were
studied were: hypoechogenicity or isoechogenicity of the nodules, the presence of peripheral halo,
the regular or irregular contour, the presence of microcalcifications, the presence of cystic degen-
eration and the existence of solitary or multiple nodules. The results revealed that low echogenicity
constitutes a sonographic feature of malignancy with high sensitivity and medium specificity. The
presence of microcalcifications is a feature of malignancy with low sensitivity but high specificity.
Conversely, the regular contour of a nodule and the presence of peripheral halo are features of
benign nodule with high sensitivity and specificity. Cystic degeneration occurs at the same rate in
benign and malignant nodules. Solitary nodules were malignant more often than were multiple
nodules, a finding that was not, however, statistically significant. We conclude that high-resolution
ultrasonography contributes greatly in the preoperative differential diagnosis of thyroid nodules.
It constitutes an important diagnostic means complementary to needle biopsy in the management
of thyroid nodules and it is even more valuable in those nodules that cannot undergo biopsy.
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INTRODUCTION

Thyroid nodules are very frequent in the general pop-
ulation. In the USA, their frequency is reported to vary

from 4% to 21%1,2. The frequency of diagnosed nodules
increases with age and it is approximately 4 times higher
in women than in men. Recently, the frequency of diag-
nosed nodules has increased due to the widespread use
of ultrasonography. Thus sonographically diagnosed nod-
ules by various researchers vary from 21% to 67% in per-
sons aged over 503-5. On the other hand, thyroid carcino-
ma is rare since it constitutes 1% of all carcinomas en-
countered in humans and the possibility that a thyroid
nodule may harbour a carcinoma is relatively small ap-
proximating 5%6. Moreover, most thyroid carcinomas are
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papillary carcinomas which develop slowly and have a
generally good prognosis7.

Therefore, the dilemma for the physician is how to
diagnose as many malignant nodules as possible with-
out, subjecting many benign nodules to unnecessary sur-
gery. Pre-operative differential diagnosis of benign from
malignant thyroid nodules is a relatively strenuous proc-
ess because there is no pre-operative method with 100%
sensitivity and specificity in the diagnosis of thyroid can-
cer. The pre-operative examinations usually performed
are biochemical examinations such as the assessment of
TSH, calcitonin and thyroid autoantibodies which, how-
ever, offer little help in the diagnosis of the common types
of thyroid cancer. Furthermore, the isotopic scintiscan
which differentiates cold from hot nodules has a high
sensitivity but low specificity since almost all malignant
nodules are cold but out of the cold nodules only 15-
20% are malignant8. The fine needle aspiration biopsy
has a higher sensitivity (85-95%) and specificity (85-95%)
than any other method and is nowadays the most impor-
tant preoperative examination in the differential diag-
nosis of thyroid nodules9,10. However, it is an invasive
method to which the patient does not always consent and
cannot be applied to non-palpable nodules and to nod-
ules located on the rear surface of the gland. Ultrasonog-
raphy provides information on the size and the location
of a nodule and is very useful in the correct interpreta-
tion of the scintigraphy. Moreover, it offers valuable help
in performing ultrasound guided needle aspiration bi-
opsy on relatively small non-palpable nodules11.

It seems that the new generation high-resolution
sonographers of superficial organs make it possible to
acquire useful information in differentiating benign from
malignant thyroid nodules12,13. High frequency transduc-
ers (10-13 MHz) have high axial and lateral resolution
and are capable of distinguishing small sonographic
changes of the thyroid parenchyma such as microcalcifi-
cations, thin peripheral halo, cystic degenerations and
small differences in echogenicity between the nodule and
the healthy parenchyma.

The purpose of this study was to review the sono-
graphic findings of thyroid nodules, which were exam-
ined with high-resolution equipment at our practice and
which were subsequently excised in order to assess the
value of high-resolution ultrasonography in the differ-
ential diagnosis of benign from malignant nodules.

MATERIALS - METHODS

During the last decade, we examined about 10,000

patients sonographically at our practice. Approximately
1,000 patients had thyroid nodules of different size. Four
hundred of these patients had thyroid nodules larger than
1 cm (maximal diameter) and underwent thyroidecto-
my. In the histological examination, 30 patients proved
to have malignant nodules and the remaining 370 pa-
tients had benign nodules. In our study we included all
30 patients with malignant nodules. From the total 370
patients with benign ones we randomly chose 47. To en-
sure that the sample was random, we chose 1 out of eve-
ry 8 patients, based on their medical record number. The
histological examination showed that out of the 30 ma-
lignant nodules, 21 constituted papillary carcinomas, 5
follicular carcinomas, 2 Hurthle cell carcinomas, 1 ana-
plastic carcinoma and 1 lymphoma. Out of the 47 be-
nign nodules, 45 were hyperplastic nodules and 2 were
follicular adenomas. Of the patients who had the malig-
nant nodules, 25 were women and 5 men with a mean
age of 44.5 (±13.7) whereas of the patients with the be-
nign nodules, 41 were women and 6 men with a mean
age of 49 (±13.7). The scintigraphic examination showed
all malignant nodules to be cold, whereas of the benign
nodules 36 were cold and 11 were hot.

All ultrasonographic examinations were carried out
by the same operator (E.V.) using the same sonographer
(ESAOTE - BIOSOUND, USA, Model AU4). This
sonographer has 2 transducers, one that operates at 7.5-
10 MHz frequencies and another that operates at 10-13
MHz frequencies. The 7.5-10 MHz transducer has an
axial resolution capacity of 0.2mm and max focal depth
of 6 cm, whereas the 10-13 MHz transducer has an axial
resolution capacity of 0.1 mm and max focal depth of 5
cm. The majority of the patients were examined with the
10-13 MHz transducer, apart from few patients with
deeply localized nodules who were examined with the
7.5-10 MHz transducer. Postoperatively, the histologi-
cal findings were compared with the preoperative sono-
graphic findings.

The sonographic characteristics studied were the
hypoechogenicity (Figure 1) or isoechogenicity (Figure
2) of the nodules in relation to the normal thyroid pa-
renchyma; the presence of peripheral halo (Figure 2);
the presence of a regular (Figure 2) or irregular (Figure
1) contour of the nodule; the presence of microcalcifi-
cations (<2mm) in the nodule, (Figure 3); the presence
of cystic degeneration, which appears as an unechoic area
inside the nodule (Figure 4); the presence of solitary or
multiple nodules inside the thyroid gland.

Statistical analysis of the findings was carried out us-
ing the X2 test with Yates correction. A p-value of less
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Figure 1. Hypoechogenic nodule, 22x11 mm. in size with irregular
contour. It was a papillary carcinoma.

Figure 2. Isoechogenic nodule, 29 mm. in size with peripheral halo.
It was a hyperplastic nodule.

Figure 3. Hypoechogenic nodule, 12x19 mm. in size with microcal-
cifications. It was a papillary carcinoma.

Figure 4. Cystic nodule, 31x14 mm. in size with solid elements on
the wall. It was a hyperplastic nodule.

than 0.05 was considered to indicate statistical signifi-
cance.

RESULTS

The results are shown in figure 5.

Twenty two out of 30 (73%) malignant nodules and
16 out of 47 (34%) benign ones were hypoechogenic. This
difference was statistically significant (p<0.01), sensitiv-
ity: 22/30=0.73, specificity: 31/47=0.65, positive predic-
tive value 9 (p.p.v.): 22/(22+16)=0.57.

A peripheral halo appeared in 37 out of 47 (78%)
benign nodules and in 4 out of 30 (13%) malignant ones,
p<0.001 sensitivity: 37/47=0.78, specificity: 26/30=0.86,

p.p.v: 37/41=0.90

Thirty seven out of 47 (78%) benign nodules and 3
out of 30 (10%) malignant ones had a regular contour,
p<0.001, sensitivity: 37/47=0.78, specificity: 27/30=0.90,
p.p.v: 37/40=0.92.

Seventeen out of 30 (56%) malignant nodules and 5
out of 47 (10%) benign ones had microcalcifications,
p<0.001, sensitivity: 17/30=0.56, specificity: 42/47=0.89,
p.p.v.: 17/22=0.77. It is worth mentioning that 16 out of
21 (76%) papillary carcinomas had microcalcifications.

Malignant nodules tended to be solitary more fre-
quently than benign ones (20/30, 65% vs. 25/47, 53%);
however, this difference was not statistically significant,
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0.01<p<0.5.

There was no difference in the incidence of cystic
degeneration between malignant (43%) and benign
(44%) nodules, (p>0.5).

DISCUSSION

There is a significant amount of disagreement among
endocrinologists as far as thyroid nodule management is
concerned. Specialists in the field were asked to express
their opinion about thyroid nodule management in two
reviews: a North-American review14, and a European
one15. According to the results, North-American endo-
crinologists prefer FNA at 100%, ultrasonography at 34%
and scintigraphy at 34%, whereas European specialists
prefer FNA at 99%, ultrasonography at 80% and scin-
tigraphy at 66%. Therefore, it appears that apart from
FNA, which constitutes a major examination preferred
and used by everyone at the same frequency, there is a
significant difference in the use of imaging examinations,
particularly sonography, in the management of thyroid
nodules. This is probably because old technology sono-
graphers provided information concerning only the size
and location of the nodules and did not contribute in
distinguishing benign from malignant ones. The defini-
tion of criteria of malignancy using high-resolution sono-
graphers, such as the one used in our study, is, therefore,
very important.

In the nodules that were examined in our study,
hypoechogenicity was characteristic of malignancy with
high sensitivity (73%) but lower specificity (65%). Most
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Figure 5. Frequencies of sonographic characteristics in benign and malignant nodules.

malignant nodules are, therefore, hypoechoic but hyp-
oechogenicity does not necessarily mean that the nod-
ule is malignant. Other researchers have reported anal-
ogous results. Naoun et al16 observed that 92% of thy-
roid carcinomas were hypoechoic, whereas 18% of be-
nign nodules were hypoechoic. Lin et al17 showed that
76% of thyroid carcinomas were hypoechoic, whereas
23% of benign nodules were hypoechoic. It is worth
mentioning that hypoechogenicity is also characteristic
of Hashimoto's thyroiditis where, however, the whole of
the thyroid parenchyma is usually involved18. A hypo-
echogenic nodule may thus be difficult to evaluate against
a background of autoimmune thyroiditis. In these cases,
it is necessary to investigate other sonographic features
such as the peripheral halo, microcalcifications, or the
presence of lymph nodes.

In our study, a regular contour was characteristic of
a benign nodule with high sensitivity (78%) and very high
specificity (90%). Other researchers have come to simi-
lar conclusions19. A regular contour may be combined
with low echogenicity, as in a pure cyst and in colloid
nodules or with isoechogenicity, as in the glandular nod-
ules. On the other hand, an irregular contour is charac-
teristic of malignancy with high sensitivity and specifici-
ty.

Peripheral halo, in our study, was characteristic of a
benign nodule with high sensitivity (78%) and very high
specificity (86%). It is a hypoechoic halo in the circum-
ference of the nodule. The colour flow Doppler sono-
graphy shows that it is due to vessels arranged peripher-
ally to the nodule. The peripheral halo of benign nod-
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ules is thin (<2 mm), regular and usually surrounds the
nodule without splitting. Sometimes halo is also found
in malignant nodules. In this case however the halo is
thicker and irregular20.

Microcalcifications are shown on the ultrasonogra-
phy as hyperechoic dots inside the nodule. They are less
than 2 mm in size and are usually multiple and concen-
trated. Sometimes acoustic shadow is shown behind them.
In our study, microcalcifications were characteristic of
malignancy with low sensitivity (56%) but very high spe-
cificity (89%). Their presence, therefore, is an almost
pathognomic characteristic of thyroid carcinoma, and in
most cases a papillary one. According to Amodio et al21,
microcalcifications have a greater specificity for malig-
nancy than all other sonographic features. The sensitivi-
ty of this finding, in particular, is higher with a high fre-
quency transducer (13 MHz) than with a lower frequen-
cy one (7,5 MHz). Kakkos et al22 also reported that the
highest frequency of calcifications is found in the thy-
roid carcinoma (54%) followed by the multinodular goit-
er (40%), the solitary glandular nodule (14%) and the
follicular adenoma (12%). At this point, it is worth men-
tioning that calcifications are also found in Hashimoto
thyroiditis and in multinodular goiter. Moreover, it is a
very common finding on those parts of the thyroid gland
that underwent needle aspiration. It is, therefore, very
important to evaluate calcifications in relation to their
morphology, the patient's medical history, the clinical
profile and the biochemical data (TSH, thyroid autoan-
tibodies). Large calcifications (>2mm) observed on dif-
ferent parts of a multinodular goiter, as well as periph-
eral, eggshell-like, calcifications are relatively common
in benign nodules. On the other hand, small (<2mm)
calcifications inside a hypoechoic nodule are character-
istic of malignancy. According to Solbiati20, while periph-
eral (eggshell) calcification is characteristic of a benign
nodule, microcalcifications within the nodule are char-
acteristic of malignancy with low sensitivity (59%) but
high specificity (95%).

In our study, cystic degeneration had the same fre-
quency (43%) in benign as well as in malignant nodules.
In a retrospective study on 153 operated cystic nodules,
Hiromura23 reported that cancer frequency in cystic thy-
roid nodules varies from 4 to 80%, depending on the
morphology of the nodules. In purely cystic nodules it is
only 4%, whereas in cystic nodules with solid elements
on the wall, its frequency amounts to 80%. In our study,
all nodules had solid together with cystic elements and
none of them was purely cystic. Moreover, the 2 nodules
that had the morphology of a cyst with solid elements on

the wall were both benign. Furthermore, Watters et al24

reported that malignant nodules at ultrasonography ex-
amination tend to be solid and hypoechoic without halo,
with cystic degeneration at 26% and microcalcifications
at 37%.

In our study, solitary nodules tended to be malignant
more often than multiple ones, a finding that was not,
however, statistically significant. Other researchers have
also come to the same conclusion25. On the other hand,
older studies which were mostly based on palpation, dur-
ing which small nodules were not felt, showed that thy-
roid cancer is mostly found in the form of a solitary nod-
ule. It seems, however, that a palpable solitary nodule
represents a sonographically multinodular gland in about
50% of patients26.

We conclude that preoperative examination of thy-
roid noduls with a high-resolution sonographer not only
provides useful information on the size and location of
thyroid nodules, but also contributes significantly in the
differential diagnosis of benign from malignant nodules.
As it is a simple, inexpensive and radiation-free exami-
nation with high sensitivity and specificity, we believe that
high-resolution ultrasonography can be a valuable means
in the preoperative diagnosis of thyroid nodules, com-
plementary to fine needle aspiration. More specifically,
it is of great value in the case of nodules that cannot un-
dergo needle biopsy. However, in order to be able to
obtain all necessary information, it is important that a
high-resolution sonographer of superficial organs is used
and the operator has the necessary experience.
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