
Abstract. – OBJECTIVE: The common clin-
ical techniques used for examining thyroid
tumors include palpat ion, imaging, im-
munoassays and tissue biopsy. Ultrasonogra-
phy is easy, non-invasive, non-radioactive
and highly reproducible imaging technique;
however, due to the disease polytropism, di-
agnosis may become difficult sometimes. Ul-
trasound elastography, particularly acoustic
radiation force impulse (ARFI) imaging and
contrast-enhanced ultrasonography (CEUS)
have been successfully used to diagnose the
thyroid tumors. The objective of this retro-
spective study was to analyze and compare
the solid thyroid nodules imaged by high-fre-
quency ultrasonography (HFUS), ARFI imag-
ing, and CEUS.

PATIENTS AND METHODS: For this purpose,
images of the 80 solid thyroid nodules (58 be-
nign and 22 malignant) with surgical pathology
were obtained and data were compared using
binary logistic regression analysis.

RESULTS: Morphology (p < 0.001), and inter-
nal calcification (p = 0.007) were statistically
different. The mean shear wave velocity (SWV)
measured by ARFI was significantly different
(p = 0.029). Three sets of comparison on CEUS
(p = 0.019) and time to peak (TTP) of CEUS
were significantly different (p = 0.001). The lo-
gistic regression analysis indicated that the
morphology, mean SWV of ARFI and TTP were
independent risk factors for malignancy. The
diagnostic accuracy for solid thyroid nodules
was 85.1% (68/80) and the area under the re-
ceiver operating characteristic (ROC) curve
was 0.945±0.033.

CONCLUSIONS: Logistic regression analysis
can effectively screen significant parameters
for the differential diagnosis of solid thyroid
nodules imaged by ultrasonography.
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Introduction

At present, the most common clinical tech-
niques for examining the thyroid include palpa-
tion, imaging, immunological assays and tissue
biopsy. High-frequency ultrasonography (HFUS)
can detect thyroid nodules >3 mm in diameter
and provide clear images of the thyroid and sur-
rounding tissue. Ultrasonography also facilitates
the dynamic real-time observation of lesions.
Moreover, it is non-invasive, easy to perform,
non-radioactive and highly reproducible. These
advantages have made ultrasonography the pre-
ferred thyroid imaging technique1. Gray-scale ul-
trasonography (GSUS), color Doppler ultra-
sonography (CDUS) and B-mode dimensional
ultrasonography (DUS) are valuable for identify-
ing benign and malignant thyroid nodules. How-
ever, due to the polytropism of this disease, diag-
nosis remains difficult in some cases. In recent
years, ultrasound elastography, particularly
acoustic radiation force impulse (ARFI) imaging
and contrast-enhanced ultrasonography (CEUS)
have also been used to diagnose the benign and
malignant thyroid nodules2.

Herein, we compared the appearance and per-
fusion patterns of solid thyroid nodules detected
by HFUS, ARFI, and CEUS, together with the
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findings from pathological analyses, and per-
formed a binary logistic regression analysis to
identify the risk factors for malignancy.

Patients and Methods

Patients
This study analyzed the data from 80 pa-

tients in whom thyroid gland tubercles were
identified at routine ultrasonic scan at our hos-
pital during the time period from January to
May 2013. The subjects included 45 males and
35 females, aged 19-62 (30±5.5) years. These
80 patients were suspected for thyroid cancer
after conventional ultrasonography examina-
tion. Subsequently, 90 large, solid nodules from
these patients were subjected to ARFI, CEUS,
as well as pathological examination, and 80 of
these tumors were included in this analysis. In-
clusion criteria were as follows: (1) nodules
that manifested as solid nodules or with a
>75% solid component on ultrasonography; (2)
nodules that were subjected to ARFI and CEUS
examination; and (3) nodules that were also as-
sessed by histopathological examination. A to-
tal of 41 nodules were located in the left lobe,
30 were in the right lobe and 9 were in the isth-
mus. The nodular diameter was 19.1±21.1 mm
(range: 5.0-56.0 mm).

We received written informed consent from
each person for data inclusion in our analysis and
the study was approved by Capital Medical Uni-
versity's Ethics Committee.

HFUS, ARFI and CEUS Examinations
HFUS and ARFI examinations were per-

formed using Siemens Acuson S2000 Color
Doppler ultrasonography, ARFI imaging soft-
ware, and a linear probe with frequency of 6.0-
10.0 MHz and a center frequency of 7.5 MHz
(Siemens Acuson S2000, Siemens, Berlin, Ger-
many).

For HFUS examination, patients lay in the
supine position with their neck fully exposed.
They were instructed to remain calm and
breathe evenly as images of the nidus were ob-
tained by GSUS and CDUS. To facilitate com-
parison of the preoperative ultrasonography and
postoperative pathological findings, the loca-
tion of each nodule was recorded as follows:
left or right lobe, isthmus; upper, middle and
lower pole; ventral or dorsal. Echogenicity,
morphology, border, acoustic halo, and calcifi-

cation characteristics of the nodules were also
recorded. The echogenicity of the nodules was
classified as hyper-, iso-, hypo- and extremely
hypo- with regard to adjacent thyroid parenchy-
ma and the anterior muscle. Hyper-echogenici-
ty was higher than that of adjacent thyroid
parenchyma; iso-echogenicity was close to that
of the normal thyroid parenchyma; hypo-
echogenicity was above that of the anterior
muscle but below the normal thyroid parenchy-
ma and extremely hypo-echogenicity was close
to or below that of the anterior muscle. TGC
curve was set higher in deep tissue and lower in
superficial tissue, usually in a linear manner.
The same operator had performed the scans to
ensure the consistency in TGC setting. Mor-
phologically, nodules were classified as oval
(the anteroposterior diameter of the nodule was
smaller than the transverse diameter) with an
aspect ratio >1 or <1 or irregular (all sizes bar-
ring those described above). The nodular bor-
der was classified as clear (nodular surface was
smooth and clearly distinguishable from the
surrounding tissues) or unclear (the boundaries
between the nodule and surrounding tissues
were obscure). The acoustic halo around the
nodule was classified as regular (curved or
ring-like with a constant thickness and a
smooth outline) or irregular (uneven thickness
and incomplete outline). Calcification was cate-
gorized as microcalcification (calcified spot di-
ameter <1 mm) or coarse calcification (calci-
fied spot diameter >1 mm).

Regarding ARFI examination, there are two
forms of ARFI imaging i.e. Virtual Touch Imag-
ing (VTI) and Virtual Touch Quantification
(VTQ). The VTI image shows only the relative
hardness in grayscale with no absolute value. The
comparison was based on the human eye judg-
ment and it did not involve computer-aided quan-
tification. This was similar to conventional ultra-
sonic elasticity imaging (EI), but the difference
was that no external pressure was applied and the
probe gently touched the skin surface with the
system switched to VTI mode. The region of in-
terest (ROI) was adjusted to be more than twice
the size of the lesions in the B-mode imaging.
ROI was placed at the center of nodules to avoid
the cyst or calcification. The EI was classified us-
ing Ueno and Ito elasticity scores3 as follows:
Score 1: white in the whole nodule. Score 2:
white in a large part of the nodule. Score 3: white
and black in half of the nodule. Score 4: black in
a large part of the nodule. Score 5: black in the
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whole nodule. Scores 4 and 5 were regarded as
the malignant thyroid nodule, and scores 1-3
were regarded as benign thyroid nodule. The
VTQ calculated the value of the ROI transverse
shear wave velocity (SWV) automatically. The
location, direction, and depth of the probe were
maintained at the same nodule and 5 measure-
ments were taken. The highest and lowest values
were discarded and the remaining 3 values were
averaged. The SWV was considered proportional
to the square root of tissue elasticity and was ex-
pressed as m/s. If the VTI mainly appeared as
black, then all the VTQ values were set to 9 m/s.
If the nodule was too hard or too soft, a value
was not obtained as the detectable range of SWV
is 0-9.99 m/s4,5.

For CEUS examination, a Philip iU22 color
Doppler scanner (Philip iU22, Philip, Amster-
dam, Holland) with a probe frequency of 9-
12MHz and a mechanical index (MI) of 0.08 was
used. SonoVue (Sulphur hexafluoride, Bracco,
Milan, Italy) contrast agent was dissolved in
5mL of saline solution and shaken to form mi-
crobubbles in suspension as described6. Conven-
tional ultrasonography was first employed for
scanning of the thyroid, surrounding tissues, and
lymph nodes; and later, selected nodules were
measured (before CEUS mode was initiated).
The operator tried to keep observation section
constant, rapidly injected 2.4 mL of the mixture
of contrast agents, and then flushed with 5 mL
saline. Meantime, the operator initiated timer,
continuously observed the dynamic perfusion
process with observation time ≥120s and saved
images. The images were classified into the fol-
lowing three enhancement patterns: homoge-
neous, heterogeneous, or ring-enhancing7. Time-
intensity curves within the selected ROI and col-
or maps were acquired. Nodule and normal thy-
roid parenchyma values of peak contrast en-
hancement (Peak) and time to peak (TTP) were
calculated. Peak and TTP were reported as index-
es (Peak index, TTP index) derived from the ratio
between the values from the ROI of nodule and
the ROI of normal thyroid parenchyma8. We cal-
culated the ratio as >1 or <1.

Statistical Analysis
Pathology was regarded as the gold standard

diagnostic technique. SPSS13.0 statistical soft-
ware (Statistical Product and Service Solutions,
IBM, New York, USA) was used for all statisti-
cal analyses of the quantitative data expressed
as average±standard deviation (x±SD) values.

VTI and SWV, Peak and TTP of CEUS, border
characteristics, acoustic halo, morphology,
echogenicity, and calcification were treated as
independent variables (inclusion criteria: p <
0.05, exclusion criteria: p > 0.10). Binary logis-
tic regression analysis was used to determine
associations between surgical pathological find-
ings of benignancy and malignancy and these
variables. The forward stepwise method of re-
gression was used along with likelihood ratios
(Table I). The regression p-value was used to
identify the benign and malignant nodules as
follows: p > 0.5 was defined as malignant and p
≤ 0.5 was defined as benign. Adopting Wald’s
χ2-test for the regression parameter estimation,
a odds ratio (OR value) was applied to test and
evaluate the fit of each condition in the model
(OR value of >1 was defined as a risk factor).
Sensitivity and specificity were evaluated with
the available histological data. After HFUS, we
arbitrarily considered nodules with scores 3-5
and malignant histology to be true positives
(TP) and nodules with scores 1-2 and benign
histology to be true negatives (TN). Nodules
with scores 3-5 and benign histology were re-
garded as false positives (FP) while nodules
with scores 1-2 and malignant histology were
regarded as false negatives (FN). After VTI with
ARFI, nodules with scores 4-5 and malignant
histology were considered to be TP while those
with scores 1-3 and benign histology were con-
sidered to be TN. Nodules with scores 4-5 and
benign histology were classified as FP and
those with scores 1-3 and malignant histology
were regarded as FN. Nodules with SWV
>3.65±0.22 ms-1 and malignant histology were
treated as TP. Nodules with SWV <2.01±1.25
ms-1and benign histology were considered as
TN. Nodules with SWV >3.65±0.22 ms-1and be-
nign histology were regarded as FP. Nodules
with SWV <2.01±1.25 ms-1 and malignant his-
tology were considered FN. After CEUS, nod-
ules with a Peak index of ≤1 and/or TTP index
of ≥1 and malignant histology were deemed as
TP while those with a Peak index of >1 and/or
TTP index of <1 and benign histology were
deemed as TN. Nodules with a Peak index of ≤1
and/or TTP index of ≥1 and benign histology
were classified as FP and those with a Peak in-
dex of >1 and/or TTP index of <1 and malig-
nant histology were considered FN. Sensitivity
and specificity were determined as follows8:
• Sensitivity = TP/ (TP+FN)
• Specificity = TN/ (TN+FP)
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Results

Surgical and Pathological Findings
All 80 nodules included in this study were

subjected to postoperative pathological assess-
ment according to which, 58 were classified as
benign and 22 as malignant. The benign nodules
included 39 nodular goiters and 19 adenomatous
goiters. The malignant nodules included 18 pap-
illary carcinomas and 4 medullary carcinomas.
There were 7 cases of single cancer combined
with a nodular goiter and 15 cases of multiple tu-
mors combined with a nodular goiter.

HFUS Findings
The HFUS imaging analysis of benign and

malignant thyroid nodules (Table II) revealed
that the borders (clear or unclear) compared be-
tween benign and malignant nodules differed sig-
nificantly (p = 0.027); acoustic halo (regular, ir-
regular, no) differed non-significantly (p =

0.061); contrast among morphology (aspect ratio
<1, aspect ratio >1, irregular) was statistically
different (p < 0.001); contrast among echogenici-
ty (hyper-, iso-, hypo-, extremely hypo-) was sta-
tistically different (p = 0.007); and contrast
among calcification conditions (no, coarse, mi-
cro) inside nodules was also statistically different
(p < 0.001). Figure 1A and B show the HFUS
images of benign and malignant thyroid nodules,
respectively.

VTI Classification and the SWV
of VTQ Findings

There were 26 nodules with scores 4-5 and 54
nodules with scores 1-3 with regard to the VTI
image contrast of nodules and their adjacent nor-
mal thyroid tissue. Figure 2A and B show the
VTI images of benign and malignant thyroid
nodules, respectively. The SWV values of benign
and malignant nodules were 3.65±0.22 ms-1 and
2.01±1.25 ms-1, respectively. The SWV values of
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Figure 1. A, Gray-scale image of the
malignant nodule; B, Color Doppler im-
age of the benign nodule.



benign and malignant nodules were significantly
different (p = 0.029). Figure 3A and B show the
SWV values of VTQ of benign and malignant
thyroid nodules, respectively.

CEUS findings
The CEUS features of thyroid nodule and nor-

mal thyroid tissue are summarized in Table III.
The three sets of comparisons among homoge-
neous, heterogeneous and ring-enhancing nodule
were statistically different (p < 0.001). Both het-
erogeneous vs. ring-enhancing nodules (p <
0.001) as well as homogeneous vs. heteroge-
neous nodules differed significantly (p < 0.001).
The TTP between benign and malignant nodules
also differed significantly (p < 0.001). Malignant
nodules took less time than benign nodules to
reach peak time; however, the peak value differed
non-significantly. Figure 4A and B show the
CEUS images of malignant nodules and the adja-
cent thyroid tissue, respectively. Time-intensity

curve (TIC) analysis of the malignant nodule:
ROI for red line was placed in the malignant
nodule and yellow line was placed in the adjacent
thyroid tissue.

Sensitivity and Specificity
The sensitivity and specificity values of HFUS

were 95.4% and 74.1%, respectively. Comparing
between two forms of ARFI, VTI had a higher sen-
sitivity (VTI image sensitivity was 81.8%) than
VTQ (SWV value for VTQ sensitivity was 77.3%)
as well as a higher specificity (VTI image specifici-
ty was 82.8%) than VTQ (SWV of VTQ specificity
was 55.5%) whereas the positive predictive value
and accuracy were not as high. When VTI and VTQ
were combined, the shunt sensitivity and specificity
values were 91.7% and 50.0%, respectively. The
values derived from VTI and VTQ of the benign
and malignant thyroid nodules overlapped to some
extent and, therefore, could not be regarded as a
unique reference index when distinguishing be-
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Figure 2. A, VTI image of the malignant
nodule; B, VTI image of the benign nodule.
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tween benign and malignant nodules. The shunt
sensitivity and specificity (HFUS and ARFI) was
99.5% and 30%, respectively. All combined
(US+ARFI+CEUS), the shunt sensitivity and speci-
ficity values were 99.7% and 20.6%, respectively
(Table IV). In this study, the combined CEUS and
US was better than CEUS or US alone, and the
combined US, ARFI and CEUS was better than
ARFI+CEUS. However, the US+ARFI+CEUS vs.
US+ARFI and US+ARFI+CEUS vs. US+CEUS
differed non-significantly.

Binary Logistic Regression Analysis
The pathological findings and the sonographic

features were treated as independent variables. A
binary logistic regression analysis was performed
using forward stepwise method. The results of lo-
gistic regression analysis are summarized in Table
V. The Wald χ2-test for each regression coefficient
showed that the p-values for morphology, mean
SWV using ARFI, and T-max for perfusion of

contrast agent were all <0.05 and could thus be
used as independent variables in a logistic regres-
sion model using the following expression:

Logit (P) = -6.855+2.263X3+1.001X7 +2.331X8

The likelihood test for the above model
(χ2=33.366; p < 0.05) indicated that the model
was statistically significant. The morphology,
SWV, and T-max for perfusion of contrast agent
were all identified as risk factors. This regression
model could be used to determine whether the
nodule was benign or malignant. If the regression
P-value was >0.05, the nodule was predicted to
be malignant; if not, the nodule was predicted to
be benign. The predictive accuracy was 85.1%
(68/80). The predicted area under the receiver
operating characteristic (ROC) curve (Figure 5)
was 0.945±0.033 (95%CI: 0.880-1.011; p <
0.005) for the same model used to determine the
probability of malignancy.
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Figure 3. A, VTQ of the malignant nod-
ule shows that SWV was x.xx ms-1; B,
SWV of the benign nodules was 5.64 ms-1.



Discussion

Binary logistic regression analysis is widely
used in different fields of medical research, in-
cluding epidemiology, discriminant analysis of
clinical diagnostic criteria and treatment evalua-
tion9. Logistic regression is based on the assump-
tion that a logistic relationship exists between the
probability of group membership and one or
more predictor variables10. It can be used to gen-
erate probabilities of class membership for each
object. The present study utilized the binary lo-
gistic regression analysis to determine the rela-
tionships among HFUS, ARFI and CEUS imag-
ing techniques herein used for diagnosis of thy-
roid nodules. The results of this study provide in-
sight into the diagnostic criteria for thyroid nod-
ules. OR can be used as a weighting measure for

signs or as the basis for distinguishing between
major and minor symptoms. Signs with an OR
≥3 (strong correlation) were classified as major,
while those with an OR ≥1 but <3 were classified
as minor. Symptoms/signs with an OR <1 (weak
correlation) were ignored11. For instance, in
terms of the diagnostic criteria for malignant thy-
roid nodules, the main symptom was TTP perfu-
sion of CEUS (OR = 10.281), while mean SWV
(OR = 2.721) for minor symptoms and morphol-
ogy (OR = 0.104) were ignored. It was, there-
fore, concluded that the TTP and VTI were risk
factors. Malignant nodules may have aspect ratio
<1 or >1 or irregular. Regression analysis also
helps filtering out the factors with real statistical
significance from the multiple complex factors.

In modern imaging technology, HFUS plays
an important role in the diagnosis of thyroid nod-
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Figure 4. A, CEUS images of malignant
nodules. Time-intensity curve (TIC) analy-
sis of the malignant nodule: ROI for red
line was placed in the malignant nodule; B,
CEUS image of the adjacent thyroid tissue.
TIC analysis: ROI for yellow line was
placed in the adjacent thyroid tissue.
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ules. Grayscale ultrasonography was reported to
have clinical value to diagnose as well as distin-
guish between benign and malignant thyroid
nodules12. The results of the present study are
generally consistent with those of previous stud-
ies using dimensional B-mode ultrasonography.
However, the sensitivity and specificity of HFUS
differ dramatically, and there is no way to obtain
information on the hardness of the diseased tis-
sue. ARFI is an emerging technology that uses a
region of interest (ROI) cursor to determine elas-
ticity in the ROI during real-time imaging. Tis-
sues incur lateral displacement to propagate
shear wave by ARFI and SWV can be detected.
The difference between ARFI and conventional
strain elastography is that the ARFI can over-
come certain shortcomings, such as the fact that
surface compression elastography cannot exert
any pressure on deeper tissues from the surface,
and also that compression elastography can be
affected by personal factors13-15.

Measurement of the SWV value with VTQ
gives a direct representation of this finding as the
SWV value of malignant nodules was found to
be higher than that of benign nodules (p =
0.029). The hardness of malignant nodules may
be associated with their pathology, e.g. a thyroid
papillary carcinoma with interstitial and vascular
calcification is more fibrous which increases the
hardness of the tumor. Meanwhile, malignant
nodules can infiltrate and integrate closely with
the surrounding tissues, which also results in in-

creased hardness. Malignant nodules are prone to
necrosis whereas benign lesions, such as nodular
thyroid tumors, contain tumor cells that can form
acini of different sizes with varying amounts of
gum inside their cavity which reduces their hard-
ness. Benign nodules (especially nods) are also
prone to cystic changes. On the other hand, pap-
illary thyroid carcinomas can be accompanied by
nodular goiters and the proliferative changes in
the papillary carcinoma associated with nodular
goiter will involve relatively few tumor cells,
thus the hardness of the nodule would not alter
much and it would remain elastic.

Since it was difficult to obtain the quantitative
indicators in CDUS, we used CEUS to show that
the nodular enhancement differed from the normal
tissue. The CEUS time-intensity curve can provide
an indirect description of the blood supply inside
nodules. CEUS may reflect biological characteris-
tics, such as tumor growth and metastasis, and the
perfusion of the contrast agent is dependent on the
formation of new blood vessels16. The structure of
blood vessels inside malignant nodules differs
from the microvascular structure of normal
tissue17. The neovascular structure inside malig-
nant nodules is disordered and irregular whereas
the vascular structure of benign nodules is similar
to the normal tissue vasculature18. In addition,
since disordered vessels cannot supply internal tis-
sues uniformly, malignant nodules may suffer
from liquefaction and necrosis. CEUS thus differs
between benign and malignant nodules, based on
the vascular structure and microcirculation19.

CEUS indicated that the size of the nodules
appeared to be closer to the size of the pathologic
nodules. Other studies also showed that malig-
nant nodules could rapidly reach the peak perfu-
sion20, but none has reported a statistically signif-
icant difference in the peak intensity and elimina-
tion values compared with benign nodules. In
contrast, a previous study showed that the time-
intensity curve did not enable differentiation of
benign and malignant nodules21.

These signs often have some degree of correla-
tion (consistent with pathological finding). In this
study, the internal organization form of nodules
will affect the internal echogenicity; also it will
affect the elasticity and CEUS. Notably, choice
of the appropriate method is important for the
evaluation of the combined test sensitivity. Two
indexes in parallel can greatly improve the sensi-
tivity, and by using more than three items in par-
allel, the sensitivity increased smoothly, accord-
ing to the joint test (parallel) sensitivity estima-
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Figure 5. Receiver operating characteristic (ROC) curve of
the malignant thyroid nodules is shown using Logistic re-
gression model to determine the probability.



tion formula. Therefore, in the actual combined
examination, two or three parallel indexes are
quite suitable.

Parallel test, refers to the simultaneous appli-
cation of two trials in which the whole test be-
comes positive when either one of the tests is
positive. The combination can improve the sensi-
tivity, but reduce the specificity. On the other
hand, in serial test, the whole test becomes posi-
tive only when all the tests are positive. The com-
bination can improve the specificity, however,
with the reduced sensitivity22. Therefore, we need
to choose the test variables according to different
situations. The sensitivity and specificity estima-
tions of combined screening have theoretical and
practical significance in epidemiology and clini-
cal medicine. It thus remains difficult to compare
findings from different studies. The ultimate goal
is to distinguish the benign from the malignant
nodules via a non-invasive technique and to re-
duce unnecessary thyroidectomies. As well, cal-
cifications of nodules can affect the examination
findings because the contrast agent cannot reach
the calcified areas. There is no established stan-
dard for applying gentle force during elastogra-
phy, and the imaging quality needs to be im-
proved. VTI of ARFI image showed only the
gray-scale image with no detailed data. Thus, we
could not quantify to determine whether the nod-
ule was hard or soft. Since the VTQ of ARFI was
prone to be affected by breathing or carotid
pulse, repeated measurements were required.

Conclusions

Binary logistic regression analysis can effec-
tively screen the significant parameters for the
differential diagnosis of benign and malignant
thyroid nodules. Conjoint analysis of the specific
features of thyroid nodules imaged by GSUS,
ARFI, and CEUS enhanced the diagnostic value
of thyroid nodules. Combining CEUS and US
was better than using CEUS or US alone, and
combining US, ARFI and CEUS was better than
using ARFI plus CEUS. Using HFUS is also im-
portant, whereas using ARFI and CEUS im-
proves the sensitivity of the diagnosis.
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