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PURPOSE

To quantitatively evaluate the vascularity of the thyroid parenchyma in patients diagnosed with
Hashimoto's thyroiditis (HT) compared with healthy controls by using vascularity index (VI) through
power Doppler (PD) and color superb microvascular imaging (cSMI) and to determine a threshold
Vl value to effectively differentiate patients with HT and hypothyroid HT.

METHODS

This prospective cross-sectional study involved 73 patients diagnosed with HT and 66 healthy
controls. The diagnosis of HT was established based on clinical and laboratory findings. The total
volume of the thyroid gland was measured, and the region of interest was drawn manually by de-
lineating the gland boundaries for VI calculation on PD and cSMI. The mean VI for both lobes of the
thyroid were computed for each participant. Statistical analyses were conducted using SPSS ver-
sion 29.0, with receiver operating characteristic curve analysis employed to ascertain the optimal
cSMI VI cut-off values for the diagnosis of HT and for patients with hypothyroid HT.

RESULTS

The analysis revealed no significant differences in the total thyroid volume between the HT group
and the control group, or between the hypothyroid and euthyroid HT subgroups. The SMI VI values
were recorded at 8.85 [interquartile range (IQR): 25%-75%, 6.55-12.6] for patients with HT and 8.40
(IQR: 25%~-75%, 6.70-12.8) for the control group, indicating a statistically significant increase in the
HT cohort (P < 0.001). Additionally, the PD VI values in patients with HT were significantly higher
than in the control group (P < 0.001). A strong positive correlation was identified between thy-
roid-stimulating hormone levels and cSMI VI in patients with HT (rho = 0.739, P < 0.001), whereas
the correlation with PD VI was found to be weak (rho = 0.346, P < 0.001). The optimal cut-off value
for SMIVI was 6.75% for the general diagnosis of HT and 8.825% for patients with hypothyroid HT.

CONCLUSION

This study indicates that the optimal threshold values of 6.75% for the diagnosis of HT and 8.825%
for patients with hypothyroid HT suggest that cSMl is an effective and promising diagnostic tool for
detecting alterations in thyroid vascularization. Furthermore, there is a strong concordance among
radiologists regarding the VI measurements.

CLINICAL SIGNIFICANCE
The SMI technique represents a promising diagnostic tool for the detection of subtle alterations
in thyroid vascularization. The higher sensitivity of cSMI in comparison to PD positions it as an in-
novative and effective technology for the assessment of HT, offering valuable insights into disease
activity and progression.
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ashimoto’s thyroiditis (HT) is an au-
H toimmune disorder characterized by

inflammation of the thyroid gland,
which initially results in hyperthyroidism and
subsequently progresses to hypothyroidism
due to parenchymal degeneration.' The di-
agnosis of HT can be established through
clinical  observations, ultrasonographic
findings, and the detection of circulating
antithyroid autoantibodies that contribute
to morphological changes.** Conventional
ultrasound (US) and color Doppler imaging
(CDI) typically reveal a heterogeneous echo-
texture characterized by lobulated contours,
hypoechoic micronodules, and increased
vascularity in the early stages, while dimin-
ished vascularity is observed in the chronic
stages.** CDI, particularly power Doppler
(PD), is essential for assessing the vascularity
of the thyroid gland, which is often elevated
in cases of HT. When combined with oth-
er sonographic characteristics, it enhances
both the sensitivity and specificity of diag-
nosing diffuse thyroid pathologies, including
HT. This comprehensive approach improves
diagnostic accuracy in asymptomatic in-
dividuals.®” However, CDI faces challenges
in distinguishing genuine blood flow from
motion artifacts. Superb microvascularimag-
ing (SMI) is an advanced Doppler technique
that employs adaptive algorithms to detect
low-velocity blood flow while minimizing
motion artifacts, thereby providing a clear-
er representation of true vascular perfusion.
This technique can be utilized in two mo-
dalities: color SMI (cSMI) and monochrome
SMI (mSMI). The cSMI modality generates
color-coded Doppler signals superimposed
on grayscale US images, whereas mSMI elim-
inates the background grayscale US data and
exclusively displays the Doppler signals.® The

* This study compares power Doppler (PD)
and color superb microvascular imaging
(cSMI) techniques to assess thyroid pa-
renchymal vascularity in patients with
Hashimoto’s thyroiditis (HT).

* The results indicate a significantly higher
vascularity index (VI) in patients with HT
compared with healthy controls, with cSMI
demonstrating superior sensitivity over PD.

* A strong positive correlation was observed
between thyroid-stimulating hormone lev-
els and SMI VI, suggesting that SMI VI can be
used to assess disease activity.

* The study highlights cSMI as a promising
diagnostic tool for detecting subtle vascular
changes in HT, with potential clinical appli-
cations for disease monitoring and manage-
ment.

vascularity index (VI), available in both PD
and SMI, quantifies blood flow by calculating
the ratio of colored pixels within a designat-
ed region of interest (ROI).>™

This prospective cross-sectional study
quantitatively evaluates the vascularity of
the thyroid parenchyma in patients with HT
and a control group by employing the VI
in conjunction with PD and ¢SMI method-
ologies, thereby facilitating a comparative
analysis of these techniques. Additionally,
we establish a threshold VI value via cSMI to
differentiate patients with HT from controls
and to distinguish between hypothyroid and
euthyroid cases of HT.

Methods

This study was approved by the Clini-
cal Research Ethics Committee of istanbul
Haseki Training and Research Hospital (ap-
proval date: May 25, 2022; decision number:
73-2022). In this prospective cross-sectional
investigation, the thyroid glands of 73 indi-
viduals diagnosed with HT and 66 healthy
asymptomatic participants were compre-
hensively evaluated. The minimum required
sample size to achieve a 95% confidence
interval (Cl) (a = 0.05) and 90% power was
determined to be 18 participants per group,
resulting in a total of 54 participants, as cal-
culated based on the study entitled “Vascu-
larity Index for the Diagnosis of Autoimmune
Thyroid Disease”"

Patients diagnosed with HT and moni-
tored at the endocrinology outpatient clinic
were included in this study (Figure 1). The
diagnosis of HT was established through the
detection of thyroid autoantibodies, specif-

ically thyroid peroxidase and thyroglobulin
antibodies (TgAbs), in conjunction with thy-
roid hormone levels, clinical manifestations,
and ultrasonographic findings indicative
of thyroiditis. Laboratory assessments con-
ducted over a 1-week period were excluded
from the analysis. Medical personnel who
consented to participate in the investigation
during their routine hospital assessments,
who exhibited no indications of autoim-
mune disorders and exhibited normal labo-
ratory findings, were incorporated into the
control cohort.

The reference values employed in Uni-
versity of Health Sciences Tirkiye, istanbul
Haseki Training and Research Hospital for
laboratory parameters are delineated as fol-
lows: free thyroxine (T4) levels range from
0.70 to 1.74 ng/dL, thyroid-stimulating hor-
mone (TSH) levels range from 0.35 to 4.5 ml-
U/L, TgAbs range from 0 to 115 IU/mL, thy-
roid peroxidase antibodies (TPOAbs) range
from 0 to 34 [U/mL, and thyroglobulin levels
range from 1.6 to 60 ng/mL. The cohort of
patients diagnosed with HT was subsequent-
ly stratified into hypothyroid and euthyroid
subgroups.

Ultrasonographic evaluations were per-
formed utilizing the Canon Aplio 500 US sys-
tem (Canon Medical Systems, Tokyo, Japan),
equipped with a high-frequency probe (4-14
MHz). The examinations were conducted by
two radiologists with 15 years (S.0.) and 10
years (T.S.C.) of relevant experience. Partic-
ipants were positioned in a supine posture
with their necks slightly extended. Initially,
a grayscale US examination was conducted.
Each thyroid lobe was assessed separately in
both transverse and longitudinal planes. The

Endocrinology Outpatient Clinic
Thyroid disorder patients

—» | Patients without ultrasound
evaluation
Graves’ Disease patients ¢ (n=8)
(n=24)
EEE— Thyroglobulin negative
atients
Nodular Goiter patients p(n_|1 8)
<« =
(n=32)
> . .
Patients without laboratory
Patients with thyroidectomy evaluationin 1 week
(n=9) «— period (n=16)
\4

Hashimoto Tiroiditis patients
(n=73)

Figure 1. Flow diagram of the study.
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dimensions of the thyroid gland were meas-
ured across three planes for each lobe, and the
thyroid volume for each lobe was calculated
using the following formula: length x width
x depth x 0.52. The total thyroid volume was
determined by summing the volumes of both
lobes while excluding the volume of the isth-
mus from the calculation. Furthermore, the
structure and echogenicity of the thyroid pa-
renchyma were evaluated in detail.

Following the grayscale examination, vas-
cular imaging was performed in the longitu-
dinal plane for both lobes using PD and ¢SMI
techniques. The pulse repetition frequency
was calibrated within a range of 150-80 Hz.
During the PD and c¢SMI evaluations, partic-
ipants were instructed to refrain from swal-
lowing and to hold their breath for a duration
of 5 seconds. After capturing the relevant
images, the boundaries of the thyroid gland
were manually delineated, and a ROl was es-
tablished (Figure 2). The VI was calculated by
quantifying the colored pixels using the de-
vice's algorithm and expressing this quantity
as a proportion of the total pixel count within
the ROI. This procedure was conducted inde-
pendently three times for each lobe, and the
mean of the three measurements was com-
puted. To determine the overall thyroid VI,
the average of the measurements from both
lobes was calculated. All values were derived
by averaging the VI results obtained from
both radiologists.

Statistical analysis

The statistical analysis was conducted uti-
lizing SPSS version 29.0. Categorical variables
were represented as counts and percentag-
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es, and numerical variables were expressed
as means * standard deviations or medians
with interquartile ranges (IQR), depending
on the distribution characteristics of the
data. To compare independent numerical
variables between two distinct groups, ei-
ther Student'’s t-test or the Mann-Whitney U
test was employed, based on the normality
assumption of the data distribution. Receiver
operating characteristic (ROC) curve analy-
sis was performed to determine the optimal
cut-off value for the ¢SMI VI in distinguishing
patients with HT from healthy controls, as
well as in distinguishing hypothyroid from
euthyroid HT. The data were stratified ac-
cording to the threshold values established
by the Youden index and the area under the
curve (AUC) metrics. Subsequently, measures
of sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV),
positive likelihood ratio, and negative like-
lihood ratio were calculated. The study also
assessed the concordance of findings among
each radiologist, which was evaluated using
the intraclass correlation coefficient (ICC).
The interpretation of Kappa values was cat-
egorized as follows: 0.81-1.00 (very good),
0.61-0.80 (good), 0.41-0.60 (moderate),
0.21-0.40 (fair), and <0.20 (poor).

Results

In the current study, a cohort of 73 pa-
tients diagnosed with HT, aged between
11 and 78 years, was designated as the
case group. A control group consisting of
66 healthy individuals, aged from 19 to 72
years, was also established. The median age
of the 66 healthy controls, which included
43 women and 23 men, was determined to

Ratio[%]

3652

be 33 years (IQR: 25%-75%, 25.3-44). In con-
trast, the mean age of the 73 individuals in
the HT group, comprising 63 women and 10
men, was calculated to be 38.8 + 14.1 years.
Statistical analysis revealed that the age dif-
ferences between the control group and the
case group were not statistically significant
(P =0.187, Mann-Whitney U test). Within the
case group, the mean age of the 35 patients
with hypothyroidism was recorded as 38.7 +
12.8 years, whereas the mean age of the 38
patients with euthyroidism was 38.9 + 15.3
years. The statistical evaluation indicated no
significant age difference between the pa-
tients with hypothyroidism and those with
euthyroidism within the HT cohort (P =0.950,
Student'’s t-test).

The differences in thyroid function as-
sessments between the HT group and the
control cohort were found to be statistically
significant. Median TSH concentration was
3.90 mIU/L (IQR: 25%-75%, 1.73-6.33) in the
HT group and 2.55 mlIU/L (IQR: 25%-75%,
1.59-3.33) in the control group. In the HT
group, median TSH concentration was 6.39
mIU/L (IQR: 25%-75%, 5.23-10.1) in the hy-
pothyroid subgroup and 2.07 + 1.08 mIU/L
in the euthyroid subgroup. This showed that
TSH levels were significantly elevated in the
patients with HT compared with the control
group, and were also significantly higher in
the hypothyroid subgroup compared with
the euthyroid subgroup (P < 0.001, Mann-
Whitney U test). Median T4 levels were 11.6
ng/L (IQR: 25%-75%, 10.7-12.7) in the eu-
thyroid group and 10.9 ng/L (IQR: 25%-75%,
9.14-11.6) in the hypothyroid group, show-
ing notable reduction in the latter subgroup
compared with the former (P < 0.001, Mann-
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Figure 2. Quantitative vascularity index values were determined by manually tracing the contours of the thyroid gland structure in (a) power Doppler and (b)
color superb microvascular imaging mode. The measurements were performed in the longitudinal planes of the right lobe. ROI, region of interest; SMI, superb

microvascular imaging
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Whitney U test). However, no statistically sig-
nificant difference was observed in T3 levels.

There was no statistically significant dif-
ference observed between the HT group and
the control group, or between the hypothy-
roid and euthyroid HT groups, regarding the
volume of both thyroid lobes and the total
thyroid volume, as determined using the
Mann-Whitney U test (Table 1).

The SMIVI values for the right and left thy-
roid lobes in the control cohort were meas-
ured at 3.75% (IQR: 25%-75%, 2.82-5.16) and
3.97% + 1.34%, respectively. In contrast, the
HT cohort exhibited SMI VI values of 8.85%
(IQR: 25%-75%, 6.55-12.6) for the right lobe
and 8.40% (IQR: 25%-75%, 6.70-12.8) for the
left lobe. Importantly, the SMI VI values for
both lobes demonstrated a statistically sig-
nificant increase in the HT cohort (P < 0.001,
Mann-Whitney U test).

In the HT cohort, the SMI VI values for
the right lobe were measured at 14.0% +
4.53% for the hypothyroid subgroup and
6.77% + 2.08% for the euthyroid subgroup.
A statistically significant difference was ob-
served, favoring the hypothyroid cohort (P
< 0.001, Student’s t-test). Regarding the left
lobe, the median SMI VI value of 12.8% (IQR:
25%-75%, 10.8-14.1) in the hypothyroid co-
hort was significantly higher than the 6.78%
(IQR: 25%-75%, 5.11-7.75) in the euthyroid
cohort (P < 0.001, Mann-Whitney U test)
(Table 2).

The PD VI metrics for the right and left
lobes in patients diagnosed with HT were
measured at 6.15% (IQR: 25%-75%, 3.65-
8.05) and 6.30% (IQR: 25%-75%, 4.10-7.75),
respectively. These values were found to
be statistically significantly elevated when
compared with the mean values of the corre-
sponding lobes in the control cohort, which
were 3.28% + 1.35% and 3.35% + 1.32%, re-
spectively (P < 0.001, Mann-Whitney U test).
Furthermore, the PD VI measurements ob-
tained from the right and left lobes of the pa-
tients with hypothyroid HT were 7.35% (IQR:
25%-75%, 5.35-11) and 7.30 (IQR: 25%-75%,
5-8.50), respectively. These measurements
were found to be significantly greater than
those observed in the patients with euthy-
roid HT, which were 5.22% (IQR: 25%-75%,
3.26-6.86) and 4.80% (IQR: 25%-75%, 3.65-
6.64), respectively, with statistical signifi-
cance (P = 0.002, P = 0.003; Mann-Whitney
U test) (Table 3).

When interobserver agreement was eval-
uated in VI values, the ICC value for cSMI
was 0.994 [F (179,72) = 57.2, P < 0.001, 95%
Cl: 0.990-0.996] for the right lobe and 0.995
[F (214,72) = 57.7, P < 0.001, 95% Cl: 0.992-
0.997] for the left lobe. For PD VI, the ICC value
was 0.995 [F (210,72) = 33.7, P < 0.001, 95%
Cl: 0.990-0.997] for the right lobe and 0.997
[F (405,72) = 21.9, P < 0.001, 95% Cl: 0.994-
0.998] for the left lobe. This shows a high level
of agreement between the two radiologists
regarding the SMl and PD VI measurements.

Table 1. Thyroid gland volumes of Hashimoto's thyroiditis and control groups

Group

Right thyroid volume (mm?3)
Median (IQR: 25%-75%)

Left thyroid volume (mm?)
Median (IQR: 25%-75%)

The results of the Spearman correla-
tion analysis performed on a cohort of
individuals diagnosed with HT revealed a
moderate positive correlation between the
right SMI VI and right PD VI (rho = 0.613,
P < 0.001). Additionally, a similar moderate
positive correlation was found between
the left SMI VI and left PD VI (rho = 0.607,
P < 0.001).

The results of the Spearman correlation
analysis conducted on the control group re-
vealed a strong positive correlation between
right SMI VI and right PD VI (rho = 0.727, P <
0.001). Additionally, a robust positive corre-
lation was identified between left SMI VI and
left PD VI (rho = 0.825, P < 0.001).

When the correlation between TSH val-
ues and VI values was assessed in patients
with HT, a strong positive correlation was
found between TSH and SMI VI (rho = 0.739,
P <0.001). In contrast, a weak correlation was
noted between TSH and PD VI values (rho =
0.346, P < 0.001).

The correlation between SMI VI and the
antibodies, anti-TG and anti-TPO, was found
to be weak, with Spearman’s rho values of
0.296 and 0.303, respectively. Similarly, the
correlation between PD VI and these anti-
bodies was also weak, with Spearman’s rho
values of 0.304 and 0.217.

The correlation between SMI and PD VI
values and thyroid volumes in patients with

Total thyroid volume
(mm?)

Hashimoto’s thyroiditis

43.6 (29.9-61.9)

43.7 (28.4-57.6) 88.8 (61.5-116)

Control 41.7 (31.8-51.3) 36.2 (30-48.4) 76.7 (60.5-94.8)

P value 0.464 0.280 0.440

Hashimoto's thyroiditis (euthyroid) 39.7 (27.2-64.8) 37.4(26.7-56.7) 71.7 (58.2-116)

Hashimoto’s thyroiditis (hypothyroid) 48.1 (35.4-60.9) 47.0 (29.8-57.3) 93.3 (64.2-115)

Pvalue 0.359 0.365 0.353

IQR, interquartile range.

Table 2. Comparison of SMI VI values across groups

Group SMIVI % (R) SMIVI % (R) SMIVI % (R) SMIVI % (L) SMIVI % (L) SMIVI % (L)
Radiologist 1 Radiologist 2 Radiologist 1 Radiologist 2

Control 399+1.5 391+1.34 3.75(2.82-5.16) 4.16 £ 1.54 3.79%1.16 397 +1.34

Hashimoto's thyroiditis 8.80(6.80-12.3) 9.00(6.50-13.0) 8.85(6.55-12.6) 8.30(6.90-12.6) 8.60(6.60-13.1) 8.40(6.70-12.8)

Pvalue <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*

*Mann-Whitney U Test

Hashimoto's thyroiditis (hypothyroid) 13.9 £4.47 14.2 £ 4.64 14.0 £ 4.53 12.6 (10.4-14.2) 13.1(11.3-14.1) 12.8(10.8-14.1)

Hashimoto's thyroiditis (euthyroid) 6.71£2.14 6.84 £+ 2.06 6.77 £2.08 7 (4.95-7.68) 6.75(5.23-7.95) 6.78 (5.11-7.75)

P value <0.001** <0.001** <0.001** <0.001* <0.001* <0.001*

*Mann-Whitney U Test; **Student’s t-test (Welch's t). SMI, superb microvascular imaging; VI, vascularity index.
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Table 3. Comparison of PD VI values across groups

Group PD VI % (R) PD VI % (R) PD VI % (R) PD VI % (L) PD VI % (L) PD VI % (L)
Radiologist 1 Radiologist 2 Radiologist 1 Radiologist 2

Control 3.29+148 3.28+1.25 3.28+1.35 3.30+£1.50 341 +£1.17 3.35+£1.32

Hashimoto’s thyroiditis 6.20 (3.60-8.20) 6.30 (3.80-8.10) 6.15(3.65-8.05)  6.20(4-7.80) 6.30(4.10-7.80)  6.30 (4.10-7.75)

Pvalue <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*

*Mann-Whitney U Test

Hashimoto's thyroiditis (hypothyroid) 7.10 (5.25-10.5) 7.30(5.50-11.1) 7.35(5.35-11) 7.20 (5-8.40) 7.40 (5-8.50) 7.30 (5-8.50)

Hashimoto’s thyroiditis (euthyroid) 5.25(3.20-6.68) 5.25 (3.30-7.05) 5.22 (3.26-6.86) 529+235 5 (3.65-6.83) 4.80 (3.65-6.64)

Pvalue 0.002* 0.003* 0.002* 0.004* 0.003* 0.003*

*Mann-Whitney U Test. PD, power Doppler; VI, vascularity index.

HT was found to be weak, with Spearman’s
rho values of 0.254 and 0.268, respectively.

The AUC value, derived from the ROC
curve, was calculated to differentiate pa-
tients diagnosed with HT based on varying
threshold SMI VI values. The AUC was found
to be 0.933, leading to the establishment of
the threshold SMI VI value at 6.75%.

In alignment with the varying threshold
values of the SMI VI, the AUC value derived
from the ROC curve developed to differen-
tiate between patients with hypothyroid-
ism and those diagnosed with HT was de-
termined to be 0.959. As a result, the SMI VI
threshold value was established at 8.825%.
The findings from the diagnostic value as-
sessment conducted in accordance with
these threshold values are presented in
Table 4.

The AUC value, derived from the ROC
curve constructed using varying threshold
values of PD VI to distinguish patients di-
agnosed with HT was found to be 0.838. In
contrast, the AUC for differentiating patients
with hypothyroid HT from those with euthy-
roid HT was determined to be 0.714. Howev-
er, the Youden’s indexes for these analyses
were 0-0.0455 and 0.311-0.353, respectively,
indicating a low diagnostic performance.

Discussion

HT is recognized as the most prevalent
autoimmune disorder affecting the thyroid
gland, with an annual incidence rate ranging

Table 4. Diagnostic performance of cSMI VI

from 2 to 498 cases per 100,000 individu-
als.’>"*The progression of this condition typi-
cally begins with a phase of hyperthyroidism,
which is subsequently followed by hypothy-
roidism due to the degeneration of thyroid
tissue.” US is a widely utilized imaging mo-
dality for the diagnostic evaluation and on-
going monitoring of HT.2 In the assessment
of vascular characteristics, SMI represents
an innovative ultrasonographic technique
that facilitates the detection of low-velocity
blood flow.

In this study, we examined the vascular
characteristics of the thyroid gland in pa-
tients diagnosed with HT utilizing both SMI
and PD modalities. Our findings revealed
that patients with HT exhibited significant-
ly elevated VI values when compared with
the control group. Additionally, in the HT
cohort, the hypothyroid subgroup demon-
strated higher VI values than the euthyroid
subgroup. However, the diagnostic efficacy
of PD for differentiating HT cases based on
its VI threshold was found to be suboptimal.
In contrast, the SMI method produced more
favorable results, with a threshold VI of 6.75%
for the detection of HT and 8.825% for the
identification of hypothyroid HT.

Few studies have utilized the SMI tech-
nique in the context of HT, meaning our in-
vestigation makes a significant contribution
to this specialized field.”>'® Bayramoglu et
al.’> identified a VI cut-off value of 10.58%
with an AUC of 0.794, which yielded a sen-
sitivity of 67.1% and a specificity of 90% for

diagnosing HT in a pediatric cohort consist-
ing of 70 patients with HT and 30 controls.
The reported sensitivity was 67.1%, speci-
ficity was 90%, PPV was 94%, NPV was 54%,
and the overall diagnostic accuracy was de-
termined to be 74%. In the present study,
comparable sensitivity and specificity met-
rics were obtained for the SMI VI threshold
of 6.75%, which was established alongside a
superior AUC value. In addition to SMI VI, we
additionally established a threshold value for
PD VI. Nevertheless, our findings indicated
that the threshold values derived from the
ROC analysis displayed suboptimal diag-
nostic efficacy, as evidenced by exceedingly
low Youden indices; consequently, these val-
ues were deemed insufficient for the differ-
entiation of patients with HT from healthy
controls, akin to SMI VI. Bayramoglu et al.
categorized patients based on the extent of
glandular involvement as assessed by gray-
scale US and noted a statistically significant
difference in VI values between the two pa-
tient cohorts with HT. However, while they
suggested that this finding was related to
the degree of glandular involvement, they
did not specify a cut-off value. In a larger co-
hort of pediatric patients with HT, Durmaz et
al." reported a cut-off value of 6.00% for the
average VI across all thyroid glands, achiev-
ing a sensitivity of 86.3% and a specificity of
82.2% for HT diagnosis, thereby indicating
substantial diagnostic accuracy. Addition-
ally, they established distinct cut-off values
for various measurement planes: 6.350% for
the VI of the right and left thyroid lobes in

Group Sensitivity Specificity PPV NPV PLR NLR Accuracy
(cut-off value) % (GA) % (GA) % (GA) % (GA) (GA) (GA) % (GA)
Hashimoto's thyroiditis vs. 75%, 34 100% 100% 78%, 57 0.25 87%,
Control (6.75) (63, 86-84, 68) (94, 56-100) 0 (71, 06-84, 56) (0.17-0.37) 05 (80,31-92, 14)
Hypothyroid vs. Euthyroid 34%, 29 100% 100% 62%, 3 0, 66 68%,
(8.825) (19,13-52,21) (90, 75-100) ° (56, 53-67,73) (0,52-0, 84) 49 (56, 56-78, 87)

cSMI, color superb microvascular imaging; VI, vascularity index; GA, gray-scale area; PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio;

NLR, negative likelihood ratio.
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the longitudinal plane, 6.225% for the mean
VI in the longitudinal plane, and 6.350% for
the VI in the transverse plane. The thresh-
old value identified in our research closely
resembles that reported by Durmaz et al.”
A significant factor contributing to the vari-
ability in VI values observed in both previous
studies and our own may be the average age
of the participants, which could influence VI
values due to age-related changes in thyroid
vascularization. Furthermore, Bayramoglu et
al.’” systematically excluded individuals with
fibrotic thyroid glands, echogenic septa, and
pronounced pseudonodular characteristics
in their investigation. These factors have the
potential to affect VI measurements, possibly
leading to divergent cut-off values. Moreo-
ver, as noted by Durmaz et al.”’, the identifica-
tion of varying cut-off values across different
imaging planes may suggest that the meas-
urement methodologies employed could
contribute to the discrepancies observed in
cut-off values. Such findings underscore the
necessity for age-specific considerations in
the assessment of thyroid vascularization
using the VI, particularly when comparing re-
sults from different studies involving diverse
populations.

In the present study, it was observed
that the volumes of the thyroid gland were
significantly elevated in patients diagnosed
with HT, particularly within the hypothyroid
subgroup, when compared with the euthy-
roid cohort. However, these findings did not
achieve statistical significance. Similarly, the
research conducted by Bayramoglu et al.”
and Durmaz et al.”” reported increased thy-
roid gland volumes in patients with HT rel-
ative to the control group. In the early stag-
es of the pathology, an enlargement of the
glandular structure may be noted, which can
be attributed to increased vascularization.
This enhancement in vascularity occurs as
a result of the immunological response and
the inflammatory processes taking place
within the glandular tissue.

Durmaz et al."” elucidated a positive rela-
tionship between VI values and the concen-
trations of TSH, TgAbs, and TPOAbs. However,
these associations were characterized by a
lack of strength. Additionally, Bayramoglu et
al."” identified a significant fair positive corre-
lation between the VI derived from SMI and
serum TgAb concentrations, indicating that
the VI exhibits an upward trend suggestive
of enhanced vascularity within the thyroid
gland. Furthermore, they observed a signifi-
cant moderate positive correlation between
the Vland TPOAD levels, which, being a more
robust correlation compared with TgAb lev-

els, implies that TPOAb concentrations are
more closely associated with increased vas-
cularity in the thyroid gland. A positive and
statistically significant correlation between
autoantibody concentrations and VI values
suggests that the VI measurement of the
thyroid gland may be associated with the
extent of inflammation and could provide
insights regarding disease activity. However,
our investigation revealed a significant yet
weak correlation between the SMI and PD
Vls alongside the autoantibodies. The levels
of serum antibodies may serve as indicators
of the severity of thyroid gland inflammation
in patients diagnosed with HT." While TgAbs
may be responsible for the early immune
response, TPOAbs are associated with thy-
roid damage, representing a later immune
response.”® The significant yet modest cor-
relation observed in our investigation, along
with findings from other research, may be
attributed to the variability inherent in the
different stages of HT present within the
studied patient cohorts. Bayramoglu et al."
found a statistically significant moderate
correlation between VI values and serum
TSH levels in their study, whereas Durmaz et
al.'” reported a statistically significant weak
positive correlation. Significant correlations
between TSH levels and thyroid blood flow
have been documented in studies utilizing
CDI techniques.’ In contrast to previous
studies that reported a weaker correlation,
our study found a highly positive correlation
between serum TSH levels and VI values (rho
=0.739,P < 0.001).

Given that the utilization of SMI within the
framework of the adult HT demographic has
not been explored or documented in the pre-
vailing scholarly literature, we synthesized
the conclusions drawn from our analysis in
this particular context. The reproducibility
of SMI VI and PD VI measurements executed
by two separate operators was scrutinized,
resulting in an interobserver concordance
that can be described as almost perfect. The
diagnostic performance of the cSMI VI in dif-
ferentiating patients with HT from asympto-
matic controls exhibited a substantial degree
of precision, thereby offering significant con-
tributions to the scholarly discourse, as the
threshold VI value we established through
SMI for individuals with HT is anticipated to
enhance clinical management, particularly
in the detection of aberrant blood flow while
ensuring tissue uniformity.

Our investigation is subject to several
limitations. The primary limitation is that the
identification of HT was conducted through
clinical evaluation rather than histopatholog-
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ical examination. Due to the absence of biop-
sy specimens, we were unable to assess and
interpret the histopathological alterations
and the extent of inflammation within the
thyroid tissue. Additionally, a majority of the
participants enrolled in the study were re-
ceiving pharmacological treatment, and the
duration of the disease and the disease stage
were not documented. A statistically signif-
icant disparity was observed in the TSH val-
ues between the hypothyroid and euthyroid
cohorts within the HT population. Despite
the majority of individuals in the HT group
undergoing therapeutic interventions, the
pronounced variation in TSH levels among
these patients substantiates the hypothe-
sis that the administered drug dosage was
inadequate for those receiving treatment.
Nevertheless, the absence of documenta-
tion regarding the treatment status, as well
as the absence of the transient hyperthyroid
phase of the patients, constitutes a notable
limitation of this investigation. Moreover, a
deficiency of information pertaining to au-
toantibody titers within the control group
impedes the comprehensive exclusion of
subclinical autoimmune thyroid pathology.
In addition, our measurements of PD and VI
were conducted within a single plane (lon-
gitudinal). Bayramoglu et al.”” employed a
single-plane (transverse) methodology for
VI measurement similar to our approach;
however, unlike our methodology, which in-
volved calculating the mean of three meas-
urements derived from the same segment
(middle), they averaged three measurements
taken from the upper, middle, and lower sec-
tions of the gland. While this may represent
a limitation, Durmaz et al.”” found no statisti-
cally significant variation in VI measurements
across different planes, suggesting that a sin-
gle measurement obtained from one plane
can be utilized with a high degree of reliabili-
ty. This finding reduces the need for multiple
measurements and simplifies the process in
clinical settings. Additional limitations in-
herent to our investigation include, first, the
predominance of the female demographic
within our cohort, which precluded the op-
portunity for subgroup analysis. While the
predominance of female patients is antici-
pated in cases of HT, this gender dispropor-
tion remains a significant limitation. Second,
the vascular characteristics associated with
various manifestations of HT, encompassing
both atrophic and goitrogenic variants, were
not assessed, and consequently, no sub-
group analysis was conducted in this regard.

In conclusion, our study highlights the
significant elevation of SMI VI values in

Selcuk Can et al.



patients with HT, particularly among those
with hypothyroidism, in comparison to
healthy controls. The identified optimal
threshold values of 6.75% for the diagnosis
of HT and 8.825% for hypothyroid HT sug-
gest that SMI may serve as a promising di-
agnostic tool for detecting subtle alterations
in thyroid vascularization. The enhanced
sensitivity of SMI in relation to PD technolo-
gy positions it as an innovative and effective
method for the assessment of HT, providing
valuable insights into disease activity and
progression. Future research, particularly
studies that incorporate histopathological
data and multi-plane measurements, in addi-
tion to the therapeutic condition of patients,
is essential to further refine the diagnostic
capabilities of SMI and to explore its clinical
applications.
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