
ULTRASOUND

CAD system based on B-mode and color Doppler sonographic features
may predict if a thyroid nodule is hot or cold

Ali Abbasian Ardakani1,2 & Ahmad Bitarafan-Rajabi3,4 & Afshin Mohammadi5 & Sepideh Hekmat6 & Aylin Tahmasebi2 &

Mohammad Bagher Shiran2
& Ali Mohammadzadeh7

Received: 27 July 2018 /Revised: 25 October 2018 /Accepted: 22 November 2018 /Published online: 9 January 2019
# European Society of Radiology 2019

Abstract
Objectives The aim of this study was to evaluate if the analysis of sonographic parameters could predict if a thyroid nodule was
hot or cold.
Methods Overall, 102 thyroid nodules, including 51 hyperfunctioning (hot) and 51 hypofunctioning (cold) nodules, were
evaluated in this study. Twelve sonographic features (i.e., seven B-mode and five Doppler features) were extracted for each
nodule type. The isthmus thickness, nodule volume, echogenicity, margin, internal component, microcalcification, and halo sign
features were obtained in the B-mode, while the vascularity pattern, resistive index (RI), peak systolic velocity, end diastolic
velocity, and peak systolic/end diastolic velocity ratio (SDR) were determined, based on Doppler ultrasounds. All significant
features were incorporated in the computer-aided diagnosis (CAD) system to classify hot and cold nodules.
Results Among all sonographic features, only isthmus thickness, nodule volume, echogenicity, RI, and SDR were significantly
different between hot and cold nodules. Based on these features in the training dataset, the CAD system could classify hot and
cold nodules with an area under the curve (AUC) of 0.898. Also, in the test dataset, hot and cold nodules were classified with an
AUC of 0.833.
Conclusions 2D sonographic features could differentiate hot and cold thyroid nodules. The CAD system showed a great potential
to achieve it automatically.
Key Points
• Cold nodules represent higher volume (p = 0.005), isthmus thickness (p = 0.035), RI (p = 0.020), and SDR (p = 0.044) and
appear hypoechogenic (p = 0.010) in US.

• Nodule volume with an AUC of 0.685 and resistive index with an AUC of 0.628 showed the highest classification potential
among all B-mode and Doppler features respectively.

• The proposed CAD system could distinguish hot nodules from cold ones with an AUC of 0.833 (sensitivity 90.00%, specificity
70.00%, accuracy 80.00%, PPV 87.50%, and NPV 75.00%).
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Abbreviations
ATA American Thyroid Association
CAD Computer-aided diagnosis
EDV End diastolic velocity
FNA Fine needle aspiration
LEGP Low-energy general purpose
PSV Peak systolic velocity
RI Resistive index
SDR Peak systolic/end diastolic velocity ratio
SVM Support vector machine
TSH Serum thyrotropin

Introduction

Thyroid nodules can be either benign or malignant. In a report
published in 2018, the National Cancer Institute estimated
53,990 new cases of thyroid cancer and 2060 deaths due to
this disease [1]. Although thyroid nodules are very common,
their prevalence is largely dependent on the method of detec-
tion and the studied population [2–4]. They are more common
in the elderly, female populations, iodine-deficient areas, and
individuals with a history of radiation exposure [5]. The prev-
alence of thyroid nodules detected by palpation is 4–7% in the
general population, while it rises to 19–67% by ultrasound
imaging [6, 7].

Ultrasonography (US) is not recommended as a screening
modality for the general population [8]. The American
Thyroid Association (ATA) guidelines recommend US as the
primary imaging modality in patients with a thyroid nodule
detected clinically or with other imaging modalities [9].
Thyroid nodule evaluation serves a critical role in identifying
potentially malignant lesions and making appropriate deci-
sions including fine needle aspiration (FNA) biopsy and treat-
ment [10]. Based on the ATA guidelines, the level of serum
thyroid-stimulating hormone (TSH) should be initially mea-
sured in patients with thyroid nodules larger than 1 cm. If the
serum TSH level is subnormal, a radionuclide thyroid scan
should be acquired. According to the results of radionuclide
thyroid scans, nodules are classified as hyperfunctioning
(hot), isofunctioning (warm), and nonfunctioning (cold) with
higher, equivalent, and lower tracer uptakes, respectively, in
comparison with the surrounding normal thyroid tissues. In
addition, cold nodules are associated with a malignancy risk
of 3–15%, and FNA biopsy is recognized as the most accurate
test for the evaluation of cold thyroid nodules [9].

US features show great potential in predicting the risk of
malignancy. Generally, a higher risk of malignancy is associ-
ated with the following ultrasonographic features: a taller-
than-wide shape, absence of halo signs, microcalcification,
irregular margins, hypoechogenicity, solid nodule compo-
nents, and intranodular vascularization [8].

Computer-aided diagnosis (CAD) systems have been pro-
posed to assist radiologists in diagnostic procedures [11, 12].
Recently, we studied the application of CAD systems in thy-
roid diseases and suggested it as a second-opinion interpreta-
tion or a complementary tool for diagnosis by radiologists
[13–16]. An accurate and efficient CAD system for thyroid
nodule classification, based on ultrasound features, should
interpret data in a shorter amount of time, prevent possible
medical errors, and reduce cost and patient anxiety.

In this study, we evaluated if Doppler and B-mode ultra-
sound features could differentiate between hot and cold nod-
ules, and if a CAD system could achieve this distinction.

Patients and methods

Patients and image acquisition

Patients referred to Rajaie Cardiovascular Medical and
Research Center for a radionuclide thyroid scanwere recruited
consecutively between May 2017 and March 2018. Each pa-
tient provided a written informed consent before being en-
rolled in the study. This prospective, cross-sectional study
was also approved by the local ethics committee.

The inclusion criteria were as follows: (1) assessment of
serum TSH level; (2) suppressed TSH level < 0.5 μIU/mL;
and (3) presence of nodules > 10mm in diameter. On the other
hand, the exclusion criteria were as follows: (1) a recent his-
tory of myocardial infarction and surgery; (2) congestive heart
failure; (3) receiving amiodarone or contrast agents; (4) preg-
nancy in the past 6 months; (5) suspicion of thyroiditis; and (6)
having multiple nodules with a diameter of > 10 mm.

Neck US was carried out as a routine test right before
the radionuclide thyroid scan. US was performed using
the iU22 sonography system (Philips Healthcare),
equipped with a L12-5 50-mm linear array transducer
(12–5 MHz). All the detected nodules were evaluated in
both longitudinal and transverse views. Also, all thyroid
nodule ultrasounds were compared with the radionuclide
scans for further analyses.

In this study, radionuclide thyroid scans were acquired
using an Infinia Hawkeye 4SPECT-CT scanner (GE
Healthcare), equipped with a low-energy general purpose
(LEGP), parallel-hole collimator with a matrix size of
256 × 256 and zoom factor of two. Imaging was per-
formed 20 min after the intravenous administration of
99mTc pertechnetate (4 mCi) for 180 s (700–1000 K
counts per view). A symmetric 20% window was centered
on the 99mTc 140-keV photopeak. It should be noted that
all patients ceased methimazole use 1 week before the
radionuclide thyroid scan to rule out this confounding
factor.
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Extraction of radiological features

B-mode features

Six B-mode features were extracted to characterize the nod-
ules, namely nodule volume, echogenicity, margin, internal
component, microcalcification, and halo sign. Benign thyroid
nodules are usually hyperechogenic with regular margins and
a solid component, without microcalcification or a
hypoechoic halo [8, 17–21]. Echogenicity is classified into
hypo/heteroechogenicity and hyper/isoechogenicity. Also,
borders of nodules are graded as well-defined (regular) or
blurred (microlobulated/irregular).

The internal component was defined as solid or mixed
(both solid and cystic areas). On the other hand, isthmus thick-
ness was measured as an anatomical feature of the thyroid
gland. In order to define the size of nodules, volume was
measured and defined using the ellipsoid model. Volume
was calculated as follows:

W � L� T � π=6 ð1Þ
whereW, L, and T represent the width, length, and thickness of
nodules, respectively.

Doppler features

Five Doppler features were extracted to characterize the nod-
ules, including vascular pattern, resistive index (RI), peak sys-
tolic velocity (PSV), end diastolic velocity (EDV), and peak
systolic/end diastolic velocity ratio (SDR). Vascularity can be
classified into four categories: (1) no vascularity, absence of
flow in the periphery and/or within the nodule; (2) peripheral
vascularity, presence of flow only in the periphery of the nod-
ule; (3) intranodular vascularity, presence of flow within the
nodule; and (4) intranodular and peripheral vascularity, pres-
ence of flow in both the periphery and center of the nodule. All
radiological features were compared with the radionuclide
scan results.

Statistical analysis and classification

The Kolmogorov–Smirnov test was applied to evaluate the
normal distribution of quantitative data. Two-tailed indepen-
dent samples t test was used to compare the quantitative fea-
tures between hot and cold thyroid nodules. To assess the
distribution of radiological features and gender between the
two groups, chi-square test was used. P value less than 0.05
was considered significant. Also, area under the receiver op-
erating characteristic (ROC) curve (AUC) was calculated for
each significant radiological feature to determine the overall
performance of classification for hot and cold nodules.

The support vector machine (SVM) algorithm was used for
all significant features to identify hot and cold nodules.
Generally, SVM is a powerful supervised algorithm, used to
solve classification and modeling problems in CAD systems.
SVM determines the optimal hyperplane with maximum dis-
tance from each class space. In SVM, after training and build-
ing the model, new data can be assigned to one category
according to the hyperplane. Cross-validation is a useful
method to prevent overfitting and improve generalizability.
In this study, 10-fold cross-validation was used, in which fea-
tures are randomly divided into 10-folds with equal sizes.
Nine folds are used for training, and 1-fold is used for testing
the data. This procedure is continued until all folds are used
for testing the model. Almost 80% of the subjects (50–50%
distribution) were randomly selected for training, while 20%
(50–50% distribution) were considered as new and blinded
data to test the final model.

The classification performance of SVM was evaluated by
measuring the sensitivity, specificity, accuracy, positive pre-
dictive value (PPV), negative predictive value (NPV), and
AUC. In this study, hot and cold nodules were considered as
negative and positive cases, respectively. SPSS version 19
was used for statistical analyses. AUC values were estimated
to exceed a confidence level of 95%. Figure 1 presents the
steps taken for processing the CAD system.

Results

Demographic characteristics

Overall, 12 radiological features, including seven B-mode
and five Doppler features, were employed to compare the
differences between hot and cold thyroid nodules. In this
study, 102 patients (65 female and 37 male) with radio-
nuclide scan–confirmed results were recruited. Among
102 patients, hot and cold nodules were each detected in
51 patients (31 female and 20 male vs. 34 female and 17
male). No significant difference was observed between
the two groups of hot and cold nodules in terms of gender
distribution (p = 0.680). Also, the mean age of patients in
the hot and cold groups was 51.82 ± 12.63 and 54.83 ±
11.62 years, respectively, representing an insignificant dif-
ference (p = 0.215). Since the two groups were not signif-
icantly different in terms of age or gender distribution,
these parameters were not considered as confounding
factors.

Finally, 82 out of 102 nodules (41 hot and 41 cold
nodules) were randomly selected for the training dataset,
while the remaining 20 nodules (10 hot and 10 cold nod-
ules) were considered as the new blinded data for testing
the final model.
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Distribution of radiological features in the groups

The results related to B-mode and Doppler features are sum-
marized in Tables 1 and 2, respectively. The isthmus thickness
of cold nodules was significantly greater than that of hot nod-
ules (50.36 ± 19.37 vs. 43.13 ± 14.46 mm; p = 0.035).
Moreover, the volume of hot and cold nodules was 5.76 ±
1.99 and 7.32 ± 2.39 cm3, respectively, which indicates a sig-
nificant difference between the groups (p = 0.005).

Hypoechogenicity was detected in 54 (52.94%) out of 102
nodules. Also, 34 (62.96%) out of these 54 nodules indicated
cold radionuclide results. On the other hand, among 48 nodules
with a hyperechogenic appearance, 31 (64.58%) were hot

nodules on the radionuclide scan. Therefore, hypoechogenicity
was significantly more common in cold nodules, compared to
that of hot nodules (p = 0.010). Conversely, no significant dif-
ference was observed between hot and cold nodules in terms of
margin, internal component, presence of microcalcification,
and halo sign (p = 0.277, 0.113, 0.106, and 0.109, respectively).

The RI in the cold nodule group was significantly higher
than that of the hot nodule group (0.611 ± 0.12 vs. 0.552 ±
0.11; p = 0.020). In addition, SDR in the cold nodule group
was significantly higher than that of the hot nodule group
(2.89 ± 1.04 vs. 2.40 ± 0.62; p = 0.044). However, no signifi-
cant difference was found in other Doppler indices, including
PSV and EDV (p = 0.150 and 0.892, respectively). Similarly,

Table 1 Main ultrasound B-mode characteristics data of hot and cold thyroid nodules

B-mode parameter Hot Cold p value*

Mean ± SD

Isthmus thickness (mm) 43.13 ± 14.46 50.36 ± 19.37 0.035

Nodule volume (cm3) 5.76 ± 1.99 7.32 ± 2.39 0.005

Echogenicity Number (percentage) p value§

Hypo
(or hetero-echo)

Hyper (or iso-echo) Hypo (or hetero-echo) Hyper (or iso-echo)

20 (39.2) 31 (60.8) 34 (66.7) 17 (33.3) 0.010

Margin Well-defined
(or regular)

Blurred (microlobulation or
irregular)

Well-defined (or regular) Blurred (microlobulation or irregular) 0.277

39 (76.5) 12 (29.4) 33 (64.7) 18 (35.3)

Internal component Solid Mix Solid Mix 0.113
31 (60.8) 20 (39.2) 22 (43.1) 29 (56.9)

Microcalcification No Yes No Yes 0.106
35 (68.6) 16 (31.4) 26 (51.0) 25 (49.0)

Halo echo No Yes No Yes 0.109
17 (33.3) 34 (66.7) 26 (51.0) 25 (49.0)

p values were obtained using t test (*) and chi-square test (§)

Fig. 1 Overview of the proposed
CAD system process based on
ultrasound image
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no significant difference was observed in terms of vascular
pattern between the two groups (Table 2). Figure 2 presents
the B-mode and Doppler ultrasound images, as well as their
corresponding scintigraphic images for hot and cold thyroid
nodules.

Classification performance of hot and cold nodules

Figure 3a and Table 3 present the ROC curves and
AUCs of significant radiological features, respectively.
The AUCs of B-mode and Doppler parameters were
within the ranges of 0.614–0.685 and 0.625–0.628, re-
spectively. All five significant radiological features were
integrated in SVM for the multiparameter analysis.
Table 4 presents the diagnostic performance of SVM
in classifying and comparing hot and cold nodules for
the training and test datasets. SVM could distinguish
hot nodules from cold ones with an AUC of 0.898
(sensitivity, 90.24%; specificity, 80.48%; and accuracy,
85.36% in the training dataset).

Using 10-fold cross-validation, the final model was tested
with 20 new cases (i.e., 10 hot and 10 cold nodules). The
results indicated the high performance of the model, with an
AUC of 0.833, sensitivity of 90.0%, specificity of 80.0%, and
accuracy of 70.0%. Figure 3b represents the ROC curves of
SVM training and test models on the same graph for perfor-
mance comparisons.

Discussion

The results of the present study indicated that sonographic
features had great potential in differentiating between hot
and cold thyroid nodules.

Nodule volume showed better differentiation between hot
and cold thyroid nodules in comparison with other B-mode
features. In addition, among Doppler features, RI was superior
to SDR in classification of two nodule types (RI, 0.628 vs.
SDR, 0.625). The AUC results indicated that the combination
of B-mode and Doppler features had a higher discriminative

Fig. 2 Sample image of hot (a)
and cold (b) nodule B-mode and
color Doppler and their corre-
sponding scintigraphic images are
located at left, middle, and right of
figure

Table 2 Main Doppler
ultrasound characteristics data of
hot and cold thyroid nodules

Doppler parameter Hot Cold p value*

Mean ± SD

Resistive index (RI) 0.552 ± 0.11 0.611 ± 0.12 0.020

Peak systolic velocity (PSV) 19.04 ± 7.55 22.20 ± 12.37 0.150

End diastolic velocity (EDV) 8.63 ± 4.43 8.50 ± 4.97 0.892

Systolic/diastolic ratio (SDR) 2.40 ± 0.62 2.89 ± 1.04 0.044

Vascularity Number (percentage) p value§

No vascularity 6 (11.8) 8 (15.7) 0.774
Presence of vascularity 45 (88.2) 43 (84.3)

Peripheral 13 (25.5) 18 (35.3) 0.389

Intranodular 20 (39.2) 14 (27.4) 0.294

Intranodular & Peripheral 12 (23.5) 11 (21.6) 1.000 (0.813)

p values were obtained using t test (*) and chi-square test (§)
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power, compared to each feature alone (combined B-mode
and Doppler features vs. best B-mode feature vs. best
Doppler feature, 0.898 vs. 0.685 vs. 0.628). It can be conclud-
ed that B-mode and Doppler features are complementary, and
their combination can enhance performance. Moreover, the
final model was tested with 20 blinded nodules (i.e., 10 hot
and 10 cold nodules). Based on the findings, the model could
classify the two groups with high performance (AUC, 0.833;
sensitivity, 90.00%; specificity, 70.00%; and accuracy,
80.00%).

Recently, some studies have been carried out to assess
different sonographic features for predicting the risk of ma-
lignancy using CAD systems. Xia et al employed an extreme
learning machine system to differentiate between benign and
malignant thyroid nodules, based on ultrasound images. It
was found that echogenicity, margin, calcification, compo-
nent, and shape were the most discriminative features. This
approach showed 87.72% accuracy, 78.89% sensitivity,
94.55% specificity, and an AUC of 0.867 [22]. In another
study, Moon et al evaluated the diagnostic performance of
power Doppler sonography in predicting vascularity. They
compared the combination of vascularity and suspicious
gray-scale ultrasound features (i.e., hypoechogenicity,
noncircumscribed margins, microcalcification, and a taller-
than-wide shape) with gray-scale features alone in predicting
thyroid nodule malignancy. Intranodular vascularity alone
and combination of vascularity with suspicious gray-scale
ultrasound features were less favorable in differentiating be-
tween benign and malignant thyroid nodules, compared to
the combination of four suspicious gray-scale ultrasound fea-
tures [23].

In addition, Choi et al compared the diagnostic perfor-
mance of a CAD system with radiologists in the identifi-
cation of malignant thyroid nodules on ultrasounds. The
CAD system demonstrated similar sensitivity to that of
radiologists (sensitivity, 90.7% vs. 88.4%), despite lower
specificity and accuracy (specificity, 74.6% vs. 94.9%;
AUC, 0.83 vs. 0.92). Sonographic features, including
composition, orientation, echogenicity, and spongiform
aspects, showed significant agreements between the radi-
ologist and CAD system, while the margin component
showed fair agreements [24]. On the other hand, Chang
et al reported the slightly higher accuracy of CAD system
in the diagnosis of malignancies in comparison with visu-
al inspection by a radiologist. The accuracy and AUC of
the CAD system were 98.3% and 0.986, respectively,
while the accuracy and AUC of the radiologist were
94.9% and 0.979, respectively [25]. Therefore, CAD sys-
tems can help radiologists distinguish benign nodules
from malignant ones.

Fig. 3 ROC curves of individual significant radiological features (a) and
combination features (b)

Table 3 The area under the ROC curve of significant B-mode and
Doppler parameters

Parameters AUC value*

B-mode Isthmus thickness 0.614 (0.496, 0.732)

Nodule volume 0.685 (0.573, 0.797)

Echogenicity 0.672 (0.558, 0.785)

Doppler Resistive index (RI) 0.628 (0.511, 0.745)

Systolic/diastolic ratio (SDR) 0.625 (0.508, 0.742)

AUC area under ROC curve, *Numbers in parentheses are 95% confi-
dence intervals
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Additionally, in a previous study, two quantitative feature
groups, including morphological and textural features, were
extracted from the ultrasound images of 84 thyroid nodules
(i.e., 42 hot and 42 cold nodules). The AUCs of the training
and test datasets were 0.992 and 0.948, respectively [15]. The
present findings are in accordance with the mentioned results
and indicate that ultrasound images can help describe nodule
function. Today, artificial intelligence is being increasingly
used in radiology departments. The CAD system is an inter-
esting application of artificial intelligence, with the potential
to solve diagnostic problems through classification and
modeling. Application of color Doppler and B-mode sono-
graphic features in a CAD system for differentiating between
hot and cold thyroid nodules is a novel idea, which requires
further investigation to improve its accuracy and develop an
efficient system for routine clinical practice.

This study indicated that evaluation of thyroid nodule func-
tion based on sonographic features is a promising approach,
with many advantages for patients, physicians, and healthcare
systems. Its benefits include real-time interpretation of sono-
graphic results, besides reduction of the costs, radiation doses,
and anxiety associated with diagnostic procedures. It also helps
radiologists, endocrinologists, and surgeons to determine the
risk of malignancy and select proper thyroid nodule treatment
plans. In addition, this approach eliminates unnecessary tests
and facilitates patient referral for surveillance programs.

Further research is required to corroborate our findings and
improve the accuracy of sonographic features in characteriz-
ing thyroid nodules for routine clinical practice. It should be
noted that patients with warm (isofunctioning) nodules were
not included in this study. This study was a preliminary at-
tempt to evaluate the potential of US in classifying hot and
cold nodules. Therefore, further investigations should be un-
dertaken on all types of nodules to obtain comprehensive re-
sults. It should be also noted that Doppler angle can affect
velocity measurements; in fact, a small angle can increase
velocity unrealistically. One of the limitations of this study is
that we could not use a correct Doppler angle for all the sam-
ples. However, RI and SDR are generally independent of an-
gle, and consequently, the results based on these two param-
eters are reliable. In addition, use of an incorrect angle may be
the main reason why PSV and EDV are not significantly dif-
ferent between the groups.

Conclusion

In conclusion, a CAD system based on B-mode and Doppler
sonographic features seems to be a useful complementary tool
for the evaluation of nodule function in diagnostic procedures
during radionuclide imaging. In addition, it can help radiolo-
gists improve their understanding of conventional thyroid US.
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