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Abstract

Thyroid nodular disease is one of the most common endocrine disorder. B mode ultrasound provides useful
characteristic information about thyroid nodules but it has noticeably low accuracy to differentiate benign from
malignant. Fine needle aspiration is widely been used in differentiation of benign and malignant thyroid nodules
but it is an invasive procedure. Sonoelastography is a newly developed non- invasive technique which uses
ultrasound and gives information about the stiffness of tissue. It estimates the hardness of thyroid lesions in
association with adjacent tissues and assists in the differentiation of benign from malignant nodules.Objective: The
objective of this study was to evaluate the role sonoelastography in the evaluation of thyroid nodules. Methods:This
study was conducted on 72 Patients of age between 18-80 years of either gender at Institute of Nuclear Medicine
and Oncology Lahore (INMOL) Pakistan, from 25 March 2019 to 23 August 2019 for duration of five months.
Elastography was performed using Toshiba Aplio 500. Patient having one or more solid nodules in thyroid on
conventional ultrasound examination were included in the study and the sonoelastography of nodules was
confirmed with histopathological findings of nodules. Results: A total 72 participants were included in our study.
The mean age of participants was 42.11 years. Gender distribution shows that 51.4% (n=37) were male and 48.6%
(n=35) were female. Sonoelastographic strain ratio of 55.6% nodules (n=40) was more than 2.1(malignant feature)
and 44.4% nodules (n=32) have less than 2.1 (benign). Histopathology showed 56.9% of participants (n=41) have
malignant nodules and 43.1% (n=31) have benign nodules. The comparison of sonoelastography and
histopathology in reference with nodules shows that the results of histopathology and sonoelastography were same
and support each other. Conclusion: Sonoelastography is non-invasive and cost-effective imaging technique to
diagnose thyroid nodules either benign or malignant.
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1 Introduction

Thyroid nodular disease (TND) is one of the most common endocrine disorder. About 3 to 7 %of the population
have palpable nodules. Lesions in the ultrasonographic examination are reported in large part of the population
which is more common in women and aged patients suffering from specific conditions like acromegaly'.
According to the American Thyroid Association guideline, epidemiologic studies have demonstrated the
prevalence of palpable thyroid nodules which are about 5% in women and 1% in men that are living in iodine
sufficient parts of world?. Thyroid disease in Pakistan is one of the significant public health problems due to iodine
deficiency and about 70% population of Pakistan is at risk of developing thyroid disease®.

The thyroid gland is commonly described as the largest endocrine gland which is consist of two lateral lobes (left
and right) attached across the median line by isthmus®* Majority of patients with thyroid nodules usually have no
symptoms. The thyroid nodules are generally diagnosed as an incidental finding on diagnostic imaging e.g.
(Ultrasound, Magnetic Resonance Imaging, Computed Tomography, Positron Emission Tomography) which are
performed for other indications®. Usually, the thyroid nodules grow inside the thyroid gland. Most of them are
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benign and only 4 to 6.5 % are malignant®. According to recent studies the incidence of thyroid carcinoma has
increased from 3.6 % in 1973 to 9% in 20107.In Pakistan thyroid carcinoma is a most typical endocrine malignancy
and is about 1% of all cancers with papillary carcinoma being the most common of thyroid malignancies (69-71%)
followed by follicular carcinoma (11.6-13%)%.

B mode ultrasound provides useful characteristic information about thyroid nodules such as size, borders,
Echogenicity and micro-calcification!?. Malignant nodules are differentiated from benign by their irregular and
speculated margins and hypo-echogenicity''. According to the American College of Radiology, Thyroid Imaging
Reporting and Data Systems (TIRADS) is a 5 point classification to determine the risk of cancer in thyroid nodules
based on ultrasound characteristics. TIRADS 1 corresponds to a normal gland, TIRADS 2 to a benign nodule (both
with 0% malignancy), and TIRADS 3 to a highly probable benign nodule (<5% malignancy), TIRADS 4 (5 to
80% malignancy) and 5 (>80% malignancy)to suspicious nodule (TIRADS 4A, 4B and 4C corresponding to low,
intermediate and moderate suspicion for malignancy'?. Although B mode ultrasound is a helpful tool to diagnose
thyroid nodules it has noticeably low accuracy to differentiate Benign from malignant'3. The sensitivity and
specificity of ultrasonography in the diagnosis of malignant nodules was 55% to 95% and 52% to 81%
respectively'®. Fine needle aspiration (FNA) is widely been used in differentiation of benign from malignant
thyroid nodules having sensitivity and specificity ranging from 60-98% and 54-90% respectively'>. Problems
related with fine needle aspiration FNA are possibility of sampling, potential complications and analytical errors'®.
Elastography is a newly developed non- invasive technique which uses ultrasound and gives information about the
stiffness of tissue by measuring the degree of distortion by applying an external force. Elastography use strain
tissue deformation induced by compression and is determined by pre-compression and post-compression ultrasonic
signals'’. Shear wave Elastography (SWE) and real-time ultrasound Elastography (RTE) are the two types of
Elastography'®. According to the RTE mechanism softer part of tissue deform more easily than harder tissues
under external pressure'®. It estimates the hardness of thyroid lesions in association with adjacent tissues and assists
in the differentiation of benign from malignant nodules and the stiffness of nodules depends upon there
cellularity?®. According to young modulus formula tissue elasticity can be reflected by the speed of shear wave
propagation and real-time color-coded elastogram. Softer tissue appears in blue color while red color indicates
relatively stiffer tissue?!. A recent study shows a five pattern scoring scale for sonoelastography. A score of 1 or 2
was for benign and a score of 3 to 5 was for malignant thyroid nodules having sensitivity and specificity of 93.7%
and 90% respectively and the positive predictive value was 71% and the negative predictive value was 98%?22.
The aim of our study was to confirm the diagnostic accuracy of sonoelastography in the evaluation of benign and
malignant thyroid nodules.

2 Methods

This study was performed in Radiology Department of Institute of Nuclear Medicine and Oncology Lahore
(INMOL) Pakistan from 25 March 2019 to 23 August 2019 for duration of five months. Total 72 Patients of age
between 18-80 years of either gender were included in our study after taking informed consent. Patients having
one or more solid nodules in thyroid on conventional ultrasound examination were included in the study.
Elastography was performed using Toshiba Aplio 500 to check the strain ratio of nodules. Elastography of nodules
was confirmed with histopathological findings of nodules.

3 Results

A total 72 participants that fulfil our inclusion and exclusion criteria were included in our study. Age distribution
shows that 43.1% (n=31) were between 18-39 years of age, 50.0% (n=36) were between 40-59 years of age and
6.9% (n=5) were between 60-80 years of age. (Table No.2). The mean age of participants was 42.11 years and the
middle value of age was 42 years and the mode of ages was 32. (Table no.3a). Gender distribution of our study
shows that 51.4% (n=37) were male and 48.6% (n=35) were female. (Table No.3). According to grey scale
characteristics as described in ACR-TIRADS. The TIRADS-1 shows a normal thyroid gland (which was not
included in our study) , TIRADS-2 shows 25 benign lesions (34.7%) , TIRADS-3 shows 6 probably benign lesions
or low risk malignant lesions (8.3%) , TIRADS-4 shows 7 lesions with increased risk of malignancy (9.7%) and
TIRADS-5 shows 34 Malignant lesions(47.2 %).(Table/Fig no.4).The participants which has only one nodule were
50% (n=36), with 2 nodules were 26.4 (n=19) with 3 nodules were 6.9 (n=5) and with multiple nodules were
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16.7% (n=12).(Table/Fig no.5). Out of 72 there were 25 benign and 6 probably benign those were included in
benign category on the other hand 34 were malignant and 7 were increased risk of malignancy those were included
in malignant category. (Fig no.4). Sonoelastographic strain ratio of nodules in participants according to the strain
ratio of 55.6% nodules (n=40) was more than 2.1 that shows the malignant feature of nodules and 44.4% nodules
(n=32) having strain ratio less than 2.1 it describes the benign nature of nodules. Here 2.1 is cut off value.
(Table/Fig no.6) In 43.1% of participants (n=31) having nodules were benign proved by the sonoelastography on
the other hand 56.9% of participants (n=41) having nodules were malignant assumed by Sonoelastography
(Table/Fig no.7). Nature of nodules according to the results of histopathology showed 56.9% of participants (n=41)
having nodules were malignant assumed by histopathology. On the other side 43.1% of participants (n=31) having
nodules were benign as studied in histopathology of nodules. (Table/Fig no.8). The comparison of
sonoelastography and histopathology in reference with nodules the results of histopathology and sonoelastographic
assessment were same and support each other, in this study the sonoelastography of nodules confirmed with
histopathology of nodules (Fig no.9). Sonoelastography strain ratio indicating benign and malignant features of
nodules (Fig n0.10,11,12,13 & 14).

Age of the patients
Table No. 2
Frequency Percent
18-39 31 43.1
40-59 36 50.0
Valid
60-80 5 6.9
Total 72 100.0

Table No. 2 shows that 31 participants belongs to the age group 18-39, out of 72 patients 36 patients were
belongs to 40-59 age group and 5 patients were belong to age group 60-80.

Statistics
Table No. 3
N 72
Mean 42.11
Median 42.00
Mode 322
Std. Deviation 11.446

Table no.3 shows the descriptive statistics of participant’s age according to this table the mean age of participants
was 42.11.
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Gender of patients

Table No. 3a
Frequency Percent
Male 37 51.4
Female 35 48.6
Total 72 100.0

Table No. 3a shows that out of 72 patients 37 patients were male and 35 were female.

Grayscale Scoring System according to ACR TI-RADS

Table No. 4
Frequency Percent

2(Benign lesions) 25 34.7
3(Probably benign lesions or low 6 8.3
risk malignant lesions)
4(Lesions with increased risk of 7 9.7
malignancy)
5(Malignant lesions) 34 47.2
Total 72 100.0

Table No.4 Enumerates the grey scale characteristics as described in ACR-TIRADS lexicon with associated risk
estimated for each feature. Nodules ACR-TIRADS category with its estimated risk and shows a representative
case in this study which was categorized as ACR-TIRADS 1=Normal thyroid gland that were not present,
2=Benign lesions and benign lesions were 25 with percentage of 34.7%, 3=Probably benign lesions or low risk
malignant lesions these were 8.3%, 4=Lesions with increased risk of malignancy thy were 9.7% and 5=Malignant
lesions those were 47.2 %.

Fig No 4.
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Number of Nodules

Table No.5
Frequency Percent
1 36 50.0
2 19 26.4
3 5 6.9
Multiple 12 16.7
Total 72 100.0

Table No. 5 denoted the number of nodules in patients, the participants with only single nodule were 50% with
2,3 and multiple were 26.4%, 6.9%, 16.7% respectively.

Number of Nodules

E 207
104
Flg No.5 Number of Nodules
Sonoelastographic Strain Ratio
Table No. 6
Frequency Percent
More than 2.1 40 55.6
(Malignant)
Less than 2.1 32 44.4
(Benign)
Total 72 100.0

Table No.6 shows the frequency and percentages for sonoelastographic strain ratio of nodules in participants
according to this table the strain ratio of 55.6% nodules was more than 2.1 mm that shows the malignant feature
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of nodules and 44.4% nodules having strain ratio less than 2.1 mm it describe the benign nature of nodules. Here
2.1 is cutoff value.

Fig No.6
Sonoelastographic Strain Ratio
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Sonoelastography
Table No.7
Frequency Percent
Benign 31 43.1
Malignant 41 56.9
Total 72 100.0

Following table elaborate nature of nodules according to sonoelastography, either nodule is malignant or benign.
In this table 43.1% of participants having nodules were benign proved by the sonoelastography on the other hand
56.9% of participants having nodules were malignant assumed by sonoelastography.

Fig No.7
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Table No.8
Frequency Percent
Benign 31 43.1
Malignant 41 56.9
Total 72 100.0

This table enumerate nature of nodules according to histopathology, after histopathology of nodules the results
showed 56.9% of participants having nodules were malignant assumed by histopathology. On the other side 43.1%
of participants having nodules were benign as studied in histopathology of nodules.

Fig No.8

Histopathology
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Fig No.8 Following fig represent the
results of histopathology of nodules in
patients
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Fig No.9

Sonoelastography's results confermation with Histopathalogy
M Right

Fig No.9 Following figure shows the comparison of sonoelastography and histopathology in reference with
nodules.

Elastography Scans
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Fig No.10 shows the sonoelastograpgy strain ratio of 2.39 which is suspicious for being malignant.
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Fig No.11 shows the sonoelastograpgy strain ratio of 2.81 which is suspicious for being malignancy.

TOSHIBA 20190408. 122821 |D:20190408.122821. Name 08/04/19
» INMOL Thyroid 12:36:45 PM
y Pure * T,

Strain T1 1.515'!4‘.|

Strain R 3.266% |

Ratio1 1.80

Strain T2 2.568% |

Ratio2 1.27 |

Strain T3 0.000%
| e

Fig No.12 shows the sonoelastograpgy strain ratio of 1.27 which is benign feature.
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Fig No.13 shows the sonoelastograpgy strain ratio of 3.04 which is malignant feature.

TOSHIBA

Fig No.14 shows the sonoelastograpgy strain ratio of 1.93 which is likely benign.
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4 Discussion

Sonoelastography is a fresh technology with advanced dynamic technique that assesses the differential tissue
characteristics using a tissue rigidity/elasticity ratio. It assesses the point of alteration of a tissue with the help of
controlled external force, measures changes between different tissue elasticity. Malignant lesions are mostly linked
with changes in the mechanical proprieties of a tissue, and Sonoelastography addresses this characteristic. A
similar study conducted and findings were found as age group of study population ranged from 20- 75years. Most
of the patients in this age group were between 35-50 years (55%). Fifty patients were evaluated in the present
study. Out of the 50 patients, 40 were females (80%) and 10 were males (20%)*. Grey scale characteristics as
described in ACR-TIRADS lexicon with associated risk estimated for each feature. Nodules ACR-TIRADS
category with its estimated risk and shows a representative case in this study which was categorized as ACR-
TIRADS 1=Normal thyroid gland that were not present, 2=Benign lesions and benign lesions were 25 with
percentage of 34.7%, 3=Probably benign lesions or low risk malignant lesions these were 8.3%, 4=Lesions with
increased risk of malignancy thy were 9.7% and 5=Malignant lesions those were 47.2 %.

Sonoelastography has newly been practical in the diagnostic method to nodular thyroid disease. In our study age
wise distribution of samples revealed that 31 participants belongs to the age group 18-39, out of 72 patients 36
patients were belongs to 40-59 age group and 5 patients were belong to age group 60-80. Descriptive statistics of
participant’s age reveal that mean age of participants was 42.11 year and the middle value of age was 42 year and
the mode of ages was 32 in this table alpha denoted the multiple modes existence in data and 32 is smallest value.
In percentage, 7% patients were to age group 60-80, out of total 50% were belong to age group 40-59 and 43%
were from age group 18-39. Gender wise distribution shows out of 72 patients 37 patients were male and 35 were
female; out 100 percent 49% were female and 51% were male participants.

According to the study done by B. Raghavan et al. the correlation of the benign lesions were 99.2% in TIRADS
2 and 100% in TIRADS 3 category, the correlation of the lesion being malignant was 100% in TIRADS 4 category
and 91% in TIRADS 5. But in our study we found that out of 72 there were 25 benign 6 probably benign those
were included in benign category on the other hand 34 were malignant and 7 were increased risk of malignancy
those were included in malignant category?®. In present study sonoelastographic strain ratio of nodules in
participants were as following; strain ratio of 55.6% nodules was more than 2.1 mm that shows the malignant
feature of nodules and 44.4% nodules having strain ratio less than 2.1 mm it describes the benign nature of nodules.
Here 2.1 is cutoff value.

Sonoelastography and histopathology in reference with nodules according to our results of histopathology and
sonoelastographic assessment were same and support each other, in this study the results of sonoelastography
confirmed right with histopathology. So according to over study Sonoelastography is an ideal imaging technique
for characterizing malignant and benign thyroid nodules.

5 Conclusion
Sonoelastography is non-invasive and cost-effective imaging technique to diagnose thyroid nodules either benign
or malignant.

6 Recommendations

Based on the findings of this study recommendations are following:

. Sonoelastography is reliable way to find out the characteristics of nodules either benign or malignant.
. In response of this study further studies should be done with in details by comparing sonoelastography

with other diagnostic methods.
A more comprehensive study needs to be examined with more generalizability by increasing sample size and study
settings.

7 Limitations:

Sample size was small so the generalization of the findings is limited.

Study was conducted only in one Hospital so the generalization of the finding is limited.
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