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ABSTRACT 

Ultrasound elastography for assessing thyroid nodules: Interrater 

variability and diagnostic performance 

 

Jieun Koh 

 

Department of Medicine  

The Graduate School, Yonsei University  

  

(Directed by Professor Jin Young Kwak) 

 

Purpose: To validate interrater variability for strain ultrasound elastography 

(USE) and compare diagnostic performances of a combination of gray scale 

ultrasound (US) with USE with gray-scale US. Methods: Three raters from 

different institutions evaluated gray-scale US images and USE video files of 

443 cytopathologically proven benign or malignant thyroid nodules during a 3 

month term. Interrater variability of gray-scale US and USE using the Asteria or 

Rago criteria were evaluated. We compared diagnostic performances for 

predicting malignancy on gray-scale US with the combination of gray-scale US 

and USE for each rater. Results: Interrater variability was not statistically 

different between USE using the Asteria criteria and gray-scale US, however 

USE using the Rago criteria demonstrated the lowest interrater agreement 

(P<0.043). Sensitivity was increased in all three raters by adding USE to gray-

scale US (81.3-88.3%, 75.4-85.4%) compared to gray-scale US (70.4-80.8%) 

alone. Specificity were decreased by adding USE to gray-scale US (51.7-59.1, 

59.1-73.9%) compared to gray-scale US alone (69.0-82.8%). Conclusions: 
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USE showed comparative interrater variability to gray-scale US. However when 

USE is added to gray-scale US, additional diagnostic yield is limited compared 

to gray-scale US alone.  
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I. INTRODUCTION 

 

Gray scale ultrasound (US) is the most sensitive test to detect thyroid lesions; 

however the differentiation of benign and malignant nodules is not highly 

accurate,
1
 and its diagnostic value varies considerably from study to study.

2-6
 

Ultrasound elastography (USE) enables assessment of tissue consistency by 

differentiating hard from soft nodules, and it supplements the diagnostic 

limitations of gray-scale US.
7-20

 Previous studies suggested improved or 

comparative diagnostic performances of USE compared with gray-scale US in 

differentiating benign and malignant thyroid nodules.
8-10,13,14,16

 Diagnostic 

performances have also been improved with a combination of gray-scale US 

and USE.
19

 Contrary to these positive results, several studies have failed to 

prove the superiority of USE compared with gray-scale US.
12,15,17,21

 Moreover, 

the combination of USE and gray-scale US was inferior to gray-scale US in 
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some cases.
15

  

The other technical issue with USE besides variable diagnostic performance is 

limited interrater agreement, an issue first reported by Park et al. using strain 

USE, however without subjective monitoring methods for compression.
22

 Other 

consecutive studies reported increased interrater agreement using subjective 

monitoring methods for compression on strain USE.
23-25

 Shear wave USE 

showing fair to excellent reproducibility in neck lesions including thyroid 

nodules tend to have higher interrater agreement compared with strain USE.
26-28

 

So far, studies to evaluate the interrater variability of strain USE have been 

limited to small sample sizes and only performed by raters from the same 

institution.
22-25

 Therefore, we investigated to validate the interrater agreement 

for strain USE as well as gray-scale US in a relatively large number of thyroid 

nodules by three radiologists from different institution and compared diagnostic 

performances of gray-scale US with a combination of gray-scale US with USE. 

 

II. MATERIALS AND METHODS 

 

1. Patients 

The institutional review board approved this retrospective study and required 

neither patient approval nor informed consent for our review of patients’ images 

and records. From November 2011 to January 2012, 583 nodules in 465 

consecutive patients underwent FNA or staging US with strain USE. We 
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excluded nodules measured less than 5 mm or equal to or larger than 30 mm 

(n=65) and nodules with cytologic results of suspicious malignant, atypia, and 

nondiagnostic (n=61) with no further surgical intervention. Among 457 nodules, 

194 were pathologically confirmed by surgery, and 263 were cytologically 

proved to be benign or malignant nodules with no further surgical intervention. 

Among them, 14 nodules were excluded due to the poor quality of USE video 

files or gray-scale US images. Finally, 443 nodules in 426 patients were 

included in this study, and among them 17 patients had two nodules. The mean 

age of the patients was 47 ± 12, and 361 were female, and 82 were male. The 

mean size of the nodules was 11 ± 5.6 mm, and 212 nodules were equal to or 

less than 10mm, and the rest were larger than 10mm. 

 

2. Gray-scale US and USE 

Gray-scale US was performed initially with a 6–14-MHz linear array transducer 

(EUB-7500; Hitachi Medical, Tokyo, Japan) by radiologists with 1 to 15 years 

of experience in thyroid imaging. Transverse and longitudinal images of thyroid 

nodules were captured and stored for later image interpretation. After 

performing gray-scale US, USE was performed by the same radiologist with the 

same US unit. All USE images were obtained in longitudinal planes with the 

freehand technique. Each radiologist had at least two months of experience with 

the machine, and had performed USE for more than 100 nodules during training. 
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The probe was positioned perpendicular to the skin, and repetitive compression 

was applied above the targeted thyroid nodules during USE. A square region of 

interest was placed at the target nodule with the superior margin including 

subcutaneous fat and the inferior margin including the longus colli muscle. 

Color homogeneity within the region and pressure indicator (ranging 2-3) was 

monitored for optimal image acquisition. On a split-screen mode, gray-scale US 

images were displayed on the right while USE images that were superimposed 

on the corresponding gray-scale US images were displayed on the left. USE 

images were displayed with 256 specific colors for each pixel ranging from a 

color spectrum of red to blue. The softest composition was displayed in red and 

the hardest composition in blue.
15

 USE images were obtained as video files with 

more than 5 seconds continuous length. 

 

3. Image interpretation 

Stored gray scale image and USE video files were reviewed by one radiology 

resident (J.E.K). On reviewing gray-scale US images in PACS (the picture 

archiving and communication system), an appropriate transverse and 

longitudinal view of each nodule were manually captured. All clinical data from 

images were removed. Images of each nodule were assigned with randomized 

numerical numbers and ordered. Video files less than 5 seconds in length were 

excluded during USE video file review. USE video files of each nodule were 



7 

 

also randomized with other numerical orders different from the gray-scale US 

images. 

Three radiologists from different hospitals evaluated gray-scale US images and 

USE video files. The first radiologist (H.J.M) had 11 years of thyroid US 

experience and 5 years of USE experience. The second radiologist (J.S.P) had 

12 years of thyroid US experience and 8 years of USE experience. The third 

radiologist (S.J.K) had 7 years of thyroid US experience and 5 years of USE 

experience. All three raters were unaware of clinical data or cytologic results. 

First, gray-scale US images were sent to each rater for evaluation, and 

interpreted results were recorded in a form collected right after image review. 

Three months after the gray-scale US image review, a set of USE video files 

was sent to each rater and the results were then recorded in another form and 

collected.  

On the gray-scale US image interpretation form, five features of the thyroid 

nodules were recorded. Internal composition of nodules was recorded as solid, < 

50% of cystic portion, ≥ 50% of cystic portion, and cyst. Echogenicity of 

nodules was recorded as hyper-, iso-, hypo-, and marked hypoechogenicity. 

Margin of nodules was evaluated as well circumscribed, microlobulated, or 

irregular. Presence of calcification in nodules was recorded as 

microcalcification, macrocalcification (including egg shell calcification), mixed 

micro- and macrocalcification, and no calcification. Shape of nodules was 



8 

 

interpreted as taller than wider or wider than taller. Features of malignant 

thyroid nodules included solid internal composition, marked hypoechogenicity, 

microlobulated or irregular margin, presence of microcalcification, and taller 

than wider shape. Final assessment was recorded based upon the presence of 

malignant features, with assessments as probably benign when there were no 

malignant features and as suspicious when one or more malignant features were 

present. There were 37 thyroid nodules containing macrocalcifications and two 

thyroid nodules had predominant cystic portions. 

USE video files were reviewed and thyroid nodules were scored according to 

classifications of Asteria et al.
8
 and Rago et al.

9
 separately (Figure 1). Asteria et 

al. scored elasticity (the Asteria criteria) with 4 scales, and as the scale increased, 

elasticity decreased. Scores of 3 and 4 were classified as suspicious malignancy, 

and 1 and 2 as probably benign. The scoring system of elasticity by Rago et al. 

(the Rago criteria) used 5 scales (1-5), and a lower number indicated more 

elasticity while an increased number correlated with increased nodule hardness. 

Nodules with scores of 4 and 5 were classified as suspicious malignancy, 

whereas scores of 1 to 3 were classified as probably benign.  
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 (a) 

 

(b)  

 

 

Figure 1. Schematic representation of elasticity of a thyroid nodule scored 

according to the  Asteria criteria (a) and Rago criteria (b) a Scores from 1 to 4 

indicate the following; 1 Elasticity in the whole examined area, 2 Elasticity in a 

large portion of the examined area, 3 No elasticity in a large portion of the 

examined area, 4 No elasticity in the whole examined area b Scores from 1 to 5 

indicated as follows; 1 Elasticity in the whole nodule, 2 Elasticity in a large part 

of the nodule, 3 Elasticity only at the peripheral part of the nodule, 4 No 

elasticity in the nodule, 5 No elasticity in the nodule and in the posterior 

shadowing. 
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4. US-guided FNA  

US-guided FNA was performed by the same radiologist who performed US. 

Aspiration was performed at least twice for each nodule using the freehand 

technique with a 23-gauge needle attached to 2-mL disposable plastic syringe. 

Obtained samples were expelled on to glass slides, smeared and placed 

immediately into 95 % alcohol for Papanicolaou staining. One of the five 

cytopathologists specializing in thyroid cytology interpreted the smeared 

samples. The Bethesda classifications were used in the cytology reports of 

thyroid aspirate samples.
29

  

 

5. Data and Statistical analysis 

We used cytopathological results as standard reference, with samples confirmed 

as malignant through pathology or FNA classified into the positive group, and 

samples confirmed as benign through pathology or FNA classified into the 

negative group. Continuous variables were analyzed using the student t-test, and 

categorical variables were analyzed by the Pearson’s chi-square test. Interrater 

variability of gray-scale US and USE were evaluated between two raters using 

Cohen’s kappa analysis for pairwise comparison. Generalized kappa using the 

Inter_Rater SAS Macro program was used for overall comparison among the 

three raters of gray-scale US and USE. Additionally, we compared kappa 

coefficients among final assessment of gray-scale US and elastography using 
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the Asteria and Rago criteria.
30

 Relative strength of agreement associated with 

kappa statistics was poor (κ ≤ 0.2), fair (0.2 < κ ≤ 0.4), moderate (0.4 < κ ≤ 0.6), 

substantial (0.6 < κ ≤ 0.8), or good (κ >0.8).
31

 We calculated and compared the 

sensitivity, specificity, positive predictive value (PPV), negative predictive 

value (NPV), and accuracy for predicting malignancy on gray-scale US with the 

combination of gray-scale US and USE for each rater with the generalized 

estimating equation (GEE) method. Analysis was performed using SAS 9.2 

version (SAS Institute Inc., Cary, NC, USA.). Statistical significance was 

assumed when the P value was less than 0.05.  

 

III. RESULTS  

 

Of the total 443 nodules, 240 (54.2%) nodules were confirmed as malignancy, 

and the remaining 203 (45.8%) nodules as benign. Among the 180 nodules 

surgically confirmed as malignancy, 174 were conventional papillary thyroid 

carcinoma, 5 were follicular variant of papillary thyroid carcinoma, and 1 was 

medullary carcinoma. Among the 8 nodules surgically confirmed as benign, 4 

nodules were adenomatous hyperplasia, 2 were lymphocytic thyroiditis, 1 was 

Hurthle cell adenoma, and 1 was cellular adenomatous hyperplasia. The mean 

size (9.23 ± 4.26 mm) of the malignant nodules was smaller than that of (13.39 

± 6.12 mm) the benign nodules with statistical significance (P<0.001). Gender 

and age were not associated with malignancy (P=0.277 and 0.074, respectively). 
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Interrater agreement analysis for each feature in gray-scale US and USE was 

performed (Table 1). Overall interrater agreement was substantial in margin and 

shape (κ=0.618 and 0.760), and moderate in composition, echogenicity, and 

calcification (κ=0.545, 0.417, and 0.592). Shape showed the highest level of 

interrater agreement and echogenicity showed the lowest level of interrater 

agreement among the three raters. In regard to final assessment of gray-scale 

US, overall interrater agreement was substantial (κ=0.621) and interrater 

variability between two raters was also substantial among the three raters 

(κ=0.603-0.644).  
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Table 1 Interrater variability of each feature and final assessment of gray-scale 

US and USE scored according to the Asteria and Rago criteria 

 κ (Standard error) 

Composition1 Echogenicity1 Margin1 Calcification1 Shape1 
Final 

assessment1 
Asteria2 Rago3 

Overall 
0.545 

 

(0.044) 

0.417 

 

(0.066) 

0.618 

 

(0.080) 

0.592 

 

(0.045) 

0.664 

 

(0.037) 

0.621 

 

(0.028) 

0.602 

 

(0.028) 

0.360 

 

(0.050) 

1 vs. 2 
0.483 

 
(0.046) 

0.311 

 
(0.058) 

0.618 

 
(0.037) 

0.573 

 
(0.046) 

0.627 

 
(0.041) 

0.620 

 
(0.037) 

0.601 

 
(0.037) 

0.475 

 
(0.050) 

1 vs. 3 
0.684 

 

(0.038) 

0.534 
 

(0.054) 

0.636 
 

(0.037) 

0.596 
 

(0.045) 

0.690 
 

(0.038) 

0.644 
 

(0.036) 

0.588 
 

(0.038) 

0.240 
 

(0.040) 

2 vs. 3 
0.464 

 
(0.045) 

0.404 

 
(0.068) 

0.603 

 
(0.038) 

0.609 

 
(0.046) 

0.678 

 
(0.038) 

0.603 

 
(0.037) 

0.624 

 
(0.037) 

0.427 

 
(0.050) 

1
Gray-scale US 

2
Asteria criteria USE scored with a 4 grade scale  

3
Rago criteria USE scored with a 5 grade designation  
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USE using the Rago criteria demonstrated the lowest overall and pairwise 

interrater agreement compared with gray-scale US or USE using the Asteria 

criteria (P<0.043) (Figure 2). Overall interrater agreement for USE using the 

Asteria criteria was substantial (κ=0.602) and for USE using the Rago criteria 

was fair (κ=0.360) among the three raters. Pairwise interrater agreement showed 

substantial agreement between rater 1 and 2 (κ=0.601) and rater 2 and 3 

(κ=0.624), and moderate between 1 and 3 (κ=0.588) in USE using the Asteria 

criteria. In USE using the Rago criteria, interrater agreement was moderate 

between rater 1 and 2 (κ=0.475) and rater 2 and 3 (κ=0.427), and fair between 

rater 1 and 3 (κ=0.240). The lowest level of agreement was noted between rater 

1 and 3 with the Rago criteria. 
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 (a) 

 

(b) 

 

Figure 2. A 58-year-old woman with 15-mm thyroid nodule. (a) All three raters 

scored this nodule as suspicious on gray-scale US. (b) On USE, all raters scored 

this nodule as 3 by the Asteira criteria and raters 1 and 2 scored it as 2 and 3 

point while rater 3 scored it as 4 point by the Rago criteria. This nodule was 

surgically confirmed as malignant.  
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Diagnostic performances were calculated for gray-scale US, USE, and the 

combination of gray-scale US with USE (Table 2). Sensitivity, NPV, and 

accuracy of gray-scale US (70.4-80.8%, 68.4-75.3%, and 72.9-76.5%, 

respectively) were higher than those of both USE using the Asteria criteria(45.0-

59.2%, 53.2-57.8%, and 58.2-62.3%, respectively) and USE using the Rago 

criteria (15.4-41.3%, 49.0-53.5%, and 52.4-59.0%, respectively) in all three 

raters. Sensitivity, NPV, and accuracy were lower in USE using the Rago 

criteria compared with USE using the Asteria criteria in all three raters. 

Specificity was the highest in USE using the Rago criteria (79.8-96.1%) 

compared with USE using the Asteria criteria (63.6-73.9%) and gray-scale US 

(69.0-75.9%). PPV was the highest in USE using the Rago criteria (82.2%) 

compared with USE using the Asteria criteria (67.1%) and gray-scale US 

(77.5%) in rater 1. Rater 2 and 3 showed the highest PPV in gray-scale US 

(83.0% and 75.5%), compared with USE using the Asteria criteria (64.4% and 

67.3%) and USE using the Rago criteria (73.4% and 70.7%).   
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Table 2 Diagnostic performances of gray-scale US and USE scored according to the Asteria and Rago criteria, and 

addition of the USE using the Asteria and Rago criteria to gray-scale US  

          

 Sensitivity(%) Specificity(%) PPV(%) NPV(%) Accuracy(%) 

Raters 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

Gray-scale US 70.4  71.3  80.8  75.9  82.8  69.0  77.5  83.0  75.5  68.4  70.9  75.3  72.9  76.5  75.4  

USE using the 
Asteria score 

45.0  55.8  59.2  73.9  63.6  66.0  67.1  64.4  67.3  53.2  54.9  57.8  58.2  59.4  62.3  

USE using the 
Rago score 

15.4  28.8  41.3  96.1  87.7  79.8  82.2  73.4  70.7  49.0  51.0  53.5  52.4  55.8  58.9  

Combination of 

gray-scale US 

with USE using 
the Asteria score 

81.3 85.0 88.3 59.1 55.7 51.7 70.1 69.4 68.4 72.7 75.8 79.0 71.1 71.6 71.6 

Combination of 

gray-scale US 

with USE using 
the Rago score 

75.4 79.6 85.4 74.4 73.9 59.1 77.7 78.3 71.2 71.9 75.4 77.4 74.9 77.0 73.4 



18 

 

We compared diagnostic performances of gray-scale US with the combination 

of gray-scale US with USE (Table 2). Sensitivity was increased by adding USE 

using the Asteria criteria to gray-scale US (81.3-88.3%) and by adding USE 

using the Rago criteria to gray-scale US (75.4-85.4%) in all three raters with 

statistical significance compared with gray-scale US (70.4-80.8%) (Figure 3). 

NPV was also increased by adding USE using the Asteria criteria to gray-scale 

US (72.7, 75.8%) and by adding USE using the Rago criteria to gray-scale US 

(72.0, 75.4%) in rater 1 and 2 compared with gray-scale US (68.4, 70.9%). In 

rater 3, NPV was also increased by adding USE using the Asteria criteria to 

gray-scale US (79.0%) and by adding USE using the Rago criteria to gray-scale 

US (77.4%) compared with gray-scale US (75.3%), however there was no 

significant statistical difference (P=0.085, 0.170). Accuracy was increased by 

adding USE using the Rago criteria to gray-scale US (74.9%) compared with 

gray-scale US (72.9%) in rater 1, and in rater 2 and 3 accuracy was decreased 

by adding USE using the Asteria criteria to gray-scale US (71.6 and 71.6%) 

compared with gray-scale US (76.5 and 75.4%) with statistical significance. 

Specificity and PPV were decreased by adding USE using the Asteria criteria to 

gray-scale US (51.7-59.1% and 68.4-70.1%) and by adding USE using the Rago 

criteria to gray-scale US (59.1-73.9% and 71.2-28.3%) compared with gray-

scale US (69.0-82.8% and 75.5-83.0%) with rater 1 being the exception; for 

rater 1, the addition of USE using the Rago criteria to gray-scale US showed no 
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statistical difference with gray-scale US alone.  
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 (a) 

 

(b) 

  

 

Figure 3. A 45-year-old woman with 14-mm thyroid nodule. (a) On gray-scale 

US, all three raters assessed this nodule as benign. b On USE, all three raters 

scored this nodule as 4 point by the Asteria and rater 1 and 2 both scored it as 4 

point while rater 3 scored as 5 point by the Rago criteria. By fine-needle 

aspiration, this nodule was confirmed as benign. 

 

 

 

 



21 

 

IV. DISCUSSION 

 

USE is a promising technique visualizing the elastic restoring forces of tissue 

that act against deformation.
7
 Strain USE uses mechanically induced quasi-

static shear waves and the results of tissue compression are displayed as an 

image.
7
 Malignant nodules tend to be harder than benign lesions, and by 

palpation physicians can subjectively differentiate malignant nodules from 

benign nodules. On USE, hard lesions strain less than surrounding soft tissue, 

and in this manner we can differentiate malignant nodules from benign nodules 

objectively.
8-19

  

As a complementary tool to gray-scale US, the reproducibility of USE is an 

important factor.
2,17,22,24

 Variability can be caused throughout various USE 

procedures, from selection of imaging planes, compression, selection of images 

from dynamic sequences, to scoring.
2
 There have been reports on factors 

affecting the poor reliability of USE and the interrater and intrarater agreement 

for assessing thyroid nodules including <50% green color in the region of 

interest box for the thyroid parenchyma, discordance in elasticity scores in the 

USE images, and intranodular color signal loss.
32

 In this study, we evaluated 

interrater variability using video files of USE, excluding technical factors by a 

performer on USE. Among the features of gray-scale US, shape showed the 

highest level of agreement which was substantial, whereas echogenicity showed 

the lowest level of agreement which was from fair to moderate, not only 
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constantly between two raters but also among all three raters. Final assessment 

of gray-scale US showed a substantial level of agreement not only between two 

raters but also among the three raters. USE using the Asteria criteria showed 

comparable interrater variability with gray-scale US features between two raters 

as well as among the three raters. While USE using the Rago criteria showed 

less concordance than gray-scale US, USE using the Asteria criteria showed a 

fair to moderate level of concordance between two raters, and a fair level of 

concordance was noted among the three raters. This difference may result from 

different scales; USE using the Asteria criteria used a 4 point scoring system 

while USE using the Rago criteria used a 5 point scoring system and more 

simple definitions were applied with the Asteria criteria than the Rago criteria. 

A previous study using a 4 scale score system of USE which was the same as 

USE using the Asteria criteria showed good agreement between two raters and 

among three raters, which is similar result to our study.
24

 Other studies showed 

excellent interrater agreement of USE when using a different scoring system 

from the system we used and compared only between two raters.
23,25

   

Reported sensitivity of gray-scale US varies 83.3-94.0% and specificity varies 

66-92.0% from study to study.
4,33-35

 In this study, the sensitivity of USE ranged 

45.0-59.1% in USE using the Asteria criteria and 15.4-41.3% in USE using the 

Rago criteria, and specificity ranged 66.0-73.9% in USE using the Asteria 

criteria and 79.8-96.1% using the Rago criteria, showing relatively low 
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diagnostic performances compared with initial studies (sensitivity: 94%-97%, 

specificity: 81%-100%) that used the same scoring system.
8,9

 The diagnostic 

performance of USE alone was also lower compared with the final assessment 

of gray-scale US except for specificity in USE using the Rago criteria. However, 

USE using the Rago criteria showed lower sensitivities for each feature in gray-

scale US. These results are different from previous studies that suggest that a 

high diagnostic performance is possible with USE.
10,13,14,16

  

All diagnostic performances of USE using the Asteria or Rago criteria except 

specificity and PPV of USE using the Rago criteria were inferior to those of 

gray-scale US. However when combined with gray-scale US, USE elevated 

sensitivity and NPV, whereas specificity and PPV were decreased. USE using 

the Asteria criteria showed better sensitivity when added to gray-scale US than 

USE using the Rago criteria, however when USE using the Rago criteria was 

added to gray-scale US, specificity was less decreased.
14,24

 These findings were 

comparative with other studies that also suggested increased sensitivity and 

decreased specificity when USE was added to gray-scale US.
14,15

 Accuracy was 

increased compared to gray-scale US in one rater when USE using the Rago 

criteria was added to gray-scale US with statistical significance (P=0.019), and 

for the other two raters, accuracy was decreased compared to gray-scale US 

when USE using the Asteria criteria was added to gray-scale US (P=0.019). 

We acknowledge that there are several limitations in this study. First, only 8 
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benign nodules were surgically confirmed with the remaining benign nodules 

being confirmed by cytologic results, and false-negative results may have 

existed. Second, we included thyroid nodules with macrocalcifications and 

cystic portions to evaluate interrater variability, another factor which may affect 

the diagnostic performances of USE. However, as these nodules only comprised 

a small portion of this study, interrater variability due to macrocalcifications or 

cystic portions may have had little effect on the results.
36,37

 Third, although we 

used USE using video files, differences might occur with real time image 

evaluation. Fourth, radiologists with variable experiences performed 

elastography. This may influence variability during image acquisition.   

 

V. CONCLUSION 

 

In conclusion, USE using the Asteria criteria showed comparative interrater 

variability to gray-scale US. However when USE is added to gray-scale US, the 

additional diagnostic yield is limited when compared with gray-scale US alone. 
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ABSTRACT(IN KOREAN) 

탄성 초음파를 이용한 갑상선 결절의 진단 : 관찰자간 신뢰도 

평가 및 진단적 유용성  

 

<지도교수 곽 진 영> 

 

연세대학교 대학원 의학과 

 

고 지 은 

 

목적 : 갑상선 결절의 진단에서 탄성초음파의 관찰자간 신뢰도를 평

가하고 탄성초음파가 회색조초음파와 추가적으로 사용되었을 때의 추

가적 진단적 유용성을 알아보고자 한다. 대상 및 방법 : 총 443개의 

병리학적으로 양성 혹은 악성 결절의 회색조초음파 사진과 탄성초음

파 동영상 파일을 3개월의 간격을 두고 세명의 다른 기관의 전문의가 

평가하였다. 회색조초음파와 Asteria 혹은 Rago 기준을 이용한 탄성

초음파의 관찰자간 신뢰도를 평가하였다. 또한 각 관찰자에서 회색조

초음파만 사용한 경우와 회색조초음파에 탄성초음파를 추가적으로 사

용하였을 때 악성 결절의 진단률을 비교하였다. 결과 : 관찰자간 신뢰

도는 회색조초음파와 Asteria 기준을 이용한 탄성초음파 간에 통계학

적으로 유의한 차이가 없었다. 하지만 Rago 기준을 이용한 탄성초음

파는 가장 낮은 관찰자간 신뢰도를 보였다 (P<0.043). 모든 세명의 

관찰자에서 회색조초음파만 이용하였을 때보다 (70.4-80.8%) 탄성초
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음파를 추가적으로 사용하였을 때 (81.3-88.3%, 75.4-85.4%) 민감도

는 증가하였다. 특이도는 회색조초음파만 이용하였을 때에 (69.0-

82.8%) 비해서 탄성초음파를 추가로 사용하였을 때 (51.7-59.1, 

59.1-73.9%) 감소하였다. 결론 : 탄성초음파는 회색조초음파와 비교

하였을 때 비슷한 관찰자간 신뢰도를 보였다. 하지만 회색조초음파만 

사용하였을 때 보다 추가적으로 회색조초음파에 탄성초음파를 사용하

였을 때 부가적인 진단적 가치는 제한적이다.  
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