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ABSTRACT

Introduction: Ultrasound (US) elastography for thyroid microcarcinomas has variable diagnostic performance. This study
aimed to (1) define the elastographic features of thyroid nodules using two-dimensional shear-wave elastography (2D-SWE)
and (2) evaluate the utility of combining conventional US, elastography-strain (E-strain), and 2D-SWE for improving
diagnostic performance in thyroid micronodules. Materials and Methods: Patients with thyroid nodules were evaluated in
a cross-sectional study with conventional US, E-strain, and 2D-SWE. Nodule stiffness, the presence of a perinodular halo,
and the halo/nodule A/B index were evaluated using 2D-SWE. Three elastographic patterns were defined based on
conventional US, E-strain, and 2D-SWE features. The pathological diagnosis was made by fine needle aspiration biopsy
and confirmed by surgery. Results: We included 158 patients with 158 thyroid nodules: 64 micronodules <10 mm and 94
macronodules > 10 mm. Malignancy was confirmed in 58 (36.7%) of 158 nodules, of which 29 were thyroid microcarcinomas.
Stiffness at a cutoff value of 23.5 kPa predicted malignancy. Notably, 21 (72.4%) of 29 microcarcinomas with a perinodular
halo had a stiffness value of < 23.5 kPa. All microcarcinomas with a perinodular halo (n = 21, 100%) had an elastographic
stiffness A/B index > 1.3. A congruent elastographic pattern was defined as thyroid imaging reporting and data system
(TI-RADS) 4 or 5, E-strain pattern 4 or 5, with a stiffness > 23.5 kPa without a perinodular halo, and an A/B index < 1.3 by
2D-SWE. An incongruent elastographic pattern was defined as TI-RADS 4 or 5, E-strain pattern 4 or 5, and discordant
findings on 2D-SWE with intrinsic thyroid nodule laxity (< 23.5 kPa), a rigid perinodular halo, and an A/B index = 1.3. An
atypical congruent elastographic pattern was defined as TI-RADS 4 or 5 with atypical findings on E-strain (pattern 1, 2, or 3),
and 2D-SWE with intrinsic thyroid nodule laxity (< 23.5 kPa), a rigid perinodular halo, and an A/B index > 1.3. Conclusion:
Three elastographic patterns of thyroid microcarcinomas are proposed based on 2D-SWE features such as nodule stiffness,
a perinodular halo, and an A/B index in combination with conventional US and E-strain. These elastographic patterns have
not been described in the literature.
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INTRODUCTION

Ultrasound (US) elastography is an additional tool
of conventional US examination and fine needle aspi-
ration biopsy (FNAB) that differentiates benign and
malignant thyroid nodules, especially the Bethesda IlI
or IV category cytology cases (malignancy risk rates
of 5% and 30%, respectively)’*. Two main thyroid
elastography methods are used in clinical practice:
real-time elastography strain (E-strain), a qualitative
technique of manual compression to assess tissue
deformity, and shear wave elastography (SWE), a
quantitative estimate of tissue stiffness in kilopascals
(kPa) or meters/second that shows a color matrix
related to tissue stiffness presented as a two-dimen-
sional SWE (2D-SWE)'2.

Morphological findings of benign and malignant
thyroid nodules are related to the pathological type
of the tumor and the size of the lesion'. Many malig-
nant thyroid micronodules (<10 mm) have no obvi-
ous morphological changes, which is a problem
when conventional ultrasound is used for diagnosis.
On the other hand, 2D-SWE has improved the char-
acterization of thyroid nodules with high specificity
of tissue stiffness, which positively correlates with
nodule malignancy. A malignant thyroid nodule is
stiffer than a benign nodule®. However, US elastog-
raphy has variable diagnostic performance in thy-
roid microcarcinomas.

A few reports have evaluated the diagnostic value of
2D-SWE in thyroid microcarcinomas. Their intrinsic
structure may affect stiffness, as measured by elastog-
raphy, and there is evidence that tissue stiffness is
lower in micronodules than in large nodules®®. It has
been suggested that elastographic assessment of peri-
nodular tissue can contribute to the differential diag-
nosis®. Therefore, this study aimed to (1) define the
elastographic features of thyroid nodules using 2D-SWE
and (2) evaluate the utility of combining the findings of
conventional US, E-strain, and 2D-SWE for improving
diagnostic performance in thyroid micronodules.

MATERIALS AND METHODS

This retrospective cross-sectional study was con-
ducted from May to November 2021 at the Diagnostic
Imaging Department of the National Hospital of Clinics,
Faculty of Medical Sciences of the National University
and Center of Ultrasound Studies, in Cérdoba, Argentina.
Patients of both sexes with thyroid nodules detected
by conventional US were included. The study was

approved by the institutional research committee,
and written informed consent was obtained from all
patients.

Development and study variables

Patients with thyroid nodules were evaluated by grayscale
US, color Doppler US, E-strain, and 2D-SWE. The vari-
ables were age, sex, Thyroid Imaging Reporting and Data
System (TI-RADS) category, and thyroid nodule volume.

Definitions

Micronodule: < 10 mm in diameter on US grayscale.

Macronodule: > 10 mm in diameter on US grayscale.

E-strain pattern: Rago score® was used: 1 point indi-
cates the elasticity of the entire examined area of the
thyroid nodule; 2 points, the elasticity of a large portion;
3 points, the elasticity only in the periphery; 4 points, the
lack of elasticity of the nodule; and 5 points, the lack of
elasticity of the nodule and the perinodular area. The
green color of the map indicates low stiffness, while the
red color indicates non-deformable hard tissue.

Tissue stiffness (kPa): This is the unit of measure of
pixel density obtained by 2D-SWE that quantifies stiff-
ness. Stiffness is expressed in a color matrix from blue
(soft) to red (hard).

Halo/nodule stiffness index (A/B index): a quantitative
measure proposed by the authors (EC and MC) which
evaluates the 2D-SWE color matrix. (A) corresponds to
the stiffness of an extended region of interest (ROI) that
includes the thyroid nodule + a perinodular halo (up to
2 mm outside the nodule boundary). (B) corresponds to
the stiffness of the nodule ROI.

Image acquisition and analysis protocol

Thyroid nodule examinations were performed with a
Resona 7 ultrasound (Mindray Medical International,
Shenzhen, China) and an L14-5 linear transducer with
the recent real-time SWE version. This system has a
single-layer analysis function that measures stiffness
and the margin surrounding the lesion with 0.5 mm
increments.

After conventional US examination, elastographic
images were acquired in the same section for approx-
imately 4-6 s. The nodule and adjacent thyroid tissue
were examined, and thyroid nodules were aspirated.
Elastographic acquisitions were performed with E-strain
and 2D-SWE five-sequence images. The ROIs (extra-
nodular, intranodular, and perinodular) were selected,
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Table 1. Thyroid micronodule and macronodule characteristics by TI-RADS, E-strain, and Bethesda System

Description Total Thyroid micronodules? Thyroid macronodules®
(n =158) (n = 64) (n =94)

Women, n (%) 131 (82.9) 54 (84.4) 77 (81.9)

Men, n (%) 27 (17.1) 10 (15.6) 17 (18.1)

TI-RADS, n (%)

2 19 (12.0) 2(3.1) 17 (18.0)
3 50 (31.6) 15 (23.4) 35 (37.2)
4 63 (39.9) 35 (54.7) 28 (29.8)
5 26 (16.5) 12 (18.8) 14 (15.0)
E-strain pattern, n (%)
2 52 (32.9) 16 (25.0) 36 (38.4)
3 34 (21.5) 8 (12.5) 26 (27.6)
4 60 (38.0) 34 (53.1) 26 (27.6)
5 12 (7.6) 6(9.4) 6 (6.4)
Bethesda System, n (%)
Il 92 (58.2) 28 (43.8) 64 (68.1)
1 12 (7.6) 11 (17.2) 1(1.0)
vV 7(4.4) 2(3.1) 5(5.3)
v 44 (27.9) 21 (32.8) 23 (24.5)
Vi 3(1.9) 2(3.1) 1(1.7)
Pathological diagnosis®
Benign thyroid nodule, n (%) 100 (63.3) 35 (54.7) 65 (69.1)
Malignant thyroid nodule, n (%) 58 (36.7) 29 (45.3) 29 (30.9)

aThyroid micronodule volume on ultrasound was < 10 mm.

Thyroid macronodule volume on ultrasound was > 10 mm.

¢Confirmed by surgical specimens.

E-strain: elastography strain; TI-RADS: Thyroid Imaging Reporting and Data System.

Table 2. Association between 2D-SWE thyroid nodule stiffness and the  Table 3. 2D-SWE nodule stiffness of thyroid microcarcinomas with and

cytopathological Bethesda category without perinodular halo

Nodule Bethesda category Nodule stiffness Nodule Nodule stiffness
stiffness stiffness with a without a

I ! v v VI perinodular perinodular halo

halo (n = 21) (n=8)
n =158 92 12 7 44 3 kPa, median 21.0 245
kPa, median 18.0 21.5 240 215 33.0 kPa, mean 213 23.8
kPa, mean 18.9 215 28.1 29.6 28.00 kPa, minimum 16.0 920
kPa, SD 6.3 20.4 144 11.5 10.4 kPa, maximum 30,0 25.0
kPa, minimur 70 %0 18050160 kPa, lower limit 95% CI 174 19.8
kPa, maximum 35.0 80.0 59.0 64.0 35.0 .
kPa, upper limit 95% ClI 253 21.8

kPa, 1Q range 9.0 19.2 8.0 12.7 -

2D-SWE: two-dimensional shear wave elastography; kPa: kilopascals; Cl:
2D-SWE: two-dimensional shear wave elastography; kPa: kilopascals. confidence interval.




E.R. Cuvertino et al. Elastographic patterns of thyroid microcarcinomas

A  1.07 1.0 7 C 1.07 -
e
0.87 0.87] 0.8
| 2 ] z
> 06 2z 06 / g o0s
s Z 2
= [
2 0.4‘( 3 04 3 047
@ AUC: 0.780 (95% Cl 0.697-0.864) AUC: 0.664 (95% CI 0.517-0.810) AUC: 0.832 (95% Cl0.719-0.945)
0.27 Cut-off value: 23.5 kPa 0.27" Cut-off value: 23.5 kPa 0.27] Cut-off value: 23.5 kPa
0 T T T T 1 0 T T T T ! 0 T T T T i
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0O 02 04 06 08 1.0
1-specificity 1- specificity 1- specificity
All thyroid nodules Thyroid micronodules (<10 mm) Thyroid macronodules (>10 mm)

Figure 1. Diagnostic performance of the nodule stiffness cutoff values with 2D-SWE. ROC analyses show a comparison of the 23.5 kPa cutoff
value in three groups. A: all thyroid nodules. B: thyroid micronodules (< 10 mm). C: thyroid macronodules (> 10 mm). The best performance
of the nodule stiffness cutoff value (> 23.5 kPa) for predicting malignancy was found in thyroid macronodules (AUC: 0.832). In contrast, the
23.5 kPa cutoff value for thyroid micronodules had an AUC of 0.664.
AUC: area under the curve; Cl: confidence interval; kPa: kilopascals; mm: millimeters; 2D-SWE: two-dimensional shear wave elastography; ROC: receiving operating

characteristics.
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Figure 2. Heatmaps comparing the presence of a perinodular halo between thyroid microcarcinomas and macrocarcinomas using 2D-SWE.
A: a perinodular halo was observed in microcarcinomas with Bethesda category > Il (p < 0.001). B: no association with perinodular halo was

observed in thyroid macrocarcinomas.
2D-SWE: two-dimensional shear wave elastography.

and images were stored in the Picture Archiving and
Communication System (PACS) (Carestream™, Health
Inc., Rochester, NY, USA). The 2D-SWE color matrix
was analyzed in two areas as defined by the authors
(EC and MC). One area was obtained by placing the
ROI in the intranodular parenchyma to determine the
pure intrinsic stiffness of the nodule and the other was
an extended area where the expanded ROI included
intranodular tissue, capsule, and perinodular tissue of
up to 2 mm outside the nodule boundary.

The size and location of the ROI were standardized.
Before stabilizing and recording the image, we tried to

obtain the best image to recognize all the characteristics
of conventional grayscale US. The immediate elasto-
graphic acquisition with the map and color matrix
included the entire nodule and the greatest amount of
thyroid tissue surrounding it and away from its edges. In
2D-SWE acquisitions, the ROl was manipulated to include
the nodule and at least 2 mm of surrounding tissue. A
second ROI was located exclusively within the nodule.
The reliability of elastography measurements was
assessed using quality and propagation maps. Two
radiologists (EC and MLC) with 35 and 6 years of expe-
rience performed the evaluations in double reading.
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Thyroid biopsy

The thyroid nodule pathological diagnoses were cat-
egorized by FNAB according to the Bethesda System
for Reporting Thyroid Cytopathology’. The material
obtained was interpreted by a cytopathologist (LG) with
35 years of experience. The pathological diagnosis was
confirmed by surgery.

Statistical analysis

The mean, standard deviation, minimum, maximum,
and median were calculated for quantitative variables.
The chi-square test or Fisher's exact test was used
for categorical variables. Thyroid nodule size and its
association with malignancy were analyzed using the
Student’s t-test and the Mann-Whitney U-test. The asso-
ciation between thyroid nodule stiffness by 2D-SWE and
cytopathological Bethesda category was evaluated with
the Shapiro-Wilk normality test. Receiving operating
characteristics (ROC) curves with the area under the
curve (AUC) defined the cutoff value for predicting malig-
nancy of micronodules and macronodules. A p-value of
< 0.05 was considered significant. The SPSS software
version 25 (IBM Corp., Armonk, NY, USA) was used.

RESULTS

A total of 172 patients with thyroid nodules were eval-
uated, of whom 14 cases were excluded because FNAB
samples were insufficient (n = 9) or surgical pathology
results were unavailable (n = 5). Thus, 158 patients with
158 thyroid nodules were included. There were 131
women (82.9%) and 27 men (17.1%) with a mean age of
47.04 + 14 years (range 13-85). A comparison of 64
micronodules and 94 macronodules with the TI-RADS,
E-strain, and Bethesda system is shown in Table 1.
Malignancy was confirmed in 58 (36.7%) of 158 nodules,
of which 29 were thyroid microcarcinomas. The mean
diameter of the microcarcinomas in US was 4.5 mm =
0.9 mm. An E-strain pattern of 4 or 5 was found in 26
(89.6%) of the 29 microcarcinomas.

Thyroid nodule stiffness by 2D-SWE and
cytopathological Bethesda category

The relationship between nodule stiffness by 2D-SWE
and cytopathological findings is shown in Table 2.
Bethesda Il thyroid nodules had a median value of
18.0 kPa, Bethesda IV had 24.0 kPa, Bethesda V had
27.5 kPa, and Bethesda VI had 33.0 kPa (p < 0.001).
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Figure 3. Boxplot showing the relationship between perinodular halo
and nodular stiffness of thyroid microcarcinomas quantified by
2D-SWE. A perinodular halo was related to lower nodule stiffness
values (softer micronodules).

2D-SWE: two-dimensional shear wave elastography.

Elastographic analysis showed higher stiffness values
directly related to Bethesda categories lll, 1V, and V.
Benign thyroid nodules had a median value of 12 + 9.8
kPa. Malignant micronodules showed a median value of
25 + 6.2 kPa compared to 32.9 + 13.8 kPa for macro-
nodules. 2D-SWE showed a wide range of values (5-64
kPa) for malignant macronodules. In contrast, a narrow
range (18-35 kPa) was observed in benign nodules.

Diagnostic performance of the nodule
stiffness cutoff value with 2D-SWE

ROC analyses for predicting malignancy based on
thyroid nodule stiffness are shown in a three-group
comparison: all thyroid nodules, micronodules, and
macronodules (Figure 1). The cutoff value for nodule
stiffness was 23.5 kPa to predict malignancy. Thyroid
macronodules showed an AUC of 0.832 (95% CI
0.719-0.945), a sensitivity of 81.5%, and a specificity
of 79.4%. In contrast, a cutoff value of 23.5 kPa for
thyroid micronodules had an AUC of 0.664 (95% ClI
0.517-0.810) with a sensitivity of 60.0% and a spec-
ificity of 35.7%.

Perinodular halo by 2D-SWE

The heatmaps in Figure 2 show the strong association
between a rigid perinodular halo in thyroid microcarcino-
mas and Bethesda category lll, IV, or V (p < 0.001)
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Table 4. Comparison of the elastographic A/B index? by 2D-SWE in thyroid microcarcinomas with and without a perinodular halo

Thyroid Case1 Case2 Case3 Case4 Case5 Case6 Case7 Case8 Case9 Casel10 Casell
microcarcinomas
with perinodular 1.35 133 1.40 1.33 134 1.55 1.70 1.73 1.80 1.40 1.95
halo, A/Bind
(na=021A)/ ndex Case 12 Case 13 Case 14 Case15 Case16 Case17 Case18 Case19 Case20 Case 21
2.20 1.50 1.44 1.30 1.73 1.58 1.45 1.87 1.64 1.33
Thyroid Case1 Case2 Case3 Case4 Case5 Case6 Case7 Case8
microcarcinomas
without a 0.04 0.9 1.1 0.05 0.8 1.08 0.88 0.75

perinodular halo,
A/B index® (n = 8)

2A/B index: (A) corresponds to the stiffness of an expanded ROI that includes the nodule + perinodular halo (up to 2 mm outside the limit of the nodule). (B)
corresponds to the region of interest (ROI) of nodule stiffness; "The A/B index was only defined with the ROI of nodule stiffness. 2D-SWE: two-dimensional shear
wave elastography.

p— T e (Y 42.08 kPa

— 4 Elas. Ratio ARLB Index 100.00 %
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Elas. Ratio B 31.87 kPa

Elas. Ratio B RLB Index 100.00 %
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)
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2 Strain Ratio B 0.38 % %
Strain Ratio B/A 3.34

Figure 4. A 30-year-old woman with clinical symptoms of hypothyroidism and neck pain. A: grayscale US shows a 7-mm solid, hypoechoic
micronodule, taller than wide, with a lobulated margin and peripheral microcalcifications (arrows). TI-RADS 5. B: color Doppler US with an
absent intrinsic vascular signal and isolated, short, irregular peripheral vascular poles. C: E-strain without deformation (red map) and an area
extending beyond the edge of the nodule (pattern 5). D: 2D-SWE quality map with a homogeneous green box confirming good acquisition.
E: 2D-SWE color matrix showing a nodule with relative central nodular laxity (31 kPa) and a rigid perinodular halo (red ring) (42 kPa). The A/B
index was 1.32. The FNAB was the Bethesda V category. The histopathological diagnosis was papillary thyroid microcarcinoma.

E-strain: elastography strain; FNAB: fine needle aspiration biopsy; kPa: kilopascals; TI-RADS: Thyroid Imaging Reporting and Data System; US: ultrasound; 2D-SWE:
two-dimensional shear wave elastography.

in contrast to the absence of a perinodular halo in 29 microcarcinomas with a perinodular halo had a
macrocarcinomas. Table 3 shows the association of median nodule stiffness of 21.0 kPa. In contrast, the
nodule stiffness and perinodular halo in thyroid micro- median of 8 microcarcinomas without a perinodular
carcinomas using 2D-SWE. Notably, 21 (72.4%) of the  halo was 24.5 kPa (p < 0.001) (Figure 3).
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Figure 5. A 27-year-old woman with diabetes and a thyroid micronodule. A: grayscale US shows a 5-mm solid, hypoechoic, rounded
micronodule with an angular margin. TI-RADS 4. B: a color Doppler US shows irregular vascular poles. C: E-strain shows pattern 4 (red)
without compression deformation. D: 2D-SWE color matrix where nodular laxity is observed with a rigid perinodular halo (arrow). The
relationship between A (29.1 kPa), configured by halo and nodule, and B (16.8 kPa), corresponding to the intrinsic stiffness of the nodule,
results in an A/B index of 1.73. The FNAB was the Bethesda V category. E: surgical specimen (40x H&E) shows a thick capsule of scleral
hyaline fibrous connective tissue (black arrow), accompanied by papillary protrusions (white arrow), lined by follicular cells, with
overlapping and stacked nuclei, nuclear clefts, pseudo-inclusions, and nuclear folds (grooves). The histopathological diagnosis was
papillary thyroid microcarcinoma.

E-strain: elastography-strain; FNAB: fine needle aspiration biopsy; H&E: hematoxylin-eosin; kPa: kilopascals; TI-RADS: Thyroid Imaging Reporting and Data

System; US: ultrasound; 2D-SWE: two-dimensional shear wave elastography.

Elastographic stiffness by A/B index

A comparison of the elastographic stiffness index
using 2D-SWE in thyroid microcarcinomas with and
without a perinodular halo is shown in Table 4. The
A/B index of microcarcinomas with a perinodular halo
was 1.56 + 0.23, compared to those without a halo
(0.7 £ 0.39). A stiffness A/B index > 1.3 was found in
all microcarcinomas with a perinodular halo (n = 21,
100%). Figures 4-7 are examples of 2D-SWE fea-
tures, E-strain, and conventional US with TI-RADS
4 or 5, respectively.

Elastographic patterns of thyroid
microcarcinomas

Although the study’s sample size was small, we con-
sider it feasible to propose the integration of 2D-SWE
features, E-strain, and conventional US with TI-RADS
4 or 5 to define three elastographic patterns of thyroid
microcarcinomas (Table 5; Figure 8).

Congruent elastographic pattern: concordance of con-
ventional US with TI-RADS 4 or 5, E-strain with pattern
4 or 5, and 2D-SWE with nodule stiffness > 23.5 kPa
without a perinodular halo and an A/B index < 1.3.

Incongruent elastographic pattern: conventional US
with TI-RADS 4 or 5, E-strain with pattern 4 or 5, and
discordant findings on 2D-SWE with intrinsic thyroid
nodule laxity (< 23.5 kPa), the presence of a rigid
perinodular halo, and an A/B index > 1.3.

Atypical congruent elastographic pattern: conven-
tional US with TI-RADS 4 or 5, atypical findings on
E-strain with patterns 1, 2, or 3, and 2D-SWE with intrin-
sic nodular laxity (< 23.5 kPa), the presence of a rigid
perinodular halo, and an A/B index > 1.3.

These three patterns highlight the importance of
assessing the nodular and perinodular stiffness of the
tissue using the 2D-SWE color matrix, which may have
a different expression depending on the size of the
nodule, its intrinsic structural composition, and desmo-
plastic changes.
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Figure 6. A 35-year-old asymptomatic man with an incidental thyroid nodule. A: grayscale US shows a 5-mm solid, hypoechoic, round, homo-
geneous micronodule with a lobulated margin. TI-RADS 4. B: E-strain shows the nodule without deformation (red), pattern 4. C: the 2D-SWE
color matrix shows a nodule stiffness of 12 kPa (blue color) bordered by a perinodular stiffness halo of 18 kPa (arrows). The A/B index was
1.5. The FNAB was the Bethesda V category. D: surgical specimen (40x H&E) with a significant reaction of the desmoplastic stroma (arrows)
surrounding the nests of intratumoral cells. E: peritumoral desmoplastic reaction (arrows). The histopathological diagnosis was papillary

thyroid microcarcinoma.

E-strain: elastography-strain; FNAB: fine needle aspiration biopsy; kPa: kilopascals; H&E: hematoxylin-eosin; TI-RADS: Thyroid Imaging Reporting and Data

System; US: ultrasound; 2D-SWE: two-dimensional shear wave elastography.

DISCUSSION

This study showed that the combination of 2D-SWE
features such as nodule stiffness, perinodular halo, A/B
index, and matrix color has a differential expression in
thyroid microcarcinomas. Three elastographic patterns,
namely, congruent, incongruent, and atypical congruent,
are based on the thyroid microcarcinoma findings by con-
ventional US, E-strain, and 2D-SWE. These elastographic
patterns have not been described in the literature.

Thyroid nodule stiffness has been related to cell
density, colloid content, and intrinsic and perinodular
fibrosis. Therefore, the tissue stiffness variability mea-
sured by 2D-SWE may reflect the heterogeneous
architecture and density of fibrillar collagen in thyroid
nodules. Duan et al.® recommended the quantitative

2D-SWE assessment for diagnosing thyroid microcar-
cinoma, but their study did not include 2D-SWE color
matrix assessment or conventional US findings. On the
other hand, Zhang et al.'’® and Hu et al."" evaluated the
2D-SWE color matrix to quantify nodule stiffness and
emphasized the relevance of elastographic character-
istics of the tissue at the edge of the nodule. We pro-
pose three elastographic patterns that optimize the use
of elastographic features of thyroid microcarcinomas
with different biological behaviors. The congruent elas-
tographic pattern is characterized by the concordance
of conventional US with TI-RADS 4 or 5, E-strain with-
out deformation (pattern 4 or 5), and 2D-SWE with a
nodule stiffness > 23.5 kPa without a perinodular halo,
and an A/B index < 1.3. Intrinsic nodule stiffness can
predict malignant thyroid microcarcinoma.
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Figure 7. A 28-year-old woman with a family history of thyroid cancer. A: grayscale US examination shows a 8-mm solid, hypoechoic, taller
than wide, micronodule with an irregular and lobulated margin. TI-RADS 5. B: E-strain shows a discrete reverberation (red) surrounding the
micronodule (asterisk), which has a color map pattern 1 (green) with a non-deformable perimeter ring (yellow). C: 2D-SWE color matrix with
nodule stiffness of 9 kPa (asterisk) and a rigid perinodular halo (arrows), with 13 kPa and an A/B index of 1.44. The FNAB was the Bethesda
V category. D: surgical specimen (400x H&E) shows the tumor matrix with papillary protrusions lined by follicular cells with abundant acellular
fibrosclerosis (arrow). The histopathological diagnosis was papillary thyroid microcarcinoma.

E-strain: elastography strain; FNAB: fine needle aspiration biopsy; H&E: hematoxylin-eosin; kPa: kilopascals; TI-RADS: Thyroid Imaging Reporting and Data

System; US: ultrasound; 2D-SWE: two-dimensional shear wave elastography.

Table 5. Thyroid microcarcinoma elastographic patterns according to conventional US with TI-RADS 4 or 5, E-strain, and 2D-SWE

Description TI-RADS E-strain 2D-SWE
category pattern
Thyroid nodule Perinodular A/B
stiffness (kPa) halo index?
Congruent elastographic pattern 4orh 4orb >235 Absent <13
Incongruent elastographic pattern 4orb 4orb <235 Present >13
Atypical congruent elastographic pattern 4orb 1,20r3 <235 Present >13

2A/B index: (A) corresponds to the stiffness of an expanded region of interest (ROI) that includes the nodule + perinodular halo (up to 2 mm outside the limit of
the nodule), and (B) corresponds to the ROI of nodule stiffness; TI-RADS: Thyroid Imaging Reporting and Data System; kPa: kilopascals; E-Strain: elastography

strain; 2D-SWE: two-dimensional shear wave elastography; US: ultrasound.

In contrast, the incongruent elastographic pattern
was found in fibrosclerotic lesions with a perimetral
desmoplastic reaction associated with apparent intrin-
sic softness of the nodule and a rigid perinodular halo,
with an A/B index > 1.3, and E-strain without defor-
mation (pattern 4 or 5). The apparent laxity of thyroid
microcarcinomas may suggest benignity if only tissue
stiffness is assessed. In contrast, microcarcinomas with
an atypical congruent elastographic pattern were visual-
ized with E-strain “mirrored with 2D-SWE color matrix,”
i.e., apparent intrinsic nodular laxity with a rigid perinod-
ular halo in both elastographic modalities and conven-
tional US with TI-RADS 4 or 5. The histopathological
features of this elastographic pattern showed infiltrative
behavior of adjacent tissue and angiolymphatic invasion
with peripheral desmoplasia that restricts the elasto-
gram. 2D-SWE features such as thyroid nodule stiff-
ness quantification, the presence of a perinodular
halo, and color matrix features to determine the halo/
nodule A/B index can be evaluated in patients with
thyroid micronodules and may be useful for diagnos-
ing thyroid microcarcinoma.

There is no defined cutoff value for tissue stiffness
measured by 2D-SWE to differentiate between benign
and malignant thyroid nodules'. It has been suggested
that stiffness is lower in thyroid micronodules than mac-
ronodules'. Published studies report a wide range of
stiffness values between 19 and 85 kPa.'?'"6, This
wide range may be related to differences in the equip-
ment, volume, and histological type of the thyroid nod-
ule. In our study, the accuracy of the > 23.5 kPa cutoff
value of nodule stiffness was higher in macrocarcino-
mas (AUC 0.832) than in microcarcinomas (AUC 0.664).
2D-SWE appears to have lower diagnostic accuracy
in microcarcinomas, especially those with apparent
intrinsic softness (< 23.5 kPa) that have a rigid perinod-
ular halo. Based on our results, we believe that in the
assessment of thyroid micronodules, nodule stiffness
quantification using 2D-SWE should be combined with
other elastographic features such as perinodular halo,
A/B index, and color matrix to increase the accuracy of
thyroid microcarcinoma diagnosis.

Few published studies analyze the diagnostic rele-
vance of the rigidity of the perinodular halo for the
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Figure 8. Three proposed elastographic patterns based on combined grayscale US, E-strain, and 2D-SWE features. Congruent elastographic
pattern (upper panel). A: grayscale US showing a 6-mm solid, hypoechoic (arrow), rounded micronodule with an irregular margin and calci-
fications with peripheral vessels. TI-RADS 5. B: E-strain without deformation (pattern 4). The color map shows an intense red nodule (arrow).
C: 2D-SWE color matrix shows ROI (arrow) with a nodular stiffness of 26.2 kPa. A perinodular halo is not present. The FNAB was the Bethesda
V category. The histopathological diagnosis was papillary thyroid microcarcinoma. Incongruent elastographic pattern (middle panel)
D: grayscale US shows a 6-mm solid, hypoechoic, rounded micronodule with an irregular margin (arrow). TI-RADS 5. E: E-strain without
deformation (pattern 4) shows a red nodule (arrow). F: 2D-SWE color matrix shows a blue nodule with a stiffness of 15 kPa and a rigid ring
represented by a light blue halo with orange-red spots (27 kPa) (arrows). The A/B index was 1.8. The FNAB was the Bethesda Ill category.
The histopathological diagnosis was papillary thyroid microcarcinoma. Atypical congruent elastographic pattern (lower panel) G: grayscale
US shows a 6-mm solid, hypoechoic, rounded micronodule with an irregular margin (arrow) with extrathyroidal extension with border abut-
ment, contour bulging, or loss of the echogenic thyroid border, TI-RADS 5. H: E-strain pattern 1 of the micronodule (green core) with a thin,
non-deformable (red) perinodular halo (arrows). The strong stiffness of the halo restricts the intrinsic expression of nodule stiffness. I: 2D-SWE
with a nodule stiffness of 12.0 kPa, color matrix with a blue nodule (apparent intrinsic laxity), and a light blue perinodular halo (arrows). The
A/B index was 1.33. The FNAB was the Bethesda V category. The histopathological diagnosis was papillary thyroid microcarcinoma.
E-strain: elastography strain; FNAB: fine needle aspiration biopsy; kPa: kilopascals; ROI: region of interest; TI-RADS: Thyroid Imaging Reporting and Data System;
US: ultrasound; 2D-SWE: two-dimensional shear wave elastography.

differential diagnosis of benign and malignant thyroid
nodules'®. In our study, perinodular halo stiffness was
significantly higher in malignant nodules than in benign
nodules. We hypothesize that a rigid perinodular halo
modifies elastographic behavior and can dissemble or
reduce the intrinsic rigidity of microcarcinomas. In sev-
eral malignant thyroid micronodules, maximum stiff-
ness was observed in the perinodular region and not
in the lesion. Microcarcinomas, in which there was a
halo, appeared intrinsically softer. The inaccuracy of
2D-SWE in microcarcinomas with apparent intrinsic
softness is compensated by analyzing the 2D-SWE
color matrix to quantify intra- and perinodular stiffness,

with the determination of the halo/nodule elastographic
index (A/B index). In this context, it is possible that the
degree of perinodular fibrosis disturbs the real intrinsic
plasticity of the nodule and consequently modifies the
expression of the 2D-SWE color matrix, and the quan-
titative value of stiffness.

The strengths of this study include the fact that all
benign and malignant thyroid nodules were targeted
using FNAB, which is the reference standard, and
were evaluated with conventional US and two comple-
mentary elastographic modalities by experienced
neck radiologists. Study limitations include the retro-
spective, single-center design, and a small sample
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size. The follow-up to determine the clinical behavior
associated with the proposed elastographic patterns
has not been included. On the other hand, no compar-
isons of elastographic patterns with macronodules
have been made. Although the quantification data are
objective, interobserver and intraobserver agreement
was not determined, which is important considering
that elastography has operator-dependent variability.
Although 2D-SWE depends less on the operator, some
factors can affect the spread through the tissue, so it
is recommended to apply objective parameters and
quality indicators and seek good training and experi-
ence in order to issue ultrasound elastography reports.

CONCLUSION

The three elastographic patterns are based on the
combination of conventional US, E-strain patterns, and
data provided by 2D-SWE by quantifying nodule stiff-
ness, the presence of a perinodular halo, and charac-
teristics of the color matrix to determine the A/B index
(halo/nodule). The three elastographic patterns can be
useful for diagnosing thyroid microcarcinoma, espe-
cially in cases with TI-RADS 4 or 5 and indeterminate
cytopathology. US elastography is painless and requires
only a few additional minutes without special prepara-
tion for patients. Further research is needed to confirm
the results of this study and evaluate the diagnostic
performance of elastographic patterns in large multi-
center prospective cohort studies.
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