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compared with the transverse dimension [width] of the nodule 
to provide a height-to-width ratio in two diagnostic categories 
[≥1 and <1], nodule echogenicity, solidity and hypoechoic 
patterns, Doppler blood-flow patterns (intranodular vascular vs. 
other patterns) and the presence of other thyroid nodules in 
the thyroid gland. The features of malignancy were evaluated 
separately according to nodule size, which was categorized as 
small (<15 mm) and large (≥15 mm). In addition, the study 
included all accompanying nodules described in the ultrasound 
report and the postoperative histology report. Nodule margins 
were not described in a uniform fashion and thus could not be 
included in the analysis.

RESULTS The study comprised 1141 nodules in 672 patients 
whose mean (±SD) age was 49.5±11.4 years and for whom 
data on nodule palpability and histopathology were available. 
The analysis included 316 nodules for which Doppler blood-flow 
patterns were available and only 210 nodules for which data were 
available concerning the nodule shape. In all, 881 nodules were 
benign follicular adenomas and 96 were malignant (72 papillary, 
11 medullary, 5 oxyphilic [Hürthle cell], 2 follicular thyroid, and 
4 anaplastic thyroid). Among the 96 cancers, 33 (34%) had 
diameters less than 10 mm. There were 462 large nodules 
(40.5%) and 679 small nodules (59.5%).The mean nodule 
diameter was 32.97±14.31 mm (median, 28; range, 15 to 80) in 
the large-nodule group, and 11.25±2.7 mm (median, 10; range, 
4 to 15) in the small-nodule group. As compared with the benign 
tumors, the malignant tumors were more often hypoechoic (61.5 
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SUMMARY
BACKGROUND The wide use of neck ultrasonography 
has altered the diagnostic approach to thyroid nodules, often 
revealing many small nodules of uncertain clinical significance 
on the one hand, and multiple large thyroid nodules on the other, 
posing the question as to which nodules should undergo fine-
needle aspiration biopsy (FNAB). The aim of this study was to 
evaluate the diagnostic efficacy of ultrasound features that are 
most useful in establishing the indication for FNAB as it relates 
to the size of thyroid nodules.

METHODS This is a retrospective study of thyroid nodules 
diagnosed from 2000 through 2005 in 672 patients who were 
referred to thyroid surgeons for the management of thyroid 
nodules at the Medical University of Lodz in Poland. Many of 
these patients had large multinodular goiters, some of which had 
benign FNAB cytologic features and others that were suspected 
of having malignancy. Patients with a history of external-beam 
or ionizing radiation were excluded from the study. All of the 
ultrasound examinations were performed by three physicians 
with at least 5 years of experience with the same ultrasound 
equipment. Based on the postoperative histopathology, the 
thyroid nodules were classified as malignant or benign to 
facilitate an analysis of the nodule ultrasound features, including 
nodule shape, echogenicity, and intranodular blood flow pattern, 
and the presence of microcalcifications and multiple nodularity 
and tumor palpability. The following ultrasound features were 
analyzed: nodule shape (anterior–posterior dimension [height] 
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Figure 1. This figure shows the difference in accuracy of sonographic 
features in benign and malignant tumors, *P <0.001, comparing 
malignant and benign nodules, regardless of nodule size.

Figure 2. This is a frequency analysis of sonographic features of thyroid 
nodules and their size in groups of benign and malignant tumors. 
Small = <10 mm; large = ≥10 mm. * 316 nodules; ** 210 nodules. 
†P < 0.001, comparing malignant small nodules with malignant large 
nodules. Data for this figure is derived from Table 1 of Popowicz et al. 
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vs. 34.2%, P<0.0001) and solitary (35.4 vs. 21.1%, P<0.005) 
and more contained small calcifications (26.0 vs. 3.1%, 
P<0.001), and the malignant nodules more often had a height-
to-width ratio that was ≥1, versus <1 (45.0 vs. 10%, P<0.0001) 
(Figure 1). Also, in a separate analysis of the malignant and 
benign nodules, the same ultrasound features were found in the 
small nodules as compared with the large nodules. As compared 
with small benign tumors, small malignant tumors were more 
likely to be hypoechoic (P<0.001), to have a height-to-width ratio 
≥1 (P<0.0001), and to have microcalcifications (P<0.001). As 
compared with the benign nodules, small malignant tumors were 
more often solitary (36.5 vs. 17.4%; P<0.001), but this was 
found only with large nodules. An intranodular vascular pattern 
was significantly more common in large nodules as compared 

with small nodules (75 vs. 33.3%, P<0.05); however, there were 
no significant differences in Doppler blood flow in malignant and 
benign nodules (Figure 2). 

The small nodules were divided by size into two groups: ≤10 
mm and 11 to 15 mm. Features such as hypoechogenicity, 
solitary occurrence. and height-to-width ratio ≥1 tended to be 
more sensitive for the diagnosis of thyroid cancer in smaller 
nodules (Figure 3) The single most sensitive ultrasound feature 
allowing selection of nodules for FNAB in both small and large 
nodules was hypoechogenicity (Figures 4 and 5). Nonetheless, 
selecting only hypoechoic nodules for biopsy would have missed 
31% of the small malignant tumors and 49% of the large tumors. 
The specificity of this criterion was significantly lower for small 
nodules than for large nodules (57.9 vs. 77.7%, P<0.0001) 
(Figures 5 and 6). Although the most specific criterion for 
malignancy in both small and large tumors was the presence 
of microcalcifications (>95%), the sensitivity of this feature was 
only 29.5% in both small and large tumors. The height-to-width 
ratio of a nodule had a higher sensitivity for malignant tumors 
in the large tumor group than the small tumor group (55.1 vs. 
29.0%, P<0.002) (Figure 4) but had lower specificity (83.3%). 
A solitary nodule was more specific for malignancy in a small 
nodule than in a large tumor (82.6 vs. 73.2%, P<0.001). 

Multivariate logistic-regression analysis (Figure 7) found in the 
small-nodule group that at least one of the ultrasound tumor 
features significantly differentiated malignant and benign 
nodules, which would have led to aspiration of 98% of malignant 
nodules, while lowering the number of examinations by 24.3%. 
Also in the small-tumor group, a sensitivity of >90% was found 
for an FNAB selection of malignant tumors that included all 
hypoechoic nodules and those with a height-to-width ratio ≥1. 
However, with these selection criteria, the specificity would be 
only 46.3% and the number of FNABs would decline by 28%. 
In the group of small nodules with diameters ≤10 mm, these 
ultrasound selection criteria (hypoechogenicity and height-
to-width ratio ≥1) would result in a sensitivity of 90% with a 
specificity as low as 34.6%. If the selection criteria included 

Figure 3. This figure shows the results of a detailed analysis of small 
nodules divided into lesions with diameters ≤ 10 mm and 11-15 mm. 
It shows that features like hypogenicity, solitary nodules, and height-
to-width ratio ≥ 1 tended to be more sensitive in smaller nodules 
whereas nodule microcalcifications were less sensitive. Neither nodule 
palpability nor size > 10 mm was significantly associated with the 
histology diagnosis. * 3125 nodules; ** 103 nodules. Data for this 
figure were derived from Table 2 of Popowicz et al.

Figure 4. This figure shows the diagnostic accuracy of the ultrasound 
features in large thyroid nodules. Data for this figure were derived from 
Table 3 of Popowicz et al.

Figure 5. This figure shows the diagnostic accuracy of the ultrasound 
features in small thyroid nodules. Data for this figure were derived from 
Table 4 of Popwicz et al. 
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all nodules that were solitary or had microcalcifications, or 
had a height-to-width ratio ≥1, the specificity would increase to 
77.8% in nodules ≤10 mm with a sensitivity of 81.6%; however, 
hypoechogenicity was the only feature among those analyzed 
that differed significantly between invasive and noninvasive 
cancers. The FNAB of all hypoechoic nodules or those containing 
calcifications or a height-to-width ratio ≥ 1 would lead to a 55.1% 
decline in the number of FNABs performed, while maintaining a 
high sensitivity and specificity of 83.9% and 72.4%, respectively. 

CONCLUSION There is strong rationale for using thyroid 
ultrasound features to select large or small thyroid nodules 
for fine-needle aspiration biopsy. Nodule hypoechogenicity, 
microcalcifications, and a height-to-width ratio ≥1 are 
independent factors predicting malignancy in thyroid nodules 
regardless of nodule size. 

COMMENTARY
A variety of ultrasound findings have been identified as 
independent features suggesting malignancy in a thyroid 
nodule. The study by Popowicz et al. provides further insight into 
this problem. This study found that lesional hypoechogenicity 
and the presence of microcalcifications were independent 
factors that suggested malignancy with a high degree of 
accuracy, regardless of nodule size. Widely recognized features 
portending malignancy in a thyroid nodule are hypoechogenicity 
(1-3), microcalcification (1, 3, 4), and irregular nodule margins 
(3, 4). 

In addition to these ultrasound features, Popowicz et al. 
found on multivariate analysis that the shape of thyroid 
nodules determined by a height-to-width ratio ≥1 was also an 
independent factor suggesting malignancy. However, this has 
not been as widely accepted and varies according to the way 
it is measured in various studies. For example, Alexander et al. 
(5) found that a long-to–short-nodule axis ratio >2.5 was 100% 
predictive of a benign process; however, this was present in 
only 4% of the study cohort but was confirmed by a prospective 
validation with consistent results (P<0.01). In another study, 
Berker et al. (6) found that a long-to-short-nodule axis ratio 
<1.5 was associated with malignancy in subcentimeter thyroid 
nodules. Still others have determined the nodule configuration 

by measuring the anterior–posterior -to-width ratio. For example, 
Moon et al. (7) found that malignancy was identified by a taller-
than-wide shape, which had a specificity of 91%, but a sensitivity 
of only 40%. Cappelli et al. (8) also found that a nodule shape 
that was more tall than wide determined by the anteroposterior-
transverse diameter ratio >1 was a good predictor of 
malignancy independent of the nodule size, but concluded that 
microcalcification, blurred margins, and a hypoechoic nodule 
pattern was the best compromise between missing cancers and 
cost–benefit. 

Popowicz et al. did not find Doppler blood-flow characteristics 
of the nodule to be useful for identifying malignancy in small 
nodules, which is in keeping with the findings in some studies 
(2, 9, 10) but not in others (8). For example, Papini et al. (11) 
found that an intranodular vascular pattern, was an independent 
risk factor of malignancy. Chan et al. (12) also found that 
hypoechogenicity (86%), microcalcifications (42%) and 
intranodular hypervascularity (69%) were uncommon features of 
papillary thyroid cancer. Thus, the findings on this feature are 
highly variable. 

Popowicz et al. also found that a solitary nodule was also 
an ultrasound feature that suggested malignancy in small 
nodules, which has been found by some (5, 13) but not all (2, 

Figure 6. This figure shows the ultrasound features that independently 
identify malignant thyroid nodules. Data for this figure was derived from 
Table 5 of Popowicz et al.

Figure 7. This figure shows the odds ratios for ultrasound features 
suggesting malignancy in a thyroid nodule in patients with large thyroid 
nodules or small thyroid nodules. Data for this figure was derived from 
Table 5 of Popowicz et al.
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11) studies. Still other studies (14) find that the cancer risk for 
patients with one or two nodules >1 cm decreases with three 
or more thyroid nodules.

Popowicz et al. found no single criterion to be optimal for 
selecting nodules for FNAB, a conclusion reached by others (8, 
11, 15, 16). Popowicz concluded that the results of this study 
provide a rationale for using ultrasound features in selecting 
nodules for FNAB, such as the shape of nodules with a height-
to-width ratio ≥1, hypoechogenicity, microcalcifications and a 
solitary nodule, but these ultrasound features have different 
predictive diagnostic values and different sensitivity and 
specificity according to nodule size. The authors offer the 
caveat that although the set of ultrasound features proposed 

in this study for small nodules is greater than that for large 
nodules, it does not mean that FNAB of very small nodules 
(microcarcinomas) should be performed more often than for 
larger nodules. Rather, it shows what ultrasound features 
should be considered to obtain the maximal sensitivity, and that 
small nodules presenting with such features should be biopsied 
or followed by repeat ultrasound examinations (17). 

This is a very thoughtful study that provides important 
information about ultrasound-guided FNAB, not only in the sense 
of guiding the biopsy needle, but also in guiding the physician 
who will be performing the biopsy. 

Ernest L. Mazzaferri, MD, MACP 
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