Combined Use of the Strain Ratio and Elastography Score Can Help
Surgeons in Choosing which Thyroid Nodule Needs Surgery
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Introduction: After Thyroidectomy, only 5%—-15%o0f specimens are malignant. Most of procedures carried out of
concern for cancer. Although FNAC recommended, it is invasiveness, expense and nondiagnostic outcomes.

Aim of work: The aim of study was to investigate whether the simultaneous use of the strain ratio, elasticity score
together in the differential diagnosis of thyroid nodules can help surgeons deciding which thyroid nodule can left
for follow up and which needs to remove.

Patients and methods: In all, 154 individuals 180 nodules were included. For symptomatic nodules with an
elastography score of 1 or higher, as well as for nodules with a score of 2 or higher, all patients had complete
thyroidectomy. The reference was the specimen histopathology final diagnosis. The examination of the receiver
operating curve was used to calculate the values for the strain ratio and elasticity score.

Results: We had 35 malignant nodules and the elasticity score and strain ratio had a statistically significant (p <
0.001) success rate in predicting thyroid malignancy. Both had acceptable accuracy when employed independently,
yet the elasticity score’s accuracy was found to be higher than the strain ratio’s, however the difference not
statistically significant. When combined, they were 93.5% specific in identifying the right diagnosis.

Conclusion: More reliable findings obtained when the strain ratio and elasticity score are used for differential
diagnosis of thyroid nodules. For suspected thyroid nodules, combining the two techniques might be a viable
choice, helping surgeon avoids doing thyroidectomy.
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Introduction

In regions where there is a documented iodine
deficit, thyroid nodular disease is frequently
identified. Only 4%-7% of adult population thyroid
nodules may be found by palpation. The incidence
of asymptomatic thyroid nodule diagnosis has
grown due to the increasing use of ultrasonography
(US) neck imaging. As a result, there have been
more benign thyroid nodules removed. Thyroid
nodules detected by ultrasound investigations are
common in the community; up to 67% of cases are
benign, with just 5-12% of cases turning out to be
malignant.!

Although a significant number of instances with high
resolution ultrasonography indicate malignancy,
there are still limitations in accurately diagnosing
patients. The size of the nodule (Inthree dimensions),
its location, and a description of its sonographic
features—such as its composition (Solid, cystic
proportion, or spongiform), echogenicity, margins,
presence and type of calcifications, shape if it is
taller than wide, and its pattern of vascularity—
should all be clearly communicated using standard
US reporting criteria.? Malignancies in thyroid
nodules, which account for 5%-15% of cases,
must be found using additional imaging modalities.
Selecting worrisome nodules is therefore critical
to prevent needless surgery. A novel method for
estimating the viscoelastic characteristics of thyroid
nodules was originally published in 2005 for thyroid

lesions: thyroid elastography.? Determining whether
these nodules are benign or cancerous without
doing surgery is a significant difficulty. Fine needle
aspiration is now the gold standard for the diagnosis
of thyroid nodules. To rule out or diagnose cancer,
however, about 15-20% of the findings are not
diagnostic histologically, necessitating an operation.
An invasive technique, the Fine Needle Aspiration
Biopsy (FNAB) has a 90% diagnostic sensitivity
for thyroid cancer. For nodules with noticeable
ultrasonographic characteristics, it is necessary.*

The most common and conventional approach
of detecting thyroid lesions is palpation, which
is a subjective technique since nodules that are
suspected of being malignant typically feel harder
than others.> Imaging with ultrasound elastography
is a novel noninvasive technique. Its foundation
is an approximation of the tissue’s mechanical
characteristics. Data show that in the majority of
thyroid carcinomas, reduced flexibility in comparison
to the surrounding healthy tissue is indicative
of malignancy.®> Guidelines for the use of US and
elastography methods in thyroid illnesses have been
established by the World Federation for Ultrasound
in Medicine and Biology (WFUMB).

In the same session as conventional ultrasound
imaging, strain elastography (SE) offers a low-cost
imaging methodology and a noninvasive, real-
time tool for characterizing tissue stiffness without
the need for a contrast agent.® Benign thyroid
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nodules are typically roughly 1.7 times stiffer than
surrounding normal thyroid tissue, but malignant
thyroid nodules are often about five times stiffer.
The nodule stiffness may be measured relative
to the surrounding thyroid parenchyma using the
color scale this study produced and the elastic
coefficients.” There are two ways to measure the
diagnostic efficacy of SE: the strain ratio (SR), a
semi-quantitative assessment utilizing numerical
data,® and the elasticity score (ES), which uses
qualitative assessment through color coding.

Only the solid component should be evaluated when
a nodule exhibits both cystic and solid components,®
since the cystic component could not yield any data
or artifacts.!® Because there may not be enough
surrounding reference thyroid tissue in individuals
with big nodules, it might be challenging to quantify
the strain ratio (SR) using a neighboring muscle.
The most important component of sufficient SE is
operator experience. It is very specific and sensitive
in identifying thyroid nodule malignancy as well as
lateral cervical lymph node malignancy.!?

Aim of work: The aim of this study was to evaluate
the effectiveness of using these two techniques
together rather than separately in guiding surgeons
which thyroid nodule needs surgical interference
and which can be left for follow up to avoid
unnecessary interventions.

Patients and methods

This prospective study was conducted in Ain
Shams University Hospitals and El Azhar University
Hospital for girls. The study was approved by the
local ethics committee of both sides. Only patients
provided a written informed consent were included

in the study. For patients under 18 years of age,
informed consent was provided by their parents.
A total of 180 nodules from 154 patients were
examined after applying the inclusion and exclusion
criteria. The only inclusion criterion was simply
the presence of single or multiple nodules with no
history of the thyroid operation. Pure cystic lesions,
insufficient normal tissue surrounding the measured
nodule, rough calcification in the nodules and
autoimmune thyroiditis were all exclusion criteria
as well as patients with asymptomatic nodules with
ElastographyScore 1 (F1) were excluded and left for
follow up. All patients had a FNAB from the nodule.A
total thyroidectomy was done to all patients with
lymph node dissection in few selected cases. The
final result of the specimen histopathology diagnosis
after total thyroidectomy was used as the guiding
reference.

Imaging methods

Strain elastography and B-mode high resolution
ultrasonography were both used. Asteria et al. (13)
created a categorization system that uses four scales
to measure tissue stiffness inside a lesion, which
forms the basis of the ES assessment (Fig. 1).
Softer lesions are indicated by lower elastography
scores (green color) and stiffer lesions are indicated
by higher elastography scores (blue color) in this
assessment approach. Soft nodules receive a score
of 1 (F1); nodules with an intermediate degree of
stiffness receive values of 2 and 3 (F2&F3); stiff
lesions receive a score of 4 (F4). The likelihood of
cancer increases as the nodule becomes harder and
less elastic. One way to compute a strain ratio (SR)
is to divide the strain of the nodule by the strain
of the softest portion of the surrounding normal
thyroid tissue.

Secore 1 Soeore 2

Score 4

Fig 1: Strain elastographic scores by Asteria et al. A score of 1 indicated elasticity in the entire examined area.
Ascore of 2 indicated elasticity in a large part of the examined area. A score of 3 indicated stiffness in a large
part of the examined area. A score of 4 indicated a nodule without elasticity.
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Statistical analysis

A student’s t-test was utilized to compare the means
of the two independent groups, and a Shapiro Wilk
test was employed to determine whether or not a
sample matches a normal distribution. The lowest
and maximum values, together with the mean and
standard deviation, were used to convey descriptive
statistice. A Fisher Exact test was used for
comparisons and a Chi-Square test was utilized to
analyze the variables in the categories. Based on the
histopathological findings, the cut-off point for the
Strain Ratio and Elastography Score was established
using the Receiver Operating Characteristic (ROC)
analysis. Plotting the obtained sensitivities against
the matching false positive rates allows one to create
the curve by changing the cut point that is used to
identify which values of the observed variable will
be considered abnormal.The Medcalc system was
utilized for the analysis of data. The area under
the curve (AUC) was the statistical measure used
for descriptive analysis. The Kappa statistic was
used to determine the cut points for the SR and
ES in order to evaluate their conformance. For all
analyses, a statistically significant threshold of 0.05
was used.

Results

Included in the study were 180 nodules from 154

Table 1: Demographic results

patients (109 females and 45 men; mean age: 49.13
+ 15.20 years; range: 17---68 years). The nodules
ranged in size from 9 to 42 mm, with @ mean size of
24.17 £ 12.21 mm. regarding age and gender, there
were no statistically significant differences between
the groups with benign and malignant histology.
There was no statistically significant nodule size
(Table 1).

Tables 2,3 show that the strain ratio and
elastography score values were extremely
significant in preoperatively discriminating benign
from malignant histopathological thyroid nodules
(p < 0.001). When diagnosing Bethesda Scores
(BS) II, V, and VI, FNAB again demonstrated a high
relevance (Table 4).

Regarding the differentiation of malignancy, the
strain ratio cut-off point was found to be >3.71 (p
< 0.001). The cut-off point for the elastography
score (ES) was found to be =23 (p < 0.001). The
two assessments were found to be statistically
significant (p < 0.001) and statistically compatible
with one another when utilized independently. When
the ES and SR were combined, when employed
independently, the sensitivity of accurately
diagnosing thyroid cancer in the investigated
nodules increased to 93.5%, compared to 86.77.
(Table 5).

Benign (mean+SD) Malignant (mean+SD) Total (mean+SD) P value
(Min-Max) (Min-Max) (Min-Max)
age 46.25+11.38 (19---68) 41.59+16.72 (17---59) 49.13 + 15.20 (17---68) 0.382
Sex
male 45
0.448
female 109
Nodule size 19.27+6.48 (13---42) 16.33£7.11 (9---26) 24.17 £ 12.21 mm (9---42 mm) 0.681

Table 2: Elastography Score in detection of malignant nodules

Benign N. (% of benign) Malignant N. (% of Malignant) total P value

Elastography score 1-2 126 (86.9%)
19 (13.1%)

145 (100%)

Elastography score 3-4
Total, n. (%)

4 (11.42%) 130
31 (88.58%) 50 <0.001
35 (100%) 180

Table 3: Strain Ratio in detection of malignant nodules

Benign N. (% of benign)

Malignant N. (% of Malignant) total P value

Strain ratio 23.71
Strain ratio <3.71
Total, n. (%)

4 (2.75%)
141 (97.25%)
145 (100%)

32 (91.43%) 36
3 (8.57%) 144 <0.001
35 (100%) 180




Table 4: Fine Needle Aspiration Biopsy in detection of malignant nodules

Bethesda Score Number (%) Malignant final P value
I inconclusive 11(6.1%) 2
11 Benign 36 (20) 1 <0.001
II1 AUS/FLUS 72 (40%) 9
v FN/SFN 48 (26.8%) 10
\Yj SM 8 (4.4) 8 <0.001
VI Malignant 5(2.7) 5 <0.001
total 180 35

AUS: Atypia of undetermined significance.

FLUS: Follicular lesion of undetermined significance.
FN: Follicular neoplasm.

SFN: Suspicious for follicular neoplasm.

SM: Suspicious for malignancy.

Table 5: Elastography Score together with Strain Ratio in detection of malignant nodules

Strain ratio <3.71 Strain ratio =3.71 total P value
Elastography score 1-2 128 (1 Malignant) 2 (1 Malignant) 130 0.001
<0.
Elastography score 3-4 16 (2 Malignant) 34 (32 Malignant) 50
Total, n. (%) 144 36 180
Discussion tissue. Benign soft tissue lesions are thought to be

The major objective of their examination is to
ascertain preoperatively whether a thyroid nodule
is benign or malignant in order to minimize the
number of unnecessary FNAC and operations carried
out. There are no reliable molecular investigations
or clinical characteristics to distinguish benign from
malignant nodules. The recommended course of
action for a nodule with indeterminate cytology is
surgical removal.'*

US examination is a suitable first approach for
thyroid nodule assessment; nevertheless, its
accuracy in differentiating benign from malignant
thyroid nodules is not very high. Parameters that are
highly suggestive for malignancy include irregular
edges, a taller than wide form, calcifications,
hypoechogenicity, and a solid composition.'> Since
the thyroid gland is a superficial organ, its outward
deformation may be easily detected, making it a
good candidate for ultrasound elastography, which
is also applicable to cervical lymph nodes.!®

Using standard ultrasound probes, strain
elastography (SE) is a noninvasive, ultrasound-based
technique that assesses tissue stiffness qualitatively
and semiquantitatively. The Elastography Score
(ES) and Strain Ratio (SR), which are employed as
diagnostic measures for SE, can be derived.” In this
work, we assessed the degree of elasticity of thyroid
nodules using both the ES and SR techniques. A
lesion is deemed to have a higher malignancy rate
when its SR value is more than 1, indicating that
the target lesion is more rigid than the reference

softer than malignant lesions but stiffer than normal
tissue, hence, the ES and SR values of benign
thyroid nodules are lower than their malignant
counterparts.'®

According to some study, SR can increase overall
diagnostic confidence and is more effective than the
ES grading system at identifying malignancy in the
nodules. In their investigation, Ma et al. discovered
that the SR performed better in terms of diagnosis
than the ES.?® In their meta-analysis, Razavi and
colleagues also confirmed this finding, showing that
the SR was a more accurate indicator of thyroid
nodule malignancy.?’ When OrhanGoérgili and his
colleagues adopted a cutoff point of 3.59.2! in a recent
investigation, the sensitivities and specificities of the
SR values were 100% and 84.5%, respectively.Their
investigation revealed that strain ratios greater than
3.59 and elasticity ratings ranging from 3-to-4 are
more suggestive of malignant nodules than benign
ones. Our research revealed that the cutoff value for
SR is marginally higher than theirs (>3.71), which
had a strong significant value. Additionally, SR has
a greater sensitivity than ES in predicting thyroid
nodule malignancy. In a research by Magri, the
threshold of SR for malignancy was calculated to be
2.9.22 Some suggested a higher threshold of 3.85 to
identify thyroid nodules that were malignant.?

The ES had encouraging outcomes in many
additional investigations, demonstrating a high
degree of precision in distinguishing benign from
malignant thyroid nodules.?* For nodules with non-
diagnostic cytological features, Sun et al's meta-
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analysis,'” revealed a greater sensitivity for ES but
a higher specificity for SR and a lower specificity
for ES. Additionally, we discovered that SR had a
higher specificity than ES, although both had limited
sensitivity.

The findings of OrhanGorgili and colleagues
demonstrated that ES and SR are highly useful
in accurately and specifically identifying thyroid
nodules that are malignant. Compared to the use
of SR alone, the combination of the two approaches
significantly improved the prediction of malignancy
for solid thyroid nodules and increased the
percentage of right diagnoses to 93.1%.%* When SR
and ES were combined, there was a 93.5% accuracy
rate in correctly diagnosing thyroid cancer among
the nodules that were analyzed.

More than half of the ambiguous lesions, which
account for 10-25% of all cytological data and are
the primary diagnostic limitation of FNAC, turned
out to be histologically benign.?® In accordance
with the second edition of the Bethesda System
for Reporting Thyroid Cytopathology (TBSRTC), the
following is the risk of malignancy (ROM) resulting
from indeterminate cytology Third, 10%-30% of
cases are atypia of unknown significance or follicular
lesion of undetermined significance (AUS/FLUS);
Fourth, 25%—-40% of cases are follicular neoplasms
(FN) or suspect for a FN; and Fifth, 50%-75% of
cases are suspicious for malignancy (SM).%® FNA
biopsy is advised as a standard diagnostic procedure
for thyroid nodules that seem worrisome, despite
concerns about its accuracy.?” Research indicates
that the FNA biopsy has a sensitivity range of 54—
90% and a specificity range of 60—98%.'” FNABs are
not a suitable examination for all thyroid nodules
since benign findings occur often in a significant
percentage of thyroid nodules. Furthermore FNAB is
not appropriate for every patient because to the high
incidence of thyroid nodules, the invasive nature
of the procedure, and its high expense. It is also
inappropriate for use on a broad patient population
due to a high rate of false positive US findings in
nodules of 5 mm or smaller and the fact that it
frequently provides inadequate cytology in FNAB.28
Many investigations have shown that the necessity
for FNAB in individuals with thyroid nodules has
decreased to between 53 and 60.8%.% According
to our research, the specificity of FNAB alone for
distinguishing benign from malignant tumors was
91.4%; however, when SR and ES were combined,
this discrimination rate increased to 93.1%.

Conclusion

In our investigation, we discovered that strain
elastography, which assessed SR and ES together,
had a significant relevance in differentiating
between benign and malignant thyroid nodules. It
was somewhat accurate. As an option beside FNAB,
we advise using this non-invasive fast-resulting

technique to treat thyroid nodules without the need
for needless surgery. We suggest that by employing
this research approach, surgeons may very
confidently predict the disease in thyroid nodules
based on strain elastography.
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