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Contribution of the superb microvascular imaging-based vascular index in
scoring thyroid nodules according to TI-RADS
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Abstract

Aim: In this study, we aimed to investigate the effectiveness of the superb microvascular imaging based vascular index (SMI VI) in evaluating thyroid nodules
that underwent fine needle aspiration biopsy (FNAB) after scoring according to the Thyroid Imaging Reporting and Data System (TI-RADS).

Material and Methods: The study comprised 61 patients with thyroid nodules. Following ultrasonographic imaging of all nodules, SMI VI measurements and
TI-RADS scoring were conducted. Patients with nodules scoring TI-RADS 3-5 underwent FNAB. Subsequently, all collected data were statistically analyzed.
Results: The study included 4 (6.5%) men and 57 (93.5%) women, with an average age of 46.85 + 11.62 years. Regarding thyroid nodules, 18 (29.5%) were
classified as TI-RADS 3, 32 (52.5%) as TI-RADS 4, and 11 (18%) as TI-RADS 5. The TI-RADS 4-5 group exhibited a mean SMI VI of 27.67, indicating a significant
difference compared to TI-RADS 3. SMI VI values were similar for benign and malignant tumors (p > 0.05). Additionally, a moderately positive correlation (p =
0.001, r = 0.503) was found between the TI-RADS total scores of the nodules and SMI VI values.

Discussion: Comparing TI-RADS categories and total scores, as well as discriminating between benign and malignant nodules, enabled us to assign SMI
VI values to each nodule type. Integrating TI-RADS with SMI VI may increase nodule characterization precision, allowing for more targeted diagnostic and
treatment approaches. This emphasizes the importance of using a comprehensive assessment technique for thyroid nodule evaluation.
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Introduction

Thyroid cancer is the most prevalent endocrine malignancy [1,
2]. With the help of ultrasound (US) examinations, the prevalence
of thyroid nodules in general population is determined to be
19-68%. However, the majority of these nodules are benign,
with only 7-15% are malignant [3, 4]. It is crucial to accurately
diagnosing thyroid nodules for determining prognosis and
treatment choices. US is the primary imaging tool for assessing
thyroid nodules in clinical practice [5]. In 2017 a guideline
named “thyroid imaging, reporting and data system (TI-RADS)”
was released by the American College of Radiology (ACR) and
subsequently revised for the evaluation of nodules. According to
this guideline, nodules are rated considering their composition,
echogenicity, form, margin, and the presence of an echogenic
focus. Based on the total score, it is classified as benign (TR1),
minimally suspicious (TR2), mildly suspicious (TR3), strongly
suspicious (TR4), and highly suspicious (TR5). If necessary,
follow-up or an aspiration biopsy (FNAB) is advised [6, 7].
In TI-RADS, grayscale US data are utilized, but no vascular
examination is conducted. Whereas the nodules with increased
vascularity are associated with increased malignancy [8].
Superb Microvascular Imaging (SMI) is a new Doppler technique
for analyzing and calculating the blood supply of the soft tissue
parts of the body. It is more sensitive in detecting low velocity
microvascular blood flow and provides quantitative information
blood circulation in the selected area [9].

The Vascularity index (V1) is calculable using SMI, allowing for
quantitative analysis. VI is determined automatically by the
device by comparing the proportion of colored pixels indicating
blood supply in the drawn Region of Interest (ROI) to the total
number of pixels and is expressed as a numeric value between
0and 100 [10].

In this study, we aimed to compare thyroid nodules according
to TI-RADS categories, TI-RADS total scores, SMI VI values and
fine needle aspiration biopsy results.

Material and Methods

Individuals

A total of 65 patients, aged between 18 and 65 years, whose
thyroid nodules were evaluated with the SMI method and
then underwent thyroid FNAB, were included in the study Four
patients with atypia or non-diagnostic pathology results of
uncertain significance were excluded from the study despite
undergoing FNAB twice. The study was conducted between July
2020 and August 2022.

Evaluation

The type of thyroid nodule was determined by its composition
(solid, cystic, mixed, spongiform), echogenicity (anechoic,
hyperechoic, isoechoic, hypoechoic, very hypoechoic), shape,
contour (well-circumscribed, lobulated, poorly circumscribed,
extension beyond the thyroid gland), presence and quality
of echogenic focus. According to the total score attained,
(macrocalcification, peripheral calcification, punctate echogenic
focus) and TI-RADS value were assigned.

Two radiologists each with over ten years of ultrasound
experience and two years of SMI evaluation experience
conducted the evaluations. Evaluations were conducted using
an Aplio 500 Platinum ultrasound device (Toshiba-Canon

Medical Systems Corporation, Japan) with a high-frequency
linear transducer (frequency range, 5-14 MHz).

During the SMI examination, the pulse repetition frequency
was set between 200 and 230 Hz, the frame rate was greater
than 50 Hz, and the color gain was set between 37 and 42
decibels. In the SMI method, the thyroid nodule contours were
painstakingly drawn in free drawing mode. VI was calculated in
the thyroid nodule that was traced. By dividing the number of
vascular signal pixels by the total number of pixels, the device
automatically calculated VI (Figure 1).

TI-RADS categories of thyroid nodule and VI, FNAB results, and
pathology reports were compared.

Statistical analysis

The study was statistically analyzed using “Statistical Package
for the Social Sciences” (SPSS) Version 21.0 (SPSS Inc,
Chicago, lllinois, United States). Using graphical (histograms
and probability graphs) and statistical (Kolmogorov-Smirnov/
Shapiro-Wilk tests), the conformity of the variables to the normal
distribution was examined. Means and standard deviations were
utilized for descriptive analyses, while categorical variables
are presented as numbers and percentages. To compare the
differences between two independent groups, the Mann-Whitney
U test was utilized. Three independent groups were compared
using the Kruskal-Wallis test. For pairwise comparisons, the
Mann Whitney U Test and Bonferroni correction were utilized.
Spearman correlation analysis was used to determine the
relationships between continuous variables. In all analyses, a
p-value of 0.05 was considered statistically significant.

Ethical Approval

This study was approved by the Clinical Research Ethics
Committee of Ankara Education and Research Hospital (Date:
2020-06-25, No: 235/2020).

Results

A total of 61 individuals were included in the study, including
4 (6.5%) men and 57 (93.5%) women. The mean age of the
sample was 46.85 + 11.62 years.

18 thyroid nodules (29.5%) were TI-RADS 3, 32 (52.5%) were
TI-RADS 4, and 11 (18%) were TI-RADS 5.

FNAB determined that 38 (62.3%) of the nodules were benign,
8 (13.1%) had atypia of uncertain significance, 11 (18%)
were malignant, and 4 (6.6%) were non-diagnostic. Nodules
with uncertain significance and non-diagnostic atypia were
subjected to a secondary FNAB. Five of the patients with atypia
of uncertain significance were benign and three were malignant
after a second FNAB; it was concluded that all non-diagnostic
cases were benign. Thus, it was determined that 47 (77%) of the
thyroid nodules were benign, while 14 (23%) were malignant. All
the malignant nodules were of the papillary variety.

17 (94.4%) of the 18 patients with TI-RADS 3 were benign,
while 1 (5.6%) was malignant. 24 (75%) of those diagnosed
with TI-RADS 4 were determined to be benign, while 8 (25%)
were malignant. Six TI-RADS 5s were benign (54.5%), while five
were malignant (45.5%).

Those with TI-RADS 3 had mean SMI VI values of 11.27, those
with TI-RADS 4 had mean SMI VI values of 27.26, and those
with TI-RADS 5 had mean SMI VI values of 28.86 (Figure 2a).
According to the TI-RADS categories, there was a significant
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difference among the SMI values of the three groups (p < 0.05).
In paired group comparisons, TI-RADS 3-4 and 3-5 differed
significantly from each another (Table 1).

The group with TI-RADS 4-5 together had a mean SMI VI of
27.67, and there was a significant difference between the two
groups when compared to TI-RADS 3 (Table 2) (Figure 2b).

SMI VI values of benign and malignant tumours were similar (p
> 0.05) (Table 3). (Figure 2c).

When examining the relationship between the TI-RADS total
scores of the nodules and the SMI VI values, a moderately
positive correlation was discovered (p=0.001, r=0.503).

Figure 1. Hypoechoic nodule with lobulated contour in the right
lobe of the thyroid gland (A) and SMI VI value (B)

Figure 2. SMI VI values according to TI-RADS category (A); SMI
VI values of TI-RADS 3 AND TI-RADS 4-5 groups (B); SMI VI
values of Benign and Malignant groups (C)

Table 1. SMI VI values of TI-RADS 3, TI-RADS 4 and TI-RADS
5 nodules

TI-RADS 3 TI-RADS 4 TI-RADS 5 p

SMI VI 11.27+9.27 27.26+15.67 28.86+14.34 <0.001

(Mean + SD) (3-4; 3-5)
TI-RADS: Thyroid imaging, reporting and data system; SMI VI: Superb Microvascular
Imaging

Vascularity index; SD; Standard Deviation

Table 2. SMI VI values of TI-RADS 3 and TI-RADS 4-5 nodules

TI-RADS 3 TI-RADS 4-5
(n=18) (n=43) P
SMIVI 11274927 27.67£15.19 <0.001
(Mean + SD)

TI-RADS: Thyroid imaging, reporting and data system; SMI VI: Superb Microvascular Imag-
ing
Vascularity index; SD; Standard Deviation

Table 3. SMI VI values of benign and malignant tumours

Benign nodules Malign nodules p

SMIVI 21.47+15.65 27.39+£14.99 0.12
(Mean + SD)

SMI VI: Superb Microvascular Imaging Vascularity index; SD: Standard Deviation

Discussion

Thyroid nodules are commonly observed during
examinations. US examinations with high-resolution imaging
plays an essential role in differentiating benign from malignant
tumors [11]. In the TI-RADS classification, US findings of
malignant nodules such as solid composition, low echogenicity,
contour irregularity, internal echogenic foci, and vertical growth
pattern are utilized [6, 7].

Angiogenesis is formation, development,
proliferation, invasion, and metastasis of the tumours such
thyroid malignancies [12, 13]. Blood flow visualization in thyroid
nodules may aid in distinguishing benign from malignant
nodules. In previous studies, it was indicated that the blood
supply to the periphery may be benign while the blood supply to
the interior may contain malignant nodules [14- 16]. However,
color Doppler imaging (CDI)
(PDI) modalities have technical limitations for detecting
microvascularity and low blood flow velocity [17, 18]. SMI is
a recently developed method for visualizing the microvascular
structure by preventing motion artifacts [18]. SMI allows for
the calculation of VI values. VI permits quantitative analysis
as opposed to morphological evaluation. It is automatically
calculated by the device using the proportion of VI-colored pixels
to all pixels [10]. In our investigation, we compared the SMI VI
values of the nodules according to their TI-RADS categories.
Machado et al. reported that the SMI method demonstrated
superior microvascularity in thyroid nodules in comparison to
CDI and PDI [19]. Lu et al. examined 52 thyroid nodules and
discovered that SMI exhibited microvessels better than CDI/PDI
[17]. Using both CDI and SMI, Yi Cheng Zhu et al. discovered
a significant difference in the vascular distribution and
morphology of benign and malignant thyroid nodules. However,
in determining the vascularity distribution in thyroid nodules, no
statistically significant difference was found between CDI and
SMI in their study [18].

A study by Zhao Yongfeng et al. comparing SMI to Contrast-
enhancedultrasound (CEUS) inthe evaluation of microvascularity
in thyroid nodules, it was stated that the SMI method could be
used to assess the microvascularity of the nodules. Compared
to CEUS, the SMI procedure has the advantages of being non-
invasive, having no contraindications, and being cost-effective
[1].

According to the TI-RADS guidelines, the risk of malignancy for
TR 3, 4, and 5 nodules is, respectively, less than 5%, 5-20%,
and greater than 20% [6]. Middleton et al. found that the risk
of malignancy for TI-RADS 3, 4, and 5 nodules was 4.8%, 9.1%,
and 35.0%, respectively [20]. In our study, the malignancy risks
of TI-RADS 3, 4, and 5 nodules were greater than in Middleton
et al.’s study.

Malignant nodules had higher SMI VI values than benign
nodules, but the difference was not statistically significant in
our study. In a meta-analysis conducted by Hui Jin et al., the
SMI values of malignant nodules were found to be higher
than those of benign nodules [11]. In several studies, grading
has been performed when determining SMI values, which is
insufficient for providing genuine qualitative values. Min Ji
Hong et al. concluded that the SMI quantification values of
malignant nodules were substantially greater than those of

routine
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and power Doppler imaging
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benign nodules [21].

In their study, Lin Chen et al. demonstrated that the combination
of TI-RADS and SMI improved the diagnostic performance of
TI-RADS [5]. According to Changfu Zhu et al.’s meta-analysis,
the diagnostic efficacy of TI-RADS plus SMI in differentiating
benign and malignant thyroid nodules is superior to that of
TI-RADS alone [22]. In our study, a moderate correlation was
discovered between TI-RADS total scores and SMI VI values.
Comparing the VI values of the groups, it is determined that
the TI-RADS 4-5 groups was significantly higher than TI-RADS
3. It was observed that the microvascularity of thyroid nodules
increased as the likelihood of risk of malignity increased.

Due to the limited number of patients with malignant pathology
results, we may not have observed a significant difference in
our study. Despite its limitations, in our investigation, unlike
other studies, VI values were analysed, and it was believed that
SMI VI evaluations could aid in TI-RADS classification. Future
research will require large, multicenter investigations with
quantitative results.

Limitation

Here are some potential limitations that could be associated
with this study. The TI-RADS system itself may have its own
limitations. It might not capture all the nuances related to
thyroid nodule malignancy risk, and there might be gray areas
that aren’t definitive. Any diagnostic method has a risk of
producing false positives (indicating a problem when there isn’t
one) or false negatives (indicating no problem when there is
one). The gold standard for confirming malignancy is typically
a biopsy. If not all nodules undergo biopsy, it might lead to
potential errors in classification.

Conclusion

By comparing thyroid nodules using TI-RADS categories and
total scores, coupled with a benign-malignant distinction, we
were able to determine the SMI VI values associated with each
nodule type. The integration of TI-RADS with SMI VI values can
potentially enhance the precision of nodule characterization,
paving the way for more targeted diagnostic and therapeutic
approaches. This underscores the importance of utilizing a
multi-faceted assessment strategy in the evaluation of thyroid
nodules.
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