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Abstract

Objective: To validate the diagnostic accuracy of an artificial intel-
ligence (Al) model in the diagnosis of thyroid nodules, comparing
the results with the evaluation of expert sonographers and cytology.

Methods: A prospective multicenter study that included 1500 thyroid
nodules undergoing multiparametric ultrasound (two-dimensional ul-
trasound with 18 and 22 MHz probes, SMI power Doppler study, and
strain ratio elastography) and fine-needle aspiration for cytological
examination. The cases were numbered and double-blindly asso-
ciated with cytological results and expert sonographers’ evaluation.
The images were analyzed by a machine learning algorithm and
ChatBot Claude 3 Opus to create datasets. The predictive model
was tested on another 1000 cases, defining the TIRADS level of
suspicion. The results were compared with the evaluation of expert
sonographers and cytology using statistical tests.
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Results: The Al model showed a sensitivity of 96% (95% CI: 94-
98%), a specificity of 95% (95% Cl: 93-97%), and a correspondence
with the evaluation of expert sonographers of over 95%.

The agreement with cytological analysis was 94%. The results
were statistically significant (p<0.001).

Conclusion: The Al model validated in this study demonstrated
high diagnostic accuracy in the evaluation of thyroid nodules, with
a strong agreement with the evaluation of expert sonographers and
cytology. The clinical implementation of this model could improve the
management of patients with thyroid nodules, reducing inter-opera-
tor variability.

Introduction

Thyroid nodules are a common clinical condition, with an estimat-
ed prevalence of 20-70% in the general population [1]. Most thyroid
nodules are benign, but 5-15% can be malignant [2]. Accurate diagno-
sis of thyroid nodules is crucial to identify patients who need further
investigation or therapeutic interventions. Ultrasound is the first-line
imaging method for the evaluation of thyroid nodules, but its interpre-
tation may be subject to inter-operator variability [3].

Artificial intelligence (AI) has shown promising results in various
fields of medicine, including diagnostic imaging [4]. The objective of
this study is to validate the diagnostic accuracy of an Al model in the
diagnosis of thyroid nodules, comparing the results with the evalua-
tion of expert sonographers and cytology.

Materials and Methods
Study design

A prospective multicenter study was conducted that included 1500
thyroid nodules in consecutive patients undergoing thyroid ultra-
sound at three referral centers for thyroid pathology. All images were
managed anonymously with exclusive numerical concordance and all
participants provided written informed consent.

Acquisition of ultrasound images

All thyroid nodules were evaluated by multiparametric ultrasound,
including two-dimensional ultrasound with 18 and 22 MHz probes
when possible, SMI power Doppler study, strain ratio elastography,
and micropure analysis. The images were acquired by expert sonog-
raphers, following a standardized sequential protocol.

Cytological analysis

All nodules underwent fine-needle aspiration for cytological ex-
amination, interpreted by experienced cytopathologists according to
the Bethesda system [5,6]. Cases with indeterminate or suspect cytol-
ogy for malignancy underwent repeat fine-needle aspiration or surgi-
cal intervention, depending on the overall clinical picture.

Development and validation of the Al model

The ultrasound images were analyzed by a machine-learning algo-
rithm developed using a convolutional neural network (CNN) trained
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on a large dataset of ultrasound images of thyroid nodules with cy-
tological diagnosis and expert ultrasound evaluation. The CNN ar-
chitecture included 5 convolutional layers, followed by pooling and
fully connected layers. The algorithm was trained using the transfer
learning technique, starting from a pre-trained network on a gener-
ic image dataset (ImageNet) and refining the connection weights on
the specific dataset of thyroid nodules. Training was performed on an
NVIDIA Tesla V100 GPU, using the Adam optimizer and the binary
cross-entropy loss function. In addition, the images were analyzed
by ChatBot Claude 3 Opus, a conversational Al system based on an
auto-regressive language model (GPT-3), to create structured datasets
containing the relevant ultrasound features of the nodules.

The Al model was validated using a k-fold cross-validation tech-
nique (k=5), dividing the dataset into training, validation, and test
subsets. Model performance was evaluated in terms of sensitivity,
specificity, accuracy, and area under the ROC curve (AUC). Sub-
sequently, the model was tested on an independent dataset of 1000
thyroid nodules, defining the TIRADS level of suspicion. The results
were compared with the evaluation of expert sonographers and cytol-
ogy using chi-square test and analysis of variance (ANOVA).

Results

Characteristics of thyroid nodules

Of the 1500 thyroid nodules included in the study, 1200 (80%)
were benign and 300 (20%) were malignant according to the eval-
uation of expert sonographers. The mean size of the nodules was
18+9 mm for benign nodules and 22+11 mm for malignant nodules
(p<0.001). Malignant nodules more frequently presented irregular
margins (75% vs 20%, p<0.001), microcalcifications (60% vs 15%,
p<0.001), and intralesional vascularity (70% vs 30%, p<0.001) com-
pared to benign nodules.

Al model performance

The Al model showed a sensitivity of 96% (95% CI: 94-98%), a
specificity of 95% (95% CI: 93-97%), and an accuracy of 95% (95%
CI: 94-96%) in the diagnosis of thyroid nodules, with an AUC of 0.98
(95% CI: 0.97-0.99). The correspondence with the evaluation of ex-
pert sonographers was 95% (95% CI: 94-96%), while the agreement
with cytological analysis was 94% (95% CI: 93-95%). The results
were statistically significant (p<0.001).

In the validation dataset of 1000 nodules, the AI model showed a
sensitivity of 95% (95% CI: 92-97%), a specificity of 94% (95% CI:
92-96%), and an accuracy of 94% (95% CI: 93-95%) in defining the
TIRADS level of suspicion. The agreement with the evaluation of
expert sonographers was 94% (95% CI: 92-95%) and with cytology
was 93% (95% CI: 91-94%). The results were statistically significant
(p<0.001).

Discussion

This study validated an Al model for the diagnosis of thyroid
nodules, demonstrating high diagnostic accuracy and strong agree-
ment with the evaluation of expert sonographers and cytology. The
results suggest that the clinical implementation of this model could
improve the management of patients with thyroid nodules, reducing
inter-operator variability and increasing the efficiency of the clinical
workflow.

The use of Al in the diagnosis of thyroid nodules has been the
subject of growing interest in recent years [7,8]. However, most pre-
vious studies were based on retrospective datasets or compared the
performance of Al only with cytology, without considering expert ul-
trasound evaluation. The present study overcomes these limitations,
providing a prospective multicenter validation of the Al model and
comparing the results with both the evaluation of expert sonographers
and cytology.

The strengths of this study include the prospective design, the
sample size, and the use of a standardized protocol for the acquisi-
tion of ultrasound images. Furthermore, the use of a conversational
Al system (ChatBot Claude 3 Opus) for the creation of structured
datasets represents an innovative approach, which could facilitate the
integration of Al into clinical practice.

However, the study also has some limitations. First, despite mul-
ticenter validation, the results may not be generalizable to all popula-
tions of patients with thyroid nodules. Second, it was not possible to
obtain histological confirmation for all nodules, limiting the evalua-
tion of the diagnostic accuracy of the Al model. Finally, the clinical
implementation of this model will require further evaluations of fea-
sibility, acceptability, and impact on patient outcomes.

In conclusion, this study validated an Al model for the diagno-
sis of thyroid nodules, demonstrating high diagnostic accuracy and
strong agreement with the evaluation of expert sonographers and cy-
tology. The clinical implementation of this model could improve the
management of patients with thyroid nodules, reducing inter-opera-
tor variability and increasing the efficiency of the clinical workflow.
Further studies are needed to confirm these results and evaluate the
impact of Al on patient outcomes and clinical practice.
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