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Abstract: Objective: This study aimed to develop a diagnostic model utilizing quantitative ultrasound parameters to
accurately differentiate benign from malignant thyroid nodules. Methods: A retrospective analysis of 194 patients
with thyroid nodules, encompassing 65 malignant and 129 benign cases, was performed. Clinical data, ultrasound
characteristics, and hemodynamic indicators were compared. Receiver operating characteristic (ROC) curves and
logistic regression analysis identified independent diagnostic markers. Results: No significant differences in clini-
cal data were observed between the groups (P>0.05). Malignant nodules, however, were more likely to exhibit
solid composition, hypoechoicity, irregular shapes, calcifications, central blood flow, and unclear margins (P<0.05).
Hemodynamic parameters showed that malignant nodules had lower end-diastolic volume (EDV) but higher peak
systolic velocity (PSV), resistive index (RI), and vascularization flow index (VFI) (P<0.001). Independent diagnostic
factors identified included calcification, margin definition, RI, and VFI. A risk prediction model was formulated, dem-
onstrating significantly lower scores for benign nodules (P<0.0001), achieving an ROC area of 0.964. Conclusion:
Color Doppler ultrasound effectively distinguishes malignant from benign thyroid nodules. The diagnostic model
emphasizes the importance of calcification, margin clarity, Rl, and VFI as critical elements, enhancing the accuracy
of thyroid nodule characterization and facilitating informed clinical decisions.
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Introduction

Thyroid cancer is a common malignant tumor
of the endocrine system, accounting for approx-
imately 1-2% of all systemic malignant tumors
[1]. Recent advances in ultrasound and other
imaging technologies have significantly incre-
ased the detection rate of thyroid cancer [2],
with ultrasound now identifying thyroid nodules
in 30-67% of cases, up from a previous 5% [3].
These nodules, often characterized by localized
hardness and structural irregularities, are pre-
dominantly found in women and increase in
prevalence with age [4]. Among individuals
evaluated for thyroid nodules, about 7-15% are
diagnosed with thyroid cancer, reflecting a
global rise in incidence rates of 67% in women
and 48% in men over the past three decades
[5].

Although most thyroid nodules are benign, a
significant number of them evolve into malig-
nant tumors, making thyroid cancer a leading
malignancy within the endocrine system [6].
Thyroid cancer includes four primary types:
papillary, follicular, medullary, and undifferenti-
ated carcinomas, with papillary carcinoma be-
ing the most common and noted for its favor-
able prognosis and high five-year survival rate
[7]. Surgery remains the mainstay of treatment
for malignant thyroid nodules, with the primary
goal of clinical diagnosis to determine the nod-
ule’s nature and tailor the treatment approach
accordingly. This strategy helps to avoid unnec-
essary surgeries and minimize complications,
ultimately improving patients’ quality of life [8].
However, the subtle onset and diverse nature of
thyroid malignancies, along with the overlap in
clinical, imaging, and cytological features with
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benign conditions, lead to a significant rate
of diagnostic errors in preoperative assess-
ments. These challenges complicate the accu-
rate diagnosis and treatment of benign and
malignant thyroid nodules [9].

Imaging techniques, particularly color Doppler
ultrasound, are crucial in diagnosing and
assessing thyroid nodules [10]. They provide
detailed information about the nodule’s loca-
tion, shape, size, texture, and presence of calci-
fications, facilitating precise evaluation of the
nodule’s nature and malignancy risk [11]. Color
Doppler ultrasound excels in depicting the
blood flow distribution within and surrounding
the nodule, with malignant nodules typically
showing increased blood flow signals [12].
Additionally, quantitative methods such as el-
astography and acoustic spectroscopy greatly
improve the accuracy in differentiating benign
from malignant nodules [13]. Hemodynamic
parameters, which reflect the speed and direc-
tion of blood flow, are vital in assessing the
vascular supply to malignant nodules [14].
Nevertheless, the efficacy of color ultrasound
in distinguishing benign from malignant nod-
ulesrequires further investigation and enhance-
ment. Current research is exploring the integra-
tion of various imaging techniques with artifi-
cial intelligence and machine learning algo-
rithms to enhance diagnostic accuracy and
personalize treatment plans, paving the way for
future improvements in the diagnostic preci-
sion of thyroid nodules and patient outcomes
[14].

Building on this foundation, our study aims to
thoroughly investigate the expression of quanti-
tative ultrasound imaging parameters in pa-
tients with cancerous thyroid nodules and
develop a diagnostic model based on these
parameters. By analyzing these quantitative
ultrasound parameters, we anticipate more
accurate distinguishment between benign and
malignant thyroid nodules, thus providing a
more reliable diagnostic foundation for clinical
practice.

Materials and methods
Ethical statement

This study was conducted with the approval
of the Medical Ethics Committee of Xingtai
People’s Hospital, ethical approval number
2022-25A.
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Sample sources

The study retrospectively analyzed the data of
254 patients examined at Xingtai People’s
Hospital from October 10, 2022, to October 9,
2023.

Clinical data collection

Clinical and imaging data were retrieved from
the electronic medical record system and dur-
ing office visits. This included age, sex, disease
duration, body mass index, and history of
hypertension, diabetes mellitus, smoking, and
alcohol abuse. Imaging data comprised tex-
ture, internal echogenicity, calcification, mor-
phology, blood flow, margins, end-diastolic vol-
ume (EDV), peak systolic velocity (PSV), resis-
tive index (RI), and vascular flow index (VFI).

Diagnostic criteria for benign and malignant
nodules

Fine-needle aspiration (FNA) pathology results
were classified according to the Bethesda
System for Reporting Thyroid Cytopathology
[15]. The Bethesda system categorizes findings
into six levels: Bethesda Category |: Nondia-
gnostic or unsatisfactory specimen, unspeci-
fied risk of malignancy. Bethesda Category ll:
Benign nodule, 0-3% risk of malignancy. Be-
thesda Category Ill: Atypical or follicular lesion
of uncertain significance, 5-15% risk of malig-
nancy. Bethesda Category IV: Follicular neo-
plasm or follicular tumor suggestive of possible
malignancy, 15-30% risk. Bethesda Category
V: Suspicious for malignancy, 60-75% risk.
Bethesda Category VI: Confirmed malignancy,
97-99% risk.

For this study, nodules classified under Be-
thesda Categories | and Il were excluded due
to their inconclusive nature, which often neces-
sitates repeat aspiration. Only nodules classi-
fied as Bethesda Category Il or confirmed as
benign by postoperative pathology were con-
sidered benign, while nodules diagnosed as
malignant by postoperative pathology were cat-
egorized as malignant.

Inclusion exclusion criteria

Inclusion criteria: Patients were eligible for
inclusion based on the “Guidelines for the
Diagnosis and Treatment of Thyroid Nodules
and Differentiated Thyroid Tumors” [16]: 1.
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Patients clinically diagnosed with thyroid nod-
ules. 2. Patients who had not received any prior
treatment before enrollment. 3. Patients with
complete clinical data. 4. Patients who had
undergone a surgical pathological diagnosis.

Exclusion criteria: Patients with: 1. Other endo-
crine system diseases. 2. Severe diffuse le-
sions of the thyroid gland. 3. A history of neck
surgery. 4. Concurrent tumors of other types.

Sample screening and grouping

Out of 254 screened patients, 194 met the eli-
gibility criteria. Based on the diagnostic results,
65 patients with malignant nodules were cate-
gorized into the malignant group, and 129 with
benign nodules were placed in the benign

group.

Observation indicators

Clinical data, ultrasound characteristics, and
hemodynamic parameters were compared bet-
ween the benign and malignant groups. Logistic
regression was utilized to identify independent
diagnostic indicators, and a diagnostic model
was constructed based on the regression beta
coefficients.

Statistical analysis

Data analysis was conducted using SPSS soft-
ware version 26.0, and data visualization was
facilitated by GraphPad Prism version 9.00.
Measurement data were presented as mean +
standard deviation (mean + sd), and the t-test
was employed for comparisons between the
two groups. Count data were presented as
cases (%) and analyzed using the chi-squared
test. Receiver operating characteristic (ROC)
curves were used to determine optimal cut-
offs for measured parameters and to evaluate
the diagnostic models’ effectiveness. Logistic
regression was used to analyze independent
diagnostic factors. A p-value <0.05 was consid-
ered statistically significant.

Results
Comparison of baseline data

An analysis of the baseline clinical data re-
vealed no statistically significant differences
between the malignant and benign groups
(P>0.05, Table 1).
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Comparison of ultrasonographic characteris-
tics

The ultrasound imaging characteristics differed
significantly between the groups. The malig-
nant group exhibited higher frequencies of solid
texture, internal hypoechoicity, calcification,
irregular morphology, central blood flow, and
unclear margins compared to the benign group,
with these differences being statistically signifi-
cant (P<0.001, Table 2).

Comparison of ultrasound hemodynamic pa-
rameters

Ultrasound hemodynamic parameters showed
that the end-diastolic volume (EDV) was signifi-
cantly lower in the malignant group, whereas
PSV, RI, and VFI were significantly higher com-
pared to the benign group (P<0.001, Table 3).

Determination of optimal cut-off values for he-
modynamic parameters

For logistic regression analysis, dichotomous
categorization of blood flow parameters was
based on ROC curve cut-offs. The areas under
the curve for EDV, PSV, RI, and VFI were 0.793,
0.703, 0.938, and 0.923 respectively, indicat-
ing significant diagnostic potential (Table 4;
Figure 1).

Construction of a diagnostic model for benign
and malignant nodules

To develop a diagnostic model for differentiat-
ing benign from malignant nodules, we em-
ployed multifactorial logistic regression analy-
sis. This analysis identified calcification, rim RI,
and VFI as independent diagnostic factors
(Figure 2A, P<0.05). The diagnostic model was
formulated using the [ coefficients of these
factors, yielding the formula: ‘Diagnostic Score
= 2.548 x calcification + 1.861 x rim + 4.304
x Rl + 3.897 x VFI'. Patients in the malignant
nodule group exhibited significantly higher diag-
nostic scores than those in the benign group
(Figure 2B, P<0.0001). The ROC curve for this
model showed an area under the curve of
0.964 (Figure 2C), indicating excellent clinical
utility of the model.

Case examples

Sonograms provided illustrate contrasting fea-
tures between benign and malignant thyroid

Am J Transl Res 2024;16(6):2645-2653



Diagnostic model for cancerous thyroid nodules

Table 1. Comparison of baseline data

Considerations Malignant group (n = 65) Benign group (n = 129) x?/value P-value

Age
>45 years 36 62 0.927 0.336
<45 years 29 67

Gender
Male 29 52 0.329 0.566
Female 36 77

Course of disease
>1 year 42 70 1.898 0.168
<1year 23 59

Body mass index
>25 kg/m? 13 19 0.872 0.350
<25 kg/m? 52 110

History of hypertension
Positive 12 19 0.449 0.503
Negative 53 110

History of diabetes
Positive 13 19 0.872 0.350
Negative 52 110

Smoking history
Positive 33 58 0.585 0.444
Negative 32 71

History of alcohol abuse
Positive 7 19 0.584 0.444
Negative 58 110

Table 2. Comparison of ultrasound characteristics

Considerations Malignant group (n = 65) Benign group (n = 129) x?/value P-value
Texture
Cystic 7 45 13.160 <0.001
Materiality 59 84
Internal Echo
Non-echoic 1 10
High echo 4 38 19.122 <0.001
Low echo 57 78
Shallow echo 3 3
Calcification
Positive 45 20 56.000 <0.001
Negative 20 109
Morphological
Rules and Regulations 12 78 30.662 <0.001
Irregularly 53 51
Blood flow
Peripheral 16 90 35.553 <0.001
Central 49 39
Margins
Clearer 21 108 51.280 <0.001
Unclear 44 21
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Table 3. Comparison of ultrasound hemodynamic parameters

Considerations Malignant group (n = 65) Benign group (n = 129) t-value P-value
EDV (cm/s) 14.18+3.30 18.29+3.90 7.270 <0.001
PSV (cm/s) 34.6215.87 30.39+4.89 5.311 <0.001
RI 0.77+0.16 0.47+0.10 16.161 <0.001
VFI 4.87+1.42 2.29+0.94 15.037 <0.001

Note: EDV, end-diastolic volume; PSV, peak systolic velocity; R, resistive index; VFI, vascular flow index.

Table 4. Hemodynamic index ROC parameters

Predictor variable The area under the curve 95% ClI Sensitivity  Specificity Cut-off value Jordon index (math.)
EDV (cm/s) 0.793 0.728-0.858 65.89% 75.39% 16.5 41.28%
PSV (cm/s) 0.703 0.623-0.783  86.82% 46.15% 35.5 32.98%
RI 0.938 0.899-0.977  93.02% 84.62% 0.605 77.64%
VFI 0.923 0.875-0.971 91.47% 84.62% 3.51 76.09%

Note: ROC, receiver operating characteristic; EDV, end-diastolic volume; PSV, peak systolic velocity; RI,
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Figure 1. ROC curves of hemodynamic parameters for discriminating be-
tween benign and malignant nodule. A. ROC curves for EDV in differentiating
benign from malignant nodules. B. ROC curve for PSV in the identification
of benign and malignant nodules. C. ROC curve for Rl in distinguishing be-
tween benign and malignant nodules. D. ROC curve for VFI in the differentia-
tion of benign from malignant nodules. Note: ROC, receiver operating curve;
EDV, end-diastolic volume; PSV, peak systolic velocity; R, resistive index;
VFI, vascular flow index; AUC, area under the curve.

nodules. One case, representing a benign
lesion, displayed regular margins, homoge-
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clear margins,

resistive index; VFI, vascular flow index.

neous internal echoes, and
effective acoustic transmis-
sion, typical of benign nodules.
Color Doppler imaging reveal-
ed regular blood flow (Figure
3A). Conversely, the malignant
lesion case showed irregular
margins, heterogeneous inter-
nal echoes, and potential
acoustic shadowing, charac-
teristics often associated with
malignancy. Color Doppler im-
aging in this case indicated
abnormal or enhanced blood
flow signals (Figure 3B), align-
ing with typical malignant
features.

Discussion

Ultrasonography, favored for
its noninvasive and radiation-
free nature, has become indis-
pensable in diagnosing thyroid
diseases. It utilizes both con-
ventional gray-scale and color
Doppler ultrasound to provide
essential morphological and
hemodynamic insights into
thyroid nodules, forming a
foundational element of the
diagnostic process [17]. Re-
search has identified features
such as irregular shapes, un-
decreased internal echogeni-

city, and microcalcifications as key indicators of

Am J Transl Res 2024;16(6):2645-2653
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Figure 2. Construction of a diagnostic model for benign and malignant nodules using multifactorial logistic regres-
sion. A. Forest plot showing logistic regression of independent diagnostic factors. B. Comparison of diagnostic
model scores between malignant and benign nodules. C. The ROC curve of the diagnostic model in predicting be-

nign and malignant nodules. Note: ****P<0.0001 for each. AUC, area under the curve.

Figure 3. Cases of patients with benign and malignant lesions. A. Benign lesions. B. Malignant lesions.

malignancy [18]. Color Doppler ultrasound, by
assessing the vascular patterns within and sur-

2650

Am J Transl Res 2024;16(6):2645-2653

rounding the nodules, plays a crucial role in
determining their nature. However, the effec-
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tiveness of color Doppler in distinguishing
benign from malignant nodules is still a sub-
ject to debate. Some studies [6] suggest that
combining features like microcalcifications,
absence of a peripheral halo, and specific blood
flow patterns can accurately classify nodules.
In contrast, others contend that color Doppler’s
ability to delineate between benign and malig-
nant nodules is limited due to its focus on
smaller blood vessels rather than the microvas-
cular level, potentially missing comprehensive
details of the nodules’ vascular supply [19].
Additionally, variations in thyroid function, es-
pecially in autoimmune thyroid disorders, can
obscure vascular signals in thyroid nodules,
complicating the assessment of their vascular

supply.

Diagnostic models are mathematical or statisti-
cal constructs developed by analyzing medical
data to predict or ascertain the presence, pro-
gression, or outcome of diseases [20, 21].
These models typically rely on indicators such
as clinical symptoms, biochemical markers,
and imaging features. They utilize algorithms
like logistic regression, machine learning, or
deep learning to enhance diagnostic accuracy
and efficiency, thereby reducing the risk of mis-
diagnosis and omission. The goal of diagnostic
modeling is to provide a more scientific, objec-
tive, and quantitative basis for clinical de-
cision-making.

Diagnostic models have become fundamental
tools across various medical fields, including
cardiovascular disease [22], cancer [23], dia-
betes [24], and more. These models enable
rapid and precise disease diagnosis, support
individualized risk assessments, and guide
treatment decisions, epitomizing the goals of
precision medicine. In the context of thyroid
nodule diagnosis, these models evaluate ultra-
sound features, hemodynamic parameters,
and cytopathological findings to determine the
benign or malignant nature of nodules, provid-
ing essential information for clinical decision-
making [25]. Our study identified four indepen-
dent diagnostic indicators - calcification, un-
clear margins, RI>0.605, and VFI>3.51 - using
logistic regression analysis. Calcification, often
associated with malignancy, signifies the pres-
ence of significant microcalcifications within
malignant nodules.
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Unclear margins, indicative of the invasive
growth of malignant cells, disrupt the architec-
ture of surrounding healthy tissue. Wang et al.
[26] confirmed the diagnostic value of calcifica-
tion and unclear margins, emphasizing their
strong correlation with malignancy. RI, measur-
ing vascular resistance, tends to be higher in
malignant nodules due to irregular and con-
stricted vascular structures. VFI, which quanti-
fies the volume of blood flow within a nodule, is
generally higher in malignant nodules beca-
use of their increased vascular supply. These
insights corroborate findings by Bakhshaee et
al. [27], who noted significant differences in R,
pulsatility index values, and blood flow patterns
between benign and malignant nodules in a
cohort prepared for thyroid surgery.

These four parameters - calcification, margins
clarity, RI, and VFI - offer critical insights for
quantitatively distinguishing between benign
and malignant thyroid nodules. Utilizing a logis-
tic regression model, we developed a diagnos-
tic tool that not only enhances clinical diagno-
sis but also underscores the importance and
independence of these parameters within the
model. Our research resulted in a diagnostic
model where scores for patients with malignant
nodules were significantly higher than those
for patients with benign nodules. The model’s
ROC curve area was 0.964, demonstrating sub-
stantial clinical utility and outperforming the Al
model by Ha et al. [28], which recorded an ROC
area of 0.939. This indicates that our model
may provide greater diagnostic value. Addi-
tionally, the nomogram developed by Yi et al.
[29] showed an ROC area of 0.936 in the train-
ing set and 0.902 in the validation set, further
validating our model's superior accuracy and
effectiveness. Despite methodological differ-
ences between our model and those of Ha et
al. [28] and Yi et al. [29], all studies highlight
the critical clinical value of advanced diagnos-
tic tools for evaluating thyroid nodules. These
models enhance diagnostic precision, offering
clinicians rapid, reliable tools for more inform-
ed decision-making and optimizing patient
treatment strategies.

This study, which employed a logistic regres-
sion model, optimized the diagnostic accuracy
of thyroid nodules but also identified several
limitations. There is a need to increase the
amount and diversity of data to enhance the
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accuracy and generalizability of the model.
Future research could explore various machine
learning or deep learning algorithms, possibly
in conjunction with other imaging modalities,
to further improve diagnostic capabilities.
Additionally, integrating parameters related to
thyroid function and associated autoimmune
diseases may optimize the model. Critical steps
for practical implementation include clinical
validation, assessment of user acceptance,
and thorough training. It is also vital to con-
tinuously monitor and evaluate the long-term
impact and optimization of these models to
ensure they remain effective in supporting clini-
cal diagnosis and patient management.

In conclusion, color Doppler ultrasound effec-
tively reflects the morphology and hemod-
ynamic changes in malignant thyroid nodules.
Calcification, margin definition, RI, and VFI are
crucial indices for differentiating benign from
malignant nodules. The diagnostic model
based on these parameters significantly en-
hances the accuracy of identifying the nature
of thyroid nodules and provides a vital refer-
ence for clinical treatment decisions.
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