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Background: The purpose of this study was to investigate the value of the quantitative assessment of
enhancement on contrast-enhanced ultrasound (CEUS) for diagnosing solid hypo-echoic thyroid nodules
(SHTNE).

Methods: A total of 87 SHTNs were imaged by both conventional ultrasound (CUS) and CEUS. The
sonographic features, enhancement pattern, and dynamic perfusion changes of the thyroid lesion were
evaluated and compared. The final diagnosis was based on histological findings.

Results: Of all nodes, 32 were benign, and 55 were malignant. The benign thyroid nodules mainly
exhibited diffuse enhancement. The 55 malignant nodules mainly exhibited absent or faint dotted
enhancement patterns. Quantitative analysis of CEUS revealed that the Peak enhancement and area under
the curve (AUC) of malignant nodules were markedly reduced compared to those of benign nodules.
Significant differences between CEUS and CUS were noted with respect to the sensitivity, negative
predictive value, false negative rate and accuracy.

Conclusions: CEUS is a promising imaging-based approach that can assist in the differential diagnosis of
solid hypo-echoic thyroid nodules.
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Introduction

In current clinical practice, doctors typically prefer
ultrasound examination as the imaging modality to
evaluating, assessing, and monitoring thyroid nodule
problems. Currently, several ultrasonography (US)
characteristics have been proposed to assist in the diagnosis
of malignant thyroid nodules. Six US characteristics
(1,2), including a predominantly solid composition,
hypo-echogenicity, irregular margins, absence of a halo,
microcalcifications, and an anteroposterior (AP) diameter
larger than the axial diameter (taller than wider shape), could
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be potential predictors of thyroid malignancy. Endorsed
by the Society of Radiologists in an Ultrasound Consensus
Conference statement (3), the above US features, especially
solid consistency and hypo-echogenicity, are highly
relevant to thyroid cancer. Papini et 4/. reported that the
combination of a solid echostructure with a hypo-echogenic
pattern has 87% sensitivity but low specificity and positive
predictive value (PPV) for diagnosing thyroid cancer (4).
Gul er al. also found that 99.1% of thyroid cancers were
solid and that 86.6% appeared as hypo-echoic nodules on

conventional ultrasound (CUS). However, the specificities
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of these factors were poor given that 47.7-75.9% of benign
nodules were solid and up to 55% of benign nodules were
hypo-echoic (5). Therefore, preoperative discrimination
of solid hypo-echoic thyroid nodules (SHTNs) remains
challenging, and the characteristics of SHTNs on US are
important in clinical practice.

Fine needle aspiration biopsy (FNAB) is currently widely
used in the diagnosis of thyroid nodules and has the highest
specificity (72-100%) (6,7). However, this technique may
have some weaknesses given its poor sensitivity (65-98%).
Approximately 10-20% of thyroid nodules could not
be diagnosed, 1-2% were false negative results, 3-16%
were non-diagnostic and 6-20% exhibited indeterminate
(follicular lesions) outcomes in previous studies (7-9).
These indeterminate lesions are associated with a risk of
malignancy of approximately 25% (10,11). However, some
patients refuse to undergo FNNAB; therefore, other effective
ultrasound examinations are needed for the diagnosis of
benign and malignant thyroid nodules.

Contrast-enhanced ultrasound (CEUS) is a new modality
for the diagnosis of thyroid nodules (12). CEUS provides
a better representation of the vascular pattern. Some
authors have reported that ring enhancement is more
likely to indicate a benign lesion, whereas heterogeneous
enhancement perfusion curves characterize malignant
nodules (13-15). However, the role of CEUS in the thyroid
remains controversial, and the vascular enhancement pattern
for solid SHTNSs is unknown. Hence, the present study
sought to evaluate the diagnostic performance of CEUS for
the differential diagnosis of benign and malignant SHTNs.

Methods
Patients and selection criteria

Between October 2014 and April 2016, a total of 97 patients
with 123 nodules were examined with CEUS after detection
by CUS. The inclusion criteria were (I) solid nodules;
(I) hypo-echogenicity on US classified with the Thyroid
Imaging Reporting and Data System as categories 3-5; (I1I)
no macrocalcification (large calcifications in the thyroid
nodules result in perfusion defects regardless of whether
the nodule is benign or malignant) and (IV) verification by
pathological examination after surgical resection. Among
123 nodules, 31 nodules with no pathology results and 5
nodules with unsatisfactory CEUS video clips were not
included in this study. Thus, the pathology results for 87
nodules in 77 patients (mean age, 52.4x17.2 years; range,
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19-84 years) were obtained after surgery. The study was
approved by the Clinic Institutional Review Board (IRB)
of Huadong Hospital, Fudan University. Informed consent
was obtained from all patients.

Conventional US and CEUS examinations

CUS and CEUS examinations were performed with a Siemens
Acuson S2000 US instrument (Siemens, Mountain View,
CA, USA), and a 5- to 14-MHz linear array transducer (914,
Siemens Medical Solutions) was used in all examinations.
Thyroid nodules were assessed for size, location, shape,
margin, echogenicity presence/absence of halo sign, and
presence/absence of microcalcification or macrocalcification.
After a B-mode ultrasound examination, color Doppler US
was performed to evaluate intranodular vascularity.

The maximum plane that included the whole lesion and
its surrounding normal tissue was selected for CEUS. CEUS
was performed under a low mechanical index between 0.06
and 0.10 with a gain of 100120 dB and a frame rate of 26.
The focus was set below the target lesion, and the time gain
compensation was positioned on the midline. The parameters
remained the same during the examination. The contrast
agent used in this study was SonoVue (Bracco, Milan, Italy).
Contrast-tuned imaging and microflow imaging software
were incorporated in the system and used here. In total, 1.5
mL SonoVue was administered via a peripheral vein in a
bolus followed by a 5-mL normal saline flush. Continuous
imaging was performed immediately after injection of the
contrast agent and lasted for 3 min. For multiple nodules,
if one section could not be simultaneously observed, two
contrast agent injections were performed.

Image analysis

The thyroid nodules were evaluated on CEUS relative to a
normal thyroid parenchyma. The enhancement degree was
classified as hyper-, iso-, or hypo-enhancement and assessed
relative to the surrounding normal thyroid tissue at the peak
time. The microbubble arrival time/degradation time was
classified as earlier, at the same time, or later. Peripheral
enhancement was classified as existent or none. Peripheral
enhancement was defined as enhancement occurring
exclusively or predominantly at the periphery of the lesion.
Enhancement homogeneity was classified as homogeneous
or heterogeneous. Homogeneous enhancement was
defined as uniform enhancement throughout the lesion.
Heterogeneous enhancement was defined as non-uniform
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Table 1 Characteristics of benign and malignant thyroid nodules
on conventional US

Indicators I(B::ég;; M?:E’;;nt X2 va||:ue

Shape 0.035 0.852
Round/oval 21(65.6) 35(63.6)
Irregular 11 (34.4) 20 (36.4)

Margin 1292 0.256
Circumscribed 15 (46.9) 19 (35.5)
Indistinct 17 (63.1) 36 (65.5)

Halo 4.311 0.037
Complete 19 (59.4) 20 (18.2)
Incomplete or 13 (40.6) 33 (81.8)
none

Microcalcifications 4977  0.026
Presence 9 (28.1) 29 (61.8)
Absence 23 (71.9) 26 (38.2)

Orientation 4.912 0.027
Wider than tall 27 (30.9) 34(23.8)
Round/taller than 5(18.5) 21 (66.7)
wide

Homogeneity 0.099 0.753
Homogeneous 22 (82.7) 36 (81.0)
Heterogeneous 10 (17.3) 19 (19.0)

Intranodular vascularity 4177  0.041
With 7 (48.1) 24 (23.8)
Without 25(51.9) 31(76.2)

Values are presented as number (%). US, ultrasonography.

enhancement exhibiting variations within the lesion. During
the post-processing analysis, the operator manually drew a
region of interest (ROI) covering the tissue to be studied,
and a color map was automatically generated by the system.
Then, further and smaller ROIs of similar size were hand-
drawn on the color map within the tumor. Finally, the peak
of enhancement [Peak (%)], time to peak [Tp (s)], area under
the curve [AUC (%/s)], and mean transit time [M'TT (s)] for
each ROI were automatically measured by the system.

The examinations were performed by one radiologist
who had 9 years of experience in thyroid US and 3
years of experience in thyroid CEUS. Retrospective

© Translational Cancer Research. All rights reserved.

tcr.amegroups.com

Diao et al. The value of CEUS in evaluating SHTNs

analyses of contrast-enhancement patterns and kinetic
data were performed by two radiologists not involved in
the US scanning and blinded to the final diagnosis. If a
disagreement occurred, another radiologist reviewed the
image until a consensus was reached.

Statistical analysis

Statistical analyses were performed using SPSS software
version 19.0 (make). The sensitivity, specificity, PPV,
negative predictive value (NPV), and diagnostic accuracy
were calculated by comparing the findings with the results
of histological reports. Continuous quantitative data
were expressed as the mean = standard deviation (SD).
Conventional US characteristics and CEUS enhancement
features of thyroid nodules were performed using the y test.
Student’s 7-test was used to compare the CEUS parameters
of both benign and malignant thyroid nodules. A value of
P<0.05 was considered to indicate a significant difference.

Results
Histopathologic analysis

Among the 87 thyroid nodules that were histology
confirmed, a single nodule was detected in 62 patients, and
multiple nodules were noted in 15 patients. Forty-seven
nodules were found on the right side, 33 were found on the
left side, and 7 were located in the thyroid isthmus. The
mean diameter of the thyroid nodules was 13.5+5.3 mm with
a range from 5 to 33 mm. Of the 87 nodules, 32 (36.8%)
were benign (23 nodule goiters, 8 follicular adenomas, and
1 granuloma), and 55 (63.2%) were malignant (53 papillary

carcinomas and 2 follicular carcinomas).

Conventional US features of SHTNs

The mean maximum diameters of the thyroid nodules
obtained from CUS were 13.7+6.2 mm (5 to 33 mm) for
benign lesions and 12.1£5.3 mm (6 to 30 mm) for malignant
lesions (P>0.05). Significant differences were found for the
indicators, including halo, microcalcifications, orientation
and intranodular vascularity, on CUS between benign and
malignant lesions. However, no significant differences in
the shape, margin and homogeneity were noted. Table 1
details the image features of benign and malignant
nodules on CUS. Predominantly, solid composition,
hypo-echogenicity, irregular margins, absence of a halo,
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Table 2 CEUS enhancement features of both benign and malignant thyroid nodules

Indicators Benign (n=32) Malignant (n=55) x P value

Enhancement degree 39.545 0.000
Hyper-/iso-enhancement 24 5
Hypo-enhancement/none 8 50

Peripheral enhancement 7.256 0.007
Presence 7 2
Absence 25 53

Enhancement homogeneity 10.632 0.001
Homogeneous 14 7
Heterogeneous 18 48

Microbubbles arrival time 0.303 0.069
Earlier/at the same time 21 25
Later 11 30

Microbubbles degrade time 3.462 0.063
Later/at the same time 20 23
Earlier 12 32

CEUS, contrast-enhanced ultrasound.

microcalcifications, a taller rather than wider shape, and
intranodular vascularization were considered suspicious
features of malignancy in CUS.

Enbancement features

No adverse events or side effects were recorded during or
immediately after the injection of SonoVue. Benign and
malignant thyroid nodules exhibited different enhancement
features (Table 2). The 55 malignant nodules exhibited
mainly absent or faint dotted enhancement patterns
including absence in 9 (16.36%), hypo-enhancement in 41
(74.55%), and hyper-enhancement in 5 (0.91%) nodules.
The 32 benign thyroid nodules primarily exhibited
diffuse enhancement, including hyper-enhancement in
18 (56.25%), iso-enhancement in 6 (18.75%), hypo-
enhancement in 5 (15.63%), and an absence of enhancement
in 3 nodules (0.94%) (Figure 1). In the qualitative
evaluations, the Peak and AUC of most malignant nodules
were reduced compared to those of the surrounding normal
thyroid tissue. In addition, the Tp and MTT were also
delayed. In most benign nodules, the Peak, Tp, AUC
and MTT were similar to those of surrounding normal
thyroid tissue. The Peak, AUC, enhancement degree, and
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enhancement homogeneity on CEUS were significantly
different between benign and malignant nodules (P<0.05)
(1able 3; Figures 2-5).

Comparison of the diagnostic value of CEUS and CUS

The diagnostic performance of the two different modalities for
discrimination between benign and malignant thyroid lesions
is presented in Table 4. Of the 87 nodules, 51 were diagnosed
as malignant, and 26 were benign on CEUS. In addition, 10
nodules were misdiagnosed. With regard to CUS, 42 nodules
were suspicious for malignancy, and 21 were likely benign. In
total, 24 nodules were misclassified (Figures 4,5). Although no
significant differences were noted between CEUS and CUS
with respect to specificity (81.3% wvs. 65.6%), PPV (89.5%
vs. 79.2%) and false positive rate (18.8% vs. 34.4%), these
methods differed significantly in terms of sensitivity (92.7% us.
76.4%), NPV (86.7% wvs. 61.8%), false negative rate (7.3% uvs.
23.6%) and accuracy (87.4% vs. 72.4%).

Discussion

Up to 68% of people have thyroid nodules. Most thyroid
malignancies are solid and hypo-echoic on CUS. The rate of
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Figure 1 Enhancement pattern of thyroid carcinoma and benign nodule. (A,B) A 2-cm nodule with no enhancement. Upon histological

examination, this lesion was a papillary thyroid carcinoma; (C,D) a 25-mm nodule that exhibited iso-enhancement. Upon histological

examination, this lesion was deemed a nodular goiter.

Table 3 CEUS parameters of both benign and malignant thyroid nodules

Groups Nodules N Peak (%) Tp (s) AUC (%/s) MTT (s)

1 Benign 32 25.07+5.93 38.69+10.89 1,699.10+£652.53 56.95+13.65
2 Surrounding normal thyroid tissue 32 24.27+5.21 33.65+4.52 1,654.30+529.38 49.81+15.10
3 Malignant 55 17.55+4.91 38.10+6.36 1,028.51+£361.95 57.67+11.50
4 Surrounding normal thyroid tissue 55 23.35+3.98 30.34+4.51 1,497.74+511.62 44.63+8.71
1vs. 2 - - 0.740* 0.171* 0.861* 0.258*

3vs. 4 - - 0.001* 0.001* 0.007* 0.002*

1vs. 3 - - 0.002* 0.865* 0.008* 0.885*

*, P value. Peak, peak of enhancement; AUC, area under the curve; MTT, mean transmit time; Tp, time to peak.

malignancy of SHTNSs is higher in all thyroid nodules (10-
13%) (16,17). Thus, a precise evaluadon of SHTNs via clinical
examination is very important and can avoid unnecessary
surgery on patients. FNAB is currently the primary diagnostic
procedure and has varying sensitivity, but not all patients are
suitable for FNAB (6-9). Therefore, another effective method
to accurately evaluate thyroid nodules is needed.

Currently, CEUS is considered a relatively safe technique
and does not involve ionizing radiation or the risk of

nephrotoxicity (18,19). CEUS has the capability to clearly
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display microvascular blood flow in tumors, and it can
accurately evaluate the sequence and intensity of tumor
perfusion and vascularity. Several studies have observed
specific CEUS enhancements in different types and stages
of thyroid nodules; ring-like enhancement was observed
in benign lesions, and heterogeneous enhancement was
observed in malignant lesions. Consistent with this finding,
several previous studies have also found that CEUS can
accurately distinguish benign lesions from malignant
lesions. Unfortunately, not all studies have confirmed
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Figure 2 Surgical pathology indicated a papillary thyroid carcinoma in a 62-year-old male with an 11 mm x 12 mm nodule on the right thyroid

lobe. (A) Gray-scale US revealed a hypo-echoic nodule with a well-defined and irregular margin that was difficult to diagnosis; (B) CDFI

showed blow flow in and around the nodule; (C) CEUS revealed hypo-enhancement, and quantitative analysis showed that the Peak and AUC

of the nodule were markedly reduced compared with those of its surrounding tissue, consistent with malignant nodule features in CEUS. US,

ultrasonography; CDFI, color Doppler flow imaging; CEUS, contrast-enhanced ultrasound; AUC, area under the curve; Peak, peak of enhancement.

these results (15,20,21). Bartolotta er al. (20) assessed the
enhanced features related to the size of the lesion rather
than histology and found that nodules measuring less than
1 cm exhibited mainly absent vascularization. In addition,
nodules with a diameter of 1 to 2 cm revealed faint dotted
contrast enhancement. Nodules with a diameter larger than
2 cm presented diffuse contrast enhancement. Few studies
thus far have focused on the utility of CEUS for SHTNs. To
comprehensively illustrate this issue, the present study used
CEUS to evaluate the enhanced appearance of SHTNSs.

Our study showed that CEUS outperformed CUS
for diagnosing SHTNs, as noted in Tables 2,4. This
study showed that the majority of solid hypo-echoic
malignant nodules appeared mostly heterogeneous with
hypoenhancement or even no enhancement, whereas the
solid hypo-echoic benign lesions were homogeneous with
hyperenhancement or iso-enhancement. This characteristic
may be related to the vasculature of thyroid nodules.

© Translational Cancer Research. All rights reserved.
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Tissue fibrosis of the thyroid gland due to blood vessels
of malignant nodules is typically aberrant and tortuous.
Ring enhancement and homogeneity of the enhancement
of thyroid nodules on CEUS is correlated with a benign
lesion (14). However, in this study, only seven benign
nodules exhibited peripheral ring enhancement, which was
significantly lower than the rate reported in other studies.
This difference may account for the pathological type of
nodules, and most of the lesions were nodular goiters.

Based on the result that hypo-enhancement was considered
a malignancy, the sensitivity, specificity, PPV, NPV, false
positive rate, false negative rate and accuracy were 92.7%,
81.3%, 89.5%, 86.7%, 18.8%, 7.3% and 87.4%, respectively.
Regarding CUS, the sensitivity, specificity, PPV, NPV,
false positive rate, false negative rate and accuracy were
76.4%, 65.6%, 79.2%, 61.8%, 34.4%, 23.6% and 72.4%,
respectively, based on the US characteristics presented in
Table 1. CEUS significantly outperformed CUS in

Transl Cancer Res 2017;6(6):1078-1087
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Figure 3 Surgical pathology indicated a nodular goiter in a 58-year-old female with an 8 mm x 6 mm nodule on the left thyroid lobe. (A)
Gray-scale US exhibited a hypo-echoic nodule with an ill-defined margin; (B) CDFI showed blow flow in and around the nodule; (C) CEUS

revealed iso-enhancement, and quantitative analysis showed that the Peak and AUC of the nodule were similar to those of its surrounding

tissue, consistent with benign nodule features in CEUS. US, ultrasonography; CDFI, color Doppler flow imaging; CEUS, contrast-

enhanced ultrasound; AUC, area under the curve; Peak, peak of enhancement.

differentiating SHTNSs. Our results were consistent with
prior studies by other authors who reported that CEUS can
provide useful additional information to differentiate thyroid
nodules (21). The quantitative analysis of CEUS yielded a
sensitivity of 76.9%, a specificity of 84.8% and an accuracy
of 82.6% for differentating thyroid nodules. Another study
further confirmed that CEUS is a promising noninvasive
technique for the differential diagnosis of benign and
malignant thyroid nodules and could be a valuable
supplemental method to FNAB (15). In this study, the
quantitative analysis of CEUS provides additional useful
information (7Tuble 3). The Peak and AUC indicated the
intensity of enhancement. Tp and MTT were related to the
time of enhancement. For the malignant tumors, the Peak,
Tp, AUC and MTT were 17.55%, 38.10 s, 1,028.51%/s
and 57.67 s, respectively, whereas these values were 23.35%,
30.34 s, 1,497.74%/s and 44.63 s for the surrounding
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parenchyma. A statistically significant difference between
tumor and parenchyma was noted. The Peak, Tp, AUC and
MTT observed for the benign tumors and the surrounding
parenchyma were not significantly different. In contrast, the
Peak and AUC of malignant nodules were markedly decreased
compared to those of benign lesions. This finding suggests
that malignant nodules lacked a blood supply, whereas benign
nodules were characterized by relatively rich blood perfusion.
This finding may be attributable to the differences in the
microvascular density and intranodular pressure. However,
Tp and MTT did not correspond to significant differences.
Although a rapid Tp and MTT might be expected in
malignancy, we found no significant difference in the Tp and
MTT measurements between benign and malignant lesions.
Similar results have been demonstrated by other studies, which
highlights the overlap in the vascularization of carcinomas and
adenomas (22,23).
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Figure 4 Surgical pathology indicated a papillary thyroid carcinoma in a 47-year-old male with a 7 mm x 5 mm nodule on the left thyroid

lobe. (A) Gray-scale US exhibited a hypo-echoic nodule with an ill-defined margin highly suggestive of malignancy by CUS; (B) CDFI
showed blow flow in and around the nodule; (C) CEUS exhibited iso-enhancement, and quantitative analysis showed that the Peak and AUC

of the nodule were similar to those of its surrounding tissue; the lesion was misdiagnosed as a benign nodule by CEUS. US, ultrasonography;

CDFI, color Doppler flow imaging; CEUS, contrast-enhanced ultrasound; AUC, area under the curve; Peak, peak of enhancement.

In conclusion, our results strongly support the high
diagnostic value of CEUS for the differential diagnosis of
benign and malignant tumors in SHTNs. CEUS may be a
promising diagnostic technique for the diagnosis of thyroid
nodules in the future. However, further studies with more
samples are required to more strongly support our findings.
A limitation of this study was that we did not observe a
correlation between contrast-enhanced sonography and
microvessel density (MVD) in thyroid nodules. If M'T'T
could be reversely correlated with MVD, the diagnostic value
of CEUS in thyroid nodules would be further confirmed.
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Figure 5 Surgical pathology indicated hyperplasia in a 59-year-old female with a 15 mm x 10 mm nodule on the left thyroid lobe. (A)

Gray-scale US revealed a hypo-echoic nodule with a well-defined margin and calcifications; (B) CDFI show blow flow around the nodule;

(C) CEUS exhibited hypoenhancement, quantitative analysis showed the Peak and AUC of the nodule were reduced compared with its

surrounding tissue; the lesion was misdiagnosed as a malignant nodule by CEUS. US, ultrasonography; CDFI, color Doppler flow imaging;

CEUS, contrast-enhanced ultrasound; AUC, area under the curve; Peak, peak of enhancement.

Table 4 Diagnostic performance of CUS and CEUS against

pathological results

Indicators us CEUS P value
Sensitivity 42/55 (76.4) 51/55 (92.7) 0.016
Specificity 21/32 (65.6) 26/32 (81.3) 0.129
PPV 42/53 (79.2) 51/57 (89.5) 0.111
NPV 21/34 (61.8) 26/30 (86.7) 0.023
FPR 11/32 (34.4) 6/32 (18.8) 0.129
FNR 13/55 (23.6) 4/55 (7.3) 0.016
Accuracy 63/87 (72.4) 76/87 (87.4) 0.011

Values are presented as number (%). CUS, conventional
ultrasound; CEUS, contrast-enhanced ultrasound; PPV, positive
predictive value; NPV, negative predictive value; FPR, false

positive rate; FNR, false negative rate.
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