
Original papers Med Ultrason 2015, Vol. 17, no. 3, 327-332
DOI: 10.11152/mu.2013.2066.173.dst

Abstract
Aims: Due to the elevated prevalence of the solid thyroid nodules in a general population, an appropriate selection of cases 

referred to surgery is of paramount importance. The main aim of our study was to evaluate the performance of the Thyroid 
Imaging Reporting and Data System (TI-RADS) as a differential diagnosis tool for thyroid nodules. Material and methods: 
We evaluated 174 nodules using TI-RADS risk stratification model, using conventional ultrasound and real time elastography 
parameters and linear multifrequency probe (Hitachi Preirus Machine, Hitachi Inc., Japan). All the nodules were classified 
using the TI-RADS system according to echogenicity, margins, shapes, calcification, lymph nodes, and increased strain ra-
tion. The results were compared with the pathology exam, which was considered the golden standard diagnosis. Results: The 
prevalence of malignant nodules was 16.7% (29 cases). The differential diagnosis performance regarding the malignant tumor 
for TI-RADS is appropriate for clinical use, obtaining an area under ROC curve of 0.95761 [0.8424-0.989] 95% confidence 
interval. Combining TI-RADS 2, 3 and 4A as probably benign and TI-RADS 4B and 5 as probably malignant, the sensitiv-
ity, specificity, positive predictive value, and negative predictive value were 97.93%, 86.20%, 97.26% and 89.28% respec-
tively. The overall accuracy of the method was 95.97%.According to the American Association of Clinical Endocrinologists 
Guidelines, 169 cases required FNAB examination; by applying the TI-RADS scoring system, the necessity for FNAB would 
decrease to 74 cases. Conclusion: Quantitative strain elastography, as the 6th parameter of TI-RADS system, adds diagnostic 
power to the risk stratification model.
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Introduction

There is a high prevalence of thyroid nodules in the 
general population [1]. This prevalence increases with 
age [2]. The female population is more affected [3], 20 
up to 70% of the female population having at least one 
ultrasound (US) identified thyroid nodule. Thyroid can-
cer has an increasing incidence [4,5] due to exposure to 

medical radiation, iodine intake, obesity and insulin re-
sistance, genetics, and inorganic phosphates [6,7], up to 
15% of the total identified thyroid nodules being malig-
nant [5,8]. In the presence of solid thyroid nodules the 
Endocrine Societies Guidelines recommend the use of ul-
trasound-guided Fine Needle Aspiration Biopsy (FNAB)
[1,9] in order to establish a proper therapeutic attitude. 
The American Thyroid Association (ATA) [9] stated 
that FNAB is the procedure of choice for the evaluation 
of thyroid nodules. FNAB should be performed in the 
presence of thyroid nodules >5 mm with suspicious US 
findings, hypoechoic solid nodules >1 cm, mixed cystic-
solid nodules >1.5-2 cm with suspicious US findings, 
nodules with micro calcifications, or abnormal cervical 
lymph nodes. American Association Clinical Endocrinol-
ogy (AACE) [10] recommend FNAB of the hypoechoic 
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solid nodules >1 cm, nodules with malignant US find-
ings, regardless of the size, and in patients with special 
malignancy history. The Korean Guideline recommends 
FNAB inall suspicious nodules (taller than wide shape, 
irregular margins, marked hypoechoic texture, micro and 
macro-calcifications, speculated margins, extra capsular 
invasion) regardless of the size and selective biopsy in 
probably benign nodules larger than 2 cm [11]. By ana-
lyzing these indications it can be observed that there are 
some differences for FNAB indications, especially con-
cerning the size and the category of nodules that should 
be referred to FNAB [12].

Despite the significant evidence, as summarized 
recently [13-15], regarding the excellent diagnostic 
quality of real time elastography for the differential 
diagnosis of thyroid nodules, this method is still not in-
cluded in those mentioned guidelines. Recently, some 
reports used with good results, a reporting data sys-
tem for thyroid lesions–the Thyroid Imaging Reporting 
and Data System (TIRADS)- for stratifying the risk for 
malignancy [16,17], using 12, respectively 6 different 
patterns of thyroid nodules described in conventional 
ultrasound. The TI-RADS establish different diagnos-
tic categories with different risks of possible malig-
nancy, comparable with the breast risk assessment tool, 
Breast Imaging Report (BIRADS) US system. Russ et 
al [18] included the elastographic aspect of the nodules 
as one of the 6 diagnostic criteria of a TI-RADS model 
and obtained high sensitivity and specificity. The study 
used pooled data from cytological confirmed benign 
nodules and pathology reports for suspected malignant 
lesions. The reason behind using TI-RADS is to select 
the nodules for FNAB in a cost-effective manner, and 
to emphasize attention on the right nodules referred to-
biopsy.

FNAB results are not 100% accurate, with sensitivity 
and specificity up to 80% in very good centers [19] and 
are considered as a pre-diagnostic method and not as a 
golden standard diagnostic method [20] due to the sensi-
tivity of 70%–85% [20,21] and also an application rate of 
66% [21]. The FNAB findings reported only 47%-55.3% 
[21,22] of proven cancers. The rate of false negative and 
false positive results of FNAB remains a challenge of 
this diagnostic method [20].

The aim of the present study is to evaluate the dif-
ferential diagnosis performance of TI-RADS when quan-
titative strain elastography is considered a diagnostic 
parameter in the TI-RADS model. In order to avoid con-
founding factors due to the limited diagnostic availabil-
ity and diagnostic value of FNAB, we applied TI-RADS 
analysis in nodules with proved histopathological diag-
nosis after surgical resection.

Material and methods

The study was performed in accordance with the ethi-
cal guidelines of the Helsinki Declaration and was ap-
proved by the Ethics Committee of our Center. Written 
informed consent was obtained from all patients prior 
inclusion. 

Patients
The study group included patients with uninodular 

or polinodular goiter examined in our Elastography 
Unit between January 2013- June 2014. In this period 
432 patients were identified with uninodular and mul-
tinodular solid goiter and 174 cases received surgical 
treatment. Histopathological analysis was performed in 
all casesand was considered the golden standard diag-
nosis. Conventional gray scale, Doppler US, and strain 
elastography (SE) were performed prior surgery by one 
operator with more than 10 years experience in con-
ventional US and 5 years in elastography, maximum 2 
months before surgery. FNAB was performed in more 
than half of the cases prior surgery (data not analyzed 
in this study). The surgical indication was made in 
the presence of large nodules (>4 ml), positive FNAB 
result (Bethesda IV, V, and VI), compression effects, 
functional autonomy (defined by suppressed TSH lev-
els), and multinodularity. In cases with multinodular 
goiter, the larger nodule or the nodule with US malig-
nancy findings was considered in the final statistical 
analysis.

Ultrasound evaluation
US and SE were performed using Hitachi Preirus 

(Hitachi Medical Corporation, Tokyo, Japan) machine 
with 6-13 MHz linear probe. SE was performed using 
recommendations of Rago et al [23] with mild external 
pressure, always checked on the pressure scale, using 
only 3-4 grade images and loops. The Tsukuba (Ueno-
Itoh) classification was used for qualitative analysis of 
SE [24]. The nodules were classified according to sim-
plified TI-RADS system described by Russ et al [18] 
(Table I). For each nodule, apart from the qualitative SE 
score (standard blue red green color map), the strain ra-
tion was calculated by comparing the nodule with the 
surrounding healthy, non nodular, thyroid tissue. Re-
gardless of the color map result, (low stiffness = color 
map 2; intermediate stiffness = color map 3, and high 
stiffness = colormap 4 and 5) if the strain ratio had a 
value ≥4, high strain on TI-RADS checklist was con-
sidered. 

Surgical intervention
Unilateral lobectomy or total thyroidectomy was per-

formed by the surgeons of our team (FV, SP). In selected 
cases lymph node excision was also performed. 
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Pathology examination
The histological diagnosis was made in the Pathol-

ogy Department by the thyroid pathology specialist (MD, 
MC). Imunohistochemical evaluation, HBME, CH-19, 
K067 and TTF reactions were performed in selected 
cases. 

Statistical analysis
Data were collected and analyzed using SPSS v.17 

statistical software package (SPSS Inc, Chicago, IL, 
USA). Clinical and laboratory characteristics of the pa-
tients were expressed as mean, standard deviation (SD), 
median, and range. Prior analysis, variables were tested 
for normality using Shapiro-Wilk test respectively for 
homogeneity of variances with Levene’s test. Sensitiv-
ity, specificity, positive and negative predictive values, 
and likelihood ration were calculated using TI-RADS 2, 

3 for benign lesions, 4A for both benign and malignant 
lesions, respectively for score 4B and 5 for malignant 
lesions. The diagnostic performance of TI-RADS was 
evaluated also using the receiver-operating (ROC) curve. 
The ROC curve represents sensitivity versus 1-specific-
ity for all possible TI-RADS values for the prediction of 
thyroid cancer.

Results

From the total 174 analyzed cases, 29 (16.7%) were 
histological proven to be malignant: papillary carcinoma 
23 cases, follicular carcinoma 3 cases, and medullar car-
cinoma 2 cases (1 isolated and 1 familial case).

The classification of the thyroid nodules, according to 
the TI-RADS system, is presented in Table II. The differ-

Table I. Used TI-RADS classification (adapted from Russ et al [18])
TIRADS Interpretation Ultrasonographic findings
1 Normal thyroid findings • Normal thyroid tissue without any nodular aspect
2 Constantly benign aspect • simple cyst, spongiform nodules 

• “white knight” 
• isolated macrocalficication, nodular hyperplasia

3 Very probably benign • no signs of high suspicion, isoechoic or hyperechoic, partial in capsulated
4A Undetermined • no signs of high suspicion, mildly hypoechoic, encapsulated nodule
4B Suspicious • irregular shape

• taller than wide, irregular borders, micro calcifications, markedly hypoechoic, high 
stiffness with elastography

• 1 or 2 signs and no lymph node metastasis
5 Highly suspicious • irregular shape/ taller than wide, irregular borders 

• micro calcifications
• markedly hypoechoic 
• high stiffness with elastography: strain ratio > 4
• 3 to 5 signs and/or lymph node metastasis

Table II. TI-RADS categories and risk of malignancy of the studied thyroid nodules.
TI-RADS category Benign Malignant Total Risk of malignancy (%)
2 15 0 15 0
3 84 1 85 1.125
4A 43 3 46 6.52
4B 2 9 11 81.81
5 1 16 17 94.11
Total 145 29 174 –

Table III. TI-RADS categories and diagnostic performance of strain elastography 
Method Sensitivity (%) Specificity (%) PPV (%) NPV (%) LR + Accuracy
TI-RADS 2 10.34 100 100 18.23 – 25.28
TI-RADS 3 57.93 96.55 98.82 31.46 10.36 58.62
TI-RADS 4A 29.65 89.65 93.47 20.31 2.63 39.65
TI-RADS 4B qualitative SE 31.03 98.62 81.81 97.94 22.14 87.35
TIRADS 4B quantitative SE 24.13 96.55 53.84 86.41 7.088 84.48
TIRADS 5 qualitative SE 55.17 99.31 94.11 91.71 78.71 91.95
TIRADS 5 quantitative SE 44.82 97.93 8.25 89.87 21.64 89.08

SE – strain elastography, PPV – positive predictive value, NPV – negative predictive value, LR – like hood ration
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ent TI-RADS categories were compared with the pathol-
ogy report and the malignancy risk was calculated. 

Both quantitative and qualitative SE was considered. 
The sensitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV) and accuracy 
were calculated. The results are presented in Table III. 

Combining TI-RADS 2,3 and 4A as probably benign 
and TI-RADS 4B and 5 as probably malignant, the sensi-
tivity, specificity, positive predictive value, negative predic-
tive value were respectively 97.93%, 86.20%, 97.26% and 
89.28%. The overall accuracy of the method was 95.97%.

Using quantitative SE results (strain ration as the 6th 
TI-RADS criteria), the sensitivity and specificity of the 
TI-RADS model was improved compared with the quali-
tative strain elastography. The diagnostic value of the TI-
RADS system in identifying thyroid cancer, when using 
the quantitative strain ratio as an indicator for stiffness 
of a lesion, evaluated by the ROC method, is excellent: 
AUC = 0.95761 [0.8424-0.989] 95%CI (fig 1). 

Discussions

We evaluated the TI-RADS diagnostic performance 
in differentiating benign from malignant thyroid nodules 

using a quantitative strain elastography report, as one of 
the six diagnostic characteristics, comparing with golden 
standard, pathology report. There are some published 
papers evaluating the TI-RADS system in the diagno-
sis of thyroid masses [16-19,25,26] but the pathological 
confirmation of the nodules was not performed in all the 
cases. This problem was underlined in a recent published 
review [27]. 

The AUC for TI-RADS system was higher in our 
study (0.9576) comparing to that described in the recent 
analysis of the conventional TI-RADS model (0.9177) 
[27]. A similar good diagnostic quality was described by 
Rust et al [28]. The Russ et al [18] report was the first that 
used elastography as a criteria in the TI-RADS system. 
The authors [18] demonstrated that the association of 
qualitative strain SE, as the 6th criteria in the TI-RADS, 
increases the sensitivity (96.7% versus 92.5%), but de-
creases the specificity (11.4% versus 20%) and accuracy 
(46.7% versus 56.8%), of the diagnostic. Qualitative SE 
stiffness criteria proved to have a lower accuracy as com-
pared with our result, when quantitative SE stiffness was 
used. Analyzing the results of elastography alone, the au-
thors obtained a sensitivity of 41.9%, which was lower 
than in the TI-RADS US system, but the specificity was 
higher, of 86.4%. These results differ from the results of 
a recent meta-analysis [13], where the pooled sensitivity 
and specificity of the SE were 90%, respectively 81%. 
The low values of sensitivity, in Russ’s study, suggest 
that the elastography evaluation was not clear. This is the 
reason for using quantitative ES as a TI-RADS criteria 
instead of the subjective, qualitative ES information.

The sensitivity and specificity our TI-RADS model of 
the diagnosis is very high compared with other TI-RADS 
studies [16,17,28]. Worthy of mentioning is that, in all 
these studies, the qualitative, color map scheme was used 
as a criteria for stiffness. Some authors used the 5 score 
color map scheme [18], others the 4 scale color map 
scheme [28]. The definition of increased stiffness was 
also different, using color map 3-4 [13] or only 4 [18].

The major difference of our study comparing with 
published studies regarding this problem is the use of 
quantitative elastography in the TIRADS system. Regard-
less of the SE color map scheme category 3, 4, or 5, value 
dependent on the operator experience, the strain ration is 
calculated by computer and could decrease the number 
of false results. In cases where the strain ratio was higher 
than 4, we considered the lesion to be stiff and we added a 
step in the TIRADS category. Using the computer assisted 
assessment of stiffness of the lesions, we observed excel-
lent diagnostic sensitivity, 86.20% with high specificity, 
97.24%, and the best accuracy of 95.40%. The use of the 
strain ratio as criteria in the TIRADS system increases 

Table IV. TI-RADS categories and overall diagnostic perfor-
mance
TI-RADS category Benign Malignant Total
TI-RADS 2,3,4A 142 4 146
TI-RADS 4B,5 3 25 28
Total 145 29 174

Fig 1. ROC results for the TI-RADS ultrasonography + strain 
ratio in the diagnosis of thyroid cancer (prevalence of 16.66%)
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the confidence of the diagnosis. Clear confirmation of in-
creased strain, is highly suspicious for malignancy. The 
number of false positive and false negative results was 
extremely low with the use of the quantitative elastogra-
phy report instead of the qualitative color map scheme. 
We had only one false positive result in the TI-RADS cat-
egory 5, a case with extended tuberculosis with intrathy-
roidal nodular lesions. The probability of TI-RADS 2 and 
3 nodules to be malignant is extremely low. We had only 
1 case classified as TI-RADS 3 with histological structure 
of micropapillary carcinoma.

The risk stratification of the nodules, according to the 
TI-RADS value, is similar to the previous published re-
sults [25-28]: TI-RADS 2 extremely low cancer risk, less 
than 1% (0% in our case), very low for TI-RADS 3 cases, 
less than 5% (1.15%), low for TIRADS 4A cases, less 
than 10% (6.51%), with extremely high risk for TI-RADS 
4B and 5 cases, over 80% (81.81% respectively 94.11%). 
TI-RADS evaluation is described to decrease the number 
of unnecessary FNAB procedures [16,18,27,28]. When 
quantitative SE was used, the diagnostic quality did in-
crease without any negative impact on risk stratification 
quality.

Considering the AACE Guidelines [10] the number 
of required FNAB in our study would be 169 cases [10]. 
If the TI-RADS classification is applied, FNAB is neces-
sary in 74 nodules (all 4A, 4B and 5 TIRADS nodules). 
The decrease is higher compared to the result reported 
by Horvath et al [16] 43.7% versus 35%, but comparable 
with the 42% decrease in the Moifo et al and Rust et al 
studies [26,28].

Study limits: not all cases had the FNAB evalua-
tion. Ideally all cases should have been analyzed by the 
TI-RADS model, FNAB, and pathology report. An in-
creased number of cases is preferable. Further studies 
are required in order to validate the TI-RADS analysis 
for daily clinical endocrine practice. Another limit is the 
lack of the intra-observer and inter-observer agreement. 
Also, in our analysis we did not take in consideration the 
clinical aspect, TSH and free-T4 assessment, and results 
of scintigraphy, aspects with great importance in clinical 
practice.

Conclusions 

The TI-RADS system, proposed by Russ, with 5 con-
ventional ultrasound parameters and 1 elastography pa-
rameter, is a useful tool in the risk stratification of thyroid 
nodular masses. It may be used forreducing the number 
of unnecessary FNAB evaluations. Quantitative elastog-
raphy brings constant, valuable but also clear criteria in 
the TI-RADS model of risk stratification. Quantitative 

SE, as the 6th parameter of TI-RADS system adds diag-
nostic power to the risk stratification model.
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