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Abstract – Objective: The purpose of this study is to determine the diagnostic accuracy of a 
surgeon-performed thyroid ultrasound reported using Kwak Thyroid Imaging Reporting and Data 
System (Kwak TIRADS) in identifying thyroid malignancy. 

Patients and Methods: This is a retrospective cohort study of patients who underwent preop-
erative thyroid ultrasound by a surgeon and subsequently underwent thyroidectomy from January 
2018 – March 2020 in University of the Philippines - Philippine General Hospital (UP-PGH), Depart-
ment of Surgery. Correlation between ultrasonographic features and Kwak TIRADS categories with 
malignancy were analyzed using chi square (univariate analysis) and logistic regression (multivari-
ate analysis).    

Results: A total of 174 patients with thyroid nodules at least 1 cm in widest diameter were 
included in the study. There were 85 patients with malignant thyroid disease and 89 patients with 
benign nodules. Solid composition, hypoechogenicity/marked hypoechogenicity, lobulated/irreg-
ular margins, rim/microcalcifications, and shape taller than wide were significantly associated with 
thyroid malignancy on univariate analysis (all p-values < 0.001). However, only solid composition, 
hypoechogenicity/marked hypoechogenicity, and irregular/lobulated margins were significantly 
associated with thyroid malignancy on multivariate analysis (p-values < 0.001, 0.002 and 0.011, re-
spectively). On the other hand, Kwak TIRADS categories 4a and above are significantly associated 
with thyroid malignancy (all p-values < 0.001), with the risk of malignancy increasing as the Kwak 
TIRADS category increases. Sensitivity, specificity, PPV and negative NPV are optimal when cutoff 
for further workup is set at Kwak TIRADS 4a.

Conclusions: A surgeon performed thyroid ultrasonography reported using Kwak TIRADS clas-
sification can be utilized as a guide in the management of thyroid nodules. The consideration of 
Kwak TIRADS 4a as a cutoff level for further workup is recommended.
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to apply clinically due to complexity. Shortly af-
ter that, Park et al12 proposed another classification 
which employed 12 ultrasound features as basis for 
predicting the probability of malignancy. Although 
their approach makes it possible to stratify thyroid 
nodules into categories, it is cumbersome to assign 
every thyroid nodule into their equation in clini-
cal practice. Hence, in 2011 Kwak et al13 proposed 
a simpler TIRADS classification with a practical 
and convenient use for the management of thyroid 
nodules. Thereafter, many other guidelines on the 
utilization of ultrasound characteristics in determin-
ing the risk for malignancy of thyroid nodules have 
been proposed. Currently, the most widely used is 
the Kwak TIRADS by Kwak et al13 in 2011, the ATA 
guidelines in 2015, and the ACR TIRADS in 2017 
11,13-15. The authors of these systems have similar in-
tentions, primarily to guide the need for biopsy and 
probable surgery for malignant nodules, and second-
arily to reduce unnecessary invasive procedures for 
benign lesions. To our knowledge, however, there is 
no consensus on a single system or guideline to date.

Kwak et al13 patterned a risk stratification sys-
tem for thyroid nodules at least 1 cm in greatest 
diameter based on the BI-RADS system for breast 
(Table 1). They identified solid composition, hy-
poechogenicity/marked hypoechogenicity, lobu-
lated/irregular margins, rim/microcalcifications, 
and shape taller than wide as sonographic features 
associated with thyroid malignancy 13. While TI-
RADS 1 corresponds to a thyroid gland with no 
distinct nodule, TIRADS 2 to benign nodules 
(cysts and spongiform nodules) and TIRADS 3 to 
mixed solid and cystic nodules, TIRADS 4a and 
higher are differentiated based on the number of 
suspicious features present (Table 1). Due to the 
simplicity of this lexicon, it easy to implement, 
and thus, is used in our institution. 

INTRODUCTION

Thyroid nodules are relatively common but have 
a low clinical significance. These nodules are pal-
pable in about 5% of the general population but 
can be detected through ultrasound in up to 65 to 
70%1,2. However, thyroid nodules are usually as-
ymptomatic and are at risk for malignancy in only 
5-10% of the time1-3. 

On the other hand, thyroid cancer is the most 
common endocrine malignancy with a global inci-
dence of 2.1%4. Recent data suggest steady increase 
over the past few decades in the incidence of thy-
roid malignancy worldwide5,6. Conversely, there is a 
downward trend in mortality rate from thyroid can-
cer, particularly papillary thyroid cancer3,5,6. These 
may have been brought about by the widespread use 
of ultrasonography in clinical practice resulting to 
early diagnosis and treatment of thyroid disease al-
beit resulting to unnecessary biopsy and surgery3,7. 

Ultrasonography, therefore, has become an in-
dispensable tool in the diagnosis and management of 
thyroid disease. Its utility in the evaluation and man-
agement of thyroid nodules has evolve significantly 
in the past two decades. The Society of Radiologist 
in Ultrasound was the first to draft guidelines on the 
management of thyroid nodules identified in ultra-
sound in 20058. This lead to the use of stratification 
grading systems in characterizing risk for malignan-
cy of thyroid nodules in ultrasound by Ito et al9 and 
Tae et al10, both in 2007. Horvath et al11 published 
a study in 2009 proposing the use of TIRADS, an 
evaluation system similar to the Breast Imaging Re-
porting and Data System (BI-RADS) for a standard-
ized ultrasound characterization and reporting data 
system of thyroid lesions and stratifying cancer risk 
for clinical management. However, the ultrasound 
patterns and equations they presented were difficult 

TABLE 1. TIRADS classification of Kwak et al13.

*The following features were considered suspicious: solid component, hypoechogenicity especially marked hypoechogenicity, 
microlobulated or irregular margins, microcalcifications and taller than wide shape.

Category	 Description

TIRADS 1	 Negative 

TIRADS 2	 Benign nodule

TIRADS 3	 Probably benign (No suspicious ultrasound features)*

TIRADS 4A	 One suspicious ultrasound feature*

TIRADS 4B	 Two suspicious ultrasound features*

TIRADS 4C	 Three or four suspicious ultrasound features*

TIRADS 5	 Highly suggestive of malignancy (Five suspicious ultrasound features)*
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Surgery between January 2018 to March 2020 
who underwent preoperative ultrasound and re-
ported using Kwak TIRADS by a head and neck 
surgeon. Only lesions with diameter greater 
than 1 cm in greatest dimension were included. 
Patients who did not underwent thyroidectomy 
and patients with no final histopathologic report 
were excluded from the study.

Thyroid Ultrasonographic Technique 
and Kwak TIRADS Category reporting

The performance of thyroid ultrasonography in 
the UP-PGH, Department of Surgery is standard-
ized. The procedures were done using B-mode 
and Doppler evaluation of the thyroid nodules by 
head and neck surgeons in-training certified by 
the Philippine Society of Ultrasound in Surgery, 
Inc. All the ultrasound scans were performed us-
ing a 7.5 – 12 MHz high frequency linear array 
transducer. Examination was done on realtime, 
two-dimensional, grayscale and Doppler imag-
ing. The bilateral thyroid lobes, the isthmus and 
the anterior neck compartments are routinely 
evaluated with the patient lying supine and neck 
hyperextended. 

Thyroid nodule ultrasonographic features 
which include size, internal composition, echo-
genicity, margins, presence and type of calcifica-
tions, and the shape, are noted and Kwak TIRADS 
category determined. A thyroid ultrasonographic 
result is categorized as TIRADS 1 if there are no 
distinct nodules identified, TIRADS 2 if spongi-
form (Figure 1A) or cystic (Figure 1B), and TI-
RADS 3 if mixed predominantly solid isoechoic 
nodule (Figure 1C).

Solid composition, hypoechogenicity/marked 
hypoechogenicity, lobulated/irregular margins, 

 Several studies have validated the specificity 
and sensitivity of Kwak TIRADS in the diagnosis of 
thyroid nodules. The said stratification system has 
been found to be comparable16-18 or even superior19-21 

to other thyroid ultrasound risk stratification sys-
tems. To our knowledge, however, there is no local 
data on the reliability of a surgeon performed thy-
roid ultrasonography using Kwak TIRADS lexicon.

This study, therefore, aims to validate the di-
agnostic reliability of surgeon-performed thyroid 
ultrasonography using Kwak TIRADS in deter-
mining malignancy among patients with thyroid 
nodules in the UP-PGH, Department of Surgery. 
Specifically, we intend to: (1) determine the diag-
nostic value of ultrasonographic features of be-
nign and malignant thyroid nodules as identified 
by Kwak et al13; (2) determine the diagnostic per-
formance of Kwak TIRADS lexicon; and finally, 
(3) determine the optimal Kwak TIRADS catego-
ry necessitating further investigation. 

PATIENTS AND METHODS

Study Design

This is a retrospective cohort study of patients 
with thyroid disease, seen and managed between 
January 2018 and March 2020 in the UP-PGH, 
Department of Surgery. This study was approved 
by the University of the Philippines Manila - Re-
search Ethics Board (UPM-REB). 

Inclusion/Exclusion Criteria

This study includes consecutive adult patients 
>18 years of age of the UP-PGH, Department of 

Fig. 1. Ultrasound image showing examples of benign thyroid nodules. TIRADS 2 (A) spongiform, (B) cystic; TIRADS 3 (C) 
mixed predominantly solid isoechoic nodule.

A B C
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features (Figure 4) and TIRADS 5 if it has five 
(5) suspicious features (Figure 5).  

Thyroid ultrasound results are recorded in 
OpenMRS (OpenMRS 2.3.1, OpenMRS Inc., 
Indianapolis, IN, USA) for future reference. Ac-
cess to records is limited to authorized persons 
following the standards of Data Privacy Act of the 
Philippines. 

rim/microcalcifications, and shape taller than 
wide are considered as suspicious thyroid nod-
ule ultrasonographic features and are scored one 
(1) each, with the highest possible score of five 
(5). A thyroid nodule is categorized as TIRADS 
4a if it has one (1) suspicious feature (Figure 2), 
TIRADS 4b if it has two (2) suspicious features 
(Figure 3), TIRADS 4c if it has 3 - 4 suspicious 

Fig. 3. Ultrasound image show-
ing examples of TIRADS 4B. 
(A) Solid and hypoechoic nodu-
le, (B) solid with calcifications 
nodule.

A B

Fig. 2. Ultrasound ima-
ge showing examples of 
TIRADS 4A. (A) Solid 
nodule smooth margin, 
(B) mixed nodule with 
calcifications.

A B

Fig. 4. Ultrasound image show-
ing examples of TIRADS 4C. 
(A, B) Solid, irregular margin 
and with microcalcifications 
nodules.A B
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Qualitative data are presented as frequencies. Uni-
variate analyses were done using independent t-test 
for quantitative variables and χ2 test for categorical 
variables. Logistic regression was used for multivar-
iate analysis. The odds ratio (OR) was determined 
to quantify the strength of association of suspicious 
sonographic features and Kwak TIRADS category 
with thyroid malignancy. In all analysis, a p-value 
< 0.05 was considered statistically significant. The 
sensitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV) were 
calculated to determine diagnostic performance. 

RESULTS

Demographic Characteristics

The distribution of demographic characteristics of the 
patients are listed in Table 2. A total of 174 patients 
were included in the study. Eighty-five patients had 
malignant final histopathology results while 89 pa-
tients had benign thyroid disease. The mean age of 
patients with thyroid malignancy were 43.82 (± 13.17), 
while those with benign disease were 41.03 (± 10.75). 
This difference is significant, with a p-value of 0.019. 

Data Extraction and Collection

Data were retrieved from the surgical oncology 
census and from the medical record system of our 
institution. These data were entered into an MS 
Excel file (MS Excel 2019, Microsoft Corporation, 
Redmond, Washington, IL, USA) and were stored 
safely within the UP-PGH, Department of Surgery 
offices. Information was used following the stan-
dards of Data Privacy Act of the Philippines.

Demographic profile of patients, the ultrasound 
results, and histopathology report were collected. Ul-
trasound results included composition, echogenicity, 
margins, calcifications, shape and Kwak TIRADS 
score. In patients with more than one thyroid nodule, 
the nodule with the greatest number of suspicious 
ultrasonographic features was considered. All data 
were then tabulated and recorded in MS Excel file.

Statistical Analysis

The Statistical Product and Service Solutions (SPSS 
26.0 for windows; SPSS Inc., Armonk, NY, USA) 
was used for statistical analysis. Quantitative data 
are presented as the mean ± standard deviation (SD). 

Fig. 5.  Ultrasound image show-
ing examples of TIRADS 5. (A) 
Two solid nodules, hypoechoic 
and isoechoic, irregular margin, 
microcalcifications and taller 
than wide. (B) solid nodule with 
hypoechoic, irregular margin, 
microcalcifications and taller 
than wide.

A B

TABLE 2. Demographic and clinical profile of thyroidectomy patients.

*The following features were considered suspicious: solid component, hypoechogenicity especially marked hypoechogenicity, 
microlobulated or irregular margins, microcalcifications and taller than wide shape.

		  Histopathologic Findings	

	 Malignant	 Benign	 p-value

No. of Patients (N = 174)	 85	 89	
Age (years)			 
Mean ± Std. Deviation	 43.96 (± 13.17)	 41.03 (± 10.75)	 0.019
Gender			 
   Female (n = 151)	 70 (46.4%)	 81 (53.6%)	 0.092
   Male (n = 23)	 15 (65.2%)	 8 (34.8%)	
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poechogenicity, and irregular/lobulated margins 
were found to be significantly associated with 
thyroid malignancy, with p-values < 0.001, 0.002 
and 0.011, respectively (Table 3). The OR for these 
ultrasonographic features on logistic regression 
were 14.91 (95% CI: 5.84 - 38.06), 4.35 (95% CI: 
1.75 - 10.78) and 9.32 (95% CI: 1.68 - 51.89), re-
spectively. It should be noted, however, that the 
presence of irregular/lobulated margins (n = 30), 
micro/rim calcifications (n = 37) and shape taller 
than wide (n = 17) is relatively rare in the study 
population (N = 174) and have contributed to the 
acceptance of the non-association of the last two 
variables, namely micro/rim calcifications and 
shape taller than wide, with malignancy.

The diagnostic performance of the different 
suspicious ultrasonographic features in terms of 
sensitivity, specificity, PPV and NPV are shown 
in Table 4. Solid composition has the highest sen-
sitivity and negative predictive value at 87.06% 
and 86.42% respectively. This variable, howev-
er, has a specificity and PPV of only 78.65% and 
79.57% respectively. On the other hand, taller than 
wide shape has the highest specificity and PPV at 
98.88% and 94.12%. However, this variable has a 
sensitivity and NPV of only 18.82% and 56.05%, 
respectively. 

There were more female patients (n = 151) in 
the study than males (n = 23) (Table 2). Less than 
half of the female patients (46.4%) had malignant 
histopathologic results while a greater percentage 
of male patients (65.2%) had malignant thyroid 
disease. This difference, however, was not signif-
icant, with a p-value of 0.092.

Suspicious Ultrasonographic 
Features and Malignancy

Univariate analysis revealed that solid compo-
sition, hypoechogenicity/marked hypoechoge-
nicity, lobulated/irregular margins, rim/micro-
calcifications, and shape taller than wide are all 
significantly associated with thyroid malignancy 
with all p-values < 0.001 (Table 3). Solid com-
position has the highest OR at 24.78 (95% CI: 
11.01 - 55.79) followed by irregular/lobulated 
margins OR = 21.37(95% CI: 4.90 - 93.21), tall-
er than wide shape OR = 20.41 (95% CI: 2.64 - 
157.68), micro/rim calcifications OR = 3.34 (95% 
CI: 4.52 - 40.25), and hypo echogenicity/marked 
hypoechogenicity. 

On multivariate analysis, however, only sol-
id composition, hypoechogenicity/marked hy-

TABLE 3. Association of suspicious ultrasonographic features and thyroid malignancy.

*Numbers inside the parentheses are confidence intervals (CI).

Parameter	 No. of 	 No. of	            Univariate Analysis           Multivariate Analysis
	 Malignant 	 Benign
	 Nodules 	 Nodules	 Odds	 p-Value	 Odds	 p-Value
	 (n = 85)	 (n = 89)	 Ratio*		  Ratio*	

Solid Composition						    
    Yes (n = 72)	 51	 21	 24.78 	 <0.001	 14.91	 <.0.001
			   (11.01 - 55.79)		  (5.84 - 38.06)	
    No (n = 102)	 34	 68				  

Hypo/Very Hypoechogenic						    
    Yes (n = 72)	 51	 21	 4.86	 < 0.001	 4.35	 0.002
			   (2.526 - 9.34)		  (1.75 - 10.78)
    No (n = 102)	 34	 68				  

Irregular/Lobulated Margins 						    
    Yes (n = 30)	 28	 2	 21.37	 < 0.001	 9.32	 0.011
			   (4.90 - 93.21)		  (1.68 - 51.89)
    No (n = 114)	 57	 87				  

Micro/Rim Calcifications						    
    Yes (n = 37)	 33	 4	 13.49	 < 0.001	 3.34	 0.073
			   (4.52 - 40.25)		  (0.89 - 12.53)	
    No (n = 137)	 52	 85				  

Taller than Wide Shape						    
    Yes (n = 17)	 16	 1	 20.41 	 < 0.001	 1.48	 0.737
			   (2.64 - 157.68)		  (0.15 - 14.91)
    No (n = 157)	 69	 88
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DISCUSSION

Thyroid ultrasonography has become an indis-
pensable tool in the initial assessment of thyroid 
nodules. Albeit majority of thyroid nodules in 
the general population were benign, a substantial 
number of diagnostic aspirations were performed 
to rule out malignancy15. Thyroid ultrasonogra-
phy is appealing to the patient because it is less 
invasive, decreasing patient’s stress and anxiety. 
Determining reliable and reproducible ultrasound 
criteria is integral to permit the selection of nod-
ules warranting aspiration biopsy owing to in-
creased malignancy risk. Our institution and thus, 
our study, adapted the Kwak TIRADS due to its 
simplicity and practicality.

In this study, we have evaluated the suspicious 
ultrasonographic features for thyroid malignan-
cy, to wit, solid composition, hypoechogenicity/
marked hypoechogenicity, lobulated/irregular 
margins, rim/microcalcifications, and shape tall-
er than wide13. Univariate analysis of our data 
demonstrated that all these features are significant 
predictors of thyroid malignancy (Table 3). How-
ever, their diagnostic performance individually, 
in terms of sensitivity, specificity, PPV and NPV 
differ, such that using only one ultrasonographic 
feature with high sensitivity and NPV, e.g., solid 
composition, would entail accepting low specific-

Kwak TIRADS Categories 
and Thyroid Malignancy

There is a significant association of TIRADS 4a 
and 4b with thyroid malignancy, with p-values 
<0.001 (Table 5). The OR for TIRADS 4a and 4b 
is 20.70 and 107.33, respectively. The risk for thy-
roid malignancy increases as the TIRAD category 
increases, becoming 100% at TIRADS 4c and 5. 
It should, however, be noted that the three patients 
with TIRADS 2 lesions (spongiform) and two with 
TIRADS 3 lesions (mixed solid and cystic) were 
eventually diagnosed with thyroid malignancy.

The diagnostic performance of Kwak TIRADS 
was evaluated by computing for sensitivity, speci-
ficity, PPV and NPV at different cutoff levels (Table 
6). When TIRADS 3 is used as the cut-off level, that 
is, all nodules’ categories 3 and above are consid-
ered malignant, the sensitivity and NPV is high at 
96.47% and 94.23%, but the specificity and PPV is 
low at 55.06% and 67.21%. Increasing the cut-off 
to TIRADS 4a, the sensitivity and NPV decreas-
es to 94.12% and 93.42% but there is a substan-
tial increase in specificity and PPV to 79.78% and 
81.63%. Further increasing the cut off to TIRADS 
4b, however, results in a low sensitivity of 77.65%. 
Comparing Table 6 and Table 4, setting the cut off at 
TIRADS 4a provides the best balance of sensitivity, 
specificity, PPV and NPV. 

TABLE 4. Diagnostic performance of suspicious ultrasonographic features.

	 Sensitivity (%)	 Specificity (%)	 PPV (%)	 NPV (%)

Solid Composition	 87.06%	 78.65%	 79.57%	 86.42%
Hypo/Very Hypoechogenic	 60.00%	 76.40%	 70.83%	 66.67%
Irregular/Lobulation Margins 	 32.94%	 97.75%	 93.33%	 60.42%
  or Extrathyroidal Extension
Micro/Rim Calcifications	 38.82%	 95.51%	 89.19%	 62.04%
Taller than Wide	 18.82%	 98.88%	 94.12%	 56.05%

TABLE 5. Association of Kwak TIRADS categories with thyroid malignancy.

*spongiform. **mixed solid and cystic.

	 No. of	 No. of 	 Odds	 p-value	 Risk of	
	 Malignant	 Benign 	 Ratio		  Malignancy
	 Nodules 	 Nodules
	 (n = 85) 	 (n = 89)			 
					   
T2* (n = 52)	 3	 49	 1	 1	 5.8%
T3** (n = 24)	 2	 22	 1.48
			   (0.23 - 95)	 0.677	 8.3%
T4a (n = 25)	 14	 11	 20.79
			   (5.08 - 84.98)	 <0.001	 56.0%
T4b (n = 53)	 46	 7	 107.33
			   (26.18 - 440.11)	 <0.001	 86.8%
T4c (n = 13)	 13	 0			   100.0%
T5 (n = 7)	 7	 0			   100.0%
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TIRADS 3, 4a, 4b, and 4c, respectively. This may 
be reflective of the difference of the behavior of 
thyroid cancer among Filipinos 22-25. 

There is a significant association of Kwak TI-
RADS categories with thyroid malignancy starting 
at TIRADS 4a. Expectedly, sensitivity and NPV 
decreases while specificity and PPV increases with 
higher TIRADS categories. The sensitivity, speci-
ficity, PPV and NPV when TIRADS 4a and above 
are considered suspicious for malignancy, offers 
the best scores at 94.12%, 78.78%, 81.63% and 
93.42%, respectively (Table 5). This allows 94.12% 
of thyroid cancers to be detected while minimizing 
the risk of unnecessary workup. 

It should be noted, however, that the risks of 
malignancy of TIRADS 2 and TIRADS 3 in our 
study are not negligible (5.8% and 8.3%). These 
patients have either spongiform lesions, or mixed 
solid and cystic nodules, which are not considered 
suspicious ultrasound features for thyroid malig-
nancy. Again, this may be due to the difference in 
the behavior of thyroid malignancy among Filipi-
nos22-25 or due to operator dependent limitations. 
Regardless, there should be careful consideration 
when forgoing further workup in Filipino patients 
with TIRADS 2 and TIRADS 3 lesions.

However, it cannot be discounted that the 
higher malignancy rate in our study could be 
due to user dependent and equipment factors for 
which important features were missed resulting 
to lower Kwak TIRADS scores. Interobserver 
variability analysis among surgeons and/or sonol-
ogists/radiologists cannot be employed due to the 
retrospective nature of the study and the absence 
of such controls when the recorded procedures 
were done. Furthermore, our study included only 
patients who underwent thyroid ultrasonography 

ity and PPV. Thus, utilizing this ultrasonographic 
feature will allow clinicians to detect more of thy-
roid malignancy from the population (sensitivity 
= 87.06%), however, the possibility of those with 
this feature having the actual disease is low (PPV 
= 79.57%). On the other hand, evaluating nodules 
in using features with high specificity and NPV, 
e.g., lobulated/irregular margins, rim/microcalci-
fications, and shape taller than wide, would also 
entail accepting low sensitivity and NPV. Thus, 
while using these features would result to the 
avoidance of unnecessary further workup, a con-
siderable number of patients having the disease 
will be missed. Thus, the need to combine these 
features to come up with acceptable sensitivity, 
specificity, PPV and NPV.

Multivariate analysis of the correlation of the 
suspicious ultrasonographic features however, 
revealed that there is no significant association 
of micro/rim calcifications and shape taller than 
wide with thyroid malignancy. It should be not-
ed, however, that these ultrasonographic features 
are usually found with the other three, namely 
rim/microcalcifications, shape taller than wide, 
and irregular/lobulated margins, which by them-
selves are already significant predictors with OR 
14.91 (95% CI 5.84 - 38.06), 4.25 (95% CI: 1.75 - 
10.78) and 9.32 (95% CI: 1.68 - 51.89), respective-
ly. Moreover, the former is relatively rare (rim/
microcalcifications (n = 37) and shape taller than 
wide (n = 17)) compared with the study popula-
tion (N = 174). Thus, the significance of these ul-
trasonographic features (rim/microcalcifications 
and shape taller than wide) are undermined when 
analyzed together with the other three.

The risk of thyroid malignancy was found to 
increase with Kwak TIRADS categories (Table 
5). Our malignancy rates, however, were higher 
compared to the findings by Kwak et al13 (Table 
7). While Kwak et al13 found that Kwak TIRADS 
2 has a malignancy rate of 0%, our study found 
that 5.8% of patients with these Kwak TIRADS 
score have malignant pathology. The difference in 
malignancy rates increases as the Kwak TIRADS 
score increases, with our study having the malig-
nancy rates 8.3%, 56%, 86% and 100% with the 
study by Kwat et al13 having the malignancy rates 
of 1.7%, 3.3%, 44.4 – 72.4% and 87.5% for Kwak 

TABLE 6. Diagnostic Performance Kwak TIRADS at different cutoff levels.

	 Sensitivity (%)	 Specificity (%)	 PPV (%)	 NPV (%)

T3*	 96.47%	 55.06%	 67.21%	 94.23%
T4a*	 94.12%	 79.78%	 81.63%	 93.42%
T4b*	 77.65%	 92.13%	 90.41%	 81.19%
T4c*	 9.72%	 100.00%	 100.00%	 57.79%

TABLE 7. Kwak TIRADS risk of malignancy.

	 Kwak et al13	 Current study

TIRADS 2	 0	 5.8%
TIRADS 3	 1.7%	 8.3%
TIRADS 4a	 3.3%	 56.0%
TIRADS 4b	 9.2%	 86.8%
TIRADS 4c	 72.4%	 100.0%
TIRADS 5	 87.5%	 100.0%
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and thyroid surgery, thus, may not be representa-
tive of all patients with thyroid nodules. 

CONCLUSIONS

A surgeon-performed thyroid ultrasonography 
utilizing Kwak TIRADS classification as preop-
erative workup for thyroid nodules is highly pre-
dictive of malignancy. This classification can be 
utilized as a guide in decision making of whether 
to do further workup in a patient with a thyroid 
nodule.

Consistent with the findings by Kwak et al13, 
setting the cutoff level at Kwak TIRADS 4a for 
thyroid lesions at least 1 cm in widest diameter 
to be considered for further workup provides the 
best diagnostic performance in terms of sensitivi-
ty, specificity, PPV and NPV. 
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