
INTRODUCTION
With increasing incidence of thyroid nodules, serial sonological 
observation of nodules has become an important modality of 
management.1 The first step before offering observation is to 
rule out malignancy. Although fine needle aspiration cytology 
is considered to be the gold standard for this, in up to 15 to 

30% of cases, the results of cytology are either non-diagnostic 
or indeterminate.2 Many of these patients need diagnostic 
hemi-thyroidectomy, which can be avoided if malignancy can 
be ruled out.

To reduce the number of diagnostic hemi thyroidectomies 
in such cases, other modalities, including molecular analysis 
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Fig 2: Asteria criteria for qualitative elastography

Fig 1: Consort diagram

of cytology samples, have been developed, but they are too 
costly and not easily available.3

Ultrasound elastography (USE) is a non-invasive modality 
to predict malignancy in thyroid nodules.4 Previous studies on 
USE are focused on thyroid nodules, including both solitary 
thyroid nodules and individual nodules of multinodular goitre 
and since the introduction of non-invasive follicular tumour 
with papillary-like nuclear features as a benign entity, the 
results of previous studies who has included this entity as 
malignant may be different.
Authors attempted to evaluate the performance of USE in 
a specific cohort of patients with solitary thyroid nodules, 
excluding the patient with multiple nodules and including 
NIFTP as a benign entity. At the same time author also tried 
to assess the accuracy of surgeon-performed ultrasound 
elastography.
Patients and Methods
Consecutive patients attending the outpatient department 
of endocrine surgery with complain of thyroid nodule has 
been considered. These patients underwent detailed clinical 
evaluation before enrolment. The flow of patients through 
enrolment, exclusion and final analysis is shown in Figure 1.

All patients with solitary thyroid nodules ranging from 
1 to 5 cm in size were enrolled for the study. Patients with 
a prior history of thyroid surgery, co-morbid illnesses and 
features suggestive of hypothyroidism or hyperthyroidism 
were excluded from the study.

All enrolled patients underwent preoperative evaluation, 
including thyroid function test, ultrasound study of the neck 
(Thyroid imaging reporting and data system, TIRADS) and 
fine needle aspiration cytology. Patients with evidence of 
eggshell calcification, hyperthyroidism and purely cystic 
nodules were excluded from the study.

TIRADS and Ultrasound Elastography
TIRADS and USE were done on “ESAOTE my lab twice” with 
high frequency linear probe at 12 MHz. A probe was placed on 
the extended neck and after evaluation of all the sonological 
features, a TIRADS score was given to the nodule using 
American College of Radiologists (ACR) criteria. The same 
probe was used for ultrasound elastography to calculate the 
colorimetric score (Asteria criteria) and strain ratio. Qualitative 
elastographic patterns were categorised according to the four-
point Asteria colour score, as illustrated in Figure 2.

On pressing the elastography option, two boxes appear 
on screen, one for the B-mode ultrasound and another for 
elastography. Constant repetitive pressure was applied on the 
nodule in a perpendicular direction till machine identified that 
the acquired image was appropriate for analysis by giving a 
green signal. This image is then viewed on the screen and the 
colorimetric score is noted. After this strain ratio button on 
the keypad is pressed and two circles pop up on the screen. 
One circle was placed over normal thyroid tissue (Z1) and 
another on our targeted area (Z2). The machine automatically 
calculated the strain ratio (Z2/Z1). 

To assess the accuracy of surgeon-performed ultrasound 
elastography initial 20 cases were done by a radiologist and 
the surgeon was observing. In another 20 cases, elastography 
was done by a surgeon under the supervision of a radiologist. 
Rest all the cases were performed by the surgeon alone and 
verified by the radiologist with digital saved images.
Fine Needle Aspiration Cytology (FNAC)
FNAC was performed by a cytopathologist using a 23 G 
disposable needle and a 5 mL syringe by the capillary method. 
A maximum of 5 passes were done and aspirated material was 
expelled on two glass slides and immediately placed in 95% 
alcohol for staining. A cytopathologist examined the slide 
and reporting was done using the BETHESDA classification.
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Table 1: Correlations with histopathology

Tirads scoring Benign 
(n=97)

Malignant 
(n=38)

Malignant 
(%) Total

TIRADS -2 7 0 0 7
TIRADS- 3 42 2 4.7 44
TIRADS- 4 47 31 39.7 78
TIRADS- 5 1 5 83.3 6

Colorimetric score (CS)
1.0 16 1 5.8 17
2.0 48 7 12.7 55
3.0 27 10 27.0 37
4.0 6 20 76.9 26

Strain ratio (SR)
1 32 1 3.1 32
2 57 1 1.7 58
3 9 36 80 45

FNAC (Bethesda)
1 2 0 2
2 48 5 53
3 31 3 34
4 13 10 23
5 1 6 7
6 2 12 14

Table 2: Comparison of various modalities to predict malignancy
Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy(%)

TIRADS 68.0 77.3 54.1 86.2 76.8
Colorimetric score 80.4 68.0 47.6 88.8 68.6
Strain ratio 78.9 84.5 66.6 91 84.2
Use (CS+SR) 73.3 85.56 66.6 89.2 84.8
TIRADS+USE 76 87.6 69.6 91 87.0
FNAC 85 78 38 96 78.3

All surgeries were done by an endocrine surgeon and resected 
specimens were sent to a pathologist in formalin solution either 
the same day or a day after the surgery. An expert thyroid 
histopathologist analysed all specimens.

RESULTS
In this study, 270 patients were enrolled initially with a clinical 
diagnosis of solitary thyroid nodule. 110 patients were found 
to have two or more nodules (including sub centimetric nodule 
on ipsilateral/contralateral) on subsequent ultrasonography 
and were excluded. Of the remaining 160 patients, 25 patients 
refuses for surgery. A total of 135 patients meeting all the 
inclusion criteria were included in our study.

The median age of the patients was 36 years (range 12–67 
years), with 81.0% (n=108) being female. Our study cohort 
included right lobe nodules, left lobe nodules, and isthmic 
nodules in 46.6, 42.2, and 2.7%, respectively. Median size of 
the nodule was 3.3 cm (range 1–5 cm). 

Basic characteristics of the patients are given in Table 1.
On qualitative elastography incidence of malignancy was 

5.8, 12.7, 27.0, and 76.9% in type 1, 2, 3 and 4, respectively, while 
on semiquantitative elastography incidence of malignancy was 
3.1, 1.7 and 80% in group 1, 2 and 3, respectively.

Sensitivity, specificity, PPV, NPV and accuracy of 
qualitative and semiquantitative elastography were 80.4, 68.0, 
47.6, 88.8, 68.6 and 78.9, 84.5, 66.6, 91 and 84.2%, respectively. 
On combining the two (elastography as a single modality of 
investigation), sensitivity, specificity, PPV, NPV and accuracy 
were 73.3, 85.5, 66.6, 89.2 and 84.8%,  respectively. The 
diagnostic performance of ACR TI-RADS, colour score, strain 
ratio, combined elastography and FNAC is presented in Table 2.

DISCUSSION
Our study shows semiquantitative elastography (strain ratio) 
and qualitative elastography (colorimetric score) are sensitive 
and specific enough in ruling out malignancy in suspicious 
thyroid nodules. By combining both parameters, a sensitivity 
and specificity can be approached to that of fine needle 
aspiration cytology.
Colorimetric score of 1 and 2 predicts benign lesions 
satisfactorily, with malignancy only in one (5.8%) and 7 (12.7%) 
patients, respectively. On further evaluation, patients with a 
score of 1 and 4 patients of score 2 was having cytopathology 
reports of the indeterminate group (FLUS: 2, Follicular 
neoplasm: 3). This suggests that a false negative result on 
elastography was due to follicular histopathology. In our 
study, no false negative results were found in the papillary 
thyroid carcinoma group. Our result of qualitative elastography 
correlated well with that of the recently published result of 
Monika Garg et al. in 2018.7 

A colorimetric score of  4 predicts malignancy in 76.9% 
and gives a false positive result in 6 patients. 4 out of 6 patients 
had lymphocytic thyroiditis on histopathology, suggesting that 
lymphocytic thyroiditis makes nodules stiff and gives a false 
positive result on elastography.

A similar study by Hervé Monpeyssen et al.9 suggested that 
USE is better in predicting malignancy in papillary thyroid 
cancer however, its role in predicting malignancy in follicular 
lesions is limited. In our study, most of the false positive and 
false negative results are due to follicular lesions.

Sensitivity and specificity of qualitative elastography in 
our study were 80.4 and 68%, respectively, which is lower than 
that described originally by Asteria et al. in 2008 (94.1%  and 
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81%, respectively); however, PPV, NPV and accuracy of our 
study correlated well with those of the study by Asteria et al.4 

Semiquantitative elastography using strain ratio gives 
better specificity, positive and negative predictive value and 
accuracy than qualitative elastography, but sensitivity is lower. 
Combination of qualitative and semiquantitative elastography 
gives sensitivity, specificity, PPV, NPV and accuracy of 73.3, 
85.5, 66.6, 89.2 and 84.8%,  respectively which in correlation 
with recent study by Dhayalan et al.5  Yan-RanDu et al.6 in 2018 
studied the sensitivity and study of TIRADS and elastography 
in combination and found a sensitivity and study of 94.44 and 
87.14% respectively which is slightly higher than our study 
(73.3 and 85.6%, respectively) which is probably because of 
more no. of follicular lesion in our study. 

Although the majority of study suggests that elastography 
has an important role in predicting malignancy in thyroid 
nodule but, one study published by Bo Ra Yang, MD et al. 
in 2017 8 suggested that strain ratio and elasto score have no 
predictive significance on multivariate regression analysis.

Sensitivity and specificity of radiologist-performed 
elastography (n=40) were 76.4 and 88%, respectively, while 
that of surgeon-performed elastography (n=95) was 70.3 and 
83%, respectively. On statistical analysis, both results were 
not significant (p >.05), suggesting that the technique of 
ultrasound elastography can be easily mastered by a surgeon 
after brief training.
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