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Abstract: Fine needle aspiration (FNA) is considered the gold standard in the diagnostic of thyroid
nodules. Using the recommended BETHESDA reporting system, up to 20% of results are classified
as intermediate cytology. As there is no consensus whether ultrasound evaluation, lobectomy or
surgery is the best treatment option, intermediate cytology results are considered a grey zone of the
FNA. The main aim of our study was to evaluate the performance of combined advanced ultrasound
techniques in the process of diagnosis and evaluation of the intermediate cytology cases after FNA.
We evaluated 54 consecutive cases with intermediate cytology on FNA, using conventional B-mode
ultrasound (2B), and strain elastography, using a linear multifrequency 6–13 MHz linear probe (Hitachi
Prerius Machine, Hitachi Inc, Japan). All nodules were classified with our Thyroid Imaging Report
and Data System (TI-RADS) proposed model, considering: vertical appearance, with antero-posterior
diameter bigger than the transvers diameter, the so called taller than wide shape, irregular borders,
intranodular inhomogeneity, marked hypoecogenicity, micro calcifications, the presence of suspect
lymph nodes, and increased stiffness as suspicious for malignancy. The classification outcomes were
compared with the pathology results, considered the gold standard diagnosis. The prevalence of
cancer was 28.8%, with 13/45 cases having a clear diagnostic of cancer. Six cases were diagnosed with
borderline follicular neoplasia, a category with unclear evolution, also considered as malignant in the
analysis of the imaging results. In total, 16/19 cancer cases had increased stiffness on elastography.
The cancer prevalence increased with TI-RADS category, being 25% in TI-RADS 4b category and 92.8%
in TI-RADS 5 category. The AUROC (Area Under Receiver Operating Curve) of elastography alone,
in differentiation of malignant thyroid nodules was 74.9%; the combination of elastographic and
conventional ultrasound characteristics generated an even better AUROC, of 84.5%. The combined
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conventional ultrasound and elastography identified thyroid cancer in cases with intermediate
cytology with a sensitivity of 89.5% with a specificity of 50%. High risk thyroid nodules, identified
by combined high risk conventional ultrasound characteristics and increased stiffness, on strain
elastography, are highly predictive for malignancy, in the intermediate cytology cases.

Keywords: Bethesda III category; cancer risk; modified TI-RADS; strain elastography

1. Introduction

Thyroid nodules are very common in the population and most of them are benign. High-resolution
ultrasound (US) is the method of choice for the investigation of thyroid nodules, allowing the selection
of the cases that need to be punctured [1]. Fine needle aspiration (FNA) has a pivotal role in pre-surgical
selection of the patients as it is the best procedure for differentiating benign from malignant nodules, and
is considered the gold standard in the diagnosis of thyroid malignancy [2,3]. However, the intermediate
risk category, with undetermined results is still an unclear category [1,3–5]. The management of the
patients with indeterminate cytology is a great challenge for the clinicians [6], active follow up, radical
or diagnostic surgery being recommended [2,3]. The problem of this special diagnostic category is a
relatively wide range of cancer risk, mean of 16%, comprised between 6–48% of cases [7–9].

Elastography is a dynamic technique that uses ultrasound to estimate the tissues’ stiffness
and elasticity. When used in combination with conventional, grey scale ultrasound, elastography
highlights the fine details of the thyroid nodules, and it is also helpful in characterization
of other structures as cervical lymph nodes, post-thyroidectomy residual tissue or thyroiditis
pseudo-nodules [10,11]. Currently, there are many elastographic techniques used in clinical practice:
shear wave elastography biplane method, point share wave elastography, strain/real-time elastography,
respectively fibroscan. [12]. The method is non-invasive, completely painless for the patient and can be
easily performed even during routine ultrasound examinations.

A significant body of evidence recognizes the diagnostic quality of strain elastography,
with sensitivity and specificity ranging between 65–100% and 44–96%, respectively, and an overall
accuracy of 85–95% [13–17]. Moreover, the sensitivity and specificity increased when elastography
was added as a parameter of The Thyroid Imaging Reporting and Data System (TI-RADS) [16,18].
However, the role of elastography in the management of nodules with indeterminate cytology is still
debated since the results of the studies are contradictory. There are many positive studies, showing
that increased stiffness is associated with thyroid cancer, and low stiffness is highly characteristic of a
benign lesion [19,20] According to these data, we are considering including elastography parameters
along with the conventional ultrasound parameters incorporated in the standard TI-RADS model,
as this could increase the sensitivity and specificity of the standard TI-RADS.

Thus, the aim of the present study was to determine the diagnostic value of elastography both
alone and when combined with the Russ TI-RADS model [18], compared with the standard TI-RADS
model, for the assessment of the special category of thyroid nodules with indeterminate cytology.

2. Results

In this study 45 patients were enrolled (38 females and 7 males), aged between 21 and 82 years
(mean 44.64 years). Following surgery, 13 (28.8%) patients got the final diagnosis of malignancy:
one case (7.7%) had follicular carcinoma and 12 cases (92.3%) had papillary carcinoma. Thirty-two
patients (71.1 %) had non-neoplasic lesions including 14 (43.75 %) follicular adenomas, 8 (25%) nodular
goiter/hyperplasic nodules, 6 follicular neoplasia with unclear risk (18.75%), 3 Hurthle cells adenoma,
(9,3%) one granulomatous thyroiditis (3.1%) and one (3.1%) Hashimoto thyroiditis.

Special attention was needed for the so called “follicular borderline lesions” that include those
with invasion into the capsule beyond the bulk of the lesion without affecting the full thickness of



Diagnostics 2019, 9, 119 3 of 11

the capsule or situations in which islands of tumor are trapped within a capsule, associated with
perpendicular rupture of collagen [21].

As follicular neoplasia “with unclear risk” is a borderline lesion that needs watchful waiting [22–25],
due to uncertain risk and evolution, we considered it malignant, even if postsurgical radioactive iodine
treatment was not required in all cases.

Malignant nodules showed a median strain ratio value of 5.50, significantly (p = 0.0003) higher
compared with the 3.88 median value noted in the benign cases.

The diameter of the nodules varied between 8.7 mm and 43.6 mm with a mean of 18.9 mm.
The benign nodules were larger in size compared with malignant ones (mean size 18.1 mm versus
14.4 mm).

At elastography, 7 nodules had a score of 1, 8 nodules had a score of 2, 15 nodules had a score
of 3 and 13 nodules had a score of 4. In the stiffness score 1 and 2 cases, the “positive cases” were
all borderline stiffness neoplasia, which, because of their unclear prognostic, were considered cancer
lesions. The vast majority of score 4 cases, 73.3% were cancer cases. One third of score 3 cases were
cancers. Considering scores 1 and 2 as probably benign and scores 3 and 4 as suspicions for malignancy,
elastography showed 84.21% sensibility, 53,84% specificity, positive predictive value 57.14% and
negative predictive value 82.35%. A higher risk of malignancy was noted in rigid nodules (p = 0.020).
The data are depicted in Table 1.

Table 1. Prevalence of neoplastic cases according to the reported stiffness.

Stiffness Score Prevalence of Cancer (%)

1 1/7 (14.3%)
2 2/8 (25.0%)
3 5/15 (33.3%)
4 11/15 (73.3%)

Based on combined TI-RADS system, 5 nodules had a score of 3, 10 nodules had a score of 4a,
16 nodules had a score of 4b and 14 nodules had a score of 5. Considering scores 3 and 4a as benign
and scores 4b and 5 as suspicions for malignancy, the model showed 89.5% sensibility, 50% specificity,
positive predictive value 56.6% and negative predictive value 86.6%. The data are depicted in Table 2.

Table 2. Prevalence of neoplasia in thyroid nodules according to the risk score.

TI-RADS Score Prevalence of Cancer (%)

3 1/5 (20.0%)
4a 1/10 (10.0%)
4b 4/16 (25.0%)
5 13/14 (92.8%)

The vast majority of cancer cases scored high in stiffness index and combined TI-RADS score.
As seen in Figure 1, the area under ROC curve, was excellent for elastography only information,

of 74.9%, 95% CI = 0.602–0.896.
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Figure 1. AUROC (Area Under Receiver Operating Curve) for stiffness index (elastography only
evaluation) in intermediate cytology cases: (AUS/FLUS (Atypia of undetermined significance/ Follicular
lesion of undetermined significance) cases)—45 patients.

Figure 2 is presenting the AUROC for combined Thyroid Imaging Report and Data System
(TI-RADS) model, equaling 84.5%, 95% CI = 0.718–0.974.

Figure 2. AUROC for combined TI-RADS in AUS/FLUS cases—45 patients.

The diagnostic quality of combined TI-RADS system, in the diagnostic thyroid neoplasia, in the 7
cases with FN on cytology report, showed a sensitivity of 100% but with a low specificity of 33.3%,
with a Positive Predictive Value (PPV) of 66.6% but with Negative Predictive Value (NPV) of 100%.
Elastography only described a sensitivity of 100%, with a better specificity of 66.6%, PPV = 80% with
NPV = 100%.
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3. Discussion

The main goal of the thyroid nodules’ evaluation is to exactly determine whether they are benign
or malignant in order to reduce the number of unneeded FNAC and surgeries. FNAC is the most
accurate tool for characterizing thyroid nodules, however, the main diagnostic limitation is represented
by indeterminate lesions, representing 10–25% of all cytological results [26]. More than half of the
lesions with indeterminate cytology proved to be histologically benign, thus finding new tools for
differentiation of benign from malignant thyroid nodules is imperative. Over time, different diagnostic
procedures have been proposed to overcome the diagnostic limit of the FNAC, however, the results were
modest. According to The American Association of Clinical Endocrinology (AACE) and The American
Thyroid Association (ATA), the current management of intermediate FNAC lesions is to evaluate
each case individually according to the ultrasound risk category of the nodule and the presence of
suggestive clinical and especially, historical/anamnestic risk factors [3,4]. Still, there is a wide spectrum
of accepted recommendations: active follow-up, diagnostic surgery or total thyroidectomy [3,4].

In our study, in the 45 cases with AUS/FLUS cytology report, the percentage of malignant nodules
was 42.2%, higher than in previous reported series regarding indeterminate lesions [17,19,27–29],
but lower than other described prevalence [3,30,31]. Most of the lesions were papillary carcinomas
(63.15%), while only one case was diagnosed as follicular carcinoma (5.2%), and 6 cases were evaluated
as borderline follicular neoplasia (31.6%). These 6 cases were responsible for the high cancer prevalence
in our study. If these cases had not been considered potentially malign, due to the uncertain future
evolution and treatment [21–25], the clear cancer cases prevalence would be just 28.9%.

A high percentage of papillary carcinomas was also reported by Trimboli et al. who found 14
papillary carcinomas, one follicular carcinoma and one medullary carcinoma in a series of 42 nodules
with indeterminate significance [32]. In addition, Lippolis et al. reported on 34 papillary carcinomas
among 36 malignant nodules [33].

Due to its high sensitivity, US (Ultrasound) is the first method of choice for the initial evaluation
of a thyroid nodule. Irregular margin, calcifications, hypoechogenicity, a solid composition and a taller
than wide shape are parameters that are highly suspicious for malignancy [34]. All these parameters
are included in the standard TI-RADS model and also in Russ’ TI-RADS model. However, calcifications
are rarely found in carcinomas and hypoechogenicity and solid composition can be frequent found in
benign nodules, thus conventional US has a low accuracy in differentiating malignant nodules from
benign ones especially when only a single US parameter is used [19].

As a rigid nodule should always be suspicious for malignancy, elastography, a technique that
assesses tissue stiffness, has received great interest [13]. The results are encouraging, even from a
small series of indeterminate thyroid nodules [35–38]. However, the results of Lippolis et al. were
contradictory [33]. Our study included 45 patients with indeterminate cytology and we found that
elasticity scores were higher in malignant nodules compared with benign ones. Although the sensitivity
of the procedure was high (84.21%), the specificity was only 53.84%. Hurthle cell adenoma and follicular
adenoma were responsible for the benign cases with increased stiffness.

There is evidence that a scoring system that combines different techniques may offer a better
evaluation of the thyroid nodules. TI-RADS system, derived from the breast imaging reporting
and data system (BI-RADS), was developed to stratify the risk of malignancy by using ultrasound.
Russ was the first that included elastography as a parameter in TI-RADS system and found that the
specificity and sensitivity were improved when elastography was used in combination with gray-scale
US than elastography alone [18]. In the present study, the specificity remained the same but the
sensitivity increased to 89.47% when elastography was considered, despite the grey scale ultrasound
parameters. We noted an increased risk of malignancy with increasing the TI-RADS categories 89.5% of
all pathologically confirmed malignant nodules had a TI-RADS score of 4b or 5. However, there were
13/26 false positives among those that scored 4b or 5 in TI-RADS system, results that are in line with
those of Xue et al. [39]. The negative predictive value of both elastography (82.3%) and TI-RADS model
(86.6%) increases the confidence of recommending active follow up in intermediate cytology cases with
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low risk ultrasound and elastography appearance, as described in other studies [19,20]. As Doppler
information is currently not used in the standard TI-RADS [18] we did not use them in our analysis.

The diagnostic performance in follicular neoplasia cases is similar, but the total number of cases is
small, so no conclusions can be formulated in this special group of intermediate cytology cases.

4. Materials and Methods

4.1. Patients

The study included 45 consecutive patients with intermediate cytology (Bethesda III category)
examined in our Endocrine Unit between January 2018 and December 2018. They were recruited from
the 237 patients which performed FNA in the study period. Surgical treatment (lobectomy or total
thyroidectomy) was performed in all cases, with pathology report being the gold standard for the
final diagnostic. A complete US evaluation was performed prior FNA by an operator with more than
10 years’ experience. This included conventional gray scale and strain elastography. The study was
performed in accordance with the ethical guidelines of the Helsinki Declaration and was approved by
the Ethics Committee of our Center. Written informed consent was obtained from all patients prior
to inclusion.

4.2. Ultrasound Evaluation

Ultrasound evaluation was performed with a Hitachi Preirus device (Hitachi Medical Corporation,
Tokyo, Japan) with 6–13 MHz linear probe. SE (Strain/real-time elastography) was performed in
accordance with Rago et al. [40] recommendations using mild external pressure, applied by the
technician, checked on the pressure scale. The length and intensity of pressure was based on the
stability of the images, and the correct pressure impact of evaluation was according to the stability of
the images. The pressure scale is recorded for each case, as pressure scale 3 or 4 (highlighted in green
on the left side of the screen, or as oscillations between +/−1 standard deviation, at the bottom of the
screen). The pressure scale is a nonadjustable preset of the ultrasound device. The Region of Interest
(ROI) has to be big enough to comprise the sufficient thyroid tissue surrounding the nodular lesion.
Real time evaluation was used. Only stable images, in the color map schema, with proper pressure
were recorded.

The qualitative SE (standard blue red green color map) was determined for each nodule. The strain
ratio was obtained by comparing the stiffness of the nodule with the surrounding healthy, non-nodular
tissue. Firstly, we defined the nodular margins, as the first circle, and we defined the second circle
at the same level (depth), in the healthy thyroid tissue, surrounding the nodule. The US machine
calculated the strain ratio.

Figure 3 shows the stiffness score categories used in our study.
The nodules were classified using the modified TI-RADS system described by Russ et al. [18]

(Table 3). The following characteristics were considered as suspicious: taller than wide, irregular
borders, intranodular inhomogeneity, marked hypoecogenicity, micro calcifications, presence of suspect
lymph nodes, and increased stiffness. Increased stiffness is defined as color map code 3 and 4 (on
qualitative SE) respectively a strain ratio was equal or higher than 4 (in semi-quantitative SE) [16].
The threshold value of 4 is the value that our center identified as suggestive, in previous studies. There
are different thresholds defined for different elastographic devices [13,14,17].
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Figure 3. Intermediate cytology nodules of fine needle aspiration (FNA), with different stiffness degrees:
low (score 1 = upper left)–intermediate (score 2 = upper right)–hard (score 3 =lower left)–very hard
(score = 4 lower right).

Table 3. Modified TI-RADS classification (adapted from Russ et al. [18]).

TI-RADS Interpretation Ultrasonographyc Finding

1 Normal thyroid Normal thyroid tissue without any nodular aspect

2 Constantly benign aspect Simple cyst, spongiform nodule, “white knight”, isolated macro
calcification, nodular hyperplasia

3 Very probable benign No signs of high suspicion, isoechoic or hyperechoic
4a Undetermined No signs of high suspicion, mildly hypoechoic, encapsulated
4b Suspicious 1 or 2 signs of suspicion
5 Highly suspicious >3 sign of suspicion

4.3. FNA

All FNA were performed under US guidance by an experienced endocrinologist with over 20 years
of experience in our department. The patients were placed in a supine position, with a pillow placed
under the patient’s shoulders to ensure a slight neck hyperextension. The overlying skin was sterilized
using an alcohol pad and local anesthesia was performed with 1–2 mL Lidocaine hydrochloride
solution injected into the skin and superficial subcutaneous tissue at the predetermined site. A high
resolution (7.5–15 MHz) linear-array transducer with a sterile cover was used to locate the lesion. Prior
to the FNA color Doppler mapping was performed to identify large blood vessels in and around the
nodule that were avoided to prevent vascular injury. The maneuver employed 25 and 27 gauge sterile
needles attached to 10 cc syringes. The needle was inserted parallel to the transducer, with direct
visualization and confirmation that the needle has reached the lesion. The needle performed “coring”
movements through which the material was collected. We utilized two passes/nodules and the sampled
cellular material was placed on glass slides for conventional smears. A minimum of 5 slides/case
were obtained. The slides were quickly fixed in 95% ethyl alcohol for the Papanicolaou stain [41].
Specimen adequacy was not evaluated on site. The slides were assessed, reviewed and reported by a
cytopathologist with experience in thyroid pathology. The adequacy assessment and reporting were
made using the Bethesda System for Reporting Thyroid Cytopathology.
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4.4. Surgical Intervention and Pathological Examination

The patients underwent unilateral lobectomy or total thyroidectomy with lymph node dissection
in few selected cases. The procedures were performed by the surgeons in our team while the
histopathological diagnosis was made in the Pathology Department by thyroid pathology specialists.
When needed, immunohistochemical reactions for HBME, CK-19, TTF-1 and Ki-67 were used.

4.5. Statistical Analysis

SPSS statistical software version 17 (SPSS Inc, Chicago IL, USA) was used for the descriptive
analysis of all the parameters which includes the biodata, results of the FNAB as well as the elastography.
Cross tabulation was used in analysis of association between two or more parameters. Correlational
analysis was also used to show association as well as relationship between them to discover if
dependency or independency can be seen. Chi square as well as ANOVA were also used for inferential
statistics. SPSS statistic was also used to draw the ROC curve for strain ratio in order to determine the
cutoff point for determination of malignancy and benignity of the tumor.

5. Conclusions

In conclusion, our results suggest that including elastography as a parameter of TI-RADS score
increases the accuracy of diagnostic of the patients with indeterminate thyroid cytology and may lead
to a reduction in diagnostic surgeries, in cases with low stiffness. However, the system has some
drawbacks: a large number of benign cases being stiff on elastographic evaluation, such as Hurthle cell
neoplasia and follicular adenoma. The question about borderline follicular neoplasia remains open.

Author Contributions: D.S. and V.I. performed the process of patients’ diagnostic and evaluation. I.M., A.A. and
I.P. conceived the study and performed the statistical analysis, while F.B. and C.A.D. participated in the design of
the study and helped to draft the manuscript. A.C. performed the cytological evaluation and F.V. performed the
surgeries. All authors read and approved the final manuscript.

Funding: This research was funded by the grant: SMIS 45997/21.01.2014 - “Cresterea calitatii actului medical prin
valorificarea potentialului IT” = Increase of the quality of medical act, by means of IT potential” funder: Romanian
Government, Ministry of Communications and Information Society, POS CCE axis.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

AACE American Association of Clinical Endocrinology
ATA American Thyroid Association
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