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Objective: The purpose of this study was to evaluate the use of sound touch elastography (STE) in conjunction with conventional ultrasound in the differential diagnosis of diffuse thyroid disease (DTD) and normal thyroid in children.

Methods: Studies performed on 62 children with DTD and 30 normal volunteers were reviewed. Standard gray scale ultrasound, Doppler ultrasound and STE of the examinees, and the serum test results of children with DTD were collected, analyzed and compared.

Results: The STE-Mean values in the Graves’ disease (GD) group, Hashimoto’s thyroiditis (HT) group, and normal control group, respectively, were 19.35 ± 5.00 kPa, 19.43 ± 6.06 kPa, and 11.24 ± 1.99 kPa. With an area under the ROC curve (AUC) of 0.945, STE-Mean values differentiated DTD from normal children. The peak systolic velocity (PSV) of the superior thyroid artery separated DTD from normal children and AUC from children with GD and HT, respectively, and was 0.992 and 0.864. The PSV of superior thyroid artery revealed a somewhat favorable connection with FT3 and FT4.

Conclusion: The STE results revealed that thyroid stiffness was higher in children with DTD than in normal children, but further differentiation into GD and HT subgroups lacked specificity, and the superior thyroid artery flow velocity might be a good supplement to distinguish both.
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Introduction

The global incidence of autoimmune thyroid disease (AITD) is close to 5% (1, 2), often beginning in infancy, ultimately affecting children’s growth and learning. Diffuse thyroid disease (DTD) in children is mostly Graves’ disease (GD) and Hashimoto’s thyroiditis (HT), both of which are AITD. The diagnosis of DTD in children is mostly based on clinical symptoms, blood tests, and imaging investigations, with ultrasound as the initial imaging assessment, sometimes augmented by nuclear scan and CT. Ultrasonic examination has long been used for diagnosis and follow-up of diffuse and nodular thyroid diseases. However, GD and HT have overlapping ultrasound appearances (3, 4). For both GD and HT, gray-scale ultrasound can demonstrate increased thyroid volume and decreased echogenicity, while color Doppler demonstrates increased blood flow perfusion. The blood flow velocity of untreated GD is often higher than that of HT (5–7).

As a relatively new and developing method, ultrasonic elastography (UE) has developed into a reliable diagnostic tool in the last decade since it offers additional information on tissue stiffness to aid clinical diagnosis of various disorders. Many research studies have been performed in the adult population in various organ systems and locations. In recent years, there have been limited studies reported on children. Most of the published papers have focused on liver diseases including liver fibrosis, biliary atresia, liver congestion (8–10), A fair amount of projects described musculoskeletal, renal, pancreatic, lymph node, spleen, and neurologic imaging (11–17) has received less attention. DTD have rarely been discussed (11).

According to the European Federation of Societies of Ultrasound in Biomedicine (EFSUMB) Clinical Practice Guidelines and Recommendations for Elastography for Non-Liver Applications (2018) (18), UE is classified into two types: Strain elastography (SE) and shear wave elastography (SWE); SWE is further classified into transient elastography (TE), point shear wave elastography (pSWE), and multidimensional SWE (2D-SWE and 3D-SWE). The STE technique used in this study is 2D-SWE, in which the ultrasound probe generates shear waves by acoustic radiation force within the ROI sampling area, and continuously records the propagation velocity of those waves to calculate the elastic modulus of the tissues. The goal of our study was to see how STE paired with conventional gray scale and Doppler ultrasonography may help in the differential diagnosis of diffuse thyroid lesions in children.



Materials and methods


Patient and participant assessment

The Ethics Committee of Suining Central Hospital accepted this investigation, and all participants were younger than 18 years old, and their legal guardians consented to participate in this study and gave written informed consent.

This study included 62 children with DTD seen at our hospital between March 2019 and March 2021, ranging in age from 3.9 to 17.2 years. The group comprised 6 boys and 56 girls, including 26 children with GD and 36 children with HT. Furthermore, 30 healthy controls, ranging in age from 5.2 to 14.3 years, with 12 boys and 18 girls (Figure 1).
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FIGURE 1
Flowchart of subject screening.


Inclusion criteria for the GD group (19): (1) Clinical symptoms and signs of hyperthyroidism; (2) diffuse enlargement of the thyroid gland (3) elevated thyroid hormone concentrations and decreased serum TSH concentrations; (4) positive serum TRAb or TSAb can be used as an auxiliary diagnosis.

Inclusion criteria for the HT group (20): (1) Diffuse enlargement of the thyroid gland (2) positive serum TPOAb and TgAb; (3) increased serum TSH concentration can be used as an auxiliary diagnosis.

Exclusion criteria: (1) thyroid gland previously treated with surgery, radiation, drugs, etc.; (2) those with obvious thyroid nodules; (3) autoimmune diseases of other organs of the thyroid gland; (4) those with multiple combined diseases; (5) those with critical clinical conditions.

According to the above criteria, we excluded 4 children who could not be diagnosed with GD or HT by clinical symptoms, blood tests and ultrasound, 1 child with other immune system diseases and 2 children with subacute thyroiditis, and children who did not encounter goiter but had normal blood tests. We enrolled 92 children with DTD into the study.

Normal control group was comprised of 30 healthy volunteers. These subjects showed no abnormalities in thyroid gray-scale and Doppler ultrasound, no clinical symptoms and no history of thyroid disease.



Measurement of conventional ultrasound and sound touch elastography

All ultrasound examinations were carried out by a single expert, who had 10 years of ultrasound experience and 5 years of UE experience, and used the same ultrasound system (Mindray Resona7, China) with a 3–11 MHz linear array probe for conventional ultrasound and STE. The thyroid gland was examined with conventional ultrasound, and the anterior and posterior diameters of the both lobes of the thyroid gland and the isthmus, bilateral lobe flow, and bilateral superior thyroid artery flow velocity and resistance index were measured. Longitudinal sectioning was conducted to minimize the impact of the common carotid artery pulsation and tracheal architecture on the elastic measurements,. The following elasticity parameters were determined for this region: mean Young’s modulus (Mean), maximum Young’s modulus (Max), minimum Young’s modulus (Min), and standard deviation (SD). To achieve the average value, at least six (three on the left and three on the right) elasticity parameter maps were produced for each participant.

Ultrasound color vascular assessment grading system was created: Grade 0: indicates that there is minimal to no blood flow in the gland; Grade 1: Mild blood flow signal can be detected in the gland, with mostly peripheral blood vessels visualized within an area less than one-third of that of a normal thyroid gland; Grade 2 indicates minimal hyperemia, with a distribution area of 1/3–2/3 of the gland; Grade 3 represents significant hyperemia increase in blood the gland, with a distribution area of at least more than 2/3, indicating a “sea of fire” appearance.



Thyroid function

Each DTD participant had thyroid function testing and serum antibody assays performed, including Thyroid-stimulating Hormone (TSH), Free Triiodothyronine (FT3), Free Thyroxine (FT4), Thyroperoxidase Antibody (TPOAb), and Thyroglobulin Antibody (TgAb).



Statistical analysis

SPSS24.0 statistical software was used for analysis, and the measurement data were expressed as [image: image] ± S. Multiple independent samples were tested using the one-way ANOVA method, and two comparisons were made between groups; the LSD test was used for chi-square, and the Games-Howell test was used for chi-square; rank data were tested using the rank sum test, and two comparisons were made between multiple independent samples using the SNK method. The receiver operating characteristic curve (ROC curve) analysis was used to assess the diagnostic efficacy of STE-Mean values in children with DTD and normal controls, as well as the diagnostic efficacy of superior thyroid artery flow velocity in children with GD and HT; the correlation between STE-Mean values and Vmax values of superior thyroid artery flow velocity in each thyroid group and laboratory. Pearson’s product distance correlation analysis was performed to assess the relationship between the thyroid gland groups’ STE-Mean values and PSV and the laboratory parameters; P < 0.05 indicates that the differences were statistically significant.




Results


Participants

In this study, participants included 62 children with DTD and 30 healthy volunteers. Children with DTD included 6 boys and 56 girls. The mean ages of GD group, HT group and normal group were 9.73 ± 3.56 years (range: 6.7–17.2 years), 11.46 ± 2.94 years (range: 3.9–16.9 years) and 8.06 ± 2.74 years (range: 5.2–14.3 years), respectively (Table 1). Of the 62 children with DTD, 26 had GD, all with hyperthyroidism, of which 24 received medication following the present examination; 36 had HT, 6 with hyperthyroidism, 6 with hypothyroidism, and 24 with normal thyroid function, and 8 received medication following the current examination.


TABLE 1    Routine ultrasound and elastic results in studied groups.
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Gray scale ultrasound

Thyroid volume was variably increased in GD and HT groups, and the anterior-posterior diameter of the isthmus, anterior-posterior diameter of the left lobe, and anterior-posterior diameter of the right lobe were larger than in the normal group, P < 0.05 (Table 1). The differences between the GD and HT groups, however, were not statistically significant (P > 0.05).



Color Doppler ultrasound

The thyroid blood flow signal in the control group was evaluated as grade 1 (27/27). In the GD group, flow was increased significantly with a “sea of fire” appearance and overall grade of 3 (26/26). In the HT group, the majority of patients demonstrated increased flow (grade 1 4/36, grade 2 14/36, and grade 3 18/36). P < 0.05 for the comparison between groups (Table 1). However, when the blood flow increased significantly (grade 3), it was difficult to distinguish GD from HT.

In the comparison of superior thyroid artery flow velocity, GD group was elevated compared to HT group which in turn was elevated compared to the control group, P < 0.05. However, when comparing the superior thyroid artery flow resistance index between the groups the difference was not statistically significant, P > 0.05 (Table 1).



Sound touch elastography measurements

The elastic parameters were selected as mean Young’s modulus (Mean), maximum Young’s modulus (Max), minimum Young’s modulus (Min), and SD, which were smaller in the normal group than in the lesion group in the four data groups, P < 0.05, while there was no statistical difference between the GD group and the HT group in all four data groups, P > 0.05 (Table 1 and Figures 2, 3A–C).
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FIGURE 2
Box-plot of thyroid STE-Mean value. The top and bottom line segments represent the maximum and minimum values of data, respectively, wherein the top and bottom line segments of the box graph represent the third quartile and the first quartile, respectively, and the thick line segment in the middle of the box graph represents the median of data. CONTROL: normal group.
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FIGURE 3
(A) Elastic image of normal thyroid: the sampling area is mainly blue, indicating that the gland is soft. The hardness increases gradually from blue-green-yellow-red. (B) Elastic image of Graves’ disease: the lesion area is mixed with blue and green. (C) Elastic image of Graves’ disease: the lesion area is mixed with blue and green.




Receiver operating characteristic curve analysis

ROC curve analysis was utilized to distinguish DTD children from normal children, and when the STE-Mean ideal cut-off value was 13.41 kPa, the diagnostic sensitivity was 91.9%, the specificity was 86.7%, and the AUC was 0.945 (Figure 4A).
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FIGURE 4
(A) ROC curve between DTD and NG differentiated by STE-Mean, the positive actual state is DTD. (B) ROC curve of DTD and NG differentiated by flow velocity of superior thyroid artery, the positive actual state is DTD. (C) ROC curve of GD and HT differentiated by flow velocity of superior thyroid artery, the positive actual state is GD.


When the PSV of superior thyroid artery was 25.39 cm/s, the diagnostic sensitivity was 98.4%, the specificity was 93.3%, and the AUC was 0.992 (Figure 4B). When the PSV of superior thyroid artery was 64.64 cm/s, the diagnostic sensitivity was 76.9%, the specificity was 86.1%, and the AUC was 0.864 (Figure 4C).



Correlation analysis

In children with DTD, STE-Mean readings did not correlate substantially with FT3, FT4, TSH, TgAb, or TPOAb (Table 2). The PSV of superior thyroid artery exhibited a moderate positive association with FT3 and FT4, a low correlation with TgAb, and no significant correlation with TSH and TPOAb (Table 3).


TABLE 2    Correlation between STE-Mean value and serum indexes.
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TABLE 3    Correlation between PSV of superior thyroid artery and serum indexes.
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Discussion

GD and HT are theorized to be secondary to an autoimmune response as an unknown antigen or various factors stimulating the production of antibodies such as TPOAb, TgAb, TRAb, etc. In addition, lymphocytes and plasma cells infiltrate the thyroid glands, accompanied by changes in blood vessels and proliferation of fibrous connective tissue (21). The normal thyroid is soft, with its basic structure is composed of follicles with a small amount of connective tissue, blood vessels and lymphatic vessels between the follicles (22). The pathological changes of GD are hyperplasia of follicular epithelial cells, scattered lymphocytes and plasma cells among the follicles, abundant and congested blood vessels in the stroma, and thin, reduced or disappeared glia in the follicles (22). The pathological changes of HT are extensive. In the early stage, there is a decrease of glia in the follicles, infiltration of lymphocytes and plasma cells between the follicles, proliferation and congestion of blood vessels in varying degrees with less proliferation of fibrous tissue. Gradually there is increase of lymphocyte infiltration. In its later stage there is severe atrophy and destruction of follicles, and proliferation of fibrous connective tissue in varying degrees, and even extensive fibrosis (22), which ultimately leads to the increase of gland hardness.

According to the findings of this study, STE-Mean, STE-Max, STE-Min, and STE-SD values were higher in the GD and HT groups than in the control group, with STE-Mean values of 19.35 ± 5.00, 19.43 ± 6.06, and 11.24 ± 1.99 kPa, respectively, indicating that the thyroid gland of children with DTD was stiffer than that of normal children. Diagnostic sensitivity was 91.9% and the specificity was 86.7%, with an AUC of 0.945 at the optimal STE-Mean cut-off value of 13.41 kPa, according to the findings of ROC curve analysis. The difference in stiffness between the GD and HT groups, however, was not statistically significant, indicating that STE is ineffective for differentiating between these disorders. Hazem et al. (23) used the SWE technique on 74 children with DTD and 20 normal children ranging in age from 10 to 18 years, and SWE-Mean values of 17.26 ± 4.2, 15.31 ± 2.95, and 10.9 ± 1.78 kPa were found in the GD, HT, and normal groups, respectively, Their study demonstrated statistically significant differences between the groups, with the GD group demonstrating increased stiffness compared to the HT group, which differed from the results of our study. Liu et al. (24) measured the SWE technique in adult 154 patients with diffuse thyroid lesions and 30 normal controls, ages 13–74 years, demonstrating SWE-Mean values of 27.05 ± 12.21, 26.11 ± 11.90, 13.88 ± 4.10 kPa in the GD, HT, and normal groups, respectively, similar to our current study of DTD. DTD demonstrated increased stiffness compared to the normal group, without statistical significance. The STE-Mean values of all groups were somewhat higher than those of the current research. This may be related to the duration of the disease, and the subtle gland fibrosis in children (20). In addition, Kandemirli et al. (25) assessed the degree of fibrosis in 59 children with HT and 27 normal children, aged 7.5–17.0 years, using SWE technology, and classified HT into three levels. The STE-mean value of children with grade 3 (19.7 kpa, IQR17.9–21.5 kpa), which was higher than that of children with grade 2 (15.5 kpa, IQR14.5–17.8 kpa) and higher than that of children with grade 1 (12.8 kpa, IQR11.9–13.1 kpa) and higher than that of normal children (10.6 kpa, IQR9.0–11.3 kpa). The difference between the two groups was statistically significant, indicating that the glandular fibrosis of HT was different in different stages of disease development.

The SWE technique to assess tissue hardness can be expressed in kPa in addition to the shear wave velocity (SWV) unit cm/s, with a relationship between the two expressed by the formula E = 3 pc2 (E = Young’s modulus, p = tissue density, c = SWV). However, the differences in the techniques of different manufacturers, which assess the stiffness in different units, cannot be converted artificially. Yucel et al. (26) examined the SWV of the thyroid gland in 26 children with HT and 26 normal children, ages 6–17 years, and discovered that the SWV value was higher in the HT group (1.67 ± 0.63 cm/s) than in the normal group (1.30 ± 0.13 cm/s, p < 0.001), indicating that the thyroid stiffness of HT group is harder than that of normal group, which is consistent with the current study. Another thyroid investigation in 145 healthy children found normal thyroid SWV value of 1.22 ± 0.20 cm/s and no association between SWV and age, BSA, or thyroid volume (27). In addition, Hefeda (28) compared the thyroid gland of 130 adults, including 30 GD patients, 65 HT patients and 35 normal people, aged 18–52 years. The SWV values of GD group, HT group and control group were 2.61 ± 0.32, 2.85 ± 0.52 and 1.75 ± 0.37 m/s, respectively. There were statistical differences among the groups. The HT group was slightly harder than GD group, and both were harder than the control group. Their data was slightly different from our study, possibly because DTD lasts longer in adults, and gland fibrosis is more severe.

In our study population, children with GD and HT, routine ultrasound findings revealed identical gray scale sonograms with varied degrees of glandular expansion and heterogeneous echogenicity. Color Doppler showed abundant blood flow in GD, and blood flow were all grade 3, with obvious vascular pulsation, which was related to the obvious increase of blood vessels and the rapid flow rate (29). While in HT patients, most of the blood flow is slightly increased or increased, mainly concentrated in grade 2 and grade 3. This may be related to inflammation and increased vascular growth factor (30). Some literatures (30, 31) has suggested early that the blood supply pattern of some HT and Gd was similarly increased. Ceylan et al. (32) also reported that 85% of HT patients had increased vascularity. Although the two overlapped, the flow rate was not as fast as that of GD patients, which was also similar to the results of previous literatures (5–7). ROC curve analysis revealed that the optimal cut-off value of the PSV of superior thyroid artery was 64.64 cm/s, yielding a diagnostic sensitivity of 76.9%, and specificity of 86.1%, and AUC was 0.864. Caruso et al. (7) reported that the peak systolic velocity (PSV) of the inferior thyroid artery in GD patients was > 150 cm/s, and the PSV of other autoimmune thyroiditis patients was < 65 cm/s. We also discovered that the PSV of the superior thyroid artery correlated moderately with FT3 and FT4 (FT3:Pearson r = 0.602, P < 0.001; FT4:Pearson r = 0.593; P < 0.001), and not significantly linked with TSH, TgAb or TPOAb, suggesting that, while higher blood flow does not predict hyperthyroidism, faster flow rate may be indicative of hyperthyroidism.

Whereas in previous literature demonstration of the link between serum markers and DTD stiffness varied substantially, Yucel et al. (26) revealed that thyroid SWV in HT patients associated with TPOAb (Pearson r = 0.46; P = 0.038) but not with FT3, FT4, TSH, or TgAb. Thyroid SWE in DTD patients revealed a modest association with TSH and TgAb (r = 0.269, P = 0.025; r = 0.343, P = 0.004) and no significant correlation with FT3, FT4, and TPOAb, according to Liu et al. (24). In our study STE-Mean levels were not significantly linked with FT3, FT4, TSH, TgAb, or TPOAb in children with DTD. Therefore, we are not yet capable of predicting thyroid function based on hardness.

The limitations of this study include the limited sample size, and short follow up, which did not allow for the observation of changes in stiffness as the disease progressed; second, the use of UE in superficial organs is subject to interference from a variety of causes.



Conclusion

In conclusion, STE of the thyroid can aid in differentiating between normal children and children with DTD, however, STE cannot reliably differentiate between GD and HT, and the blood flow velocity of the superior thyroid artery can be a good supplement to the differential diagnosis of the both. Hopefully with added research and larger sample sizes the role of UE in children with DTD can be verified.
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